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ABSTRACT

Asperger Syndrome (AS) belongs to autism spectrum disorders where both verbal
and non-verbal communication difficulties are at the core of the impairment.
Social communication requires a complex use of affective, linguistic-cognitive and
perceptual processes. In the four studies included in the current thesis, some of the
linguistic and perceptual factors that are important for face-to-face communication
were studied using behavioural methods. In all four studies the results obtained
from individuals with AS were compared with typically developed age, gender and
IQ matched controls.

First, the language skills of school-aged children were characterized in detail
with standardized tests that measured different aspects of receptive and expressive
language (Study I). The children with AS were found to be worse than the controls
in following complex verbal instructions. Next, the visual perception of facial
expressions of emotion with varying degrees of visual detail was examined (Study
II). Adults with AS were found to have impaired recognition of facial expressions on
the basis of very low spatial frequencies which are important for processing global
information. Following that, multisensory perception was investigated by looking
at audiovisual speech perception (Studies III and IV). Adults with AS were found
to perceive audiovisual speech qualitatively differently from typically developed
adults, although both groups were equally accurate in recognizing auditory and
visual speech presented alone. Finally, the effect of attention on audiovisual speech
perception was studied by registering eye gaze behaviour (Study I1T) and by studying
the voluntary control of visual attention (Study IV). The groups did not differ in
eye gaze behaviour or in the voluntary control of visual attention.

The results of the study series demonstrate that many factors underpinning
face-to-face social communication are atypical in AS. In contrast with previous
assumptions about intact language abilities, the current results show that children
with AShave difficulties in understanding complex verbal instructions. Furthermore,
the study makes clear that deviations in the perception of global features in faces
expressing emotions as well as in the multisensory perception of speech are likely
to harm face-to-face social communication.



TIVISTELMA

Aspergerin oireyhtymid (Asperger Syndrome, AS) on yksi autismin Kkirjon
hairidista. Sithen kuuluu oleellisena osana vaikeudet kielellisessi ja ei-kielellisessa
kommunikaatiossa. Sosiaalinen kommunikaatio edellyttaa kielellis-kognitiivisten
jahavaintoprosessien monimutkaista yhteistoimintaa. Taman vaitoskirjan neljassa
osatutkimuksessa tutkittiin kasvotusten tapahtuvalle sosiaaliselle kommunikaatiolle
tarkeita kielellisia ja havaitsemiseen liittyvia prosesseja behavioraalisin menetelmin.
Kaikissa osatutkimuksissa koeryhmain kuuluvien AS-henkiloiden suoriutumista
verrattiin idn, sukupuolen ja dlykkyysosamairin mukaan samankaltaisen
verrokkiryhmén suoriutumiseen.

Ensimmaisessd tutkimuksessa selvitettiin kielellisid taitoja kouluidssa
(Osatutkimus I). Lapset, joilla on AS, suoriutuivat verrokkeja heikommin
monimutkaisten sanallisten ohjeiden noudattamisesta. Taman jilkeen tutkittiin
kasvojen ilmeiden tunnistamista aikuisilla (Osatutkimus IT). Aikuisilla, joilla on AS,
oli vaikeuksia kasvonilmeiden tunnistamisessa kokonaisuuksien hahmottamisen
perusteella eli silloin, kun kuvissa oli kiytettdvissd vain matalia paikkataajuuksia.
Lisdksi selvitettiin moniaistista havaitsemista aikuisilla tutkimalla kuullun ja
nahdyn (audiovisuaalisen) puheen havaitsemista (Osatutkimus III). Aikuiset,
joilla on AS, havaitsivat audiovisuaalista puhetta laadullisesti eri tavalla, vaikka
tunnistivat puhetta yhtd hyvin kuullunvaraisesti ja olivat yhtd hyvia huulilta
lukijoita kuin verrokit. Lisaksi selvitettiin tarkkaavaisuuden vaikutusta puheen
audiovisuaaliseen havaitsemiseen: tarkastelemalla poikkeavatko timan ryhméin
silménliikkeet (Osatutkimus III) ja tarkkaavaisuuden tahdonalainen suuntaaminen
puheen havaitsemisen aikana (Osatutkimus IV) verrokkien vastaavista toiminnoista.
Seka silmanliikkeet ettd tarkkaavaisuuden tahdonalainen suuntaaminen olivat
samankaltaisia molemmilla ryhmilla.

Tutkimussarjan tulokset osoittivat ettd monet kasvotusten tapahtuvalle
kommunikaatiolle tdrkedt taustatekijat toimivat poikkeavasti Aspergerin
oireyhtymaissi. Aiemmasta kisityksestd poiketen, timén tutkimuksen mukaan
oireyhtymaian voi kuulua vaikeutta monimutkaisten sanallisten ohjeiden
ymmartamisessa. Lisdksi heikompikasvonilmeiden tunnistaminen kokonaisuuksien
hahmottamisen perusteella seki laadullisesti erilainen moniaistinen havaitseminen
todennikaisesti vaikeuttavat kasvokkain tapahtuvaa kommunikaatiota.
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1. INTRODUCTION

1.1. ASPERGER SYNDROME IN THE AUTISM SPECTRUM
DISORDERS

Asperger Syndrome (AS) is a lifelong disorder of neurobiological origin belonging
to the autism spectrum disorders (ASD) (Hill & Frith, 2003; Volkmar & Klin, 2000;
Wing, 1981). The impairments of ASD manifest in three domains: social behavior,
non-verbal and verbal communication, and stereotyped, repetitive or ritualistic
behavior (ICD-10, WHO, 1993; DSM-IV, American Psychiatric Association (APA),
1994) (Table 1). In AS cognitive development is within normal range, but the
development of social interaction and play is affected. The use of eye contact in
interaction is atypical and forming appropriate relationships with peers is difficult.
Repetitive behavior is evident in inappropriate routines and a preoccupation
with special interests. Furthermore, there is a marked qualitative impairment in
communication. Thus, the core impairments of ASD are present in AS but without
significant delay in language or other cognitive development. Furthermore, in
ICD-10 (WHO, 1993) clumsiness has been acknowledged as a common additional
feature, but it is not required for diagnosis. Outside the diagnostic criteria, abnormal
processing of sensory information is commonly reported in AS, as is the case with
other ASDs and has even been suggested that it be incorporated in the diagnostic
criteria (Minshew & Hobson, 2008; Nieminen-von Wendt et al., 2005).

The differentiation of individuals with AS from high-functioning individuals with
autism (HFA) has proved to be challenging (Lord et al., 2000; Volkmar, & Klin,
2000), and in some reports, the existence of a separate Asperger syndrome has
been questioned (Howlin, 2003; Ozonoff, South, & Miller, 2000). In this respect,
the new revision of diagnostic taxonomy, DSM-V, (APA, 2011 (see also Lord et al.,
2000) will aim to clarify the situation by subsuming AS into the category of autism
spectrum disorders together with HFA. Thus, autistic impairments are seen to
represent a spectrum rather than different categories. Accordingly, in this thesis,
the term ASD will be used as an umbrella term for all autistic impairments, and
the severity the disorder will be defined separately. The focus of the current thesis
is the high-functioning end of the spectrum and specifically Asperger Syndrome.



Table 1. DSM-IV/ICD-10 Diagnostic criteria for autism and Asperger Syndrome (adapted from Lord et al.

2000)

Age of onset

Social
Interaction

Communication

Behaviour

Autism

Asperger syndrome

Delays or abnormal functioning in social
interaction, language, and/or play by age 3.

Qualitative impairment in social interaction,

as manifested by at least two of the following:*

a) marked impairment in the use of
multiple nonverbal behaviours, i.e.,
eye-to-eye gaze;

b) failure to develop peer relationships
appropriate to developmental level;

¢) lack of spontaneous seeking to share
enjoyment with other people;

d) lack of social or emotional
reciprocity.

