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ABSTRACT

Children with typical development utilize social-cognitive skills (e.g., joint
attention, imitation) and word learning constraints to quickly learn new worddgse
map). However, few studies have investigated fast-mapping in children witmautis
spectrum disorders (ASD) and the effects that social-cognitive skillsomawerd
learning. The objectives of the current study were to examine the followintjomse$1)
Do preschoolers with ASD and preschoolers with typical development fast-maplat s
rates?; (2) Do preschoolers with ASD utilize word learning constraints?3pkidh@t is
the relationship between joint attention, imitation, and fast-mapping in preschodle
ASD?

Preschoolers with ASD and typical development completed a basic fpptrmga
condition (i.e., the ability to link a novel label with a novel object) and 3 conditions
measuring the uses of word learning constraints; (1) Mutual Exclusiviigmired the
ability to assume that a novel label applies to a novel object; (2) Taxonomic nedam
the ability to assume that novel labels extend to objects that are similape) ahd (3)
Whole-Object — examined the ability to assume that novel labels refer to oldjetts.
Various assessments measured language, joint attention, and imitation skills.

Results revealed that children with ASD showed equivalent word learning to
children with typical development in the basic fast-mapping condition. Thig uwitad
learning occurred despite significantly lower joint attention and iroragkills.

However, children with ASD were less effective at using word learningti@nts,

viii



showing significantly less word learning in these conditions than childrenypittat
development. Further, while increased joint attention was related to parfoern the
mutual exclusivity and taxonomic constraints for both diagnostic groups, joini@ttent
was only related to performance in the basic fast-mapping condition fdreshivith
typical development.

Overall, preschoolers with ASD fast-mapped and learned new words in arsimil
manner to children with typical development, despite impairments in jointiatieand
imitation. However, children with ASD were less accurate at utilizing weaching
constraints. Although research has emphasized the link between social-cakilisve
and language, the current study suggests that children with ASD may begutiliz

alternative strategies or skills to increase their vocabulary.



CHAPTER 1
INTRODUCTION

Between 2 and 6 years of age it is estimated that children acquire about 6 new
words per day and understand a total of 10,000 words by the time they enter the first
grade (Anglin, 1993). This remarkable rate of vocabulary development is enhanced by
the use of word learning constraints (e.g., taxonomic, mutual exclusivity, and whole
object) and social-cognitive skills such as joint attention (e.g., gestazas direction,
face checking, and facial expressions) (Akhtar & Tomasello, 1996; Baldwin, 1991,
1993a; Jaswal & Hansen, 2006; Markman, 1989, 1990; Markman & Hutchinson, 1984,
Sabbagh & Baldwin, 2001; Saylor, Sabbagh, & Baldwin, 2002; Tomasello & Barton,
1994; Tomasello, Strosberg, & Akhtar, 1996; Woodward & Markman, 1998). These
skills allow children to limit the number of hypotheses they consider when a nouel labe
is presented among a number of novel referents. For example, if a mothehettergdl
label “slide” while playing with her child at a playground, the child may take aagant
of her mother’s eye gaze and point (i.e., joint attention) to narrow down the number of
possible objects being referred to. The child may realize that she alresaalyaiee! for
the objects swing and sandbox (i.e., mutual exclusivity word learning constradrtt)sd
her mother is likely referring to a whole object, rather than part of an obgacinhole-
object word learning constraint). Taken together, the above knowledge and cuwethall
child to correctly link the novel label “slide” with its appropriate referenthen t

playground. Thus, when children are presented with a novel label they have a variety of



skills at their disposal to guide them in quickly linking the novel label with the
appropriate referent, a process known as fast-mapping (Carey & BaQI&s).

While the actual process of utilizing these skills in word learning episodgseem
complex, various studies have conclusively demonstrated that children witH tgietopment
(TD) take advantage of these processes when learning new words (Baldwin, 1991, 1993a, 1993b;
Baldwin & Moses, 2001; Tomasello & Barton, 1994; Woodward & Markman, 1998; Woodward,
Markman, & Fitzsimmons, 1994). These word learning strategies and jointattenés likely
play a major role in rapidly increasing a preschool child’s vocabulary.

More recently, researchers have begun to examine the ability of young rchvitine
language delays or disorders, including autism spectrum disorders (AS&89t-tmap new
words. Several studies have found that some fast-mapping abilities are inthdtofenowvith
ASD (Baron-Cohen, Baldwin, & Crowson, 1997; Luyster, 2007; McDuffie, 2006a; Parish-
Morris, Hennon, Hirsh-Pasek, Golinkoff, & Tager-Flusberg, 2007; Preissler & C206§;
Preissler, 2008; Swensen, Kelley, Fein, & Naigles, 2007; Williams, Klinger ofieht, 2007).
However, the role that social-cognitive skills play in the vocabulary developaf preschoolers
with ASD is mixed. For example, while several studies have shown that childreASIit have
impaired joint attention skills and have difficulties understanding and utiliziag such as eye
gaze (Baron-Cohen, Allen, & Gillberg, 1992; Charman et al., 1998; Osterling & Dawson, 1994),
other studies have shown that children with ASD are able to follow attentional chessseye
contact, pointing, and verbalizations (see Luyster, 2007; Parish-Morris 20@¥, Experiment
1). The role of other social-cognitive skills such as imitation on the abiligsteniap a new
word in children with ASD has not been thoroughly examined despite the demonstrated link
between language development and imitation (Carpenter, Pennington, & Rogers,u3G6;

et al., 2008; Stone, Ousley, & Littleford, 1997; Stone & Yoder, 2001). Additionally, preschooler



with ASD have social and cognitive impairments (e.g., theory of mind, im@anibing, central
coherence, attentional focus, and categorization) that may make it mangltchéir them to
understand and utilize word learning constraints to fast-map new words, buésdech has
been done to investigate this hypothesis (see Parish-Morris et al., 2007gP&Bafey, 2005;
Preissler, 2008; Swensen et al., 2007; Tek, Jaffrey, Fein, & Naigles, 2008).

The current study seeks to (1) examine whether preschoolers with ASD havdittyhe abi
to fast-map a new word in word learning episodes; (2) determine if prescheiblesSD are
able to utilize word learning constraints; and (3) examine how the social-evegitils of joint
attention and imitation affect the abilities of children with ASD and childreim Wil to learn
new words. The word learning abilities of children with TD and the use of word Igarnin
constraints will be reviewed before discussing these same issues ierchnitt ASD.

Word Learning in Children with Typical Development

While there are a variety of theories posited to account for word learning anpoks
aged children, hybrid or midline theories that integrate aspects of attdrties (e.g.,
perceptual salience, associative learning), intentional cues (eng ati@ntion, social intent), and
the use of word learning constraints (see Parish-Morris et al., 2007 for dibcie$sion) are
becoming increasingly more accepted. These hybrid theories take into ababuvitile
children have access to an abundance and variety of information in a word learrodeg gpisy
may utilize different information depending on their stage of development (e.gqri@ oids
are more likely to orient to perceptual cues) or particular set of stresagdhgifficulties (e.qg.,
children with ASD may have increased difficulties interpreting socies @and rely on other
intact skills).

In spite of the vast array of cues available to children to help them build thelhwaca

word learning is believed to be facilitated by fast-mapping, which is the paocess through



which children learn to link a novel label with a novel referent (Carey & Barii@78). Fast-
mapping is not the process, but rather the end product of the integration of varioususslls, ¢
and knowledge that work together to link a novel label with a novel referent (seeli&ibe
Markman, 1987). The current study will use the term “fast-mapping” to refer emthproduct
of learning new words quickly with just a few exposures. The term “word leamittigie used
to refer to the process that leads to a word being fast-mapped and the subsequatbmoggr
the new word into children’s vocabularies. This rapid manner in which children learnare& w
after a single exposure is believed to be unique to word learning and differstfrenprocesses
that require explicit thinking and reasoning or many exposures. For examfaegrcdo not
learn how to tie their shoes or learn how to say the entire alphabet in a singl&rexpos

Woodward and Markman (1998) argued that the ability to fast-map in word learning
episodes “depends on an ability to recruit and integrate information fromeaohsgurces to
come up with the most plausible interpretation of a novel wgrd3{4). The steps that lead to a
word being fast-mapped are (1) generating a set of possible hypothestea alord’s meaning
after it is heard and (2) testing each of these hypotheses by waitingl@r foccurrences or
directly asking about the meaning of the word (Woodward & Markman, 1998). Thus, the mai
goal in word learning episodes is to reduce the number of hypotheses to be considered so t
novel label can be correctly linked to the novel referent (i.e., fast-mappedg Ay@stheses can
be drastically reduced when children utilize both joint attention cues provided lpetilees and
word learning constraints. After the initial fast-mapping process, chilghadually incorporate
the newly learned word into their vocabulary (i.e., slow-mapping) so that it isdextéo other
contexts and associations over time.

Numerous studies have investigated the word learning capabilities in childnenDvit

(Akhtar & Tomasello, 1996; Baldwin, 1991, 1993a, 1993b; Baldwin et al., 1996; Markman,



Wasow, & Hansen, 2003 omasello & Barton, 1994; Tomasello, Strosberg, & Akhtar, 1996;
Woodward, et al., 1994). In particular, Woodward and colleagues (1994) illustrated ldanchi
as young as 13 months of age were able to learn and retain novel words afteust a f
exposures. Baldwin (1991) demonstrated that children 16-19 months of age are not using simple
associations to successfully learn new words, but rather rely on joint attentsofe @ueeye
gaze, pointing) provided by the speaker. More specifically, Baldwin (1993a, 1993bjgatezst
children’s ability to learn words in conditions in which the social partner’s jtienton cues
had to be understood and then utilized to effectively fast-map. In a “follow-in‘ingbel
condition, a social partner looked at and labeled a novel object that children wady alr
focused on, and children were able to learn and retain the link between the novel word and
referent as early as 18 months of age (Baldwin, 1993b). In contrast, in “discrepatitiga
conditions, a social partner looked at and labeled an object that differed from ittetlwddje
children were focused on, thus requiring children to utilize joint attention cuessw®ye gaze
to correctly fast-map. Results indicated that by 19 months of age, children showed an
appreciation for the social partner’s joint attention cues and linked the novel wortievith t
appropriate referent (Baldwin, 1993a; Tomasello & Barton, 19B49.above studies clearly
demonstrated that children rely on a social partner’s joint attention cues syehgaze and
following a point to successfully link a novel label with a novel referent.

Joint attention, which is the ability to share attention on an object or event witiah s
partner, is a social-cognitive skill that plays a pivotal role in languagelabment and many
researchers believe it to be a critical and necessary precursor to arorddg Akhtar &
Tomasello, 1998; Bakeman & Adamson, 1984; Baldwin, 1993a, 1993b, 1995; Dunham &
Dunham, 1992; Tomasello, 1995, 1999). Children with TD are able to learn new words by

following a social partner’s point or eye gaze or initiating eye gaze or powiing social



partner. There is strong, replicated evidence that joint attention behaeoedaded to both
vocabulary comprehension and production vocabulary (Carpenter et al., 1998; Landry &
Loveland, 1988; Mundy & Gomes, 1998; Mundy, Kasari, Sigman, & Ruskin, 1995).
Nonetheless, there is also evidence that children with TD can learn words in theteompl
absence of or in minimal conditions of joint attention (Akhtar, 2003, 2005; Akhtar, Jipson, &
Callanan, 2001; Baldwin, 1991, 1993b; Scofield & Behrend, under review; Scofield, Williams,
& Behrend, 2007; Slaughter & McConnell, 2003; Williams, Klinger, & Scofield, 2007). As the
hybrid theories of word learning suggest, it is likely that when social emtiohal cues such as
joint attention are minimal or absent, children with TD may utilize other istalt$ (e.g.,
perceptual salience, associative learning, imitation) or strategh as word learning
constraints. Nonetheless, children’s vocabulary begins to rapidly develop arourfnisheir
birthday which coincides not only with their ability to utilize joint attentions¢ieit also with
their ability to implement word learning constraints to further increaseghccess in word
learning episodes.
Facilitation of Word Learning Through Constraints

Researchers have posited that children may heavily rely on word leaomisigaents to
fast-map and further develop their vocabulary and that these constraints are¢amque
learning (Behrend et al., 2001; Jaswal & Hansen, 2006; Markman, 1987, 1989, 1990, 1992;
Markman & Wachtel, 1988; Merriman & Bowman, 1989; Woodward & Markman, 1998). Three
central word learning constraints (i.e., mutual exclusivity, taxonomic, &otevobject) are
believed to facilitate word learning because they limit the amount of hypstttebe considered
when a novel label is presented (Markman, 1989). More specifically, these cuasisai be
thought of as “default assumptions” that allow children to narrow down the posséskentsfto

attribute to a novel label (Woodward & Markman, 1998). Word learning constraints dolyot ful



account for children’s rapid vocabulary development or word learning in general,Haurtasd
useful and highly successful strategies that children can rely on. Thus, it rtantgo
conceptualize word learning constraints as default assumptions that work in demmbarntn
and interact with cues such as joint attention, referential intent, and syatadtiexical cues
(Woodward & Markman, 1998). Word learning constraints are likely most useful to young
children who may lack experience and have less developed strategies than lolder. dbach
of the three word learning constraints that young children have accesklie detfined and
discussed in detail below.

Mutual Exclusivity.The word learning constraint of mutual exclusivity assumes that each
object has only 1 label or name associated with it (Woodward & Markman, 1998). Thigystrate
is efficient because it decreases the number of redundant hypotheses dha tlaive to
consider in a word learning situation. Jaswal & Hansen (2006) suggested that chilgie® ma
utilizing an “implicit social reasoning” in that they believe that socialngais are unlikely to
give them 2 labels for 1 referent. For example, if presented with a red fruityatidwa fruit,
children are much more likely to link the label “apple” with the red fruit that doeyot have a
label forif they already have a label for the yellow fruit (i.e., banana). Thus, childreot
likely to associate multiple labels with the same object, which likely dsesefrustration in
word learning situations and increases the child’s vocabulary.

There is very strong evidence that 2 year olds effectively utilize the haxtclasivity
strategy (see Woodward & Markman, 1998 for a review), and evidence that chilgmmgsas
15 months of age utilize mutual exclusivity in word learning episodes (Liitegpbma:
Markman, 1994; Markman et al., 2003). The constraint of mutual exclusivity is a powerful
strategy for young children and they are more likely to rely on it even in ta@faontradictory

social cues such as pointing or eye gaze (Jaswal & Hansen, 2006).



