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ABSTRACT
Recent findings that a subgroup of children with Autism Spectrum Disorder (ASD) has
structural language deficits reminiscent of Specific Language Impairment (SLI) have
led some authors to claim that there is substantial shared etiology in these two
conditions (Kjelgaard & Tager-Flusberg, 2001). A competing explanation is that the
overlap between ASD and SLI is superficial (Whitehouse, Barry, & Bishop, 2007;
Williams, Botting, & Boucher, 2008). While considerable research has examined
overlap in the language phenotypes of ASD and SLI, limited attention has been paid to
overlap in the cognitive domain. Therefore, the aims of this thesis were to (1)
investigate possible points of overlap in the cognitive phenotypes of ASD and SLI, and
(2) explore possible shared heritable risk factors for ASD and SLI in parents of both
groups of children.
The introductory chapters of this thesis comprise two literature reviews. Chapter
1 reviews the empirical literature that has investigated etiological overlap in ASD and
SLI, covering the realms of language, behavior, molecular genetics, neurobiology and
family studies. Chapter 2 presents a more focused review of the literature that has
explored whether children with SLI carry any of the cognitive characteristics of ASD.
These reviews present the theoretical background relevant to the empirical work that
forms the body of this thesis.
The relationship between ASD and SLI was investigated in a series of four
studies. The first two studies compared children with ASD (N = 32) to children with
SLI (N = 19) and typically developing children (TD; N = 61) on measures sensitive to
the cognitive phenotype of ASD (the Children‟s Embedded Figures Test and an emotion
recognition task) and language markers of SLI (nonword and sentence repetition tasks).
The „language impaired‟ children with ASD (ALI group) and the children with SLI
performed worse than expected based on their age, sex and nonverbal ability on the
nonword and sentence repetition tasks. The ASD children who had language ability
within „normal‟ limits (ALN group) demonstrated intact performance on these tasks. In
addition, the SLI group was slower and less accurate than expected to complete the
Children‟s Embedded Figures Test (CEFT). All of the clinical groups performed worse
than predicted when identifying complex emotions (surprised, disgusted) from faces and
from voices. The ALI and SLI groups also had difficulty identifying the simple
emotions (happy, sad, scared, angry) across the visual and auditory modalities.
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A further two studies explored possible shared heritable risk factors for ASD
and SLI. Chapter 5 presents a study that compared parents of children with ASD or SLI
on measures sensitive to the heritable language impairment of SLI (nonword and
sentence repetition) and the broader cognitive phenotype of ASD (the Embedded
Figures Test and a test of emotion recognition). The ASD parents (N = 24) were
significantly worse than the TD parents (N = 20) on the nonword repetition task, and
there was a statistical trend for the SLI parents (N = 12) to also perform poorly on this
task. The only significant group difference observed on measures of the broader
cognitive phenotype of ASD was for the emotion recognition task, for which the ASD
parents were faster than the TD parents and less accurate than the SLI parents to
identify emotions from faces. The final study (Chapter 6) explored whether the broader
autism phenotype (BAP) in ASD parents, an index of genetic liability for ASD, was
associated with offspring communication (scores on the Children‟s Communication
Checklist-2). Relative to the ASD probands with no BAP parent, those with at least one
BAP parent had lower (worse) scores on the structural and pragmatic language scales.
The findings reveal points of overlap (e.g., impaired nonword and sentence
repetition, impaired emotion recognition), as well as points of distinction (e.g., in CEFT
performance) in the cognitive phenotypes of ASD and SLI. Finding that the broader
cognitive phenotype of ASD was not present in SLI parents provides evidence against
shared etiology. However, the ASD parents had impaired nonword repetition, and the
ASD children who came from families with increased genetic liability for ASD
exhibited structural and pragmatic language difficulties. These results suggest that there
may be a shared heritable risk for structural language deficits in ASD and in SLI. The
clinical and theoretical implications of these results are discussed in light of the
literature that has explored shared etiology in ASD and SLI.
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FOREWORD
Autism Spectrum Disorder (ASD) is a lifelong neurodevelopmental disorder
characterized by impairments in communication and reciprocal social interaction in
addition to a pattern of restricted and repetitive behaviors and interests, features that
must be present prior to the child‟s third birthday (American Psychiatric Association,
2000). ASD is an umbrella term, which includes the more severe Autistic Disorder at
one end of the spectrum, through Pervasive Developmental Disorder-Not Otherwise
Specified (PDD-NOS) and Asperger‟s Disorder which involve similar deficits, but
lesser in number or severity1.
The behavioral profile of ASD is highly heterogeneous, with markedly different
behavioral manifestations between children. ASD is often first detected when a child
has delayed language development (APA, 2000). When children with ASD do develop
language, they tend to use stereotyped or idiosyncratic language and have difficulty
initiating and maintaining conversation. In addition, individuals with ASD may be
unable to integrate facial expression, gesture and verbal language to communicate. As
young children, they may not share enjoyment with others and later, have difficulty
developing social relationships. People with ASD often follow inflexible routines, have
intense interests or preoccupations and engage in stereotyped behaviors such as flapping
their hands.
Current prevalence estimates indicate that ASD affects approximately 1 in 88
children (Autism and Developmental Disabilities Monitoring Network, 2012; Elsabbagh
et al., 2012), a figure that has increased significantly since the disorder was first
recognized (Fombonne, 2009). The broadening diagnostic criteria in addition to
improved identification and recognition of „high-functioning‟ autism are likely to have
contributed to the global increase in ASD prevalence (Fombonne, 2001). While results
of epidemiological studies indicate that the rates of ASD are similar across geographic,
ethnic and cultural boundaries, studies outside of Western nations are only now
emerging (Elsabbagh et al., 2012). ASD is more common in males than females, with
prevalence estimates indicating that there is a 4:1 diagnostic bias towards males
(Volkmar & Szatmari, 1993; Werling & Geschwind, 2013; Wing, 1981). Proposed
explanations for the sex difference in diagnosis include distinct behavioral phenotypes
1

In contrast, the DSM 5 does not distinguish between Autistic Disorder, Asperger‟s Disorder and PDDNOS (APA, 2013). In addition, the behavioral characteristics of ASD have been re-conceptualized as a
dyad of impairments in social communication and restricted and repetitive behaviors and interests (see
Lord & Jones, 2012)
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for males and females and sex-specific biological factors, such as sex chromosome
genes and the level of exposure to testosterone in-utero (Auyeung & Baron-Cohen,
2013; see also Werling & Geschwind, 2013, for a review).
While it has long been recognized that ASD is behaviorally and etiologically
heterogeneous, the empirical evidence now suggests that there may be different
subtypes of ASD, each associated with an independent cause (Eaves, Ho, & Eaves,
1994; Geschwind, 2009; Sevin et al., 1995; Whitehouse & Stanley, 2013). Despite
considerable scientific progress in recent decades, a clear etiological origin for ASD can
be identified only for approximately 15% of cases (Sebat, Lakshmi, Malhotra, Torge,
Lese-Martin et al., 2007). Furthermore, studies of the etiology of ASD indicate that it is
a complex interaction between genes, biology and neurology that leads to the
development of the condition (Muhle, Trentacoste, & Rapin, 2004; Persico &
Bourgenon, 2006).
Substantial research effort is currently directed toward identifying the biological
correlates of the behavioral features of ASD. Several possible candidate risk loci
associated with ASD have been discovered (Barrett et al., 1999; Philippe et al., 1999;
The International Molecular Genetic Study of Autism Consortium, 1998) and studies of
neurological development in ASD have identified a trajectory that differs from typical
development. Specifically, some children with ASD have a period of rapid growth in
head circumference and larger global and regional brain volumes than typically
developing children (Amaral, Schumann, & Nordahl, 2008; Aylward, Minshew, Field,
Sparks, & Singh, 2002; Bauman & Kemper, 2005; Courchesne, 2004; Courchesne,
Carper, & Akshoomoff, 2003; Courchesne & Pierce, 2005a, 2005b; Lewis & Elman,
2008). These findings have led a number of authors to claim that cortical organization is
altered in ASD and indeed, empirical evidence indicates that structural and functional
connectivity is atypical in some neural regions in some affected individuals (Belmonte,
Allen, Beckel-Mitchener, Boulanger, Carper, & Webb, 2004; Courchesne & Pierce,
2005b; Kennedy & Courchesne, 2008). Biological explanations for ASD are common,
with some researchers claiming that exposure to atypical androgen levels prenatally and
throughout development may affect the behavioral presentation of the disorder (BaronCohen, Knickmeyer & Belmonte, 2005; Ingudomnukal, Baron-Cohen, Wheelwright, &
Knickmeyer, 2007; Knickmeyer & Baron-Cohen, 2006; Sarachana, Xu, Wu, & Hu,
2011; Whitehouse et al., 2010). Other biological factors, such as immune system
irregularities (Ashwood, Wills, & Van de Water, 2006; Krause, Xiao-Song, Gershwin,
& Shoenfeld, 2002) and gastrointestinal dysfunction (Finegold, Molitoris, Song, Liu,
2

Foreword
Vaisanen et al., 2002; Horvath & Perman, 2002; Valicenti-McDermott, McVicar,
Cohen, Wershil, & Shinnar, 2008) have also been implicated in some cases of ASD.
Therefore, no unifying cause has been identified for the disorder. Rather, it is likely that
each of these genetic, neurological and biological factors is differentially involved for
distinct subgroups of ASD.
A key diagnostic feature of ASD is a marked impairment in language
development, which affects both verbal and nonverbal skills (APA, 2000). There is
striking variability in the language skills of individuals with ASD, with some failing to
develop functional verbal language and others developing large vocabularies, but
having severe difficulties with social communication. The pragmatic impairment in
ASD, that is, impairment in the use of language, contrasts with the qualitative nature of
impairment in other communication disorders, such as Specific Language Impairment
(SLI). SLI is identified when children fail to develop language for no apparent reason
(Bishop, 2003). These children tend to have difficulties with structural aspects of
language, such as syntax, grammar and morphology, rather than the social
communication impairment that characterizes ASD.
While the SLI label is readily accepted in the theoretical literature, it is not
currently recognized in the DSM-IV2 (see Rapin, 1996, for a practitioner review of
developmental language disorders). Like many developmental disorders, the language
impairment is diagnosed by exclusion, such that SLI is identified when children have a
significant delay in language development, despite having adequate hearing, nonverbal
intelligence and educational opportunities (Bishop, 2003; Stark & Tallal, 1981). For
research purposes, SLI is typically defined when children (1) show impaired
performance on a battery of standardized language assessments, (2) have a performance
IQ equal to or greater than 85, or (3) have at least a 1 SD discrepancy between verbal
and nonverbal ability (Stark & Tallal, 1981).
In a large-scale epidemiological study, Tomblin and colleagues estimated the
prevalence of SLI to be 7.4% and, like ASD, SLI is more common in boys than in girls
(Tomblin, Records, Buckwalter, Xuyung, Smith, & O‟Brien, 1997). It is known that
there are genetic (O'Brien, Zhang, Nishimura, Tomblin, & Murray, 2003; Monaco &
The SLI Consortium, 2002, 2007), neurological (Gauger, Lombardino, & Leonard,
1997; Hugdahl et al. 2004; Plante, Swisher, Vance, & Rapcsak, 1991; Shafer, Schwartz,
Morr, Kessler, & Kurtzberg, 2000) and environmental contributions to the language
2

SLI has not been recognized as an independent diagnostic category in DSM-5, but the defining
characteristics will be included under a new entry for Language Disorder (APA, 2013).
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impairment in SLI, but the precise mechanisms of causation have not yet been
determined (Bishop, 2006). Therefore, the etiology of SLI is complex and likely to be
multifactorial.
While „textbook‟ cases of ASD and SLI can be readily distinguished, evidence is
emerging to indicate that the boundaries are not clear-cut. Specifically, several
empirical studies have shown that some children with ASD have a language profile that
resembles SLI (Bartak, Rutter, & Cox, 1975; Kjelgaard & Tager-Flusberg, 2001;
Loucas, Charman, Pickles, Siminoff, Chandler et al., 2008; Whitehouse, Barry, &
Bishop, 2008; Lewis, Murdoch, & Woodyatt, 2007; Rapin, Dunn, Allen, Stevens, &
Fein, 2009). In addition, some children with SLI have behavioral characteristics of ASD
in childhood (Leyfer, Tager-Flusberg, Dowd, Tomblin, & Folstein, 2008) as well as in
adolescence (Conti-Ramsden, Simkin, & Botting, 2006) and early adulthood (Howlin,
Mawhood, & Rutter, 2000; Mawhood, Howlin, & Rutter, 2000). These findings have
stimulated significant research interest into possible overlap between ASD and SLI,
with some authors arguing that the similarities between these conditions reflect
substantial shared etiology (Kjelgaard & Tager-Flusberg, 2001), and others claiming
that the overlap is merely behavioral and not representative of shared causes
(Whitehouse et al., 2007, 2008; Williams et al., 2008).
Currently, there is a lack of consensus regarding etiological overlap between
ASD and SLI. Furthermore, much of the research to date has investigated overlap in the
linguistic domain, with potential cognitive similarities in ASD and SLI left largely
ignored. Investigating potentially shared cognitive characteristics is likely to make an
important contribution to the „etiological overlap‟ debate.

The Cognitive Phenotypes of ASD and SLI
Cognitive Characteristics of SLI
Substantial research has found that the cognitive profile of SLI is characterized
by a phonological short-term memory deficit (Archibald & Gathercole, 2007;
Gathercole & Baddeley, 1990). This deficit is most often observed on tests of nonsense
word (NWRep) and sentence (SNRep) repetition, in which children are required to
repeat aloud nonwords or sentences of increasing length and grammatical complexity
(Bishop, North, & Donlan, 1996; Conti-Ramsden, 2003; Conti-Ramsden, Botting, &
Faragher, 2003). Deficits on these tasks are well-established and considered to be
psycholinguistic markers for SLI (Bishop et al., 1996; Conti-Ramsden, 2003; Conti4
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Ramsden et al., 2003). Several studies have also investigated NWRep and SNRep in
children with ASD, finding that children with ASD who have additional structural
language difficulties perform comparably to children with SLI on these measures
(Riches, Loucas, Baird, Charman, & Siminoff, 2010, 2011; Whitehouse et al., 2008).
While these results indicate that the language impairment in ASD and SLI may have
shared cognitive underpinnings, the results of more recent studies suggest that the error
profiles on these tasks differ between children with ASD and children with SLI (Riches
et al., 2010, 2011; Whitehouse et al., 2007; Williams et al., 2013). The authors of these
latter studies have argued that distinct cognitive or linguistic mechanisms underlie the
language impairment in ASD and SLI.

Cognitive Characteristics of ASD
Extensive research suggests that individuals with ASD share a broad profile of
cognitive similarities, though these may vary at the individual level. Specifically, a
substantial proportion of individuals with ASD display deficits in theory of mind,
emotion recognition and executive function, as well as a detail-focused processing style.
The theory of mind impairment in ASD (i.e., understanding that others have a
mind that is separate from one‟s own) is well-established. This deficit is considered to
underlie the social and communication impairments in ASD and is typically observed
on tasks that require inferring the mental states of others (Frith, 1989; Happé & Frith,
1995; Leslie, 1992; Pellicano, Maybery, Durkin, & Maley, 2006). One associated aspect
of theory of mind, emotion recognition, is also impaired in some individuals with ASD,
who have difficulty identifying emotions in the face and in the voice (Baron-Cohen et
al., 1997, 2001; Hobson, 1986; Hobson et al., 1988, 1989; Golan et al., 2006, 2007; see
also Harms, Martin, & Wallace, 2010; Nuske, Vivanti, & Dissanayake, 2013; Uljarevic
& Hamilton, 2013). In addition, various aspects of the behavioral profile of ASD, such
as perseveration, rigidity and inflexibility, could be explained by executive function
deficits in people with ASD, who typically perform poorly on tasks that measure
planning, generativity, set-shifting, and inhibition (Hughes, Russell, & Robbins, 1994;
Ozonoff et al., 1991; Rajendran & Mitchell, 2007). Finally, individuals with ASD tend
to have a preference for processing the local features of stimuli, often at the expense of
the global whole (Frith, 1989; Frith & Happé, 1994; Happé & Frith, 2006). This
processing style is considered to reflect „weak‟ central coherence and is observed on
tasks on which individuals with ASD are faster and more accurate than typically
developing individuals to locate simple shapes hidden within more complex figures
5
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(Edgin & Pennington, 2005; Jarrold et al., 2005; Jolliffe & Baron-Cohen, 1997;
Morgan, Maybery, & Durkin, 2003; Pellicano et al., 2006, Shah & Frith, 1993).
Very few studies have examined whether individuals with SLI display the
cognitive profile that characterizes ASD. Among those studies that have investigated
the cognitive characteristics of ASD in children with SLI, results are conflicting. For
example, while some studies have found deficits in theory of mind (Farmer, 2000;
Farrant et al., 2006; Miller, 2001), emotion recognition (Botting & Conti-Ramsden,
2008; Boucher et al., 2000; Creusere et al., 2004; Trauner et al., 1993) and executive
function (Bishop & Norbury, 2005; Henry et al., 2012; Im-Bolter et al., 2006; Marton,
2000) in children with SLI, others have reported no differences between children with
SLI and typically developing children in these areas (Colle et al., 2007; Ford &
Milosky, 2003; Leslie & Frith, 1988; Miller, 2004; Perner et al., 1989; Shields et al.,
1996; Trauner et al., 1993; Ziatas et al., 1998). Furthermore, the extent to which the
language impairment itself might contribute to the poor performance of children with
SLI on tests of theory of mind and executive function is unclear (Botting & ContiRamsden, 2008; Farrant et al., 2012; Farrar et al., 2009; Ford & Milosky, 2008; Henry
et al., 2012; Miller, 2001). The relative paucity of research that has investigated the
cognitive phenotype of ASD in children with SLI highlights an area that warrants
exploration, as studies of this nature are likely to contribute to arguments about
etiological overlap in these conditions.

The Heritable SLI and ASD Phenotypes
Studies of the relatives of individuals with ASD and SLI also provide a
mechanism for examining possible shared etiology. ASD and SLI are both highly
heritable (Bailey, Le Couteur, Gottesman, Bolton, Siminoff, Yuzda, & Rutter, 1995;
Bishop et al., 1996; Bolton et al., 1994; Conti-Ramsden, Simkin, & Pickles, 2006;
Folstein & Rutter, 1977a, 1977b). Relatives of children with SLI often have current, or
a history of, language and literacy impairments and family members also tend to
perform poorly on tests of NWRep and SNRep, making these tasks heritable markers
for SLI (Bishop, North, & Donlan, 1996). Family members of ASD probands are also
likely to exhibit a cognitive phenotype that resembles clinical ASD. Parents, particularly
fathers, often show faster and more accurate performance on the Embedded Figures
Test, taken to indicate weak central coherence (Baron-Cohen & Hammer, 1997; Bölte &
Poustka, Happé, Briskman, & Frith, 2003). However, findings regarding central
coherence in relatives of individuals with ASD have been mixed, which has led some
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authors to claim that mild deficits in social cognition may represent a more useful
endophenotype for ASD (de Jonge et al., 2006; Losh et al., 2009). Indeed, the empirical
evidence seems to suggest that ASD relatives have deficits in social cognition, reflected
in poor performance on tests of emotion recognition and advanced tests of theory of
mind (Baron-Cohen & Hammer, 1997; Bölte & Poustka, 2003; Losh & Piven, 2007).
While the language phenotype of SLI has been examined extensively in ASD
relatives, no previous studies have explored whether family members of children with
SLI exhibit aspects of the broader ASD phenotype. In addition, much of the research to
date has examined the effect of proband phenotype (ASD vs. non-ASD) on the language
characteristics of relatives. Studies that examine relationships between the broader
autism phenotype in ASD parents and the communication characteristics of their
offspring, as well as overlap in the cognitive and language phenotypes of ASD and SLI
relatives will have implications for debate about shared etiology in these conditions.

Thesis Aims and Organization
This brief overview of the empirical literature suggests that there is a clear gap
in the research in the area of potential cognitive overlap in ASD and SLI. The
overarching aim of this thesis was to deconstruct the phenotypic and etiological
relationships between ASD and SLI, with a particular focus on the cognitive domain.
This aim was achieved firstly, by investigating whether children with SLI carry any of
the cognitive characteristics of ASD (impaired emotion recognition and „weak‟ central
coherence), and also whether children with ASD present with cognitive characteristics
of SLI (phonological short term memory deficits). The aim of further studies was to
explore whether (1) the heritable phenotypes of ASD and SLI overlap in parents of
children with each respective condition, and (2) the broader autism phenotype in ASD
parents is associated with the communication characteristics of the ASD probands.
Achieving these aims would answer questions about cognitive overlap in ASD and SLI
and subsequently inform theoretical conceptualizations of these conditions. The results
also contribute to debate around whether the etiologies of ASD and SLI overlap (e.g.,
Kjelgaard & Tager-Flusberg, 2001), or whether similarities in the phenotypes are
merely superficial (e.g., Whitehouse et al., 2007; Williams et al., 2008). A summary of
the individual studies reported in this thesis is presented in the following sections.
Chapters 1 and 2 of the thesis include two literature reviews. The purpose of
these chapters is to provide an overview of the theoretical underpinnings of the thesis.
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Chapter 1 reviews the empirical literature which has investigated etiological overlap in
ASD and SLI. This chapter covers the realms of language, behavior, family studies,
neurobiology and molecular genetics. Chapter 2 presents a more focused review of the
research that has examined the cognitive characteristics of ASD (theory of mind,
emotion recognition, executive function and central coherence) in children with SLI.
These reviews highlight the methodological limitations of the available research as well
as gaps in the literature that has investigated overlap in ASD and SLI. Together, these
two reviews provide a rationale for the empirical studies that form the body of the
thesis.
Chapter 3 presents empirical research that had the aim of identifying possible
points of cognitive overlap in ASD and SLI probands. Measures purported to tap key
cognitive characteristics of SLI (nonword and sentence repetition) and of ASD
(Children‟s Embedded Figures Test) were employed in this study. The ASD group was
divided into children who had „normal‟ (ALN; i.e., their scores on the Test for
Reception of Grammar-2 [TROG-2] were within 1 SD of the normative mean) and
those with „impaired‟ (ALI; i.e., TROG-2 scores at least 1 SD below the normative
mean) language. While the children with ASD (both ALN and ALI groups) did not
show enhanced performance on the Children‟s Embedded Figures Test, the ALI
children did show impaired phonological short term memory. In addition, the SLI
children showed deficits across phonological short term memory and on the Children‟s
Embedded Figures Test, which revealed an important point of distinction in the ASD
and SLI phenotypes.
The empirical paper presented in Chapter 4 explores a further cognitive
characteristic of ASD. This chapter presents a comparison of emotion recognition
performance in children with ALN, ALI or SLI, and TD children. The children
completed a task in which they were required to identify affective information from
faces and from voices. All three of the clinical groups showed deficient performance
across the visual and auditory domains. However, while the ALI and SLI groups had
difficulty identifying both simple (happy, sad, scared, angry) and complex (surprised,
disgusted) emotions, the ALN children had difficulty only when identifying complex
emotional expressions. This finding may indicate that language impairment is
associated with the poor emotion recognition abilities of children with ALI and children
with SLI.
While investigations of overlap in the phenotypes of ASD and SLI provide
insight into possible etiological overlap, shared etiology can also be investigated by
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comparing the broader phenotypes of these two conditions. Chapters 5 and 6
investigated the cognitive and linguistic profiles of parents of children with ASD and
parents of children with SLI. The aim of Chapter 5 was to explore possible overlap in
the heritable ASD and SLI phenotypes. A range of measures purported to represent
heritable cognitive markers for ASD („weak‟ central coherence and poor emotion
recognition) and psycholinguistic markers for SLI (impaired phonological short term
memory) were employed. The results of this study were mixed – the ASD parents
performed significantly worse than the TD parents on a test of nonword repetition and
there was a statistical trend for the SLI parents to also perform poorly on this task.
Furthermore, while no group differences were observed on the Embedded Figures Test,
the ASD parents were faster than the TD parents, but less accurate than the SLI parents
to identify emotions from the face. These results indicate that there is limited overlap in
the broader phenotypes of ASD and SLI.
The study presented in Chapter 6 utilized an alternative method to investigate
shared heritable risks for language impairment in ASD and SLI. All families in this
study included at least one child with ASD and we examined whether the broader
autism phenotype (BAP; measured by high scores on the Autism Spectrum Quotient
[AQ]; Baron-Cohen et al., 2001) in parents was associated with communication
characteristics of the ASD offspring. The results indicated that ASD probands with at
least one BAP parent had lower (i.e., worse) scores on structural and pragmatic
language scales of the Children‟s Communication Checklist-2 (CCC-2; Bishop, 2003),
than ASD probands with no BAP parent. This finding indicates that genetic liability for
ASD may also confer risk for structural language difficulties. The results of the thesis in
its entirety are summarized in Chapter 7 and the theoretical and clinical implications of
the findings are also discussed.

Summary
The aim of this thesis was to investigate the phenotypic and etiological
relationships between ASD and SLI. This aim was achieved by comparing children with
ASD and children with SLI and their parents on measures sensitive to the cognitive
phenotype of ASD (the Embedded Figures Test and emotion recognition tasks) and the
cognitive phenotype of SLI (nonword and sentence repetition tests). Possible shared
etiology was also examined by exploring whether the BAP in ASD parents was
associated with the language characteristics of their ASD child. Findings revealed
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important points of similarity and difference in the cognitive phenotypes of ASD and
SLI, which provide insight into theories of etiological overlap in these two conditions.
The thesis has been organized as a series of studies that have been prepared in a
manner suitable for publication. Chapters 1 and 2 are published reviews of the
literature. Chapter 1 is published as a book chapter in Communication in Autism:
Trends in Autism and Language Research Series, and Chapter 2 as a review article in
the Journal of Autism and Developmental Disorders. Chapters 3 and 6 have also been
published in the Journal of Autism and Developmental Disorders, and Chapter 4 is
under review in the same journal. The final chapter is a general discussion of the results
in the context of existing empirical evidence regarding etiological overlap between ASD
and SLI.
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Abstract
There has been considerable debate in the literature regarding the etiological
relationship between Autism Spectrum Disorder (ASD) and Specific Language
Impairment (SLI). While some authors have suggested that similarities in the language
phenotypes of these conditions represent a theoretically significant etiological overlap,
others argue that the overlap is superficial and not reflective of shared causes. This
chapter reviews the published literature with regard to the hypothesized etiological
relationship between ASD and SLI. Specifically, we review studies investigating
behavioral and linguistic overlap between ASD and SLI, before considering the results
of neurological and molecular genetic studies. While several studies have highlighted
phenotypic similarities between ASD and SLI, there is a considerable degree of
inconsistency throughout the literature and current evidence does not support etiological
overlap. Important avenues for future research include investigations of possible shared
neurological and genetic pathways that contribute to ASD and SLI.

Keywords: Autism; specific language impairment; shared etiology
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Introduction
While language impairment is accepted as a defining feature of Autism
Spectrum Disorders (ASDs), there is debate as to whether characteristics of this
impairment are unique to ASDs or are shared with other childhood communication
disorders. Language delay, a slower trajectory of language acquisition, is often the first
indicator to parents that their child may not be developing in a typical fashion.
Clinically speaking, language delay is also frequently parents‟ primary concern when
seeking intervention. However, the language phenotype of ASD is complex and
variable, as some children fail to develop language and others acquire prolific
vocabularies, but have difficulty with the social use of language.
Language difficulties are components of a number of other developmental
disorders, most notably Specific Language Impairment (SLI). SLI is diagnosed when
children experience a clinically significant delay in language development despite
having adequate hearing, nonverbal intelligence and educational opportunities (Bishop,
2003). The structural language impairments (i.e., in phonology, morphology, syntax) of
children with SLI contrast with the pragmatic language impairments (i.e., in social
communication) and broader developmental difficulties of children with ASD. On the
basis of these distinctions, ASD and SLI have traditionally been considered distinct
disorders, with different etiologies.
Several researchers (Lewis, Murdoch, & Woodyatt, 2007; Rapin & Allen, 1983;
Rapin & Dunn, 2003; Rapin, Dunn, Allen, Stevens, & Fein, 2009) have attempted to
subcategorize children on the autism spectrum according to their structural language
ability. One subgroup of children with ASD that has been described by several authors
is characterized by mixed expressive and receptive language impairments. In a series of
studies, Rapin and colleagues found that a substantial proportion of children with ASD
(59% in one study, 63% in another) presented with impaired phonological and
syntactical skills (Rapin & Dunn, 2003; Tuchman, Rapin, & Shinnar, 1991). Results of
a longitudinal study similarly highlighted distinct clusters of language ability in children
with ASD (Lewis et al., 2007), as did more recent results of a cluster analysis (Rapin et
al., 2009). In each of these studies, one cluster of children with ASD was characterized
by impaired expressive phonological skill (Lewis et al., 2007; Rapin & Dunn, 2003;
Rapin et al., 2009). These results indicate that a substantial proportion of children with
ASD present with deficits in phonology and syntax in addition to their pragmatic
impairments and broader autistic symptomatology.
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A further study conducted by Kjelgaard and Tager-Flusberg (2001) subdivided
children with ASD into „normal‟ (ALN; standard scores greater than 85), „borderline‟
(standard scores between 70 and 84), and „impaired‟ (ALI; standard scores less than 70)
language groups based on their performance on the Peabody Picture Vocabulary TestIII and Clinical Evaluation of Language Fundamentals (CELF; Wiig, Secord, & Semel,
1992) preschool, or III. The language „impaired‟ subgroup of children with ASD (ALI)
performed poorly on tests of phonological processing, vocabulary, and higher-order
grammatical and semantic skills; a pattern of performance that is reminiscent of children
with SLI. Kjelgaard and Tager-Flusberg (2001) proposed that this subgroup of children
with ASD may share similar genetic risk factors with children with SLI. However,
Williams, Botting and Boucher (2008) argued that Kjelgaard and Tager-Flusberg‟s
(2001) interpretation of their results was only partly justified, as articulatory
phonological impairments are a common feature of language profiles in SLI, but were
not seen in children with ASD. Nonetheless, the research has stimulated significant
interest into the etiological relationship between ASD and SLI. One theoretical position
is that the phenotypic similarities between ASD and SLI reflect shared underlying
causes (Kjelgaard & Tager-Flusberg, 2001; Tager-Flusberg, 2006). A contrasting
position is that phenotypic similarities between ASD and SLI are merely superficial and
do not reflect a common etiology (Whitehouse, Barry, & Bishop, 2007, 2008).
Substantive conclusions from this debate have not yet been reached.
The current chapter includes a comprehensive review of the literature pertaining
to the hypothesized etiological relationship between ASD and SLI. Specifically, we
review the literature that has examined linguistic characteristics of SLI (poor nonword
and sentence repetition, tense-marking errors) in children with ASD. In addition, we
summarize evidence highlighting the „blurring‟ of diagnostic boundaries between ASD
and SLI. Neurobiological links between ASD and SLI, such as atypical lateralization for
language and volumetric abnormalities in the cerebral cortex are also discussed. Finally,
we consider genetic links between ASD and SLI, specifically focusing on family and
molecular genetic studies. Thus, our overall aim is to review evidence from behavioral,
neurological and molecular genetic levels in light of the hypothesized etiological
relationship between ASD and SLI. Understanding the relationship between these two
conditions has important implications for diagnostic and intervention purposes.
Moreover, understanding the etiological relationship between ASD and SLI will
advance theoretical conceptualizations of the disorders and facilitate investigations of
genetic influences that are shared in the two conditions.
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Linguistic and Cognitive Links Between ASD and SLI
Comparisons of the language phenotypes of ASD and SLI offer an important
contribution to the debate about etiological overlap between the two conditions. Much
of the early research investigating language in children with ASD included
heterogeneous samples of children who had varying degrees of language impairment.
More recent studies have included subgroups of children with ASD based on research
revealing distinct clusters of language ability across the autism spectrum (Lewis et al.,
2007; Rapin & Dunn, 2003; Rapin et al., 2009). One crucial comparison is between
children with ALI (i.e., autism with an additional structural language impairment) and
SLI. ALI is defined as impaired performance (i.e., more than 1.5SD below the mean) on
standardized measures of expressive and receptive language (e.g., Kjelgaard & TagerFlusberg, 2001). Studies comparing the language phenotypes of ALI and SLI have
provided important insights into the debate about shared etiology.
Evidence for phenotypic overlap between ASD and SLI comes from a recent
study that reported no significant differences between children with ALI and those with
SLI on receptive, expressive and total language scores on the CELF-III (Lindgren,
Folstein, Tomblin, & Tager-Flusberg, 2009). In contrast, Lloyd, Paintin and Botting
(2006) found that children with SLI performed significantly worse than children with
ASD and also significantly worse than children with shared symptoms (children who
displayed some features of both SLI and ASD) on expressive and total language scores
of the CELF-III. While the group of children with shared symptoms could arguably be
defined as ALI, children were allocated to the „shared group‟ based on teaching needs
rather than clinical features. Importantly, Lloyd et al. (2006) found that the language
profile of children with shared symptoms more closely resembled the ASD than the SLI
group. In addition, while children with shared symptoms demonstrated poorer receptive
than expressive skills, the opposite was observed for children with SLI. Further
evidence for contrasting patterns of expressive and receptive abilities between children
with ALI and children with SLI comes from Loucas et al. (2008), who found a
discrepancy in the profile of expressive and receptive abilities for children with SLI
relative to children with ALI. While children with SLI had stronger receptive than
expressive language, the levels of receptive and expressive language difficulties were
comparable in children with ALI.
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Few other investigations have directly compared the language abilities of
children with ALI and those with SLI. The following sections review studies which
have examined the language abilities of the two conditions independently.

Phonology
Phonological impairments are a defining feature of SLI (Bartak et al., 1975;
Conti-Ramsden & Crutchley, 1997; Rapin & Allen, 1987). Children with SLI exhibit
deficits on phonological discrimination (Briscoe, Bishop, & Norbury, 2001),
phonological awareness (Briscoe et al., 2001) and expressive phonology tasks (Briscoe
et al., 2001), and several studies have found that these difficulties often last well into
early adulthood (Clegg, Hollis, Mawhood, & Rutter, 2005). In contrast, phonological
skills are relatively unimpaired in the vast majority of children with ASD (Bartolucci &
Pierce, 1977; Boucher, 1976; Kjelgaard & Tager-Flusberg, 2001; Rapin & Dunn, 2003;
Rapin et al., 2009). For example, Rapin et al. (2009) found that only 24% of their
sample of 118 children with ASD had phonological difficulties as indexed by the Photo
Articulation Test (PAT; Pendergast, Dickey, Selmar, & Soder, 1984). Cleland, Gibbon,
Peppé, O‟Hare and Rutherford (2010) reported similar findings, with only 11.5% of
their sample of 69 children with ASD scoring at least 1 SD below the normative mean
on the Goldman Fristoe Test of Articulation (GFTA-2; Goldman & Fristoe, 2000).
Studies have found that phonological errors, when they occur in children with ASD, are
predominantly in gliding, cluster reduction, final consonant deletion and phoneme
substitution (Bartolucci, Pierce, Steiner, & Eppel, 1976; Cleland et al., 2010). While
less frequent in ASD, these phonological errors are similar to those observed in children
with SLI, who make errors in the production of vowel sounds, accuracy of stops and
nasals, phoneme substitutions, cluster reduction and initial and final consonant deletion
(Aguilar-Mediavilla, Sanz-Torrent, & Serra-Raventos, 2002; Bortolini & Leonard,
2000; Leonard, 1982; Nettelbladt, 1992; Orsolini, Sechi, Maronato, Bonvino, &
Corcelli, 2001).

Morphosyntax
Like phonological difficulties, morphosyntactic deficits are a defining
characteristic of SLI (Botting, 2002; Conti-Ramsden & Crutchley, 1997; Hewitt,
Hammer, Yont, & Tomblin, 2005; Rice, 1997; Schaeffer, 2005). Children with SLI can
be distinguished from typically developing (TD) children based on shorter and less
grammatically-complex utterances (Johnston & Kamhi, 1984). Experimental studies
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have also found that children with SLI make more grammatical errors in case marking,
the use of possessive and plural „s, and past tense inflections compared to younger TD
children matched on mean length of utterance (Bedore & Leonard, 1998; Bishop, 1994;
Bishop & Adams, 1990). In addition, studies of the narrative abilities of children with
SLI have highlighted deficits in sentence and story length, story organization and tensemarking (Botting, 2002).
Morphosyntactic deficits are less common among children with ASD (Rapin &
Allen, 1983; Rapin & Dunn, 2003; Rapin et al., 2009), and for those children who do
exhibit morphosyntactic difficulties, findings have been inconsistent. Early studies
found that children with ASD had delayed morphosyntactic development (Bartolucci,
Pierce, & Steiner, 1980; Pierce & Bartolucci, 1977; Waterhouse & Fein, 1982). More
recent studies have also documented difficulties among children with ALI, particularly
with higher-order grammatical and syntactic skills (Capps, Losh, & Thurber, 2000;
Kjelgaard & Tager-Flusberg; 2001). However, Tager-Flusberg (1995) found no
differences between children with ASD and TD children on measures of story length or
complexity.
Studies that have directly compared ASD and SLI groups on morphosyntactic
aspects of language are also inconsistent in outcome. One early study found that ASD
and SLI groups could not be distinguished on the use of morphological rules,
transformational rules, or phrase structure rules (Cantwell et al., 1978). More recently,
Norbury Nash, Baird and Bishop (2004) investigated the linguistic characteristics of
subgroups of children with communication disorders using the Children‟s
Communication Checklist – Second Edition (CCC-2). The Children‟s Communication
Checklist (CCC) and its revision, the CCC-2, are parent-report measures designed to
distinguish between structural and pragmatic language impairments in populations of
children known to have delayed language development (Bishop, 1998). Norbury et al.
(2004) found that while children with ASD and those with SLI had syntax scores below
the normal mean, the syntactic difficulties were significantly worse for children with
SLI relative to the ASD children. However, in a separate study, Norbury and Bishop
(2003) investigated the narrative abilities of children with ASD and those with SLI, and
found no group differences in understanding the global structure of a story, or on
morphosyntactic measures such as sentence complexity and frequency of tense-marking
errors.
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Semantics
Several studies have found that semantic impairments are common in children
with SLI and those with ASD. For example, Norbury et al. (2004) reported similar
levels of parent-reported semantic difficulties (CCC-2 scores) among SLI and ASD
children. Norbury and Bishop also conducted an extensive direct investigation of the
semantic abilities of children with SLI and ASD (Norbury & Bishop, 2002; Norbury,
2005). In the first study, children listened to a series of stories about familiar topics
(e.g., a birthday party) and were required to answer literal and inferential questions
related to the story (Norbury & Bishop, 2002). While both clinical groups had more
difficulty answering both types of questions than did their age-matched TD peers,
children with ASD tended to perform worse than the SLI group on questions requiring
inferences. Furthermore, five of the ten (50%) ASD children were found to have a story
comprehension deficit, compared with four of the 16 (25%) SLI children.
More recently, Norbury (2005) examined lexical ambiguity resolution in
children with ALN, ALI, SLI, and their TD peers. Children were presented with
ambiguous words (i.e., words with multiple meanings, such as bank) along with a
picture that represented one of the possible interpretations of the word. Participants
were required to respond "yes" or "no" depending on whether they thought the picture
represented one of the word meanings. Children with ALI and children with SLI made
significantly more errors than children with ALN and TD children on pictures that
represented the less frequent of the two interpretations of each word, indicating that the
language impaired children might be unfamiliar with less frequent, alternative word
meanings. In a subsequent study, children were visually presented (i.e., on a computer
screen) with a sentence followed by a coloured picture and were required to indicate
whether the picture was consistent with the overall meaning of the sentence. Children
with ALI and those with SLI made more errors on ambiguous sentences (i.e., those that
ended with an ambiguous word) than the ALN and TD groups, indicating that they
derived less facilitation from the sentence context in interpreting the final word. The
results of this study provide evidence for phenotypic overlap between ALI and SLI.

Pragmatic Language
Extensive research indicates that pragmatic language difficulties are a pervasive
feature of ASD. Indeed, these deficits define the communication impairment in ASD.
Pragmatic language encompasses the social conventions and rules governing language
use (Boucher, 2003). In ASD, pragmatic impairments include: failure to follow
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conversational rules; failure to use language appropriate for the context; frequent
interrupting; overly pedantic and long-winded speech; and stereotyped language
(Baltaxe, 1977; Eales, 1993; Eisenmajer et al., 1998; Ramberg, Ehlers, Nydén,
Johansson, & Gillberg, 1996). Atypicalities in nonverbal pragmatics (such as gesture)
and aspects of prosody (such as pitch, loudness, vocal quality and speech flow) have
also been reported among individuals with ASD (Fine, Bartolucci, Ginsberg, &
Szatmari, 1991; McCann, Peppé, Gibbon, O'Hare, & Rutherford, 2007; Peppé, McCann,
Gibbon, O'Hare, & Rutherford, 2007; Rapin & Allen, 1983; Shriberg et al., 2001).
Pragmatic language can be measured using parent-report questionnaires (such as
the CCC or CCC-2) and standardized language assessments. A pragmatic composite
score on the CCC and CCC-2 is calculated by summing scores on subscales that assess
inappropriate initiation, coherence, stereotyped language, use of context and rapport.
Children with ASD typically fall significantly below (1.5-2SD) the normative mean on
the pragmatic composite score of the CCC and CCC-2 (Bishop & Baird, 2001;
Philofsky, Fidler, & Hepburn, 2007).
The pragmatic language difficulties of individuals with ASD are also evident in
their poor performance on the Test of Pragmatic Language (TOPL). In this assessment,
children are presented with pictures of commonly encountered communicative
interactions. Items increase in difficulty, initially assessing behaviors such as polite
greetings and progressing to assess the attribution of mental states. For example, in one
scenario, a child is presented with a picture of a boy at the doctor‟s office, who is
holding his stomach and has a distressed facial expression. The child is asked what
he/she thinks the boy would say to the doctor (Young, Diehl, Morris, Hyman, &
Bennetto, 2005). Young et al. (2005) found that individuals with ASD performed
significantly worse (1.5SD lower) on the TOPL than a TD comparison group matched
on chronological age, IQ, receptive language and expressive language. In a further
study, Lewis, Woodyatt and Murdoch (2008) found that adults with ASD were less
adept at understanding inference, appreciating humour and producing emphatic stress in
comparison to adults with no history of developmental disorder.
Considerably less research has compared pragmatic abilities in SLI and ASD.
Bartak and colleagues found that children with ASD differed from children with SLI in
terms of more frequent use of echolalia, pronomial reversal, metaphorical language and
inappropriate remarks (Bartak et al., 1975). From these findings, the authors concluded
that while the language profile of SLI is characterized by language delay, the language
phenotype of ASD is characterized by deviance (i.e., abnormal language use) as well as
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delay. Cantwell et al. (1978) also found that abnormal language use (such as echolalia
and idiosyncratic language) was significantly more prevalent in children with ASD
relative to children with SLI – while the children with SLI showed greater spontaneity
(i.e., greater frequency of non-prompted remarks) in their communication, the children
with ASD tended to inflexibly adhere to specific topics of interest. However, in a
follow-up study Eales et al. (1993) found that children with ASD and those with SLI
were equally likely to make inappropriate utterances arising from a failure to execute
communicative intent. Nevertheless, more recent research has tended to confirm the
earlier observations. Schaeffer et al. (2005) investigated pragmatic and grammatical
language in children with SLI and found that these children did not exhibit pragmatic
language impairments. Also, while Norbury et al. (2004), and more recently Loucas et
al. (2010), reported that children with SLI exhibited mild pragmatic language
difficulties as measured by the CCC-2, these difficulties were less severe than those
observed in children with ASD.
While children with SLI may exhibit pragmatic language difficulties, it is
possible that these difficulties are qualitatively different to those observed in ASD. The
pragmatic impairment in ASD is a core diagnostic feature of the condition. In contrast,
any mild pragmatic difficulty in SLI may be secondary to the structural language
difficulties of this population. Furthermore, pragmatic language in SLI may differ
according to the context. For example, this difficulty may be prominent in naturalistic
settings, where the language demands exceed the child‟s linguistic abilities. In contrast,
these children may perform well on structured language assessments, which arguably
require a more superficial or „learned‟ understanding of conventional pragmatics.
Indeed, while Eales (1993) observed pragmatic difficulties in children with ASD and
children with SLI during conversation, other studies (e.g. Schaeffer et al., 2005) that
have used standardized language assessments, have found intact pragmatic abilities in
these children. These findings highlight the importance of collecting language data
across settings for children with SLI, which may provide a more accurate indication of
the child‟s pragmatic language in different contexts.