Qualitative impairments in communication
as manifested by at least one of the
following:

a) delay in, or total lack of, the
development of spoken language;

b) marked impairment in initiating or
sustaining a conversation with

others, in individuals with adequate
speech;

c) stereotyped and repetitive use of
language or idiosyncratic language;
d) lack of varied, spontaneous make-
believe or imitative play.

Restricted, repetitive, and stereotyped
patterns of behaviour, as manifested by at
least one of the following:

a) preoccupation with one or more
stereotyped or restricted patterns of
interest;

b) adherence to non-functional
routines or rituals;

c) stereotyped and repetitive motor
mannerisms;

d) persistent preoccupation with parts
of objects.

No clinically significant delay in language,
cognitive development, or development of
age appropriate self-help skills, adaptive
behaviour, and curiosity about the
environment in childhood.

Same as autism.

No clinically significant general delay in
language.

Same as autism

*A total of six or more items are required for diagnosis.
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The number of individuals diagnosed with ASD has grown in the past 10 years and
has raised concern. According to a recent epidemiological study in Finland, the
ASD affects around 0.84 percent of the population with AS affecting around 0.29
percent of individuals (Mattila et al., 2011). The cause of the increased number of
diagnosed individuals is not known, but it has been suggested that one factor could
be the better recognition of milder forms of ASD, such as AS and high-functioning
individuals with autism (HFA). The cause of ASD is yet to be identified, but it is a
multifactorial, hereditary disorder whose genetic factors are under investigation (e.g.
Bailey et al., 1995; for a review see Freitag, 2007). Considering the heterogenous
nature of ASD, it is possible that no single explanation will be found; it is more
likely that several different interacting mechanisms with different neural origins
will be identified. Moreover, current advances in neurophysiological studies provide
a better opportunity to make direct links between brain functions and behavioral
symptoms. In particular, social interaction and communication share similar
behavioural and neurophysiological factors. However, it is possible that several
atypical brain functions may manifest in similar behavioral features. The suggestion
made by Happé, Ronald and Plomin (2006) seems well advised: the causes and
cures for ASD should not be searched for as a whole; rather the three domains
of the disorder should be fractioned and studied separately. The current thesis
attempts to find some of the factors underpinning the qualitative impairment in
social communication in AS. More specifically, it focuses on processing of linguistic
and perceptual cues important for fluent communication.

1.2. COMMUNICATION IMPAIRMENT IN ASPERGER SYNDROME

Communication is the conscious exchange of messages conveying thoughts,
information, needs and emotions, and it may be linguistic (spoken and written
language) or non-linguistic (emotions, gestures). Good communicative competence
in social interaction involves the complex interaction of linguistic, cognitive and
sensorimotor factors (Loukusa, 2007; Martin, 2003; Perkins, 2005). The typical
features of poor communicative competence in AS include difficulty in appropriately
adjusting speech style to the interpersonal social context (Landa, 2000; Volkmar,
& Klin, 2000), the idiosyncratic expression of intentions (Paul, Orlovski, Marcinko,
& Volkmar, 2009) and the atypical use of non-linguistic and linguistic strategies
for requests. Furthermore, the use of eye contact is not coordinated and does not
reflect joint attention, which is elementary for language development (Tomasello
& Farrar, 1986). In conversation, individuals with AS have difficulties in providing
the correct amount and type of information and/or considering the other person’s
perspective. Individuals with AS have difficulty in managing topics and turns
(discourse management), and reciprocal social behavior is also limited. Constant
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failure in communication is a major cause of anxiety and can increase the tendency
for withdrawal (Attwood, 1998; Lord et al., 2000; Paul, Landa, & Schoen, 2000).
Therefore, it would be important to identify the factors behind the qualitative
impairment of communication.

Traditionally, the communication impairment in ASD has been explained as
a general impairment of social interaction and has been conceptualized in the
neurocognitive models of Theory of mind (ToM) deficit and the Mindblindness
(bothreferred to asimpaired mentalizing ability) (Baron-Cohen, Jolliffe, Mortimore,
& Robertson, 1997; Baron-Cohen, Leslie, & Frith, 1985; Frith & Frith, 2006; Hill &
Frith, 2003). According to these accounts, predicting and explaining other people’s
behavior is difficult in AS because the ability to understand other people’s mental
states is poor. As a result, skills that stem from TOM abilities, such as understanding
beliefs, pretence, irony and non-literal language, are uncertain, and this affects
conversational behaviour (Baron-Cohen, 2001; Hill & Frith, 2003). Neurocognitive
theories other than those that concentrate on the level of social cognition have also
contributed to understanding of the background of communication impairments.
Executive dysfunction may indirectly contribute to impairments in communication,
although it has traditionally been thought to offer an explanation for the rigidity
and perseveration of behavior in ASD (Hill, 2004; Russell, Jarrold, & Hood, 1999).
Executive control (planning, initiating, monitoring of an action and inhibiting
irrelevant behaviour) is even needed in some tasks that are a measure of the
impairments of the theory of mind ability (Leslie, Friedman, & German, 2004).
Increasingly, it has been suggested that the underlying source of social interaction
and communication impairments involves atypical perceptual processing. Indeed,
even the first descriptions of both autism and AS mentioned peculiar and impaired
processing of sensory signals (i.e. visual, auditory, tactile and gustatory percepts)
from the environment (Kanner, 1943; Asperger, 1944; Wing, 1981). In addition, the
difficulties individuals with ASD have in processing sensory signals come to light
through by clinical experience and the autobiographies (Attwood, 1998; Williams,
1994, Grandin, 1992) and they have been recently confirmed in a study combining
self questionnaire and neuropsychological profiles (Minshew & Hobson, 2008).
It seems logical that if the perception of sensory signals from the environment is
different, it will also affect the development of social and communicative behaviour.
The perceptual differences in ASD are the focus of the neurocognitive models of
weak central coherence and enhanced perceptual functioning. While these models
have a slightly different emphasis, they both suggest that individuals with ASD have
a tendency to process the elementary physical elements of a stimulus, which leads
to impairment in perceiving its global features (Happé & Frith, 2006; Mottron,
Dawson, Souliéres, Hubert, & Burack, 2006). For the sake of clarity, both models
will be referred to as the extended weak central coherence model in the current
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thesis. Atypical perception of the environment would affect how communicative
signals from an interlocutor are perceived. Thus, the atypical development of
communication abilities in individuals with ASD could stem not only from the
social or linguistic factors but also, at a more basic level, from atypical perception
of communicative information. In fact, to fully understand the message conveyed
by a conversational partner, the linguistic content has to be integrated with relevant
non-linguistic communicative cues (intonational cues, shared experiences, setting,
body language) (Perkins, 2005). Therefore, both linguistic and non-linguistic
communicative cues are important for good communicative competence.