TaxonomicThe taxonomic word learning constraint allows for children to extend a
previously labeled exemplar to new referents based on their similarity tagheabreferent
(Behrend, Scofield, & Kleinkecht, 2001; Golinkoff, Mervis, & Hirsh-Pasek, 1994; Woodward &
Markman, 1998). Similarity is typically defined by shape, color, size, or thensédicons. For
example, if an adult labeled a child’s small, blue cup a “cup,” the child would likednexhis
label to cups of different colors, sizes, and shapes. Preschool aged childremealikaty to use
shape, rather than color, material, or function, as a defining charactehstn extending novel
labels to novel objects (Au, 1985; Dockrell & Campbell, 1986; Heibeck & Markman, 1987,
Smith, Jones, & Landau, 1992; Tomikawa & Dodd, 1980). This preference for attending to the
shape of an object in word learning episodes, rather than other features, is ofted tefas the
shape bias (see Smith, Jones, & Landau, 1996; Diesendruck & Bloom, 2003). In particular,
Baldwin (1989) found that when a speaker presented and labeled a novel target agrcta “
year-olds were likely to choose another novel object based on shape rather than colbewhen t
speaker told them to “find another dax.” However, when the speaker presented a novel object
and instructed children to “find another one,” children chose other novel objects basag®n sh
or color at an equal rate. Thus, preschool-aged children appear to believe that if argevel t
object is given a label, it then refers to other objects of similar shape.

Whole-ObjectThe whole-object word learning constraint assumes that a novel label is
likely to refer to a whole-object rather than its parts or properties (Marki880; Woodward &
Markman, 1998). Children are likely to process novel referents in a holistic manaasbdds
the most easily accessed and information-rich aspect of an object an@ isermaptually
apparent than an object’s parts or properties (Gentner, 1981, 1982; Markman, 1989, 1992). The
use of the whole-object constraint in 2-year-olds was demonstrated in a stunjp b@&8ey, &

Spelke (1991) in which a social partner labeled a novel object made of a distinctiemselbs



When children were then presented with a selection array that included 1 olbbfecsame
shape, but different material, and 1 object that consisted only of pieces of thalnatidren
were more likely to choose the whole object over the pieces of the matenkmdeaand
Wachtel (1988) demonstrated that children are likely to associate a novel ldbalwhole
object when the object ismfamiliar, but are likely to associate a novel label with a part of an
object when the object familiar. Thus, the whole-object assumption appears to be another
highly effective strategy that children use to fast-map.
Word Learning in Children with Autism Spectrum Disorders

Children with ASD often have delayed or deviant language development and acquisition
(Tager-Flusberg, 1988; Tager-Flusberg & Sullivan, 1998), which may be relateficdaltibf in
linking novel labels with novel referents in word learning episodes. It is highgipla that
children with ASD may have language acquisition difficulties because of tiygdirments in
joint attention (Baron-Cohen et al., 1995; Mundy & Sigman, 1989; Mundy, Sigman, & Kasari,
1990, 1994; Mundy, Sigman, Ungerer, & Sherman, 1986; Sigman, Mundy, Sherman, & Ungerer,
1986) or impairments in understanding and/or utilizing word learning constraintstérLu2007;
Tek et al., 2008). While there is an abundance of literature focusing on how joinbattkills
affect language development in children with ASD, there is very little idseavoted to
investigating whether impairments in using word learning constraintd &feyuage
development in this population, although there has been increased interest in this ¢l rec
(see Luyster, 2007; Preissler & Carey, 2005; Swensen et al., 2007; Tek et al, 2008).

Individual differences in joint attention behaviors often account for differences in
language development in children with ASD (Loveland & Landry, 1986; Mundy et al., 1986;
Mundy et al., 1990). For example, children with ASD, who possessed joint attention skills

acquired language that was superior to children with ASD who had impaired jemitaattskills



(Sigman & Kasari, 1995). There is strong evidence that joint attention behaeioedaded to
both comprehension and production vocabulary in children with ASD (Carpenter et al., 2002;
Landry & Loveland, 1988; Luyster, Kadlec, Carter, & Tager-Flusberg, 200Buiifie et al.,
2006b; Mundy et al., 1986; Murray et al., 2008; Sigman & Ruskin, 1999). For example, in a
recent study conducted on over 150 preschoolers with ASD, Luyster and collE@if)s

found that responding to joint attention behaviors (e.g., following eye gaze) wdatedreth
both receptive and expressive language (see also Mundy, Sigman, & Kasari, L8€§;dval.,
1986; Mundy, Sigman, Ungerer, & Sherman, 1987; Sigman & Ungerer, 1984; Ungerer &
Sigman, 1984), and was a significant predictor of concurrent receptive languéggs dbiso

see Mundy, Kasari, & Sigman, 1992; Mundy et al., 1990; Sigman & Ruskin, 1999; Siller &
Sigman, 2002). In another recent study, McDuffie, Yoder, & Stone (2006b) found that the joint
attention abilities of children with ASD was significantly correlatethwexpressive language,
but there was not a significant correlation between joint attention abiliieseaeptive
language. It has been hypothesized that joint attention impairments makeitlgdy difficult

for children with ASD to fast-map (Baron-Cohen et al., 1997; McDuffie, 2006b; FRressl|
Carey, 2005). Adamson and colleagues (2008) suggested the following possibiliiby
difficulties sustaining coordinated joint attention with a partner may ddaguage acquisition
in preschoolers with ASD: being uninterested in the speaker, failure to orient todakerspe
affective unresponsiveness, restricted interests, and difficultiesatitegall cues and stimuli
that occur during a social interaction. Despite the fact that many chilaite ASD have delayed
or deviant language development, only a handful of studies have specifically invddtigate

ability to fast-map in children with ASD.
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Fast-Mapping Studies in Children with ASD

The basic ability to map a novel label onto a novel object was investigated in &gtudy
Williams, Klinger, and Scofield (2007), which found that children with ASD (N = 11nmea
chronological age = 52 months) were able to map a new label onto a novel objedaataias
of children with TD (N = 11; mean chronological age = 31 months) that were matched on
receptive language (see also Luyster, 2007). More specificallgrehilvith ASD learned words
at a rate of 66.7% and children with TD learned words at a rate of 63.6%. This finding is
somewhat remarkable because it suggests that preschool-aged childreSWidinefable to
learn words in a similar manner as children with TD despite possible jantiatt impairments.

In a recent study, Swensen et al. (2007) investigated whether children with ASD
demonstrated a preference for mapping a novel label to a noun, rather than an.agtreu(
bias). Using a preferential looking task, preschool-aged children with ASD (N =€l m
chronological age = 33 months) mapped novel labels onto nouns in a similar manner as a group
of preschool-aged children with TD (N = 13; mean chronological age = 21 months) teat we
matched on production vocabulary. The authors noted that their study clearlgtéidgtrat
despite possible joint attention impairments, children with ASD are utilizingabe bias to
map novel labels to novel nouns in the environment in order to further develop their vocabulary
(see also Tek et al., 2008).

Baron-Cohen, Baldwin, and Crowson (1997) also demonstrated that school-aged children
with ASD (N = 17; mean age = 9.2 years) have intact fast-mapping abiiitileati82% of their
participants were able to correctly associate a novel label with a edeednt in just a few
exposures. However, their results indicated that children with TD (N = 24; geanz}
months) and a language matched group of children with developmental delay (N = A &gaea

= 9.1 years) used a speaker’s direction of gaze strategy while childheASD used a listener’s
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direction of gaze strategy. More specifically, children with TD and cHildnéh developmental
delay were more likely to follow the attention (i.e., eye gaze) of a quaitrler to correctly map
a novel label to the correct referent object (i.e., speaker’s direction oftgategg). In contrast,
children with ASD were less likely to use a social partner’s attentoues and typically
mapped a novel label to the referent object that their attention was focused on arel/thvatrée
looking at (i.e., listener’s direction of gaze strategy). While 79% of childrédn™d and 71% of
children with developmental delay were able to utilize the speaker’s directioneostyategy,
only 29% of children with ASD were able to do so. This suggests that children with ASD had
more difficulty utilizing joint attention cues such as gaze alternation tarfap in situations
where the speaker’s focus on an object differed from their own. Baron-Cohe(i189al)
hypothesized that the impaired attention-following (i.e., joint attention)iabilit children with
ASD likely increases the probability of a novel word being mapped to sevenantef and may
lead to increased frustration and decreased motivation in word learning episodes.
Replications investigating the use of speaker and listener direction o$tgatagies in
individuals with ASD have produced mixed results. Preissler and Carey (2005) also fdund tha
while 70% of children with TD (N = 20; mean age = 24 months) utilized the speakectatir
of gaze strategy, only 28% of children with ASD (N = 20; mean age = 7.8 yeaespble to do
so. Luyster (2007) also replicated Baron-Cohen et al.’s (1997) study, but tesigtbpieaged
children with ASD matched to children with TD on expressive vocabulary and verbal menta
age. The results indicated that children with ASD performed in a similar m@npeeschoolers
with TD. More specifically, children with ASD used the speaker’s directiagaoé strategy
significantly more often than the listener’s direction of gaze stratdgys, Luyster (2007) found
that preschoolers with ASD appear to be able to utilize social and attentiesgrovided by

the speaker in order to fast-map new words.
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McDuffie, Yoder, & Stone (2006a) recently examined fast-mapping abilitie
preschoolers with ASD (N = 29; mean age = 32.4 months; mean mental age = 18.9 months) in a
longitudinal study. Their results indicated that fast-mapping abilitediated the relationship
between joint attention skills and the number of object nouns children with ASD wert® abl
both comprehend and produce. More specifically, joint attention skills predictedsadrebject
noun comprehension and increased object noun expression through the mechanism of fast-
mapping. One major limitation of McDuffie et al.’s (2006a) study was that sheotdlicompare
the performance of the children with ASD to a control group of children with TD. Without a
control group it is difficult to determine the significance of the role that fagtping skills
played as a mediator between joint attention skills and object noun acquisition, and how this
differs from what we would expect to find in children with TD. Another limitation cDMffie
et al.’s (2006a) study was that gaze latency, rather than object seleetsonsed as the measure
of fast-mapping. The use of gaze latency makes it difficult to determineahtloeen with ASD
did indeed map the novel label onto the novel referent, or were instead engaging in visual
inspection or looking at a preferred or more salient object (see also 1 A3& for a
discussion of word learning paradigms).

Parish-Morris and colleagues (2007, Experiment 2) recently conducted acstudy t
determine if children with ASD (N = 38; chronological age = 5.1 years; meaptiee language
age equivalent = 21 months; mean nonverbal mental age equivalent = 48 months) can utilize
social cues to map a new word as compared to 2 groups of typically developingholuitee
matched on language age and one matched on nonverbal mental age). Results revealed that
children with ASD were able to map a novel label with a novel referent in the caoitadide
condition (i.e., examiner labeled the 1 object that the child chose as the one treepéliles”

out of 2 objects). However, children with ASD had greater difficulties learnirepeaword in the
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conflict condition (i.e., examiner labeled the remaining object that the child hachcmoseot
liking”). The conflict condition put perceptual cues (i.e., favorite or more sallgatt to the
child) in conflict with social attentional cues (i.e., speaker labeling “gbobject and directing
attention to “boring” object by pointing or touching). Both groups of matched typically
developing children were able to learn words in the coincidental and conflict conditiens
authors noted that children with ASD may have to engage in increased attentiog ahift
social processing when the salient or interesting object in the envirorsmagitthe one labeled
by a speaker.
Word Learning Constraints in Children with ASD

Only a handful of studies have examined the abilities of preschool children withcASD
utilize word learning constraints to further develop their vocabulary (LyyX07; Preissler &
Carey, 2005; Tek et al., 2008), and each of these studies will be briefly reviewed below.

Preissler and Carey (2005) found that school-aged children with ASD (N = 20; mean age
= 7.8 years; mean comprehension age = 23 months) utilized the mutual exclusivitgicbimst
a similar manner to preschool-aged children with TD (N = 20; mean age = 23.8 months). More
specifically, children with ASD correctly fast-mapped with 82% accusaacychildren with TD
correctly fast-mapped with 79% accuracy when a novel label was uttetedlpresence of both
a familiar and unfamiliar object. Thus, Preissler and Carey (2005) arfgatediispite the fact
that children with ASD may have difficulties using joint attention cues in wairthileg
episodes, they were able to successfully fast-map by utilizing a wonihigaonstraint. The
authors suggested that while children with TD may rely heavily on social-aagoites such as
joint attention when a speaker’s intent is ambiguous or unknown, children with ASDsare les
likely to use joint attention cues and may be relying more heavily on othegssaseich as

word learning constraints. One major limitation of this study was that the leaming
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performance of school-aged children with ASD was compared to the performamesabiqol-
aged children with TD. It seems plausible that older children with ASD may dexeloped
compensatory strategies due to experience and direct instruction, whichflueae their
understanding and usage of word learning constraints.

Tek and colleagues (2008) investigated the ability of preschoolers with ASD to
understand and apply the shape bias (i.e., principle that children are more likelghapse
rather than color, material, or function, as a defining characteristic whamdéxg novel labels
to novel and exemplar objects). Participants with ASD (N = 14; mean chronolagecal 33.4
months) were matched to participants with TD (N = 15; mean chronological age =@&al&n
based on an expressive and receptive language composite score createutHroimect
assessment and parent report. The authors utilized an intermodal preferential pao&digm
to measure the ability to utilize the shape bias across 4 different time pbiateshits revealed
the children with ASD did not utilize the shape bias despite the fact that theitivecnd
expressive vocabularies increased over the 4 time points. In contrast, childr@mDwit
demonstrated the shape bias at time points 2-4 and their vocabularies alsednaceass all
time points. Tek and colleagues posited that children with ASD may have diégcaftyanizing
words into “abstract conceptual units” despite their ability to comprehend and produce new
words (2008, pg. 220). Further, the authors noted that difficulties with the shape bias may
correspond to later difficulties with category processing in individuals with. Afwever, it is
important to note that this study also utilized a preferential looking paradidrer than object
selection, to measure word learning.

Luyster (2007) also assessed whether children with ASD were ableze utili
categorization principles in word learning episodes and found results that @shtréstthe

findings from the study by Tek and colleagues (2008). More specificallytdnufzd07)
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examined whether children with ASD (N = 17; mean chronological age = 30 months) and
children with TD (N = 17; mean chronological age = 21 months) matched on expressive
vocabulary and verbal mental age would extend a familiar label to a set dsdigeed on
taxonomic versus thematic principles. Results indicated that both groups ofrchhdise
objects based on taxonomic principles, which supports previous research on the taxondmic wor
learning constraint (e.g., Markman & Hutchinson, 1984).

In conclusion, it is clear that more studies need to be done to determine if children wit
ASD utilize word learning constraints in a similar manner to children withnT@der to target
their language development more effectively through appropriate and indizethali
interventions.
Role of Social and Cognitive Impairments in Word Learning in Children with ASD

While it is known that children with ASD have impaired joint attention skills thgt ma
affect their language development, they also have other social and cogngaiements that
may affect their ability to utilize word learning constraints to eifety increase their
vocabulary. The manner in which the social and cognitive impairments found in childnen wi
ASD may affect the successful application of the specific word leacoingtraints used in the
current study will be briefly discussed below. Further, relevant studies oneawriing in
children with ASD that address any social and cognitive issues or impairmks wcluded
when available.