SLI Markers in ASD
Three purported psycholinguistic markers for SLI (at least in English-speaking
individuals) have been identified – impaired nonword repetition, poor oral motor
(oromotor) skills (Barry, Yasin, & Bishop, 2007) and deficits in the acquisition and use
of tense-marking morphemes (e.g., the addition of –ed to indicate past tense) (Rice &
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Wexler, 1996; Tager-Flusberg & Joseph, 2003). Evidence supporting the hypothesized
etiological overlap between ASD and SLI would come from studies finding that
children with ALI also have difficulty with these skills.
In nonword repetition tasks, meaningless phonemic sequences are aurally
presented to participants, who are then required to repeat these „nonwords‟ verbatim
(Gathercole, Willis, Baddeley, & Emslie, 1994). Nonword repetition is thought to index
phonological short-term memory, a proposed core cognitive deficit in SLI (Gathercole
& Baddeley, 1990). Extensive research indicates that children with ALI perform
comparably to children with SLI, and significantly worse than TD children on tests of
nonword and sentence repetition (Kjelgaard & Tager-Flusberg, 2001; Lindgren et al.,
2009; Loucas et al., 2010; Riches, Loucas, Baird, Charman, & Siminoff, 2010; Riches,
Loucas, Baird, Charman, & Simonoff, 2011; Tager-Flusberg, 1996, 2006; Whitehouse
et al., 2008a). However, Botting and Conti-Ramsden (2003) found that while children
with ASD and children with SLI performed more than 1 SD below the normative mean
on the nonword repetition task, the latter group performed significantly worse than the
ASD group. Furthermore, several authors have found contrasting patterns of errors on
nonword and sentence repetition tasks between ALI and SLI groups. For instance,
children with SLI tend to make significantly more errors than children with ALI on
longer nonwords relative to shorter nonwords (Riches et al., 2010; Riches et al., 2011;
Whitehouse et al., 2008a). The discrepant error patterns between children with ALI and
children with SLI on psycholinguistic markers for SLI may be indicative of different
underlying cognitive impairments.
Comparably less research has examined oromotor skills and tense-marking in
children with autism. Botting and Conti-Ramsden (2003) found no differences between
an undifferentiated group of children with ASD and children with SLI on a tensemarking task. More recently, Roberts, Rice and Tager-Flusberg (2004) examined tensemarking in subgroups of children with ASD and found that children with ALI made
significantly more errors than children with ALN. Roberts et al. (2004) also reported
significant correlations between tense-marking and nonword repetition performance for
children with ALI, and drew comparisons with the language abilities observed in SLI
children. However, the types of errors made by the children with ALI were not strictly
morphological in that these children were more likely than the children with ALN to not
respond, or to provide echolalic responses. Other errors were likely to arise as a
consequence of pragmatic language impairments in ASD, rather than structural
language deficits (see Williams et al., 2008). Discrepant findings were reported by
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Eigsti et al. (2007), who found that children with ALI used tense-marking morphemes
appropriately. Importantly, Eigsti et al. (2007) measured tense-marking in a nonstructured play situation, whereas Roberts et al. (2004) used a structured experimental
task. Therefore, discrepancies in the reported use of tense-marking morphemes for
children with ALI may reflect methodological differences between the studies rather
than qualitative differences in tense-marking ability. Finally, Whitehouse et al. (2008a)
found that children with ALI performed within normal limits (and significantly better
than children with SLI) on a test of oromotor sequencing.

ASD Markers in SLI
Several studies have used standardized diagnostic measures of ASD to assess
autistic symptomatology in individuals with SLI. Bishop and Norbury (2002) found that
a substantial minority of children with SLI met criteria for ASD or Pervasive
Developmental Disorder-Not Otherwise Specified (PDD-NOS) on the ADI-R or the
ADOS-G. Similarly, Leyfer, Tager-Flusberg, Dowd, Tomlin and Folstein (2008) found
that 41% of a group of children with SLI met ASD cut-offs in the social and
communication domains. Longitudinal data have also shown that some individuals
diagnosed with SLI as children demonstrate behaviors reminiscent of ASD when
reassessed in adolescence and adulthood (Howlin, Mawhood, & Rutter, 2000;
Mawhood, Howlin, & Rutter, 2000). For example, Conti-Ramsden et al. (2006) reported
that 3.9% of a sample of adolescents with a history of SLI exhibited sufficient
behavioral characteristics of ASD to warrant an ASD diagnosis; a figure that is
approximately four times current ASD prevalence estimates (Rice, 2009). However, it
has been argued that these findings reflect „diagnostic substitution‟, where the recent
broadening of ASD diagnostic boundaries may result in children who were previously
diagnosed with SLI now meeting contemporary criteria for ASD (Bishop, Whitehouse,
Watt, & Line, 2008).

Summary
This review of the linguistic and cognitive characteristics of ALI and SLI has
revealed inconsistent findings. On the one hand, several studies have highlighted
similarities in the language abilities of children with ALI and those with SLI,
particularly with regard to the type of phonological errors demonstrated by these
children (i.e., in phoneme substitution, cluster reduction and initial and final consonant
deletion) (Aguilar-Mediavilla, Sanz-Torrent, & Serra-Raventos, 2002; Bortolini &
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Leonard, 2000; Leonard, 1982; Nettelbladt, 1992; Orsolini, Sechi, Maronato, Bonvino,
& Corcelli, 2001) as well as certain morphosyntactic and semantic errors (Bishop, 2003;
Cantwell et al., 1978; Kjelgaard & Tager-Flusberg, 2001; Norbury, 2005; Norbury et
al., 2004). In addition, numerous studies have reported similar nonword and sentence
repetition performance in children with ALI and those with SLI (Kjelgaard & TagerFlusberg, 2001; Lindgren et al., 2009; Loucas et al., 2010; Riches, Loucas, Baird,
Charman, & Siminoff, 2010; Riches, Loucas, Baird, Charman, & Simonoff, 2011;
Tager-Flusberg, 1996, 2006; Whitehouse et al., 2008a). However, as Williams et al.
(2008) argued, nonword repetition tasks may tap multiple underlying cognitive and
linguistic processes. Therefore, deficits in nonword repetition for children with ALI and
those with SLI could result from different underlying causes. This point seems to be
particularly salient given that Whitehouse et al. (2008a) observed a different pattern of
nonword repetition errors made by these two groups.
Important distinctions can also be made between ALI and SLI children.
Articulation and phonological impairments are markedly less prevalent in ALI relative
to SLI (Bartolucci & Pierce, 1977; Boucher, 1976; Kjelgaard & Tager-Flusberg, 2001;
Rapin & Dunn, 2003; Rapin et al., 2009). In addition, pragmatic impairments, a
defining feature of ASD, occur relatively infrequently in SLI (Bartak et al., 1975;
Cantwell et al., 1978; Schaeffer et al., 2005; Loucas et al., 2010). Furthermore, while
Roberts et al. (2004) presented evidence showing that children with ALI have tensemarking deficits, others have not replicated this finding (Eigsti et al., 2007; see also
Botting & Conti-Ramsden, 2003).
The empirical literature is limited by the paucity of studies that have directly
compared the linguistic profiles of ALI and SLI. As such, it is difficult to determine
whether or not the superficial similarities between the two conditions reflect common
underlying cognitive and linguistic process and overlapping etiologies. Direct
comparisons of ALI and SLI groups will be well-placed to inform future theories on the
etiological relationship between ASD and SLI.

Neurobiological links between ASD and Specific Language
Impairment
The majority of individuals with typical language development have the most
crucial cortical areas involved in language production lateralized to the left-hemisphere
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(Binder, Frost, Hammeke, Cox, Rao, & Prieto, 1997; Knecht, Deppé et al., 2000;
Knecht et al., 1998; Knecht, Drāger et al., 2000). Cerebral dominance for language has
been the focus of considerable research attention in both ASD and SLI and has been
investigated using indirect measures (see Hollier, Maybery, & Whitehouse,
forthcoming), as well as structural and functional neuroimaging techniques. These latter
findings will be reviewed here.

Structural Neuroimaging Studies
The primary language centres in the human brain (i.e., Broca‟s and Wernicke‟s
areas) are centred around the perisylvian structures at the juncture of the temporal and
frontal lobes (Binder et al., 1997; Ojemann, 1991). There is increasing literature
showing that children with SLI have atypical perisylvian asymmetries relative to TD
individuals. Studies using Magnetic Resonance Imaging (MRI) in particular, have
reported enlarged right perisylvian areas in children with SLI relative to the volumes for
these areas in TD controls (Gauger, Lombardino, & Leonard, 1997; Plante, Swisher,
Vance, & Rapcsak, 1991).
There is less consistent evidence for atypical laterality in ASD. Using MRI,
Herbert et al. (2002) identified larger right frontal language areas for boys with ASD
compared to TD boys. More recently, Knaus et al. (2010) examined associations
between language lateralization and anatomical characteristics in TD and ASD
individuals using structural MRI. There were no significant differences in frontal and
temporal grey matter volumes between TD and ASD groups. Interestingly, individuals
with atypical language laterality (regardless of diagnostic classification) had
significantly larger grey matter volumes in frontal and temporal language regions and
there was a non-significant statistical trend for these individuals to also have larger grey
matter volumes in the posterior superior temporal gyrus and planum temporale (part of
Wernicke‟s Area) than individuals with typical lateralization. Diffusion tensor images
also indicated higher fractional anisotropy of the regions that connect posterior
receptive areas of the brain to the frontal cortex in individuals with typically lateralized
language, relative to those with atypical language lateralization. From these findings,
Knaus et al. (2010) argued that differences in anatomical volumes in language areas are
driven by differences in language laterality rather than by ASD diagnosis.
In two studies, Herbert and colleagues performed quantitative volumetric
analyses on whole cortex MRI scans of children with ASD and children with SLI
(Herbert, Ziegler, Deutsch et al., 2003; Herbert, Ziegler, Makris et al., 2004). Children
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with SLI had larger total brain volumes than TD children, and there was a nonsignificant trend for children with ASD to also have larger brain volumes than the TD
group. With statistical control for total brain size, there was a trend for children with
ASD and children with SLI to have larger cerebral white matter volumes and smaller
cerebral cortex volumes relative to TD control participants (Herbert, Ziegler, Deutsch et
al., 2003; Herbert, Ziegler, Makris et al., 2004).
In a further MRI study, Herbert et al. (2004) provided a direct comparison of the
morphological asymmetries in children with ASD and children with SLI. While TD
boys showed significant left asymmetries in cerebral cortex and right asymmetries in
caudate and cerebral white matter, these structures were not significantly asymmetrical
in boys with SLI or boys with ASD. With regard to language-related regions, boys with
SLI and boys with ASD exhibited less leftward asymmetry in subregions of Broca's area
in the inferior frontal lobe, relative to TD boys. In addition, compared to the TD group,
both the ASD and SLI groups showed greater leftward asymmetry in the planum
temporale and anterior supramarginal gyrus (part of the parietal lobe involved in
language perception and processing) and greater rightward asymmetry in the posterior
supramarginal gyrus. Overall, volumetric asymmetry in the SLI and ASD groups was
closely similar and both groups differed significantly from the TD group.
Only one study has directly compared volumetric asymmetries between boys
with ALI and boys with SLI. Using MRI, De Fossé et al. (2004) examined grey and
white matter brain volumes in nine boys with SLI and 16 boys with ALI and found a
similar pattern of reversed asymmetry in fronto-cortical language regions between
groups. While both of these groups showed increased volumes in right compared to left
frontal language areas, boys with ALN and TD control participants showed the opposite
volumetric differences. No differences in asymmetry between the groups were observed
in Wernicke's area.

Functional Neuroimaging Studies
Flagg and colleagues used magneto-encephalography (MEG) to record brain
responses to vowel sounds and found opposing developmental trajectories between ALI
and TD children – while TD children developed leftward lateralization (i.e., left
hemisphere dominance), children with ALI developed rightward lateralization (Flagg,
Cardy, Roberts, & Roberts, 2005). More recently, Redcay and Courchesne (2008)
performed fMRI on toddlers with ASD, who were played speech sounds while they
were sleeping. While TD children showed greater activations in left hemisphere frontal
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and temporal regions, children with ASD showed the opposite (i.e., greater activations
in right hemisphere frontal and parietal regions). Further, there was a trend for children
with ASD to show greater right than left hemisphere activation in frontal, temporal,
occipital and parietal regions and the caudate nucleus. Conversely, TD children showed
greater left than right hemisphere activations in frontal, temporal and parietal regions.
Kleinhans et al. (2008) also observed weaker left-lateralized activation for individuals
with ASD relative to control participants during a letter fluency task. Further, while all
control participants exhibited leftward lateralization, individuals with ASD were more
likely to have right, bilateral, absent, or weak left-lateralized activation (measured using
fMRI).
Using electroencephalography, Shafer and colleagues found reversed asymmetry
(i.e., enhanced rightward activation) in perisylvian cortical regions of participants with
SLI when processing auditory grammatical information (Shafer, Schwartz, Morr,
Kessler, & Kurtzberg, 2000). Five of the seven SLI participants showed reduced
positivity at the left temporal site and enhanced positivity at the right temporal site,
relative to children with typical language development. Using functional Magnetic
Resonance Imaging (fMRI), Hugdahl et al. (2004) also found differences between
individuals with SLI and TD participants. fMRI was performed while participants heard
individual phonemes, meaningless phonemic combinations, and words. While both
groups demonstrated bilateral activations in the temporal lobes for all conditions,
activations for the SLI participants were smaller and weaker than for the TD
participants. In addition, TD participants exhibited greater activation in the left temporal
lobe, whereas activations in the SLI group were more concentrated in upper and
posterior pars of the superior temporal gyrus. Reduced activations in the superior
temporal sulcus and medial temporal gyrus were also observed for the SLI group
relative to the TD group.
One study has directly compared the functional lateralization of language
abilities in children with ASD and those with SLI (Whitehouse & Bishop, 2008b). In
this study, hemispheric dominance for language was indexed using functional
transcranial Doppler ultrasonography (fTCD), which measures changes in blood flow
velocity in the left and right middle cerebral arteries, while participants completed a
word generation task (involving silently generating words beginning with a particular
letter, then verbalizing these words). Behavioral data revealed no significant differences
in performance on the word generation task between individuals with ASD and those
with SLI. However, while the ASD and TD groups showed predominantly greater left
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than right hemisphere activation, eight of the 11 adults with SLI had increased blood
flow in the middle cerebral artery lateralized to the right hemisphere or blood flow was
increased bilaterally.

Summary
Studies using indirect measures of cerebral dominance in children with SLI and
those with ASD have yielded inconsistent results (see Hollier et al., forthcoming, for a
review). Neuroimaging studies that have examined ASD and SLI in isolation have
revealed similarities, particularly in enlarged cortical volumes for both conditions
(Herbert, Ziegler, Deutsch et al., 2003; Herbert, Ziegler, Makris et al., 2004). However,
direct comparisons of structural abnormalities in ASD and SLI are inconsistent – while
Herbert et al. (2005) found comparable patterns of asymmetry in ASD and SLI, De
Fossé et al. (2004) found reversed asymmetry in frontal language regions for boys with
SLI and for boys with ALI, but not for boys with ALN. It is noteworthy to mention that
De Fossé et al. (2004) compared volumetric abnormalities in children with ALI and
SLI, whereas Herbert et al. (2005) compared asymmetry in ASD and SLI. It is possible
that a considerable proportion of Herbert et al.‟s (2005) ASD sample actually consisted
of children with ALI, which could have led to the comparable patterns of asymmetry in
ASD and SLI. Results of several functional imaging studies provide support for atypical
cerebral lateralization in ASD and SLI (Flagg et al., 2005; Hugdahl et al., 2004;
Kleinhans, Müller, Cohen, & Courchesne, 2008; Knaus et al., 2010; Redcay &
Courchesne, 2008; Shafer et al., 2000). However, in the only direct comparison of
functional activation between children with ASD and those with SLI, Whitehouse and
Bishop (2008b) found opposing patterns of cerebral lateralization for language between
the two conditions.
Neuroimaging studies of ASD and SLI have yielded inconsistent findings. These
conflicting results are likely to be driven by methodological differences across the
studies. For example, while some studies have sub-divided ASD groups into those with
„normal‟ and those with „impaired‟ language (e.g. De Fossé et al., 2004), others include
only those with ASD, and do not specify the language ability of these participants (e.g.
Herbert et al., 2005). Interestingly, similarities in the neurological profiles of ASD and
SLI tend to be observed in those studies that have included an ALI group. Furthermore,
the control groups included in these studies are often matched on chronological age,
full-scale IQ, or nonverbal ability and many studies have not included a language-age
matched comparison group. Therefore, in a number of the neuroimaging studies, the
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clinical groups have significantly lower verbal (De Fossé et al., 2004; Flagg et al., 2005)
and/or nonverbal abilities (De Fossé et al., 2004) than the TD control group. This makes
it difficult to determine whether atypical neurological characteristics are consistent with
the overall developmental level of these two groups of children and do not reflect
profiles that are specific to ASD or SLI.
In addition, a key limitation of this type of research is the small and nonrepresentative samples. For example, many of the studies that examine the neurological
characteristics of ASD include samples of less than 20 participants (usually boys) who
have high-functioning ASD (e.g. Kleinhans et al., 2008), and neuroimaging studies
involving individuals with SLI often have even smaller samples (e.g. De Fossé et al.,
2004, included only 9 SLI children). ASD and SLI are both behaviourally and
neurologically heterogeneous, and it is unclear whether the findings of atypical
neuroanatomy in these studies will generalize to the broader populations.
There is a considerable body of evidence, particularly from findings of enlarged
brain volumes and atypical lateralization in ASD and SLI, which suggests overlapping
neurological abnormalities. It is possible that the similarities are driven by language
impairments in ASD (i.e., ALI), rather than ASD per se. Nonetheless, future research
devoted to exploring the neurological mechanisms that underpin language in ASD and
SLI will inform debate about the etiological relationship between the two conditions.

Genetic links between ASD and Specific Language Impairment
Twin studies have found that ASD and SLI are both heritable conditions (Bailey
et al., 1995; Bishop, North, & Donlan, 1995; Folstein & Rutter, 1977a, 1977b; Rutter,
2000). Results of family studies also indicate that relatives of individuals with ASD and
SLI show milder variants of the respective phenotypes. With regard to potential overlap
between SLI and ASD, twin, family and molecular genetic studies have sought to
determine whether the two conditions share common heritable risk factors.

Twin studies
One twin study only has examined the purported overlap between ASD and SLI.
Dworzynski et al. (2007, 2008) examined shared developmental pathways between
early language development and specific impairments in the social, communication and
behavioral domains of ASD. Results revealed a relationship between early language
difficulties and later autistic traits, but the relationship was specific to social
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communication aspects of the autistic phenotype. In addition, the association between
early language difficulties and higher levels of autistic-like traits was entirely mediated
by shared genetic influences. These findings suggest that later pragmatic skills and early
language competence may stem partly from the same cause.

Family Studies
Family studies have provided mixed evidence regarding the hypothesized
etiological overlap between ASD and SLI. Early investigations found that family
members of children with ASD have an elevated rate of history of language impairment
(Bailey et al., 1998; Tomblin, Hafeman, & O'Brien, 2003). A further study reported
similar language characteristics among parents of children with ASD and parents of
children with SLI (Ruser et al., 2007).
However, there is an accumulating body of research that has found little
evidence for phenotypic overlap among family members of ASD and SLI probands.
Pilowsky et al. (2003) found that the structural language abilities of siblings of children
with ASD (assessed via the CELF) were within normal limits, and significantly better
than the abilities shown by siblings of children with SLI. Furthermore, Whitehouse et
al. (2007) found a „double dissociation‟ between the performance of parents of children
with ASD and parents of children with SLI on a range of language measures (including
reading efficiency, spelling accuracy, receptive grammatical knowledge, phonemic
decoding, nonword repetition and oromotor sequences). While the parents of children
with ASD had intact linguistic performance and impaired social communication skills,
the parents of children with SLI exhibited impaired linguistic performance and intact
social communication skills.
Further support for isolated impairments in pragmatic language for parents of
children with ASD comes from family studies showing that lesser variants of ASD
include communication impairments that are restricted to the pragmatic domain (Bolton
et al., 1994; Folstein & Rosen-Sheidley, 2001). In addition, Whitehouse et al. (2010)
reported that parents of a child with ASD were more likely to score poorly on a single
domain of the Communication Checklist – Adult (CC-A) (i.e., language structure,
pragmatics, or social engagement), rather than on multiple subscales. The predominant
area of difficulty for parents of children with ASD was social engagement, which is
consistent with an earlier report of weaknesses in social skills and communication in the
parents of ASD children (Bishop et al., 2004). Together these studies suggest that
impairments in social communication rather than structural language may be part of the
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heritable communication deficit in ASD. Further evidence for this position comes from
the study by Lindgren et al. (2009), who found that relatives of children with ALI and
of children with ALN performed at a similar level, and significantly better than relatives
of children with SLI, on a range of linguistic measures, including nonword repetition,
purported marker for heritable linguistic impairment (Barry et al., 2007; Bishop et al.,
1996; Conti-Ramsden, Botting, & Faragher, 2001).

Molecular Genetic Studies
In recent years, an increasing number of molecular genetic studies have sought
to identify genes that may confer susceptibility to ASD and/or SLI. ASD, in particular,
has received considerable research attention, and susceptibility loci have been identified
on chromosomes 2, 4, 7, 13, 16, 17 and 19 (Barrett et al., 1999; Philippe, Martinez,
Guilloud-Bataille, Gillberg, Rastam et al., 1999; The International Molecular Genetic
Study of Autism Consortium, 1998). While studies of SLI are fewer in number, it is
notable that candidate regions have been identified on chromosomes 7q (O'Brien,
Zhang, Nishimura, Tomblin, & Murray, 2003) and 16q (Monaco & The SLI
Consortium, 2007; The SLI Consortium, 2002), which overlap with the findings from
several ASD studies.
One locus of particular interest has been chromosome 7q35, which has been
linked with ASD (Alarcón, Yonan, Gilliam, Cantor, & Geschwind, 2005; see also
Badner & Gershon, 2002 for a meta-analysis). A specific gene located on chromosome
7q35 that has garnered significant research interest is Contactin Associated Protein-Like
2 (CNTNAP2). CNTNAP2 encodes a member of the neurexin superfamily – neuronal
transmembrane proteins involved in cell adhesion – and shows enriched expression in
language-related circuits of the brain (Abrahams, Tentler, Perederiy, Oldham, &
Geschwind, 2007). Moreover, this gene is directly regulated by FOXP2, a transcription
factor mutated in rare monogenic forms of speech and language disorder (Fisher &
Scharff, 2009; Lai, Fisher, Hurst, Vargha-Khadems, & Monaco, 2001; MacDermot et
al., 2005). Several researchers have found that polymorphisms in the CNTNAP2 gene
were over transmitted in multiple incidence ASD families, highlighting CNTNAP2 as a
potential ASD-susceptibility gene (Alarcón et al., 2008; Arking et al., 2008; Bakkaloglu
et al., 2008). Interestingly, in a study of children with SLI, Vernes et al. (2008) found
statistically significant associations between CNTNAP2 polymorphisms and impaired
nonword repetition, a known heritable risk factor for SLI. Genetic variants in the exon
13-15 region of CNTNAP2 have also been associated with language delay in ASD
48

Chapter 1: SLI, autism and etiology
(Alarcón et al., 2008; Poot et al., 2010) and early language acquisition in typical
development (Whitehouse, Bishop, Ang, Pennell, & Fisher, 2011). In addition, O'Brien
and colleagues (2003) found a significant association between the language phenotype
of SLI and genetic markers on chromosome 7q31, proximal to FOXP2 (O'Brien, Zhang,
Nishimura, Tomblin, & Murray, 2003). Notably, markers on 7q have also been
associated with language delay in ASD (Bradford et al., 2001).

Summary
The findings of studies investigating genetic overlap between ASD and SLI are
inconsistent. On the one hand, there is evidence supporting genetic overlap: longitudinal
twin studies have found relationships between early lexical development and later
pragmatic skills (Dworzynski et al., 2008; Dworzynski et al., 2007) and molecular
genetic studies have identified potential areas of overlap between ASD and SLI, most
notably for a locus on chromosome 7q (Alarcón et al., 2008; Poot et al., 2010; Vernes et
al., 2008). On the other hand, results of family studies provide evidence against
etiological overlap. For example, the relatively intact structural language skills observed
in relatives of children with ASD points to distinct etiologies for ASD and SLI
(Whitehouse et al., 2007). Failure to find impaired nonword repetition in relatives of
children with ALI (Lindgren et al., 2009) provides additional evidence against
etiological overlap between the two conditions. While current genetic evidence does not
support etiological overlap between ASD and SLI, this remains a promising area for
future research.

General Conclusions and Directions for Future Research
ASD and SLI are characterized by communication difficulties. While SLI
represents a specific deficit in structural aspects of language, ASD is a pervasive
developmental disorder, with language impairment occurring within the context of
broader social and behavioral difficulties. On the basis of these phenotypic differences,
ASD and SLI have traditionally been considered as distinct disorders, with distinct
etiologies. However, in recent years, there has been debate as to whether ASD and SLI
are etiologically related disorders, or separate conditions with distinct causes.
Putative markers for SLI – including nonword repetition, oromotor skills and
tense-marking – have been investigated in ALI. The contrasting error patterns on tests
of nonword repetition and reported differences in oromotor skills and the use of tense49
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marking morphemes between children with ALI and SLI provide evidence that the
language impairment in children with ALI and those with SLI may stem from different
underlying cognitive mechanisms. One possible explanation is that language
impairments in children with ASD are secondary to severe impairments in the triad of
autistic symptoms (e.g., Whitehouse et al., 2007). However, the evidence for this model
is weak, with two recent studies finding no significant relationships between language
impairment and severity of autistic symptoms (Loucas et al., 2008; Lindgren et al.,
2009). Findings that autistic symptoms emerge in individuals with SLI over time have
also been used to argue for etiological overlap. However, some have argued that this
could be explained by diagnostic substitution, where broadening diagnostic boundaries
have resulted in individuals who were previously diagnosed with SLI meeting current
diagnostic criteria for ASD (Bishop et al., 2008).
There are some discrepancies within the literature relating to whether similar
neurological abnormalities underpin ASD and SLI. Several studies have reported shared
characteristics of brain morphology in ASD and SLI (e.g., Herbert et al., 2004; De
Fossé et al., 2004), which appear to be driven by similarities between ALI and SLI.
Other functional imaging studies show contrasting patterns of cerebral lateralization for
language function in these conditions (Whitehouse & Bishop, 2008b). Overall, there are
indications that atypical language in ASD and SLI may have a common basis in
structural and functional anomalies. However, research has not yet isolated specific
neurological characteristics that are shared between ASD and SLI.
Results of several family studies show that subtle signs and cognitive markers
for ASD and SLI are restricted primarily to the relatives of individuals with that
particular disorder, and do not extend to relatives of the alternative disorder (Lindgren et
al., 2009; Whitehouse et al., 2007). However, there are contrasting reports showing an
elevated risk of a clinical diagnosis of SLI in family members of ASD probands (Bailey
et al., 1998; Tomblin et al., 2003). Further, studies have started to identify similar
genetic variants conferring risk for ASD and SLI (Alarcón et al., 2008; Arking et al.,
2008; Bakkaloglu et al., 2008; Poot et al., 2010; Vernes et al., 2008).
The current literature may be more consistent with an „etiological fractionation‟
account of ASD and SLI, whereby ASD is considered to involve multiple underlying
impairments, each with one or more independent causes (Bishop, 2003; Happé &
Ronald, 2008). While some children may inherit one component of the autistic triad
(i.e., impaired social skills), other children will inherit the full constellation of autistic
symptoms and thus present with the „syndrome‟ of ASD. It is then possible that a risk
50

Chapter 1: SLI, autism and etiology
factor for structural language impairments is also inherited by some children with ASD,
resulting in ASD with associated language difficulties (Loucas et al., 2008; Ronald,
Happé, & Plomin, 2005).
Future research should address the potential behavioral and genetic
„fractionation‟ of the autistic triad of impairments in relatives of children with ASD and
also relatives of children with SLI. By comparing the performance of these two groups
of relatives on heritable markers for SLI (e.g., nonword repetition) and aspects of the
broader ASD phenotype (e.g., impaired social communication), we would be able to
identify the extent to which these traits „splinter‟ in these relatives. Evidence supporting
etiological fractionation would come from studies finding that (a) relatives of children
with SLI show no raised incidence of the broader ASD phenotype when compared to
relatives of TD children (but still show some evidence of structural language problems),
whereas (b) relatives of children with ASD show the opposite, that is, elevated rates of
the broader ASD phenotype compared to relatives of TD children, and no evidence of
structural language difficulties.

Final Remarks
Considerable research has sought to elucidate the phenotypic and etiological
relationship between ASD and SLI. The literature presents inconsistent and often
conflicting findings, which are likely to result from methodological differences across
studies. While there appears to be some linguistic similarities between individuals with
ASD and SLI, it is unclear whether these represent a common etiology. Future research
efforts should be directed towards evaluating the independence of the two disorders
through considering whether characteristics of the broader autism phenotype are
significantly elevated in relatives of children with SLI and whether structural language
difficulties are more prevalent in relatives of children with ASD. Advances in
neurological and molecular genetics research may also isolate specific neurobiological
and genetic markers of each of the conditions and elucidate potential shared etiologies.
Such investigations are important clinically, to improve assessment and diagnostic
practices, and theoretically, to enhance understanding of the etiology of these complex
conditions.
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FOREWORD TO CHAPTER TWO
Based on the evidence reviewed in Chapter 1, it is clear that there is considerable
theoretical motivation for exploring overlap in ASD and SLI. However, studies that
have investigated shared etiology in ASD and SLI have largely ignored overlap in the
cognitive domain. The purpose of Chapter 2 was to review the current empirical
evidence that has explored whether children with SLI carry aspects of the cognitive
phenotype of ASD. The review focused specifically on whether children with SLI have
deficits in theory of mind, emotion recognition and executive function, along with
„weak‟ central coherence, a finding that would suggest that ASD and SLI have
overlapping cognitive phenotypes.
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CHAPTER TWO
Do Children with Specific Language Impairment have a Cognitive
Profile Reminiscent of Autism? A Review of the Literature
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Abstract
There is debate regarding the relationship between autism and specific language
impairment (SLI), with some researchers proposing etiological overlap between the
conditions and others maintaining their etiological distinction. Although considerable
research has investigated the language phenotypes of these disorders, the relationship
between the cognitive phenotypes has been left relatively unexplored. This paper
reviews relevant literature on whether individuals with SLI exhibit cognitive
characteristics reminiscent of autism. Overall, findings are inconsistent and there is a
lack of substantive evidence supporting overlapping cognitive phenotypes in autism and
SLI. Better powered and more rigorous experimental designs, as well as studies directly
comparing the cognitive phenotypes for SLI and autism will further elucidate the
etiological relationship between these two conditions.

Keywords: Autism; specific language impairment; cognition; etiological overlap
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Introduction
Autism is a developmental disorder characterized by impairments in
communication and social interaction and a restricted range of interests and behavior,
all of which must be present prior to a child‟s third birthday (American Psychiatric
Association, 2000). The condition is thought to vary along a spectrum of severity, from
Autistic Disorder at the more severe end of the spectrum, through Asperger‟s Disorder
and Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS), which
involve similar deficits, but lesser in number or severity. Collectively, these conditions
are known as Autism Spectrum Disorders (ASDs). A key diagnostic feature of autism is
a marked impairment in verbal and nonverbal communication (DSM-IV-TR, 2000).
Around 50% of children with autism do not acquire any functional use of verbal
language, and those that do, have difficulties in the social use of this language (Rapin &
Dunn, 2003).
Communication impairments are a hallmark of a number of other developmental
disorders, most notably specific language impairment (SLI). SLI is diagnosed when
children experience a clinically significant delay in language development, despite
having adequate hearing, nonverbal intelligence and educational opportunities (Bishop,
2003; Stark & Tallal, 1981). Stark and Tallal (1981) identified children with a specific
language impairment based on criteria specifying that children with SLI have (1) a
performance IQ equal to or greater than 85; and (2) show impaired performance on a
battery of standardized language assessments. These authors also argued that children
with SLI should have an overall language age (derived from their performance on
standardized receptive and language assessments) of at least 12 months lower than their
chronological age or their performance mental age (whichever was lower) (see also
Plante, 1998). These criteria continue to influence the selection of children with SLI for
research purposes. While the term „SLI‟ is readily accepted in the theoretical literature it
is not a term used in the DSM-IV (see Rapin, 1996, for a practitioner review of
developmental language disorders). In an epidemiological study, Tomblin et al. (1997)
estimated the prevalence rate of SLI in kindergarten children to be 7.4%.
The language phenotype of SLI is characterized by structural language
difficulties (e.g., in phonology, morphology, syntax) in contrast to the pragmatic
language and broader developmental difficulties observed in children with autism
(Whitehouse, Barry, & Bishop, 2008). On the basis of these differences, SLI and autism
77

Chapter 2: SLI, autism and cognitive profile
have traditionally been considered separate disorders, with distinct etiologies (Bartak,
Rutter, & Cox, 1975; Bishop, 2003). The distinction translates to clinical practice,
where the diagnosis of SLI disqualifies the diagnosis of autism in the same child (ContiRamsden, Simkin, & Botting, 2006).
However, in recent years, evidence has emerged that the diagnostic boundary
between autism and SLI may not be clear-cut (Bishop, 2003). For example, Leyfer et al.
(2008) reported that 41% of a group of children with SLI met diagnostic thresholds for
autism in social and communication domains in addition to showing their structural
language deficit. Longitudinal data have also shown that many individuals diagnosed
with SLI as children demonstrate behaviors reminiscent of autism when reassessed in
adolescence and adulthood (Howlin, Mawhood, & Rutter, 2000; Mawhood, Howlin, &
Rutter, 2000), perhaps suggesting that children with SLI may have mild forms of autism
and symptoms only become apparent when social demands increase during adolescence
and adulthood. Further, Conti-Ramsden et al. (2006) reported that 3.9% of a sample of
adolescents with a history of SLI exhibited sufficient behavioral characteristics of
autism to warrant an autism diagnosis; a figure that is approximately four times current
autism prevalence estimates (Rice, 2009).
Potential phenotypic overlap between autism and SLI has been examined most
extensively in the language domain. Several studies have highlighted similarities in the
language abilities of children with autism and children with SLI. Kjelgaard and TagerFlusberg (2001) found that a significant minority of children with autism performed
similarly to children with SLI on tests of phonological processing, vocabulary and
higher order grammatical skills. Similarly, Lindgren et al. (2009) found no statistically
significant differences between children with SLI and those with autism on receptive
and expressive language tasks, phonological awareness and memory tasks, and tests of
reading skill, dictation and passage comprehension. These results have led researchers
(e.g., Kjelgaard & Tager-Flusberg, 2001; Tager-Flusberg & Joseph, 2003) to argue that
the similarities in the language profiles of autism and SLI reflect a shared etiology. An
alternative theoretical position argues that, while there are some similarities in the
language and memory performance of children with autism and those with SLI, these
are merely superficial and do not reflect a common etiology (Whitehouse et al., 2008).
Supporting evidence for this alternative position comes from studies in which children
with SLI and children with autism who have structural language difficulties make
contrasting patterns of errors on nonword and sentence repetition tasks, which may
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indicate different underlying cognitive deficits (Riches, Loucas, Baird, Harman, &
Siminoff, 2010; Whitehouse et al., 2008). A comprehensive review of the empirical
literature further supported this position, finding little evidence for overlap in the
language phenotypes of SLI and autism (Williams, Botting, & Boucher, 2008).

The Current Review
Although there is now an extensive body of literature comparing the language
phenotypes of autism and SLI, no study has undertaken a systematic investigation of
potential cognitive overlap between the two conditions. Clarifying the relationship
between autism and SLI at the cognitive level is important clinically, to improve
assessment and diagnostic practices, and theoretically, to enhance understanding of the
etiology of these conditions. For these reasons, the current review will compare the
cognitive phenotypes of autism and SLI described in the published literature.
A large body of research has investigated the cognitive profile of SLI, and
deficits in phonological short-term memory (Conti-Ramsden, Botting & Faragher,
2001), working memory (Hick, Botting, & Conti-Ramsden, 2005; Kamhi, Catts, Mauer,
Apel, & Gentry, 1988; Marton, 2008), and speed of processing (Lahey, Edwards, &
Munson, 2001; Miller, Kail, Leonard, & Tomblin, 2001) have been observed.
Substantial research has also examined cognition in ASD. While there is some
individual variation in the cognitive profile of ASD, difficulties in theory of mind,
emotion recognition, and executive function, as well as a relative strength in
visuospatial processing (weak central coherence) are well-established. Limited research
has investigated these aspects of cognition in children with SLI. However, explorations
of the cognitive profile of ASD in children with SLI are likely to advance theoretical
conceptualizations of phenotypic overlap in these two conditions. Therefore, the current
review focuses on the empirical literature that has investigated cognitive characteristics
of autism (namely impaired theory of mind and emotion recognition, executive
dysfunction and weak central coherence) in children with SLI.

The Cognitive Phenotype of Autism
There is now a considerable body of literature supporting the idea that
individuals with autism have deficits in Theory of Mind, emotion recognition and
executive function, as well as a cognitive style characterized by weak central coherence.
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Each of these cognitive characteristics has been linked to specific aspects of the
behavioral profile of autism.
Theory of Mind (ToM) is a cognitive ability that allows individuals to attribute
mental states to oneself and others, helping to understand and predict others‟ behavior
(Frith, 1989; Leslie & Frith, 1988). Considerable evidence supports the presence of
ToM deficits in individuals with autism (e.g., Baron-Cohen, Leslie, & Frith, 1985;
Colle, Baron-Cohen, & Hill; 2007; Happé, 1994; Ozonoff, Pennington, & Rogers, 1991;
Pellicano, Maybery, Durkin, & Maley, 2006; Perner, Frith, Leslie, & Leekham, 1989;
Yirmiya, Erel, Shaked, & Solomonica-Levi, 1998). Experimental data suggest that ToM
deficits may underpin certain aspects of the psychological and behavioral profile of
autism, such as impairments in imaginative play, affective understanding, social
interaction and pragmatic language (Frith, 1989; Levy, 2007).
Theory of Mind deficits in autism may be related to difficulties with the
processing of affective information. Individuals with autism are impaired relative to
typically developing (TD) individuals on emotion matching tasks (Deruelle, Rondan,
Gepner, & Tardif, 2004; Ozonoff et al., 1991; Ozonoff, Pennington, & Rogers, 1990)
and are slower and less accurate than control children in identifying emotions depicted
in the face (Bal et al., 2010; Celani, Battacchi, & Arcidiacono, 1999; Kuusikko et al.,
2009), eye region (Baron-Cohen, Wheelwright, & Jolliffe, 1997; Baron-Cohen,
Wheelwright, Hill, Raste, & Plumb, 2001), and voice (Rutherford, Baron-Cohen, &
Wheelwright, 2002). Children with autism are also less accurate at matching schematic
facial expressions to videotaped emotional gestures, vocalizations and contexts
(Hobson, 1986). Evidence from event-related potential (ERP) recordings supports
behavioral evidence that children with autism differ from TD controls in how they
integrate affective information from visual and auditory cues (Magneé, de Gelder, van
Engeland, & Kemner, 2008).
Children with autism are also known to exhibit executive function (EF)
impairments, in areas such as planning, inhibition, impulse control, and cognitive and
behavioral flexibility (Ozonoff et al., 1991). Empirical support for EF deficits in
individuals with autism comes from studies finding that, relative to TD individuals,
participants with autism complete planning tasks (e.g., Tower of London) less
efficiently, make more perseverative responses on set-shifting and verbal fluency tasks
(e.g., Wisconsin Card Sorting Task), and have difficulty inhibiting prepotent responses
(e.g., on the Stroop Task) (Hughes, Russell, & Robins, 1994; Ozonoff et al., 1991,
80

Chapter 2: SLI, autism and cognitive profile
2004; Ozonoff & Jensen, 1999). It is hypothesized that EF impairments may be linked
to the behavioral inflexibility often observed individuals with autism (e.g., see Wong,
Maybery, Bishop, Maley, & Hallmayer, 2006).
In addition, individuals with autism have been shown to exhibit a preference for
detail-focused processing – attending to and retaining local stimulus features at the
expense of the global configuration of elements and meaning (Brock, Brown, Boucher,
& Rippon, 2002; Happé & Frith, 2006). Frith and Happé (1994) referred to this
processing style as „weak central coherence‟. Consistent with the weak central
coherence hypothesis, children with autism demonstrate enhanced performance on tasks
including the Embedded Figures and Block Design Tests, on which performance is
facilitated by processing geometric figures as their constituent parts (rather than as a
whole) (see Happé & Frith, 2006, for a review; Morgan, Maybery, & Durkin, 2003;
Pellicano et al., 2006; Shah & Frith, 1983, 1993). Weak central coherence is also
observed in higher-level cognitive and linguistic tasks (such as sentence completion) on
which individuals with autism provide local completions that conflict with the global
meaning of the sentence more often than TD individuals (Booth & Happé, 2010). While
the weak central coherence account argues that strengths in low-level processing are
accompanied by weaknesses in higher level processing, other researchers (e.g., Mottron,
Burack, Jarocci, Belleville, & Enns, 2003) who have investigated primarily visual
processing in individuals with autism have argued for enhanced low-level processing
without weaknesses in global processing. Evidence is relation to these two positions is
mixed (see Grinter, Maybery, & Badcock, 2010, for a review).
Given that difficulties with ToM and emotion recognition, as well as executive
dysfunction and weak central coherence are established cognitive findings in the autism
literature, it is these domains that are considered in reviewing cognitive research on SLI.

Specific Language Impairment and Theory of Mind
Several tasks are commonly used to assess ToM in individuals with autism,
including false belief tasks, the Strange Stories task (Happé, 1994) and emotion
inferencing tasks. We review the performance of children with SLI on each of these
tasks in turn (see Table 1).
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Table 1
Summary of Studies Investigating Theory of Mind in Children with SLI
Study

Sub-domain

Participants

Matching

Findings

None reported

Children with autism performed significantly

(age in years: months)
Theory of Mind

Leslie & Frith (1988)

False belief

18 ASD (CA = 13:10, MA = 7:2)

12 SLI (CA = 8:8, MA = 6:9)
Perner et al. (1989)

False belief

26 ASD (CA = 15:2; MA = 8:3)

12 SLI (CA = 8:8; MA = 6:9)

worse than children with SLI.
None reported

The SLI group performed at near perfect
performance, significantly better than the children
with autism.
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Study

Sub-domain

Participants

Matching

Findings

10 phonologic-syntactic disorder

Chronological age

Children with SLI did not differ from TD children

(M = 8:10)

Socioeconomic status

on any measure. The SLI group demonstrated

(age in years: months)
Shields et al. (1996)

False belief

10 semantic-pragmatic disorder

significantly better performance than the autism

(M = 8:8)

group on false belief tasks.

10 ASD (M = 9:1)
10 TD CA (M = 8:10)
Ziatas et al. (1998)

False belief

12 Autism (M = 8:3)

Chronological age3

While the majority of children with autism failed

12 SLI (M = 8:2)

Verbal mental age

the false belief task, the majority of children with

12 TD (M = 5:8)

Comprehension age

Asperger‟s Disorder, SLI and TD passed it. The

12 Asperger (M = 6:11)

Sex

autism group performed significantly worse than

12 SLI (M = 6:11)

all other groups on the false belief task.

12 TD (M = 6:5)

3

Children with autism were individually matched by sex, chronological age and verbal mental age to children with SLI, and by sex and verbal mental age to TD children. Similarly, children with Asperger‟s Disorder were
individually matched by sex, chronological age and verbal mental age to children with SLI, and by sex and verbal mental age to TD children.
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Study

Sub-domain

Participants

Matching

Findings

(age in years: months)
Farmer (2000)

False belief

8 SLI-severe (M = 11)

Chronological age

All children were successful with ignorance and

Strange Stories

8 SLI-mild (M = 10:9)

(TD CA)

false belief questions on the first-order ToM task.

8 TD CA

Language age (TD

The SLI-severe group was impaired on second

8 TD LA (M = 8:8)

LA)

order false belief tasks relative to the TD groups.
SLI-mild group did not differ significantly from
either the TD or SLI-severe groups on the first
order false belief task. Significant differences
between mean correct mentalistic explanations on
the Strange Stories task for SLI-severe and SLImild groups and TD CA groups. Mean of SLIsevere group was similar to the TD LA group.
The SLI-severe group provided significantly more
incorrect mentalistic explanations relative to all
other groups.
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Study

Sub-domain

Participants

Matching

Findings

(age in years: months)
Miller (2001)

False belief

10 SLI (M = 5:6)

Chronological age

The SLI group performed comparably to the TD

10 TD CA (M = 5:6)

(TD CA)

LA and worse than TD CA groups on

9 TD LA (M = 3:9)

Language-

linguistically complex conditions. The SLI

comprehension ability

children demonstrated similar performance to the

(TD LA)

TD CA and better performance than TD LA
children on linguistically simple conditions. The
children with SLI performed significantly better
on linguistically simple than linguistically
complex conditions.

Miller (2004)

Farrant et al. (2006)

False belief

15 SLI (M = 4:11)

Chronological age

No difference between SLI and TD CA children

15 TD CA (M = 5:0)

Language-

on false belief tasks when linguistic complexity

15 TD LA (M = 3:8)

comprehension ability

was minimized.

Knowledge access

20 SLI (M = 5:3)

Chronological Age

Total ToM scores were significantly lower for the

False belief

20 TD CA (M = 5:1)

Nonverbal IQ

SLI group than the TD CA group. Knowledge

Gender

access and contents false belief tasks
discriminated SLI and TD CA children.