1.2.1. LINGUISTIC ABILITIES

Despite their good cognitive abilities and the presence of the exclusion criteria for
AS of “no clinically significant delay in language” development, individuals with AS
have the qualitative difficulties in linguistic communication typical of the autistic
spectrum (Klin et al., 2007; Paul, Landa, & Schoen, 2000). Linguistic abilities are
self evidently relevant for good communicative competence, as language is the main
means of communication in humans. There is no consensus on whether language
abilities in AS can be considered normal, and there seems to be a discrepancy
between the diagnostic taxonomies and clinical experience (Klin et al., 2000).
As Attwood (1998) points out, the diagnostic criteria should not be interpreted
as an absence of any peculiarities in language abilities. While some findings
show that basic formal language abilities, such as semantics (word meaning),
phonology (producing sounds), syntax and morphology (sentence structure) are
considered to develop according to the normal developmental milestones (Klin,
Volkmar, & Sparrow, 2000; Paul, Landa, & Schoen, 2000; Tager-Flusberg, Paul,
& Lord, 2002), it has been suggested, however, that language comprehension and
production are similarly impaired in adulthood in AS and in HFA (Howlin, 2003).
This would suggest impaired language development in childhood. Furthermore,
some difficulties concerning language abilities have been repeatedly reported,
including the overly literal interpretation of utterances, which leads to difficulties
in understanding idioms, humor, metaphors and irony (Happe, 1993; Kerbel &
Grunwell, 1998; Kjelgaard & Tager-Flusberg, 2001; Ozonoff & Miller, 1996; Rapin,
2003) and substantial difficulties in the production and comprehension of speech
prosody, especially when conveying emotional messages (vocal quality, intonation
and stress patterns) (Koning & Magill-Evans, 2001; Korpilahti et al., 2007, 20009;
Shriberg et al., 2001). In addition, controlling the rate and rhythm of speech
production is atypical, and residual speech distortion errors are more prevalent in
AS than in typically developed individuals (Ozonoff & Miller, 1996; Shriberg et al.,
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2001; Volkmar and Klin, 2000). Nevertheless, their speech is often syntactically
hyper-correct and this makes it atypical for their chronological age (Attwood, 1998;
Ghaziuddin & Gerstein, 1996; Ghaziuddin et al., 2000; Rapin, 2003). In light of
these findings, there is a need to characterize the language abilities of children
with AS in detail.

1.2.2. PERCEPTUAL PROCESSING OF COMMUNICATIVE CUES IN FACE-TO-FACE
COMMUNICATION

Considering the reports of atypical sensory processing in AS, deficiencies in the
perceptual processes relevant for communication may contribute to qualitative
impairments in communication (Dakin & Frith, 2005; Iarocci & McDonald, 2006;
Minshew & Hobson, 2008). The difficulties may arise from different stages of
perception: sensory stimuli are first encoded at low level and then these percepts
are recognized as meaningful entities at higher level. It has been suggested that
individuals with AS have a strong bias towards processing low-level sensory stimuli
at the expense of holistic and meaningful concepts (for a review see Hill & Frith,
2003). The face mediates the most important communicative cues — speech and
facial expressions — therefore, the perceptual processes relevant for face-to-face
communication are the focus in this thesis. Clearly, here the key perceptual processes
are vision (facial expressions and visual speech) and hearing (auditory speech).

1.2.2.1. Recognition of the facial expressions of emotion

We get important information both on the state of another person’s mind and their
level of engagement in the conversation by monitoring their facial expressions. In
fact, inferences about the preceding context and the expresser’s cognitive processes,
and his physical state and actions can all be made from facial expressions (Ekman,
1982; Kohler et al., 2004). Therefore, in the current thesis, the focus is namely on
the recognition of basic emotions from facial expressions.

Basic emotions (anger, disgust, fear, happiness, sadness and according to some
interpretations also content) are clear, universal physiological reactions to external
stimuli, whereas more complex social stimuli reflect the complexity of understanding
another person’s mental state (Ekman, 1997). Some studies of individuals with ASD
have suggested poor recognition of basic emotions (Adolphs, Sears, & Piven, 2001;
Ashwin, Chapman, Colle, & Baron-Cohen, 2006; Boraston, Blakemore, Chilvers, &
Skuse, 2007; Dziobek, Fleck, Rogers,Wolf, & Convit, 2006; Humphreys, Minshew,
Leonard, & Behrmann, 2007), but as of yet there is no consensus on the matter.
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Some other studies have suggested that individuals with AS have deficits only in
the recognition of more complex mental states from emotional displays (Adolphs
et al., 2001; Baron-Cohen, Jolliffe, Mortimore, & Robertson, 1997; Baron-Cohen,
Wheelwright, Hill, Raste, & Plumb, 2001; Baron-Cohen, Wheelwright, & Jolliffe,
1997; Golan, Baron-Cohen, & Hill, 2006). Furthermore, ASD seems to involve
the superior processing of single facial features because individuals with ASD are
less impaired than typically developed individuals by procedures that disrupt the
configural processing of faces, such as face inversion (Hobson, Ouston, & Lee, 1988)
or misalignment of face parts (Teunnisse & de Gelder, 2003). It is not known how
the weakness in processing global features affects the perception of information
from the face in adults with AS (Happé & Frith, 2006). In addition, prosopagnosia,
i.e. the impairment in recognizing identity from a face, has a higher prevalence in
AS (Barton et al., 2004; Behrmann, & Humphreys, 2006; Nieminen-von Wendt
et al., 2005). Although, recognition of facial identity is thought to be separate from
the processing of other facial information (Bruce & Young, 1986; Hefter, Manoach,
& Barton, 2005), it is not known if prosopagnosia affects the processing of global
features from the face.

1.2.2.2. Multisensory perception of speech

The integration of information from multiple sensory modalities (multisensory
integration) is a key perceptual process that leads to enhanced perception and
facilitated responses to objects in the natural environment (Iarocci & McDonald,
2006). It may well be that the integration and organization of different perceptual
processes contributes to the perceptual atypicalities relevant for communication
in ASD (Iarocci & McDonald, 2006). It has been suggested that sensory
integration problems partly explain the atypical sensory experiences reported in
the autobiographies of high functioning individuals with ASD (e.g. Grandin, 1992;
Williams, 1994; Attwood, 1998). This has even resulted in the development of specific
intervention methods for sensory integration (Ayeres, 1979). However, there have
still been relatively few empirical studies on multisensory processing in ASD as
Molholm and Foxe (2005) and Iarocci and McDonald (2006) point out.

By nature, speech is a multisensory phenomenon: it is audiovisual, as both
the speaker’s voice and face give information of articulation. Seeing articulatory
lip movements improves speech recognition, especially under noisy conditions as
was originally reported already by Sumby and Pollack (1954). Neurophysiological
studies of typically developed individuals have indicated that even infants benefit
from visual speech in language development (Kuhl & Meltzoff, 1982; Teinonen,
Aslin, Alku, & Csibra, 2008).
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The interaction of auditory and visual speech is demonstrated in the so called
“McGurk effect” (McGurk & MacDonald, 1976; MacDonald & McGurk, 1978), where
discrepant visual speech alters auditory speech perception. In the original study,
a voice saying /ba/ was presented with a face articulating /ga/, which resulted in
the participants hearing /da/, a fusion of the audio and visual components, or, on
the basis of the visual component, as /ga/. The responses reflected the influence
of vision on auditory speech perception and are also commonly considered to
reflect audiovisual integration. Hence, the fewer responses according to the audio
component of the incongruent stimulus an individual gives, the stronger the McGurk
effect, and thus audiovisual integration. Due to the different response options, it is
important to analyze what the participants actually respond due to the described
different possible outcomes.

The McGurk effect has already been applied to the study of audiovisual speech
perception in ASD. Both impaired (Mongillo et al., 2008; De Gelder, Vroomen, &
van der Heide, 1991) and intact (Massaro & Bosseler, 2003; Williams, Massaro,
Peel, Bosseler, & Suddendorf, 2004) audiovisual integration in children with
autism has been reported. In the latter studies, it is argued that the differences in
audiovisual speech perception are simply due to poorer lip-reading1 ability that
causes the influence of the visual component to be weaker in ASD. In adulthood,
high-functioning individuals with ASD have not been found to differ from controlsin
the strength of the McGurk effect (Keane, Rosenthal, Chun, & Shams, 2010). There
are no previous studies specifically on audiovisual speech perception in AS.