Theory of Mind

Several theories of word learning (Baldwin, 1995; Tomasello, 1995) emphasize the
importance of being able to understand that a speaker is intending to refer to ai.ebject
referential intent) and also being able to utilize the social cues provided &ydgéhieer to

correctly link a novel label with the appropriate referent. Thus, it is highlgflwgal for children
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to be able to take the perspective of a speaker during a word learning epigodell@ving eye
gaze). Children with ASD have significant impairments in perspective takitigeary of mind,
which likely affects their ability to acquire new words and develop theirbrdaey (see Baron-
Cohen, 2000 for a review). For example, Frith and Happe (1994) found that individuals with
ASD who had increased or relatively intact language abilities tended tompdyétter on theory
of mind tasks. Further, Parish-Morris et al. (2007) determined that the ability smds
understand the hidden intentions of others was highly related to the receptive vocabulary of
preschool-aged children with ASD. The authors suggested that because childreniviib&S
less access to the intentions of others, they may have particular difficakieg Inovel labels to
referents when social cues and social information are ambiguous or diffeolikoous

attentional or perceptual cues. Thus, the ability to infer and understand the intantdons
perspectives of others likely facilitates vocabulary development.

Further, Bloom (2002) suggests that theory of mind impairments may makecitldiibir
children with ASD to utilize the mutual exclusivity and whole-object worchiegrconstraints.
For example, the principle of mutual exclusivity is built upon the idea that childrentexpe
speakers to be knowledgeable and only use familiar words to refer to familia:. thinegwhole-
object constraint involves perspective taking such that children infer thas adeiintending to
refer to whole objects in word learning episodes.

Implicit Learning

Learning that occurs automatically with little conscious awarenessvieoyrearly on in
life is defined as implicit learning (see Klinger, Klinger, & Pohlig, 2006 forveew). The three
word learning constraints discussed above are key examples of impdiaithed strategies. That
is, a child is never directly instructed on the idea that they could build their vacab g

assuming that each object has only 1 label (i.e., mutual exclusivity). Ratherdhssaints are
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learned automatically and with little conscious awareness. Implcitileg contrasts with
explicit learning, which is a more conscious and effortful attempt to learn, in phasehool-
aged child is unlikely to be able to verbalize why they use rules such as theearoidd
constraints to increase their vocabulary. Klinger and colleagues (2006) propesedividuals
with ASD have impaired implicit learning abilities, which likely atféanguage development
and acquisition (see also Klinger & Dawson, 1992, 2001). Thus, it would seem plausible that
because implicit learning emerges early in life, children with ASD haarg difficulties
understanding and applying the word learning constraints to fast-map new words.

Interestingly enough, various studies have revealed that children with ASD &ppear
able to implicitly learn several of the grammatical and semantic compafdatgyuage. For
example, Swensen et al. (2007) recently found that preschoolers with ASD bglizeun bias
and follow subject-verb-object word order (see also Kelley et al., 2006; Kjel§abager-
Flusberg, 2001) in a similar manner to preschoolers with TD. A longitudinal studgdey-T
Flusberg and colleagues (Tager-Flusberg, 1994; Tager-Flusberg et al., $89@yahled that 6
preschoolers with ASD displayed similar patterns of language acquiggtig., mean length
utterance, grammatical morpheme, pronoun case, and question form development) eedcompa
to children with typical development. These results suggest that some of thetaupoatesses
that aid in language development may be relatively intact for childrnA&D.

Attentional Focus

Frith (1989) posited that children with ASD have impairments in central coherence,
which is the ability to process incoming information for the “gist” and pulling piete
information together for meaning rather than focusing on details (see Happep280&\iew).
Individuals with TD tend to process information in this holistic manner, but individudis wit

ASD appear to focus on details and perceptual features when processing info(Rrih,

18



1989; Joliffe & Baron-Cohen, 1997, 2001). Similarly, Plaisted (2001) argued that individuals
with ASD process similar features of objects poorly and process unique featabgsots well.
This weak central coherence present in individuals with ASD may affect thiéy o utilize
word learning constraints to fast-map new words. In particular, individutisA8D may have
difficulties applying the whole-object constraint because of their procher focusing on
details rather than whole objects. Weak central coherence may alddladfability of children
with ASD to generalize a novel label for a referent to other taxonomicédlgdereferents.
Children with ASD may focus on minute details (e.g., texture, material, coley,tsa may
make it difficult for them to understand the relationship between 2 like objects.
Individuals with ASD also possess impairments in disengaging and shifting their
attention (Casey et al., 1993; Townsend, Courchesne, & Eggas, 1996). More specifically,
children with ASD may get their attention stuck on an object or event and havelgiféleifting
their attention to another object or event. This attentional impairment maficggcaffect the
word learning constraints of taxonomy and whole-object. For example, childieASLD may
focus on specific details or properties of a newly labeled referent and hizma@tgt linking the
label to the whole-object or generalizing it to other taxonomically relatedtsbjeterestingly,
Parish-Morris et al. (2007, Experiment 2) recently found that children with ASDdifficelties
shifting their attention when a preferred and perhaps more salient objecths nbjdct labeled
by an adult in a word learning episode. In addition, Parish-Morris and colleagues (2007,
Experiment 1) demonstrated that when multiple attentional cues are avélgbl@ye contact,
touching, pointing, verbalization), children with ASD can attend to the appropriatedajget
(see Baron-Cohen et al., 1997 for contrasting results). Taken together, the authtinatpos

children with ASD may be relying on basic attentional skills or overlappiegtaihal cues,
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rather than social intention or social understanding, to make associative linkehatwel
labels and their referents.

Categorization

Children with TD appear to be able to categorize objects very early on in &fe (se
Southgate & Meints, 2000; Strauss, 1979; Younger & Gotlieb, 1988) and their ability to
categorize more complex objects increases with age. In contrast, whileghilith ASD do not
appear to be impaired in their ability to categorize objects based on singg@rualistinct,
definitive features (Tager-Flusberg, 1985; Ungerer & Sigman, 1987), they appea¢ todrav
difficulty classifying objects based on complex rules or abstractresatilinger & Dawson,
1995, 2001, Plaisted, 2001). Tek and colleagues (2008) found that children with ASD did not
utilize the shape bias (i.e., extending a newly learned word to exemplar object®bdke
principle of shape). The authors noted that these results may be an early indiddtimutifes
with category processing and may also highlight how children with ASD attend dosider
some perceptual characteristics over others. However, Luyster (2007) founcksichbpters
with ASD were able to apply familiar labels to a set of objects based on taxosiomniarity.
Thus, the current study will provide additional information about the ability of childitn
ASD to apply the taxonomic word learning constraint to objects that are compo$estratteor
complex features.

Overall the above social and cognitive impairments seems to suggest that childiren wit
ASD may experience significant difficulties applying various word learaorgstraints to

quickly link a novel label with a novel referent.
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Facilitation of Word Learning Through Social-Cognitive Skills

Developmental Pattern of Social-Cognitive Skills

Social-cognitive skills such as joint attention and imitation likely intesaitt word
learning constraints to increase a child’'s ability to successfalydinovel label with a referent.
Previous research has demonstrated that preschool children with TD and presctices! ahih
ASD develop social-cognitive skills in a reliable developmental sequencééhdtcilitates the
understanding and use of social cues in language acquisition (Carpenter, &dgetiasello,
1998; Carpenter, Pennington, & Rogers, 2002).

Carpenter et al. (1998) examined the developmental sequence of early sgaitieo
skills and found that children with TD (N =24) showed a reliable pattern of shavllugyihg,
and directing others’ attention before following and directing others’ behadwore
specifically, children with TD between the ages of 9-15 months developed @adiycgnitive
skills in the following pattern: (1) sharing attention with adults by alterg&ye gaze on an
object (i.e., joint attention); (2) following an adult’s attention through eye gazeimrtoward
an object (i.e., joint attention); (3) following an adult’s behavior on objects (i.katiom); (4)
directing an adult’s attention through declarative gestures such as pointingemdgedo share
attention on an object; and (5) directing an adult’s behaviors through imperatweegeasich as
pointing and reaching to request an object. Thus, children with TD appeared to devedog the |
attention behaviors of attention-following and joint engagement before imitasiogal
partner’s actions.

In a follow-up study, Carpenter et al. (2002) found that preschool children with ASD (N
=12, mean age = 48.8 months; mean non-verbal mental age = 35.8 months) showed a different
developmental sequence of early social-cognitive skills as comparedd@ohith TD. More

specifically, children with ASD had greater difficulty sharing, followinggd @irecting others’
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attention than following and directing others’ behavior. The authors reported theirhgjl
developmental sequence for children with ASD: (1) following an adult’s behavior artbje

(i.e., imitation); (2) sharing attention with adults by alternating eye gazan object (i.e., joint
attention); (3) directing an adult’s behaviors through imperative gestutessymointing and

reaching to request an object; (4) following an adult’s attention through eg@gpaint toward

an object (i.e., joint attention); and (5) directing an adult’s attention through deeaestures

such as pointing and reaching to share attention on an object. Thus, children with ASDdappeare
to develop the ability to imitate a social partner’s actions before the jantiatt behaviors of

joint engagement or attention-following.

The above studies demonstrated that children with TD and children with ASD wliffer i
the developmental pattern in which they acquire these social-cognitive Iskgksticular, joint
engagement and attention-following are the first social-cognitivis s&iemerge in children
with TD, while children with ASD developed the ability to imitate before joinagegient and
attention-following. Carpenter and colleagues (2002) suggested that whdiewith TD are
likely utilizing joint attention behaviors to develop language, children with ASiplreaelying
on their imitation skills to develop language because their joint attention skiige later.
Thus, based on Carpenter et al.’s results, it seems plausible to hypothésthédren with
ASD may use the social-cognitive skill of imitation to initially acquireglzage and may then
utilize their later-emerging joint attention skills to supplement and fubhiéd their vocabulary.

The Role of Joint Attention & Imitation in Word Learning.

It is clear that joint attention abilities lead to successful languagesacmuin children
with TD (Akhtar & Tomasello, 1998; Bakeman & Adamson, 1984; Baldwin, 1993a, 1993b,
1995; Dunham & Dunham, 1992; Tomasello, 1995, 1999) and children with ASD (Baron-Cohen

et al., 1997;Carpenter et al., 2002; Landry & Loveland, 1988; McDuffie et al., 2006a, 2006Db,
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2006c¢; Mundy et al., 1986; Preissler & Carey, 2005; Sigman & Kasari, 1995; Sigman & Ruski
1999). However, there are several studies that point to alternative theorredegjies by which
language may be acquired for both children with TD (Akhtar, 2003, 2005; Akhtar et al., 2001;
Baldwin, 1991, 1993b; Scofield & Behrend, under review; Slaughter & McConnell, 2003;) and
children with ASD (Carpenter et al., 2002; McDuffie et al., 2006b; Preissler & C2085;
Rogers & Pennington, 1991; Williams, Klinger, & Scofield, 2007). In particulagraéwef these
studies seem to suggest that children with ASD may be relying on word |leaomistgaints
(e.q., Luyster, 2007; Preissler & Carey, 2005; Swensen et al., 2007; Tek et al., 2008)s which i
similar to how children with TD develop language. However, other studies sugge#iiltrainc
with ASD may be relying on their imitation abilities to develop languagep&hter et al., 2002;
Luyster et al., 2008; McDuffie et al., 2006b; Stone & Yoder, 2001), which differs frddrexhi
with TD who appear to rely more on joint attention behaviors and word learning constraints
Thus, an understanding of word learning in children with ASD may require an undergtahdin
both joint attention, as reviewed above, and imitation skills, which will be reviewed bel

Imitation

Imitation is an early social-cognitive skill that is believed to play a plivota in the
development of language, social skills, and cognition (Nadel, 2002). There are maiggtheo
how and why imitation and language are related (see Charman, 2006 for a resreaxarfple,
infants utilize communicative sounds and gestures (e.g., waving goodbye, clap@ingp
communicate what they observed and then learned through the imitated actions of hdslts
imitation is one of the first ways in which infants share information with ofiiNadel, 2002).
There is also solid evidence of the concurrent emergence of several langtiagéation skills
in children with TD. One study found that communicative gestures, words, andamaét

actions were highly correlated by 12 months of age (Bates et al., 1979). In add@ibmd at
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which a child begins to speak his first words coincides with his ability to insitiiens on
objects (Bates et al., 1989). Vocal imitation, gestural imitation, and motorioniee all
associated with language development in children with TD (Bates et al., 1979; Blood,&
Lightbown, 1974; Carpenter et al., 1998; Snow, 1981, 1989).

Nadel and Butterworth (1999) argued that there are 3 aspects of imitatiorethelated
to the development of spoken language: (1) it is a form of learning that requinesatrserve,
listen, and learn from others; (2) it involves the acquisition of novel responses throwgh soci
experience and reinforcement; and (3) it demonstrates that children caimtiemmal
representations of what they observe, listen, and learn from others and then reproduce thes
representations. More specifically, children are able to learn the medniogds and how to
comprehend and produce language by observing how others use it and then reproducirty it, whic
is similar to the ability to imitate the actions of others.

While the developmental trajectory between language and imitation may bk clos
linked in children with TD, one cannot assume that this relationship is the samedoercknith
ASD. Many researchers have demonstrated that children with ASD haveomdeficits and
recent studies have examined the exact nature of these deficits in datagdl(@&, Penton,

Fabrizi, Camaioni, & Perucchini, 2003; Ingersoll, Schreibman, & Tran, 2003; Rog@is,tde

& Stackhouse, 2003; Rogers & Pennington, 1991; Scambler, Hepburn, Rutherford, Wehner, &
Rogers, 2007). Rogers and colleagues (2003) found that preschoolers with ASD weeslimpa

in gestural, oral-facial, and novel object imitations as compared to matechptisaf children

with Fragile X, other delays, and typical development. A study by Scamble(20@v)
demonstrated that 2-year-olds with ASD were impaired at imitating &qiaessions as

compared to matched groups of children with TD and children with other delaysalSsudies

on individuals with ASD suggest that they may lack the social motivation or undersgtamndin
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perspective taking abilities to fully grasp the concept of imitation (Cawa@nHuang, 2002;
Hobson & Lee, 1999; see Williams, Whiten, & Singh, 2004 for a review). Rogers andri¥illi
(2006) posited that the imitation deficits found in children with ASD are related to: (1)
difficulties representing the target action to be imitated; (2) diffesikxecuting the target
action; (3) difficulties attending to the target action; (4) motivational pradjlamd (5)
difficulties coordinating visual-spatial input with proprioceptive and kinesstloettput (i.e.,
cross-modal processing). Despite research supporting an imitation mhedicikdren with ASD,
there is also research that clearly demonstrates that imitatiorestali® linked to language
development in children with ASD.

Carpenter et al. (2002) found that imitation (i.e., facial, gestural, and mototiomjta
was the earliest developing social-cognitive skill in children with ASD arsdpeaitively
correlated with referential language (i.e., spontaneous labeling of objecteaspcthis
suggests that children with ASD may use imitation skills before other earbl-sognitive
skills to build their vocabularies (see also Rogers & Pennington, 1991). Lagsteblleagues
(2008) found a significant relationship between expressive language and iminatholdien
with ASD and noted that imitation skills may play an important role in so@atileg and
acquiring shared communication strategies. Stone and Yoder (2001) found that ntate@mnmi
skills at 2 years of age was the only predictor of spoken language atdgs Janguage skills
at age 2 were controlled for in children with ASD (see also Charman et al., 2@8B)telthis
strong relationship between imitation and language abilities in young childie A&, this
phenomenon is not well understood and further research is needed to understand the relationship
and its possible effects (see Hepburn & Stone, 2006 for a discussion).