Farrant et al. (2012)

False belief

91 TD CA (M = 5:1)

The TD CA group performed significantly better

Cognitive

30 SLI (M = 5:3)

than children with SLI on sentential complements,

flexibility

cognitive flexibility and false belief tasks. Adding
sentential complements and cognitive flexibility
as covariates reduced group differences on the
false belief task to non-significance.
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Study

Sub-domain

Participants

Matching

Findings

(age in years: months)
Colle et al. (2007)

Gillott et al. (2004)

Nonverbal false

16 ASD (CA = 8:1; MA = 4:9)

belief

15 SLI (CA = 8:3; MA = 7:4)

the TD children, and significantly better than the

15 TD (CA = 4:6; MA = 4:9)

children with autism.

Strange Stories

Nonverbal mental age

The children with SLI performed comparably to

15 SLI

Chronological age

The children with SLI and children with autism

15 ASD

Gender

provided significantly fewer mental state answers

15 TD CA

than the TD CA children. No significant
difference in performance between the autism and
SLI groups. The TD CA children and children
with SLI provided significantly fewer incorrect
mental state answers than children with autism.
There was no significant difference between TD
CA and SLI groups.

Farrar et al. (2009)

False belief

34 SLI (M = 4:8)

Not applicable

All language measures significantly contributed to

Appearance-

ToM performance. Children with moderate SLI

Reality

performed significantly worse on ToM tasks than
children with mild SLI.

Botting & Conti-Ramsden
(2008)

Strange Stories

134 SLI (M = 15:10)
124 TD (M = 15:11)

Chronological age

Adolescents with SLI history performed
significantly worse on the Strange Stories Task
than adolescents without SLI history.
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Study

Sub-domain

Participants

Matching

Findings

(age in years: months)
Emotion

Ford & Milosky (2003)

Inferencing

Identifying

12 LI (M = 5:9 )

Chronological age

emotions from

12 TD CA (M = 5:8)

Children in both groups identified facial
expressions with 100% accuracy. Relative to TD

information

CA peers, the SLI children were not as proficient

presented visually

at inferring emotional reactions. Children with

(in cartoons),

SLI experienced more difficulty inferring

auditorily (spoken

emotions across all emotions and presentation

sentences) or a

modalities.

combination of the
two.
Ford & Milosky (2008)

16 SLI (M = 4:10)

None reported

16 TD (M = 4:10)

The TD children were more likely to infer
emotional states during conversation than children
with SLI. CELF-P scores were significantly
related to inferencing ability.

Spackman et al. (2006)

43 SLI
21 younger
(M = 7:1)
22 older (M = 10:7 )
43 TD
21 younger
(M = 7:1)
22 older (M = 10:7)
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Children with SLI performed significantly worse

Chronological age

than TD children on inferencing task.
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False Belief Understanding
Attributing false belief to others (i.e., understanding “he thinks that...”) is a key
component of ToM. First order false belief is commonly assessed using variants of a
change of location task. A typical scenario involves two characters, one of whom hides
an object in a specific location. This character then leaves, whereupon the second
character hides the object in a different location. When the first character re-enters,
participants are asked where she will look for the object. A response where the child
indicates that the character will look in the location where she left the object would be
consistent with appreciating that the first character has a (false) belief. A response
indicating the second location would suggest a lack of differentiation of the first
character‟s belief from the participant‟s own belief, or reality (see Baron-Cohen, Leslie,
& Frith, 1985; Perner, Frith, Leslie, & Leekham, 1989).
Early research showed that children with SLI performed significantly better than
children with autism on first order false belief tasks, despite having the same verbal
mental age (Leslie & Frith, 1988; Perner et al., 1989). However, these studies failed to
include a TD control group, making it difficult to determine whether the trajectory of
ToM development in children with SLI was comparable to that of children at the same
level of ability. A further two studies by Shields et al. (1996) and Ziatas et al. (1998)
also found that children with SLI performed significantly better on false belief tasks
than children with autism, but in addition showed that the SLI children performed
comparably to TD children on these tasks. Ziatas et al. (1998) reported that, while the
majority of children with autism failed the false belief task, the majority of children
with SLI (and TD children) passed. Interestingly, Farmer (2000) found that all children
(SLI and typically developing) were successful with first order false belief tasks, but
children with SLI were impaired relative to TD children on second order false belief
tasks (i.e., he thinks that she thinks that...), suggesting difficulties with more complex
ToM skills. Many of these early studies examining ToM in children with SLI included
samples in which children were considerably older than the age at which ToM typically
develops (Colle, Baron-Cohen, & Hill, 2007; Farmer, 2000; Leslie & Frith, 1988;
Perner et al., 1989; Shields, Varley, Broks, & Simpson, 1996; Ziatas, Durkin, & Pratt,
1998). Consequently, the designs may not be particularly sensitive to detect a ToM
impairment associated with SLI. Further to this point, Farrant, Maybery and Fletcher
(2006; 2012) included a younger sample of children (i.e., closer to the age at which
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ToM typically develops) and found that the quantified performance of children with SLI
on a range of ToM tasks was significantly lower (worse) than that of TD children.
It could be argued that much of the early research examining the ToM of
children with SLI is confounded by the linguistic complexity of the tasks administered.
For example, any finding of ToM impairments in children with SLI (Farmer, 2000;
Farrant et al., 2006, 2012) may relate to language deficits (e.g., difficulty in
understanding task instructions) rather than to an underlying socio-cognitive
impairment. For this reason, researchers have attempted to control for language ability
in their experimental designs. In two studies, Miller (2001, 2004) investigated the
performance of children with SLI, as well as two groups of typically developing
children matched on chronological age (TD CA-matched) or language comprehension
(TD LA-matched) on four conditions of a false belief task that varied in linguistic
complexity. In both studies, children with SLI performed comparably to TD CAmatched children when the linguistic demands of the task were minimized. Miller
(2001) also found that the additional linguistic demands of the more complex conditions
significantly impacted the children with SLI, resulting in their performance on the
linguistically challenging false belief conditions dropping to a level that matched the
performance of the TD LA-matched children. More recently, Colle et al. (2007) found
that a nonverbal false belief task presented no difficulty for children with SLI or TD
children, whereas children with autism demonstrated impaired performance. However,
the verbal mental age of the children with SLI was higher than that of the children with
autism. In addition, since the children with autism were substantially older than the TD
children, but had a similar mental age, the children with autism were of lower IQ than
the TD children.
Overall, studies comparing the performance of children with SLI to children
with autism on false belief tasks have found that children with SLI outperform children
with autism (Leslie & Frith, 1988; Perner et al., 1989; Shields et al., 1996; Ziatas et al.,
1998). However, it is less clear whether children with SLI perform comparably to their
CA-matched peers, with some studies (e.g., Shields et al., 1996; Ziatas et al., 1998)
finding similar patterns of performance and others (e.g., Farrant et al., 2006; 2012)
finding impaired performance in children with SLI. Importantly, studies designed to
assess false belief performance in children with SLI are frequently limited by less than
ideal matching of comparison participants. For example, studies by Leslie and Frith
(1988) and Perner et al. (1989) included children with autism who were substantially
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older (but had lower nonverbal intelligence) than the children with SLI. If language
ability is causal to impaired ToM for children with SLI, we may expect that children
with SLI will demonstrate reduced ToM skills when compared to CA-matched, but not
younger LA-matched children. Even still, results are inconsistent, with some studies
showing no difference in false belief understanding between children with SLI and CAmatched children (Shields et al., 1996; Ziatas et al., 1998). In addition, as noted by
Farrant et al. (2012), studies reporting no significant differences in false belief
performance between children with SLI and TD CA-matched children tended to include
children who were considerably older than the age at which ToM is thought to develop
(3-5 years). Therefore, the observed non-significant differences in these studies could be
attributed to sampling procedures rather than a „typical‟ course of ToM development in
children with SLI.
Importantly, ToM is a broad cognitive skill and not restricted to false belief
understanding. Other aspects of ToM include perspective taking, understanding
pretence and deception, and understanding “know.” Future studies can build on the
literature presented here by administering a wide-range of ToM tasks, incorporating the
aforementioned components of ToM. These studies will provide greater understanding
of ToM and the relationship between language and ToM development in children with
SLI.

Strange Stories Task
One alternative measure of ToM is the Strange Stories task (Happé, 1994),
which uses fictitious scenarios to examine participants‟ understanding of social nuances
such as humour, sarcasm and deception. Each story is read aloud to the participant, who
is then asked two test questions: “Was it true, what X said?” and “Why did X say that?”
The outcomes of interest are the number of correct and incorrect mental state
explanations provided by the participant.
Only one study has directly compared the performance of children with SLI and
children with autism on the Strange Stories task (Gillott, Furniss, & Walter, 2004),
finding that both clinical groups provided significantly fewer correct mental state
answers than TD CA-matched children. However, the children with SLI (and their TD
CA-matched peers) provided significantly fewer inappropriate interpretations than the
children with autism. Botting and Conti-Ramsden (2008) also found that adolescents
diagnosed with SLI in childhood performed significantly worse than TD adolescents on
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the Strange Stories task. Interestingly, the between-groups difference remained even
after controlling for receptive language skill and nonverbal IQ, leading the authors to
suggest that the observed ToM impairment may not be a consequence of residual
language impairment, but rather a reflection of a more generalized difficulty in ToM
understanding.
To examine the influence of language ability on ToM performance, Farmer
(2000) administered the Strange Stories task to children with SLI who either had mildmoderate language difficulties, or severe impairment. Chronological- (TD CA) and
language-age (TD LA) matched children comprised two comparison groups (See Table
1). Children in the severe SLI group provided significantly fewer correct mental state
explanations than the TD CA-matched and mild SLI children, but a similar number of
correct mental state explanations as the TD LA-matched children. The severe SLI group
also gave more incorrect mental state explanations than children in any of the other
groups. These findings suggest that the severity of language impairment may affect
ToM understanding, rather than the presence of language impairment per se. Further
support for this proposal comes from a study by Farrar and colleagues, (2009), who
found moderate language impairment to be more strongly associated with poor
performance on ToM (false belief and appearance-reality) tasks than mild language
impairment (see Table 1) (Farrar, Johnson, Tompkins, Easters, Zilisi-Medus, &
Benigno, 2009).
Together, the findings from these studies suggest that children with SLI are
impaired in their performance on the Strange Stories task relative to TD CA-matched
children (Botting & Conti-Ramsden, 2008; Farmer, 2000; Gillott et al., 2004). However,
similar to the research exploring false belief understanding in children with SLI, the
studies are limited by poor matching of groups (e.g., in Farmer, 2000, the severe SLI
children were significantly older than the TD CA-matched children) and small samples
(e.g., Farmer, 2000, included sample sizes of N = 8).

Emotion Inferencing
In emotion inferencing tasks, participants are asked to deduce the feeling(s) of
the protagonist in a fictitious story. Successfully inferring emotions is thought to require
ToM, and there is considerable evidence that children with autism perform poorly on
such tasks (Hobson, 1986). Recent research by Ford and Milosky (2003, 2008) and
Spackman et al. (2006) examined emotion inferencing abilities in children with SLI. In
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each of these studies, children were presented with stories depicted visually (line
drawings of a situation that would elicit a specific feeling), verbally (three-sentence
auditorily presented stories that corresponded to the drawn stories) or concurrently
(narrated cartoons, i.e., visual and verbal presentation). To assess the children‟s
inferencing abilities, participants were required to indicate how the main character felt
at the conclusion of the story. Children with SLI were less accurate than TD CAmatched children in inferring emotions across all modalities (Ford & Milosky, 2003;
Spackman, Fujiki, & Brinton, 2006).
In a further study (Ford & Milosky, 2008), children with SLI were shown
narrated cartoons on a computer followed by the presentation of an animated facial
expression. Children were required to label the expression as quickly and accurately as
possible. For half of the trials, the expressions matched the emotion the protagonist was
feeling, and there was a mismatch for the other half. While the TD CA-matched
children were significantly faster to label emotions in the matched condition relative to
the mismatched condition, children with SLI responded with similar speed in both
conditions. Ford and Milosky (2008) argued that, rather than inferring emotions while
viewing the story, children with SLI were labelling emotions as they appeared on
screen.

Summary of ToM Research
Overall, there is inconsistent evidence for ToM impairments among children
with SLI. While several studies have found that children with SLI have intact ToM
(e.g., Colle et al., 2007; Farmer, 2000; Leslie & Frith, 1988; Miller, 2004; Perner et al.,
1989; Shields et al., 1996; Ziatas et al., 1998), other studies suggest that children with
SLI have difficulty with ToM tasks (Farmer, 2000; Farrant et al., 2006; Miller, 2001).
The mixed findings may relate to methodological limitations commonly observed
across these studies, including poor matching of experimental and control groups and
small sample sizes. Furthermore, a number of studies that have not identified
impairment in SLI have included children who are of a chronological and verbal age at
which ToM has already developed (Colle et al., 2007; Farmer, 2000; Leslie & Frith,
1988; Perner et al., 1989; Shields et al., 1996; Ziatas et al., 1998). Therefore, ToM
difficulties would not be anticipated. These limitations make it difficult to compare
results between studies and draw definitive conclusions about the nature of ToM in
children with SLI.
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One methodology that may prove fruitful for future research in this area was
employed by Lind and Bowler (2010). These researchers implemented rigorous control
tasks to clarify the relationship between linguistic ability and ToM in children with
ASD. The cognitive demands of the control task mirrored the demands of the
experimental task, without including specific mental state references. Therefore, group
differences in performance on the ToM task could be attributed to actual differences in
mental state understanding, rather than extraneous variables (such as linguistic ability).
Research investigating children with hearing impairment and longitudinal
studies of TD children indicate that language plays a critical role in ToM understanding
(see Milligan, Astington, & Dack, 2007, for a meta-analysis). Several researchers have
found that children with hearing impairment born into non-signing families fail false
belief tasks, presumably because the children lack the social and linguistic experiences
required for ToM development (Peterson & Siegal, 1995; 2000; Russell et al., 1998).
Studies of TD children have also found that current language ability is related to ToM
understanding (Ketelaars, van Weerdenburg, Verhoeven, Cuperus, & Jansonius, 2010;
Schneider, Lockl, & Fernandez, 2005) and, in longitudinal investigations, early
language abilities predict future ToM competence (Astington & Jenkins, 1999;
Ketelaars et al., 2010; Watson, Painter, & Bornstein, 2001). Several authors have
hypothesized that there is a relationship between the degree of language impairment and
ToM ability in SLI (Farrant et al., 2006, 2012; Farrar et al., 2009; Ford & Milosky,
2008; Miller, 2001). Botting and Conti-Ramsden (2008) and Farrant et al. (2012)
proposed that specific aspects of language content and structure (e.g., acquisition of
mental state verbs; complementation; syntax) may be influential in the development of
ToM. Ford and Milosky (2008) also found that scores on receptive subtests of the
Clinical Evaluation of Language Fundamentals-Preschool (CELF-P; Wiig, Secord, &
Semel, 1992) predicted children‟s performance on the emotion inferencing task. Only
one of the reviewed studies (Farmer, 2000) reported no relationship between scores on
language measures and ToM performance, though again, this study was limited by a
small sample size.
The wider body of literature relating to language acquisition and ToM
development points to a number of possible hypotheses regarding the ways that the
language difficulties of children with SLI may disrupt their performance on ToM tasks.
Firstly, poor performance on some ToM tasks may reflect task demands that exceed the
language capabilities of children with SLI (e.g., in requiring understanding of verbal
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descriptions of events or verbal instructions or in requiring challenging verbal
responses). Second, language impairment may affect ToM development through a lack
of prior linguistic experiences, where children with SLI are not exposed to situations
that may be important for acquiring relevant mental state verbs and emotion vocabulary
(Botting & Conti-Ramsden, 2008). Finally, language impairment may limit the use of
internal verbal processes (inner speech) known to facilitate performance on ToM tasks.
For example, Fernyhough and Meins (2009) reported relationships between private
speech and performance on false belief tasks in groups of young children. One avenue
for future research that may help to explicate the ToM performance of children with SLI
is to examine the use and developmental trajectory of private speech acts in this
population. Investigations of this nature will help to clarify developmental relationships
between language acquisition and ToM in children with SLI.

SLI and Emotion Recognition
Emotion recognition has been assessed in children with SLI in a number of
ways, including visual and verbal affect comprehension tasks and auditory affect
naming tasks (see Table 2).
Botting and Conti-Ramsden (2008) administered the revised Eyes Test to
adolescents with a history of SLI (See Table 2). The child version of this test was
administered to minimize the language demands of the task. Participants were presented
with a picture of the eyes of different people along with four emotion words, and were
required to indicate which word correctly matched the emotion portrayed by the eyes.
The SLI group performed significantly worse on this task than TD CA-matched
participants, suggesting difficulties in the processing of emotional information.
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Table 2
Summary of Studies Investigating Emotion Recognition in Children with SLI
Study

Sub-domain

Participants

Matching

Findings

Chronological age

Adolescents with SLI performed significantly worse

(age in years: months)
Emotion

Botting & Conti-

Recognizing emotions

134 SLI (M = 15:10)

Recognition

Ramsden (2008)

from the eye region

124 TD (M = 15:11)

Boucher et al. (2000)

Voice processing

19 ASD (M = 9:7)

than TD adolescents
Language age

Children with SLI performed significantly worse than

19 SLI (M = 9:0)

the TD LA children and children with autism on vocal

19 TD LA (M = 6:4)

affect naming and vocal-affect matching tasks. The
SLI children performed better when naming vocally
expressed emotions than when matching the
vocalizations to facial expressions.

Trauner et al. (1993)

Comprehension and

8 LI (M = 10:8)

Chronological age

The SLI children demonstrated equivalent affect

expression of affect

8 TD CA (M = 10:6)

Full-scale IQ

identification abilities to TD CA children (100%
accuracy). SLI children were significantly worse than
TD CA children at identifying the emotional tone of a
voice. Children with SLI displayed similar
performance to TD CA children when asked to imitate
emotional intonations.

Creusere et al. (2004)

Recognizing facial and

26 SLI (M = 5:1)

Gender

Children with SLI had lower scores on the affect task

vocal cues to affect

26 TD CA (M = 5:1)

Chronological age

than TD CA children. SLI participants performed
worse than TD CA children on a face-voice matching
task.
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Three studies (Boucher, Lewis, & Collis, 2000; Creusere, Alt, & Plante, 2004;
Trauner, Ballantyne, Chase, & Tallal, 1993) have evaluated the ability of children with
SLI to comprehend affective information presented in visual and auditory modalities.
Trauner et al. (1993) found that children with SLI were able to identify visually
depicted emotions (photographs of a woman expressing different emotions) with
complete accuracy. However, both Trauner et al. (1993) and Boucher et al. (2000)
found that children with SLI had difficulty identifying emotions conveyed auditorily
(neutral phrases read in different emotionally toned voices). In addition, children with
SLI were at least as able as TD CA-matched children in imitating affective information
presented in the auditory modality and imitating affective facial expressions. Trauner et
al. (1993) also asked children to express with their face or their voice how they would
feel in response to certain situations. Children with SLI were able to produce
appropriate facial emotional expressions in response to story content, but were
significantly worse than comparison participants in their ability to express emotional
information vocally. Boucher et al. (2000) and Creusere et al. (2004) also found that
children with SLI had difficulty integrating visual and auditory affect information (e.g.,
to match faces with voices). Interestingly, the children with SLI were significantly
worse at matching visual to vocal affect information than autism and TD LA-matched
groups (Boucher et al., 2000).

Summary of Emotion Recognition Research
While in most instances, children with SLI are able to identify facial expressions
(Ford & Milosky, 2003; Trauner et al., 1993), research suggests they have difficulty
understanding and expressing affective information conveyed in the voice (Boucher et
al., 2000; Trauner et al., 1993). In addition, similar to children with autism, children
with SLI have difficulty integrating facial expressions and emotional intonation to infer
emotions (Boucher et al., 2000; Creusere et al., 2004). It is possible that children with
SLI have difficulty processing auditory affective information (such as prosody) or
alternatively, have broader impairments in integrating cross-modal information
(Boucher et al., 2000; Creusere et al., 2004). It is also possible that the impairment in
auditory processing observed in children with SLI is specific to speech sounds, as their
ability to match sounds to objects was significantly better than their ability to match
faces to voices (Boucher et al., 2000). It is unclear whether the deficits observed in
children with SLI can be attributed to an underlying cognitive deficit (impaired
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comprehension of affective information), or, as with ToM tasks, whether these children
lack specific components of linguistic competence required to articulate affective
information adequately. Impaired language comprehension or speech perception may
also explain the poor performance of children with SLI on auditory processing tasks and
tasks in which they were required to match faces to voices.
A possible direction for future research is to examine performance on visual
emotion recognition tasks that include complex emotions but that do not require verbal
responses. Minimizing the language demands of emotion recognition tasks will help to
clarify the role that language plays in affective comprehension and expression in
children with SLI.

SLI and Executive Function
Several aspects of executive function have been assessed in children with SLI.
Specifically, we review the literature relating to set-shifting, planning and inhibition
abilities in this population (See Table 3).
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Table 3
Summary of Studies Investigating Executive function in Children with SLI
Study

Sub-domain

Participants

Matching

Findings

30 SLI (M = 4:8)

Chronological age

Children with SLI shifted sets as well as TD CA

30 TD CA (M = 4:8)

Gender

children. The SLI children did not differ from the TD

(age in years: months)
Executive

Kiernan & Snow

Function

(1997)

Set-shifting

CA children in the number of shifts or total number of
trials to completion.
Liss et al. (2001)

Set-shifting

34 SLI (M = 9:1)

Full scale IQ

Overall performance (total number of categories

21 ASD (M = 9:2)

Nonverbal IQ

achieved and number of errors) did not differ between

Chronological age

groups. Significant difference in perseverative errors

SES

observed on the WCST, with children with autism
making more errors than children with SLI. The
difference was no longer significant after controlling
for Verbal IQ.

Marton (2008)

Set-Shifting

25 SLI (M = 9:11)

Chronological age

Inhibition

25 TD CA (M = 9:10)

Planning

Children with SLI made significantly more
perseverative responses and more errors on the WCST
than TD CA children. 44% of the SLI group fell into
„impaired‟ range according to WCST norms, with a
further 20% falling into the „below average‟ range.
Children with SLI demonstrated lower accuracy than
the TD CA children on the TOL task, but completed
the task within a similar number of moves. Children
with SLI exhibited shorter initiation times when
making a move.
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Study

Sub-domain

Participants

Matching

Findings

Not reported

No significant effect of language impairment on

(age in years: months)
Williams et al.

Attentional set-shifting

(2000)

10 SLI
10 Hyperactivity

attentional set-shifting task.

10 SLI + hyperactivity
10 TD
Im-Bolter et al.

Inhibition

45 SLI (M = 10:1)

Children with SLI demonstrated worse performance

(2006)

Set-shifting

45 TD (M = 10:2)

than TD children on updating of working memory
contents, but not shifting of mental sets. Error rates
were low for the SLI and TD groups.

Bishop & Norbury

Response inhibition

None reported
4

(2005)

Henry et al. (2012)

17 SLI

All three clinical groups scored significantly below the

25 PLI

control group on the „opposite world‟ and „walk don‟t

14 ASD

walk‟ tasks. There were no differences between the

18 Control

clinical groups.

Inhibition

41 SLI (M = 11:6)

None

After controlling for age and nonverbal IQ,

Set-Shifting

31 Low-language-function

children with SLI exhibited significantly worse

(LLF) (M = 10:6)

performance than the TD children on set-

88 TD (M = 9:10)

shifting and nonverbal inhibition tasks. There
were no significant differences between SLI
and LLF groups on any of these measures.

4

Pragmatic Language Impairment
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Set-Shifting
Several tasks are commonly used to investigate set-shifting in children with
autism and children with SLI. Williams et al. (2000) and more recently Henry et al.
(2012) administered a nonverbal intra-/extra-dimensional shifting task to children with
SLI. The task required children to touch one of two simple or complex stimuli on a
computer screen. Children received feedback for „correct‟ responses (based on an
undisclosed rule). Intradimensional shift trials introduced new shape and line stimuli,
but children were still required to respond to the previously correct „rule‟. For
extradimensional shift trials, children were required to shift attention to the previously
irrelevant dimension in order to respond correctly. Both studies found no differences
between children with SLI and TD children on these nonverbal intra-/extra-dimensional
shift tasks.
Limited evidence supports set-shifting deficits for children with SLI on trailmaking tasks. For these tasks, children are required to connect small circles containing
letters and numbers, alternating according to a predetermined sequence (e.g., 1-A-2-B
and so on), as quickly as they can. Im-Bolter, Johnson and Pascual-Leone (2006) found
that children with SLI were slower to complete a trail-making task than TD CAmatched children. However, after accounting for differences in motor speed and
scanning, group differences on the trail-making task were no longer apparent. Similarly,
after statistically controlling for age and nonverbal ability, Henry et al. (2012) found no
differences between children with SLI and TD children on a trail-making task.
There is more consistent evidence supporting impaired performance on the
Wisconsin Card Sorting Task (WCST) for children with SLI. Kiernan and Snow (1997)
found that children with SLI were able to successfully complete a variant of the WCST.
More recent findings by Marton (2008) revealed that children with SLI performed
worse than TD CA-matched children on the WCST, suggesting that children with SLI
may have difficulties with tasks requiring flexible attention shifting.
Liss et al. (2001) have provided the only study directly comparing WCST
performance of children with SLI and those with autism. Children with autism made
more perseverative errors than children with SLI, but when verbal intelligence was
included as a covariate in the analysis, the between-groups difference was no longer
significant. It is important to note that this study did not include a TD group, and
consequently, there was no capacity to draw comparisons between children with SLI or
children with autism and TD children.
100

Chapter 2: SLI, autism and cognitive profile
Several researchers have argued that executive function is mediated by social
competence and language ability (McEvoy, Rogers, & Pennington, 1993; Ozonoff,
1995). Intriguingly, while Liss et al. (2001) identified several significant associations
between indices of WCST performance and social impairment among children with
autism, there were no such associations for the children with SLI. In the WCST,
children must respond to the assessor‟s verbal feedback. Indeed, when executive tasks
are designed to limit social interaction and verbal load (such as in computerized
versions of the WCST), children with autism demonstrate similar performance to TD
control groups (see Ozonoff, 1995). It is likely that administering executive tasks that
make limited verbal demands will yield more useful information about the nature of any
possible executive dysfunction in children with SLI.

Planning
Marton (2008) assessed planning abilities in children with SLI and TD CAmatched children with the Tower of London (ToL) task. The children with SLI made a
greater number of incorrect moves than TD CA-matched children, resulting in less
accurate task completion. Children with SLI also took less time to initiate the first of a
sequence of moves required to complete a trial, and were more likely than the TD CAmatched children to violate basic task rules. These results indicate that children with
SLI have difficulty with capabilities central to planning, including attention control,
inhibition and simultaneous goal maintenance.
To date, no research has directly compared the planning abilities of children
with SLI and children with autism. However, like children with SLI, children with
autism have been found to make significantly more moves and have significantly more
rule violations than TD CA-matched children when completing ToL problems (Ozonoff
et al., 2004; Robinson, Goddard, Dritschel, Wisley, & Howlin, 2009). Ozonoff and
Jensen (1999) also found that after covarying full scale IQ, children with autism
performed significantly worse than TD CA-matched children on the Tower of Hanoi
task. Overall, these results indicate that children with SLI and children with autism have
deficits in planning.

Inhibition
Bishop and Norbury (2005) compared the performance of children with SLI,
children with pragmatic language impairment (PLI) and children with autism on tasks
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assessing verbal and nonverbal response inhibition. Verbal inhibition was assessed
using the „opposite worlds‟ subtest from the Test of Everyday Attention for Children
(TEA-Ch). In the „same world‟ component of this task, children are required to label a
trail comprised of the numbers 1 and 2; in the „opposite world‟ component, a similar
trail of numbers is used, but now the child is required to say „two‟ when seeing the
number 1 and „one‟ when seeing the number 2, hence having to inhibit prepotent
naming responses. The „walk don‟t walk‟ task (from the TEA-Ch), purported to
measure sustained attention and nonverbal response inhibition, was also administered to
the children. In this task, the child is presented with a trail of footprints and, after
hearing a target tone, is required to make a mark on the next footprint in the series.
When the noise changes to a warning tone, the child must inhibit this response. While
the SLI, PLI and autism groups performed significantly worse than the TD children on
the verbal and nonverbal inhibition tasks, there was no significant difference between
the three clinical groups.
Henry et al. (2012) developed novel verbal and nonverbal inhibition measures.
In the verbal inhibition condition, children first imitated a word said by the examiner
(“doll” or “block”). Following this, children were required to inhibit their response: if
the examiner said “Doll,” the child said “Block” and vice versa. The nonverbal task
followed the same principle; however, words were replaced with hand actions.
Interestingly, children with SLI performed significantly worse than TD children on the
nonverbal, but not the verbal inhibition task.
Results reported by Bishop and Norbury (2005) and Henry et al. (2012)
consistently demonstrate a deficit in nonverbal inhibition for children with SLI. While
results do not consistently support a deficit in verbal inhibition for children with SLI,
the TEA-Ch same world-opposite world task used by Bishop and Norbury (2005) was
more complex than the task used by Henry et al. (2012). As such, inconsistencies in the
reported results could be attributable to differences in the complexity of inhibition tasks.

Summary of Executive Function Research
Results regarding executive function in children with SLI are inconsistent. Some
researchers (Marton, 2008) have found that children with SLI have worse set-shifting
performance relative to TD children. However, further analyses suggest that these
findings may be due to the slower speed of processing and language difficulties of
children with SLI, rather than a set-shifting impairment (Im-Bolter et al., 2006; Liss et
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al., 2001). In addition, Im-Bolter et al. (2006) attributed group differences between SLI
and TD children on set-shifting tasks to the difficulty that children with SLI have with
response inhibition rather than set-shifting impairments. Children with SLI more
consistently demonstrate difficulty inhibiting responses (Bishop & Norbury, 2005; ImBolter et al., 2006; Marton, 2008; Henry et al., 2012), and preliminary evidence
suggests that children with SLI have deficits in important aspects of planning (Marton,
2008).
Once again, there is considerable debate as to whether language impairment is
causal in the executive function deficits reported for children with SLI. It has been
suggested that performance on executive tasks may be explained by poor language
(Ozonoff, 1995) and social communication deficits (McEvoy et al., 1993). However,
emerging evidence indicates that children with SLI have executive function deficits that
remain even after statistically accounting for nonverbal and verbal abilities (Henry et
al., 2012). Henry et al. (2012) also found that children with low language ability, but not
of sufficient severity to meet clinical criteria for SLI could not be discriminated from
children with SLI on the EF tasks, indicating that even mild language difficulties are
associated with poor EF performance.
Evidence from studies of TD children suggests that language is important for
executive control. One way in which language impairment may affect the performance
of children with SLI on executive tasks is through a lack of internal verbal mediation
(inner speech) of their performance. While inner speech has been investigated
extensively in children with autism, it has not yet been studied in children with SLI.
Inner speech can be assessed using articulatory suppression (in which
individuals repetitively verbalize neutral words) during executive tasks. Evidence
indicates that blocking inner speech in this manner leads to decreased performance on
executive function tasks (e.g., task-switching and Tower-of-London) among TD
children, but not for children with autism (Holland & Low, 2010; Lidstone,
Fernyhough, Meins, & Whitehouse, 2009; Wallace, Silvers, Martin, & Kenworthy,
2009; Whitehouse, Maybery, & Durkin, 2006). In addition, children with autism
perform comparably to TD children in nonverbal versions of self-ordered pointing tasks
(in which a set of pictures or abstract designs are presented in different spatial
arrangements on successive trials, and the task is to point to a different picture on each
presentation), but fail to show an improvement in performance when stimuli can be
verbally encoded (i.e., the stimuli are pictures of objects) (Joseph, Steele, Meyer, &
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Tager-Flusberg, 2005). These findings suggest that children with autism are not verbally
mediating their performance. Contrasting results were reported by Williams et al.
(2008b), who found that children with autism demonstrated a phonological similarity
effect (i.e., recall for pictures with phonologically similar names was significantly worse
than recall for control stimuli), posited to be a „purer‟ measure of inner speech than
articulatory suppression. However, Williams et al. (2008b) asked children to complete a
naming task prior to the serial recall task, which may have encouraged participants to
verbally encode the pictorial stimuli.
No prior research has examined the extent to which children with SLI use inner
speech during executive tasks. Understanding the extent to which children with SLI
verbally mediate executive tasks would provide useful information about the way in
which language impairment could interrupt executive task completion. Finding
contrasting effects of articulatory suppression between children with autism and
children with SLI may also provide an important point of phenotypic differentiation
between autism and SLI.

SLI and Central Coherence
Limited research has investigated local versus global processing in SLI (see
Table 4). One study by Akshoomoff, Stiles and Wulfeck (2006) utilized the Memory for
Hierarchical Forms task to examine visuospatial skills in children with SLI. The
Hierarchical Forms task requires children to study model hierarchical forms (see Figure
1) consisting of large (global) forms (e.g., the letter D) made up of smaller (local)
elements (e.g., the letter L) for 10s and then undertake a 30s distracter task.

Figure 1. Hierarchical Forms used in the Hierarchical Forms Task
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Children are then asked to reproduce (draw) the hierarchical figures from
memory. Each drawing was assigned two scores: one for global level accuracy and one
for local level accuracy. In contrast to TD CA-matched children, children with SLI were
significantly better at reproducing global forms compared with local forms
(Akshoomoff et al., 2006). However, Akshoomoff et al. (2006) suggested that children
with SLI did not manifest specific deficits in visuospatial processing (i.e., in either
global or local processing); rather, their performance indicated an immature response
profile reflecting a general attentional or planning deficit. The findings of this study are
not suggestive of weak central coherence in children with SLI.
Results reported by Akshoomoff et al. (2006) contrast with the pattern of results
that would be expected based on either the weak central coherence or enhanced
perceptual functioning accounts of autism. Given that a local processing bias is a central
cognitive characteristic of autism, finding a pattern of processing in SLI contrary to that
claimed for autism (i.e., a lack of any preference for local processing at the expense of
global processing) would provide a clear point of phenotypic distinction between the
two disorders.
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Table 4
Summary of Studies Investigating Central coherence in Children with SLI
Study

Sub-domain

Participants

Matching

Findings

None reported

TD children performed significantly better than the children

(age in years: months)
Central Coherence

Akshoomoff et al. (2006)

Hierarchical Forms

13 Younger SLI (M = 7:5)
16 Older SLI (M = 10:6)

with SLI. For the SLI group, scores for global hierarchical

9 Younger TD (M = 7:4)

forms were significantly better than scores for local forms.

17 Older TD (M = 10:11)

Comparison of scores for the global forms and local forms
for the TD group yielded no significant difference. No
specific deficit in global vs. local processing observed for
children with SLI.
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Conclusions and Recommendations for Future Research
In recent years, two competing positions regarding the etiological relationship
between autism and SLI have been proposed. The arguments centre on whether autism
and SLI are phenotypically similar conditions with overlapping causes, or whether the
disorders are etiologically distinct. While a substantial body of research has been
devoted to exploring the relationship between the language phenotypes of autism and
SLI, relatively little research has compared the cognitive phenotypes of children with
these conditions. Evidence supporting the hypothesis that SLI and autism are
overlapping conditions would come from studies showing that the cognitive
characteristics of autism (i.e., impaired ToM and emotion recognition, executive
dysfunction and weak central coherence) are also present in children with SLI.
However, our review of the available research has revealed that findings are
inconsistent and frequently conflicting, and do not allow for definitive conclusions to be
drawn.
The conflicting findings are clearly illustrated by studies investigating the ToM
abilities of children with SLI. Further, it appears that observed ToM impairments in
children with SLI are often a function of the linguistic demands placed on the child. The
literature is also limited by matching procedures. Ideally, studies should include control
groups of CA- and LA-matched children, to determine whether children with SLI have
ToM deficits relative to either, or both control groups. Though, again, findings in this
area are inconsistent. Methodological limitations, particularly lack of power, as well as
contention surrounding the relationship between language development and ToM make
it difficult to ascertain whether ToM impairments in children with SLI are analogous to
those observed in children with autism. Therefore, we conclude that there is currently
little evidence supporting phenotypic overlap between children with autism and children
with SLI in relation to ToM.
The literature relating to executive function in children with SLI is equally
contradictory. While some authors have reported planning and set-shifting deficits in
children with SLI (see Table 3), there are a number of notable failures to replicate.
There is some evidence pointing towards an inhibition deficit in children with SLI,
albeit that the deficit is shared with other developmental and language disorders. Only
one study has examined central coherence in children with SLI, finding no evidence of a
local processing bias. However, further study in this area is needed before definitive
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conclusions can be drawn. Given that many children with autism show executive
dysfunction and weak central coherence, a possible direction for future research is to
directly compare the performance of children with SLI and children with autism on
executive tasks and tasks assessing detail-focused processing (e.g., the Embedded
Figures Test). Comparisons of this nature would provide information important for
elucidating the phenotypic relationship between autism and SLI.
Perhaps most importantly, it appears that there is a strong relationship between
linguistic ability and performance on ToM and executive tasks (with the exception of
inhibition) for children with SLI. There are a number of possible ways that impaired
language may impact performance on cognitive tasks – for example, through impaired
comprehension of verbal instructions; lack of specific aspects of language structure
important for responding to the task; or less than optimal use of internal verbal
processes. However, it should be noted that if ToM and executive functions are found to
be impaired in children with SLI, then regardless of whether impairments are related to
language, they may still be valid characteristics of the disorder. Since SLI is defined
with reference to language impairment, it can almost be expected that any deficit that is
core to the disorder must somehow be related to language ability.

Directions for future research
Given the recent prominence of the debate regarding the etiological relationship
between autism and SLI, studies designed to explore the cognitive profile of autism in
children with SLI are warranted. Studies that directly compare the performance of
children with SLI and children with autism will yield information important for
clarifying diagnostic boundaries between autism and SLI. Understanding relationships
between the cognitive phenotypes of autism and SLI will also enhance our
understanding of the etiology of these conditions.
A key problem in the existing empirical literature concerns the matching of
comparison groups to clinical samples. In much of the research comparing the
performance of children with SLI to TD children or children with autism, participants
are matched on chronological age, language age, or intelligence measures (Shaked &
Yirmiya, 2004). Unsurprisingly, greater group differences appear when children with
SLI are compared with LA-matched TD children, rather than (older) CA-matched
children (e.g., Spackman et al., 2006). To overcome some of the limitations associated
with matching, Jarrold and Brock (2004) suggested that research investigating
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developmental disorders should test large „normative‟ samples, taking multiple
background measures (e.g., age, verbal ability and nonverbal ability). Regression
analyses can then be used to standardize the performance of any individual in a clinical
group with reference to age and ability measures (Jarrold & Brock, 2004). This
approach allows researchers to „dissect‟ an impairment by determining whether the
introduction of additional measures into regression analyses „account for‟ a deficit in a
cognitive function of interest. For example, generating expected scores for an executive
function measure in a normative sample using age, sex and nonverbal ability as
predictors may mean that the observed scores of an SLI sample fall below their
expected scores. However, if verbal ability is added as a predictor in generating the
expected scores, and then the SLI sample no longer shows a significant discrepancy
between observed and expected scores, it would be reasonable to conclude that the
executive function deficit is closely linked to the language impairment.

Final Comments
As the literature currently stands, there is little evidence supporting the
hypothesis that autism and SLI have overlapping cognitive phenotypes. The available
literature presents inconsistent results, which are likely to reflect (1) inadequate
matching, (2) small sample sizes (e.g. Farmer, 2000), included a sample of only 8
participants), and (3) methodological differences between studies. For example, while
some studies have matched groups on chronological age and/or language age, others
have not reported any group matching, making it difficult to determine whether the
observed deficits are delayed (and consistent with the overall language level), or
whether there is a discrepancy between the child‟s verbal and cognitive abilities, which
would indicate an atypical cognitive profile. The small (and non-representative),
samples, particularly of children with SLI, also make it difficult to generalise the
findings to the highly heterogeneous SLI population. No prior research has directly
compared children with SLI to normative samples using Jarrold and Brock‟s (2004)
procedure on tasks assessing ToM, emotion recognition, executive function and central
coherence. Yet determining whether children with SLI have cognitive impairments
reminiscent of autism is heavily dependent on comparisons with TD samples. It will
also be important to delineate the extent to which language ability influences
performance on cognitive tasks for children with SLI. Understanding the relationship
between autism and SLI has important implications for diagnostic and intervention
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practices. For example, identifying phenotypic differences between subgroups of
children with autism and SLI could lead to the development of focused assessment
measures and specialized therapeutic interventions.
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SECTION TWO
AN INVESTIGATION OF OVERLAP IN THE COGNITIVE
PHENOTYPES OF ASD AND SLI
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FOREWORD TO CHAPTERS THREE AND FOUR
The review presented in Chapter 2 indicates that comparisons of the cognitive
phenotypes of ASD and SLI are relatively scarce. The following two chapters were
designed to address this gap in the literature. Specifically, Chapter 3 presents a
comparison of children with SLI, children with ASD and TD children on measures of
phonological processing, namely nonword repetition and sentence repetition, along with
a measure purported to tap „weak‟ central coherence, the Children‟s Embedded Figures
Test. Chapter 4 explored the emotion recognition abilities of the same three groups of
children.
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CHAPTER THREE
Evidence for Distinct Cognitive Profiles in Autism Spectrum Disorders
and Specific Language Impairment
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Abstract
Findings that a subgroup of children with an Autism Spectrum Disorder (ASD) has
linguistic capabilities that resemble Specific Language Impairment (SLI) have led some
authors to hypothesize that ASD and SLI have a shared etiology. While considerable
research has explored overlap in the language phenotypes of the two conditions, little
research has examined possible overlap in cognitive characteristics. In this study, we
explored nonword and sentence repetition performance, as well as performance on the
Children‟s Embedded Figures Test (CEFT) for children with ASD or SLI. As expected,
„language impaired‟ children with ASD (ALI) and children with SLI performed worse
than both „language normal‟ ASD (ALN) and typically developing (TD) children on the
nonword and sentence repetition tests. Further, the SLI children performed worse than
all other groups on the CEFT. This finding supports distinct cognitive profiles in ASD
and SLI and may provide further evidence for distinct etiological mechanisms in the
two conditions.

Keywords: Cognitive phenotype; specific language impairment; etiological overlap
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Introduction
The language phenotype of Autism Spectrum Disorders (ASDs) is complex and
heterogeneous. While some individuals with ASD fail to develop functional verbal
language, others develop large vocabularies and are able to string words together in
complex and grammatically-correct sequences. Pragmatic difficulties tend to be
pervasive in ASD, and on this basis, ASD has traditionally been considered as distinct
from childhood language disorders, such as Specific Language Impairment (SLI). SLI is
recognized when children have delayed language development in the absence of
intellectual, sensory, or other neurological abnormalities. The language phenotype of
SLI is characterized by deficits in structural language (i.e., phonology, morphology,
syntax), which contrast with the pragmatic impairments and broader developmental
difficulties that define ASD.
While „textbook‟ cases of ASD and SLI can be readily distinguished, evidence is
emerging to suggest that the boundaries between the conditions are not clear-cut.
Several studies have found that a subgroup of children with ASD have difficulties with
phonology, morphology, syntax and semantics that resemble SLI (Kjelgaard & TagerFlusberg, 2001; Lewis, Murdoch, & Woodyatt, 2007; Rapin, Dunn, Allen, Stevens, &
Fein, 2009). In addition, a significant proportion of children with SLI meet social and
communication cut-offs for autism on gold-standard diagnostic measures of ASD
(Leyfer, Tager-Flusberg, Dowd, Tomblin, & Folstein, 2008) and phenotypic overlap
remains through adolescence and early adulthood (Howlin, Mawhood, & Rutter, 2000;
Mawhood, Howlin, & Rutter, 2000). These findings have led some authors (e.g.,
Kjelgaard & Tager-Flusberg, 2001) to hypothesize that ASD and SLI share etiological
underpinnings. In contrast, others have argued that the similarities are merely superficial
and do not necessarily imply shared causation (e.g., Whitehouse, Barry, & Bishop,
2008; Williams, Botting, & Boucher, 2008).
A series of family, genetic and neurological studies have contributed to the
„etiological overlap‟ debate. While the communication difficulty typically associated
with the broader autism phenotype is restricted to the pragmatic domain, siblings of
children with ASD may have language or literacy impairments and parents may also
report a personal history of language or literacy difficulties (Bailey, Palferman, Heavey,
& Le Couteur, 1998; Ruser et al. 2007; Tomblin, Hafeman, & O‟Brien, 2003). Further,
some family members of children with ASD show impaired performance on tests of
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nonword repetition, a putative marker for heritable language impairment (Bailey et al.,
1998; Lindgren, Folstein, Tomblin, & Tager-Flusberg, 2009). Evidence from molecular
genetic studies supports the findings from family studies, indicating shared genetic
involvement for ASD and SLI. A locus on 7q35, Contactin Associated Protein-Like 2
(CNTNAP2) has attracted research interest as it is has been implicated in language delay
in ASD and SLI (Alarcón et al., 2008; Arking et al., 2008; Bakkaloglu et al., 2008;
Bradford et al., 2001; O'Brien, Zhang, Nishimura, Tomblin, & Murray, 2003; Vernes et
al., 2008) as well as language development in the typical population (Whitehouse et al.,
2011). Evidence from neurological studies is mixed. Structural and functional
neuroimaging studies that have examined ASD and SLI in isolation have highlighted
similarities, particularly in enlarged cortical volumes, reversed asymmetry and atypical
lateralization in both conditions (Herbert, Ziegler, Deutsch et al., 2003; Herbert, Ziegler,
Makris et al., 2004; Flagg, Cardy, Roberts, & Roberts, 2005; Hugdahl et al., 2004;
Kleinhans, Müller, Cohen, & Courchesne, 2008; Knaus et al., 2010; Redcay &
Courchesne, 2008; Shafer, Schwartz, Morr, Kessler, & Kurtzberg, 2000). However,
direct comparisons have been less conclusive, with some reporting shared neurological
characteristics (Herbert et al., 2005; De Fossé et al., 2004) and others highlighting
points of distinction (Verhoeven et al., 2012; Whitehouse & Bishop, 2008). Thus, a
rapidly accumulating body of research has focused on the „etiological overlap‟ debate,
though findings have been mixed.