1.2.2.3. The effect of attention on perception

Attentional mechanisms ensure that we perceive the relevant information from
the environment. For functional perception, we have to selectively attend — either
spontaneously or consciously — to relevant information and ignore distracting
information (for a review see Lachter, Forster, & Ruthruff, 2004). The focus of
attention may be maintained on one target or shifted from one target to another when
needed. The attended space or the number of attended stimuli may be broadened or
narrowed to enhance the processing of the stimuli. Furthermore, attention may be
cued, that is directed, to a particular location (by either exogenous or endogenous
cues) (Posner, 1980). Interestingly, attentional difficulties are overrepresented in
ASD and could affect the perception of communicatively relevant information.
Both the intensive focusing of attention on things of special interest coupled

1 In the current study the term lip-reading is used to refer to visual speech recognition. However, it should
be noted that, increasingly, the term speech- reading is used because it describes the involvement of wider
movement around the lips more accurately.
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with slow change in the focus of attention and, in contrast, high distractibility have
been reported in ASD (for a review see Ames & Fletcher-Watson, 2010). Therefore,
it is likely that some aspects of attentional control are intact in ASD but others
are affected. The focus of visual attention is not always revealed in gaze fixation
strategies. Previous findings have suggested differences in gaze fixation patterns to
the face between individuals with ASD and typically developed individuals when
viewing still images of emotional facial expressions ( Dalton et al., 2005; Neumann,
Spezio, Piven, & Adolphs, 2006; Pelphrey et al., 2002) or when viewing videos
of socially complex situations (Klin, Jones, Schultz, Volkmar, & Cohen, 2002) .
Individuals with ASD tend to focus more on the non-salient features of faces than
on the mouth, nose and eyes when freely viewing photographs of human faces
(Pelphrey et al., 2002). Furthermore, individuals with ASD spontaneously fixate
more on the mouth than the eyes, when judging emotions from still photos and
when viewing videos of complex social situations (Klin et al., 2002; Pelphrey et al.,
2002). There is little available knowledge of eye gaze behaviour and its effects on
speech perception in ASD when viewing a talking face (Irwin, 2007).

Directing of visual attention can be controlled and it is possible to selectively
attend to a location other than where our eyes are fixated i.e. when following a
specific instruction (Posner, 1980). Previous studies have found that individuals
with ASD have difficulties when they are required to selectively attend to one
stimulus among many competing stimuli (Burack, 1994). Because they have a
larger perceptual capacity, they tend to process distracting stimuli as well as the
target item, and this results in higher distractability (Remington, Swettenham,
Campbell, & Coleman, 2009). According to recent imaging studies this might be
related namely to socially relevant visual signals as adults with ASD showed no
attentional modulation for social (faces) stimuli although attentional modulation
for non-social (houses) stimuli was similar with control participants. In situations
where there are multiple simultaneous communication partners, the ability to focus
attention spatially towards one speaker is essential for successful conversation (Bird,
Catmur, Silani, Frith, & Frith, 2006). Individuals with AS often express difficulties
in situations with multiple talkers (Grandin, 1992; Williams, 1992; Attwood, 1998)
, and this could be due to inefficiency in selectively attending to one talker and
directing visual spatial attention.

1.3. SUMMARY

Individuals with AS have qualitative impairments in social communication, but the
causal mechanisms behind of these impairments are not yet fully understood. There
is controversy over the language abilities of individuals with AS and how much this

17



contributes to atypical communication. Furthermore, differences in perception may
contribute to atypical communication. In particular, visual perception of emotional
cues from the face and multisensory perception of speech might contribute to the
atypical processing of communicatively relevant cues in face-to-face communication.
Moreover, attention to the face and voluntary control of attention is necessary for
perception of the relevant communicative cues. Thus, the current thesis focuses on
the linguistic and perceptual processing of communicative cues in AS.
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2. AIMS OF THE STUDIES

Study I aimed to provide a detailed exploration of the language abilities of children
with AS. To this end, the expressive and receptive language abilities of school-
aged children with AS were tested with standardized tests. The hypothesis was that
children with AS would perform poorer in subtests measuring receptive language
abilities.

Study IT aimed to find out whether individuals with AS would have more difficulties
in recognizing facial emotions on the basis of global facial features. The recognition
of basic facial emotions was tested using static and dynamic images by varying the
amount of visual detail in the images. The hypothesis was that adults with AS would
have more difficulty in recognizing an emotion when the amount of visual detail
was low, as they would have to rely more on global processing.

Study III aimed to discover whether individuals with AS perceived multisensory
signals differently. The McGurk effect was used as a tool to investigate the audiovisual
perception of speech. The hypothesis was that adult individuals with AS would show
weaker McGurk effect, and this would be manifested in giving more responses
according to the auditory stimuli. Furthermore, eye gaze behavior was registered
during speech perception, and the hypothesis was that individuals with AS would
gaze more at mouth and less at eyes.

Study IV aimed to reveal whether adult individuals with AS had difficulty in
attending to communicatively relevant information in the presence of distracting
information. In order to study this, we investigated the effect of a distractor face
on audiovisual speech perception. The hypothesis was that individuals with AS
would be more distracted than typically developed controls by a distractor face
when attending to a target face.
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3. STUDIES

DIAGNOSTICS AND ETHICAL CONSIDERATIONS

In all the studies, the participants in the AS groups were recruited from Helsinki
University Central Hospital (HUCH) and from Helsinki Asperger Center at
Dextra, a private medical center. AS was clinically diagnosed according to the
ICD-10 (WHO, 1993) and DSM IV (American Psychiatric Association (APA), 1994)
diagnostic criteria by multidisciplinary teams of professionals (a child neurologist,
neuropsychologist and registered nurse). Methods such as the Autism Spectrum
Screening Questionnaire (ASSQ, Ehlers et al., 1999), the Autism Diagnostic
Interview-Revised (ADI-R, Lord et al., 1994) and the Autism Diagnostic Observation
Schedule (ADOS) (Lord et al., 2000) were used to characterize the participants’
behavior. Diagnoses were confirmed only after agreement within the diagnostic
group.

In Study I the participants were children, but in Studies II, IIT and IV the
participants were adults (Table 2). There is still little knowledge of the developmental
factors that affect the on perceptual processes investigated in these studies; i.e.
the maturation of the McGurk effect is not fully understood. Therefore, in order
to minimize the importance of developmental considerations, the studies were
conducted with adults.

In all the studies, the results were compared with matched controls who had a
history of typical development (confirmed with a questionnaire) and no diagnostic
conditions. A questionnaire was used to rule out a diagnosis of AS (in all studies
ASSQ, Ehlers et. al.1999) or attention disorder (Study III and IV, ARSv1) for the
control participants.

All the studies were approved by the appropriate ethical committee of HUCH,
and, additionally, Study I was approved by the ethical committee of the Department
of Psychology, University of Helsinki. The Studies have therefore been performed
in accordance with the ethical standards for human studies laid down in the 1964
Declaration of Helsinki. All the participants gave their written consent (in Study I
the children’s parents gave their consent) for taking part in the study.
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Table 2. Demographic variables for the participants of the study series.

N Age Gender ViQ PIQ FlQ
(male/female)

AS Control AS  Control AS Control AS Control AS  Control AS Control

Study | 22 23 89(09) 90(.7) 16/6 17/6 12 (17.3) M2 (12.9) 104 (171) 108 (12.7) 108 (13.5) 10 (10.4)

Study Il 20 20 32000 3@ 13/7 13/7  Tmoan  Ne® N3@6) N3IA6) 123 116 (N
study Il 16 16 32 (10) 32 (8) 13/3 13/3 mQa3) 18 (8) 14 (16) N4 (16) N3 (14) 18 (9)
and IV

3.1. STUDY I: THE LANGUAGE ABILITIES OF CHILDREN WITH
ASPERGER SYNDROME

INTRODUCTION

The date, the language abilities of children with AS have been insuffieciently
investigated. On the basis of clinical observations and the findings of studies on
adults with AS and HFA (Howlin, 2003), it is to be expected that the language
abilities of school aged children with AS differ from those of typically developed
peers. In particular, the receptive language abilities (comprehension) of children
with AS could be more impaired. Furthermore, on the basis of clinical findings
and previous studies (Alcantara, Weisblatt, Moore, & Bolton, 2004), we expected
the participants with AS to be more affected by background noise. Therefore, the
hypothesis was that children with AS would perform worse than their matched
controls in receptive subtests of language and their language comprehension would
be more affected by background noise.
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Table 3. Language tests used in Study | and the language abilities they measured.