While it is likely that the development and expansion of social-cognitives skitth as

joint attention can only increase one’s ability to acquire and further develamg@gecent
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research has suggested that imitation abilities may play a patydaoiaortant role in the
development of language in children with ASD. Given the atypical developmental seqtience
the early social-cognitive skills of joint attention and imitation in childreh wSD, it is likely
that children with ASD who learn language may use different skills oegtestthan children
with TD. For example, children with ASD may learn language more effectivedugh

imitation while children with TD learn language more effectively thiojagnt attention skills
such as attention-following.

Current Study

Very few studies have examined fast-mapping in children with ASD or have aeanpar
the word learning performance of preschoolers with ASD to that of preschalerED. In
addition, few studies have examined whether preschoolers with ASD apply common word
learning constraints to successfully map new words. Lastly, no studies lzenmea how the
social-cognitive abilities of joint attention and imitation affect the ghiit fast-map a new word
in children with ASD and children with TD.

The focus of the current study was to examine if preschoolers with ASD baa lodisic
word learning constraints as a way to develop their vocabulary despite jenmttaxtt social, and
cognitive impairments. Despite the small sample size, another goal of thenvstsith examine
the relation between word learning and the social-cognitive abilities ofgtherition and
imitation in children with ASD. Thus, joint attention skills (i.e., attentionefelhg) and
imitation skills (i.e., motor imitation and verbal imitation) and their effects ordwearning
abilities in 2 diagnostic groups were a secondary focus of the present study. €héstudy
may provide knowledge into how preschoolers with ASD develop language and has wide

implications for language interventions for preschoolers with ASD.
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Research Questions

1. Does fast-mapping occur at similar rates in preschool children with A8bnapared to
preschool children with TD?

2. Do preschool children with ASD utilize word learning constraints (i.e., mutual
exclusivity, taxonomy, and whole-object) to fast-map new words?

3. Explore the relationship between joint attention and imitation and the effect®it tiees
ability to fast-map in children with ASD. In children with ASD, it is predicted jhiat
attention abilities mediate the relationship between imitation and word leafagdea
that joint attention skills may moderate the relationship between iomtatid word
learning in children with ASD will also be explored. In children with TD, it edgeted
that joint attention abilities and imitation abilities are independent poegdiof word

learning abilities and that joint attention has a stronger relationship with eardrig.
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CHAPTER 2
METHODOLOGY

Participants

Sixteen children with a diagnosis of ASD patrticipated in the current ssedyTable 1
for demographic and diagnostic information on all 3 participant groups). The mean chrcadologi
age for these children was 49.8 months (SD = 11.3; Range = 28 — 66 months). All participants in
the ASD group received a previous diagnosis of an autism spectrum disorder, which was
confirmed using the Autism Diagnostic Observation Schedule — Generic (ARQSFd et al.,
2000) that is based on criteria in fBmgnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR: American Psychological Association, 2000). The ASD groupistaasof 15
males and 1 female.

The ASD group was recruited through preschool programs that provide earlgmignv
services to children diagnosed with ASD. Eligibility requirements for ppaticin included
having an existing diagnosis of an autism spectrum disorder (i.e., autismg&sp&yndrome,
or PDD-NOS), a receptive language raw score that was equal to an agéeegeigaore
between 20 and 68 months, and a chronological age between 20 and 68 months. Children with
ASD were eliminated from participation if they no longer met critemaatitism according to the
ADOS-G (N = 2), had a receptive language raw score that was indicatikidobslow that of a
20 month old (N = 8), or were unable to pass the warm-up word learning tasks (N = 1).

Twenty-eight children with TD participated in the current study and weraited from
a university preschool program. Two groups of children with TD were creatednsudne
group was matched to the ASD group on chronological age (i.e., TD group — Age) and another
group was matched to the ASD group on receptive language raw score from lee (Mel, TD

group — Language). There was some overlap in participants between the two TD Greufs (
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The TD group — Age had a mean chronological age of 44.9 months (SD = 10.0; range = 30 — 65
months). In addition, several analyses were conducted using the entire saiiplpasficipants
to maximize statistical power (i.e., TD Group — All).

Children with TD were eliminated from participation if they had a recejdivguage
raw score that was indicative of skills below that of a 20 month old (N = 1) or had ckaeive
diagnosis or services indicative of developmental delay or language dela)(N =
Diagnostic Measures

Autism Diagnostic Observation Schedule — Generic (ADOS4&) ADOS-G (Lord et
al., 2000), an assessment of social interaction, communication, play, and imagisatofe
materials for individuals who may have ASD, was used to confirm diagnoses ofpatsan
the ASD group. It is a 30-45 minute play session that measures a variety of betssdarated
with ASD including stereotyped/idiosyncratic use of words or phrases, unusuzsd@act,
quality of social overtures, initiation and response to joint attention, and unusual sensory or
repetitive behaviors. Scores range from 0 to 3, with O indicative of no unusual behaviors and 3
indicative of behaviors highly consistent with ASD. Diagnosis is determined iy asi
algorithm to obtain a total score with specified cut-off scores needed fagreodia of either
autism or autism spectrum. Research has shown that the ADOS-G has strelag@os of
overall inter-rater reliability ranging from .82 to .93 in all 3 domains, and p@sssssng
diagnostic validity in that it differentiates ASD from non-spectrum dissrdeil.

Modified Checklist for Autism in Toddlers (M-CHAThe M-CHAT (Robins, Fein,
Barton, & Green, 2001) is a parent-completed questionnaire that consists of 23 questisns and i
designed to identify children at risk of autism from the general population betweed 48 a

months of age. In the current study, parents of children with TD completed theAMl-©©Hule
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out a diagnosis of ASD and parents of children with ASD completed the M-CHAT as an
additional measure of autism symptomatology.
Cognitive and Language Measures

Mullen Scales of Early Learning (Mullefljhe Mullen (Mullen, 1995) was used as a
measure of participants’ nonverbal abilities and receptive and expressjuadg abilities. The
Mullen is a standardized developmental test for children between birth and 68 momdsantia
consists of 5 subscales: gross motor, fine motor, visual reception (i.e., nonverbgl abilit
receptive language, and expressive language. The gross motor subscale wasistégathior
the present study. The raw score from the receptive language subteséavas match
participants in the ASD group to participants in the TD group — Language. Theaenfrom
the expressive language subtest was used as a measure of production voaadb tharyaav
score from the visual reception subtest was used as a measure of nonverbal labiktys T
evidence that the Mullen demonstrates good construct validity in that a childssoasv
increases as their age increases.

MacArthur Communicative Development Inventory (CDhe CDI (Fenson et al., 1994)
is a parent report questionnaire that was used to assess vocabulary comprehension and
production. The CDI Infant Scale contains a vocabulary checklist of 396 words lyypical
acquired by children between 8 to 16 months of age. Of the 396 words, there were 229 object
nouns, which were used as measures of the size of children’s comprehension and production
vocabulary. Parents of children with TD did not consistently return this measure tthee t
lengthy process of filling the questionnaire out. As a result, the CDI meaasrenly used in

analyses for the ASD Group.
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Social-Cognitive Measures

Joint Attention Taskrortions of the Early Social Communication Scales (ESCS: Mundy
et al., 2003) were used to measure children’s responses when the examiner gagd eya
point to direct children’s attention (i.e., attention-following) to 3 posters andfadfimals
placed throughout the testing room. This measure was adapted to include eye giaeti or
create a more comprehensive measure of joint attention (see MacDorald@2%). Before
administering trials the examiner ensured that children were engaged mgtdpptable, calling
their name, or touching them. The examiner administered 6 eye gaze trials aneh§ froahd.

For each of the 12 trials, the children had 3 opportunities to respond to the examir@r’s act
(e.g., looking, turning head, eye gaze) and responses were scored as 2 — pass, ifhg; anterg
0 — fail on the basis of the quality and accuracy of children’s responses. Thus, sulitearge
from 0 — 24.

Motor Imitation Scale (MIS)I'he MIS (Stone et al., 1997) was used to measure motor
imitation with and without objects and body gestures. The MIS consists of 16 siegleiotor
imitation activities and includes 8 items that elicit body movement or mottatiom with
objects and 8 items that elicit body movement imitation without objects. For edwh 16 t
items, the child had 3 opportunities to imitate the examiner’s action and respornsesaved as
2 — pass, 1 — emerging, and 0 — fail on the basis of the quality and accuracy of the child’s
response. Thus, a child’s scores on the action and body movement tasks could rangksfrom 0
and a child’s total score could range from 0 — 32. Items for the action tasks included &pping
spoon on the table, shaking a noisemaker, pushing a car across the table, etc.; iterhedgr the
movement tasks included clapping, waving, pulling ear, etc.

Verbal Imitation MeasureéVlasur’s (1995) experimental paradigm was used to measure

verbal imitation. Four novel, unfamiliar words (e.g., “agnew,” “nixon,” “detend &az”) and 4
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familiar words (e.g., “car,” “book,” “dog,” and “apple”) were presented andatepeup to 3

times. For each of the 8 items, the child had 3 opportunities to imitate the examiner’s
vocalization and responses were scored as 2 — pass, 1 — emerging, and 0 — fail on thénéasis of t
guality and accuracy of the child’s response. Thus, a child’s scores on therfandlianfamiliar
verbal imitation task could range from 0-8 and a child’s total score could ramg®f- 16.

Children were encouraged to imitate and were prompted by the examiatFiaestit “You do it”

after a novel word has been spoken.

Word Learning Conditions

Four word learning conditions (i.e., Basic, Taxonomic, Mutual Exclusivity, and Whole-
Object) were administered to assess the percentage of children that ccadtychink novel
labels to novel referents across the trials in each word learning conditioaete&tpras
administered to ensure that children understood the task expectation (i.e., choosetthe objec
labeled by the examiner). In the pretest, children were shown 1 familiat (djg., shoe) within
a selection array of 2 other familiar distracter objects (e.g., car anddnelsasked to choose the
object labeled by the examiner (e.g., “Give me the shoe.”). If the particyzgaunable to
choose the correct object in at least half (i.e., 2 out of 4) of the warm-up tasksetieey
excluded from the study.

The 4 word learning conditions were each presented 4 times across 4 blocks. In each
block, all 4 word learning conditions were presented in a random order 1 time. Each block of
word learning conditions was randomized. The trials within each word learning oandére
counterbalanced across the 4 blocks.

Basic ConditionThe first word learning condition examined a child’s ability to quickly
link a novel label with a novel object (see Figure 1). In the experimental headxaminer

placed a novel object between herself and the child and ensured that eye camtstaished
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before proceeding. Next, the examiner looked at the novel object and labeled it 2ignes (
“Look a clem. A clem. Look a clem.”), while alternating gaze betweegtié and the object.

The novel object was then removed from the table 2-3 seconds after it has beenlfabeled.
addition to the experimental trial, there was 1 control trial that was idétdithe experimental
trial except that the examiner simply commented on the novel object insteadlofdat (e.g.,
“Look. Look.”), while alternating gaze between the child and the object. The novel nligc
removed from the table after it had been commented on. After both objects had been labeled or
commented on, the child was shown a selection array that contained the objecsthat wa
commented on and the object that was labeled. The presentation side of these 2 objects was
randomized. The examiner asked, “Can you help me find the clem? Which one is thé clem
and the child then selected 1 of the 2 objects. The control trial was used to ensurectibt the
did not choose the target object because it was more familiar than the otlés ségn during

the test trials. Four trials of the Basic Condition were presented to eathactdlthe

experimental and control trials were counterbalanced. If the childeelde target more often
than the distracter among the 4 experimental trials, exposure could be ruledroakpkaation

for choosing an object.

Mutual Exclusivity Condition (MECY.he second word learning condition examined a
child’s ability to link a novel label with a novel object when it was presented withiada
object (see Figure 2). The examiner placed a novel object on the table and drestegd t
contact was established before proceeding. Next, the examiner looked at fhabemteand
commented on it (e.g., “Look. Look.”), while alternating gaze between the child and ¢glaé ob)j
The novel object was then removed from the table 2-3 seconds after it was presented. The
examiner then placed a familiar object (i.e., an item from the Mullen) on tleeaiathlensured

that eye contact was established before proceeding. Next, the examiner lableci@uailiar
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object and commented on it (e.g., “Look. Look.”), while alternating gaze betweehilth@nd
the object. The familiar object was then removed from the table 2-3 secondswedier i
presented. The presentation of the first object, either novel or familiarpwatethalanced such
that in 2 trials the novel object was presented first and in 2 trials the faotiject was
presented first. The examiner then placed both the previously presented fabjdét and the
previously presented novel object between herself and the child and ensured toait&gtewas
established before proceeding. The presentation side of these 2 objects was sxhdidmiz
examiner then asked the child to “Give me the toma.” while being careful teedhatishe
maintained eye contact with the child and did not look at any of the objects. Four trieds of t
MEC were presented to each child.

Taxonomic Condition (TAXT.he third word learning condition examined a child’s
ability to assume that novel labels should be extended to objects that are sistil@pe (see
Figure 3). In the experimental trial, the examiner placed a novel objecdetverself and the
child and ensured that eye contact was established before proceeding. Nevatmimerelooked
at the novel object and labeled it 3 times (e.g., “Look a neby. A neby. Look a neby®), whil
alternating gaze between the child and the object. The novel object was remavéeftable
2-3 seconds after it had been labeled. In addition to the experimental trial, tseaeordrol
trial that was identical to the experimental trial except that the ieeasimply commented on
the novel object instead of labeling it (e.g., “Look. Look.”), while alternating batween the
child and the object. The novel object was removed from the table after it has beemtsinme
on.

After both objects have been labeled or commented on, the examiner placed 2 additional
novel objects on the table. The presentation side of these 2 objects was randomized. The

selection array contained 1 novel object that resembled the previously labetgdrobjethe
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experimental trial based on shape (e.g., larger or smaller). The seledipalao contained 1
novel object that resembled the previously commented upon object from the control édkl bas
on shape (e.g., larger or smaller). Thus, the selection array contained 1 novdahabject
resembled the novel object that was labeled and 1 novel object that resembled the ectvel obj
that was commented on. The examiner then instructed the child to “Find the neby” while
motioning toward the 2 novel objects in the selection array and maintaining eye eotitabe
child. The child then selected 1 of the 2 objeletaur trials of the TAX condition were presented
to each child, and the experimental and control trials were counterbalanced  lto sedizice

the influence of object color, the selection array contained objects thath@esame color as the
2 objects in the experimental trial (e.g., small red experimental obyettaantrol trials (e.qg.,
small blue control object), but the color of the objects were reversed (e.g., bexpkrenental
object and big red control object).