Cognitive Overlap in ASD and SLI
While substantial research effort has concentrated on overlap in the linguistic
and behavioral phenotypes of ASD and SLI, relatively less attention has been paid to
overlap in the cognitive domain. One purported cognitive explanation for the language
impairment in SLI is a limitation in phonological short term memory capacity
(Gathercole & Baddeley, 1990). Measures of phonological short term memory such as
Nonword (NWRep) and Sentence (SNRep) Repetition tasks in particular have garnered
considerable research interest as these tasks are considered to be psycholinguistic
markers for SLI (Bishop, North, & Donlan, 1996; Conti-Ramsden, 2003; ContiRamsden, Botting, & Faragher, 2001). Extensive research has established that children
with SLI perform worse on NWRep tasks relative to their typically developing (TD)
peers (Kjelgaard & Tager-Flusberg, 2001; Whitehouse et al., 2008; Conti-Ramsden et
al, 2001; Ellis Weismer et al., 2000; Gathercole & Baddeley, 1990). NWRep appears to
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be poor even in individuals whose language impairment has resolved (Bishop et al.,
1996; Botting & Conti-Ramsden, 2003; Conti-Ramsden et al., 2001). Importantly,
parents and siblings of children with SLI also exhibit poor performance on NWRep
tasks, thus the task is considered to be a heritable marker for SLI (Bishop et al., 1996).
Findings that a subgroup of children with ASD shows similar deficits on
NWRep to children with SLI have stimulated interest into possible shared cognitive
characteristics. In a large study of the linguistic capabilities of children with ASD,
Kjelgaard and Tager-Flusberg (2001) divided the ASD group into „language normal‟
(ALN), „borderline‟ and „language impaired‟ (ALI) subgroups based on their
performance on the Peabody Picture Vocabulary Test-III and Clinical Evaluation of
Language Fundamentals (CELF; Wiig, Secord, & Semel, 1992) preschool, or III. The
ALI subgroup had language scores below 70, or at least 2 SD below the normative
mean. The ALI but not the ALN subgroup performed poorly (more than 1 SD below the
mean) on the NWRep subtest. Kjelgaard and Tager-Flusberg (2001) subsequently
argued that the observed similarity between ASD and SLI reflects substantial etiological
overlap. The results of several recent studies have supported Kjelgaard and TagerFlusberg‟s (2001) finding of poor NWRep and have also reported poor SNRep in ALI
(Riches, Loucas, Baird, Charman, & Siminoff, 2010, 2011; Whitehouse et al., 2008).
Studies that explore whether cognitive characteristics commonly observed in
ASD are found among individuals with SLI will further contribute to the „etiological
overlap‟ debate. One particular aspect of ASD that has been the subject of extensive
research has been „weak central coherence‟, a processing bias towards local information
at the expense of the global whole (Frith, 1989; Frith & Happé, 1994; Happé & Frith,
2006). Patterns of performance consistent with weak central coherence in ASD have
been observed in visual, linguistic and higher-level cognitive domains (Booth & Happé,
2010; Happé, 1997). The Embedded Figures Test (EFT) in particular has been used
extensively to assess weak central coherence in ASD. In this task, individuals are
required to find simple shapes that are embedded within complex figures and
performance is thought to be facilitated by processing the geometric figures as
constituent parts, rather than as wholes (Witkin, Oltman, Raskin, & Karp, 1971; Shah &
Frith, 1983, 1993). Several studies have found that, relative to control participants,
individuals with ASD show comparable (Brian & Bryson, 1996; Kaland, Mortensen, &
Smith, 2007; Ozonoff, Pennington, & Rogers, 2001) or enhanced (Edgin & Pennington,
2005; Jarrold, Gilchrist, & Bender, 2005; Jolliffe & Baron-Cohen, 1997; Morgan,
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Maybery, & Durkin, 2003; Pellicano, Maybery, Durkin, & Maley, 2006, Shah & Frith,
1983) EFT performance. Cognitive explanations for enhanced performance on the EFT
are mixed, with some researchers arguing that strengths in low-level processing are
accompanied by weaknesses in higher-level processing (e.g., Bertone, Mottron, Jelenic,
& Faubert, 2005; Frith & Happé, 1994; Grinter, Van Beek, Maybery, & Badcock,
2009a; Grinter et al., 2009b) and others arguing for enhanced low-level processing
without weaknesses in global processing (e.g., Mottron, Burack, Jarocci, Belleville, &
Enns, 2003; see also Mottron, Dawson, Soulières, Hubert, & Burack, 2006). Evidence
regarding these two positions is mixed (see Grinter, Maybery, & Badcock, 2010, for a
review).
Central coherence has been relatively unexplored in SLI. Only one previous
study has examined whether children with SLI have a tendency towards local-level
processing in the visual domain. Akshoomoff, Stiles and Wulfeck (2006) used the
Hierarchical Forms Memory Task in which children were presented with a stimulus
(e.g., a large letter „D‟ made up of smaller letter „L‟s) to study for ten seconds.
Following the study period, participants completed a 30s distracter task, after which
they were asked to reproduce the original form from memory. Unlike the TD children,
the SLI children scored significantly higher when reproducing global relative to local
forms. However, the effect was small and attributed to general planning or attentional
difficulties rather than a specific processing bias. Akshoomoff et al.‟s (2007) finding
lies in contrast to the outcomes of studies that have implemented similar Hierarchical
Forms tasks to assess local-global processing in individuals with ASD (Scherf, Luna,
Kimshi, Minshew, & Behrmann, 2008; Wang, Mottron, Peng, Berthiaume, & Dawson,
2007). These studies have found that, relative to TD comparison groups, individuals
with ASD present with a local-processing advantage (i.e., are faster to identify local
compared to global forms). The available evidence suggests that SLI children show an
opposite pattern of performance to ASD children on this measure of local-global
processing, but no previous study has compared ASD and SLI children on a common
test of local-global processing such as the EFT.

The Current Study
Possible overlap in the cognitive phenotypes of ASD and SLI can be explored
by (1) identifying whether children with ALI carry cognitive characteristics of SLI, such
as poor phonological short term memory and (2) determining whether children with SLI
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share aspects of the cognitive profile of ASD, such as weak central coherence. NWRep
and SNRep tasks are considered to index phonological short term memory, and
represent putative markers for SLI (Bishop et al., 1996). Further, NWRep distinguishes
SLI from other childhood communication disorders (Botting & Conti-Ramsden, 2003)
and is a more sensitive and specific marker of SLI than language measures such as past
tense marking (Conti-Ramsden, Botting, & Faragher, 2001). While the evidence
regarding the cognitive processes underlying enhanced EFT performance in ASD is
mixed, findings consistently indicate that individuals with ASD show intact or superior
performance on this task. As such, enhanced EFT performance may represent a core
cognitive feature of ASD.
A relative paucity of research has explored cognitive overlap in ASD and SLI,
and no previous study has directly compared EFT performance between children with
ASD and those with SLI. Yet research of this nature is important in terms of providing
insight into a possible shared etiology for the two conditions. Therefore, the present
study examined possible points of cognitive convergence and divergence between ASD
and SLI using NWRep and SNRep tasks, as well as the EFT. If there is cognitive
overlap in ASD and SLI, then, relative to TD children, we would expect that both the
ALI and SLI groups would show poor performance on NWRep and SNRep tasks, as
well as enhanced performance on the EFT. Conversely, if the cognitive profiles of ASD
and SLI are distinct, then we would expect the children with SLI and ALI to have
similar performance on the NWRep and SNRep tasks, and that the ALI but not the SLI
group would have superior performance on the EFT. Therefore, investigations of
NWRep, SNRep, and EFT in ASD and in SLI may reveal important points of similarity
and distinction in the cognitive phenotypes of ASD and SLI and subsequently have
implications for clinical and theoretical conceptualizations of these conditions as
distinct disorders.

Method
Participants
Three groups of participants were recruited (see Table 1 for participant
characteristics). The first group comprised 32 children with an ASD, aged between 71
and 152 months. Each child had previously been diagnosed with an ASD according to
DSM-IV criteria. We sought to verify diagnoses using the Autism Diagnostic
Observation Schedule-Generic (ADOS-G; Lord et al., 2000). Fourteen of the ASD
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group met ADOS-G criteria for autism and a further 13 met ADOS-G criteria for autism
spectrum disorder5. Consistent with Whitehouse et al. (2007), we further subdivided the
ASD group into language-normal (ALN; N = 18) and language impaired (ALI; N = 14)
subgroups based on the criteria used to define language impairment in the SLI group.
The ALI group was comprised of ASD children with either (1) nonverbal ability scores
within 1 SD of the normative mean and scores on the Test for Reception of Grammar-2
(TROG-2; Bishop, 2003b) at least 1 SD below the normative mean, or (2) TROG-2
score at least 1 SD below the nonverbal ability score. All ASD children had English as a
first language.
The second group consisted of 19 SLI children (aged 63-145 months) recruited
from speech pathologists and specialist language schools. These schools cater for
children with severe childhood language disorders deemed to require curriculum
modification beyond that which could be provided in a mainstream school. We
administered a series of psychometric tests to confirm the SLI diagnoses. The criteria
used to define SLI for this study included: (1) nonverbal intelligence (assessed with the
Wechsler Abbreviated Scale of Intelligence-Matrix Reasoning) within 1 SD of the
normative mean; (2) TROG-2 score at least 1 SD below the normative mean or TROG2 score at least 1 SD below the nonverbal ability score; (3) no reported hearing loss, and
(4) English as the first language6.
Sixty-six typically developing children (aged 60-145 months) were recruited
from mainstream primary schools. Parents completed the Children‟s Communication
Checklist-2 (CCC-2; Bishop, 2003a) and the Autism Spectrum Quotient-Child (AQ-C;
Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008) to screen for communication
difficulties and the broader autism phenotype. Two children were excluded as they
scored above 76 on the AQ-C, which a previous study has identified as a cut-off score
for clinical diagnoses of ASD (Auyeung et al., 2008). A further three children were
excluded, two because they had low Global Communication Composite scores on the
CCC-2 and one because English was the second language. Sixty-one TD children
comprised the final sample (see Table 1).

5

Five of the ASD children did not meet autism spectrum cut-offs on the ADOS-G. For two of these children, the
communication and social interaction total score was only one point below the ADOS-G „autism spectrum‟ cut-off.
All of these children had also previously been diagnosed with an ASD by a team that included a speech pathologist,
clinical psychologist and paediatrician.
6
CCC-2 questionnaires were returned for 15 ALN, 10 ALI and 10 SLI children. Consistent with Whitehouse et al.
(2008), each of these children had GCC scores below the 10th percentile. While the return rates were not high enough
to warrant extensive use of the CCC-2 results, where available, the scores confirm the composition of the ALN, ALI
and SLI groups.

136

Chapter 3: SLI, autism and distinct cognitive profiles
Table 1.
Sex distributions, and descriptive statistics for chronological age, nonverbal intelligence
(WASI-Matrix Reasoning), TROG-2 and ADOS social and communication scores for
the TD, ALN, ALI and SLI groups.
TD (N = 61)

ALN (N = 18)

ALI (N = 14)

SLI (N = 19)

33:28

13:5

12:2

15:4

Male: Female

Chronological Age (in months)
M

106.31

109.91

106.14

98.63

SD

19.93

23.45

27.06

25.59

Range

60-145

71-152

72-148

63-145

M

9.97

11.22

10.07

11.05

SD

3.18

2.62

2.95

2.76

M

91.72

75.71

72.42

SD

15.33

14.42

10.78

M

3.22

3.57

1.39

SD

1.52

1.51

1.46

M

6.39

6.71

2.50

SD

2.48

3.43

1.43

WASI-Matrix Reasoning

TROG-2

ADOS Communication

ADOS Social Interaction

Results of a one-way ANOVA indicated that there was no significant difference
in age, F(3, 112) = .78, p = .51, or nonverbal reasoning ability, F(3, 112) = 1.23, p =
.30, between the four groups. The ALN and ALI groups did not differ in terms of
Communication, t(30) =.65, p = .52, or Reciprocal Social Interaction, t(30) =.31, p =
.76, scores on the ADOS-G. While there was a significant difference between TROG-2
standard scores for the ALN and language impaired (ALI and SLI combined) groups,
t(49) = 4.54, p < .001, the ALI and SLI groups did not differ significantly in TROG-2
scores, t(31) =.75, p = .46.
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Psychometric Battery
Nonverbal reasoning was assessed using the Matrix Reasoning task from the
Wechsler Abbreviated Scale of Intelligence (Wechsler & Chen, 1999). Receptive
grammatical understanding was assessed using the TROG-2 (Bishop, 2003b). We
derived scaled scores for each child on these tasks.
The Children‟s Communication Checklist (CCC-2; Bishop, 2003a) is a 70-item
parent-report questionnaire designed to screen for communication difficulties in
children with phrase speech. The scale is comprised of ten subscales that measure
general communication difficulties (speech, syntax, semantics and coherence),
pragmatic language (inappropriate initiation, stereotyped language, use of context and
nonverbal communication) and behaviors commonly associated with ASD (social and
interests). Standard scores with a mean of 10 can be derived for each subscale.
Phonological working memory was assessed using the Nonword and Sentence
Repetition tasks from the Developmental Neuropsychological Assessment-II (NEPSYII; (Korkman, Kirk, & Kemp, 2007). In the NWRep subtest, children heard 13 prerecorded nonsense words played through the speakers of a computer. The nonwords
systematically increase in length (maximum five syllables) and complexity. The
children were required to repeat the nonwords verbatim. Similarly, for the SNRep task,
children listened to 17 sentences of increasing length and grammatical complexity and
immediately repeated what they heard. The tasks are scored for the total number of
nonwords or words pronounced correctly and the total number of errors. As per the
NEPSY-II instructions, both tasks were discontinued if the child obtained a score of
zero on four consecutive items. We calculated scaled scores for the NWRep. As the
SNRep task from the NEPSY-II provides scaled scores only up to the age of six, we
used raw scores as a measure of performance on this task.
Central coherence was assessed using the Children‟s Embedded Figures Test
(CEFT; Karp, Konstadt, & Witkin, 1971). The task required children to find a simple
shape hidden within a more complex geometric figure. Participants were instructed to
use a cut-out to help them find the hidden shape, and to let the assessor know when they
had found it. If the response was incorrect, they were encouraged to keep looking. The
children were allowed as many opportunities as necessary to find the simple shape and
each incorrect response was recorded as an error. Participants had a maximum of one
minute to complete each of the 25 trials. Indices of performance were the latency to find
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the simple shape (averaged across all trials), number correct (i.e., number of trials on
which the hidden shape was accurately located), and the total number of errors.

Procedure
Ethical approval for this study was obtained from the University of Western
Australia Human Research Ethics Committee and the Western Australian Department of
Education. Informed written consent was obtained from the parents for all children
taking part in the study, and the children themselves provided either written or verbal
informed consent prior to testing. Children for the TD group were recruited from
government schools in the Perth metropolitan region. Children with ASD were recruited
from the Western Australian Autism Biological Registry, an ongoing study of children
with ASD and their families taking place at the Telethon Institute for Child Health
Research in Perth. Children in the SLI group were recruited through advertisements
placed in newsletters for the specialist language schools and through speech
pathologists who distributed information packages to their clients.
Each child in the ASD and SLI groups participated in two testing sessions in
which they completed the WASI-Matrix Reasoning, TROG-2, ADOS-G, NWRep,
SNREP, CEFT and six tasks unrelated to those reported in this paper. Each session
lasted approximately one hour and the two sessions were conducted 1-2 weeks apart.
The TD children participated in one testing session, which occurred at their school and
lasted for approximately one hour. Children were given a small reward (stationery item)
for participating in the project.

Statistical Analyses
Methodological issues, such as matching clinical to control groups, have been
the subject of some debate in the ASD literature (Jarrold & Brock, 2004; Shaked &
Yirmiya, 2004). In particular, if a comparison group is selected to match an atypical
(usually lower-than-average) profile, then the resulting TD group may be well-matched
to the clinical group on the control measure, but there may be a “rebound” in
performance for the TD group on subsequent experimental measures. Therefore, when
assessed on the experimental tasks, the clinical group may appear to have a deficit, but
this is an artificial finding that can be attributed to regression to the mean in the TD
group. In addition, if a TD group is selected to match an atypical ability profile, then
this comparison group may carry some of the characteristics of the clinical group. Any
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lack of group difference on experimental measures could then result from the matching
rather than „typical‟ performance in the clinical group.
Jarrold and Brock (2004) proposed an alternative analytic method designed to
account for control variables while avoiding the limitations of group matching. Under
this method, background variables such as chronological age, sex and nonverbal ability
are used to predict the performance of an unselected group of TD children on
experimental tasks (see also Brock, Jarrold, Farran, Laws, & Riby, 2007; Thomas et al.,
2009). Using the resulting regression equation for the TD children, predicted scores for
clinical groups can then be generated and compared with observed scores, to determine
whether the clinical groups have performed better or worse than expected based on the
control variables. Under this regression-based method, the TD children are not selected
for their scores on the control variables. Therefore, the major advantage of this approach
is that it overcomes the problem of regression to the mean that plagues matched-group
designs. The use of this regression-based method had an additional advantage in the
present study in that it permitted the use of a single TD group in accounting for the
influence of control variables on the performance of the ALN, ALI and SLI groups.
Based on Jarrold and Brock‟s (2004) regression approach, we used nonverbal
ability, age and sex variables from the TD children to predict scores for each aspect of
NWRep, SNRep and CEFT performance7. The resulting regression equations were used
to generate predicted scores for the ALI, ALN and SLI children. The observed and
predicted scores within each group were subsequently compared using a paired samples
t-test. A significant difference between the observed and predicted scores would
indicate that the clinical group performed differently than expected based on their
chronological age, sex and nonverbal ability.

7

This data analytic approach is used to control for extraneous factors such as age, gender and nonverbal
ability that may potentially affect experimental performance. As the groups were selected to differ
systematically on language ability and ASD traits, it is the influence of these factors that were under
investigation. Therefore predictors tapping language ability or ASD traits were not introduced to the
regression model.
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Results
Nonword and Sentence Repetition Tasks
Data were missing for one ALN child on both the NWRep and SNRep tasks8.
Total and error scores on the NWRep and SNRep tasks were inspected for univariate
outliers (scores falling more than 3SD from the group mean), but none were identified.
Descriptive statistics for the observed and predicted scores and also the t-test outcomes
for the NWRep and SNRep tasks are presented in Tables 2 and 3 respectively. The ALI
and SLI groups performed significantly worse than predicted in terms of scaled score
and number of errors on the NWRep task (see Table 2).

Table 2
Observed and predicted scaled scores for the TD, ALN, ALI and SLI groups on the
NWRep Task
TD (N = 61)

ALN (N = 17)

ALI (N = 14)

SLI (N = 19)

M

8.00

7.12

5.43

4.21

SD

2.43

3.14

2.17

2.80

Predicted M

7.96

7.84

7.84

7.71

t-value

-

-.95

-3.93

-5.37

p

-

.36

.002

<.001

Cohen‟s d

-

.32

1.55

1.75

M

19.44

21.00

27.79

25.26

SD

6.96

7.67

4.56

7.71

Predicted M

19.49

19.87

19.75

20.42

t-value

-

.608

6.28

2.49

p

-

.55

<.001

.023

Cohen‟s d

-

.21

2.32

.87

Observed Correct

Observed Errors

8

There were no group differences in chronological age, or nonverbal ability after this participant was
removed from the analysis, all p's > .1.
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The SLI group also performed significantly worse than predicted on the raw
SNRep score, and there was a trend for the ALI group to perform worse than predicted
on this task (see Table 3). There were no differences between observed and predicted
scores for the ALN group for any of these measures. Further, there were no differences
between observed and predicted errors on the SNRep task for any of the clinical groups.
Overall, the ALI and SLI groups showed impaired NWRep performance in terms of
scaled scores and number of errors. The performance of these groups was distinct from
that observed in the ALN and TD groups.

Table 3
Observed and predicted raw scores for the TD, ALN, ALI and SLI groups on the
SNRep Task
TD (N = 61)

ALN (N = 17)

ALI (N = 14)

SLI (N = 19)

M

20.57

19.88

16.36

9.88

SD

4.43

4.65

5.50

5.09

Predicted M

20.55

21.58

18.25

17.53

t-value

-

-1.61

-1.86

-7.90

P

-

.13

.085

<.001

Cohen‟s d

-

.40

.42

2.04

M

29.10

32.71

33.29

30.35

SD

12.22

15.80

10.92

10.30

Predicted M

29.13

26.68

33.19

34.46

t-value

-

1.73

.029

-1.45

P

-

.10

.98

.17

Cohen‟s d

-

.50

.01

.51

Observed Correct

Observed Errors
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Children’s Embedded Figures Test
CEFT data were missing for one ALN child, one ALI child and two children
with SLI9. Scores on the CEFT were inspected for univariate outliers (scores falling
more than 3SD from the group mean). The total correct scores for one ALN and one
ALI participant were more than 3SD below the respective group mean and were
subsequently removed from the analysis10. Descriptive statistics for the observed and
predicted scores and also the t-test outcomes for all indices of performance on the CEFT
are presented in Table 4.
Significant differences between observed and predicted scores for RT, total
number of trials correct and number of errors emerged for only the SLI group (see Table
4). For RT and number of errors, the observed scores were significantly higher than the
predicted scores. Conversely, the observed number correct for the SLI group was
significantly lower than predicted. There were no significant differences between the
actual and predicted scores for either the RT or the number correct variable for each of
the ALN and ALI groups. Unexpectedly, there was a significant difference between the
observed and predicted number of errors for the ALN group, with actual errors being
higher than predicted. Therefore, while the ASD children did not show enhanced
performance on the CEFT relative to the TD children on any of the measures, the SLI
children exhibited a pattern of performance that was distinct from the ALN and ALI
groups and worse than the TD children on both indices of CEFT performance.

9

While there was no significant difference in WASI-Matrix Reasoning scores after these participants
were excluded from the analysis, F(3, 106) = 2.70, p = .85, a group difference in chronological age was
apparent, F(3, 106) = 6.47, p < .001. However, as chronological age was controlled in the data analysis, it
was not essential to match the four groups on this variable.
10
Though outcomes of the t-tests that compared the observed and predicted scores were unchanged when
these scores were retained.
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Table 4
Observed and predicted scores for RT, number of trials correct and number of errors on
the Children‟s Embedded Figures Test.
TD (N = 61)

ALN (N = 16)

ALI (N = 12)

SLI (N = 17)

M

12.74

10.80

15.19

18.18

SD

4.80

3.98

5.95

5.46

Predicted M

12.71

10.90

13.18

13.89

t-value

-

.123

-1.67

4.48

p

-

.90

.12

<.001

Cohen‟s d

-

.03

.88

1.00

M

23.49

23.63

22.77

21.82

SD

1.35

2.42

2.62

2.32

Predicted M

23.46

23.80

23.69

23.49

t-value

-

.29

1.52

-3.46

p

-

.77

.16

.003

Cohen‟s d

-

.09

1.42

1.47

M

7.66

10.25

10.92

16.82

SD

7.57

7.90

11.60

12.32

Predicted M

7.69

5.88

9.63

10.15

t-value

-

-2.69

-.44

2.53

p

-

.017

.67

.02

Cohen‟s d

-

.70

.50

.50

Observed RT

Observed Correct

Observed Errors
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Discussion
Findings that a subgroup of children with ASD has a linguistic profile
reminiscent of SLI have fuelled interest into possible etiological overlap between the
two disorders (Kjelgaard & Tager-Flusberg, 2001). Few studies have explored cognitive
overlap in ASD and SLI, yet research of this nature would make a valuable contribution
to the etiological overlap debate. Results of the present study confirmed previous
findings that children with ALI and those with SLI have similarly poor performance on
the NWRep task. However, a novel finding was that, relative to the performance of the
TD group, the children with SLI were slower and less accurate to find hidden shapes in
the CEFT. In contrast, the ALI children completed the CEFT at levels consistent with
TD group performance. This is the first study to report specific differences in the
cognitive profiles of ASD and SLI.
Evidence supporting NWRep deficits in ALI is compelling and results of this
study are consistent with several previous studies in the area (Kjelgaard & TagerFlusberg, 2001; Riches et al., 2011; Whitehouse et al., 2008; Williams et al., 2013). In
more recent studies that have compared individuals with ALI and those with SLI on
NWRep tasks, results consistently show differences in the error patterns between these
two groups. As a consequence of the stopping rule of the NEPSY-II NWRep and
SNRep tasks, we were unable to directly compare the error patterns in the ALI and SLI
children. However, previous studies have found that when compared to individuals with
ALI, those with SLI make more errors on long (four syllable) relative to short (two
syllable) nonwords (Riches et al., 2011; Whitehouse et al., 2008) and are more likely to
change the syntactic structure of the sentences (Riches et al., 2010). These findings may
indicate that individuals with SLI have greater phonological short term memory
limitations and more syntactic difficulties than individuals with ALI, which in turn may
suggest that the structural language impairment in ALI and in SLI may have distinct
cognitive or linguistic underpinnings.
The poor performance of the children with SLI on the CEFT was a unique
finding. While the ASD children in our sample did not show enhanced performance on
the CEFT, which would be expected based on the weak central coherence account
(Frith, 1989; Frith & Happé, 1994; Shah & Frith, 1983, 1993), the results did reveal a
point of distinction in the cognitive profiles of ASD and SLI. There is inconsistency in
the results from studies of CEFT performance in ASD, with some finding superior
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performance relative to TD controls (Edgin & Pennington, 2005; Jarrold et al., 2005;
Jolliffe & Baron-Cohen, 1997; Morgan et al., 2003; Pellicano et al., 2006, Shah & Frith,
1983), and others finding no performance difference (Brian & Bryson, 1996; Ozonoff et
al., 1991). The results of the current investigation are consistent with the latter studies.
In explaining the non-superior EFT performance of individuals with ASD, Brian and
Bryson (1996) proposed that superior EFT performance, when observed, could reflect
„intact‟ disembedding in individuals with otherwise low nonverbal ability. In support of
Brian and Bryson‟s (1996) claim, the ASD children in our study had average, if not
slightly above average nonverbal ability. In addition, we controlled for nonverbal ability
inasmuch as we used WASI-Matrix Reasoning scores to derive predicted scores for the
clinical groups, which may explain the lack of difference between observed and
predicted scores in ASD. However, recent evidence from studies of individuals in the
general population who have high levels of autistic-like traits (measured using the
Autism Spectrum Quotient [AQ]; Baron-Cohen, Wheelwright, Skinner, Martin, &
Clubley, 2001) is discordant with Brian and Bryson‟s (1996) claim. For example,
several studies (Almeida, Dickinson, Maybery, Badcock, & Badcock, 2010a, 2010b;
Grinter et al., 2009a, 2009b, Russell-Smith, Maybery, & Bayliss, 2010) have found
superior EFT performance in individuals with high AQ scores, compared to those with
low AQ scores, despite the two groups being matched on their relatively high levels of
nonverbal ability. Importantly, it is possible that the complexity of the EFT has
influenced the inconsistent research findings. Studies that have implemented simpler
search tasks have found that scores on the simpler task are correlated more strongly with
AQ scores than scores on the EFT (Almeida, Dickinson, Maybery, Badcock, &
Badcock, 2013). Therefore, administering simpler disembedding tasks to individuals
with ASD may yield more consistent findings.
Finding that children with SLI had poor performance on the CEFT is consistent
with results reported by Akshoomoff et al. (2007), who found that children with SLI
performed worse than TD children on a Hierarchical Figures Task. The poor CEFT
performance in children with SLI could be indicative of a broader difficulty in
visuospatial processing, despite having normal nonverbal ability (Hick, Botting, &
Conti-Ramsden, 2005; Kamhi, Catts, Mauer, Apel, & Gentry, 1988). Evidence
regarding visuospatial skills in SLI is mixed. On the one hand, Marton (2008) reported
selective deficits for children with SLI on tests of visuospatial ability, including space
visualisation, position in space and design copying. On the other, several studies have
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found that children with SLI have visuospatial skills that are comparable to their
chronological age-matched peers (Archibald & Gathercole, 2006; Henry, Messer, &
Nash, 2012). A further explanation for the slow latency to find the hidden shapes in the
CEFT for children with SLI could be that these children have a generally slowed
processing rate. Certainly, studies that have explored information processing limitations
in children with SLI have found that, relative to chronological and nonverbal-age
matched TD children, children with SLI have slower RTs on non-linguistic tasks
including mental rotation and simple visual search tasks (Johnston & Ellis Weismer,
1983; Miller, Kail, Leonard, & Tomblin, 2001; Windsor & Hwang, 1999). The
alternative explanations advanced by Akshoomoff et al. (2007), such as children with
SLI having planning or attention difficulties, could also apply to our results. Results
reported by Marton (2008) provide support for a possible link between poor attention
and visuospatial difficulties in SLI, as those with „poor attention‟ performed worse than
those with „good attention‟ on visuospatial tasks. Regardless of the explanation for poor
CEFT performance in SLI, the profile is distinct to that observed in the ASD children.
Overall, finding that children with SLI and those with ALI share NWRep and
SNRep difficulties suggests that there are some similarities in the cognitive deficits
associated with language impairment in the two groups. While it is possible that the
poor NWRep and SNRep in ALI and SLI result from different cognitive or linguistic
underpinnings, the poor performance of the SLI group on the CEFT was not observed in
children with ALI. These findings suggest that there may be a unique aspect of the SLI
cognitive phenotype that is associated with either poor visuospatial skills, slowed
information processing, difficulty inhibiting gestalts, or limited planning or attentional
control. Further, these findings are consistent with previous studies that have reported
cognitive deficits in children with SLI who have normal nonverbal ability (Hick et al.,
2005). The extent to which these deficits contribute to the language impairment in SLI
is unclear, though Ellis Weismer and Evans (2002) proposed that the language
impairment could be secondary to information processing limitations. Children with SLI
have broad processing limitations, which affect verbal abilities, such as phonological
short term memory and subsequent language development. These processing limitations
may also lead to the observed visuospatial deficits. Therefore, cognitive deficits, such as
a processing limitation, may underlie the language impairment in SLI but not ALI,
which points to distinct mechanisms operating in these two conditions. Alternatively,
the language difficulties experienced by children with SLI may restrict the skill base
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and hence the strategies that these children are able to use when completing visuospatial
tasks (Hick et al., 2005). A further possibility is that the observed visuospatial deficit in
SLI is associated with, but does not directly influence the structural language
impairment of this population, just as „weak‟ central coherence in ASD is an associated
feature of ASD, but does not necessarily affect the core diagnostic features of the
condition. Nonetheless, it would be useful to investigate the underlying bases of the
visuospatial impairments in SLI and whether they are independent of, or form part of
the cognitive processes that contribute to the language impairment in these individuals.
These results can be considered in light of the debate around shared etiology in
ASD and SLI. While there is accumulating evidence supporting etiological overlap
between ASD and SLI, findings of discrepant cognitive profiles lend further support to
the claim that overlap between ASD and SLI may be superficial (e.g., Williams et al.,
2008). Nonetheless, a subgroup of individuals with ASD has a language impairment
that resembles SLI, which requires consideration. Whitehouse et al. (2008) proposed
that each aspect of the ASD triad is associated with a distinct genetic influence, which
may disrupt processing in distinct neurological regions. Some children may inherit only
one aspect of the cognitive or linguistic phenotype of ASD, others the full constellation
of ASD traits. Still others may inherit the full constellation of ASD characteristics,
which may affect subsequent language development and result in the „double hit‟ of
ASD and comorbid SLI. The observed linguistic difficulties in ALI and SLI may arise
through a shared phonological short term memory deficit, but it is equally possible that
the observed NWRep deficit in ALI arises as a consequence of the broader
developmental difficulties experienced by this population. Nonetheless, while the causal
mechanisms in ASD and SLI are subject to considerable debate, evidence is mounting
to suggest that distinct etiological pathways may underlie the language impairment in
each condition.

Concluding Remarks
Strengths of the current study include the data analytic procedure, which
allowed us to control for background variables such as nonverbal intelligence, and
subsequently overcome problems associated with matching in studies of ASD and SLI.
However, it is also important to acknowledge some methodological limitations. It may
have been useful to include a standardized measure of expressive language, which
would have allowed us to examine any potential differential contributions of expressive
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and receptive language to performance on the CEFT task. In addition, we did not
measure articulation or oromotor skill in the ASD and SLI children. Therefore, the
NWRep deficits could be explained by oromotor deficits in the ALI or SLI children,
rather than a cognitive deficit. However, in a recent comparison of NWRep performance
in ASD and SLI, Williams et al. (2013) included only SLI children with no articulation
impairment and still found poor NWRep in these children. Therefore, the NWRep
deficit in SLI may not solely be explained by concurrent articulation difficulties.
Further, while investigations of the error patterns in ALI and SLI provide an important
contribution to the debate about cognitive overlap, we were unable to conduct such
analyses as a consequence of the stopping rule for the versions of the NWRep and
SNRep tasks we administered.
Finding that ASD and SLI have distinct cognitive phenotypes provides insight
into possible distinct etiological underpinnings. Future research should continue to
attempt to elucidate the specific cognitive and linguistic contributions to poor NWRep
and SNRep in ALI and SLI to further inform the debate on etiological overlap in these
conditions. In addition, considering the influence of attention, processing speed and
visuospatial ability in explorations of CEFT performance in SLI is likely to enhance
our understanding of the cognitive profile of this condition, which in turn will further
our knowledge of cognitive links between ASD and SLI. Understanding these links is
likely to clarify the boundaries between the conditions and contribute to improved
diagnostic and intervention practices.
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CHAPTER FOUR
Evidence for Shared Deficits in Identifying Emotions from Faces and
from Voices in Autism Spectrum Disorders and Specific Language
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Abstract
This study investigated facial and vocal emotion recognition in children with Autism
Spectrum Disorder (ASD), children with Specific Language Impairment (SLI) and
typically developing (TD) children. The ASD group was subdivided into those with
„normal‟ (ALN) and those with „impaired‟ (ALI) language, to explore the extent to
which language ability influenced performance on the emotion recognition task. The
results showed that all clinical groups were less accurate than the TD children when
identifying emotions on the face and in the voice. While the ALN children were less
accurate than the TD children only when identifying complex (surprise, disgust)
emotional expressions, the ALI and the SLI children were less accurate than the TD
children when identifying simple (happy, sad, scared, angry) as well as complex
emotions. The results indicate that children with ALI and children with SLI share
emotion recognition deficits, which are likely to be driven by the poor language abilities
of these two groups.

Keywords: Autism spectrum disorder; specific language impairment; emotion
recognition; voices and faces; cognitive phenotype; shared etiology
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Introduction
The language phenotype of Autism Spectrum Disorder (ASD) is highly
heterogeneous. While pragmatic impairments are a pervasive feature of ASD, the
structural language abilities of this population are more variable. The primacy of the
pragmatic difficulties in the ASD population has led to the condition being held distinct
from other developmental language disorders, such as specific language impairment
(SLI). Children with SLI typically have delayed language development in the absence
of any identifiable sensory difficulty, intellectual impairment, or neurological cause.
SLI is characterized by impaired structural language (i.e., phonology, morphology and
syntax), which contrasts with the pragmatic impairment and broader developmental
difficulties that define ASD. On the basis of these differences, ASD and SLI have
traditionally been conceptualized as distinct disorders with different etiologies.
However, accumulating evidence suggests that the boundaries between ASD and
SLI are not clear-cut. For example, findings that a substantial number of children with
ASD have structural language difficulties that resemble SLI (Kjelgaard & TagerFlusberg, 2001; Lewis, Murdoch, & Woodyatt, 2007; Rapin, Dunn, Allen, Stevens, &
Fein, 2009) have led to claims that ASD and SLI have a shared etiology (Kjelgaard &
Tager-Flusberg, 2001). In contrast, others argue that similarities in the language
phenotypes of ASD and SLI are superficial and do not reflect substantial etiological
overlap (Whitehouse, Barry, & Bishop, 2007, 2008; Williams, Botting, & Boucher,
2008; Williams, Payne, & Marshall, 2013).
There is considerable empirical support for shared etiology in ASD and SLI. In
one influential study, Kjelgaard and Tager-Flusberg (2001) divided children with ASD
into „language normal‟ (ALN) and „language impaired‟ (ALI) subgroups and found that
the ALI group performed poorly on language tests including a test of nonword
repetition, a purported psycholinguistic marker for SLI (Bishop, North, & Donlan,
1996; Botting & Conti-Ramsden, 2003). In addition, some children with SLI have
behavioral characteristics reminiscent of ASD in childhood (Leyfer, Tager-Flusberg,
Dowd, Tomblin, & Folstein, 2008), as well as in adolescence and adulthood (Howlin,
Mawhood, & Rutter, 2000; Mawhood, Howlin, & Rutter, 2000. Genetic studies have
revealed areas of overlap, particularly at a locus on CNTNAP2, which has been
implicated in language delay in both ASD and SLI (e.g., Alarcón et al., 2008; Bradford
et al., 2001; O'Brien, Zhang, Nishimura, Tomblin, & Murray, 2003; Vernes et al.,
2008). Some neurological studies have also found similarities between ASD and SLI,
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specifically with regard to enlarged cortical volumes, atypical lateralization and
reversed volumetric asymmetry in both conditions (e.g., De Fossé et al., 2004; Herbert,
Ziegler, Deutsch et al., 2005; Kleinhans, Müller, Cohen, & Courchesne, 2008; Knaus et
al., 2010; Redcay & Courchesne, 2008; Shafer, Schwartz, Morr, Kessler, & Kurtzberg,
2000).
There is also empirical support for the position that similarities in the ASD and
SLI phenotypes represent only superficial overlap. For instance, several recent studies
have found that while children with ASD and those with SLI perform poorly on
nonword and sentence repetition tasks, there are differences in the error patterns (Riches
et al., 2010, 2011; Whitehouse, Barry, & Bishop, 2008; Williams, Payne, & Marshall,
2013). The contrasting profile of errors observed for the two conditions may indicate
that poor nonword repetition results from distinct causes (Williams et al., 2013). Direct
comparisons of the neurological characteristics of ASD and SLI have also found
opposing patterns of lateralization (Whitehouse & Bishop, 2008) and brain morphology
(Verhoeven et al., 2012) in these conditions. These findings may suggest that the
language deficit in each condition has a distinct neurological underpinning and are
inconsistent with claims of substantial shared etiology.

Emotion Recognition in ASD and SLI
While a large number of studies have explored overlap in the language
phenotypes of ASD and SLI, relatively less research has focused on overlap in the
cognitive domain (see Taylor, Maybery & Whitehouse, 2012, for a review). One aspect
of cognition that has received considerable attention in ASD is theory of mind, which
may be associated with difficulties in understanding the emotional states of others.
While it is commonly accepted that individuals with ASD have emotion recognition
deficits, empirical studies have yielded conflicting findings (see Harms, Martin, &
Wallace, 2010; Nuske, Vivanti, & Dissanayake, 2013; Uljarevic & Hamilton, 2013 for
recent reviews of the literature). For example, Nuske et al. (2013) highlighted the
considerable variability in emotion recognition deficits reported in the literature, noting
that impairment appears to be present in between 5% and 70% of the ASD population.
However, accumulated across studies, Uljarevic and Hamilton (2013) showed strong
evidence of impaired emotion recognition for ASD relative to TD samples (mean effect
size of .80 across studies). Therefore, while emotion recognition deficits may not be a
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universal feature of the ASD phenotype, these difficulties are present in a substantial
proportion of individuals with ASD.
Importantly, each of these three reviews argues that the extent of the deficit in
ASD varies with aspects of the emotion recognition tasks. For example, the results of
some studies indicate that individuals with ASD are able to identify emotions from
photographs of the whole face (Baron-Cohen, Jolliffe, Mortimore, & Robertson, 1997a;
Baron-Cohen, Wheelwright, & Jolliffe, 1997b; Capps, Yirmiya, & Sigman, 1992;
Castelli, 2005; Prior, Dahlstrom, & Squires, 1990; Tracy, Robins, Schriber, & Solomon,
2011), but have difficulty when required to identify emotions expressed with the voice
(Hobson, Ousten, & Lee, 1988, 1989; Golan, Baron-Cohen, & Hill, 2006; Golan,
Baron-Cohen, Hill, & Rutherford, 2007; Kleinman, Marciano, & Ault, 2001; Law
Smith, Montagne, Perrett, Gill, & Gallagher, 2010; Rutherford, Baron-Cohen, &
Wheelwright, 2002). Interestingly, in a study of adults with ASD, Golan et al. (2006)
found that while participants in the control group showed equivalent emotion
recognition for faces and voices, the males (but not the females) with ASD had
significantly lower scores when identifying emotions from the voice relative to the face.
These findings suggest that individuals with ASD may have greater difficulty
recognizing emotions that are conveyed in the voice, compared to emotions expressed
on the face.
In addition, several authors have proposed that emotion recognition deficits in
ASD may be specific to particular emotional expressions. Ozonoff et al. (1991) found
that the children with ASD made significantly more errors than control participants
when matching (i.e., selecting a photograph that showed the same feeling as a target
facial expression) both complex (surprise, shame, disgust, contempt, interest) and
simple (happy, sad, scared, angry) emotions. However, more recent studies of children
and adults with ASD have consistently reported that, compared to recognizing simple
emotional expressions, these individuals have difficulty identifying complex emotions
from the whole face (Heerey, Keltner, & Capps, 2003), from only the eyes (BaronCohen et al., 1997b), and from the voice (Golan et al., 2006, 2007; Rutherford et al.,
2002). In addition, following extensive reviews of the literature, Harms et al. (2010) and
Nuske et al. (2013) concluded that relative to TD individuals, those with ASD have
more difficulty identifying complex compared to simple emotions.
The disparity evident in the literature regarding emotion recognition in ASD
could be explained by the task demands. For example, several studies have shown that
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individuals with ASD perform more accurately on emotion-matching (Davies, Bishop,
Manstead, & Tantam, 1994; Piggott et al., 2004; Rump, Giovannelli, Minshew, &
Strauss, 2009) relative to emotion-labelling (Rutherford & Towns, 2008; Piggott et al.,
2004) tasks. Tasks that require a verbal response (i.e., emotion-labelling) place a higher
load on the participants‟ language ability as they may be required to spontaneously
generate an emotion label. However, despite the evidence indicating that emotionmatching and emotion-labelling tasks may differentially involve verbal ability,
Uljarevic and Hamilton (2013) found that the deficits shown by ASD samples relative
to TD samples were similar in magnitude for these two types of tasks. Nonetheless,
several studies have found that verbal ability is closely related to emotion processing in
individuals with ASD (e.g., Harms et al., 2010; Hobson, 1986; Prior et al., 1990), thus
the extent to which language ability influences emotion recognition in ASD remains an
important area of investigation.
While many studies have used accuracy to assess emotion recognition
performance for individuals with ASD, few studies have explored whether individuals
with ASD make slower responses to affective stimuli, relative to TD participants
(Uljarevic & Hamilton, 2013). However, as individuals with ASD appear to perform
worse than TD individuals when affective stimuli are presented for only a short duration
(e.g., Clark, Winkielman, & McIntosh, 2008; Rump et al., 2009), it is likely that it takes
longer for individuals with ASD to identify emotional expressions. Indeed, several
studies using stimuli that morph from a neutral face to an emotionally expressive face
have found longer reaction times (RT) for individuals with ASD relative to TD
individuals (Bal et al., 2010, Homer & Rutherford, 2008). Therefore, the latency to
identify affective information may provide a more sensitive measure of emotion
processing for individuals with ASD than accuracy alone.
Considerably less research has concentrated on the emotion recognition abilities
of individuals with SLI, despite evidence indicating that these children have difficulties
with some aspects of social cognition. Several studies have found that children with SLI
can accurately identify simple emotions (happy, sad and angry) from faces (Trauner,
Ballantyne, Chase, & Tallal, 1993), but perform worse than TD children when
identifying simple emotional expressions in voices (Boucher, Lewis, & Collis, 2000;
Creusere, Alt, & Plante, 2004; Fujiki, Spackman, Brinton, & Illig, 2008; Trauner et al.,
1993). Botting and Conti-Ramsden (2008) found that adolescents with SLI performed
significantly worse than their chronological age-matched peers when required to
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identify emotions depicted in photographs of only the eye region, arguably a more
difficult measure of affective understanding than identifying emotions from the whole
face. Investigations of emotion recognition in SLI are scarce. Studies that examine the
performance of children with SLI on visual and auditory emotion recognition tasks, as
well as the children‟s ability to identify simple and complex emotional expressions, are
required to establish the profile of emotion recognition abilities for these children.
The only previous study that has directly compared emotion recognition in ASD
and SLI was conducted by Boucher et al. (2000). In this study, children with ASD were
compared to children with SLI on a test of vocal-facial affect matching. The children
heard audio recordings of neutral phrases conveyed in one of six emotion tones (happy,
sad, scared, angry, surprised, or disgusted) and were required to label the emotion that
they heard and select a photograph that conveyed the same emotion. Children with SLI
performed significantly worse than the ASD and the TD children on both the naming
and matching components of the task. Given the relative lack of research of this nature,
it is not yet clear if the ASD and SLI groups share deficits in emotion recognition.
Substantial research has investigated emotion processing in ASD, with the
results of a recent meta-analysis indicating that poor emotion recognition is a key
cognitive component of ASD. Emotion recognition has been relatively less explored in
SLI, though the available evidence indicates that individuals with SLI have difficulty
identifying emotional expressions in the voice.