TEST LANGUAGE ABILITY

NEPSY

(Finnish Developmental Phonological processing
Neusopsychological Comprehension of instructions
Evaluation) Sentence comprehension

Non-word repetition

Fluency

Sentence repetition
Boston naming test Naming
Rapid automized naming Speeded naming

PARTICIPANTS AND METHODS

The participants were 7—10 years of age (mean age 8.9 years) and consisted of 22
children with AS and 24 typically developed controls (Table 2.).

The language abilities of the participants were assessed with standardized tests
commonly used in Finnish clinics for the diagnostic assessment of language and
other cognitive abilities (Table 3). Both expressive (naming, speeded naming,
fluency, non-word repetition, phonological processing) and receptive language
abilities (comprehension of instructions, sentence comprehension) were measured.
Furthermore, the effect of noise on speech comprehension was measured by adding
two different sets of noise (the so called white and cafeteria noise) to the background
of the subtest measuring sentence comprehension.

The tests were carried out at the Cognitive Brain Research Unit (CBRU,
Institute of Behavioral Studies, University of Helsinki) by the author. The tests
were videotaped for later inspection.

RESULTS AND DISCUSSION

The children with AS had more difficulties in the comprehension of the instructions
subtest than their matched neurotypical controls (p = .002). Furthermore, the results
revealed that the children with AS tended to perform worse in the phonological
processing subtest (p =.049. In the other subtests there were no significant differences
between the groups. Consequently, the children with AS performed similarly to the
control participants in the subtests measuring fluency, naming, speeded naming,
non-word repetition and sentence repetition. Furthermore, there were no differences
between the groups in the effect of noise on sentence comprehension.
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Figure 1. Box-and-Whisker plot graphs of differences between groups in the subtests of Comprehension
of Instructions and Phonological Processing (results for the AS group on the left). The range of the scores
is greater in the group of children with AS than in the control group in both subtests.

The results of the study showed that the children with AS had more difficulties in
the comprehension of instructions than their typically developed controls (Fig. 1). It
is the first study to demonstrate differences in receptive language abilities between
children with AS and their typically developed peers. Therefore, the findings of
the current study support the change towards a more dimensional, rather than
categorical, diagnosis of autism spectrum disorders, and this is also the case in
respect to the language abilities (Eisenmajer et al., 1996; Leekam, Wing, Gould,
& Gillberg, 2000; Lord, Leventhal, & Cook, 2001). However, performance in
comprehension of instructions varied greatly and there were children with AS who
performed well in the task (Fig. 1). Therefore, not all children with AS necessarily
comprehend instructions poorly, although at the group level this was indeed
the case and the average was significantly lower in the AS group. Importantly,
performing well in this particular subtest does not only require linguistic abilities:
The children saw a sheet of paper with an array of different colored shapes, and
they were then given instructions with increasing difficulty in which they were asked
to point to the shapes (e.g. “Show me a green circle and the third figure from the
second row”). Therefore, in addition to linguistic skills, the task also requires short
term memory (keeping the verbal instruction in mind) and self-regulation, and
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planning and executing motor actions. Thus, the result can also reflect a dysfunction
in executive functioning, which has previously been connected to ASD (Russell
et al., 1999). The differences found in language abilities of school age children
contribute to impairments in communication. Difficulty in comprehending verbal
instructions may cause misunderstandings and lead to avoidance of conversation
at school and home. It should be kept in mind that these children may have a
wide vocabulary, fluent, expressive speech and a good command of syntax and yet
have problems in comprehending instructions. In the future, it is important to use
more linguistic tests to investigate receptive language abilities and have a control
test measuring executive functions in detail. In addition, to impairments in speech
comprehension the children with AS tended to be poorer than the controls in the
subtest on phonological processing. This tendency suggests difficulties in decoding
the phonological structure of aword and in articulation, which is related to difficulties
in controlling the sequence of speech motor movements.

3.2. STUDY II: IMPAIRED RECOGNITION OF FACIAL
EMOTIONS FROM LOW SPATIAL FREQUENCIES IN
ASPERGER SYNDROME

INTRODUCTION

Previous studies have found enhanced processing of details in AS (weak central
coherence and the enhanced local processing account), and this could lead to
impaired global processing of facial features (Happe & Frith, 2006). Blurring the
facial image would remove local facial features and thus, diminish the amount
of visual information, but how this lessening of visual detail would affect the
recognition of facial expressions in AS has not been previously studied. Furthermore,
previous studies have mainly used static images, but in real life facial expressions
are never static. Dynamic information might facilitate the processing of blurred
facial expression. However, it is possible that this compensation is weaker for
individuals with AS because of deficient processing of global biological motion
found in ASD (Bertone, Mottron, Jelenic, & Faubert, 2003; Blake, Turner, Smoski,
Pozdol, & Stone, 2003; Pellicano, Gibson, Maybery, Durkin, & Badcock, 2005).
The hypothesis was that adults with AS would be as accurate as the controls at
recognizing non-blurred basic emotion stimuli. However, it was expected that the
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recognition accuracy for blurred stimuli would be lower, because of the impaired
global processing found in AS. 2

PARTICIPANTS AND METHODS

The participants were 20 adults with AS (mean age 32) and their matched controls
(Table 2). The participants with AS were further characterized by whether or not
they had difficulties in face recognition (prosopagnosia), which was diagnosed
using the Face Recognition task in the NEPSY (Developmental Neuropsychological
Assessment) test battery (Korkman et al., 1997) in addition to the participants’
subjective description of their difficulties. The participants were given the Toronto
Alexithymia Scale which reflects the ability to find verbal and symbolic expressions
of an experienced emotion (TAS-20, Finnish translation) (Parker, Bagby, Taylor,
Endler & Schimtz 1993).

The recognition of four basic emotions (anger, disgust, fear, happiness) from
static and dynamic (video sequences) displays of facial expression was studied. The
stimuli were selected from the “TKK video sequence collection” (Katsyri, 2006)
of basic emotions. Low-pass filtering was used to blur the image and vary the
amount of visual detail in the emotional displays. The stimuli were shown in three
different filtering conditions: no filtering, slightly filtered and strongly filtered. The
participants’ task was to evaluate how well the emotions applied to each presented
stimulus on a seven-step Likert scale.

RESULTS AND DISCUSSION

As a group, participants with AS had more difficulties than their controls in
recognizing emotions from strongly blurred displays (when the local facial features
were removed) (p = 0.03) (Fig. 2). However, this was not true for all individuals
with AS, as some individuals performed at the same level as the control participants.
There was no difference between the groups in the recognition of normal or slightly
blurred conditions or in the effect of dynamicity: Non-blurred facial emotions
were better recognized than slightly filtered, and slightly blurred still better than
strongly blurred in both groups. Furthermore, the dynamics had a similar effect

2 Theresults of Study II have previously been published in a preliminary form as a part of the thesis of Katsyri,
Jari: Human recognition of basic emotions from posed and animated dynamic facial expressions. Academic
Dissertation for the degree of Doctor of Philosophy, Helsinki University of Technology, November, 2006.
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on recognition in both groups: dynamic facial expressions were better recognized
than static images in slightly and strongly filtered conditions in both groups. No
prosopagnosia-related effects were found.

80% - L
T
HAS
40 %
T Control

20%

0%

none

slight strong
Flltering
Figure 2. The effect of AS on evaluating blurred facial expressions: emotion recognition accuracies in
different filtering conditions for AS and control participants. The results have been pooled across static
and dynamic stimuli.