Whole-Object Condition (WOCJhe fourth word learning condition examined a child’s
ability to assume that novel labels refer to whole objects rather tharopprtgperties of an
object (see Figure 4). In each trial, the examiner placed 1 unfamiliar slgeet that consisted
of a whole object (e.g., chrome tongs) that had a novel object-part (e.g., shoyvattaciged to
it between herself and the child. The examiner ensured that eye contactalbhshesl before
proceeding. Next, the examiner looked at the novel object and labeled it 3 times (®mg.a“L
hafer. A hafer. Look a hafer”), while alternating gaze between the child aotjdet. The novel
object was removed from the table 2-3 seconds after it has been labeled. Theeeiani
placed both the whole object (e.g., chrome tongs) and the object-part (e.g., shgwan the
table. Thus, in the selection array there was a whole object and an object-fraatdaiid to

choose from. The presentation side of these 2 objects was randomized. The examaskeithe
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“Can you help me find the hafer? Which one is the hafer?,” and the child thendélettie 2
objects. Four trials of the WOC condition were presented to each child.
Demographic Questionnaire

A demographic questionnaire was given to each parent/guardian. The questionsaire wa
used to gather information regarding ethnicity; educational background; household;income
current medications; and pre-existing psychiatric history, including diegabAaSD.
Stimuli for Word Learning Conditions

Each word learning condition consisted of 4 trials such that there was a total ef<l6 tri
four trials in each of the four conditions (i.e., Basic, MEC, TAX, and WOC). Twelveigamil
objects (e.g., shoe, car, ball, etc) were used during the pre-test asivariads to determine if
children could correctly choose a labeled object out of a selection arraheMasic condition,
8 novel objects and 4 novel labels (e.g., “dax,” “kip,” “clem,” etc.) were usedy¢aviEC
condition, 4 familiar objects, 4 novel objects, and 4 novel labels were used; for the TAX
condition, a total of 16 novel objects (i.e., 4 novel objects for experimental trials, 4 novét objec
that are similar in shape to the target objects for experimental trials, dalpeets for control
trials, and 4 novel objects that are similar in shape to the target objects for traadggland 4
novel labels were used; and for the WOC condition 4 novel objects, 4 novel object-parts, and 4
novel labels were used. All novel objects were purchased from a local harcwvard=sich
novel object was brightly painted, and pilot testing with preschool children with TDrde&sr
that none of the novel objects were identifiable by name. The familiar objectstedrsi
objects that are highly familiar to preschool-aged children (e.g., spoon, shoe, cupt,deig) ca
and were taken from the Mullen, which each participant received before the aamnidde

conditions.
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Procedure

Parents of participants signed a consent form allowing their child taipaté in the
research study. The various measures were gathered over the courseioh8 Bashe ASD
Group and 2 sessions for the TD Groups (see Table 2 for a description and timelinesbsthe ta
that each participant completed during the testing sessions). Each chikstedsat a table in a
quiet room at their preschool. All participants were given stickers and/ord@yseavard for
their participation. Throughout all sessions, participants were given tapdksacks to ensure
that they were attentive and alert. The CDI, demographic form, and M-CHAGh wdok 20-30
minutes to complete, were sent home to each parent to fill out and then return to their child’
school. Parents were not present during testing. As a reward for thaiipadidin, all parents
received a $5 gift certificate to a local store and a report that outlinealiidis performance

on the standardized tests.
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CHAPTER 3
RESULTS
Calculation of Joint Attention and Imitation Scores

For the ESCS joint attention measure, a composite joint attention score (i.eJoirta
Attention) was calculated for the ASD Group because the eye contact and piaiskimgvere
significantly correlated with one another (r = 0.6% .003). While eye contact and pointing
tasks from the ESCS were not correlated for the TD Group — Language anabijp-GAge, the
Total Joint Attention was score was used in specific analyses to represem@site joint
attention score (refer to Tables 3 and 4 for the correlations in the TD Grouprd AISD
Group).

For the Motor Imitation Scales (MIS) measure, a composite score (tal,lmitation)
was calculated for the ASD Group because the action and body tasks wereasitipific
correlated with one another (r = 0.8/.001). While MIS — body and MIS — action were not
significantly correlated for either of the TD Groups, the Total Inutasicore was used in
specific analyses to represent a composite imitation score. Furth@b) tGeoup — Age had a
ceiling effect on the MIS — body task, and thus the MIS will not be discussed for tiaulpar
diagnostic group.

For the Verbal Imitation (VIM) measure, a composite score was natlaadd for the
ASD Group because the familiar and unfamiliar measures were not catr&ate TD Groups
had ceiling effects on the familiar task of the VIM and both groups had minimal vaaaribe
unfamiliar task of the VIM. Thus, it was not possible to examine how verbal imitatfamdfar
and unfamiliar words was related to word learning performance, joint attention hand ot

imitation abilities in the TD Groups.
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It is important to note that while the current sample size was determined tgde la
enough to detect moderate to large relationships in the analyses investigagimostic group
differences in word learning, a larger sample would be ideal for the camnedaid regression
analyses that were conducted. More specifically, power analysesecktteat 19-25 participants
would be needed in each group to detect medium or large effect sizes wherousiagienal
analyses. Thus, the results of the regression and correlational analyses sihatelgtated
cautiously.

Diagnostic Group Differences in Word Learning

For each participant, 4 word learning scores (i.e., Basic, MEC, TAX, and W&E€) w
calculated by computing the percentage of trials in which the target algeatorrectly chosen
in each of the 4 word learning conditions. A word learning score of 50% represents levahe
of performance.

The mean percentage of correctly chosen target objects for the BaXicMEA, and
WOC conditions is presented in Table 5. The ASD Group had the following mean scores on the
word learning conditions: Basic: 76.6%0 =28.1); TAX: 62.5% §D =22.4); MEC: 60.9%

(SD =30.2); and WOC: 54.7%860 =29.2). One sample t-tests were utilized to compare word
learning performance in the ASD Group to chance performance of 50%. Resublseddat

the ASD Group learned words at rates above chance in B4&ic= 3.78p = .002, and TAX
conditionst(15) = 2.24p = .04. The ASD Group did not perform at above chance rates in the
MEC, t(15) = 1.45p= .17, and WOC condition§15) = .64, p = .53.

The TD Group — Language had the following mean scores on the word learning
conditions: Basic: 71.9%50 =25.6); TAX: 73.4% $D =17.0); MEC: 73.4%%D=23.2); and
WOC: 56.3% &D =26.6). One sample t-tests were utilized to compare word learning

performance in the TD Group - Language to chance performance of 50%. Resudtechthat
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the TD Group - Language learned words at rates above chance int@&gie, 3.42p = .004,
TAX, t(15) = 5.51p < .001, and MEC condition§15) = 4.04p = .001. The TD Group -
Language did not perform at above chance rates in the WOC cont{itiys 0.94p = .36.

The TD Group — Age had the following mean scores on the word learning conditions:
Basic: 79.7% $D= 18.8); TAX: 67.2% $D =23.7); MEC: 82.8%%D=19.8); and WOC:
56.3% ED =29.6). One sample t-tests were utilized to compare word learning perf@imanc
the TD Group - Age to chance performance of 50%. Results indicated that thelp-Gtge
learned words at rates above chance in B§di6) = 6.33p < .001, TAX,t(15) =2.91p = .01,
and MEC conditiong(15) = 6.62p < .001. The TD Group - Age did not perform at above
chance rates in the MEC conditid(1,5) = 0.85p = .41.

The above results revealed that the 3 diagnostic groups did not perform at above chance
rates in the WOC condition, suggesting that the task was not successful aingaasitype of
word learning. Thus, the WOC condition was not included in analyses that compared word
learning performance between diagnostic groups.

Comparing Word Learning Performance in the ASD Group & TD Group - Language

A t-test revealed no significant difference between performance inatsie 8ondition in
the ASD Group and TD Group — Languatf80) = -.49 p= .63 (see Figure 5). A2 X 2
ANOVA was conducted in which the 4 trials of the 2 word learning constraint conditiens (
MEC and TAX) were a within-subjects variable and the 2 diagnostic graepsA8D Group &
TD Group - Language) were a between-subjects variable (see BiguEffect size data is
provided using Cohen’s guidelines (i.e., a partial eta-squared of .01 is a sntall.e€es a
moderate effect, and .14 is a large effect). There was no significant feainaéfword learning
condition, F(1,30) =.023 = .88, 2p =.001, and no significant interaction between word

learning condition and diagnosis, F(1,30) = .022,.88, 2p =.001. However, there was a

40



marginally significant main effect of diagnosis, F(1,30) = 36,08, 2p =.10, which
indicated that the ASD Group tended to show decreased accuracy on the MEC and TAX
conditions when compared to preschoolers matched on receptive language abitaeseRd
the large effect size for the main effect of diagnosis, additional follow-egts-tvere used to
measure whether performance in each of the 3 word learning conditionsdddétvecen the
ASD Group and TD Group — Language. Results revealed no significant differehgesrie
performance in the Basit{30) = -.49 p=.63; TAX,t(30) = 1.56 p=.13; and MEC conditions,
t(30) = 1.31 p= .20.
Comparing Word Learning Performance in the ASD Group & TD Group - Age

A t-test revealed no significant difference between performance inatsie 8ondition in
the ASD Group and TD Group — Ag€30) = .37 p=.71 (see Figure 5). A 2 X 2 ANOVA was
conducted in which the 4 trials of the 2 word learning constraint conditions (i.e., MEC, and
TAX) were a within-subjects variable and the 2 diagnostic groups (i.e., ASD Grdilip Group
- Age) were a between-subjects variable (see also Figure 6). Ther@wanificant main effect
of word learning condition, F(1,30) = 1.495= .20, 2p =.05, and no significant interaction
between word learning condition and diagnosis, F(1,30) = g.5412, 2p =.08. However,
there was a marginally significant main effect of diagnosis, F(1,30) = 3936, 2p =.12,
which indicated that the ASD Group tended to show decreased accuracy on the MEC{and TA
conditions when compared to preschoolers matched on chronological age. Becagisargéth
effect size for the main effect of diagnosis, follow up t-tests were condactednpare the ASD
Group and TD Group — Age on performance in the 3 word learning conditions. Results revealed
no significant differences between performance in the Bg3®) = .37 p= .71 and TAX

conditions t(30) = .58 p = .57; but there was a significant difference in the MEC condit{B8a)

41



=2.42 p=.02. Thus, it appears that the preschoolers with ASD demonstrated decreased
accuracy on the MEC task compared to children with TD matched on chronological age.
Comparing Overall Performance in the Word Learning Constraint Conditions

An additional analysis was done to determine if combined performance in the TAX and
MEC conditions differed between the ASD Group and TD Group — All. The TD Group -a8ll w
used to increase the power to detect significant differences in the use of woirtglear
constraints between the groups. A Constraint Total score was calculatedrixy tagether the
performance in the TAX and MEC conditions for both groups. Thus, participants could have a
minimum score of 0 and a maximum score of 8 on the Constraint Total. The ASD Group had a
Constraint Total score of 61.7% (SD = 20.6) and the TD Group — All had a Constraint Total
score of 74.0% (16.1%). Both the ASD Grot(fap) = 2.27p = .04, and the TD Group — All,
t(25) = 7.58p < .001, performed at rates significantly above chance. Additional analyses
revealed that there was a significant difference in performance orotddemrning constraints,
t(40) = 2.16p = .04. Thus, the TD Group — All appears to be using the word learning constraints
more efficiently than the ASD Group.
Joint Attention Scores Across Diagnostic Groups

ASD Group & TD Group — Language

To investigate the performance in the joint attention measure (i.e., ESCS), a2 x 2
ANOVA was conducted in which the 2 joint attention tasks (i.e., following a point and following
eye gaze) were a within-subjects variable and the 2 diagnostic graups8D Group & TD
Group — Language) were a between-subjects variable. There was aangmifain effect of
ESCS tasks, F(1,30) = 12.59= .001, 2p = .30, which indicated that both groups performed
significantly better in the following a point task as compared to the followiagaye task.

There was a significant main effect of diagnosis, F(1, 30) = p.8102, 2p= .16, such that the
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TD Group — Language performed better in both ESCS tasks as compared to theodD G
There was no significant interaction between diagnosis and performance on th&aE&CS
F(1,30) = .56p = .46, 2p=.02.

ASD Group & TD Group — Age

A 2 x 2 ANOVA was also conducted in which the 2 joint attention tasks (i.e., following a
point and following eye gaze) were a within-subjects variable and the 2 diagyostps (i.e.,
ASD Group & TD Group — Age) were a between-subjects variable. There wasf@aig main
effect of ESCS tasks, F(1,30) = 9.915 .004, 2p = .25, which indicated that both groups
performed significantly better in the following a point task as comparda:timlowing eye
gaze task. There was a significant main effect of diagnosis, F(1,30) %7809, 2p= .21,
such that the TD Group — Age performed better in both ESCS tasks as compared to the ASD
Group. There was no significant interaction between diagnosis and performance on the ESCS
tasks, F(1,30) = 2.3@,= .14, 2p=.07.
Imitation Scores Across Diagnostic Groups

ASD Group & TD Group — Language

To investigate the performance in the MIS imitation measure, a 2 x 2 ANOVA was
conducted in which the 2 MIS imitation tasks (i.e., imitating body actions andingitattions
on objects) were a within-subjects variable and the 2 diagnostic groups (i.eGA8P & TD
Group — Language) were a between-subjects variable. There was aangmifain effect of
MIS tasks, F(1,30) = 5.9p,= .02, 2p= .16, which indicated that both groups performed
significantly better in imitating actions on objects as compared to imitatidg actions. There
was a significant main effect of diagnosis, F(1,30) = §%5,006, 2p = .23, which illustrated
that the ASD group had significantly lower scores on the MIS tasks as compared b the

Group — Language. Lastly, there was a significant interaction betwagmogdis and
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performance on the MIS tasks, F(1,30) = 4A8,.05, 2p= .12, which revealed that the ASD
Group had significantly lower scores on the MIS tasks that measured imitatyngdiaxhs, but
performed more similarly to the TD Group — Language on the MIS tasks thstimeéamitating
actions on objects.

ASD Group & TD Group — Age

To investigate the performance in the MIS imitation measure, a 2 x 2 ANOVA was
conducted in which the 2 MIS imitation tasks (i.e., imitating body actions andingitattions
on objects) were a within-subjects variable and the 2 diagnostic groups (i.eGA8pP & TD
Group — Age) were a between-subjects variable. There was a margigaillicant main effect
of MIS tasks, F(1,30) = 3.79,= .06, 2p=.11 which indicated that both groups performed
better in imitating actions on objects as compared to imitating body actionms. Wag a
significant main effect of diagnosis, F(1,30) = 8.08;.006, 2p = .23 which illustrated that the
ASD group had significantly lower scores on the MIS tasks as compared to theolip-GAge.
There was also a significant interaction between diagnosis and perforaratieeMIS tasks,
F(1,30) = 6.50p = .02, 2p=.18, which revealed that the ASD Group had significantly lower
scores on the MIS tasks the measured imitating body actions, but performed nilartydom
the TD Group — Age on the MIS tasks that measured imitating actions on objects.
Correlation Analyses

The bivariate correlations between joint attention (i.e., ESCS - point and ESES -
gaze), imitation (i.e., MIS — action and MIS — body), receptive language andsxelesguage
(i.e., Mullen), nonverbal abilities (i.e., Mullen), performance in the 3 word learngagunes,
Total Imitation score, and Total Joint Attention score are presented in Tabléhd fladd Group

— All and in Table 4 for the ASD Group. In addition, the correlations for the ASD Group contain
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the Social and Communication total scores from the ADOS-G, the VIM — farmbigy M —
unfamiliar, and the comprehension and production scores from the CDI.