The Present Study
Despite the large body of evidence that has been devoted to exploring linguistic
overlap in ASD and SLI, few studies have examined socio-cognitive overlap,
particularly in terms of emotion recognition. Yet these studies will make an important
contribution to the debate regarding etiological overlap between ASD and SLI.
Therefore, the focus of the present study was on comparing the performance of children
with ASD and children with SLI on visual and auditory tests of emotion recognition. If
there is cognitive overlap between ASD and SLI, then we would expect both groups of
children to perform poorly on tasks where they are required to identify emotional
expressions from faces and voices. Alternatively, if ASD and SLI have distinct
cognitive profiles, then we might expect the ASD group to show a general emotion
recognition deficit, and the SLI group to have a deficit restricted to the auditory
modality.
169

Chapter 4: SLI, autism and emotion recognition
Several authors have found that verbal ability is closely related to emotion
recognition for individuals with ASD (e.g., Harms et al., 2010; Hobson, 1986; Prior et
al., 1990). Therefore, a secondary aim of this study was to systematically investigate the
extent to which emotion processing deficits in ASD derive partly from poor language.
To address this aim, we divided the ASD group into two groups: the first group (ALN)
had „normal‟ language and the second (ALI) had „impaired‟ language. The language
impairment in the ALI group was defined by the same criteria used to identify children
with SLI. If emotion recognition deficits are a core feature of ASD, then we would
expect the ALN and ALI groups to show similar patterns of impairment in visual and
auditory emotion recognition. Alternatively, if the emotion recognition deficits in ASD
are driven by poor language, then we would expect the ALI group to perform
significantly worse than the ALN group on both modalities of the emotion recognition
task.

Method
Participants
Three groups of participants were recruited. All participant groups had English
as a first language. Nineteen children with SLI (aged 63-145 months) were recruited
from speech pathologists and specialist language schools. These schools cater for
children with severe childhood language disorders deemed to require curriculum
modification beyond that which could be provided in a mainstream school. We
administered a series of psychometric tests to confirm the SLI diagnoses. The criteria
used to define SLI for this study included: (1) nonverbal intelligence (assessed with the
Wechsler Abbreviated Scale of Intelligence) within 1 SD of the normative mean; (2)
TROG-2 score at least 1 SD below the normative mean or TROG-2 score at least 1 SD
below the nonverbal ability score; and (3) no reported hearing loss11.
A group of 32 children with an ASD (aged 71-152 months) was also recruited.
Each child had previously been diagnosed with an ASD according to DSM-IV criteria
and we sought to confirm these diagnoses using the Autism Diagnostic Observation
Schedule-Generic (ADOS-G; Lord et al., 2000). Fourteen of the ASD group met

11

CCC-2 questionnaires were returned for 15 ALN, 10 ALI and 10 SLI children. Consistent with
Whitehouse et al. (2008), each of these children had GCC scores below the 10th percentile. While the
return rates were not high enough to warrant extensive use of the CCC-2 results, where available, the
scores confirm the composition of the ALN, ALI and SLI groups.
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ADOS-G criteria for autism and a further 13 met ADOS-G criteria for autism spectrum
disorder12. Consistent with Whitehouse et al. (2007), we further subdivided the ASD
group into language-normal (ALN; n = 18) and language-impaired (ALI; n = 14)
subgroups based on the criteria used to define language impairment in the SLI group
(described above).
The final group comprised 66 typically developing children (TD; aged 60-145
months) recruited from mainstream primary schools. Parents completed the Children‟s
Communication Checklist-2 (CCC-2; Bishop, 2003a) and the Autism Spectrum
Quotient-Child (AQ-C; Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008) to
screen for communication difficulties and the broader autism phenotype. Two children
were excluded as they scored above 76 on the AQ-C, which a previous study has
identified as a cut-off score for clinical diagnoses of ASD (Auyeung et al., 2008). A
further three children were excluded, two because they had low Global Communication
Composite scores on the CCC-2 and one because English was the second language.
Sixty-one TD children comprised the final sample. Table 1 presents participant
characteristics.
Results of a one-way ANOVA indicated that there was no significant difference
in WASI-Matrix Reasoning scores, F(3, 100) = .042, p = .988, between the four groups.
The groups differed significantly in chronological age, F(3, 112) = .78, p = .51. The
ALN group was significantly older than the SLI group, t(33) = 3.65, p = .001, and the
ALI group t(27) = 2.42, p < .05. The TD group was also significantly older than the
SLI, t(70) = 3.35, p = .001, and the ALI, t(64) = 2.04, p < .05, groups13. There was a
significant difference in TROG-2 standard scores between the ALN group and the two
language impaired groups (ALI and SLI) combined, F(1, 50) = 20.61, p < .001.
However, the ALI and SLI groups did not differ significantly in TROG-2 scores, F(1,
33) = 1.26, p = .46. For the ADOS-G scores, the SLI group showed significantly less
symptoms than the ALN and ALI groups combined for both the Communication, F(1,
45) = 21.22, p < .001, and Reciprocal Social Interaction, F(1, 45) = 46.38, p < .001,
12

Five of the ASD children did not meet autism spectrum cut-offs on the ADOS-G. For two of these
children, the communication and social interaction total score was only one point below the ADOS-G
„autism spectrum‟ cut-off. All children in this study had previously received a consensus
multidisciplinary clinical diagnosis, involving a paediatrician, speech pathologist and clinical
psychologist. Clinical judgment remains the „gold-standard‟ for diagnosis of ASD (Lord et al., 2012),
with ADOS-G often used as a confirmatory measure. Therefore, all of these children were included in the
study.
13
The method that we used in our data analysis was an alternative to matching. Therefore, we included
children who varied in age (from 5-12 years) and the groups were not matched on age, nonverbal ability
or verbal ability. It was not essential to match the groups on these variables as age, sex and nonverbal
ability were controlled in the data analysis.
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subscales. There was no significant difference between the ALN and ALI groups in
terms of Communication, F(1, 31) = .42, p = .52, or Reciprocal Social Interaction, F(1,
31) = .10, p = .76, scores on the ADOS-G.

Table 1.
Gender breakdown, and descriptive statistics for chronological age, and nonverbal
intelligence for the four groups, and for TROG-2 and ADOS-G Communication and
Reciprocal Social Interaction (Social) scores for the ASD, SLI and TD groups.
TD (N = 54)

ALN (N = 17)

ALI (N = 12)

SLI (N = 18)

26:28

12:5

10:2

15:3

Male: Female

Chronological Age (months)
M

107.31

116.00

92.75

88.17

SD

23.01

26.97

23.01

16.58

Range

67-148

65-152

67-148

60-116

M

10.33

10.41

10.58

10.22

SD

3.02

2.94

2.54

2.29

M

-

91.72

75.71

72.42

SD

-

15.33

14.42

10.78

M

-

3.29

3.82

1.39

SD

-

1.53

1.60

1.46

M

-

6.47

7.82

2.50

SD

-

2.53

2.48

1.43

WASI Matrix Reasoning

TROG-2

ADOS-G Communication

ADOS-G Social

Psychometric Battery
Nonverbal reasoning was assessed using the Matrix Reasoning task from the
Wechsler Abbreviated Scale of Intelligence (WASI-Matrix Reasoning; Wechsler &
Chen, 1999). Receptive grammatical understanding was assessed using the Test for
Reception of Grammar-2 (TROG-2; Bishop, 2003b). We derived scaled scores for each
child on each of these tasks. Scaled scores for the WASI-Matrix Reasoning are based
around a mean of 10 and SD of 3 and for the TROG, a mean of 85 and SD of 15.
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Emotion Recognition Tasks
The children completed visual and auditory versions of an emotion recognition
task, the stimuli of which have been used in a prior study of emotion recognition in
parents of children with ASD. Stimuli for the visual version of the task were
photographs of people depicting one of six emotions (happy, sad, scared, angry,
surprised, or disgusted) on their face. The photographs were originally constructed from
movie files featured on Baron-Cohen‟s (2002) Mind Reading DVD, which was
developed to teach emotions to children and adults with ASD. All photographs were
300 x 400 pixels and showed only the head and shoulders. The set of photographs
included people spanning childhood and adulthood, and both males and females.
For the auditory version of the task, stimuli were digital audio files of
individuals with Australian accents saying the sentence “Oh, I‟m going out of the room
now, but I‟ll be back later” in a vocal expression that conveyed one of six emotions
(happy, sad, scared, angry, surprised, or disgusted). This sentence was chosen as it was
rated as containing neutral content in a previous study (Maitland, 1977). The sentences
were spoken by actors who spanned a wide range of ages and both sexes.
The children completed 24 visual and 24 auditory test trials, with the order of
the two blocks of trials counterbalanced across the participants in each group. The 24
test items in each block comprised four trials (two male and two female) for each of the
six emotions. Each trial had four response options, in the form of cartoon faces, which
included the target emotion and three foils. The target and foils were presented in
random order along the bottom of the screen for each trial. Foil words for each item
were selected to try to ensure the six emotions were matched for difficulty.
The two blocks of visual and auditory emotion recognition trials were presented
on an 18” NEC Multisync touch screen monitor and the children were able to touch the
screen to make their responses. For each variant of the task, pre-recorded instructions
were presented through the speakers on the computer. The participants were informed
that they would see/hear a person expressing a feeling on their face/in their voice. The
children were instructed to touch the cartoon face that matched the feeling they could
see/hear. Each visual trial started with the word “ready,” presented through the
speakers, followed by the presentation of the stimulus in the centre of the display.
Similarly, for each auditory trial, the word “ready,” appeared in the centre of the screen
prior to the presentation of the stimulus through the speakers. Response options were
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presented concurrently with each stimulus and remained on the screen until the child
had selected his or her answer. Indices of performance were accuracy (percentage of
responses correct) and mean latency to respond (for the correct responses only).
Prior to completing the two blocks of test trials, the children completed six
practice trials to determine their understanding of each of the emotions and to introduce
the response options. For each practice trial, the children saw four of the cartoon faces
that were used as response options on the test trials. The children were required to touch
the face that corresponded to the emotion word spoken by the assessor. The children
were given feedback (correct or incorrect) following each practice trial. If the children
did not respond correctly to at least four of the six practice trials, the trials were
repeated.

Procedure
Ethical approval for this study was obtained from the University of Western
Australia Human Research Ethics Committee and the Western Australian Department of
Education. Informed written consent was obtained from the parents for all children
taking part in the study, and the children themselves provided either written or verbal
informed consent prior to testing. Children for the TD group were recruited from
government schools in the Perth metropolitan region. ASD children were recruited from
the Western Australian Autism Biological Registry, an ongoing study of children with
ASD and their families taking place at the Telethon Institute for Child Health Research
in Perth, Western Australia. Children in the SLI group were recruited through
advertisements placed in newsletters for the specialist language schools and through
speech pathologists who distributed information packages to their clients.
Each child in the ASD and SLI groups participated in two testing sessions in
which they completed the WASI-Matrix Reasoning, TROG-2, ADOS-G, visual and
auditory emotion recognition tasks, and additional tasks unrelated to those reported in
this paper. Each assessment session lasted approximately one hour and the two sessions
were conducted 1-2 weeks apart. The TD children participated in one testing session,
which occurred at their school and lasted for approximately one hour. Children were
given a small reward (stationery item) for participating in the project.
Statistical Analyses
Several authors (e.g., Jarrold & Brock, 2004; Shaked & Yirmiya, 2004) have
criticized the use of chronological-age matching in studies of children with
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developmental delays. In particular, if a comparison group is selected to match an
atypical (usually lower-than-average) profile, then the resulting TD group may be wellmatched to the clinical group on the control measure, but there may be a “rebound” in
performance for the TD group on subsequent experimental measures. Therefore, when
assessed on the experimental tasks, the clinical group may appear to have a deficit, but
this is an artificial finding that can be attributed to regression to the mean in the TD
group. In addition, if a TD group is selected to match an atypical ability profile, then
this comparison group may carry some of the characteristics of the clinical group. Any
lack of group difference on experimental measures could then result from the matching
rather than „typical‟ performance in the clinical group.
Therefore, Jarrold and Brock (2004) proposed a data analytic method designed
to account for control variables while avoiding the limitations of group matching. Under
their method, background variables including chronological age, gender and nonverbal
ability are used to predict the performance of an unselected group of TD children on
experimental measures (see also Brock, Jarrold, Farran, Laws, & Riby, 2007; Taylor,
Maybery, Grayndler, & Whitehouse, 2013; Thomas et al., 2009). The resulting
regression equation can then be used to generate predicted scores for the clinical groups.
These predicted scores can subsequently be compared to the observed scores, to
determine whether the clinical groups have performed better or worse than expected
based on the control variables.
Based on Jarrold and Brock‟s (2004) regression approach, we used the data for
the TD group to develop linear multiple regression equations for predicting emotion
recognition performance from nonverbal ability, age and sex. Four regression equations
were derived for the accuracy and response times for the visual and auditory versions of
the emotion recognition task. These four regression equations were then used to
generate predicted scores for the ASD, ALI and SLI children. Next, within each of these
three groups, the observed and predicted scores were compared using a paired samples
t-test. A significant difference between the observed and predicted scores would
indicate that the clinical group performed differently than expected based on their
chronological age, sex and nonverbal ability.
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Results
Prior to data analysis, the latencies for each individual child were examined for
outliers (RTs more than 2.5SD from the mean for each version of the emotion
recognition task). RTs that fell outside this threshold were removed when calculating
the mean RT for that child. Data were missing for seven TD children due to a technical
failure. Data were also missing for one child from each of the ALN, ALI, and SLI
groups, as these children were either unable to complete the task or did not comply with
the task instructions.

Visual Emotion Recognition
Within each group, scores for total accuracy and RT were examined for
univariate outliers (scores falling more than 3SD from the respective group mean). One
RT in the SLI group was identified as an outlier and subsequently trimmed to be 3SD
from the mean.
The results for accuracy showed that all clinical groups identified significantly
fewer emotions correctly from the facial expressions than predicted based on their age,
sex and nonverbal ability (see Table 2). For the latency data, paired samples t-tests
comparing the observed and predicted RTs for each group indicated that both the ALN
and SLI groups were slower to make responses for the six emotions overall (see Table
2). There was no significant difference in RT for the ALI group.
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Table 2
Observed scores (mean and SD) and predicted scores (mean) of the four groups for total
accuracy (percentage correct) and RT (in ms) on the visual emotion recognition task.
TD (N = 53)

ALN (N = 17)

ALI (N = 13)

SLI (N = 17)

70.75

62.5

53.85

57.84

(10.99)

(11.97)

(14.18)

(11.21)

70.78

71.28

71.88

71.76

t-value

-

3.03

4.60

4.98

p

-

.008

.001

<.001

Cohen‟s d

-

.99

1.69

1.66

3748.22

4283.06

3843.03

4643.34

(1047.76)

(821.99)

(1058.73)

(1268.59)

3748.21

3791.87

3908.06

3957.03

t-value

-

2.25

.178

2.20

p

-

.039

.86

.043

Cohen‟s d

-

.59

-

.62

Observed Accuracy

Predicted Accuracy

Observed RT

Predicted RT

Further analyses were conducted to compare the groups‟ performances on
simple (happy, sad, angry, scared) and complex (surprised, disgusted) emotions
separately.
The observed accuracy scores for the ALI and SLI groups were lower than the
predicted scores for both simple and complex emotions (see Table 3). However, the
ALN group scored worse than predicted for the complex, but not the simple facial
expressions (Table 3). When the RTs for simple and complex emotions were analysed,
the results showed that the children with SLI were slower to respond to complex
emotions than predicted, and there was a trend for these children to also make slower
responses to the simple emotions (see Table 3). While there was no difference between
the observed and predicted RTs for the ALN group on simple emotions, these children
made slower than predicted responses to the complex emotions (see Table 3). The
observed and predicted RTs for the ALI group were similar for both simple and
complex emotions (see Table 3).
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Table 3
Observed scores (mean and SD) and predicted scores (mean) of the four groups for
accuracy (percentage correct) and RT (in ms) for the simple and complex emotions on
the visual emotion recognition task.
TD (N = 53)

ALN (N = 17)

ALI (N = 13)

SLI (N = 17)

70.17

65.44

59.62

61.76

(11.67)

(12.91)

(17.42)

(10.34)

70.15

70.99

71.48

71.76

t-value

-

1.67

2.38

3.70

p

-

.11

.035

.002

Cohen‟s d

-

-

.97

1.33

Observed Accuracy

71.93

55.88

42.31

49.26

(19.75)

(18.28)

(14.01)

(23.16)

71.91

71.74

72.56

71.28

t-value

-

3.43

7.22

3.65

p

-

.003

<.001

.002

Cohen‟s d

-

1.34

2.31

1.40

Observed RT

3985.50

4317.52

4159.12

4821.32

(Simple)

(924.59)

(953.35)

(1137.49)

(1462.91)

Predicted RT

3985.51

3980.83

4048.71

4089.21

t-value

-

1.41

.309

2.09

p

-

.18

.76

.053

Cohen‟s d

-

-

-

.65

3858.75

4601.62

4191.73

4999.26

(1299.73)

(953.70)

(1152.16)

(1565.03)

3858.80

3888.68

3978.66

4004.90

t-value

-

3.04

.568

2.65

p

-

.008

.58

.017

Cohen‟s d

-

.87

-

.83

Observed Accuracy
(Simple)
Predicted Accuracy

(Complex)
Predicted Accuracy

Observed RT
(Complex)
Predicted RT
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To summarize, for the facial emotion recognition task, the overall performance
of all of the clinical groups was worse than expected based on their age, sex, and
nonverbal ability. However, group differences related to the complexity of the
emotional expressions emerged. While the ALI and SLI groups had difficulty
identifying simple and complex emotions in faces, the ALN group were less accurate
only when identifying the complex emotions of surprise and disgust. In addition, while
the SLI group was slow to respond to simple and complex emotions, the ALN group
was slow to respond only to the complex emotions.

Auditory Emotion Recognition
Within each group, scores for total accuracy and RT were examined for
univariate outliers (scores falling more than 3SD from the group mean), but none were
identified.
Results indicated that all three clinical groups were less accurate than predicted
for the six emotions taken together (see Table 4). While there was no difference in the
predicted and expected RTs for the ALN and ALI groups, the SLI group was slower to
respond to the emotions than predicted (see Table 4).
While the observed accuracy rates for the SLI and ALI groups were significantly
lower than predicted for both simple and complex emotions, a significant difference was
apparent for the ALN group only on the complex emotional expressions (see Table 5).
For the RT data, there were no significant differences between the observed and
predicted RTs for the ALN or ALI groups for either subset of emotions (see Table 5).
However, relative to the predicted latencies, the SLI group was slower to respond to the
simple emotions (see Table 5).
Overall, the ALN, ALI and SLI groups were less accurate than predicted to
identify emotional expressions conveyed in voices. Further, while the ALI and SLI
groups had difficulty identifying both simple and complex emotions, the ALN group
experienced difficulty only with the complex emotional expressions. Only the SLI
group had slower latencies to respond to the simple emotional expressions conveyed in
the voice.
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Table 4
Observed scores (mean and SD) and predicted scores (mean) of the four groups for total
accuracy (percentage correct) and RT (in ms) on the auditory emotion recognition task.
TD (N = 53)

ALN (N = 17)

ALI (N = 12)

SLI (N = 18)

71.06

64.22

48.96

45.83

(12.71)

(13.26)

(15.09)

(12.78)

71.47

74.85

65.82

64.00

t-value

-

2.54

5.80

7.58

p

-

.022

<.001

<.001

Cohen‟s d

-

.65

1.94

2.16

5161.94

5401.26

4988.22

5807.07

(1024.23)

(1129.65)

(942.99)

(1283.08)

5161.96

5021.88

5024.78

5034.91

t-value

-

1.26

.146

2.64

p

-

.23

.89

.017

Cohen‟s d

-

-

-

.84

Observed Accuracy

Predicted Accuracy

Observed RT

Predicted RT
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Table 5
Observed scores (mean and SD) and predicted scores (mean) of the four groups for
accuracy (percentage correct) and RT (in ms) for simple and complex emotions on the
auditory emotion recognition task.
TD (N = 54)
Observed Accuracy

ALN (N = 17)

ALI (N = 12)

SLI (N = 18)

71.93

67.65

50.00

48.26

(13.17)

(15.82)

(16.86)

(14.82)

Predicted Accuracy

71.98

74.80

65.99

64.27

t-value

-

1.53

4.01

5.10

p

-

.15

.002

<.001

Cohen‟s d

-

-

.14

1.44

68.29

57.35

46.88

40.97

(19.83)

(15.97)

(21.40)

(17.58)

Predicted Accuracy

68.28

72.06

63.66

61.87

t-value

-

3.24

3.46

5.93

p

-

.005

.005

<.001

Cohen‟s d

-

.81

1.40

1.85

5100.53

5408.74

4945.87

5928.13

(1058.42)

(1133.25)

(885.40)

(1377.39)

5100.58

4961.62

4881.25

4874.04

t-value

-

1.45

.265

3.23

p

-

.17

.80

.005

Cohen‟s d

-

-

-

.94

5920.95

6019.41

5418.55

6397.65

(1269.75)

(1441.44)

(1358.21)

(1578.87)

5920.93

5767.88

5971.71

6030.42

t-value

-

.688

1.40

1.05

p

-

.50

.19

.31

Cohen‟s d

-

-

-

-

(Simple)

Observed Accuracy
(Complex)

Observed RT
(Simple)
Predicted RT

Observed RT
(Complex)
Predicted RT
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Discussion
This study explored the emotion recognition abilities of children with ASD and
children with SLI across the visual and auditory domains. The results showed that all
clinical groups (ALN, ALI and SLI) performed worse than expected based on their age,
sex and nonverbal ability when identifying emotional expressions from faces and from
voices. However, differences between the groups emerged when overall recognition
ability was separated into capabilities for identifying simple (happy, sad, scared, angry)
and complex (surprised, disgusted) emotions. While the ALI and SLI groups had
difficulty identifying simple and complex expressions across the two modalities, the
ALN group had difficulty only when identifying the complex emotions.
With regard to the RT data, the overall performance of the ALN and SLI groups
was slower than predicted in the visual modality. These two groups were also slower
than expected to identify the complex emotions from faces, but only the SLI group had
longer than expected latencies to identify the simple emotional expressions. A similar
pattern was observed for the SLI group in the auditory modality. It was only these
children who exhibited slower than expected overall performance, and were also slower
than predicted when identifying simple emotions from the voice.

Emotion Recognition in ASD
A limited understanding of the affective states of others is a core
cognitive deficit in ASD. While recent reviews of the literature have reported that
emotion recognition deficits are not a universal feature of ASD (Harms et al., 2010;
Nuske et al., 2012), the results of a recent meta-analysis revealed a significant emotion
recognition impairment for ASD groups relative to TD comparison groups (Uljarevic &
Hamilton, 2013), which indicates that emotion recognition deficits are apparent in a
substantial proportion of individuals with ASD. The current findings are consistent with
previous studies that have found impaired facial (Baron-Cohen et al., 1997a, 2001;
Kleinman et al., 2001; see also Harms et al., 2010) and vocal affect recognition in
individuals with ASD (Hobson et al., 1988; Golan et al., 2006, 2007; Rutherford et al.,
2002).
However, our findings are inconsistent with those reported by Williams and
Happé (2010) who found no difference in the visual emotion recognition abilities of
children with ASD and their chronological- and verbal-age matched peers. The
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difference between our findings and those reported by Williams and Happé (2010) may
reflect differences in the participant characterisation. While the participants in our study
had nonverbal ability in the normal range, Williams and Happé (2010) included
participants with an average Performance IQ < 70. It is possible that emotion processing
difficulties in ASD present as a discrepancy between the individual‟s intellectual
functioning and their emotion recognition ability, and would be more prominent in
samples of individuals with higher cognitive capacity. However, while Uljarevic and
Hamilton (2013) found no impact of IQ on emotion recognition performance, Harms et
al. (2010) argued that discrepancies between verbal, non-verbal, or full-scale IQ could
affect findings over and above differences related to social deficits in ASD. These
findings highlight the need for the careful matching of clinical and control groups on a
range of background variables. An interesting finding was that children with ALN
performed poorly when required to identify the complex, but not the simple emotions
across the visual and auditory domains. This finding is consistent with several previous
studies that have found that relative to TD participants, those with ASD experience
greater difficulty identifying complex relative to simple expressions in the face
(Ozonoff et al., 1991; Humphreys, Minshew, Leonard, & Behrmann, 2007; BaronCohen et al., 1997a) and in the voice (Golan et al, 2006, 2007; Law Smith et al., 2010;
Rutherford et al., 2002). The current results are also consistent with those reported by
Nuske et al. (2013) and Harms et al. (2010), who argued that individuals with ASD
perform worse than TD comparison groups when required to identify complex
compared to simple emotional expressions.
The differences in emotion recognition abilities between the ALI and ALN
groups are a unique finding. Several studies have indicated that verbal ability is
important for emotion recognition in ASD (e.g., Harms et al., 2010; Hobson, 1986;
Prior, et al., 1990). Prior et al. (1990) administered tasks where children with ASD and
chronological- and verbal mental-age matched TD children were required to match
schematic facial expressions to emotional vocalizations, gestures, and contexts designed
to elicit specific emotions. The results indicated that children with ASD did not have a
specific deficit on any of the emotion tasks. Indeed, a similar proportion of ASD (55%)
and TD children (50%) achieved 75% accuracy. In addition, verbal comprehension
ability discriminated those who could and could not pass the emotion recognition tasks.
In contrast, Williams and Happé (2010) found that while verbal ability was associated
with emotion recognition in the comparison group, no such relationship was observed
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for the individuals with ASD. However, these authors included a comparison group
with Learning Disabilities of unknown etiology. These findings suggest that the
emotion recognition ability of the ASD group may be consistent with the overall
developmental level of the participants. Therefore, it is possible that the poor
performance of the ALI children in the current study relates to their low language
ability, which is inconsistent with the nonverbal abilities of these children. The
language deficit in these children may compound the poor emotion recognition apparent
in individuals with ASD more generally, resulting in difficulties identifying simple as
well as complex emotions for the children with ALI. However, further investigation of
the association between language and emotion recognition, in studies that carefully
control for the verbal abilities of the ASD participants, will be important to determine
how the linguistic ability of individuals with ASD influences their emotion processing.

Emotion Recognition in SLI
The children with SLI in the current study were also poor at identifying
emotions, which contributes to the body of literature investigating social cognition in
this population. Finding that children with SLI performed worse than expected when
identifying simple as well as complex emotions from faces is inconsistent with results
reported by Trauner et al. (1993), who found that children with SLI could identify
simple (angry, happy, scared) emotional expressions from photographs with 100%
accuracy. Given that the SLI children in Trauner et al.‟s (1993) study reached ceiling
performance, it is possible that the task was too simple to detect emotion recognition
deficits in SLI. In contrast, the stimuli for our study were specifically selected to avoid
ceiling performance for the simple emotions, which may have increased the sensitivity
of the task to detect deficits in the SLI children. Using RT as well as accuracy data in
the current study provides additional evidence to support emotion recognition deficits in
the children with SLI across simple as well as complex emotions. The current results are
consistent with those reported by Botting and Conti-Ramsden (2008), who found that
adolescents with SLI performed worse than TD adolescents when required to identify
emotions from the eye region only. The Eyes Test employed by Botting and ContiRamsden (2008) includes both simple and complex emotional expressions, though these
authors did not compare the performance of the SLI adolescents across these two
emotion subsets.
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The current findings are also congruous with several other studies that have
found that children with SLI have difficulty identifying emotions from voices (Boucher
et al., 2000; Creusere et al., 2004; Fujiki et al. 2008; Trauner et al., 1993). It is possible
that children with SLI perform poorly on auditory tests of emotion recognition as they
have difficulty processing auditory affective information (such as prosody or speech
sounds) (Fisher, Plante, Vance, Gerken & Glattke, 2007). Children with SLI may have
difficulty integrating prosodic and semantic information to interpret affective cues.
Therefore, the underlying language difficulties central to SLI may influence emotion
recognition for children with SLI.
Botting and Conti-Ramsden (2008) proposed that language ability is important
in social cognition in children with SLI. These children may lack specific aspects of
linguistic competence, such as emotion vocabulary or understanding affective prosody,
which are necessary to complete emotion recognition tasks. However, Botting and
Conti-Ramsden (2008) found that adolescents with SLI continued to perform worse
than age-matched TD adolescents on the “Reading the Mind in the Eyes” Test (BaronCohen, Wheelwright, Hill, Raste & Plumb, 2001), even after controlling for receptive
language and nonverbal ability. This finding indicates that individuals with SLI may
have difficulties with affective understanding that cannot be solely explained by the
language impairment. Nonetheless, the extent to which the language impairment
contributes to deficits in social cognition for children with SLI remains an area of
contention and warrants further investigation.

A Shared Deficit in Emotion Recognition in ALI and SLI
The current findings contribute to our understanding of phenotypic overlap in
ASD and SLI. Our results are broadly consistent with those reported by Boucher et al.
(2000), who found that children with SLI performed significantly worse than ASD
children, who in turn performed more poorly than TD children, on a vocal-facial affect
matching task. The current results extend those reported by Boucher et al. (2000), as we
included an ALI group, which helps to delineate the role of language ability in the
emotion recognition abilities of the children with ASD. Interestingly, while the ALN
group had difficulty identifying complex emotional expressions only, the ALI and SLI
groups had difficulty identifying simple and complex emotions across the visual and
auditory modalities. This result provides additional support for the importance of
language ability in affective understanding.
185

Chapter 4: SLI, autism and emotion recognition
It is possible that children with poor language (the ALI and SLI groups) lack
specific aspects of linguistic competence, such as a vocabulary for mental state verbs,
which are salient for identifying and understanding affective information. In addition,
children with ALI and children with SLI may have a shared deficit in understanding the
prosodic elements of speech, which would contribute to poor performance on tasks such
as the auditory version of our emotion recognition task. The findings of the current
study suggest that language ability is important in the emotion recognition abilities of
children with ALI and SLI and the shared language impairment may contribute to the
poor affective understanding for these two groups of children.
Interestingly, the children with SLI in the current study were slower than
predicted when making responses in both the visual and auditory modalities. Results of
several studies have found that, relative to chronological and nonverbal-age matched
TD children, children with SLI are slower to respond to linguistic and non-linguistic
tasks (Miller, Kail, Leonard, & Tomblin, 2001; Windsor & Hwang, 1999). Therefore,
the slow response latencies for children with SLI could be attributed to a speed of
processing deficit in these children. It is unlikely that a similar deficit affected the
performance of the ALI children, as there was no evidence of slowed responding for
these children in the current study. The empirical evidence also indicates that children
with ASD perform similarly to typically developing children on tasks that measure
information processing speed (Scheuffgen, Happé, Anderson, & Frith, 2000; Wallace,
Anderson, & Happé, 2009). It is possible, then that different cognitive processes lead to
the poor emotion recognition in children with SLI compared to children with ASD.

Etiological Overlap in ASD and SLI
These findings make a broader contribution to our understanding of etiological
overlap in ASD and SLI. While several authors (e.g., Kjelgaard & Tager-Flusberg,
2001) have argued that similarities in the linguistic profiles of ASD and SLI reflect
substantial etiological overlap, others (e.g., Whitehouse et al., 2007, 2008; Williams et
al., 2008; Williams et al., 2013) have proposed that the similarities are merely
superficial.
The current results extend those reported by Kjelgaard and Tager-Flusberg
(2001), who found marked similarities in the language profiles of children with ALI and
children with SLI. In a detailed investigation of the language phenotypes of ASD and
SLI, Kjelgaard and Tager-Flusberg (2001) found that a substantial minority of children
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with ASD performed comparably to children with SLI on tests of phonology,
morphology, vocabulary and syntax. Lindgren et al. (2009) presented consistent
findings, reporting no differences between ASD and SLI groups on tests of receptive
and expressive language, phonological awareness and memory, reading skill, dictation
and passage comprehension. Our findings reveal an additional area of overlap in the
behavioral characteristics of ALI and SLI, in the emotion recognition abilities of these
two groups of children. While the difficulty with emotion recognition is a core cognitive
feature of ASD, the same difficulty in SLI could be attributed to impaired language. The
ALI group also exhibits the emotion recognition deficit that characterizes ASD, but this
deficit may be compounded by the poor language abilities of these children.
The current findings may be consistent with Kjelgaard and Tager-Flusberg‟s
(2001) claim that there is shared etiology for the language impairments in ALI and SLI.
It is possible that structural language difficulties represent an area of deficit that is
causally independent from the core ASD characteristics. Etiological overlap in ALI and
SLI may be observed for the causes that are associated with structural language
difficulties. Evidence for shared genetic (Alarcón et al., 2008; Bradford et al., 2001;
O'Brien, Zhang, Nishimura, Tomblin, & Murray, 2003; Vernes et al., 2008) and
neurological (e.g., De Fossé et al., 2004; Herbert, Ziegler, Deutsch et al., 2005;
Kleinhans, Müller, Cohen, & Courchesne, 2008; Knaus et al., 2010; Redcay &
Courchesne, 2008; Shafer, Schwartz, Morr, Kessler, & Kurtzberg, 2000) contributions
to language impairment in ALI and SLI provides further support for the position that
there is shared etiology for the structural language difficulties in these two groups of
children.

Final Comments
The current results indicate that children with ALI and children with SLI have
similar levels of emotion recognition difficulties, which may be associated with the
linguistic deficits that are central to these diagnoses. The findings have implications for
conceptualizations of SLI as a disorder which involves a language-selective impairment,
as these children also have socio-cognitive deficits which may affect social and
emotional competence. Further investigations of the socio-cognitive profiles of ASD
and SLI, as well as the mechanisms that underlie emotion processing in these two
groups may enhance our understanding of possible shared etiology in these conditions.
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SECTION THREE
AN INVESTIGATION OF SHARED HERITABLE RISKS
FOR ASD AND SLI
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FOREWORD TO CHAPTERS FIVE AND SIX
While comparisons of the cognitive characteristics of ASD and SLI in probands provide
some information about etiological overlap, investigations of the parents of these two
groups of children provides further insight into possible shared etiology. In the research
reported in the following two chapters, we set out to investigate whether there are
shared heritable risks for ASD and SLI in parents.
While much of the empirical research conducted to date has examined whether
parents of children with ASD have characteristics of the SLI phenotype, explorations of
the broader ASD phenotype in SLI parents are non-existent. Therefore, the study
presented in Chapter 5 is a preliminary investigation of overlap in the heritable
phenotypes of ASD and SLI. In this study, parents of children with ASD, parents of
children with SLI, and parents of TD children completed tasks that are sensitive to
aspects of the broader ASD (the Embedded Figures Test and an emotion recognition
task) and SLI (NWRep and SNRep) phenotypes.
An alternative method for exploring shared etiology in ASD and in SLI is to
determine the extent to which genetic liability for ASD, indexed through the broader
autism phenotype, is associated with the communicative profile of the ASD probands.
The empirical paper presented in Chapter 6 examined whether the broader autism
phenotype in parents was associated with structural and pragmatic language difficulties
in the ASD offspring.
Together, these studies provide insight into the heritability of the cognitive and
language characteristics of ASD and SLI, which subsequently contribute to our
understanding of shared heritable risks for the linguistic and cognitive profiles of these
conditions.
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CHAPTER FIVE
A Comparison of the Broader Phenotypes of Autism Spectrum Disorder
and Specific Language Impairment
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Abstract
Comparisons of the broader phenotypes of ASD and SLI among family members
provide a mechanism for exploring possible etiological overlap in these conditions. This
study compared parents of children with ASD and parents of children with SLI on
measures sensitive to the broader cognitive phenotype of ASD (the Embedded Figures
Test and an emotion recognition task), and on heritable language markers of SLI
(nonword and sentence repetition tasks). The results indicated that the ASD parents had
impaired nonword repetition, and there was also a statistical trend for the SLI parents to
perform poorly on this task. The only other group difference that emerged was on the
visual modality of the emotion recognition task, for which the ASD parents were less
accurate than the SLI parents when identifying emotions from faces. The ASD parents
and the SLI parents performed faster than the TD parents on this task. These results
indicate that there may be a shared heritable risk only for the language impairment in
ASD and in SLI.

Keywords: Autism; specific language impairment; heritability
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Introduction
While communication impairments are a core diagnostic feature of both Autism
Spectrum Disorder (ASD) and Specific Language Impairment (SLI), the pervasive
pragmatic language impairment observed in ASD contrasts with the structural language
difficulty (i.e., in phonology, morphology, syntax) that defines SLI. Based on the
distinct language phenotypes of ASD and SLI, the two conditions have traditionally
been conceptualized as distinct disorders with independent etiologies. However,
findings that a subgroup of children with ASD has a linguistic profile that resembles
SLI have stimulated interest into possible shared etiology. While some authors have
hypothesized that the two conditions result from common etiological pathways (e.g.,
Kjelgaard & Tager-Flusberg, 2001), others have argued that the similarities are
superficial and do not reflect substantial etiological overlap (Whitehouse, Barry, &
Bishop, 2007, 2008; Williams, Botting, & Boucher, 2008; Williams, Payne, & Marshall,
2013).
ASD and SLI are both highly heritable (Bailey et al., 1995; Bolton et al., 1994;
Conti-Ramsden, Simkin, & Pickles, 2006; Folstein & Rutter, 1977a, 1977b).
Concordance rates in monozygotic twins are reported to be as high as 96% for SLI
(Tomblin & Buckwalter, 1998) and up to 70% for ASD (Hallmayer et al., 2011).
Heritability estimates for ASD may increase if each of the social and non-social aspects
of the ASD triad is considered independently (Ronald, Happé, & Plomin, 2006). ASD
and SLI are also each characterized by a lesser variant, as biological relatives of the
affected individuals often show sub-threshold degrees of the characteristics of the
respective condition (Bolton et al., 1994; Le Couteur et al., 1996; Piven, Palmer, Jacobi,
Childress, & Arndt, 1997; Tallal, et al., 2001). The broader phenotypes of ASD and SLI
are thought to result from the same genetic risk factors that are associated with the
clinical disorder. Thus, examinations of the broader phenotype of each condition
provide a mechanism for investigating possible shared etiology.
Findings of overlap in the broader phenotypes of ASD and SLI (e.g., Ruser et
al., 2007) have contributed to the debate about shared etiology. Several studies have
found that there is an increased prevalence of language or literacy impairments in
biological relatives of individuals with ASD (Bailey et al., 1998; Tomblin, Hafeman, &
O‟Brien, 2003). In addition, parents and siblings of individuals with ASD may perform
poorly on tests of nonword repetition, a heritable marker for SLI (Bishop, North, &
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Donlan, 1996). However, there is also conflicting evidence. Bishop et al. (2004b) found
no differences between ASD parents and TD parents on tests of nonword repetition and
also on a test of speeded nonsense word reading. Interestingly, in a comparison of
parents of children with ASD and parents of children with SLI, Lindgren et al. (2009)
found that the ASD parents performed comparably to the TD parents, and significantly
better than parents of children with SLI on a test of nonword repetition, again providing
evidence against etiological overlap in ASD and SLI.
Several other studies have also found that the heritable communication
impairment of ASD is restricted to the pragmatic domain (Bolton et al., 1994; Folstein
& Rosen-Sheidley, 2001; Pilowsky, Yirmiya, Shalev, & Gross-Tsur, 2007; Whitehouse
et al., 2007; Whitehouse, Coon, Salisbury, Miller, & Bishop, 2010). Pilowsky et al.
(2003) found that siblings of children with ASD had impaired pragmatic but not
structural language. In addition, the structural language abilities of ASD siblings were
significantly better than the structural language abilities of siblings of children with SLI.
Whitehouse et al. (2007) reported similar results – the parents of children with ASD
performed significantly better than parents of children with SLI on tests of reading,
spelling and nonsense word repetition. The opposite pattern was observed for social
communication, as relative to the ASD parents, the SLI parents had significantly lower
scores (i.e., better social communication) on the communication subscale of the Autism
Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley,
2001). In a recent study, Pickles et al. (2013) replicated these results, reporting reading
and spelling difficulties but not social deficits among relatives of individuals with SLI
and the opposite in relatives of individuals with ASD. These findings suggest that while
the broader language phenotype of ASD may be restricted to social communication
deficits, the broader SLI phenotype is characterized by structural language difficulties
only.
No previous studies have compared the broader phenotypes of ASD and SLI
with respect to the cognitive characteristics of ASD. While ASD is typically associated
with a discernible cognitive profile, the cognitive characteristics of these individuals are
heterogeneous. Many individuals with ASD experience difficulties with theory of mind
(e.g., Baron-Cohen, Leslie, & Frith, 1985), executive function (e.g., Ozonoff,
Pennington, & Rogers, 1991) and „weak‟ central coherence (e.g., Frith & Happé, 1994).
Parents of individuals with ASD also exhibit aspects of the cognitive phenotype of
ASD, which is thought to indicate that the broader autism phenotype (BAP) includes a
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specific cognitive style that resembles clinical ASD (Happé, Briskman, & Frith, 2003;
Baron-Cohen & Hammer, 1997). For example, relative to parents of typically
developing children, parents (and particularly fathers) of individuals with ASD are
faster and more accurate to locate simple shapes hidden within complex figures (BaronCohen & Hammer, 1997; Bölte & Poustka, 2006; Happé et al., 2003). Enhanced
performance on this type of Embedded Figures Task is hypothesized to reflect „weak‟
central coherence, that is, the tendency to attend to local stimulus features at the expense
of the global whole (Frith & Happé, 1994). Family members of individuals with ASD
also show enhanced performance on other spatial tasks such as the Block Design subtest
from the Wechsler Adult Intelligence Scale and poor performance on higher-order
linguistic tasks, such as homographs, both thought to reflect „weak‟ central coherence
(Happé et al., 2003). However, findings in this area have not always been consistent,
with some studies observing no superiority for ASD relatives on the Embedded Figures
Test (de Jonge, Kemner, & Van Engeland, 2006; Losh et al., 2009).
The inconsistent findings within the literature regarding central coherence have
led some authors to claim that poor performance on measures of social cognition may
better characterize the broader autism phenotype (Losh et al., 2009). Indeed, several
studies have found poor emotion recognition for parents of individuals with ASD (Bölte
& Poustka, 2003; Baron-Cohen & Hammer, 1997; Losh & Piven, 2007). For example,
Baron-Cohen and Hammer (1997) and more recently Losh and Piven (2007) reported
that parents of individuals with an ASD exhibited worse performance than parents of
TD individuals on a task in which they were required to identify emotions from
photographs of only the eye region. This test is purported to measure advanced theory
of mind, that is, the ability to understand others‟ thoughts or feelings and predict
subsequent behavior (Baron-Cohen et al., 1985). Overall, evidence consistently links
mild deficits in social cognition with the broader autism phenotype and these deficits
may form a heritable marker for the social impairment of ASD.