3
®

Mean recognition score (+SEM)

The degraded perception of facial expressions from blurred images found in the
AS participants suggests difficulty in the visual processing of global facial features.
Instead, the recognition of basic emotions from original, non-filtered facial
expressions and from dynamic vs. static facial expressions was similar between
the groups, suggesting that AS involves intact recognition of simple emotional states
and movement from faces. Therefore, the study’s results suggest atypical functioning
of the general visual processes rather than poorer recognition of basic emotions.
Theresults are in line with the extended weak central coherence hypothesis (Happé
& Frith, 2006; Mottron, Dawson, Souliéres, Hubert, & Burack, 2006). In visual
perception, there are two pathways through which the incoming information is
processed: the magnocellular stream (sensitive to low-spatial frequencies) and the
parvocellular stream (sensitive to high-spatial frequencies (Merigan & Maunsell,
1993). The magnocellular stream leads to the dorsal visual pathway, and it may be
that the results indicate abnormal functioning of the dorsal visual pathway which,
has been previously suggested in studies of ASD (Bertone et al., 2003; Pellicano
et al., 2005; Spencer et al., 2000). However, further studies, using more detailed
neurophysiological methods, are needed to confirm this suspicion.
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3.3. STUDY Ill: THE PERCEPTION OF AUDIOVISUAL SPEECH IN
ADULTS WITH ASPERGER SYNDROME

INTRODUCTION

It has been suggested that individuals with ASD have impaired integration of
multisensory information; however, there is still insufficient research on the topic
(Tarocci & McDonald, 2006; Molholm & Foxe, 2005; Rogers & Ozonoff, 2005).
Speech is multisensory by nature, as it is perceived both by the ear and eye. Previous
results on audiovisual perception of speech in ASD have suggested both impaired
and intact perception, and there is little knowledge of eye gaze behavior during
audiovisual speech perception in AS. The perception of audiovisual speech of adults
with AS was investigated by utilizing the McGurk effect. Our hypothesis was that
the McGurk effect would be weaker in individuals with AS (they would give more
responses according to the audio component of the stimulus). Furthermore, we
expected that individuals with AS would either gaze less on the eye region, as found
in the studies on emotion or, alternatively, avoid the socially meaningful stimulus,
i.e. the mouth.

PARTICIPANTS AND METHODS

The participants were 16 adult individuals (mean age 32) with AS and their matched
controls (Table 2). As with Study II, the participants were further characterized by
whether they had additional prosopagnosia.

The speech stimuli were video clips of a female articulating the meaningless
words /aka/, /apa/ and /ata/. The words were presented in audio (Ap, Ak, At), visual
(Vk, Vi) and audiovisual (ApVk, ApVt) conditions. The audiovisual stimuli were
incongruent McGurk stimuli and were made by dubbing an audio /apa/ onto either
a visual /aka/ or /ata/ in such a way that the timing of the stimuli was preserved
(Fig. 3). The audiovisual stimuli produced a McGurk effect which caused hearing
to be strongly influenced by the visual component. In the visual and audiovisual
trials, the participants saw a talking face in the middle of the screen, and in the
auditory trials, the visual stimulus was replaced by a blurred, still facial image. The
participants’ task was to respond to which consonant they heard in the audiovisual
and audio conditions and lipread in the visual condition.
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Figure 3. A sample bitmap from the visual articulation video and the structure of the stimuli used in
Study Il and IV. The axes that delimit the regions of interest (ROI) ellipses used in the eye gaze analysis
are also illustrated.

The direction of eye gaze was monitored with a remote eye tracking system (SMI
iView X-RED tracking system (www.smivision.com). A fixation was defined as a
continuous eye gaze position focused within a 1° visual angle for a period greater
than 100 ms. 3 Four regions of interests (ROI) were defined on the basis of previous
research (Paré, Richler, ten Hove, & Munhall, 2003): the mouth, nose, eyes, and
other (the rest of the face, excluding the other ROISs).

RESULTS AND DISCUSSION

The unisensory auditory and visual stimuli were very well recognized in both
groups (Table 4), and no differences between the groups were found. There were
no differences between the groups in the amount of ‘p’-responses in (Fig. 4) so the
strength of the McGurk effect was similar in both groups. Instead, there was a large
difference between the groups in the quality of the McGurk effect: The audiovisual
stimuli almost uniformly elicited a McGurk effect of hearing according to the visual
component of the stimulus in the controls, but this was not the case for the AS group.
When the audio /apa/ was presented with the visual /aka/ (ApVk), there was a large
difference in the response distribution between groups (in ‘k’ responses, p < .001,and
‘t’ responses p < .001). The responses of the AS group were divided almost equally
between the response categories ‘K’ (49%) and ‘t’ (46%), whereas in the controls
hearing was strongly influenced by the visual component, and they gave only 4%
of ‘t’ responses. However, as a group, the AS participants were heterogeneous,

3 There are no commonly agreed values for defining fixations in the literature, and this may cause some
inaccuracies when the results of different studies are compared. As long as there is no consensus on the
correct fixation parameters, it is very important to report the used values clearly.
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and there were marked individual differences in perception. In contrast, when the
visual counterpart of the stimulus was /ata/ (ApVt), perception was similar in both
groups. Thus, when the audio /apa/ was presented with the visual /ata/ the most
common response was ‘' and when audio /apa/ was presented with visual /aka/
the most common response was k’ (Fig. 4). Moreover, there were no differences in
eye gaze behavior between the AS group and the control group, as the participants
in both groups fixated mostly on the mouth ROI (Fig. 5).

AUDIOVISUAL 100 o - I_]r ApVK 100% ApVt N
80 % 80% |
*
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WAS Has
20% - Controls 0% - Controls
20% 20%
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0% - = ; 0% -
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mAS mAS
0% | Controls 0% | Controls
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Figure 4. Mean response distributions (+SEM) of the AS and control groups for the audiovisual (ApVK,
ApVt) and Visual (Vk, Vt) stimuli. The asterisks denote significan differences between the groups.
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Figure 5. Gaze duration for 14 AS and 16 control participants in visual (top) and audiovisual (below)
conditions (Figure by Jari Katsyri).

Contrary to our hypotheses, the adults with AS did not give more ‘p’-responses to the
audiovisual stimuli, and thus the strength of the McGurk effect was similar in both
groups. Instead, there was a novel finding of a qualitative difference in audiovisual
speech perception in adults with AS, compared to their neurotypically developed
controls. According to a current model of audiovisual speech perception, seeing
visual speech gestures activates motor commands for speech production that serve
as articulatory predictions (Skipper, van Wassenhove, Nusbaum, & Small, 2007).
These articulatory predictions may be less accurate for the AS participants and,
therefore, activated the motor system less effectively than in the typically developed
controls. However, in order to confirm this, neurophysiological evidence is needed.
The difference in perception was only evident for the audio /apa/ presented with the
visual /aka/, because the visual articulation (/aka/) has less clear visual details and
gives support to both interpretations /k/ and /t/. As the simultaneously presented
audio /p/ is closer to /t/ than it is /k/, it led the AS participants to hear /t/. Instead,
in control participants, the articulatory prediction was so clear, that it led them
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to perceive /k/. There were no differences in gaze fixation patterns in the current
study, which is in line with some other recent findings (Fletcher-Watson, Leekam,
Benson, & Findlay, 2009; Rutherford & Towns, 2008) but differs from other findings
of diminished fixation on the eye region (Klin et al., 2002; Norbury et al., 20009;
Pelphrey et al., 2002). It seems most likely that the similar eye gaze patterns between
the groups were the result of the high cognitive abilities of the adults with AS and
the specific task of speech recognition (Rutherford & Towns, 2008). In previous
research the emphasis has been more on social processing (emotion recognition
and complex social situations) whereas the current study required processing of
oral motor phonemic speech information. Furthermore, stimulus duration probably
had an effect because it has been found that eye gaze is more fixated on the eyes
during long speech stimuli, but for shorter speech stimuli fixations concentrate on
the mouth (Buchan, Paré, & Munhall, 2007; Paré, Richler, ten Hove, & Munhall,
2003; Vatikiotis-Bateson, Eigsti, Yano, & Munhall, 1998). Importantly, eye gaze
behavior does not explain the differences in audiovisual speech perception. The
qualitative difference in audiovisual speech perception is likely to contribute to the
difficulties of individuals with AS in face-to-face verbal communication, as many
communicative cues are audiovisual by nature.