TD Group — All

Table 3 presents the correlations of interest for the TD Group - All. The var@ble
interest that correlated with performance in the word learning conditioms@reed first.
Performance in the Basic condition was correlated with Mullen nonverbal skillieriv
receptive language, and ESCS - eye gaze, while performance in thedviliGion was
correlated with Mullen nonverbal skills, Mullen receptive language, Mullen ssipeelanguage,
and MIS — body. In regards to correlations among the word learning conditions, onlsibe Ba
condition was correlated with the MEC conditio(26) = .39,p = .05).

In regards to the relationship among nonverbal skills, receptive and expresguegan
joint attention, and imitation, there were very few relationships found in the TD Grougsedl
Table 3). Mullen nonverbal skills correlated with Mullen receptive langu#8é)(=.89,p <
.001) and Mullen expressive languag6) =.89,p < .001). In addition, Mullen receptive
language was correlated with Mullen expressive langu48é)(= .93,p < .001) and marginally
correlated with ESCS-eye gaz€26) = .36 = .07). Lastly, Mullen expressive language was
marginally correlated with ESCS-eye gar@6) =.35,p = .08).

Due to the some of the significant relationships between joint attention skitistiami
skills, and receptive and expressive language skills, two regressioni@amadys conducted in
which Total Imitation (e.g., MIS-action and MIS-body) and Total Joint Attenganp (ESCS-
point and ESCS-eye gaze) were continuous independent variables and receptageléngu
Mullen receptive language raw score) and expressive language (i.e., Mydtessve language
raw score) were the continuous dependent variables. Results indicated that mbtsttdioiion

and Total Imitation did not predict a significant amount of variance for Mulleiptigee
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language, F(2,25) = 2.14,= .14, R Square = .16, and did not predict a significant amount of
variance for Mullen expressive language, F(2,25) = 192,17, R Square = .14.

ASD Group

Table 4 presents the correlations of interest for the ASD Group. The variablésres$t
that correlated with performance in the word learning conditions are repiostethfparticular,
Mullen nonverbal skills, Mullen receptive language, Mullen expressive language, anrd CD
production were correlated with performance in the Basic, TAX, and MEC word lgarnin
conditions. Further, CDI —comprehension was correlated with performance in therBe®) =
46,p =.07) and TAX((16) =.61,p = .01) conditions. VIM — unfamiliar was marginally related
to performance in the Basic conditiaifl6) = .49 ,p = .06). Further, performance in the TAX
condition was the only word learning condition that correlated with joint attentionHb€ S-
point,r(16) = .56,p = .03) and imitation (MIS actiom(16) = .56,p = .02; MIS bodyy(16) =
.51,p =.04). In regards to correlations among the word learning conditions, only the Basic
condition was marginally correlated to the MEC conditiqaq) = .47 p = .07).

In regards to the relationship among nonverbal skills, receptive and expresguegan
joint attention, and imitation, several key relationships are indicated bytdndrml@articular,
nonverbal skills were correlated with all language (Mullen and CDI), jdient&bn, and
imitation variables. CDI — comprehension was significantly correlatedMutlken receptive
languagen(16) = .63, p =.008), and CDI — production was significantly correlated with Mullen
expressive language(16) = .81, p <.001). Additionally, Mullen expressive language was
correlated with receptive language, CDI — production, ESCS — point, ESCS)azeyeMIS —
action, and MIS — body. Both ESCS — point and ESCS - eye gaze were signifioamrtigted
with both MIS — action and MIS — body (see Table 4). Lastly, the Social and Comnamicat

total scores from the ADOS-G were not correlated with any variables.
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Due to the significant relationships between joint attention skills, imitakidis, and
receptive and expressive language skills, two regression analysisamelgcted in which Total
Imitation and Total Joint Attention were continuous independent variables and receptive
language (i.e., Mullen receptive language raw score) and expressivadange., Mullen
expressive language raw score) were the continuous dependent variahliés.ifRéisated that
Total Joint Attention and Total Imitation did not predict a significant amount cdrveeifor
Mullen receptive language, F(2,15) = 2.4 .14, R Square = .27, but did predict a significant
amount of variance for Mullen expressive language, F(2,15) = 199702, R Square = .63.

Mediation ModelThe Sobel tests of mediation (Sobel, 1982) were used to explore
whether joint attention skills mediated the relation between imitation akitighe ability to fast-
map a new word (i.e., in the Basic, MEC, or TAX word learning conditions) in the ASOPGr
More specifically, the hypothesis that joint attention mediates the relaifponstween imitation
and fast-mapping a new word in children requires that 4 criteria be met (Barenr&/ KL986):
(1) the predictor variable must be significantly correlated with the outeaneble (e.g., total
imitation skills must be related to performance in the word learning condit®rihg predictor
variable must be significantly correlated with the mediating varialde, (enitation skills must
be related to joint attention skills); (3) the mediator must be significaoitiglated with the
outcome variable (e.g., joint attention skills must be related to fggpingaperformance in the
word learning condition); and (4) the strength of the correlation between the @redicable
and the outcome variable must be reduced by removing the variance attributableadigterm
(e.g., the correlation between imitation skills and fast-mapping perfoeweaitidoe reduced to
non-significance when variance attributable to the joint attention skillsliedied in the
analysis). The Sobel test requires that 2 regression analyses be condy¢hedindependent

variable (i.e., imitation skills) predicts the mediating variable (i.e., pieintion skills) and (2)
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the independent variable (i.e., imitation skills) and the mediating variablgdire attention
skills) predict the dependent variable (i.e., fast-mapping performance inslee B&X, or MEC
word learning conditions.

The Total Imitation (i.e., MIS — body and MIS — action) and Total Joint Attentioescor
(i.e., ESCS — eye gaze and ESCS — point) were used in the mediator model. Afiamexthe
correlations that emerged within the ASD Group (see Table 4), it becaméheliea mediation
model was not supported for both the Basic and MEC conditions. More specifically, Total
Imitation and Total Joint Attention were not significantly correlated witfopeance in the
Basic and MEC conditions. However, while the first 3 criteria for the mediaoe! were met
for the TAX condition (i.e., (1) Total Imitation was correlated with Total JAtténtion,r(16) =
.78,p < .001; (2) Total Imitation was correlated with performance in the TARG) = .55p =
.03; and (3) Total Joint Attention was correlated with performance in the MA&), = .51p =
.04), the Sobel test indicated that joint attention was not a significant mediateehemitation
and performance in the TAX condition=£ .53, p = .60).
The Effects of Imitation and Joint Attention on Word Learning Performance

A total of 6 regression analyses were conducted to examine the effeatsitizdn
skills (i.e., Total Imitation) and joint attention skills (i.e., Total Joint Attr)thad on word
learning performance across diagnostic groups (i.e., ASD Group and TD GroupFhall)otal
Joint Attention and Total Imitation variables were conducted in separdysesbecause they
were highly correlated with one another in the ASD Group. Further, the TD Group — All was
used to boost statistical power.

Imitation skills were not related to task performance in each of the thredemoning
conditions for either diagnostic group. In the model investigating imitation gkillee Basic

condition across diagnostic groups, there were no significant results foatheffiect of
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imitation, F(1, 38) = .001p = .99; main effect of diagnosis, F(1, 38) = .p3%; .86; and the
interaction between imitation and diagnosis, F(1, 38) = ©3885. In the model investigating
imitation skills in the TAX condition across diagnostic groups, there were ndicagriresults

for the main effect of imitation, F(1, 38) = .G¥F= .80; main effect of diagnosis, F(1, 38) = .46,

= .50; and the interaction between imitation and diagnosis, F(1, 38) p=430. In the model
investigating imitation skills in the MEC condition across diagnostic grobpes tvere no
significant results for the main effect of imitation, F(1, 38) = d#8,.75; main effect of

diagnosis, F(1, 38) = .0p,= .92; and the interaction between imitation and diagnosis, F(1, 38) =
.02,p=.89.

In contrast, joint attention skills were related to task performance in étuhthree
word learning conditions, but differed among diagnostic groups. More specificaliyg mddel
investigating joint attention skills in the Basic condition across diagngstips, there were
significant results for the main effect of joint attention, F(1, 38) = J1=8,001; significant
results for the main effect of diagnosis, F(1, 38) = §44,01; and significant results for the
interaction between joint attention and diagnosis, F(1, 38) =84 71. Thus, it appears that
children with TD had increased joint attention skills and performed more sucbessthke
Basic condition as compared to the ASD Group (see Figure 7).

In the model investigating joint attention skills in the TAX condition across diagnost
groups, there were marginally significant results for the main effectrafgtiention, F(1, 38) =
3.18,p = .08; no significant main effect of diagnosis, F(1, 38) =p37,55; and no significant
interaction between joint attention and diagnosis, F(1, 38) 3.3755. These results appear to
suggest that increased joint attention skills are related to performanceliaiXhmondition for
both diagnostic groups (see Figure 8). Similarly, in the model investigating fi@ntian skills

in the MEC condition across diagnostic groups, there were marginally sagrifesults for the
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main effect of joint attention, F(1, 38) = 2.§05 .10; no significant main effect of diagnosis,

F(1, 38) = .35p = .56; and no significant interaction between joint attention and diagnosis, F(1,
38) = .45p = .51. These results also appear to suggest that increased joint attentioneskills a
related to performance in the MEC condition for both diagnostic groups (see $glieken
together, the regression analyses revealed that imitation was not related tearning
performance across the diagnostic groups, but joint attention played a raalitearning

performance for both preschoolers with ASD and preschoolers with TD.
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CHAPTER 4
DISCUSSION

The current study investigated whether preschoolers with ASD (ASD Group phie
to utilize basic word learning constraints to fast-map (i.e., quickly link a noveMathea novel
referent) in a manner similar to children with TD matched on age (TD Group — Age) and
receptive language (TD Group — Language). A further goal of the stugljovexamine the
effects of joint attention, imitation, and receptive and expressive languageoskihe ability to
quickly learn new words.
Word Learning Performance Across Diagnostic Groups

Overall, results indicated that preschool-aged children with ASD and TD blertoa
learn novel words. Further, both groups showed evidence of applying word learningicsnstra
in word learning episodes. More specifically, both TD Groups learned words at alaoee ch
rates in the Basic, Taxonomic (TAX), and Mutual Exclusivity (MEC) conditiommsghvis
consistent with other studies that have demonstrated successful fast-mappffocimd use of
word learning constraints (see Woodward & Markman, 1998). Preschoolers withl8&D
learned words at a similar rate as children with TD in the Basic conditioahdplicates
previous findings that children with ASD are able to engage in basic fastigggpe also
Baron-Cohen et al., 1997; Williams, Klinger, & Scofield, 2007). Further, while lpoesers
with ASD demonstrated above chance performance in the TAX word learningi@onttiey
showed less efficient use of word learning constraints in both TAX and MEC conditions
compared to children with typical development matched on receptive languagesadmidtie
chronological age. Children with ASD had particular difficulties using the M&tclition such
that they did not show word learning at above chance levels and showed less word learnin

compared to children with typical development matched on chronological age.
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While all preschoolers with ASD learned words in the Basic condition at aboveechan
rates that were comparable to preschoolers with TD, it seems plabsiblee association
between the novel label and object may have been more salient in the Basioweahditiin the
other word learning conditions. More specifically, in the Basic conditiodr&mlwere only
exposed to 2 novel objects and only one of those novel objects was labeled. Thus, children could
have simply relied on the direct association between novel label and novel word topeefor
in the Basic condition. This is in contrast to the other experimental conditions im tlkigvord
learning context was potentially made more complex (e.g., in the TAX eondhildren were
exposed to objects of different size and color in the selection array). Future stuoliéd strive
to investigate whether children with ASD are able to fast-map in more erwpkrd learning
conditions that are more similar to the natural environment (e.g., indrdesseacter objects in
the selection array).

The ASD Group’s performance in the TAX condition demonstrated that they ar® able
use basic categorization principles (e.g., the shape of an object) to exteng keasveld word
to other exemplar objects (see also Luyster, 2007); although they may be dosgeftideently
than children with typical development. Thus, while children with ASD may be somewhat
impaired in their categorization abilities (see Klinger & Dawson, 1995, 200%)h#ve some
ability to use the basic features of an object to extend a newly learned ladeloiezl object to
similar exemplar objects. The understanding and utilization of the taxonomiceeaonihlg
constraint is essential because without it, children with ASD would likely exer frustration
and confusion as to why a single label (e.g., “cup”) could potentially be linkedny abgects
(e.g., coffee mug, sippy cup). Interestingly, performance in the TAX condiasrthe only
word learning condition that was also linked to both imitation skills and joint atteskills in

children with ASD. Thus, the ability to understand and apply these social-cognitigeskyl
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also be linked to categorization abilities in children with ASD. For example ,spaeteof
imitation is forming an internal representation of what one observes and then oapgdtiese
representations (Nadel & Butterworth, 1999). This aspect of imitation exterfds teoxbnomic
constraint such that preschoolers with ASD may use imitation skills taléitsrmine that 2
objects have similar properties (i.e., formation of an internal representatnohjhen decide to
extend a label to include both objects due to their similarity (i.e., reproducingehwaint
representation). This same idea extends to echolalia in children with ASD sucp#aing an
adult’s label for an object may lead to word learning, which may explain the commanty f
relationship between imitation and expressive language in children with ASOL(e/ster,
2007; Stone & Yoder, 2001).

Difficulties in the TAX condition in the current study may be further evidence of the
early emergence of the categorization impairment that is often found inechviath ASD. For
example, a recent study by Tek and colleagues (2008) found that preschoolersiviiavaS
difficulties using the category of shape to extend novel labels to both novel and @xebjptts
as compared to preschoolers with TD, despite the fact that the vocabularies obbpth gr
consistently increased over each time point in which word learning was measweditiiors
noted that while children with ASD appear to be able to learn and produce words, these ea
categorization difficulties may be indicative of future difficulties and imlag provide a clue as
to what perceptual characteristics children with ASD attend to over othersans/earning
contexts. Future studies should investigate whether children with ASD are aiske the
taxonomic word learning constraint when both perceptually simple and perceptuallgxompl
objects are labeled.

Preschool-aged children with ASD did not consistently use the mutual exclusivity

constraint during word learning. Specifically, their performance was eategrthan chance and

53



preschoolers with ASD performed similarly to preschoolers matched on weckptyuage, but
not chronological age. This suggests that preschool-aged children with ASD rdaymeand
increased exposure to gain additional experience in their environment and in wordylearnin
episodes before being able to understand and apply the mutual exclusivity corstsaipport
of the idea that increased practice or exposure to word learning constrajniscrease one’s
understanding and use of them, Preissler and Carey (2005) found that school-agedwtiidre
ASD performed at similar rates to preschoolers with TD in a task that redakerability to
utilize the mutual exclusivity constraint.