The Present Study
In two previous studies (Taylor, Maybery, Grayndler, & Whitehouse, 2013,
submitted) we investigated overlap in the cognitive phenotypes of ASD and SLI in
children. The results of these studies showed that the children with ASD who had
additional structural language difficulties (ALI group) and the children with SLI shared
nonword and sentence repetition deficits. However, unlike the ASD children (both the
209

Chapter 5: Heritable ASD and SLI phenotypes
ALI group and those with „normal‟ language), the children with SLI also exhibited
impaired performance on the Children‟s Embedded Figures Test. In a further study of
the emotion recognition abilities of children with ASD and children with SLI, we found
the ALI and SLI groups had a similar level of difficulty identifying simple (happy, sad,
angry, scared) and complex (surprised, disgusted) emotions from the face and from the
voice. It is likely that the emotion recognition deficits in ALI and SLI are secondary to
the language impairment that is central to these two disorders. The results of these
studies suggest that while there may be shared etiology for the language impairments in
ALI and SLI, there are points of distinction in the cognitive phenotypes which do not
support overlapping etiology in these two conditions.
The current study expands our previous work by exploring possible points of
overlap in the broader phenotypes of ASD and SLI, using adult versions of the measures
that were implemented in the child studies. Comparisons of the broader cognitive
phenotypes of ASD and SLI are scarce, and no previous study has explored social
cognition or central coherence in parents of individuals with SLI. Yet, given the
heritable nature of the cognitive and language characteristics of ASD and SLI, these
studies are likely to reveal important information regarding etiological overlap in these
two conditions. In addition, previous studies that have measured the broader phenotypes
of ASD and SLI using self-report questionnaires such as the AQ and Communication
Checklist-Adult (CC-A; Whitehouse & Bishop, 2009) indicate that the BAP may be
characterized primarily by deficits in social engagement and pragmatic language. We
included the AQ and CC-A to provide measures of the broader ASD and SLI
phenotypes, and to assess possible overlap between the ASD and SLI parents in the
social and linguistic domains.
If ASD and SLI share etiology, then we would expect the SLI parents and the
ASD parents to show characteristics of the BAP („weak‟ central coherence, emotion
recognition deficits, poor social communication) as well as the heritable communication
impairment of SLI (impaired nonword and sentence repetition, poor structural
language). If there is no etiological overlap between ASD and SLI, then the ASD
parents but not the SLI parents will exhibit characteristics of the BAP and the SLI
parents only will exhibit the phonological processing deficits and structural language
deficits that represent heritable markers for language impairment.
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Method
Participants
Three groups of participants were recruited (see Table 1 for parent
characteristics). The first group comprised 24 parents who had at least one child
(proband) with an ASD. These were the parents of 19 ASD probands. Each proband had
previously been diagnosed with an ASD according to DSM-IV criteria and we sought to
confirm these diagnoses using the Autism Diagnostic Observation Schedule-Generic
(see Table 2 for child characteristics). Of the probands, 9 met ADOS-G cut-offs for the
Autism Spectrum and 7 met ADOS-G classification for Autistic Disorder14.
The second group included 12 parents of 7 children with SLI (7 mothers and 5
fathers). The children with SLI (see Table 2) were recruited from specialist language
schools that cater for children with severe language disorders deemed to require
curriculum modification beyond that which could be provided in a mainstream school.
The children completed a series of psychometric assessments to confirm the SLI
diagnosis. The criteria used to define SLI for this study included: (1) nonverbal
intelligence (assessed with the Wechsler Abbreviated Scale of Intelligence-Matrix
Reasoning) within 1 SD of the normative mean; (2) score on the Test for Reception of
Grammar-2 (TROG-2; Bishop, 2003) at least 1 SD below the normative mean, or 1 SD
below the nonverbal ability score; and (3) no reported hearing loss15.
The third group of participants consisted of 20 parents of 16 typically
developing (TD) children (15 mothers and 5 fathers). Parents of the TD children
completed the Children‟s Communication Checklist-2 (CCC-2; Bishop, 2003) and the
Autism Spectrum Quotient-Child (AQ-C; Auyeung, Baron-Cohen, Wheelwright &
Allison, 2008), to screen for communication difficulties and characteristics of ASD in
their child. None of the parents reported a history of language difficulties or possible
ASD for their child and none of the TD children reached cut-offs for SLI or ASD on
either the AQ-C or CCC-2.

14

Three of the ASD probands did not meet ADOS-G cut-offs for the autism spectrum. All children in this
study had previously received a consensus multidisciplinary clinical diagnosis, involving a paediatrician,
speech pathologist and clinical psychologist. Clinical judgment remains the „gold-standard‟ for diagnosis
of ASD (Lord et al., 2012), with ADOS-G often used as a confirmatory measure. Therefore, all of the
parents of these children were included in the study.
15
While the CCC-2 was missing for two SLI probands, the remaining children had GCC scores below the
10th percentile. This is consistent with Whitehouse et al.‟s (2007) characterization of SLI.
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Table 1.
Gender breakdown, and descriptive statistics for chronological age, nonverbal ability,
AQ and Communication Checklist-Adult (CC-A) scores for the ASD, SLI and TD
parent groups.
ASD (N = 24)

SLI (N = 12)

TD (N = 20)

Age Range

31-50

31-49

25-50

M

39.42

40.17

39.00

SD

5.5

5.52

6.92

8: 16

5: 7

5: 15

M

11.88

11.42

12.20

SD

1.57

2.19

2.19

M

17.64

15.71

13.67

SD

11.79

6.16

5.53

M

10.05

8.43

11.80

SD

3.89

2.94

3.41

M

10.20

10.14

10.40

SD

3.78

3.24

3.09

M

8.35

7.43

10.33

SD

5.09

4.75

3.46

Male: Female
Nonverbal Ability

AQ

CC-A
Language Structure

Pragmatic Language

Social Engagement
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Table 2.
Gender breakdown, and descriptive statistics for chronological age for the three child
groups, and for TROG-2 and ADOS-G Communication and Reciprocal Social
Interaction scores for the ASD and SLI children.
ASD (N = 19)

SLI (N = 7)

TD (N = 16)

65-152

63-116

48-156

M

106.92

85.92

105.00

SD

27.53

14.68

41.49

14: 5

4: 3

6: 10

M

3.13

2.25

-

SD

1.80

1.66

-

Age Range (months)

Male: Female
ADOS-G Communication

ADOS-G Reciprocal Social Interaction
M

5.79

2.42

-

SD

1.96

1.38

-

M

87.96

68.33

-

SD

14.11

9.34

-

TROG-2

While the parent samples included more females than males, there was no
difference in the proportion of males and females across the three groups, χ2 (2) = .98, p
= .61. The parent groups also did not differ significantly in age, F(2, 55) = .139, p = .87,
and nonverbal ability, F(2, 55) = .482, p = .62. All parents spoke English as their first
language.
The ASD and SLI probands did not differ significantly in their Communication
scores on the ADOS-G, F(1, 35) = 1.99, p = .17. However, a significant group
difference was observed for the ADOS-G Reciprocal Social Interaction index, F(1, 35)
= 28.46, p < .001, with the ASD probands having significantly higher (worse)
Reciprocal Social Interaction scores than the SLI probands. There was also a significant
group difference between the TROG-2 scores, as the ASD group scored significantly
higher than the SLI group, F(1, 35) = 18.92, p < .001.
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Psychometric Measures
Participants completed a range of tasks that assessed aspects of the broader
cognitive profiles of ASD and SLI, as well as nonverbal reasoning ability. Nonverbal
ability was measured using the Matrix Reasoning subtest from the Wechsler
Abbreviated Scale of Intelligence (WASI, Wechsler & Chen, 1999). Scaled scores
based around a mean of 10 and SD of 3 were derived for this task.
Each parent participant completed a Communication Checklist-Adult (CC-A;
Whitehouse & Bishop, 2009) and the Autism Spectrum Quotient (AQ; Baron-Cohen,
Wheelwright, Skinner, Martin & Clubley, 2001), which screened for the communication
and social characteristics of the broader SLI, or broader ASD phenotypes. The AQ is a
50-item self-report questionnaire that measures characteristics of ASD in the general
population. Total AQ scores range from zero to 50 and higher total scores indicate a
greater degree of autistic-like traits. The 50 items of the AQ are made up of 10
questions assessing five different areas: social skill, attention switching, attention to
detail, communication, and imagination. In previous studies of the BAP in ASD parents,
Bishop et al. (2004a) and Whitehouse et al. (2007) specifically examined the
communication and social skill subscales of the AQ. Similarly, it was the scores for
these two subscales that were compared between our three parent groups.
The CC-A is a 70-item questionnaire that measures structural and pragmatic
aspects of language and social engagement in adults. We derived scaled scores based
around a mean of 10 and a SD of 1.5 for each of the three subscales.

Measures Assessing the Broader Autism Phenotype
The Embedded Figures Test-Form A (EFT; Witkin et al., 1971). Central
coherence was measured using the Embedded Figures Test-Form A. The participants
were required to locate simple shapes hidden within complex geometric figures. Indices
of performance were overall accuracy (maximum of 12) and latency (reaction time; RT)
to accurately find the embedded shape, averaged over the 12 trials. The participants had
a maximum of 180s to find each shape. If a participant located the incorrect shape, or
the correct shape in an erroneous location, they were informed of the error and
instructed to keep looking. If a participant was unable to find the shape within the time
limit, the trial was marked as incorrect and RT was recorded as 180s. As de Jonge et al.
(2006) suggested that more subtle measures of disembedding, such as the number of
errors incurred prior to correctly locating a shape may be a more sensitive measure of
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enhanced disembedding in ASD parents, we investigated group differences in the
number of errors on the EFT in addition to total accuracy and RT.
Emotion Recognition. Parents completed visual and auditory versions of an
emotion recognition task, the stimuli for which were used in a previous study (Taylor,
Maybery & Whitehouse, submitted). Stimuli for the visual version of the task were
photographs of people depicting one of six emotions (happy, sad, scared, angry,
surprised, or disgusted) on their face. The photographs were originally constructed from
Baron-Cohen‟s (2002) Mind Reading DVD, which was developed to teach emotions to
children and adults with an ASD. All photographs were 300 x 400 pixels and showed
only the head and shoulders. The set of photographs included people spanning
childhood and adulthood, and both males and females.
For the auditory emotion recognition task, stimuli were digital audio files of
individuals with Australian accents saying the sentence, “Oh, I‟m going out of the room
now, but I‟ll be back later,” in a vocal expression that conveyed one of six emotions
(happy, sad, scared, angry, surprised, or disgusted). The sentences were spoken by
actors who spanned a wide range of ages and both sexes.
The parents completed 48 visual and 48 auditory test trials, with the order of the
two blocks of trials counterbalanced across the participants in each group. The 48 test
items in each block comprised 8 trials (four male and four female) for each of the six
emotions and covered a range of difficulty. Each trial had four response options, in the
form of emotion words, which included the target emotion and three foils. The target
and foils were presented in random order across the bottom of the screen for each trial.
The visual and auditory emotion recognition tasks were presented on an 18”
NEC Multisync touch screen monitor and the parents were able to touch the screen to
make their responses. For each variant of the task, written instructions were presented
on the screen. The participants were informed that they would either see or hear a
person expressing a feeling on their face or in their voice. The parents were instructed to
touch the word that best represented the expression conveyed on the face or in the voice.
Participants were instructed to respond as quickly and accurately as possible.
Each visual trial started with the word “ready,” presented through speakers,
followed by the presentation of the stimulus in the centre of the display. Similarly, for
each auditory trial, the word “ready,” appeared in the centre of the screen prior to the
presentation of the stimulus through the speakers. Response options were presented
concurrently with each stimulus and remained on the screen until the participant had
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selected his or her answer. Indices of performance were accuracy (percentage of
responses correct) and mean latency to respond (across the 48 trials) for each condition.

Measures Assessing the Broader SLI Phenotype
Phonological short-term memory was assessed using the Nonword Repetition
(NWRep) and Recalling Sentences (SNRep) subtests from the Neuropsychological Test
Battery-II (NEPSY-II; Korkman, Kirk & Kemp, 2007). In these tasks, participants
repeated aloud nonsense words and sentences that systematically increased in length
and grammatical complexity. As the NWRep and SNRep tasks from the NEPSY-II
provide scaled scores only for children, we used raw scores (the number of syllables or
sentences repeated correctly) as measures of performance on these tasks. Maximum
scores were 46 and 34 for the NWRep and SNRep tasks respectively.

Procedure
Ethical approval for this study was granted from the Human Research Ethics
Committee at the University of Western Australia and approval for the study was also
obtained from the Western Australian Department of Education. Families of children
with ASD were recruited from the Western Australian Autism Biological Registry, an
ongoing study of children with autism and their families. Families of children with SLI
were recruited from advertisements placed in the newsletters of schools specifically
catering to children with language difficulties. Finally, parents of typically developing
children were recruited from mainstream schools in the Perth metropolitan region, in
addition to friends and acquaintances of the research team.
All parents provided informed written consent prior to participating in the study.
Each participant completed a battery of 10 tasks (some unrelated to this study), which
were administered either at their home or at the University of Western Australia. Each
parent also completed a series of questionnaires regarding their language and
personality characteristics, in addition to the language and communication
characteristics of their child. The total time commitment for participating in the study
was approximately 1.5 hours per parent and participants were compensated for their
time and travel expenses.
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Results
Scores for each of the outcome measures were examined for univariate outliers
(scores that more than 3SD from the respective group mean). The RT and total score for
one ASD mother on the EFT were identified as outliers and removed from subsequent
analyses. No other outliers were identified on any of the measures.

Measures of the Broader Autism Phenotype
Autism Spectrum Quotient. Data were missing for two ASD parents, five SLI
parents and seven TD parents as these participants either did not return the
questionnaire, or returned an incomplete questionnaire (see Table 1 for descriptive
statistics). We entered the AQ total score as the dependent variable in a univariate
ANOVA, with group and sex as between-subjects variables. There were no significant
effects of group, F(2, 41) = 1.28, p = .29, sex, F(1, 41) = .36, p = .55, or their
interaction, F(2, 41) = .95, p = .40, for the AQ total scores. As Whitehouse et al. (2007)
reported differences between ASD and SLI parents only on the communication subscale
of the AQ, and Bishop et al. (2004a) found that the communication and social skills
subscales differentiated ASD from TD parents, we also compared the scores between
the three parent groups for these two subscales. Group differences in the social skills,
F(2, 41) = 1.26, p = .30, or communication, F(2, 41) = .88, p = .46, scores were not
apparent.
Embedded Figures Test. Data were missing for one SLI and two ASD parents on
the EFT as these participants were unable to complete the task16. The distribution of
total accuracy scores for the EFT revealed a strong negative skew, with all parents
identifying at least 10 of the 12 hidden shapes correctly (see Table 3). There was no
difference in the proportion of parents in each group that scored at ceiling (11 or 12 out
of 12) on the EFT, χ2 (2) = 1.65, p = .44.
We entered RT as the dependent variable in a univariate ANOVA, with group
and sex as between-subjects variables. While no significant group difference emerged,
F(2, 50) = .37, p = .69, there was a significant effect of sex, F(1, 50) = 4.12, p < .05, ηp2
= .08. As expected (Witkin, 1950), the males (M = 27.32s, SD = 11.35s) had lower RTs
16

The three parent groups remained matched on age and WASI-Matrix Reasoning scores after these
participants were excluded from the analysis (all p‟s > .1). This applies to all results that are reported in
the Results section.
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than the females (M = 35.79s, SD = 15.66s). A group by sex interaction was not
apparent, F(2, 50) = .77, p = .47.
In a further analysis, we examined the number of errors committed by the
participants. We entered the total number of errors as the dependent variable in a
univariate ANOVA, with group and sex as between-subjects factors. There was no
significant group difference in the total number of errors, F(2, 48) = .15, p = .86. While
males (M = 1.67, SD = 1.78) made significantly less errors than females (M = 2.94, SD
= 2.42), F(1, 48) = 5.67, p < .05, there was no group by sex interaction, F(2, 50) = .77, p
= .13. Consistent with Happé et al. (2001) we further examined the frequencies of
parents who made few (0 or 1) or many (two or more) errors on the EFT. The results
indicated that a similar proportion of parents from each group made few errors, χ2 (2) =
.16, p = .92. Eight ASD parents (38%), five SLI parents (45%) and seven TD parents
(35%) made one error or less.

Table 3
Means (and SDs) for RT (in seconds) and accuracy for the three parent groups on the
Embedded Figures Test.
ASD (N = 24)

SLI (N = 12)

TD (N = 20)

33.45 (11.67)

29.35 (15.49)

32.33 (17.76)

Total accuracy

11.33 (.49)

11.45 (.69)

11.47 (.80)

Errors

2.48 (2.38)

2.82 (2.86)

2.24 (1.79)

EFT
RT

Emotion Recognition Test. Due to time constraints and technical failures, data
were missing for two ASD and two SLI parents on the emotion recognition test.
Analyses were conducted separately for the visual and auditory modalities, as the
presentation duration was longer for the auditory relative to the visual stimuli. We ran
two 2 (sex: male, female) x 3 (group: ASD, SLI, TD) x 6 (emotion: happy, sad, scared,
angry, surprised, disgusted) mixed design ANOVAs on the RT and accuracy scores.
Planned comparisons using independent-samples t-tests were conducted where
significant group differences were present for the ANOVA.
The assumption of sphericity was violated (p < .05) for the accuracy and RT
data in the visual modality. Therefore, we applied the Greenhouse-Geiser correction to
the data analysis. For the accuracy data there was a significant effect of group, F(2, 46)
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= 3.52, p < .05, ηp2 = .13 (See Figure 1). The ASD parents performed worse than the
SLI, t(30) = 2.96, p < .01, Cohen‟s d = 1.11, but not the TD, t(40) = 1.45, p = .15,
parents. There was no difference in accuracy between the SLI and TD parent groups,
t(28) = 1.42, p = .17. There was also a significant effect of emotion, F(3.72, 170.92) =
41.67, p < .05, ηp2 = .48, with parents most accurate for the happy (M = 97.36%, SD =
6.23%) and least accurate for the scared (M = 56.01%, SD = 19.72%) faces.

Accuracy (percentage correct)

100
90
80
70
60
50

ASD

40

SLI

30

TD

20
10
0

Figure 1. Mean accuracy (percentage correct) for the ASD, SLI and TD parent groups
on the visual modality of the emotion recognition test. Error bars represent the standard
error of the mean.

A similar pattern of results was apparent for the RT data in the visual modality.
A significant effect of group, F(2, 46) = 3.52, p < .05, ηp2 = .15, was present for the total
RT (See Figure 2). Follow-up comparisons indicated that the ASD, t(40) = 2.72, p < .05,
Cohen‟s d = .85, and SLI, t(28) = 2.79, p = .01, Cohen‟s d = .93, groups were
significantly faster than the TD group. There was no difference in response latencies
between the ASD and SLI groups, t(30) = .15, p = .88. There was also a significant
effect of emotion, F(3.72, 170.92) = 41.67, p < .05, ηp2 = .31, as participants were
fastest to respond to the happy (M = 2498.11ms, SD = 1015.66ms) and slowest to
respond to the scared (M = 3841.73ms, SD = 1349.61ms) faces. No other effects were
significant in the ANOVA on the RT or accuracy data in the visual modality.
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Figure 2. Mean RT (ms) for the ASD, SLI and TD parent groups on the visual modality
of the emotion recognition test. Error bars represent the standard error of the mean.
No significant group effects were present for the accuracy, F(2, 46) = .504, p =
.50, or the RT, F(2, 46) = 1.41, p = .25, data in the auditory modality (see Figures 3 and
4). Significant effects of emotion were apparent for the accuracy, F(5, 46) = 11.89, p <
.05, ηp2 = .21, and the RT, F(5, 230) = 10.73, p < .05, ηp2 = .19, scores. Participants were
most accurate for the surprised (M = 86.56%, SD = 12.94%) and least accurate for the
scared (M = 66.04%, SD = 17.40%) voices. The parents had the fastest RT for the angry
(4637.55ms, SD = 1025.62ms) and the slowest RT for the scared (M = 5367.00ms, SD
= 1075.08ms) voices. No other significant effects were present in the ANOVA for the
accuracy or RT data in the auditory modality.
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Figure 3. Mean accuracy (percentage correct) for the ASD, SLI and TD parent groups
on the auditory modality of the emotion recognition test. Error bars represent the
standard error of the mean.
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Figure 4. Mean RT (ms) for the ASD, SLI and TD parent groups on the auditory
modality of the emotion recognition test. Error bars represent the standard error of the
mean.
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Summary. The three parent groups did not differ in performance on the EFT.
Group differences were observed on the visual version of the emotion recognition task,
as the ASD and SLI parent groups were faster to identify the emotion from faces than
the TD parent group. The ASD parents were also less accurate than the SLI parents
when identifying emotions from faces. No group differences were observed on the
auditory version of the emotion recognition task.

Measures of the Broader SLI Phenotype
Communication Checklist-Adult. CC-A data were missing for four ASD parents,
five SLI parents and five TD parents (see Table 1 for descriptive statistics). These
participants either did not return the questionnaire, or completed the measure
incorrectly. We ran univariate ANOVAs with scores for each subscale (Language
Structure, Pragmatic Language, Social Engagement) entered as the dependent variable,
and group and sex as between-subjects variables. Group differences were not apparent
for any of the CC-A subscales (Language Structure, F(2, 41) = 2.20, p = .13, Pragmatic
Language, F(2, 41) = .036, p = .96, Social Engagement, F(2, 41) = 1.34, p = .28. Sex
differences in Language Structure, F(1, 41) = .46, p = .50, Pragmatic Language, F(1,
41) = .001, p = .97, or Social Engagement, F(1, 41) = .01, p = .92, scores also did not
emerge. The interaction between parent group and sex was also not significant for each
analysis, largest F(2, 41) = .69, p = .51, for Social Engagement.
Nonword and Sentence Repetition Tasks. The scores for one ASD mother were
removed from the NWRep and SNRep tests as she had a hearing impairment. There was
trend towards a significant group difference in total scores on the NWRep task, F(2, 54)
= 2.95, p = .06, ηp2 = .11. Planned comparisons using independent samples t-tests
indicated that the ASD group, t(41) = 2.51, p < .05, Cohen‟s d = .78, performed
significantly worse than the TD group (see Table 4). There was a statistical trend for the
SLI group to also score lower than the TD group, t(30) = 1.86, p = .082, Cohen‟s d =
.72, but the ASD and SLI groups did not differ from each other, t(33) = .039, p = .97
(see Table 4). No group differences in SNRep, F(2, 54) = .91, p = .41, were observed.
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Table 4.
Means (and SDs) for the three parent groups on the nonword and sentence repetition
tasks.
ASD (N = 23)

SLI (N = 12)

TD (N = 20)

Nonword Repetition

29.91 (5.50)

29.83 (6.26)

33.50 (3.49)

Sentence Repetition

27.91 (3.20)

27.55 (2.66)

29.45 (3.19)

Discussion
This study explored possible points of overlap in the broader cognitive
phenotypes of ASD and SLI. If ASD and SLI have substantial shared etiology, then we
would expect that the SLI parents and the ASD parents would exhibit cognitive
characteristics of the broader ASD phenotype, in addition to the heritable language
difficulties that characterize SLI. Conversely, if there is no etiological overlap between
ASD and SLI, we would expect the ASD parent group to only show characteristics of
the broader ASD phenotype, and the SLI parent group to only carry heritable language
features of SLI. The results indicated that ASD parents performed worse than the TD
parents on the NWRep task. There was also a statistical trend for the SLI parents to
perform poorly on this task. The only other group differences were observed on the
visual modality of the emotion recognition task, on which the ASD parents were less
accurate than the SLI parents and both of these parent groups made faster responses
than the TD parent group. While the findings indicate that there may be a shared
heritable risk for the language impairment in ASD and SLI, overall, the results provide
limited evidence for shared etiology in these two conditions.
Before interpreting these findings, it is important to consider some limitations.
Most notably, as the sample of SLI parents was small, it is possible that the study did
not have sufficient power to detect group differences on the experimental measures17.
The low power may have particularly affected the results for the emotion recognition
task. Conducting an ANOVA with a sample of only 54 participants may have yielded
some Type II error, which limits the conclusions we can draw from the data.

17

We estimated the power to find an effect comparable to that reported in similar studies. We calculated
the power for our sample based on the effect reported by Whitehouse et al. (2007). This analysis yielded
power of .21(if α = .05).
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While we were able to recruit a substantial sample of children with a clinical
diagnosis of SLI, many of these children did not meet our more stringent SLI research
criteria. In most of these cases, the child had either (1) a nonverbal IQ more than 1 SD
below the normative mean, or (2) no discrepancy between nonverbal ability and
language test scores. We were able to assess a number of SLI parents and on later
inspection of the data, the child did not meet our research criteria for SLI. By default,
these parents were then excluded from the analysis presented in this study. In addition,
our experience was that the SLI parents were considerably more difficult to recruit than
the ASD parents. Given that SLI is known to be highly heritable, it is possible that some
parents who have a personal history of language or literacy difficulties, though willing
to have their child involved, were reluctant themselves to participate in the research (see
also Barry, Yasin, & Bishop, 2007). It is possible that the current sample, which may
not include affected parents who carry a high genetic load for SLI, does not reflect the
true heritability of SLI.

Overlap in the Broader Phenotypes of ASD and SLI
In contrast to the previous research (e.g., Bishop et al., 2004; Whitehouse et al.,
2007; Whitehouse et al., 2010) that has used the AQ and CC-A to measure the broader
ASD and SLI phenotypes, our results showed no difference between the ASD, SLI, and
TD parents on these two measures. As each of these previous studies had substantially
larger samples of parents than were included in this study (e.g., Bishop et al., 2004 had
a sample of 69 ASD parents and Whitehouse et al., 2010, included 238 parents of ASD
probands), our non-significant group differences in AQ and CC-A scores could be
explained by low power. However, the current findings provide some evidence for a
shared deficit in NWRep for ASD parents and SLI parents. There was a statistical trend
for parents of children with SLI to be significantly worse than TD parents on the
NWRep test. Finding poor NWRep in SLI parents is consistent with a large body of
previous research (Bishop et al., 1996; Lindgren et al., 2009) and provides further
confirmation of the utility of poor NWRep as an endophenotype for SLI. The parents of
children with ASD were also significantly worse than the TD parents on the NWRep
task, which is consistent with results reported by Schmidt et al. (2008), who found that
parents of children with ASD had poor NWRep. Schmidt et al. (2008) subsequently
argued that phonological processing deficits may characterize the broader autism
phenotype. However, several other studies that have investigated possible overlap in the
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heritable language phenotypes of ASD and SLI have reported intact NWRep in parents
of children with ASD (Bishop et al., 2004; Lindgren et al., 2009; Whitehouse et al.,
2007). Nonetheless, the current finding highlights a possible area of overlap in the
cognitive phenotypes of ASD and SLI and may also point to shared etiology for the
structural language impairments in these conditions.
The novel comparisons in the current study were on the measures of the broader
cognitive phenotype of ASD and the results are not indicative of shared cognitive
characteristics in ASD parents and SLI parents. Specifically, the SLI parent group did
not show any particular strength or weakness on measures sensitive to the broader
cognitive phenotype of ASD, which suggests that there is limited overlap in the broader
phenotypes of ASD and SLI, at least with regard to central coherence and emotion
recognition. However, the results regarding the ASD parents were inconsistent with
prior research. While some previous studies have found that ASD parents exhibit faster
and more accurate performance on the EFT (Happé et al., 2001), others (e.g., de Jonge
et al., 2006; Losh et al., 2009) have found no differences in EFT performance between
ASD and TD parents. Losh et al. (2009) subsequently argued that measures of social
cognition may be more sensitive markers for the broader ASD phenotype and indeed,
the current results indicated that facial affect recognition distinguished the ASD from
the TD and SLI parents. Interestingly, the ASD parents were faster than the TD parents
and less accurate than the SLI parents on the facial affect recognition task. This finding
is inconsistent with previous studies that reported that ASD parents were less accurate
(Baron-Cohen & Hammer, 1997; Losh et al., 2009) than parents of TD children when
required to identify emotions from the face and from the voice. However, these previous
studies did not report RT data for the emotion recognition tasks. It is possible that our
results reflect a speed-accuracy trade-off for the ASD parents, at least in the visual
modality. Therefore, including measures of RT in future studies of emotion recognition
may provide a more sensitive measure of the emotion recognition abilities of ASD
parents than accuracy alone.

Final Comments and Directions for Future Research
We found limited evidence for shared etiology in ASD and SLI. It is possible
that the heritable markers for SLI (NWRep) and ASD („weak‟ central coherence,
impaired emotion recognition) operate independently on different aspects of the
language and behavioral phenotypes of the two conditions. The (shared) NWRep deficit
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could influence structural language development in children with SLI and children with
ASD and the distinct heritable cognitive phenotype of ASD could contribute to the
development of other aspects of the ASD behavioral triad that are not present in SLI,
such as the social impairment and behavioral inflexibility. Empirical evidence does
suggest that each aspect of the triad of autistic impairments is genetically and
neurologically distinct, and relatives of individuals with ASD may show only isolated
aspects of the BAP (Ronald, Happé & Plomin, 2006). Future studies that investigate the
possible „fractionation‟ of the cognitive characteristics of ASD and of SLI in relatives of
these individuals are likely to enhance our understanding of the degree to which there is
shared etiology in ASD and SLI.
Evidence regarding possible etiological overlap is likely to come from
comparisons of parents of SLI and parents of children with ASD who have structural
language difficulties in addition to their broader ASD symptoms. Indeed, Williams et al.
(2008) argued that studies that examine the heritability of language impairment in ASD
should restrict the sample to families who include an ALI child. However, the small
number of participants in this study limited our ability to partition the ASD group into
parents of children with „normal‟ (ALN) and parents of those with „impaired‟ (ALI)
language. Interestingly, in one previous study that investigated the language abilities of
relatives of children with ALI, children with SLI and children with ALN, Lindgren et al.
(2009) found that the ALI parents had significantly better scores than the SLI parents on
measures of expressive language, lexical comprehension and phonological processing.
While the results of this study provide evidence against shared etiology in ASD and
SLI, further explorations of ALI, ALN and SLI parent groups on measures of linguistic
functioning and cognitive ability are required to explicate the etiological relationship
between ASD and SLI.
The relationship between ASD and SLI is complex. The findings presented in
this study are preliminary and generally do not support substantial shared etiology in
ASD and SLI. Future investigations of possible overlap in the broader phenotypes of
these two conditions are likely to yield interesting findings regarding shared etiology for
the structural language impairments in ASD and SLI.
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Do the Nature of Communication Impairments in Autism Spectrum
Disorders Relate to the Broader Autism Phenotype in Parents?
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Abstract
Extensive empirical evidence indicates that the lesser variant of Autism Spectrum
Disorders (ASD) involves a communication impairment that is similar to, but milder
than, the deficit in clinical ASD. This research explored the relationship between the
broader autism phenotype (BAP) among parents, an index of genetic liability for ASD,
and proband communication difficulties. ASD probands with at least one BAP parent
(identified using the Autism Spectrum Quotient) had greater structural and pragmatic
language difficulties (assessed using the Children‟s Communication Checklist-2) than
ASD probands with no BAP parent. This finding provides support for the position that
genetic liability for ASD is associated with increased communication difficulties across
structural and pragmatic domains.

Keywords: Heritable language phenotype; broader autism phenotype; communication
impairment
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Introduction
Autism Spectrum Disorders (ASDs) are highly heritable conditions. Siblings of
a child with an ASD are at increased risk of having an ASD and there is higher
concordance for monozygotic relative to dizygotic twins (Bailey et al., 1995; Folstein &
Rutter, 1977a, 1977b). One aspect of the heritable ASD phenotype that has attracted
interest in the past decade has been the communication difficulties experienced by this
population. Pragmatic language impairments – difficulties with the use of language –
are pervasive in the ASD population (Baltaxe, 1977; Eisenmajer et al., 1998; Rapin &
Allen, 1983; Tager-Flusberg, 1981). However, there is considerable variability in the
linguistic capabilities, with some individuals with ASD never developing functional
verbal language, while others have precocious vocabularies, and often progress to
develop fluent and complex language.
The broader autism phenotype (BAP) provides a means for examining the
heritability of pragmatic and structural language impairments in families of children
with ASD. A proportion of non-affected biological relatives of ASD probands exhibit
sub-threshold levels of ASD symptomatology (Szatmari, et al., 2000). It is hypothesized
that the same genetic risk factors responsible for ASD may also be responsible for the
milder difficulties observed in relatives (Bailey et al., 1998). Studies of ASD probands
that incorporate knowledge of their relatives‟ BAP status will help reveal which deficits
are genetically transmitted in ASD.
Early studies indicated that the lesser variant of ASD includes pragmatic
language difficulties that were milder than, but similar to the deficits observed in ASD
(Bolton et al., 1994; Landa et al., 1992; Piven et al., 1997). Several family studies have
also found increased rates of language and literacy difficulties among relatives of
children with ASD (Bailey et al., 1998; Folstein et al., 1999; Ruser et al., 2007;
Tomblin, Hafeman, & O‟Brien, 2003), providing further support for the presence of
communication impairments in the BAP. Other studies of language in ASD families
have reported that some relatives of children with ASD perform poorly on tests of
nonword and sentence repetition, which are purported markers for heritable structural
language impairment (Lindgren, Folstein, Tomblin, & Tager-Flusberg, 2009). In
contrast, several studies have found that the communication impairments that
characterize the BAP may be restricted to the pragmatic domain. For example,
Whitehouse, Barry and Bishop (2007) reported that parents of children with ASD had
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impaired pragmatic, but not structural language skills. These findings were replicated in
a larger study that included cohorts in the UK and US, which found that the
predominant communication difficulty experienced by parents of a child with ASD was
in social engagement rather than language structure (Whitehouse, Coon, Miller,
Salisbury, & Bishop, 2010). More recent studies have provided further evidence to
support the claim that social communication deficits are part of the heritable ASD
phenotype (Bernier, Gerdts, Munson, Dawson, & Estes, 2012; Gerdts, Bernier, Dawson,
& Estes, 2013). These results indicate that parents from multiplex ASD families
demonstrate a greater degree of ASD characteristics relative to parents from simplex
ASD families, particularly in social and communication domains. Overall, these data
suggest that impairments in social communication rather than structural language
comprise the heritable communication deficit in ASD.
The majority of research to date has examined the effect of proband phenotype
(ASD vs. non-ASD) on relative BAP status, with far less research investigating the
reverse. By investigating proband characteristics as a function of parental BAP status,
we can start to determine which aspects of communication may be part of the heritable
ASD phenotype. One previous study has examined possible links between parent BAP
status and offspring communication. Bishop et al. (2006) assessed communication in the
siblings of ASD children using the Children‟s Communication Checklist-2 (CCC-2;
Bishop, 2003a), a parent-report scale designed to screen for pragmatic and structural
language difficulties and behavioral characteristics of ASD. Bishop et al. (2006)
identified the siblings with low CCC-2 scores and then examined their parents‟ autisticlike traits using the Autism Spectrum Quotient (AQ; Baron-Cohen, Wheelwright,
Skinner, Martin, & Clubley, 2001). While the mothers of the low CCC-2 subgroup were
not atypical on the AQ, 80% of the fathers had high scores on the social and
communication subscales. Interestingly, in an earlier study, Bishop et al. (2004b) found
no increased rate of language and literacy difficulties in ASD parents. However, when
the AQ was used to classify parents as BAP or non-BAP, BAP parents were more likely
to report a personal history of language or literacy impairment than non-BAP parents.
These studies are limited by small numbers (e.g., Bishop et al., 2006, had only five
fathers of children with low CCC-2 scores) and have not explored associations between
parent BAP status and communication in the ASD child. Nonetheless, the limited
evidence of this kind suggests that genetic liability for ASD, as indexed by the BAP,
may be associated with structural language difficulties.
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The current study explored relationships between parent BAP status and the
communication characteristics of ASD probands using the CCC-2. We hypothesized
that if structural language deficits are part of the heritable ASD phenotype, then the
children of BAP parents would have more severe structural and pragmatic language
impairments than the children of non-BAP parents. Conversely, if pragmatic, but not
structural language difficulties are part of the heritable ASD phenotype, then children
would have similar structural language abilities regardless of the BAP status of their
parents.

Method
Participants
Participants were part of the Western Australian Autism Biological Registry
(WAABR), which is an ongoing study of children with ASD and their families taking
place at the Telethon Institute for Child Health Research in Perth, Western Australia.
Participants were recruited via newspaper advertisements and children with a clinical
diagnosis of Autistic Disorder, Asperger‟s Disorder or Pervasive Developmental
Disorder-Not Otherwise Specified (PDD-NOS) were included in the study. In Western
Australia, diagnosis of ASD is obtained by consensus following a multidisciplinary
assessment by a team comprising a paediatrician, clinical psychologist and speech
pathologist. We sought to verify diagnoses using the Autism Diagnostic Observation
Schedule-Generic (ADOS-G; Lord, et al., 2000). Forty-seven of the ASD probands
reached the ADOS-G cut-off for autism; 18 met criteria for the „autism spectrum‟ and
17 did not meet the ASD threshold based solely on the ADOS-G scores. Of the 17
children who did not meet ADOS-G criteria for ASD, 13 had received a clinical
diagnosis of Autistic Disorder, two had been diagnosed with PDD-NOS, and two with
Asperger‟s Disorder. Clinical judgment remains the „gold-standard‟ for diagnosis of
ASD (Lord et al., 2012), with ADOS-G often used as a confirmatory measure. Given
that all children in this study had received a consensus multidisciplinary clinical
diagnosis, and that the majority had also reached at least ASD threshold on the ADOSG, none of the children recruited were excluded from the study.
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Table 1.
ASD diagnosis, gender and mean (and SD) chronological age for ASD probands
Autistic Disorder

Asperger‟s Disorder

PDD-NOS

68

7

7

56:12

5:2

6:1

4:1-17:10

5:4-13:8

4:6-16:5

M

8:7

10:1

8:6

SD

3:8

2:9

4:4

N
Male: Female
Age Range
Years: Months

Table 2.
Means (and SDs) of age and AQ scores for parents and proband ADOS-G social and
communication scores as a function of sex and BAP status
Mother

Father

BAP

Non-BAP

BAP

Non-BAP

21

61

22

60

M

39.43

40.80

43.41

42.67

SD

4.34

6.27

5.00

7.44

Range

26-43

4-24

26-42

3-25

M

33.43

12.36

31.73

16.25

SD

6.69

5.40

4.56

5.64

M

4.57

4.26

4.14

4.43

SD

1.72

2.20

1.91

2.15

M

7.23

6.70

7.18

6.82

SD

3.33

2.81

2.20

3.17

N
Age

AQ

ADOS Communication

ADOS Social

Eighty-two families provided a completed CCC-2 for the proband and the AQ
for both parents (see Tables 1 and 2 for participant characteristics). All children with
ASD were between 4 and 17 years of age, and were speaking in sentences, which is a
requirement for the CCC-2. Woodbury-Smith, Robinson, Wheelwright and BaronCohen (2005) evaluated the AQ for its use as a clinical screening questionnaire and
found that a score of 26 and above was a useful cut-off to identify high levels of
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autistic-like traits which may require further clinical assessment. This threshold was
used to identify parents with the BAP in the current study. Twenty-one mothers and 22
fathers had AQ scores of at least 26 and were considered to exhibit the BAP (see Table
2).

Procedure and Measures
Participants were mailed the CCC-2 and AQ as part of a larger battery of
questionnaires, which they completed at home. Families attended the Telethon Institute
where the ADOS-G was administered by a trained assessor.
The Children‟s Communication Checklist (CCC-2; Bishop, 2003) is a 70-item
parent-report questionnaire designed to screen for communication difficulties in
children with phrase speech. The scale is comprised of ten subscales that measure
general communication difficulties (speech, syntax, semantics and coherence),
pragmatic language (inappropriate initiation, stereotyped language, use of context and
nonverbal communication) and behaviors commonly associated with ASD (social
behavior and interests). Standard scores with a mean of 10 can be derived for each
subscale. Two composite scores can be computed: the Global Communication
Composite (GCC) provides a measure of overall communication ability and the Social
Interaction Deviance Composite (SIDC) identifies children who have pragmatic
impairments disproportionate to their structural language abilities.
The Autism Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner,
Martin & Clubley, 2001) is a 50-item self-report questionnaire that measures mild levels
of autistic-like traits. Scores range from zero to fifty and higher scores indicate a greater
degree of autistic-like characteristics.

Results
The means and standard deviations for parent age, AQ scores and proband
ADOS-G social and communication scores are presented in Table 2. While fathers were
found to be significantly older than mothers, F(1, 163) = 5.90, p < .05, ηp2 = .035, there
was no age difference between the BAP and non-BAP groups for mothers, F(1, 81) =
.864, n.s., ηp2 = .011, or for fathers, F(1, 81) = .187, n.s., ηp2 = .002. As expected, given
the way the groups were formed, the BAP group had higher AQ scores than the nonBAP group for mothers, F(1, 81) = 209.55, p < .001, ηp2 = .72, and for fathers, F(1, 81)
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= 134.35, p < .001, ηp2 = .63 (see Table 2). There was no difference in proband ADOSG severity (indexed as the social and communication total score) between the BAP and
non-BAP groups for mothers, F(1, 81) = .614, n.s., ηp2 = .088, or for fathers, F(1, 81) =
.004, n.s., ηp2 = 0.
In order to explore whether proband communication difficulties increased with
higher genetic liability for ASD, we partitioned the probands into three groups based on
whether neither parent met the criteria for the BAP, one parent was BAP, or both
parents were BAP. Prior to partitioning the groups in this manner, we investigated
whether proband CCC-2 scores differed according to the sex of the BAP parent for
those families where just one parent met the BAP criterion. Univariate ANOVAs with
BAP group as the between subjects factor (mother only BAP, father only BAP) showed
no differences on any of the CCC-2 subscales (all p values > .05). As no differences
between the mother only BAP and father only BAP groups were apparent, we collapsed
these two groups together to form a single „one parent BAP‟ group.
Descriptive statistics for proband standard scores on each subscale of the CCC-2
are presented in Table 3. Univariate ANOVAs with BAP group (neither, one, both) as a
between-subjects factor revealed significant group differences for all subscales except
for syntax, semantic and interests18. While a significant group difference was also
present for the GCC, no difference was observed for the SIDC (see Table 3). Post hoc
tests (LSD) were used to follow-up significant group differences, in most cases showing
significantly higher standard scores for probands with no BAP parent compared to
probands with one or two BAP parents (see Table 3). Scores for probands with two
BAP parents were similar to scores for probands with one BAP parent across all
subscales, except for social, where probands with both BAP parents had significantly
lower scores than probands with only one BAP parent.

18

We re-ran the univariate ANOVAs without the children who did not meet ADOS-G cut-offs for ASD.
While the p-values were slightly higher than for the original analysis, the overall pattern of results was
unchanged. Significant effects were retained across the Coherence, Inappropriate Initiation, Stereotyped
Language and Use of Context subscales as well as for the Global Communication Composite. There was
also a trend towards significance for the Social subscale (p = .062).
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Table 3.
Means (and SDs) standard scores for each subscale of the CCC-2 as a function of parent BAP status
Subscale

Parent BAP Status
F

p

ηp2

Post Hoc Tests (LSD)

4.17 (4.71)

4.32

.017

.099

N > O; N = B; B = O

2.97 (3.38)

4.33 (3.93)

1.37

.26

.034

No group difference

5.64 (3.18)

4.09 (2.57)

4.33 (1.21)

2.82

.066

.067

No group difference

D: Coherence

4.04 (2.06)

2.81 (1.96)

2.00 (1.41)

5.25

.007

.117

N > O; N > B; B = O

E: Inappropriate Initiation

5.64 (2.18)

4.16 (2.76)

4.17 (1.47)

3.94

.023

.091

N > O; N = B; B = O

F: Stereotyped

4.67 (2.62)

3.42 (2.42)

1.50 (1.05)

5.55

.006

.123

N > B; N > O; B = O

G: Use of Context

3.71 (2.40)

1.90 (2.43)

1.50 (1.52)

6.45

.003

.140

N > O; N > B; B = O

H: Nonverbal

2.93 (1.71)

2.06 (1.77)

1.33 (1.51)

3.80

.027

.088

N > O; N > B; B = O

I: Social

2.69 (2.02)

2.26 (2.31)

.17 (.41)

3.95

.023

.091

N = O; N > B; B < O

J: Interests

5.33 (2.37)

4.32 (2.88)

3.00 (1.67)

3.04

.054

.071

No group difference

GCC

36.96 (15.27)

24.97 (12.77)

23.33 (11.11)

7.70

.001

.163

N > O; N > B; B = O

SIDC

-3.40 (8.99)

-.61 (10.07)

-6.17 (10.52)

1.26

.290

.031

No group difference

Neither (N)

One (O)

Both (B)

N = 45

N = 31

N=6

A: Speech

6.00 (3.89)

3.55 (2.99)

B: Syntax

4.31 (3.65)

C: Semantic
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Discussion
The current study explored the relationship between parent BAP status and
proband communication difficulties. The results showed that probands with at least one
BAP parent had lower (worse) scores on both structural (particularly Speech and
Semantic) and pragmatic CCC-2 subscales compared to probands with no BAP parent.
These findings are consistent with other studies that have used the BAP to assess the
heritability of offspring communication characteristics. For example, Bishop et al.
(2004b) found that BAP parents were more likely to report a personal history of
language and literacy difficulties than non-BAP parents. More recently, Bishop et al.
(2006) found that the BAP status of ASD fathers was associated with poor offspring
communication across structural (speech, semantic, coherence) and pragmatic domains.
Taken together, these findings provide some support for the position that both pragmatic
and structural deficits may be part of the heritable ASD phenotype.
There are several possible reasons for the observed communication difficulties
in the probands with BAP parents. It is plausible that there is a gene-environment
interaction, such that ASD probands with a BAP parent have both an increased genetic
liability for a social communication impairment and also less opportunity to learn
important aspects of communication from parents who themselves may have structural
or pragmatic language difficulties. A further possibility is that families with greater
genetic liability for ASD have children with more severe difficulties across
developmental domains, including structural and pragmatic language. Certainly,
associations have been reported from research of a complementary design, whereby
parents from multiple-incidence autism families, thought to represent higher genetic
liability for ASD, have more pragmatic and speech difficulties than parents from single
incidence autism families (Bernier et al., 2012; Gerdts et al., 2013; Losh, Childress,
Lam, & Piven, 2008; Piven et al., 1997). Finally, there may be an interrelationship
between pragmatic and structural difficulties in the ASD probands with BAP parents,
whereby the increased genetic liability for ASD leads to greater pragmatic impairments,
which result in increased difficulty learning aspects of structural language. Importantly,
while the current study reports associations between communicative characteristics of
ASD probands and their parents, the heritability of linguistic and pragmatic capabilities
can only be determined through twin studies in which environmental influences on
behavior can be assessed. In these studies, it may be useful to obtain more extensive
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data on the ASD characteristics of the parents, by including measures of parent
language as well as behavioral assessments of the ASD phenotype. The inclusion of
more detailed information about the parental phenotypes, as well as child language and
ASD characteristics, will help to determine whether the communication characteristics
of children with ASD are inherited or alternatively, learned from parents who
themselves may have structural or pragmatic difficulties.
In this study, the AQ and CCC-2 were completed by parents who are
knowledgeable about and possibly sensitive to the characteristics of ASD, which may
result in biased interpretations of the child‟s communicative difficulties. In addition,
having a child with ASD could lead some parents to interpret personality characteristics
that they share with their child as features of ASD, resulting in overestimations of
autistic-like tendencies on self-report measures such as the AQ. However, parent
completed CCC-2 questionnaires have been recognized as a valid tool to identify and
discriminate between different communication disorders and scores are consistent with
clinical diagnoses that have been assigned based on direct measures of language ability
(Norbury, Nash, Baird, & Bishop, 2004). Nonetheless, in future studies, it may be
useful to include an additional language measure that is rated by a relatively impartial
third party.
Interestingly, the current results indicate that the parent BAP may be associated
with impairments in some aspects of structural language, suggesting that genetic
liability for ASD may confer risk for a language impairment that resembles Specific
Language Impairment (SLI). SLI is defined by a language delay in the absence of
neurological, intellectual, sensory, or other developmental difficulties (Bishop, 2003b;
Stark & Tallal, 1981). While the structural language impairment in SLI contrasts with
the pragmatic impairment in ASD, recent findings indicate that the conditions share
some linguistic characteristics (Kjelgaard & Tager-Flusberg, 2001; Lewis, Murdoch, &
Woodyatt, 2007, Rapin, Dunn, Allen, Stevens, & Fein, 2009). The current results,
which indicate that probands with a BAP parent have more structural language
difficulties than probands with no BAP parent could represent superficial overlap in the
ASD and SLI phenotypes, resulting from phenomimicry (Bishop, 2010). Nonetheless,
while the current findings suggest that there could be a degree of overlap in the heritable
communication impairment in ASD and SLI, future investigations that compare the
broader phenotypes of ASD and SLI in parents will make an important contribution to
theoretical arguments about overlap in these conditions.
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This research reports novel associations between parent BAP status and proband
communication using the CCC-2. The CCC-2 is useful in explorations of the heritable
ASD phenotype as it measures structural and pragmatic language, thereby allowing us
to potentially distinguish between the heritable phenotype of communication disorders
such as SLI and the heritable ASD phenotype. However, the children with ASD in the
current study were at least four years of age and had functional verbal language. Further
insight into the heritable language phenotype of ASD could be provided by
investigating whether parents‟ BAP status is associated with early language
development, with the development of nonverbal communication, and with whether
functional verbal language is achieved in the child with ASD.
The current study reports associations between parent BAP status and proband
communication characteristics. The findings make a unique contribution to research
concerning the heritable language impairment in ASD and may have implications for
theories of overlap between ASD and other heritable communication disorders, such as
SLI.
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Chapter 7: General Discussion

Synopsis
The aim of this thesis was to investigate the phenotypic and etiological relationships
between ASD and SLI. A series of review and empirical studies sought to explore
overlap in (1) the cognitive phenotypes of ASD and SLI, and (2) the heritable
phenotypes of these two conditions. The findings make an important contribution to the
literature in demarcating the shared cognitive and linguistic characteristics, as well as
possible shared etiology in ASD and SLI. This chapter provides a summary of the key
results of the thesis and places the findings within the context of the broader literature
that has examined overlap in the phenotypes of ASD and SLI. The chapter then
considers the results in relation to arguments about possible shared etiology in these
conditions, before describing the theoretical and clinical implications of the findings.