3.4. STUDY IV: THE EFFECT OF VISUAL SPATIAL ATTENTION
ON AUDIOVISUAL SPEECH PERCEPTION IN ASPERGER
SYNDROME

INTRODUCTION

Individuals with ASD have a reduced ability to attend to visual stimuli in the presence
of distractors (Burack, 1994), and this could affect speech perception in situations
of multiple speakers. In the current study, the hypothesis was that the adults with
AS would be more distracted by a competing talking face than would the control
participants when attending to another face. Furthermore, we expected that there
would be a qualitative difference in their perception of audiovisual speech compared
to that of the typically developed control participants.
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PARTICIPANTS AND METHODS

The participants were the same 16 adult individuals (mean age 32) with AS and their
matched controls who took part in Study I1I (Table 2). Furthermore, the existence of
an additional attention deficit was ruled out by the use of a questionnaire (ARSv1).

The speech stimuli were the same as in Study IIT but presented in a different
setting. Two talking faces were presented next to each other with a fixation
cross and a cueing arrow between them. In the audiovisual condition, the audio
stimulus remained the same (/apa/), but the visual stimulus was different for
each side: when the face on the left said /aka/ the face on the right said /ata/
and vice versa. The participants were instructed to covertly direct their attention
to the face that an arrow pointed to (target face) and report which consonant
they heard, while ignoring the other face (distractor face). It was expected that
the adults with AS would be more distracted by the competing talking face than
the controls (distractor-present condition). The stimuli were also presented
as visual only stimuli, and the participants were instructed to lipread. In an
otherwise identical set-up, only one face was presented on either side of the
screen (distractor-absent).

RESULTS AND DISCUSSION

When two faces articulating a different consonant were presented side by side,
the participants in both groups mainly responded according to the face to which
they were cued to attend (Fig. 6). However, the distractor face partly captured
the attention of the participants in both groups: When the distractor was present
responses according to the target face decreased and responses according to the
distractor face increased in both visual and audiovisual conditions compared to the
distractor-absent condition (Table 4). Furthermore, as with Study I1I, there was a
difference in the response distribution for the ApVk stimulus between the groups.
The most common response was ‘k’, but the AS group gave fewer ‘k’ responses than
the controls (p = .001), and they had more responses in the t’ category (p = .002.
In contrast to Study III, the unisensory recognition of the visual /k/ was poorer in
the AS group reflected in that the participants with AS gave fewer K-responses (p
=.029) and more T-responses (p = .015) than the control participants (Table 4).
However, the difference between the groups in audiovisual perception remained
significant even after the effect of lip-reading ability (recognition of visual /k/) was
controlled for by taking it into account in the statistical analysis as a covariate.
Contraryto our hypothesis, the effect of visual spatial attention was similarin both
the adults with AS and their typically developed controls. In both groups, responses
according to the attended face decreased in the distractor-present condition, and,
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Figure 6. The response distribution (+ SEM) for visual (top) and audiovisual (below) stimuli between groups
when the attended visual stimulus was /aka/.

correspondingly, responses according to the distractor face increased. It is possible
that, the difficulties that individuals with AS have in attention would be evident in
more complex situations with unexpected distracting stimuli. In addition, if there
were more distracting stimuli, as is the case in natural situations, the differences
between AS and typically developed individuals could be more pronounced.
Furthermore, the current study did not involve disengaging, redirecting or adjusting
the size of the participants’ attentional focus, which may be more impaired in ASD
(Allen and Courchesne, 2001; Belmonte & Yurgelun-Todd, 2003; Burack, 1994;
Goldstein, Johnson, & Minshew, 2001).

Independent of the attentional effect, there were differences between the groups
in the perception of visual and audiovisual speech. The participants with AS were
poorer in the unisensory recognition of /aka/, but their poorer lip-reading ability
did not fully explain the difference in audiovisual speech perception. Therefore, as
with Study III, the results suggest a qualitative difference in the audiovisual speech
perception of adults with AS.
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4. GENERAL DISCUSSION

4.1. SEVERAL FACTORS UNDERPINNING THE COMMUNICATION
IMPAIRMENT IN ASPERGER SYNDROME

The results of the study series showed that there are several linguistic and perceptual
factors underpinning the communication impairment in AS. Study I aimed to
characterize the language abilities of children with AS in detail. In particular,
receptive language skills were expected to be poorer in children with AS. The results
of Study I confirmed this, as the children with AS performed worse than their typically
developed peers in the comprehension of instructions subtest. This shows that in
childhood, asin adolescence, there are differences in language performance between
typically developed individuals and individuals with AS (Howlin, 2003). However,
their poorer performance in this particular subtest may also reflect difficulties in the
executive control (working memory, impulse control, planning, inhibition and the
regulation and modulation of motor acts) (Hill, 2004). This finding is of particular
importance as it supports the hypothesis that AS and HFA have a similar origin
and further validates the change towards more dimensional rather than categorical
diagnostics. However, the differences found at perceptual processing of cues relevant
for face-to-face communication offer further insight into the background of impaired
communication in AS. The same children that participated in Study I have later
been shown to have difficulties in auditory processing: Differences in event-related
potentials (ERPs) indicated abnormal encoding and discrimination of speech sounds
(Kujala et al., 2010) and poorer segregation of auditory streams (Lepisto et al.,
2009). Furthermore, atypical perception of visual communicative cues has been
found in children from the high-functioning end of autism spectrum disorders
(Kuusikko et al., 2009), where poorer recognition of basic facial emotions was found
in children under 12 years of age compared to that of typically developed peers and
an older age group with AS. Therefore, some improvement with age was evident
as the difference between individuals with AS and their typically developed peers
was not as pronounced in adolescence.

The current study revealed differences in the visual perception of cues relevant
to face-to-face communication in adults with AS. Study IT aimed to find out whether
adults with AS had more difficulties in the recognition of facial emotions on the basis
of global facial features. In accordance with the extended weak central hypothesis
(Happé & Frith, 2006; Mottron et al., 2006), the participants with AS recognized
facial emotions worse on the basis of global facial features. Interestingly, there was a
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difference in the visual perception of speech signals between the two experiments in
Study IIT and IV which may relate to the same aspect of perceptual processing. When
the findings of the current thesis are viewed together, a tentative explanation for the
difference in the lip-reading ability may be suggested; namely that the individuals
with AS were more affected by the area where the visual stimulus was presented.
They were somewhat poorer in lip-reading in both studies, but the difference
between the groups only became significant when the stimulus was presented in
the area of peripheral vision (Study IV). Visual resolution is poorer in peripheral
vision, and, therefore, it can be assumed that a stimulus presented in the periphery
appears a little blurred (c.f. low spatial frequencies in Study II), showing less visual
detail. In typically developed individuals, direct gaze (high spatial frequencies) is
not necessary for the successful processing of visual speech information (Paré et
al., 2003) but in light of the current findings, direct gaze and the availability of
visual detail may be more important for individuals with AS in lip-reading and
in processing emotional expressions from the face (Study II). Consequently, the
finding of poorer lip-reading ability in the periphery and impaired recognition of
low spatial frequencies most likely stem from features of general visual processing
rather than a difficulty in the processing of emotions from facial expressions or lip-
reading. It would be interesting to know if a larger difference between groups in
lip-reading ability could be accomplished by blurring the image and presenting it
in the area of direct gaze, as in Study II. This would suggest that the bias towards
processing details rather than global features, i.e. weak central coherence, would
also have an effect on lip-reading.