Success in the MEC condition likely also required social-cognitive aliktuch as
theory of mind (i.e., understanding that the speaker was likely labeling the lienfaiject
because the familiar object already had a name), which is often impairetividuals with
ASD (Baron-Cohen, 2000). The current finding that preschoolers with ASD shoveieafiuse
of the mutual exclusivity constraint supports the results of the Parish-Mbais(2007) study
that found that children with ASD had fast-mapping difficulties when theg vesguired to
understand the social intent of the speaker. Interestingly, in the current $tildhgncwith ASD
who had increased joint attention skills were more efficient at utilinedtEC condition,
supporting the hypothesis that joint attention and theory of mind abilities arby/dioked. For
example, children use eye gaze, head orientation, and gestures (i.e., joint attéatorHeto
monitor one’s state of mind and perspective in a word learning episode. Thus, havingimitact
attention or theory of mind skills may have increased one’s ability to peviethin the MEC
condition. Future studies need to examine the role that social intent (e.gy,tahihiderstand it
and apply it to one’s environment) may have on one’s language acquisition and development.

Overall, preschoolers with ASD may need practice, direct instruction, erperiand an
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understanding of social intent (i.e., joint attention and/or theory of mind) beforedi#entp
successfully apply the mutual exclusivity constraint to further develop theibwiacy.

The ASD Group and both TD Groups had significant difficulties in the WOC condition,
such that none of the groups performed at above chance rates. This finding usaplgrstriking
for the TD Groups because many studies have documented their ability to copsisilerelthis
constraint (Markman, 1990; Soja, Carey, & Spelke, 1991). No studies have examined the use of
the whole-object constraint in children with ASD, so it is difficult to deternfirgé¢asons for
their poor performance. However, several possibilities may explain the datpsaformance
on the WOC condition for all diagnostic groups. First, Markman and Wachtel (1988) suggested
that children are more likely to associate a novel label with a whole olject the object is
unfamiliar, but are likely to associate a novel label with a part of an object when the object is
familiar. Thus, while the stimuli used in the WOC condition were believed to be unfamiliar to
the children and pilot testing confirmed this, it is possible that any fanyiliatih or exposure to
the whole-object in the WOC condition may have led children to link a novel label with the
novel part of an object. Second, the WOC condition required social and cognitive skills such as
theory of mind, implicit learning, central coherence, and the ability to shif attention. While
these social and cognitive skills were likely not impaired in the children inRh&rdups, it
may have significantly influenced performance for the ASD Group. Lak#yexaminer
provided few cues (e.g., eye gaze, gestures) to the children during the WOiDoopwndhich
may have made led to increased ambiguity and uncertainty despite having knowkbdge a
understanding of the whole-object constraint. Overall, future studies need togatestie
ability of preschool-aged children with ASD to utilize the whole-object constaaid determine

what impairments or skill deficits may be inhibiting their use of the constraint
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The Role of Joint Attention on Fast-Mapping Abilities

Various studies have implicated the importance of joint attention on langupgsitamn
and development for preschoolers with ASD and TD (Mundy, 1995; Mundy & Gomes, 1998;
Sigman & Ruskin, 1999). In the current study, both TD Groups had increased joint attention
skills (i.e., following eye gaze, following a point) as compared to the ASD Grouihefr, it
appears that including tasks that measured one’s ability to follow a speaedaze increased
the variability of joint attention performance in all diagnostic groups andomaymore
sensitive measure of joint attention than just measuring the ability to fokkpeaker’'s point
alone.

A preliminary research hypothesis was that joint attention skills wouldstverager
predictor of performance in the word learning conditions than imitation &hillsoth TD
Groups. Overall, the current results demonstrated that joint attention wasd telaticcessful
performance in all 3 word learning conditions. More specifically, joint attersikills were
related to performance in the Basic, MEC, and TAX conditions for children witiihiS
hypothesis was further confirmed such that the ability to follow the speakgs’contact was
significantly related to performance in the Basic condition for both TD Groups, andlso
related to performance in the TAX condition for the TD Group — Language. In contraéigtion
skills were not significantly related to performance in the word learmnditons for the TD
group. Taken together, these results suggest that children with TD may beemsitere to joint
attention cues or use joint attention skills, rather than imitation skills, in wardihg episodes.
It also highlights the importance of joint attention skills in increasing ore&ptive and
expressive vocabulary throughout the preschool years.

Research has indicated that children with ASD who have increased joinbatskiils

have increased language acquisition as compared to children with ASD who haesetqmt
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attention skills (see Sigman & Kasari, 1995). In the current study, jointiattemas related to
performance in the TAX and MEC conditions for the ASD Group, but was not related to
successful word learning in the Basic condition. In regards to the link bejeiatattention
skills and language, joint attention skills were correlated with receptive gnelssive language
for the ASD Group, but were only correlated with performance in the TAX word hegrni
condition. The finding that joint attention is linked to performance in both word learning
constraint conditions (i.e., TAX and MEC) suggests that preschoolers with AgDemailizing
joint attention skills or strategies to learn new words, but to a lesser addggaecompared to
children with TD.

This difference in the social-cognitive skills that are recruited in wanghieg situations
for preschoolers with ASD also indicates that other skills may be more raaddgsible or
easier to implement when a novel label is presented with a novel word. The curresosigity
to examine this further by investigating whether imitation skills would lheediby children
with ASD as a way to increase their vocabulary. Overall, results cledrtated that imitation
skills were not related to successful word learning in any of the conditibie) 8 similar to
the pattern found in children with TD. Additional correlational results revela&dmitation
skills were linked to performance in the TAX condition for the ASD Group, but were not
consistently correlated with performance in the other word learning conditienaddiional
discussion below). In conclusion, preschoolers with ASD seem to be utilizing jeinti@
skills or strategies in word learning episodes, and they likely provide someiofdimeation
needed to link a novel label with a novel object. However, children with ASD are using joint
attention skills to a lesser degree when compared to children with TD, which sutgéestther
strategies or skills may be providing them with the information needed tmégstFuture

studies may need to measure and investigate a variety of mechanisms by edstiogers
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with ASD are learning new words so that these can be targeted in interventions arigl in one
natural environment to help build their vocabularies

The relationship between fast-mapping, language skills, and joint attentisrapkiears
to be complex, and few studies have sought to understand the relationship between these
language mechanisms and social-cognitive skills. McDuffie et al. (20@éd)a gaze latency
word learning measure and found that fast-mapping abilities mediated tienstig between
joint attention skills and receptive and expressive language skills in preschagh ASD.
However, a limitation of their study was that the authors used a gaze lsskcwhich may be
a less reliable measure of fast-mapping as compared to an objecordbeshi(see Luyster,
2007 for a discussion). The current study sought to determine if joint attention skilisqute
receptive and expressive language through the mechanism of fast-majpipgiformance in
the Basic, MEC, or TAX conditions) when an object selection task was used. However, this
mediation model was not supported because joint attention was not significarglgteol to
performance in the Basic or MEC conditions. While the first 3 criteria for gtkation model
were supported for the ASD Group in the TAX condition, joint attention was not a sagpific
mediator between imitation and performance in the TAX condition. However, the ASIp'&r
receptive and expressive language skills (as measured by the Mullen Bnde@Prelated to
performance in the Basic, TAX, and MEC conditions. This finding also supports théatea t
while joint attention is likely an important aspect of language developmentiagnerhwith
ASD, other skills (i.e., current language skills) may also have an intredate®nship with the
ability to learn new words and utilize word learning constraints.
The Role of Imitation on Fast-Mapping Abilities

For both TD Groups, there were no significant relationships between theiramghills

(as measured by the MIS) and language abilities, joint attention abilities, rémanaace in the
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word learning conditions. As mentioned above, this appears to fit with the langsagechethat
posits that joint attention skills are necessary and critical componengehatolved in the
language acquisition and development in preschool-aged children with TD. However, use of
imitation skills and strategies does not appear to be a critical or maeggtised by
preschoolers with TD in word learning episodes. Additionally, despite not aeitessilizing
imitation skills to learn new words, both TD Groups performed significantlyra@tténe tasks

of the MIS as compared to the ASD Group, which suggests that body and action imkidson s
are more impaired in children with ASD.

Carpenter and colleagues (2002) demonstrated that young children with AS@pdeve
imitation skills before joint attention skills and suggested that they mayn@le on imitation
skills to build their receptive and expressive language vocabularies. Whagiamiwvas not
related to performance in the word learning conditions for children with ASD, trentstudy
found that imitation skills (as measured by the MIS) were related to exgressl receptive
language skills and joint attention skills in the ASD Group (see also Luystey 2008; Mundy
et al., 1990; Sigman & Ruskin, 1999; Stone & Yoder, 2001). In addition, regression analyses
revealed that imitation and joint attention skills were a significant poediftexpressive
language abilities in children with ASD, but were not a significant predictaceiptive
language abilities. These results appear to be in line with research $itldagllustrate the
often complicated and varying relationship between joint attention, imitationaagddge in
children with ASD (see Luyster et al., 2008; Murray et al., 2008 for recent findfgsire
studies need to conduct longitudinal studies to clarify the relationship betweerstioes-
cognitive skills and determine how they predict current and future langudlgeaski word

learning abilities.
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Overall Summary of Findings

Previous research has clearly shown that children with ASD have impasrmgaoint
attention (Mundy et al., 1986; Mundy, Sigman, & Kasari, 1993; Sigman et al., 1986) and
imitation (Carpenter et al., 2002; Charman et al., 2003; Stone and Yoder, 2001), and that these
impairments may lead to difficulties in utilizing common word learningtsgies to develop
one’s vocabulary. The current study revealed that children with ASD camégsin a similar
manner to children with TD, but appear to be utilizing word learning constraintsga a le
efficient and effective manner. Further, while receptive and expressiygelga skills were
linked to successful word learning performance, imitation skills were notstensy related
with successful word acquisition in all 3 word learning conditions for preschoolér&\&D.
Additionally, while joint attention skills were linked to successful word learmrige MEC and
TAX conditions for preschoolers with ASD, they were not related to word leamithg iBasic
condition. However, there does seem to be preliminary evidence to suggest ttaiqless are
less likely to use joint attention in the Basic condition as compared to preschather wrT his
is an interesting finding because the Basic condition was likely mogastmiactual word
learning situations that children with ASD are exposed to in their natural enentsifne., an
adult speaker labels a novel object while alternating eye gaze betwehildrend the object).
Regardless, it seems plausible to suggest that other strategies qeskillheory of mind,
attention-following, social responsiveness, social intent) that were not mgastie current
study may be critical factors in one’s ability to learn new words and build egeEptive and
expressive vocabulary.
Implications for Language Interventions in Preschoolers with ASD

The findings of the current study are somewhat remarkable because researtdrem chi

with typical development has emphasized the importance of social-cognitiserskne’s

60



ability to acquire language (Baldwin, 1995; Tomasello, 1995). While it is prematustddtsit
joint attention and imitation skills are not critical or necessary for wauthileg in children with
ASD, it seems plausible that children with ASD may benefit from word leamiegentions
that either minimize the amount of social cues in a word learning episode attilizaythe skills
and strategies that they are already using to learn new words.

Currently, many language interventions seek to teach joint attention and imikalt®n s
to children with ASD in order to facilitate the development of their vocabulary., Dehswviors
such as imitating a caregiver’s label for an object during a play sesdfoaing another
individual's eye gaze or point are explicitly taught and reinforced in iatgion programs.
However, as noted above, it may be beneficial to implement language intervemiomsdrease
dependence on teaching social-cognitive skills or increase the assobetiiveen object and
label pairings (e.g., following child’s attentional focus, using multiple jaitgntion cues,
repeating the label for an object many times, etc.). For example, iWetred Woods (2006)
measured the changes in the social-communicative skills in 2-year-old chilitineASD whose
parents were enrolled in the Early Social Interaction (ESI) Projeathwéught parents how to
target social-cognitive and language skills in the natural environment. Jilesnadicated that
children with ASD who received ESI had increased joint attention skills (ezg shéts,
gaze/point following) as compared to a comparison group who did not receive ESI. iHoweve
children who received ESI performed similarly to the contrast group on meas$ures
communicative means (e.g., use of gestures, use of consonants, and inventory oDwverd8s).
Wetherby and Woods (2006) concluded that while maturation may influence or lead to gains in
communicative means, interventions targeting social-cognitive skijlsnoaead to increased
language skills. Thus, interventions for children with ASD that target jtemnitaon or imitation

skills may not lead to increases in language acquisition, which fits witmithads of the
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current study. Perhaps social-cognitive skills such as joint attention aatiomire more
related to the core social deficits of autism, which likely affect lapg@aquisition, but may not
be the most important or critical factors. Rather, it seems plausible thaatian, as well as
skills such as attention-following, may play a large role in the vocabulary devesho o
children with ASD. Potential components of interventions that may facilitatgeiéage
development in children with ASD more effectively, and how they relate to thentatuely’s
findings, will be briefly discussed below.

Attention Following and Attentional FocuRecent research has demonstrated the
importance of teaching responsiveness skills to parents of children with AS# a8l Sigman
(2002) conducted a longitudinal study of 25 preschoolers with ASD and found that increased
synchronization, which they defined as following children’s attentional fordi®agagement
with toys, led to increased joint attention skills 1 year after intervention dtedt laguage
outcomes 10 and 16 years after intervention. The authors reported that the miosdrsigni
predictor of language gains was attentional focus such that following chddrgahtion to or
engagement with toys/activities was related to increased langudgeTdie results of Siller and
Sigman’s (2002) study suggest that including the component of attention following in
intervention may greatly increase language acquisition in children with ASD.

The potential importance of attentional focus on language development was also
demonstrated in a study by Adamson, Bakeman, Deckner, and Romski (2009). The authors
found that preschoolers with ASD rarely engaged in coordinated joint attention patinar
and an object regardless of vocabulary size, but were able to engage with gupiecai85% of
the time during a play session. Thus, children with ASD are able to focus theioatterd
engage, but this occurs more frequently in preferred activities and when engagedtividimgy

objects. Adamson and colleagues suggested that creating and attendingd¢tiontethat are
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child-directed, incorporate objects or activities that are intrinsicallyatotg for the child, and
lessen the cognitive and affective demands placed on a child with ASD magtiatanguage
development (see also Bloom, 1993).

In the current study, attentional focus was likely a critical factor in trel Vearning
conditions that introduced two novel objects, but only one novel label (e.g., Basic, TAX, and
WOC). Attentional focus in these word learning conditions likely includedfastuch as
attending to objects as they were labeled or commented on, shifting attentionienfiitdotthe
previous word learning task, or shifting attention from salient or preferred noeet®Hjat
were previously presented. Lastly, in the current study, the examiner engagddd in a word
learning task that may have not been interesting or intrinsically motivatimghway have
decreased their attentional focus and thus their ability to fast-map.

Joint Engagement Between Caregiver & Chhile it is closely linked to attentional
focus, joint engagement occurs when a child and caregiver share focus reiledést bn an
object or activity. For example, joint engagement may occur if a childygglavith shaving
cream and the caregiver draws the letter “A” and labels it. Episogesibéngagement are also
enhanced when a child is motivated by the object or activity. Further, while jointezngagis
fostered by joint attention skills (e.g., following a caregiver’'s eamegalternating eye gaze), it
can also be facilitated and scaffolded by a caregiver to teach skhissl@nguage. Kasari and
colleagues (2008) found that preschoolers with ASD who received either adgogate
attention intervention or a targeted symbolic play intervention had increaseddgngkills as
compared to a control group who did not receive either intervention. The authors padited t
both interventions created a shared state of joint engagement between a childgwver cainde

teaching targeted play or joint attention skills. In other words, creatstgte of joint
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engagement may be an ideal environment to teach new words to children with A&Dessgaf
their social-cognitive impairments.