Summary of Results
While extensive research has explored overlap in the language phenotypes of
ASD and SLI, few previous studies have investigated potential overlap in the cognitive
domain. The following sections provide a summary of the studies presented in Chapters
3 to 6 of the thesis, which were designed to examine points of similarity and distinction
in the cognitive phenotypes of children with ASD, children with SLI and parents of both
groups of children (see also Table 1 for an overview of the findings presented in this
thesis).
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Table 1.
Overview of the key findings that are presented in Chapters 3 to 6 of this thesis.
Chapter
Three

Purpose

Key Findings

To examine overlap in the cognitive phenotypes of ASD and

Children with ALI and children with SLI shared deficits in nonword and sentence repetition

SLI, specifically in regard to phonological short term memory

(measures of phonological short term memory). The SLI group also showed impaired

and central coherence.

performance on the Children‟s Embedded Figures Test (a measure of central coherence),
compared to their chronological age, sex and nonverbal ability.

Four

To investigate the emotion recognition abilities of children with

While the ALI and the SLI groups had difficulty identifying the simple (happy, sad, scared,

ASD and children with SLI.

angry) and complex (surprised, disgusted) emotions from faces and from voices, the ALN group
had difficulty only when identifying the complex emotional expressions across the visual and
auditory modalities.

Five

To explore possible shared cognitive characteristics of parents

The only group difference emerged on the nonword repetition test, for which the ASD parents

of children with ASD, children with SLI, and typically

had lower scores than the SLI parents and the TD parents.

developing children.
Six

To investigate whether the broader autism phenotype in parents

ASD probands with at least one BAP parent were found to have more severe structural and

is associated with the language phenotype of the ASD offspring.

pragmatic impairments (i.e., lower CCC-2 scores) than ASD probands with no BAP parent.
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Overlap in the Cognitive Phenotypes of ASD and SLI
The studies presented in Chapters 3 and 4 of this thesis compared the cognitive
phenotypes of ASD and SLI. Specifically, we investigated whether children with SLI
carry cognitive characteristics of ASD – „weak‟ central coherence and poor emotion
recognition – and whether a subgroup of children with ASD (those with an additional
structural language impairment) have a cognitive profile that resembles SLI (i.e.,
phonological short term memory deficits). Four groups of children participated in these
studies: 61 TD children, 18 ASD children with linguistic abilities in the normal range
(ALN), 14 „language impaired‟ children with ASD (ALI) and 19 children with SLI.
Chapter 3 describes a study in which these children completed tasks that are putative
markers for SLI (nonword [NWRep] and sentence [SNRep] repetition) and also the
Children‟s Embedded Figures Test (CEFT; Karp, Konstadt & Witkin, 1971), a
purported measure of central coherence. NWRep and SNRep tasks are considered to tap
phonological short-term memory, a deficit in which is posited to underlie the language
impairment in SLI. Previous studies have shown that NWRep in particular is a sensitive
and specific marker of SLI and poor performance on this task distinguishes children
with SLI from children with other communication disorders such as ASD (Botting &
Conti-Ramsden, 2003). The CEFT has been used extensively to investigate visual
disembedding in ASD. Several previous studies have shown that children with ASD
exhibit intact (Brian & Bryson, 1996; Kaland, Mortensen, & Smith, 2007; Ozonoff,
Pennington, & Rogers, 2001), or enhanced (Edgin & Pennington, 2005; Jarrold,
Gilchrist, & Bender, 2005; Jolliffe & Baron-Cohen, 1997; Morgan, Maybery, & Durkin,
2003; Pellicano, Maybery, Durkin, & Maley, 2006; Shah & Frith, 1983) performance on
this task. While it is unclear whether the CEFT measures enhanced local processing,
reduced global processing, or „weak‟ central coherence in children with ASD, intact or
superior performance on this task represents a core feature of the ASD cognitive
phenotype.
For the study presented in Chapter 4, the children completed a task in which
they were required to identify emotions from either a photograph of a face or from
audio recordings of a voice. Considerable evidence supports emotion recognition
deficits in ASD, and these deficits are thought to be associated with the Theory of Mind
impairment that underlies the social and communication difficulties of this population.
While previous studies have shown that children with ASD perform poorly on tests of
emotion recognition (Baron-Cohen, Jolliffe, Mortimore, & Robertson, 1997; BaronCohen, Wheelwright, Hill, Raste, & Plumb, 2001; Golan, Baron-Cohen, Hill, &
259

Chapter 7: General Discussion
Rutherford, 2007; Hobson, 1986; Hobson, Ousten, & Lee, 1989; Rutherford, BaronCohen, & Wheelwright, 2002; see also Harms, Martin, & Wallace, 2010; Nuske,
Vivanti, & Dissanayake, 2013; Uljarevic & Hamilton, 2013), findings regarding
children with SLI have been mixed (Creusere, Alt, & Plante, 2004; Ford & Milosky,
2003; Fujiki, Spackman, & Brinton, 2008; Spackman, Fujiki, & Brinton, 2006; Trauner,
Ballantyne, Chase, & Tallal, 1993). Furthermore, direct comparisons of emotion
recognition in ASD and SLI are scarce.
Chronological age, sex and nonverbal ability were used to predict scores for the
TD children on the NWRep, SNRep, CEFT and emotion recognition tasks. The
resulting regression equations were then used to generate predicted scores for the ALN,
ALI and SLI groups on each of these measures. These predicted scores were
subsequently compared to the observed scores. A significant difference between the
observed and predicted scores would indicate that the clinical group performed better or
worse than expected based on their age, sex and nonverbal ability.
The children with SLI and those with ALI performed worse than expected on the
NWRep and SNRep tasks, indicating that both groups have phonological short term
memory limitations. These children also showed similar levels of difficulty when
identifying simple (happy, sad, angry, scared) and complex (surprised, disgusted)
emotions from the face and from the voice. The ALN group had difficulty only when
identifying the complex emotions. Differences were also observed for the CEFT, as the
SLI but not the ALI children performed worse than expected based on their age, sex and
nonverbal ability. These results indicate that there are points of similarity in the
cognitive phenotypes of ASD and SLI and also highlight a key point of distinction in
CEFT performance.

Overlap in the Heritable Phenotypes of ASD and SLI
Chapters 5 and 6 present the findings of two studies that explored the
heritability of cognitive and language characteristics of ASD and SLI. Chapter 5
presents a preliminary investigation of overlap in the broader cognitive phenotypes of
ASD and SLI. Specifically, this study examined whether parents of these two groups of
children share cognitive characteristics of the broader autism („weak‟ central coherence
and poor emotion recognition) or the broader SLI (phonological short term memory)
phenotype. In this study, 24 parents of children with ASD, 12 parents of children with
SLI and 20 parents of TD children completed NWRep and SNRep tasks, along with the
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Embedded Figures Test (EFT; Witkin et al., 1971) and a test of emotion recognition.
Each of these tasks is sensitive to a particular aspect of the heritable phenotype of ASD
or SLI. While the ASD and SLI parents did not differ from parents of TD children on
the EFT or SNRep tasks, differences were observed on the emotion recognition test.
The ASD parents were significantly less accurate than the SLI parents when identifying
emotions from the face. In addition, the SLI parents and the ASD parents both made
faster responses than the TD parents to the face stimuli. Group differences were also
apparent for the NWRep task. The parents of children with ASD performed worse than
the TD parents, and there was a similar trend in comparing the SLI and TD parents.
This finding may indicate that the heritable communication impairment in ASD
includes a NWRep deficit.
The study reported in Chapter 6 utilized an alternative design to investigate
possible shared etiology in ASD and SLI. This study explored relationships between the
broader autism phenotype (BAP) among parents, an index of genetic liability for ASD,
and proband communication difficulties. Eighty-two parents of children with ASD
completed the Autism Spectrum Quotient, a self-report measure of autistic-like traits
and the Children‟s Communication Checklist-2. ASD probands with at least one BAP
parent were found to have more severe structural and pragmatic impairments (i.e., lower
CCC-2 scores) than ASD probands with no BAP parent. These findings indicate that
greater genetic liability for ASD may confer risk for structural language impairments,
which is indicative of shared heritable risks for the language impairment in ASD and in
SLI.

Summary
The findings regarding overlap in the cognitive phenotypes of children with
ASD, children with SLI and their parents are mixed. While children with ALI and
children with SLI showed poor NWRep and emotion recognition performance, it was
only the children with SLI who had difficulty with the CEFT. In addition, while the
ASD parents performed poorly on the NWRep task, group differences between the
ASD, SLI and TD parents were not observed for the SNRep or EFT tasks. However,
increased BAP expression in ASD parents was associated with worse proband
communication across structural and pragmatic domains. Together, the results of the
parent studies suggest that there may be a shared heritable risk factor for the structural
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language difficulties in ASD and SLI. These findings are discussed in light of the
current evidence regarding phenotypic overlap in ASD and SLI in the following section.

Overlap in the Cognitive Phenotypes of ASD and SLI
There is considerable empirical evidence for similarities in the language
phenotypes of ASD and SLI. In an influential study, Kjelgaard and Tager-Flusberg
(2001) found that a substantial minority of children with ASD have linguistic
characteristics that resemble SLI. This finding has stimulated further research into
possible overlap in the phenotypes of ASD and SLI and more recent studies have
replicated these results (Loucas et al., 2008; Whitehouse, Barry, & Bishop, 2008).
While comparisons of overlap in the cognitive phenotypes of ASD and SLI are scarce,
the following sections place the results of the current thesis in the context of the
available evidence regarding possible shared characteristics in these two conditions.

Does the Nonword Repetition Deficit Underpin the Language Impairments in ALI and
SLI?
A NWRep deficit is the most well-documented point of overlap in the
phenotypes of ASD and SLI. Most notably, several studies have found that children
with ALI have NWRep deficits consistent with the SLI profile (Kjelgaard & TagerFlusberg, 2001; Riches, Loucas, Baird, Charman, & Siminoff, 2010, 2011; Whitehouse
et al., 2008; Williams, Payne, & Marshall, 2013). In recent years, the NWRep
impairment in ALI and SLI has been the source of considerable investigation (e.g.,
Riches et al., 2010, 2011; Whitehouse et al., 2008; Williams et al., 2013). These studies
are consistently finding that while children with ALI and those with SLI show similar
performance on tests of NWRep, the groups can be distinguished based on the error
profiles. Several studies have found that children with SLI make more errors than
children with ALI on long- (four- syllable) relative to short- (two-syllable) nonwords
(Riches et al., 2011; Whitehouse et al., 2008). A similar pattern has been observed for
SNRep tasks, on which children with SLI make more errors than children with ALI on
long- relative to short-sentences (Riches et al., 2010). Based on these findings, Riches et
al. (2011) argued that, in contrast to children with ALI, those with SLI have a more
severe phonological short term memory limitation. Furthermore, Riches et al. (2010)
found that, while the profile of errors on a SNRep task was qualitatively similar
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between the ALI and SLI groups, adolescents with SLI were more likely to change the
syntactic structure of the sentence, which may indicate greater syntactic difficulties for
the SLI relative to the ALI group. In a novel study of NWRep in ALI and SLI, Williams
et al. (2013) found marked differences in NWRep performance in these two groups.
Overall, relative to the ALI sample, the children with SLI were more affected by the
position of consonant clusters in the nonwords and were more likely to create novel
clusters in incorrect positions. These findings converge in suggesting that the NWRep
deficits in ALI and SLI have distinct cognitive or linguistic underpinnings.
Several alternative explanations for the NWRep deficits in ALI have been
proposed (Whitehouse et al., 2008; Williams et al., 2013). While articulation and
oromotor skill deficits are a pervasive feature of SLI and could contribute to NWRep
deficits in these children (Kjelgaard & Tager-Flusberg, 2001; Rapin & Dunn, 2003;
Rapin, Dunn, Allen, Stevens, & Fein, 2009), Whitehouse et al. (2008) found that
children with ALI performed markedly better than children with SLI on a test of
oromotor sequencing. In a more recent study, Williams et al. (2013) included only SLI
children with no articulation impairment and still found NWRep deficits in these
children. Therefore, oromotor skill deficits exclusively cannot explain poor NWRep in
children with SLI and also do not account for poor NWRep in children with ALI.
Whitehouse et al. (2007, 2008) also hypothesized that NWRep deficits in ALI
arise when children have substantial impairment in more than one autistic domain. In
one study in particular, Whitehouse et al. (2008) found that children with ASD who also
had poor NWRep performance had significantly greater autistic symptomatology than
those with typical NWRep performance. However, this finding has not been replicated
by several other studies (Lindgren, Folstein, Tomblin, & Tager-Flusberg, 2009; Loucas
et al., 2008). The current results provide additional support for the claim that NWRep
and SNRep difficulties in ALI are unrelated to the severity of ASD symptoms, as there
was no difference in ADOS-G communication and social interaction scores between our
ALN and ALI groups. While the empirical evidence consistently shows that children
with ALI have NWRep deficits, it appears that these impairments have distinct
cognitive or linguistic underpinnings to the NWRep deficit that is a core feature of SLI.
Distinct Performance on the Children’s Embedded Figures Test
The current results are inconsistent with previous findings of superior
performance on the CEFT among children with ASD. However, the SLI group
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performed worse than expected based on their age, sex and nonverbal ability and this
finding reveals an important point of distinction in the cognitive phenotypes of ASD
and SLI.
Unexpectedly, the performance of the children with ASD on the CEFT did not
significantly differ from that of the TD children. While this finding is incongruent with
studies reporting superior performance of ASD children on this task, there is also a body
of literature that reports no differences between ASD and TD groups (Brian & Bryson,
1996; Ozonoff et al., 1991). One explanation for the enhanced EFT performance
observed in some studies of individuals with ASD is that visual disembedding is intact
in individuals with otherwise low nonverbal ability. A discrepancy between CEFT and
nonverbal ability may not have been observed in the current sample, who had average,
if not above-average WASI-Matrix Reasoning scores. While the lack of superior CEFT
performance for the ASD children is important to consider, the most noteworthy finding
from Chapter 3 was the distinction between the ALI and SLI children on the CEFT.
The poor CEFT performance observed in the SLI group is consistent with
previous studies reporting impaired visuospatial abilities in these children. For example,
Marton (2008) found that children with SLI performed worse than chronological- and
language age-matched children across a range of visuospatial working memory tasks
(e.g., space visualisation, position in space and design copying) and Hick et al. (2005)
reported that visuospatial short term memory developed more slowly in children with
SLI than in their age-matched peers. These findings indicate that, despite having
nonverbal intelligence within the „normal‟ range, some children with SLI may have
deficits in other aspects of cognitive ability, such as working memory (Hick, Botting, &
Conti-Ramsden, 2005; Kamhi, Catts, Mauer, Apel, & Gentry, 1988; Marton, 2008).
In addition, the children with SLI took longer than expected to find the hidden
shapes on the CEFT. This is consistent with the empirical evidence which indicates that
children with SLI are slower than TD children to complete linguistic (e.g., lexical,
grammatical, phonological) and non-linguistic (e.g., tapping, visual search, visual
rotation) tasks (Lahey, Edwards, & Munson, 2001; Miller, Kail, Leonard, & Tomblin,
2001). Based on these findings, several authors have proposed a processing-capacity
limitation account of SLI, whereby cognitive processes such as slower speed of
processing (Miller et al., 2001) or restricted working memory capacity (Ellis Weismer,
Evans, & Hesketh, 1999) underlie the difficulties these children have with the
acquisition and use of language (see also Hayiou-Thomas, Bishop, & Plunkett, 2004). It
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is possible then that there is a unifying cognitive impairment in SLI that underlies both
verbal (e.g., phonological short term memory and subsequent language development)
and visuospatial (e.g., performance on the CEFT) processes.
The processing capacity limitation account of SLI is one of several unifying
theories that have been advanced to explain the observed linguistic and non-linguistic
impairments in this population. Ullman and Pierpont (2005) proposed an alternative
hypothesis, arguing that a general processing deficit in SLI does not account for the
specific types of language impairments, or the selective nature of the non-linguistic
impairments observed in these individuals. Rather, Ullman and Pierpont (2005)
suggested that abnormalities in brain structures associated with the procedural memory
system are present in a considerable proportion of individuals with SLI. The procedural
memory system is purported to underlie a range of cognitive (e.g., rapid processing,
working memory) and linguistic (e.g., grammatical abilities) processes (Ullman et al.,
1997). Accumulating evidence supports the procedural deficit hypothesis, with several
studies showing deficits for individuals with SLI in verbal (Evans, Saffran, & RobeTorres, 2009; Plante, Gomez, & Gerken, 2002) and nonverbal tasks that rely on the
procedural memory system (Lum, Gelgic, & Conti-Ramsden, 2010; Tomblin, MainelaArnold, & Zhang, 2007). Further evidence supporting this theory comes from a recent
study reporting that children with SLI were impaired relative to TD children on a
visuospatial serial reaction time task, a measure of procedural memory, even after
controlling for working memory (Lum, Conti-Ramsden, Page, & Ullman, 2012). In
addition, while working memory in the verbal domain was impaired for the children
with SLI, working memory deficits were not present for visuospatial information. These
findings are consistent with the hypothesis that SLI is underpinned by a core deficit in
procedural memory, which leads to impairments in language and visuospatial abilities
that rely on the procedural memory system, for this population.
The SLI but not the ALI children were slower and less accurate to find the
hidden figures in the EFT. In general, studies that have investigated visuospatial
processing in ASD have found similar or superior accuracy and RT for individuals with
ASD, relative to TD controls, on mental rotation (Falter, Plaisted, & Davis, 2008; Silk
et al., 2006), disembedding (Jolliffe & Baron-Cohen, 1997; Kuschner, Bennetto, &
Yost, 2007) and Block Design tasks, as well as the Rey complex figure test (Ropar &
Mitchell, 2001). Empirical evidence indicates that information processing speed is also
intact in individuals with ASD (Scheuffgen, Happé, Anderson, & Frith, 2000; Wallace,
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Anderson, & Happé, 2009). In addition, while Ullman (2004, 2008) suggested that
language impairments in ASD may be driven by procedural memory deficits,
procedural memory and its association with language ability has been not been
extensively explored in ASD. Studies that have examined procedural memory in ASD
have reported conflicting findings. For example, some have found impaired procedural
learning for individuals with ASD (Mostofsky, Goldberg, Landa, & Denckla, 2000) and
others indicate that children with ASD are able to learn spatial and temporal sequences
as effectively as TD children (Barnes et al., 2008; Gordon & Stark, 2007). Notably,
these studies have included children that vary in the severity of ASD and did not
differentiate ALI from ALN. If procedural memory deficits are associated with
language impairments in ASD, we might expect to see the deficits for the ASD children
with impaired language, but not for those with normal linguistic abilities. If poor
language in SLI is driven by generalized slowing, limited processing capacity, or
impaired procedural memory, and similar deficits are not present in children with ALI,
then this provides further evidence for distinct cognitive underpinnings for the language
impairment in these two conditions.

Emotion Recognition Deficits in ASD and in SLI: Is Language Impairment a Common
Contributor?
The results presented in Chapter 4 indicate that while children with ALI and
children with SLI had difficulty identifying simple (happy, sad, scared, angry) and
complex (surprised, disgusted) emotions, the children with ALN had difficulty only
when identifying the complex emotions. This finding points to a further area of overlap
in ALI and SLI and also indicates that language impairment may contribute to the
emotion recognition deficits in these two groups of children.
While emotion recognition deficits are not a universal feature of ASD, a
substantial proportion of these individuals have impairments in identifying emotions
(Harms et al., 2010; Nuske et al., 2013; Uljarevic & Hamilton, 2013). The current
results are consistent with studies that have found impaired facial (Baron-Cohen et al.,
1997a, 2001; Harms et al., 2010; Kleinman, Marciano, & Ault, 2001) and vocal (Golan,
Baron-Cohen, Hill, & Golan, 2006; Golan et al., 2007; Hobson, Ousten, & Lee, 1988;
Rutherford et al., 2002) emotion recognition among individuals with ASD when
compared to TD individuals. The results are also consistent with previous studies which
have reported that individuals with ASD have greater difficulty than TD individuals
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when identifying complex relative to simple emotions in the face (Baron-Cohen et al.,
1997a; Humphreys, Minshew, Leonard, & Behrmann, 2007; Ozonoff et al., 1991) and
in the voice (Golan et al., 2006, 2007; Kuusikko et al., 2009; Law Smith, Montagne,
Perrett, Gill, & Gallagher, 2010; Rutherford et al., 2002; see also Harms et al., 2010).
Evidence from several previous studies suggests that individuals with highfunctioning autism are able to identify prototypical emotional expressions without
difficulty. Given the conflicting evidence indicating that there are emotion processing
deficits in ASD, it is possible that some individuals employ compensatory strategies to
interpret emotions (Grossman, Klin, Carter, & Volkmar, 2000; Harms et al., 2010). For
example, in contrast to the automatic emotion processing that occurs for TD individuals,
those with ASD may use conscious linguistic processes to facilitate their performance
on emotion recognition tasks. Support for this claim comes from studies reporting that
individuals with ASD perform more accurately on emotion-matching tasks (Davies,
Bishop, Manstead, & Tantam, 1994; Piggott et al., 2004; Rump, Giovannelli, Minshew,
& Strauss, 2009), where the presence of the emotion label may facilitate the retrieval of
the emotion word, compared to emotion-identification tasks (Piggott et al., 2004;
Rutherford & Towns, 2008), where the participant may have to retrieve the emotion
label spontaneously. If individuals with ASD use linguistic processes as a compensatory
strategy to facilitate emotion recognition, then it follows that the poor performance of
the ALI group in Chapter 4 could be attributed to poor language, which exacerbates the
impaired emotion processing often observed in ASD.
Previous findings regarding emotion recognition in SLI are inconsistent. Some
studies have found that children with SLI can identify simple emotions from faces (Ford
& Milosky, 2003; Spackman et al., 2006; Trauner et al., 1993), but are less adept than
TD children in identifying emotional expressions in voices (Creusere et al., 2004; Fujiki
et al., 2008; Trauner et al., 1993). Children with SLI also perform worse than languageand chronological-age matched TD children when inferring the emotion elicited by a
specific scenario (Ford & Milosky, 2003; Spackman et al., 2006). Further, in the one
previous study that has compared children with ASD, children with SLI and TD
children on face-voice affect naming and matching tasks, Boucher et al. (2000) reported
that children with SLI were impaired relative to the TD and ASD children. While the
evidence regarding facial emotion recognition in SLI is mixed, previous findings
consistently suggest that individuals with SLI have difficulty relative to the TD
population when identifying emotions from the voice.
267

Chapter 7: General Discussion
Studies of TD children indicate that there are close developmental links between
language ability and emotion understanding (Pons, Lawson, Harris, & de Rosnay, 2003)
and associations between language and theory of mind are also well-established (see
Milligan, Astington, & Dack, 2007, for a meta-analysis). Importantly, previous studies
have emphasized the role of verbal ability in understanding emotions for children with
ASD (Hobson, 1986; Prior, Dahlstrom, & Squires, 1990), though links between
language ability and emotion processing for children and adolescents with SLI are less
clear-cut (Conti-Ramsden & Botting, 2008). One unique feature of the study presented
in Chapter 4 was the partition of the ASD group into those with and without structural
language impairments, which helped to determine whether low verbal ability influenced
performance on the current emotion recognition task. Indeed, finding that the ALI and
SLI groups had similarly poor emotion recognition abilities could suggest that language
impairment in and of itself may contribute to the emotion recognition deficits in these
two groups of children. There are two key ways that poor language may have influenced
emotion recognition: (1) the ALI and SLI children may lack the emotion vocabulary
required for the accurate identification of emotions, and (2) these children may have
difficulty processing aspects of speech such as affective prosody. The results of
previous studies indicate that TD individuals integrate information from both verbal and
nonverbal modalities to perceive emotion (Collignon et al., 2008; de Gelder, &
Vroomen, 2000; Massaro, & Egan, 1996; see also Campanella & Belin, 2007, for a
review), as emotion identification is facilitated by the concurrent presentation of verbal
and nonverbal affective information (de Gelder & Vroomen, 2000). It appears that
verbal and vocal information is processed in parallel, with the information presented in
one modality assisting emotion identification in the other. Deficits in prosodic
understanding for children with SLI and those with ALI could plausibly carryover to the
visual modality, resulting in a difficulty understanding and identifying affective
information, that is generalized across the visual and auditory modalities.
One way that poor language may have impeded performance on the current
emotion recognition task is through a limited vocabulary for emotion-related words.
Furthermore, the children with ALI and those with SLI may not have been exposed to
situations salient for developing emotion vocabulary, or lack the receptive ability to
comprehend the emotion language that is used to describe commonly experienced social
situations. Indeed, Botting and Conti-Ramsden (2008) found clear associations between
language and social cognition in adolescents with SLI and suggested that specific
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aspects of language, such as the acquisition of language content (e.g., emotion
vocabulary), are important for social understanding in these individuals. The results of a
more recent longitudinal study also showed that impairments in aspects of complex
language, such as understanding false complements, contributed to theory of mind
difficulties in children with SLI (Farrant, Fletcher, & Maybery, 2012). This study
provides further evidence to support the claim that language impairment is likely to
drive deficits in social cognition for children with SLI.
Impaired understanding of affective prosody may also be a shared language
feature that led to the poor performance of the ALI and SLI children on the emotion
recognition task. While previous studies indicate that children with SLI can interpret
prosody from short, meaningless segments of speech without difficulty, these children
are less able than TD children to interpret prosodic cues of emotion in naturalistic
speech (Fisher, Plante, Vance, Gerken, & Glattke, 2007). It is possible that the
underlying difficulties with speech perception experienced by children with SLI make it
difficult for them to integrate prosodic and semantic information to interpret affective
cues. Children with ASD, too, have deficits in understanding prosody and these deficits
are strongly related to language ability (McCann, Peppé, Gibbon, O‟Hare, &
Rutherford, 2005; Peppé, McCann, Gibbon, O‟Hare, & Rutherford, 2007). In one recent
study, Stewart and colleagues asked children with ASD to identify the feeling in
emotional sentences, neutral sentences and vocalizations without lexical information
(Stewart, McAdam, Ota, Peppé, & Cleland, 2013). Stewart et al. (2013) found that
children with ASD were able to identify the emotion in sentences that conveyed
congruent semantic information. However, these children were significantly worse than
the TD children when extracting the emotion from sentences where the prosody was
incongruent with the semantic meaning, when the semantic content was neutral, and for
trials where the vocalization contained no lexical information („mmm‟ sounds). This
result may indicate that individuals with ASD rely heavily on the semantic content of
sentences to interpret emotions from the voice, rather than the prosodic cues of emotion.
Importantly, several studies have reported that children with high-functioning autism,
who arguably have „normal‟ language, are as adept as TD children in interpreting
affective prosody (Grossman, Bemis, Skerer & Tager-Flusberg, 2010; McCann et al.,
2005; Peppé et al., 2007). Therefore, it is possible that in the current study, the language
impairment in the ALI group was contributing to the deficient emotion recognition for
these children to a greater extent than for the ALN group.
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It is possible that the emotion recognition deficit in ALI and SLI could result
from shared linguistic processes such as reduced emotion vocabulary and limited
understanding of prosodic cues, or a diminished ability to integrate affective prosodic
and semantic content. Nonetheless, it appears that the emotion recognition deficits in
ALI and in SLI may have shared causal underpinnings that stem from the language
impairment in these two groups of children.

Overlap in the Heritable ASD and SLI Phenotypes
The key finding from the study presented in Chapter 5 is that the ASD parents
had impaired NWRep performance. However, the small sample sizes in this study,
particularly in the SLI parent group, are a notable methodological limitation. The small
sample and subsequent lack of statistical power may have led to the absence of
statistically significant differences in NWRep between the SLI and TD parent groups, as
well as in the CC-A and AQ scores. Nonetheless, the findings are broadly consistent
with previous studies that have found impaired NWRep in SLI parents (Barry, Yasin, &
Bishop, 2007; Lindgren et al., 2009; Whitehouse et al., 2007). In contrast, previous
results regarding NWRep in ASD parents have been mixed. For example, while
Schmidt et al. (2008) reported NWRep deficits in parents of children with ASD, Bishop
et al. (2006) found that phonological processing deficits (i.e., in NWRep) were not part
of the BAP. Other studies that have compared ALN parents and ALI parents on tests of
NWRep have reported that deficits may be present only in parents of ALI children.
However, findings have again been inconsistent – while Whitehouse et al. (2007) found
that parents of ALN children had significantly better NWRep than parents of ALI
children, Lindgren et al. (2009) reported that ALN and ALI parents were equivalent and
significantly better than SLI parents on a NWRep test. Based on these findings,
Lindgren et al. (2009) argued against the hypothesis that ALI and SLI families share a
similar genetic loading for language impairment.
The study presented in Chapter 6 is one of the only studies to date that explores
associations between the BAP in parents and communication characteristics of the ASD
offspring. The results indicate that ASD children with at least one BAP parent had
worse structural and pragmatic language than ASD children with no BAP parent.
Similar results have been reported from studies of single- versus multiple-incidence
ASD families. These studies have found that parents from multiple-incidence ASD
families, which arguably reflect increased genetic liability for ASD, have more
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pragmatic and speech difficulties than parents from single-incidence ASD families
(Bernier, Gerdts, Munson, Dawson, & Estes, 2012; Gerdts, Bernier, Dawson, & Estes,
2012; Losh, Childress, Lam, & Piven, 2008; Piven, Palmer, Jacobi, Childress, & Arndt,
1997). The current findings are also consistent with those reported by Bishop et al.
(2006), who found that the BAP in parents, particularly fathers, was associated with
poor proband communication in structural and pragmatic domains. In addition, the
results accord with studies that have investigated associations between child
characteristics and parent language and cognitive abilities, such as those that have
reported increased rates of language and literacy difficulties in relatives of children with
ASD (Bailey et al., 1998; Tomblin, Hafeman, & O‟Brien, 2003).
The findings presented in Chapters 5 and 6 of the thesis are difficult to interpret
in the context of the broader debate about shared etiology in ASD and SLI. While it
appears that aspects of the heritable SLI phenotype (e.g., NWRep deficits and structural
language impairments) may be shared in ASD and SLI, there was no evidence to
suggest that SLI parents carry characteristics of the heritable cognitive phenotype of
ASD. These results fit within a body of literature that is highly inconsistent. One the one
hand, some studies have reported similar language characteristics in ASD and SLI
parents (Ruser et al., 2007). On the other hand, more recent investigations have found
that the heritable communication impairment in ASD is restricted to the pragmatic
domain (Bolton et al., 1994; Bishop et al., 2004; Folstein & Rosen-Sheidley, 2001;
Pilowsky, Yirmiya, Shalev, & Gross-Tsur, 2003; Whitehouse et al., 2007; Pickles, St
Clair, & Conti-Ramsden, 2013). Further, the results of a recent study of the heritability
of communication and social deficits of ASD and SLI indicated that these deficits breed
true in ASD and SLI (Pickles et al., 2013). These findings provide evidence against
shared etiology in ASD and SLI.

Summary
The current findings provide mixed evidence regarding overlap in the
phenotypes of children with ASD, children with SLI and the parents of these two groups
of children. While the NWRep deficit in SLI could result from limitations in
phonological short term memory, it is possible that the same NWRep deficit in ALI is
secondary to the broader developmental difficulties experienced by this population. The
results also indicate that language impairments in ALI and SLI play a central role in the
shared emotion recognition deficits in these two groups, but that children with SLI have
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additional cognitive impairments, such as processing-capacity limitations or procedural
memory deficits that affect linguistic and non-linguistic processes. Based on the
theoretical position that the language impairment in SLI stems from an underlying
cognitive impairment (i.e., in processing capacity or procedural memory), but no such
limitation is present in ALI, it is likely that the language impairment in this latter group
has different underlying cognitive or linguistic underpinnings than is the case for the
SLI group.
With regard to the heritability of the language and cognitive characteristics of
ASD and SLI, the shared NWRep deficit points to etiological overlap. Finding that the
broader autism phenotype in ASD parents is associated with structural and pragmatic
impairments in ASD probands is also indicative of shared genetic risk for language
impairments in ASD and SLI. As the children with ALI, children with SLI and parents
of the ASD and SLI children had impaired NWRep, and there was no evidence of
aspects of the broader cognitive phenotype of ASD in the SLI parents, the heritable risk
in ASD and SLI may be shared only for structural language difficulties. These results
may be consistent with the hypothesized „fractionable‟ ASD triad and are discussed in
relation to the „etiological overlap‟ debate in the following section.

Do the Language Impairments in ASD and SLI have Shared
Etiological Underpinnings?
Debate about possible etiological overlap in ASD and SLI has attracted interest
from molecular genetics and neurological research fields. While both ASD and SLI are
likely to be caused by multiple interacting gene-sets, linkage studies have identified an
area of overlap on chromosome 7q35 at the locus of the CNTNAP2 gene (Alarcón et al.,
2008; Arking et al., 2008; Bakkaloglu et al., 2008; Bradford et al., 2001; O'Brien,
Zhang, Nishimura, Tomblin, & Murray, 2003; Vernes et al., 2008). The evidence
obtained from neurological research is mixed. Some studies have reported shared
neuroanatomical anomalies in ASD and SLI (Flagg, Cardy, Roberts, & Roberts, 2005;
Herbert, Ziegler, Deutsch et al., 2003; Herbert, Ziegler, Makris et al., 2004; Hugdahl et
al., 2004; Kleinhans, Müller, Cohen, & Courchesne, 2008; Knaus et al., 2010; Redcay
& Courchesne, 2008; Shafer, Schwartz, Morr, Kessler, & Kurtzberg, 2000), whereas
direct comparisons of the neuroanatomical substrates of language impairment in ASD
and SLI have found areas of distinction (De Fossé et al., 2004, Herbert et al., 2005;
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Verhoeven, et al., 2012; Whitehouse & Bishop, 2008). Therefore, the evidence
regarding etiological overlap in ASD and SLI is conflicting.
Shared Etiology and the ‘Fractionable’ Autism Triad
One current theoretical explanation for overlap in ASD and SLI is hinged on the
premise that ASD is „fractionable‟ (Whitehouse et al., 2007; see also Happé, Ronald, &
Plomin, 2006; Happé & Ronald, 2008). According to this model, ASD involves
multiple underlying impairments, each with one or more independent causes (Bishop,
2003; Happé & Ronald, 2008). Evidence supporting the „fractionable‟ triad comes from
family and twin studies which indicate that relatives of individuals with ASD show only
isolated aspects of the broader autism phenotype (Ronald et al., 2006). These studies
also suggest that the genes that contribute to the social and non-social aspects of the
ASD triad are independent (Robinson et al., 2012; Ronald et al., 2006). Based on the
hypothesized fractionation of the ASD triad, it is possible that there are independent
genetic sets (distal causes) for ASD symptoms and structural language difficulties (see
Figure 1). These genetic sets may map onto distinct neural regions (proximal causes).
The children with ALI and those with SLI may have overlapping distal and proximal
causes which underlie the language impairments in these two groups.

Distal Causes

Gene Set A

Gene Set B

Gene Set C

Proximal Causes

Phenotype
Structural
Language
Impairment

Neural Area 1

Impaired
Social
Communication

Neural Area 2

SLI

ALI

Rigid Behavior,
Restricted
Interests

Neural Area 3

Figure 1. Proposed model of overlap in ASD and SLI. Independent genetic sets (distal
causes) for the ASD and SLI symptoms map onto distinct neurological areas. Overlap in
ASD and SLI is observed for the causes that are associated with language impairment,
resulting in the ALI phenotype.
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According to this proposed model, structural language difficulties represent a
genetically and neurologically distinct area of deficit that, in some cases, co-occurs with
the triad of autistic impairments. For these cases, ASD and SLI combine as a „double
hit‟, resulting in a behavioral phenotype that includes the characteristic deficits of both
disorders (Loucas et al., 2008). The current results are consistent with the hypothesized
„fractionable‟ autism triad and possible shared etiology for the language impairment in
ASD and SLI. Phenotypic overlap was observed for NWRep and SNRep performance,
which represent putative markers for language impairment. The results obtained from
the studies of parents also revealed possible overlap in the heritable language
phenotypes of ASD and SLI, as the ASD parents showed NWRep deficits, and
increased genetic liability for ASD was associated with structural language difficulties
in the ASD probands. Finding that the cognitive phenotype of ASD and the broader
heritable phenotype of ASD were largely not observed in the SLI children or their
parents provides further evidence for the „fractionation‟ of the ASD and SLI phenotypes
in children with these conditions and their relatives.
The etiological relationship between ASD and SLI is complex. There are likely
several different pathways that lead some children with ASD to develop a language
impairment that resembles SLI. Nonetheless, the evidence is converging to suggest that
there may be shared distal and proximal causes that contribute to language impairments
in ASD and SLI.

Implications for Research and Practice
The findings presented in this thesis have important clinical and research
implications, particularly for the classification of communication disorders and also for
identifying the mechanisms that underlie the poor CEFT performance of children with
SLI.

Classification of Communication Disorders
Debate regarding the definition of SLI pervades the empirical literature (see
Aram & Morris, 1993; Bishop, 1994, 2004; Plante, 1998; Tomblin, Records, & Zhang,
1996) and there is a lack of consensus regarding the diagnostic boundaries between
childhood communication disorders. SLI has traditionally been distinguished from more
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global developmental delays. In addition, the presence of a substantial discrepancy
between language ability and a measure of cognitive (usually nonverbal) ability is
typically used to identify cases of SLI, with the implication that the disorder reflects
causal mechanisms that selectively interfere with language development (Bishop, 1994).
However, requiring a substantial verbal-nonverbal discrepancy to classify SLI
has been particularly problematic in identifying children with the disorder. Indeed, the
verbal-nonverbal discrepancy presented an obstacle when ascertaining participants for
this project. Many of the children with severe language difficulties and a clinical
diagnosis of SLI presented with significant nonverbal difficulties as well. This
observation is consistent with reports from other studies that have failed to find a
substantial discrepancy between language and nonverbal ability for children with a
clinical diagnosis of SLI (Aram & Morris, 1993; Stark & Tallal, 1981). Further, in a
longitudinal study of nonverbal cognitive development in children with SLI, Botting
(2005) reported a significant decline in IQ for these children over time, a finding that
challenges the use of IQ discrepancy criteria in the diagnosis of SLI. Current evidence
also indicates that even children with „SLI‟ who have nonverbal abilities within the
normal range have difficulties that fall outside the linguistic domain, thus challenging
the utility of a language-specific impairment (Hill, 2001). Given that many children
with „SLI‟ also present with concurrent non-linguistic deficits, or do not have a
substantial verbal-nonverbal discrepancy, perhaps the notion of a „specific‟ language
impairment is elusive.
Acknowledgment of the lack of specificity within the SLI diagnostic label has
promoted the re-conceptualization of diagnostic categories for speech and language
disorders. Traditionally, researchers and clinicians have attempted to develop
diagnostic systems that draw clear distinctions between subgroups of SLI, and also
between SLI and other language and communication disorders such as ASD (Rapin &
Allen, 1983, see also Rapin, 1996). There are certainly advantages of applying specific
labels for discernible developmental disorders. In particular, the identification of distinct
disorders drives the development and implementation of interventions that are targeted
toward the core behavioral features of the disorder. In many cases, access to funding
and clinical support is dependent upon the presence of a disorder which has been
identified and diagnosed according to accepted diagnostic criteria. However, the
boundaries between diagnostic categories are not clear-cut. For example, the results of
some empirical studies have found that children who receive a diagnosis of SLI in
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childhood may present with behavioral features of ASD in adolescence and adulthood
(Howlin et al., 2000; Mawhood et al., 2000). Even attempts to create unified subgroups
of disorder within SLI have been unsuccessful, as many children move between
diagnostic categories over time and do not fit neatly into any one diagnostic box (ContiRamsden & Botting, 1999; Bishop, 1994).
Further evidence of the lack of clear-cut boundaries between ASD and SLI
comes from clinical and empirical evidence supporting the existence of children with
communication characteristics that are intermediate between ASD and SLI. The results
of several studies have identified a group of children with pragmatic language
impairment (PLI) who can be distinguished from children with SLI and those with ASD
(Bishop & Norbury, 2002; Botting & Conti-Ramsden, 1999, 2003). Botting and ContiRamsden (1999) and more recently Bishop and Norbury (2002) found that while some
(40% and 25% respectively) children identified as having PLI may meet criteria for
ASD, a substantial proportion did not. In a further study, Botting and Conti-Ramsden
(2003) found that children with PLI could be distinguished from both ASD and SLI on
language markers (e.g. NWRep performance) and IQ. Longitudinal studies of children
with SLI, children with PLI, and children with ASD support these findings. In two
studies, Whitehouse and colleagues investigated the language, literacy and psychosocial
outcomes of adults who were classified as SLI, PLI, or ASD in childhood (Whitehouse,
Watt, Line, & Bishop, 2009; Whitehouse, Line, Watt, & Bishop, 2009). The results
revealed different language and psychosocial profiles of these three groups in
adulthood. In contrast to the individuals with SLI, who had enduring structural language
and literacy difficulties, those with PLI had persistent difficulties with language use.
Whitehouse et al. (2009) also reported a linear relationship between the pragmatic and
structural language abilities (e.g., pragmatic skills increased alongside structural
language abilities) for those with SLI, but not for those with PLI. In adulthood, the
individuals with ASD continued to present with substantial pragmatic difficulties, in
addition to social impairments and repetitive behaviors. While the ongoing pragmatic
impairment in PLI was qualitatively similar to that in ASD, those with a childhood
diagnosis of PLI could be distinguished from those with ASD by the severity of the
pragmatic and social impairments, as well as the relative absence of repetitive
behaviors, in adulthood. There has been considerable debate about whether PLI
represents a subtype of pervasive developmental disorder (Boucher, 1998; Tanguay,
2011). However, these results provide empirical evidence indicating that there is a
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group of children with ongoing communication difficulties, who have a language and
behavioral profile that differs from SLI and from ASD in childhood (Bishop &
Norbury, 2002; Botting & Conti-Ramsden, 1999, 2003) and also have social and
language outcomes that are distinct from SLI and ASD in adulthood (Whitehouse et al.,
2009a, 2009b).
These findings have led to the inclusion of a new diagnostic category in the
DSM-5 – Social Communication Disorder – which is separate from ASD and may
capture children previously considered to have PLI. Social Communication Disorder is
characterized by a persistent difficulty with verbal and nonverbal communication that
cannot be explained by low cognitive ability (APA, 2013). Key features of the disorder
include difficulties using communication for social purposes, understanding verbal and
nonverbal conversational rules, and understanding social nuances. While this new
diagnostic category appears to capture a subgroup of children who may not have been
recognized in the DSM-IV, Social Communication Disorder has been criticized due to a
lack of empirical evidence showing that the disorder is distinct from ASD (e.g., in terms
of etiology, approach to intervention, and prognosis) (Ozonoff, 2012; Skuse, 2012;
Tanguay, 2011). In addition, Social Communication disorder has been described as a
„residual‟ category and it is currently unclear whether this is a new label for children
who may meet DSM-IV criteria for Pervasive Developmental Disorder-Not Otherwise
Specified, but do not show the stereotyped behaviors that would warrant a DSM-5
diagnosis of ASD (Ozonoff, 2012). Importantly, there is a current lack of consensus
regarding the funding, support and intervention that may become available for children
diagnosed with Social Communication Disorder.
The empirical and clinical evidence indicates that there are no clear boundaries
between developmental language disorders, and debate about the existence of PLI as a
distinct diagnostic entity continues. Adopting a dimensional approach to the
classification of communication disorders may overcome some of the limitations of
assigning diagnoses based on strictly defined categories. This may allow for the
development of a broader category for „communication disorders‟ which is separate
from ASD. The „communication disorder‟ category could take into account the
heterogeneity of language and communication difficulties, by including definitive
markers of language impairment (such as receptive, expressive, semantic, pragmatic,
articulation); the severity of impairment (i.e., the number of areas of deficit); and
whether the language impairment occurs in the presence of a global developmental
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delay. Indeed, it appears that the DSM-5 has moved towards a broader diagnostic
category of language disorders, though a distinction between children with primarily
structural language difficulties (Language Disorder) and those with primarily pragmatic
difficulties (Social Communication Disorder) remains. These different language
dimensions are unlikely to be independent and severe disorder may entail impairment
on several dimensions. Therefore, it would be useful to identify the multiplicity of a
child‟s communication deficits within the one diagnostic category.
Undoubtedly, some children with marked language difficulties will fall between
the boundaries of conventional diagnostic criteria for ASD or SLI, and may meet
criteria for the new Social Communication Disorder. There is wide variability in the
structural and pragmatic language skills of children with SLI, children with ASD,
children with PLI, and TD children. It is possible that SLI, PLI and ASD are related
disorders that vary according to the degree of difficulty with structural language,
pragmatic language, and circumscribed interests (Whitehouse, Watt, Line, & Bishop,
2009). The marked diversity in the language skills of these three groups of children, and
those of TD children, highlights the need for comprehensive, individual evaluation of
the communication strengths and weakness, socio-cognitive skills and cognitive profile
for each child that presents for a developmental or language assessment. Such
comprehensive assessments may help in discerning whether a child has primarily
structural language difficulties, primary pragmatic language difficulties, the ASD
profile, or a combination of impairments that may point to ALI. Regardless of the origin
of the language impairment, or the diagnostic label, all of these children who have
language and communication difficulties that interfere with academic and social
functioning require individualized intervention that is tailored towards their unique
cognitive and linguistic profile.