In the current study, a state of joint engagement was theoreticallyccseate that the
examiner labeled or commented on a novel object only after eye contact had beemedtablis
and the child’s attention was focused on the novel object. However, the child’s inteéhest i
object or motivation to engage in an interaction with the examiner likely affdotestate of
joint engagement in the word learning episode and may have influenced word learning

Child-Directed Interactionsln addition to creating a state of joint engagement, the above
mentioned study by Kasari et al. (2008) also utilized child-directed s&atsgch as following
the child’s lead and interest in activities, talking about what the child was dgbegtireg and
expanding upon what the child said, sitting close to the child, and making eye cortabewit
child. These child-directed strategies likely facilitated and added toateeas joint engagement.
Further, Aldred, Green, and Adams (2004) conducted an intervention study in which parents
adapted their communication style such that actions made by the child wgyeetetdto have
meaning and relation to their intentions and desires. Results indicated that goentir
expressive and receptive language skills increased and observed autgonsgtology (as
measured by the ADOS-G) decreased. Aldred and colleagues (2004) noted ltrajubge of
children with ASD may increase if parent’s can become more responsive andeénsiteir
social-cognitive deficits and then adapt their own interactions and teacyimgpsineet their
child’s unique needs. Similarly, Ingersoll, Dvortcsak, Whalen, & Sikora (2005) dtéize
developmental, social-pragmatic (DSP) model to teach language skilkstphasized the
importance of the caregivers’ responsiveness on the development of sociéirelilis in the
child with ASD. More specifically, common characteristics of the DSP madeided: (1)

following the child’s lead or interest; (2) arranging the environment to enaothaghild to
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initiate interactions; (3) responding to all communicative attempts bshitee and (4)
emphasizing emotional expressions and affect sharing by the caregivateAemtion study
comprised of 3 children with ASD indicated that the DSP model led to increased spastane
expressive language with therapists that then generalized to the chitchergsrers (Ingersoll et
al., 2005). Thus, interactive, child-directed models of language intervention appeayuibeb
promising for children with ASD because they facilitate a state of jointgengant, lessen
social-cognitive demands, and follow the child’s lead and interests (seéisisara, Colombi,

& Rogers, 2008).

The word learning episodes that were created in the present study welg adtiit-
directed and there were few opportunities for the examiner to follow the deiddir interest.

It seems plausible that allowing the child to explore objects on their own aniddgthelm in a
more naturalistic manner (e.g., when the child demonstrates interest iendioatbn a
particular object) may be a more successful word learning strategy.

Electronic Screen Medidany children with ASD appear to have a propensity for
learning from video, television, and computer programming (Heiman et al., 1995gNally
2000), which may be patrtially due to their preference for visual stimuli (Ch@Hoigty &
Daneshavar, 2003; Schreibman et al., 2000; Shane & Albert, 2008). Learning that is delivered
via electronic screen media may decrease the amount of social cues dhat lbe€eeciphered
and may make associations between novel words and their labels more appaedniple,
on the television cartoddora the Explorerthe main character often uses common joint
attention cues such as eye gaze and a point to label an object, and the novel object is often
highlighted on screen in a very clear manner while it is paired with the noves&atszhl times.
Thus, the association between word and label is made obvious by the combination -of social

cognitive cues, visual salience, and repetition. Further, research on chilthragpidal
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development has also demonstrated that they are able to learn new words tleseategvia
electronic screen media (Krcmar, Grela, & Lin, 2007; Rice et al., 1990; RwWeddsmall,
1988; Scofield & Williams, 2009), though additional research needs to be done to determine how
these words generalize to the expressive vocabulary and other environmeteelsc In
addition, Mineo and colleagues (2009) stated that that constrained viewing aredevision or
computer may increase the ability of children with ASD to focus their attentobrgaore
irrelevant stimuli. The authors also noted that interventions delivered througlomilestreen
media are easy to produce, economical, and appear to be intrinsically imgesest motivating
to individuals with ASD. While there has been little research on the effectvenéanguage
interventions delivered through television and media, it seems plausible thasteg@gnitive
and attentional demands while increasing the salience of social-cogngiserd object-label
associations could be a potentially successful intervention to increase vogabpl@schoolers
with ASD.

Taken together, it is clear that there are many directions that languaxyemions for
children with ASD could take and an abundance of strategies that they coutd uitize
current study, an adult-directed approach was used to teach children new words rarallpote
critical factors such as attentional focus and joint engagement may have bezsele or absent
in the word learning episode. Future studies should compare children’s abilitgéssiudly
learn new words in adult-directed and child-directed conditions. Further, ibenagcessary to
take into account that social-cognitive deficits are at the core of aatidrthat these deficits
may also need to be addressed both directly (e.g., through explicit instruntiangaectly
(e.g., increasing joint engagement, child-directed strategies) in ordeili@at@ language

acquisition and development.
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Limitations and Future Directions

While the current study’s sample size was somewhat small (i.e., N = 16 foGAGID),
it is comparable to other studies that have investigated word learning in chilthehSD, and
significant relationships among word learning performance, language jomjtaind joint
attention skills were still found. Further, the presence of several maygstetilstically
significant findings that had medium or large effect sizes sugges@tiatreased sample size
would lead to statistically significant relationships between theseblesiaHowever, future
studies should strive to not only include a larger sample of children, but also includeiat®re t
of the word learning conditions to better assess performance. Due to cedictg afid lack of
variability, the Verbal Imitation Measure was not included in the current’stadglyses. Thus,
future studies may benefit from having a more comprehensive or difficult veritaion task to
better assess this skill in both diagnostic groups. Lastly, it was difficaidess the effects of
intervention (e.g., speech therapy, ABA, etc.) on the social-cognitive skills@adearning
performance in children with ASD because parents did not consistently resiforthior
neglected to fill it out in its entirety. In the future, an in-person or phone ieteatout these
areas may allow for accurate data collection of past and current intense(eig., duration,
intensity, etc.).

Future research studies should investigate the emergence of socialreakilis and
fast-mapping ability in children with ASD over time (see Landa & GaMetyer, 2006 for an
example of a prospective study of social-cognitive skills with siblinghitdren with ASD).

For example, performance in the 4 word learning conditions and social cognitisesakhl as
joint attention, imitation, theory of mind, pretend play, and social responsivity could be
continuously measured in preschoolers with ASD and preschoolers with TD from 18 — 60

months of age in 3-month intervals. The results of such a study would allow for comparison of

67



word learning ability, use of word learning strategies, and the influenceiotisaocial-
cognitive skills over time in both diagnostic groups, and would shed light on what skills or
abilities should be targeted in language interventions for children with ASD. Tdjeuldinal
study described above would also allow for exploration of the emergence of varials soci
cognitive skills in children with ASD and could be compared with the emergencesefdame
skills in children with TD. For example, previous research has shown that jemi@itemerges
before imitation skills in children with TD and that the reverse pattern igdruwildren with
ASD (Carpenter et al., 2002). However, this finding needs to be replicated wigeadample
size to determine its validity and usefulness in interventions aimed to incegsade and
various social-cognitive skills.

In addition to measuring the emergence of social-cognitive skills in ychildyen with
ASD, it may also be useful to investigate qualities of caregiver responssvane interaction.
For example, Ruble and colleagues (2008) developed and used a clinical observati@n,tool (
Social Interaction Rating Scale) that assesses qualities of parept@ahsezeness including
contingency, initiation toward the child, movement with the child, affect, and manuiioh
interaction with the child. The use of child-directed interventions to increagedge
acquisition in children with ASD may be most successful when caregivers @amidkeastd are
responsive to their child’s needs. Thus, it may be highly beneficial to determinédiow t
responsiveness attributes of caregivers affect receptive and expnassabulary so that
interventions could target the development of these responsiveness attributes tistsugtian,
modeling, and practice.

The results of the current study suggest that more research on effactjuade
interventions for children with ASD needs to be conducted. For example, interventions tha

utilize electronic screen media may decrease cognitive, attention, anecsgcidive demands
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for children with ASD and may be effective at targeting language atiguiand development.

In addition, interventions that teach parents to scaffold and support interactions klth a ¢
and/or utilize a child-directed or development, social-pragmatic (DSP) nwotieldh language
need to be piloted on a larger and more diverse sample of individuals with ASD to detesmine i
effectiveness. Lastly, it is important to note that interventions should continugebjtant
attention and imitation skills because they are critical skills that dot &fehild’'s progress
across the lifespan. However, it seems plausible that an increase in joitiatad imitation
skills may not necessarily lead to increased vocabulary if children withak& already utilizing
alternative skills or strategies. While an abundance of research has fooused the deficits
and impairments in children with ASD may affect their language acquisitidaevelopment,
little research has targeted their intact abilities or strategg¢s$hey may already be recruiting
and applying to comprehend and produce new words. Language skills are an impaitertrpre
of future skills in preschoolers with ASD, which only highlights the importancewalojging

individualized interventions that address their unique set of strengths and d&ficult
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Table 1. Demographics and Diagnostic Data

ASD Group TD Group - Language TD Group - Age
(n =16) (n=16) (n =16)
M (SD) M (SD) M (SD)

Sex (Males: Females) 15:1 13:3 12:4
Chronological Age — 49.8 (11.3) 33.8 (11.1)*** 44.9 (10.0)
in months
Mullen Receptive 29.1(7.8) 31.8 (5.9) 38.3(5.2)
Language Raw Score
Mullen Receptive 32.4 (12.6) 36.0 (10.1) 46.6 (9.7)
Language Age
Equivalent Score
Mullen Expressive 30.0 (7.5) 31.9(7.3) 39.1 (4.2)***
Language Raw Score
Mullen Expressive 32.9 (11.2) 36.0 (10.5) 46.8 (7.0)
Language Age
Equivalent Score
CDI Comprehension 179.3 (61.2) 221.4 (11.5)** 226.8 (4.7)**
Vocabulary
CDI Expressive 158.9 (66.8) 210.1 (27.8)** 225.8 (4.8)***
Vocabulary
ESCS - Pointing 10.7 (2.5) 11.9 (0.3)* 11.9 (0.3)*
ESCS - Eye Contact 9.4 (2.6) 11.1 (1.2)* 11.5 (0.7)***
MIS — Body 12.2 (4.7) 15.8 (0.5)*** 16.0 (0.0)***
MIS — Action 13.6 (3.6) 15.9 (0.3)** 15.8 (0.5)**
VIM — Familiar 7.0 (2.2) 8.0 (0.0)* 8.0 (0.0)*
VIM — Unfamiliar 6.7 (2.4) 7.9 (0.5)* 7.8 (1.0)
Imitation Total 39.4 (11.4) 47.6 (1.0)*** 47.6 (1.5)***
Joint Attention Total 20.1 (4.7) 23.1 (1.2)* 23.4 (0.8)***

Note: p-values indicate a statistically significant difference betweespibefic TD Group and

the ASD Group.

*p <.10
**p <.05
***p< 01




Table 2. Tasks each participant completed in experimental sessions.

ASD Group TD Groups
Session 1 ADOS-G Mullen
First half of the Attention-
Following Task
15 & 2" plocks of word
learning conditions
Session 2 Mullen Second half of the Attention-
1%' & 2" blocks of word learning Following Task
conditions Motor Imitation Scale
First half of the Attention- Verbal Imitation Scale
Following task 39 & 4" blocks of word
learning conditions
Session 3 Second half of the Attention-

Following Task

Motor Imitation Scale

Verbal Imitation Scale

3 & 4" blocks of word learning
conditions
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Table 3. Correlations Between Nonverbal Skills, Language, Joint Attentionnéatidn
Measures with Word Learning Conditions in TD Group - All (N = 26)

Mullen Mullen Total Total Joint | Basic | TAX| MEC
Rec Lang | Exp Lang | Imitation Attention
Non- .89*** 87> A2 .30 34* | -.04 | .45**
Verbal
Skills
Mullen -- 93*** .08 .35* 39** | .01 | .50**
Rec
Lang
Mullen Exp -- .05 .34* 31 04| .48*%
Lang
Total -- -.29 -.02 -.09, .06
Imitation
Total Joint -- 64*** | 24 .28
Attention
Basic -- 08| .39*%
TAX -- 14
*p<.10
** p<.05
*** pn<.001
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Table 4. Correlations Between Nonverbal Skills, Language, Joint Attentionnéation
Measures with Word Learning Conditions in ASD Group (N = 16)

Mullen | Mullen | CDI CDiI Total Total Joint| Basic| TAX | MEC
Rec Exp | Comp| Prod | Imitation | Attention
Lang Lang
Non- 78*** RO 1C b T T 07t C N B £ S e A ki .68** AT* A44* | 53**
Verbal
Skills
Mullen -- .89*** B3* | 72%* 52 41 A46* | 51** | 58**
Rec
Lang
Mullen -- < Rl R = Rl 81r** B63** 56%* | 49* | 53
Exp Lang
CDI - - Bl 6% .65** 46*% | .61** .24
Comp
CDI - -- 53** .38 59** | 46* | .48*
Prod
Total -- 78*** 22 | B5** | .20
Imitation
Total Joint - .21 | .51**| .38
Attention
Basic -- -03 | .47*
TAX - 22
*p<.10
** p<.05
*** p<.001
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Table 5. Performance in Word Learning Conditions Across Diagnostic Groups

ASD Group TD Group - Language TD Group - Age

M (SD) M (SD) M (SD)
Basic 76.6 (28.1) 71.9 (25.6) 79.7 (18.8)
Taxonomic 62.5 (22.4) 73.4 (17.0) 67.2 (23.7)
Mutual Exclusivity 60.9 (30.2) 73.4 (23.2) 82.8 (19.8)
Whole Object 54.7 (29.2) 56.3 (26.6) 56.3 (29.6)
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Figure 1. Basic Word Learning Condition

Experimental Trial

L

“Look ¢ clem.”

Control Trial

Selection Array

“"Look. Look"

"Where is the clem?"
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Figure 2. Taxonomic Word Learning Condition (TAX)

Experimental Trial Selection Array

“Look aneby.”

Control Trial

"Look. Look" "Where is the neby?"
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Figure 3. Mutual Exclusivity Word Learning Condition (MEC)

Experimental Trial Selection Array

“Look. Look.”

Control Trial

"Look. Look" "Where is the toma?"
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Figure 4. Whole Object Word Learning Condition (WOC)

Experimental Trial

Selection Array

“Look a hafer.”

"Where is the hafer?"”
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Figure 5. Performance in the Basic Condition Across Diagnostic Groups (chancg = 50%
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Figure 6. Performance in the MEC and TAX Conditions Across Diagnostic Grdugsce =

50%)
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Figure 7. Regression of Performance in the Basic Condition on Joint Attentin/ARkibss
Diagnostic Groups
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Figure 8. Regression of Performance in the TAX Condition on Joint Attentios 8kilbss
Diagnostic Groups
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Figure 9. Regression of Performance in the MEC Condition on Joint Attention Atatiss
Diagnostic Groups
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