Directions for Clinical Practice
An important clinical implication of the current findings is the recognition that
children with SLI are likely to have cognitive difficulties that occur along with the
language impairment. This finding has implications for intervention for these children.
It is important to consider the processing speed or capacity limitations of children with
SLI when presenting information or designing classroom supports for these children,
who may not be able to integrate verbal and visual instructions. Further, the SLI
children may have emotion recognition difficulties that are slower to develop than for
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their peers, which may have an ensuing effect on social skill development. Children
with SLI are likely to receive benefit from social skill and emotion-focused
interventions which are implemented along with the therapeutic strategies that target the
core structural language difficulties of this population.
These findings may also have implications for parent and teacher training. Many
language schools and speech therapists already provide training for parents about the
defining features of SLI, and how the language impairment may affect the child‟s
adaptive functioning. Incorporating information about the cognitive profile of SLI into
these training programs may inform parents and teachers about how to better support
the child‟s difficulties across the home and school settings. Increasing knowledge about
the difficulties that are associated with SLI is likely to empower parents to advocate for
their child, which may have ensuing effects on the child‟s ability to participate at school
and access the curriculum.

Directions for Future Research
There is significant scope for further investigations of CEFT performance for
children with SLI. It is evident that these children have deficits on this task, which
cannot be accounted for by low nonverbal ability. It may be important for future studies
to investigate the relative contribution of slowed processing and capacity limitations to
the poor CEFT performance for children with SLI. These studies will also make a
contribution to arguments about the „specificity‟ of the language impairment in SLI. An
additional area of exploration is likely to be the poor emotion recognition in ALI and
SLI. Specifically, while it is apparent that the language impairment plays an important
role in the emotion recognition deficits of both of these groups of children, the
mechanism by which language affects the performance on these tasks is unclear.
Ascertaining the specific relationships between impaired prosodic understanding or
poor emotion vocabulary and resulting emotion recognition ability is important in terms
of identifying areas of impairment and subsequently areas of intervention for these
children.
Accumulating evidence supports the procedural deficit hypothesis of SLI.
However, few previous studies have examined whether a similar deficit contributes to
impaired grammatical abilities in children with ALI. While Walenski and colleagues
reported that aspects of declarative memory, such as memory for lexical and semantic
information, may be enhanced in ASD, limited evidence suggests that the enhanced
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declarative memory is associated with impairments in procedural memory for these
individuals (Ullman, 2004; Walenski, Mostofsky, Gidley-Larson, & Ullman, 2008).
Future research that investigates whether children with ALI have similar impairments in
procedural memory to children with SLI will contribute to the literature regarding
possible shared causal underpinnings for the language impairment in ALI and in SLI.
In addition, there is a current trend towards recognizing ASD is not a unitary
condition, but rather, a collection of related disorders with distinct etiologies. It is likely
that children with „impaired‟ and children with „normal‟ language fall into separate
subtypes of ASD. Further, it is possible that the ALI and ALN subtypes are associated
with different cognitive and language phenotypes, brain morphologies and genetic risk
factors (Tager-Flusberg & Joseph, 2003). Therefore, it may be helpful for future studies
to explore the behavioral phenotypes of ALI and ALN and other ASD subtypes, and
attempt to identify common underlying genetic and neurological risk factors that unite
each subgroup of autism. Among these studies, comparisons of the ALI and SLI
phenotypes, genetic and neurological profiling, as well as family studies that investigate
the broader phenotypes and heritability of communication characteristics will help to
elucidate possible overlap in the etiologies of ASD and SLI.

Concluding Remarks
Methodological Limitations
There were some methodological limitations in this thesis, which are worthy of
consideration. The results presented throughout the thesis predominantly reflect the
child‟s performance on standardized assessments. This type of methodology has been
criticised because the results of these assessments may not reflect the child‟s everyday
linguistic and cognitive functioning. In addition, many standardized assessments rely on
language ability, as the child may be required to understand instructions (receptive
language), or make verbal responses (expressive language). The language loading
embedded within cognitive assessments makes it difficult to discern whether poor
performance is due to a „real‟ cognitive deficit, or the child‟s low language ability,
which prevents them from participating in the assessment. Alternatively, some children
may perform well on standardized assessments, due to the structured and predictable
nature of the session. Their performance on these assessments may reflect a superficial
or „learned‟ understanding of cognitive concepts. However, when the language demands
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exceed the child‟s capabilities (e.g. at school), these children may experience difficulty.
Standardized assessments may not have ecological validity, as the performance of the
child during the assessment may not reflect their actual adaptive skills across settings.
Chapters 5 and 6 also incorporated the CCC-2 and the CC-A, which may suffer
from similar limitations. While the CCC-2 is a parent-report measure of the child‟s
structural and pragmatic language in everyday life, responses to this questionnaire are
likely to be subject to bias. Parents may be knowledgeable about the characteristics of
ASD or SLI, and be sensitive to the way their child exhibits these characteristics on a
daily basis. Furthermore, parents may only observe their child at the home setting, and
may under- or over-estimate the extent of their child‟s difficulties in other contexts. The
limitations of these measures highlight the need for comprehensive evaluations of a
child‟s language, which may include standardized assessments and questionnaires, as
well as observation of the child across settings.
In addition, Chapters 3 and 4 may be limited by not including a measure of
verbal ability. Including this measure would have allowed us to conduct more detailed
analyses of the relationships between language ability and the aspects of cognitive
function (e.g. emotion recognition) that were explored in these studies. Furthermore,
including this measure may have enabled us to determine whether the cognitive abilities
of the ALI and SLI groups were delayed relative to their chronological- and languageage matched peers. Indeed, Williams et al. (2013) found that while NWRep in children
with ALI was impaired relative to chronological- but not language-age matched TD
children, NWRep in SLI was impaired relative to both of these groups of TD children.
Our analysis controlled for language ability by dividing the ASD group into ALI and
ALN groups, which helped to determine whether language ability distinguished the
cognitive performance of these children. However, we are unable to determine whether
the cognitive deficits are consistent with the overall developmental level of the children

Conclusion
The findings presented in this thesis make an important contribution to the
literature in demarcating the overlap in the cognitive and linguistic phenotypes of ASD
and SLI. The children with ALI and children with SLI exhibited deficits on key markers
of language impairment. The children with SLI also showed a deficit on the CEFT,
which may reflect underlying processing-capacity, or processing speed limitations, or a
procedural memory deficit. Both the ALI and SLI groups had difficulty recognizing
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complex emotional expressions, which is likely to reflect the language impairment in
these two groups. Further, while the results showed limited overlap in the broader
cognitive phenotypes of ASD and SLI, children with at least one BAP parent had
greater structural language difficulties than children with no BAP parent.
The findings add to the broader literature that has examined overlap in the
cognitive and linguistic profiles of ASD and SLI, as well as the research that has
explored neurobiological and genetic similarities in these two conditions. In particular,
the findings make an important contribution to theoretical conceptualisations of ASD
and SLI. While there is considerable inconsistency between the studies in this area,
evidence appears to be converging to suggest that similarities in the phenotypes of ASD
and SLI are driven by a group of children with ASD who also have structural language
difficulties.
The current results are consistent with the hypothesized „fractionable‟ ASD triad
and suggest that there may be overlap in the genetic and neurological causes for ALI
and SLI. These findings provide further impetus for exploring the complex etiologies of
these two conditions. Future investigations of children with ALI, children with SLI and
parents of these two groups of children with provide crucial information regarding
possible etiological overlap in ASD and SLI.

282

Chapter 7: General Discussion

References
Alarcón, M., Abrahams, B.S., Stone, J.L., Duvall, J.A., Perederiy, J.V., Bomar, J.M., ...
Geschwind, D.H. (2008). Linkage, association, and gene-expression analyses
identify CNTNAP2 as an autism susceptibility gene. American Journal of
Human Genetics, 82, 150-159.
American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental
Disorders (5th ed.). Washington, DC: Author.
Aram, D.M., & Morris, R. (1993). Clinical and research congruence in identifying
children with specific language impairment. Journal of Speech and Hearing
Research, 36, 580-591.
Arking, D.E., Cutler, D.J., Brune, C. W., Teslovich, T.M., West, K., Ikeda, M., ...
Chakravati, A. (2008). A common genetic variant in the nurexin superfamily
member CNTNAP2 increases familial risk for autism. American Journal of
Human Genetics, 82, 160-164.
Bailey, A., Palferman, S., Heavey, I., & Le Couteur, A. (1998). Autism: The phenotype
in relatives. Journal of Autism and Developmental Disorders, 28, 369-392.
Bakkaloglu, B., O‟Roak, B.J., Louvi, A., Gupta, A.R., Abelson, J.F., Morgan, T.M., ...
State, M.W. (2008). Molecular cytogenic analysis and resequencing of
Contactin Associated Protein-Like 2 in autism spectrum disorders. American
Journal of Human Genetics, 82, 165-173.
Barnes, K.A., Howard, J.H., Howard, D.V., Gilotty, L., Kenworthy, L., Gaillard, W.D.,
& Vaidya, C.J. (2008). Intact implicit learning of spatial context and temporal
sequences in childhood autism spectrum disorder. Neuropsychology, 22, 563570.
Baron-Cohen, S., Jolliffe, T., Mortimore, C., & Robertson, M. (1997). Another
advanced test of theory of mind: Evidence from very high functioning adults
with autism or Asperger Syndrome. Journal of Child Psychology and
Psychiatry, 38, 813-822.
Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb, I. (2001). The “Reading
the Mind in the Eyes” Test revised version: A study with normal adults, and
adults with Asperger syndrome or high-functioning autism. Journal of Child
Psychology and Psychiatry, 42, 241-251.

283

Chapter 7: General Discussion
Baron-Cohen, S., Wheelwright, S., & Jolliffe, T. (1997). Is there a “language of the
eyes”? Evidence from normal adults, and adults with autism or Asperger
Syndrome. Visual Cognition, 4, 311-331.
Barry, J. J., Yasin, I., & Bishop, D.V.M. (2007). Heritable risk factors associated with
language impairments. Genes Brain and Behavior, 6, 66-76.
Bernier, R., Gerdts, J., Munson, J., Dawson, G., & Estes, A. (2012). Evidence for
broader autism phenotype characteristics in parents from multiple incidence
autism families. Autism Research, 5, 13-20.
Bishop, D.V.M. (1994). Is specific language impairment a valid diagnostic category?
Genetic and psycholinguistic evidence. Philosophical Transactions: Biological
Sciences, 346, 105-111.
Bishop, D.V.M. (2003). Autism and specific language impairment: Categorical
distinction or continuum? In G. Bock & J. Goode (Eds.) Autism: Neural Bases
and Treatment Possibilities: Novartis Foundation Symposium 251 (pp. 213234). Chichester, UK: John Wiley & Sons Ltd.
Bishop, D.V.M. (2004). Specific language impairment: Diagnostic dilemmas. In L.
Verhoeven & H. van Balkom (Eds.), Classification of Developmental Disorders:
Theoretical Issues and Clinical Implications (pp. 309-326). Mahwah, NJ:
Lawrence Erlbaum Associates, Inc.
Bishop, D.V.M. (2010). Overlaps between autism and language impairment:
Phenomimicry or shared etiology? Behavior Genetics, 40, 618-629.
Bishop, D.V.M., Maybery, M., Maley, A., Wong, D., Hill, W., & Hallmayer, J. (2004).
Using self-report to identify the broad phenotype in parents of children with
autistic spectrum disorders: A study using the Autism-Spectrum Quotient.
Journal of Child Psychology and Psychiatry, 45, 1431-1436.
Bishop, D.V.M., Maybery, M., Wong, D., Maley, A., & Hallmayer, J. (2006).
Characteristics of the broader phenotype in autism: A study of siblings using the
Children‟s Communication Checklist-2. American Journal of Medical Genetics
Part B: Neuropsychiatric Genetics, 141B, 117-122.
Bishop, D.V.M., Whitehouse, A.J.O., Watt, H.J., & Line, E.A. (2008). Autism and
diagnostic substitution: Evidence from a study of adults with a history of
developmental language disorder. Developmental Medicine and Child
Neurology, 50, 341-345.

284

Chapter 7: General Discussion
Bolton, P., Macdonald, H., Pickles, A., Rios, P., Goode, S., Crowson, M., ... Rutter, M.
(1994). A case-control family history study of autism. Journal of Child
Psychology and Psychiatry, 35, 877-900.
Botting, N. (2005). Nonverbal cognitive development and language impairment.
Journal of Child Psychology and Psychiatry, 46, 317-326.
Botting, N., & Conti-Ramsden, G. (2003). Autism, primary pragmatic difficulties, and
specific language impairment: Can we distinguish them using psycholinguistic
markers. Developmental Medicine and Child Neurology, 45, 515-524.
Botting, N., & Conti-Ramsden, G. (2008). The role of language, social cognition, and
social skill in the functional social outcomes of young adolescents with and
without a history of SLI. British Journal of Developmental Psychology, 26, 281300.
Boucher, J. (1998). SPD as a distinct diagnostic entity: Logical considerations and
directions for future research. International Journal of Language and
Communication Disorders, 33, 71-108.
Boucher, J., Lewis, V., & Collis, G.M. (2000). Voice processing abilities in children
with autism, children with specific language impairments, and young typically
developing children. Journal of Child Psychology and Psychiatry, 41, 847-857.
Bradford, Y., Haines, J., Hutcheson, H., Gardiner, M., Braun, T., Sheffield, V., ... Piven,
J. (2001). Incorporating language phenotypes strengthens evidence of linkage to
autism. American Journal of Medical Genetics, 105, 539-547.
Brian, J.A., & Bryson, S.E. (1996). Disembedding performance and recognition
memory in autism/PDD. Journal of Child Psychology and Psychiatry, 37, 865872.
Campanella, S., & Belin, P. (2007). Integrating face and voice in person perception.
Trends in Cognitive Sciences, 11, 535-543.
Collignon, O., Girard, S., Gosselin, F., Roy, S., Saint-Amour, D., Lassonde, M., &
Lepore, F. (2008). Audio-visual integration of emotion expression. Brain
Research, 1242, 126-135.
Conti-Ramsden, G., & Botting, N. (1999). Classification of children with specific
language impairment: Longitudinal considerations. Journal of Speech, Language
and Hearing Research, 42, 1195-1204.

285

Chapter 7: General Discussion
Conti-Ramsden, G., & Botting, N. (2008). Emotional health in adolescents with and
without a history of specific language impairment (SLI). Journal of Child
Psychology and Psychiatry, 49, 516-525.
Creusere, M., Alt, M., & Plante, E. (2004). Recognition of vocal and facial cues to
affect in language-impaired and normally-developing preschoolers. Journal of
Communication Disorders, 37, 5-20.
Davies, S., Bishop, D.V.M., Manstead, A.S.R., & Tantam, D. (1994). Face perception
in children with autism and Asperger‟s Syndrome. Journal of Child Psychology
and Psychiatry, 35, 1033-1057.
De Fossé, L., Hodge, S.M., Makris, N., Kennedy, D.N., Caviness, V.S., McGrath, L., ...
Garris, G.J. (2004). Language-association cortex asymmetry in autism and
specific language impairment. Annals of Neurology, 56, 757-766.
De Gelder, B., & Vroomen, J. (2000). The perception of emotions by ear and by eye.
Cognition and Emotion, 14, 289-311.
Edgin, J.O., & Pennington, B.F. (2005). Spatial cognition in autism spectrum disorders:
Superior, impaired, or just intact? Journal of Autism and Developmental
Disorders, 35, 729-745.
Ellis Weismer, S., Evans, J., & Hesketh, L.J. (1999). An examination of verbal working
memory capacity in children with specific language impairment. Journal of
Speech, Language, and Hearing Research, 42, 1249-1260.
Evans, J.L., Saffran, J.R., & Robe-Torres, K. (2009). Statistical learning in children
with specific language impairment. Journal of Speech, Language, and Hearing
Research, 52, 321-355.
Falter, C.M., Plaisted, K.C., & Davis, G. (2008). Visuo-spatial processing in autism –
testing the predictions of extreme male brain theory. Journal of Autism and
Developmental Disorders, 38, 507-515.
Farrant, B., Maybery, M, T., & Fletcher, J. (2012). Language, cognitive flexibility, and
explicit false belief understanding: Longitudinal analysis in typical development
and specific language impairment. Child Development, 83, 223-235.
Fisher, J., Plante, E., Vance, R., Gerken, L., & Glattke, T.J. (2007). Do children and
adults with language impairment recognize prosodic cues? Journal of Speech,
Language, and Hearing Research, 50, 746-758.

286

Chapter 7: General Discussion
Flagg, E.J., Cardy, J.E.O., Roberts, W., & Roberts, T.P.L. (2005). Language
lateralization development in children with autism: Insights from the late field
magnetoencephalogram. Neuroscience Letters, 386, 82-87.
Folstein, S. E., & Rosen-Sheidley, B. (2001). Genetics of autism: Complex aetiology for
a heterogeneous disorder. Nature Reviews Genetics, 2, 943-955.
Ford, J.A., & Milosky, L.M. (2003). Inferring emotional reactions in social situations:
Differences in children with language impairment. Journal of Speech,
Language, and Hearing Research, 46, 21-30.
Fujiki, M., Spackman, M.P., Brinton, B., & Illig, T. (2006). Ability of children with
language impairment to understand emotion conveyed by prosody in a narrative
passage. International Journal of Language and Communication Disorders, 43,
330-345.
Gerdts, J.A., Bernier, R., Dawson, G., & Estes, A. (2013). The broader autism
phenotype in simplex and multiplex families. Journal of Autism and
Developmental Disorders, 43, 1597-1605.
Golan, O., Baron-Cohen, S., & Hill, J.J. (2006). The Cambridge mindreading (CAM)
face-voice battery: Testing complex emotion recognition in adults with and
without Asperger Syndrome. Journal of Autism and Developmental Disorders,
36, 169-183.
Golan, O., Baron-Cohen, S., Hill, J.J., & Golan, Y. (2008). The “Reading the Mind in
Films” task: Complex emotion recognition in adults with and without autism
spectrum conditions. Social Neuroscience, 1, 111-123.
Golan, O., Baron-Cohen, S., Hill, J.J., & Rutherford, M.D. (2007). The „Reading the
Mind in the Voice‟ Test-Revised: A study of complex emotion recognition in
adults with and without autism spectrum conditions. Journal of Autism and
Developmental Disorders, 37, 1093-1106.
Gordon, B., & Stark, S. (2007). Procedural learning of a visual sequence in individuals
with autism. Focus on Autism and Other Developmental Disabilities, 22, 14-22.
Grossman, R.B., Bemis, R. H., Skwerer, D.P., & Tager-Flusberg, H. (2010). Lexical
and affective prosody in children with high-functioning autism. Journal of
Speech, Language, and Hearing Research, 53, 778-793.
Happé, F., & Ronald, A. (2008). The „Fractionable autism triad‟: A review of evidence
from behavioral, genetic, cognitive and neural research. Neuropsychology
Review, 18, 287-304.
287

Chapter 7: General Discussion
Happé, F., Ronald, A., & Plomin, R. (2006). Time to give up on a single explanation for
autism. Nature Neuroscience, 9, 1218-1220.
Harms, M.B., Martin, A., & Wallace, G.L. (2010). Facial emotion recognition in autism
spectrum disorders: A review of behavioral and neuroimaging studies.
Neuropsychology review, 20, 290-322.
Herbert, M.R., Ziegler, D.A., Deutsch, C.K., O‟Brien, L.M., Lange, N., Bakardjiev, A.,
... Caviness, V.S. (2003). Dissociations of cerebral cortex, subcortical and
cerebral white matter volumes in autistic boys. Brain, 126, 1182-1192.
Herbert, M.R., Ziegler, D.A., Deutsch, C.K., O‟Brien, L.M., Kennedy, D.N., Filipek,
P.A., ... Caviness, V.S. (2005). Brain asymmetries in autism and developmental
language disorder: A nested whole-brain analysis. Brain, 128, 213-226.
Herbert, M.R., Ziegler, D.A., Makris, N., Filipek, P.A., Kemper, T.L., Normandin, J.J.,
... Caviness, V.S. (2004). Localization of white matter increase in autism and
developmental language disorder. Annals of Neurology, 55, 530-540.
Hick, R., Botting, N., & Conti-Ramsden, G. (2005). Cognitive abilities in children with
specific language impairment: Consideration of visuo-spatial skills.
International Journal of Language and Communication Disorders, 40, 137-149.
Hill, E. (2001). Non-specific nature of specific language impairment: A review of the
literature with regard to concomitant motor impairments. International Journal
of Language and Communication Disorders, 36, 149-171.
Hobson, R.P. (1986). The autistic child‟s appraisal of expressions of emotion. Journal
of Child Psychology and Psychiatry, 27, 321-342.
Hobson, R.P., Ousten, J., & Lee, A. (1989). Naming emotion in faces and voices:
Abilities and disabilities in autism and mental retardation. British Journal of
Developmental Psychology, 7, 237-250.
Howlin, P., Mawhood, L., & Rutter, M. (2000). Autism and developmental receptive
language disorder – a follow-up comparison in early adult life. II: Social,
behavioral, and psychiatric outcomes. Journal of Child Psychology and
Psychiatry, 41, 561-578.
Hugdahl, K., Gundersen, H., Brekke, C., Thomsen, T., Rimol, L.M., Ersland, L., &
Niemi, J. (2004). fMRI brain activation in a Finnish family with specific
language impairment compared with a normal control group. Journal of Speech,
Language, and Hearing Research, 47, 162-172.

288

Chapter 7: General Discussion
Humphreys, K., Minshew, N., Leonard, G.L., & Behrmann, M. (2007). A fine-grained
analysis of facial expression processing in high-functioning adults with autism.
Neuropsychologica, 45, 685-695.
Jarrold, C., Gilchrist, I.D., & Bender, A. (2005). Embedded figures detection in autism
and typical development: Preliminary evidence of a double dissociation with
visual search. Developmental Science, 8, 344-351.
Jolliffe, T., & Baron-Cohen, S. (1997). Are people with autism and Asperger syndrome
faster than normal on the Embedded Figures Test? Journal of Child Psychology
and Psychiatry, 38, 527-534.
Kamhi, A.G., Catts, H.W., Mauer, D., Apel, K., & Gentry, B.F. (1988). Phonological
and spatial processing abilities in language- and reading-impaired children.
Journal of Speech and Hearing Disorders, 53, 316-327.
Kaland, N., Mortensen, E.L., & Smith, L. (2007). Disembedding performance in
children and adolescents with Asperger syndrome or high-functioning autism.
Autism, 11, 81-92.
Karp, S.A., Konstadt, N.I., & Witkin, H.A. (1971). Children’s Embedded Figures Test.
Palo Alto, CA: Consulting Psychologists Press.
Kjelgaard, M.M., & Tager-Flusberg, H. (2001). An investigation of language
impairment in autism: Implications for genetic subgroups. Language and
Cognitive Processes, 16, 287-308.
Kleinhans, N.M., Müller, R-A., Cohen, D.N., & Courchesne, E. (2008). Atypical
functional lateralization of language in autism spectrum disorder. Brain
Research, 1221, 115-125.
Kleinman, J., Marciano, P.L., & Ault, R. L. (2001). Advanced theory of mind in highfunctioning adults with autism. Journal of Autism and Developmental Disorders,
31, 29-36.
Knaus, T.A., Silver, A.M., Kennedy, M., Lindgren, K.A., Dominick, K.C., ... TagerFlusberg, H. (2010). Language laterality in autism spectrum disorder and typical
controls: A functional, volumetric, and diffusion tensor MRI study. Brain and
Language, 112, 113-120.
Kuschner, E.S., Bennetto, L., & Yost, K. (2007). Patterns of nonverbal cognitive
functioning in young children with autism spectrum disorders. Journal of Autism
and Developmental Disorders, 37, 795-807.

289

Chapter 7: General Discussion
Kuusikko, S., Haapsamo, H., Jansson-Verkasalo, E., Hurtig, T., Mattila, M-L., Ebeling,
H., Jussila, K., Bölte, S., & Moilanen, I. (2009). Emotion recognition in children
and adolescents with autism spectrum disorders. Journal of Autism and
Developmental Disorders, 39, 938-945.
Lahey, M., Edwards, J., & Munson, B. (2001). Is processing speed related to severity of
language impairment? Journal of Speech, Language, and Hearing Research, 44,
1354-1361.
Law Smith, M.J., Montagne, B., Perrett, D.I., Gill, M., & Gallagher, L. (2010).
Detecting subtle facial emotion recognition deficits in high-functioning autism
using dynamic stimuli of varying intensities. Neuropsychologica, 48, 27772781.
Lindgren, K.A., Folstein, S.E., Tomblin, J.B., & Tager-Flusberg, H. (2009). Language
and reading abilities of children with autism spectrum disorders and specific
language impairment and their first-degree relatives. Autism Research, 2, 22-38.
Losh, M., Childress, D., Lam, K., & Piven, J. (2008). Defining the key features of the
broader autism phenotype: A comparison across parents of multiple- and singleincidence autism families. American Journal of Medical Genetics Part B:
Neuropsychiatric Genetics, 147B, 424-433.
Loucas, T., Charman, T., Pickles, A., Siminoff, E, Chandler, S., Meldrum, D., & Baird,
G. (2008). Autistic symptomatology and language ability in autism spectrum
disorder and specific language impairment. Journal of Child Psychology and
Psychiatry, 49, 1184-1192.
Lum, J.A.G., Conti-Ramsden, G., Page, D., & Ullman, M.T. (2012). Working,
declarative and procedural memory in specific language impairment. Cortex, 48,
1138-1154.
Lum, J.A.G., Gelgic, C., & Conti-Ramsden, G. (2010). Procedural and declarative
memory in children with and without specific language impairment.
International Journal of Language and Communication Disorders, 45, 96-107.
Marton, K. (2008). Visuo-spatial processing and executive functions in children with
specific language impairment. International Journal of Language and
Communication Disorders, 43, 181-200.
Massaro, D.W., & Egan, P.B. (1996). Perceiving affect from the voice and the face.
Psychonomic Bulletin and Review, 3, 215-221.

290

Chapter 7: General Discussion
Mawhood, L., Howlin, P., & Rutter, M. (2000). Autism and developmental receptive
language disorder – a comparative follow-up in early adult life. I: Cognitive and
language outcomes. Journal of Child Psychology and Psychiatry, 41, 547-559.
McCann, J., Peppé, S., Gibbon, F.E., O‟Hare, A., & Rutherford, M. (2005). Prosody and
its relationship to language in school-aged children with high-functioning
autism. International Journal of Language and Communication Disorders, 42,
682-702.
Miller, C.A., Kail, R., Leonard, L.B., & Tomblin, J.B. (2001). Speed of processing in
children with specific language impairment. Journal of Speech, Language, and
Hearing Research, 44, 416-433.
Milligan, K., Astington, J.W., & Dack, L.A. (2007). Language and theory of mind:
Meta-analysis of the relation between language ability and false-belief
understanding. Child Development, 78, 622-646.
Morgan, B., Maybery, M., & Durkin, K. (2003). Weak central coherence, poor joint
attention, and low verbal ability: Independent deficits in early autism.
Developmental Psychology, 39, 646-656.
Mostofsky, S.H., Goldberg, M. C., Landa, R.J., & Denckla, M.B. (2000). Evidence for a
deficit in procedural learning in children and adolescents with autism:
Implications for cerebellar contribution. Journal of the International
Neuropsychological Society, 6, 752-759.
Muhle, R., Trentacoste, S.V., & Rapin, I. (2004). The genetics of autism. Pediatrics,
113, e472-e486.
Nuske, H.J., Vivanti, G., & Dissanayake, C. (2013). Are emotion impairments unique
to, universal, or specific in autism spectrum disorder? A comprehensive review.
Cognition and Emotion, DOI: 10.1080/02699931.2012.762900.
O‟Brien, E.K., Zhang, X., Nishimura, C., Tomblin, J.B., & Murray, J.C. (2003).
Association of specific language impairment to the region of 7q31. American
Journal of Human Genetics, 72, 1536-1543.
Ozonoff, S. (2012). Editorial: DSM-5 and autism spectrum disorders – two decades of
perspectives from the JCPP. Journal of Child Psychology and Psychiatry, 53,
e4-e6.
Ozonoff, S., Pennington, B.P., & Rogers, S.J. (1991). Executive function deficits in
high-functioning autistic individuals: Relationship to theory of mind. Journal of
Child Psychology and Psychiatry, 32, 1081-1105.
291

Chapter 7: General Discussion
Pellicano, E., Maybery, M., Durkin, K., & Maley, A. (2006). Multiple cognitive
capabilities/deficits in children with an autism spectrum disorder: “Weak”
central coherence and its relationship to theory of mind and executive control.
Development and Psychopathology, 18, 77-98.
Peppé, S., McCann, J., Gibbon, F., O‟Hare, A. & Rutherford, M. (2007). Receptive and
expressive prosodic ability in children with high-functioning autism. Journal of
Speech, Language, and Hearing Research, 50, 1015-1028.
Pickles, A., Bolton, P., Macdonald, H., Bailey, A., Le Couteur, A., Sim, C.H., & Rutter,
M. (1995). Latent-class analysis of recurrence risks for complex phenotypes
with selection and measurement error. A twin and family history study of
autism. American Journal of Human Genetics, 57, 717-726.
Pickles, A., St Clair, M.C., & Conti-Ramsden, G. (2013). Communication and social
deficits in relatives of individuals with SLI and relatives of individuals with
ASD. Journal of Autism and Developmental Disorders, 43, 156-167.
Piggott, J., Kwon, H., Mobbs, D., Blasey, C., Lotspeich, L., Menon, V., Bookheimer,
S., & Reiss, A.L. (2004). Emotional attribution in high-functioning individuals
with autistic spectrum disorder: A functional imaging study. Journal of the
American Academy of Child and Adolescent Psychiatry, 43, 473-480.
Pilowsky, T., Yirmiya, N., Shalev, R.S., & Gross-Tsur, V. (2003). Language abilities of
siblings of children with autism. Journal of Child Psychology and Psychiatry,
44, 914-925.
Piven, J., Palmer, P., Landa, R., Santangelo, S., Jacobi, D., & Childress, D. (1997).
Personality and language characteristics in parents from multiple-incidence
autism families. American Journal of Medical Genetics (Neuropsychiatric
Genetics), 74, 398-411.
Plante, E. (1998). Criteria for SLI: The Stark and Tallal legacy and beyond. Journal of
Speech, Language and Hearing Research, 41, 951-957.
Plante, E., Gomez, R. & Gerken, L. (2002). Sensitivity to word order cues by normal
and language/learning disabled adults. Journal of Communication Disorders, 35,
453-462.
Pons, F., Lawson, J., Harris, P.L., & de Rosnay, M. (2003). Individual differences in
children‟s emotion understanding: Effects of age and language. Scandinavian
Journal of Psychology, 44, 347-353.

292

Chapter 7: General Discussion
Prior, M., Dahlstrom, B., & Squires, T-L. (1990). Autistic children‟s knowledge of
thinking and feeling states in other people. Journal of Child Psychology and
Psychiatry, 31, 587-601.
Rapin, I. (1996). Practitioner review: Developmental language disorders: A clinical
update. Journal of Child Psychology and Psychiatry, 37, 643-655.
Rapin, I., & Allen, D.A. (1983). Developmental language disorders: Nosologic
considerations. In U. Kirk (Ed.), Neuropsychology of Language, Reading and
Spelling (pp. 155-184). New York: Academic Press.
Rapin, I., & Dunn, M. (2003). Update on the language disorders of individuals on the
autistic spectrum. Brain and Development, 25, 166-172.
Rapin, I., Dunn, M.A., Allen, D.A., Stevens, M.C., & Fein, D. (2009). Subtypes of
language disorders in school-age children with autism. Developmental
Neuropsychology, 34, 66-84.
Redcay, E., & Courchesne, E. (2008). Deviant functional magnetic resonance imaging
patterns of brain activity to speech in 2-3 year old children with autism spectrum
disorder. Biological Psychiatry, 64, 589-598.
Riches, N.G., Loucas, T., Baird, G., Charman, T., & Siminoff, E. (2010). Sentence
repetition in adolescents with specific language impairments and autism: An
investigation of complex syntax. International Journal of Language and
Communication Disorders, 45, 47-60.
Riches, N.G., Loucas, T., Baird, G., Charman, T., & Siminoff, E. (2011). Non-word
repetition in adolescents with specific language impairment and autism plus
language impairments: A qualitative analysis. Journal of Communication
Disorders, 44, 23-36.
Risch, N., Spiker, D., Lotspeich, L., Nouri, N., Hinds, D., Hallmayer, J., ... Myers, R.M.
(1999). A genomic screen of autism: Evidence of a multilocus etiology.
American Journal of Human Genetics, 65, 493-507.
Robinson, E., Koenen, K., McCormick, M., Munir, K., Hallett, V., Happé, F., Plomin,
R., & Ronald, A. (2012). A multivariate twin study of autistic traits in 12-yearolds: Testing the fractionable autism triad hypothesis. Behavior Genetics, 42,
245-255.
Ronald, A., Happé, F., Bolton, P., Butcher, L.M., Price, T.S., Wheelwright, S., ...
Plomin, R. (2006). Genetic heterogeneity between the three components of the

293

Chapter 7: General Discussion
autism spectrum: A twin study. Journal of the American Academy of Child and
Adolescent Psychiatry, 45, 691-699.
Ropar, D., & Mitchell, P. (2001). Susceptibility to illusions and performance on
visuospatial tasks in individuals with autism. Journal of Child Psychology and
Psychiatry, 42, 539-549.
Rump, K.M., Giovannelli, J.L., Minshew, N.J., & Strauss, M.S. (2009). The
development of emotion recognition in individuals with autism. Child
Development, 80, 1434-1447.
Ruser, T.F., Arin, D., Dowd, M., Putnam, S., Winklosky, B., Rosen-Sheidley, B., ...
Folstein, S. (2007). Communicative competence in parents of children with
autism and parents of children with specific language impairment. Journal of
Autism and Developmental Disorders, 37, 1323-1336.
Rutherford, M.D., Baron-Cohen, S., & Wheelwright, S. (2002). Reading the mind in the
voice: A study with normal adults and adults with Asperger syndrome and highfunctioning autism. Journal of Autism and Developmental Disorders, 32, 189194.
Rutherford, M.D., & Towns, A.M. (2008). Scan path differences and similarities during
emotion perception in those with and without autism spectrum disorders.
Journal of Autism and Developmental Disorders, 38, 1371-1381.
Scheuffgen, K., Happé, F., Anderson, M., & Frith, U. (2000). High “intelligence,” low
“IQ”? Speed of processing in measured IQ in children with autism. Development
and Psychopathology, 12, 83-90.
Schmidt, G.L., Kimel, L.K., Winterrowd, E., Pennington, B.J., Hepburn S.L., & Rojas,
D.C. (2008). Impairments in phonological processing and nonverbal intellectual
function in parents of children with autism. Journal of Clinical and
Experimental Neuropsychology, 30, 557-567.
Shafer, V.L., Schwartz, R.G., Morr, M.L., Kessler, K.L., & Kurtzberg, D. (2000).
Deviant neurophysiological asymmetry in children with language impairment.
Neuroreport, 11, 3715-3718.
Shah, A., & Frith, U. (1983). An islet of ability in autistic children: A research note.
Journal of Child Psychology and Psychiatry, 24, 613-620.
Silk, T.J., Rinehart, N., Bradshaw, J.L., Tonge, B., Egan, G., O‟Boyle, M., &
Cunnington, R. (2006). Visuospatial processing and the function of prefrontal

294

Chapter 7: General Discussion
and parietal networks in autism spectrum disorders: A functional MRI study.
American Journal of Psychiatry, 163, 1440-1443.
Skuse, D. (2012). DSM-5‟s conceptualization of autistic disorders. Journal of the
American Academy of Child and Adolescent Psychiatry, 51, 344-346.
Spackman, M.P., Fujiki, M., & Brinton, B. (2006). Understanding emotions in context:
The effects of language impairment on children‟s ability to infer emotional
reactions. International Journal of Language and Communication Disorders, 41,
173-188.
Stark, R.E., & Tallal, P. (1981). Selection of children with specific language deficits.
Journal of Speech and Hearing Disorders, 46, 114-122.
Stewart, M.E., McAdam, C., Ota, M., Peppé, S., & Cleland, J. (2013). Emotional
recognition autism spectrum conditions from voices and faces. Autism, 17, 6-14.
Tager-Flusberg, H., & Joseph, R.M. (2003). Identifying neurocognitive phenotypes in
autism. Philosophical Transactions of the Royal Society of London Part B, 358,
303-314.
Tanguay, P.E. (2011). Autism in DSM-5. American Journal of Psychiatry, 168, 11421144.
Tomblin, J.B., Hafeman, L.L., & O‟Brien, M. (2003). Autism and autism risk in
siblings of children with specific language impairment. International Journal of
Language and Communication Disorders, 38, 235-250.
Tomblin, J.B., Mainela-Arnold, E., & Zhang, X. (2007). Procedural learning in
adolescents with and without specific language impairment. Language Learning
and Development, 3, 26-293.
Tomblin, J.B., Records, N.L., & Zhang, X. (1996). A system for the diagnosis of
specific language impairment in kindergarten children. Journal of Speech and
Hearing Research, 39, 1284-1294.
Trauner, D.A., Ballantyne, A., Chase, C., & Tallal, P. (1993). Comprehension and
expression of affect in language-impaired children. Journal of Psycholinguistic
Research, 22, 445-452.
Uljarevic, M., & Hamilton, A. (2013). Recognition of emotions in autism: A formal
meta-analysis. Journal of Autism and Developmental Disorders, 43, 1517-1526.
Ullman, M.T. (2004). Contributions of memory circuits to language: The
declarative/procedural model. Cognition, 92, 231-270.

295

Chapter 7: General Discussion
Ullman, M.T. (2008). The role of memory systems in disorders of language. In B.
Stemmer & H.A. Whitaker (Eds.), Handbook of the Neuroscience of Language
(pp. 189-198). London: Academic Press.
Ullman, M.T., Corkin, S., Coppola, M., Hickok, G., Growdon, J.H. Koroshetz, W.J., &
Pinker, S. (1997). A neural dissociation within language: Evidence that the
mental dictionary is part of declarative memory, and that grammatical rules are
processed by the procedural system. Journal of Cognitive Neuroscience, 9, 266276.
Ullman, M.T., & Pierpont, E.I. (2005). Specific language impairment is not specific to
language: The procedural deficit hypothesis. Cortex, 41, 399-433.
Verhoeven, J.S., Rommel, N., Prodi, E., Leemans, A., Zink, I., Vandewalle, E., ...
Sunaert, S. (2012). Is there a common neuroanatomical substrate of language
deficit between autism spectrum disorder and specific language impairment?
Cerebral Cortex, 22, 2263-2271.
Vernes, S.C., Newbury, D.F., Abrahams, B.S., Winchester, L., Nicod, J., Groszer, M.,
... Fisher, S.E. (2008). A functional genetic link between distinct developmental
language disorders. New England Journal of Medicine, 359, 2337-2345.
Walenski, M., Motofsky, S.H., Gidley-Larson, J.C., & Ullman, M.T. (2008). Brief
Report: Enhanced picture naming in autism. Journal of Autism and
Developmental Disorders, 38, 1395-1399.
Wallace, G.L., Anderson, M., & Happé, F. (2009). Brief report: Information processing
speed is intact in autism but not correlated with measured intelligence. Journal
of Autism and Developmental Disorders, 39, 809-814.
Whitehouse, A.J.O., Barry, J.G., & Bishop, D.V.M. (2007). The broader language
phenotype of autism: A comparison with specific language impairment. Journal
of Child Psychology and Psychiatry, 48, 822-830.
Whitehouse, A.J.O., Barry, J. G., & Bishop, D.V.M. (2008). Further defining the
language impairment of autism: Is there a specific language impairment
subtype? Journal of Communication Disorders, 41, 319-336.
Whitehouse, A.J.O., & Bishop, D.V.M. (2008). Cerebral dominance for language
function in adults with specific language impairment or autism. Brain, 131,
3193-3200.

296

Chapter 7: General Discussion
Whitehouse, A.J.O., Coon, H., Miller, J., Salisbury, B., & Bishop, D.V.M. (2010).
Narrowing the broader autism phenotype: A study using the Communication
Checklist-Adult Version (CC-A). Autism, 14, 559-574.
Whitehouse, A.J.O., Line, E. A., Watt, H.J., & Bishop, D.V.M. (2009a). Qualitative
aspects of developmental language impairment related to language and literacy
outcome in adulthood. International Journal of Language and Communication
Disorders, 44, 489-510.
Whitehouse, A.J.O., Watt, H.J., Line, E.A., & Bishop, D.V.M. (2009b). Adult
psychosocial outcomes of children with specific language impairment,
pragmatic language impairment and autism. International Journal of Language
and Communication Disorders, 44, 511-528.
Williams, D. L., Goldstein, G., Carpenter, P.A., & Minshew, N.J. (2005). Verbal and
spatial working memory in autism. Journal of Autism and Developmental
Disorders, 35, 747-756.
Williams, D.L., Payne, H., & Marshall, C. (2013). Non-word repetition impairment in
autism and specific language impairment: Evidence for distinct underlying
cognitive causes. Journal of Autism and Developmental Disorders, 43, 404-417.
Witkin, H.A., Oltman, P.K., Raskin, E., & Karp, S.S. (1971). A Manual for the
Embedded Figures Test. Palo Alto, CA: Consulting Psychologists Press.

297