Lip-reading ability, which was studied in Study IIT and IV, is an important factor
in the multisensory perception of speech and the differences found in children
with autism have been previously suggested to be the result of poor lip-reading
ability. Study III aimed to discover whether adults with AS perceived audiovisual
speech differently from typically developed individuals, which would be indicated
by a weaker McGurk effect. The results suggests that individuals with AS perceive
audiovisual speech qualitatively differently from typically developed individuals,
but there was no difference in the strength of the McGurk effect. A similar finding
was produced in Study IV when the stimuli were presented in the area of peripheral
vision. Although Study IV revealed a significant difference in lip-reading ability not
found in Study I11, the difference was not strong enough to fully explain the difference
in audiovisual speech perception. Moreover, when the effect was controlled for in
the analysis, it was clear that the differences in unisensory visual recognition did
not fully explain the differences in the McGurk effect between the groups. The
studies found no behavioural differences in the unisensory recognition of auditory
speech stimuli. However, using more sensitive methods, such as auditory event
related potentials (ERPs), atypical neural activity for auditory speech signals has
been found in individuals with AS (Ceponiene et al., 2003; Jansson-Verkasalo et al.,
2003; Kujala et al., 2010; Lepisto, 2008). Therefore, it is possible that differences
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at earlier levels of auditory processing are reflected in multisensory perception. If
this is the case, the enhanced processing of unisensory features suggested in the
extended weak central coherence account (Happé & Frith, 2006; Mottron et al.,
2006) could be used to explain the weaker interaction of signals from multiple
sensory domains in AS. However, in the present study conditions (Study III and IV),
behavioural auditory recognition was similar between the groups, and the difference
between them was only evident in the audiovisual condition, which required the
interaction of two sensory modalities. Therefore, the behavioural results from the
current study that point to a qualitative difference in audiovisual speech perception
between adults with AS and their typically developed peers may be interpreted as
a sign of ineffective multisensory interaction in ASD, which is in line to previous
findings (Oberman & Ramachandran, 2008; Russo et al., 2010). However, much
research is still needed to identify the key points of where the development of
multisensory integration deviates from the normal course. In fact, the qualitative
difference in adulthood may be a residual sign of more impaired multisensory
integration in childhood. It would be important to study all the sensory modalities,
especially those tactile and audiovisual cues important for early interaction between
a carer and child.

Study IV aimed to reveal out whether selective visual spatial attention had a
different effect on audiovisual speech perception in adults with AS compared to
typically developed individuals. Furthermore, by employing eye-tracking techniques,
Study III aimed to discover whether attention to the face during speech perception
was different in adults with AS. However, in both the experimental conditions of
Study III and IV, the required attentional mechanisms observed in the individuals
with AS were similar to those of the individuals with typical development, which
did not support the previous findings of atypical attention to the face and atypical
control of visual spatial attention. This does not, of course, confirm that there are
no differences in attention in AS. Instead, these findings should be seen as evidence
that in some very basic conditions adults with AS are able to direct their attention
appropriately. The quality of the stimulus and the distraction may be critical, as
recent studies have suggested that at least younger individuals with ASD are more
prone to distraction by objects than by social stimuli (Riby, Brown, Jones, & Hanley,
2011). Moreover, the use of more naturalistic, rather than the very simple stimuli
used here might provide more information on eye gaze patterns during speech
perception.

4.2. CLINICAL IMPLICATIONS

Study I showed that although children with AS seem to have good language abilities
— good vocabulary, fluent, expressive speech and good command of syntax — they
still face challenges in comprehending instructions. Therefore, using short and clear

37



instructions e.g. in a classroom is beneficial for children with AS. The finding of
impaired receptive language supports the forthcoming change in diagnostics, where
AS will be subsumed into the category of autism spectrum disorders together with
HFA. Increasingly, autistic impairments are seen to represent a spectrum, rather
than separate categories, and this is also the case in respect to language abilities
(Szatzmari, 2011; Lord et al. 2000). However, at the very high-functioning end of
the spectrum, difficulties of language may be hard to identify with available clinical
methods.

In addition to slight linguistic difficulties the results of the current thesis
point atypical perceptual processes relevant for face-to-face communication. A
deficiency in processing global features from the face may affect the processing
of emotional and other information from the face. Knowing about this specific
deficiency may help to understand the challenges an individual has in processing
information from the face. Importantly, the qualitative difference found in the
current study may be a sign of atypical multisensory integration. In addition to
speech, this would affect processing of in many other communicative cues, as they
are multisensory in nature (emotions, prosody). Although more research is needed,
explicit teaching of connecting auditory and visual information simultaneously
may prove beneficial. To date, there are no appropriate methods for identifying in
detail these specific differences in perception in clinical settings. However, it could
be informative to compile more detailed perceptual profiles of individuals, using
questionnaires, in the course of the diagnostic procedure. Gathering information like
this throughout the diagnostic and follow up procedure would provide insight into
the characteristics of perception and possibly help us to understand each individual
better. In intervention, understanding the limits and strengths of the perception
of communicative cues enables the methods to be better adapted to meet each
individual’s specific needs.

4.3. INDIVIDUAL DIFFERENCES IN THE ASPERGER GROUP

In all the studies, the heterogeneity of individuals with AS was evident. The
performance of the individuals with AS was much more varied than those of the
control group, as was evident from larger standard errors of the mean. In Studies
IL, IIT and IV, the responses of the AS individuals were heterogeneous as some
of the adults with AS performed similarly to the control participants and others
performed very differently. These findings are in line with the recent emphasis on the
heterogeneous nature of the autism spectrum (e.g. Szatmari, 2011). It is possible that
there are several different endophenotypes that reflect different genetic variants. The
outcome for these individuals may vary greatly, and they could benefit from different
intervention strategies. Unfortunately the research data on individual differences
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are often lost in the statistical analysis when comparisons between groups are made
with averaged values. Instead, individuals participating in experimental studies
should be characterized as thoroughly as possible in respect to their symptoms
and other background factors, and these characteristics should be correlated to
experimental results. A limitation of the current study was that it was not possible
to correlate the behavioural results with the individual characteristics e.g. severity
of the participants’ AS diagnosis or with their motor skills and this should be done
in future studies.

4.4, FUTURE DIRECTIONS

The cognitive theories can only partially offer explanation for autism spectrum
disorders. Instead, current neurophysiological methods make it possible to make
direct links with behaviour and brain function for biological models. When the
results of the current study series are viewed as a whole, a shared neural background
for all these findings comes to mind. The suggestion will remain purely tentative
until it is tested with appropriate neurophysiological methods.

The qualitative difference in the perception of audiovisual speech seen in Study ITI
and IV was interpreted in the light of recently developed neurophysiological model
of audiovisual speech perception (Skipper et al., 2007). According to this model,
the motor system influences phonetic interpretation via articulatory predictions,
particularly through visual speech gestures which precede the auditory signal. A
good motor system enhances speech recognition by extracting phonetic information
for accurate articulatory predictions. It was speculated that the motor system of a
subset of adults with AS offered weaker support for speech perception and this lead
to a qualitative difference in audiovisual speech perception. The weaker support of
the motor system could be due to weaker linkages between observed actions and
the motor plans for the same actions as in the impairment in the mirror neuron
system (Rizzolatti, Fadiga, Gallese, & Fogassi, 1996 for reviews see Iacoboni &
Dapretto, 2006). There is evidence from imaging studies that those brain areas
that are involved in speech production and the planning of articulation (the ventral
premotor cortex and Broca’s area) are less active in individuals with AS (e.g.
Nishitani, Avikainen, & Hari, 2004). Recently, the role of the motor system has
been highlighted in respect to many findings in ASD (see e.g. Haswell, Izawa, Dowell,
Mostofsky, & Shadmehr, 2009; Klin, Jones, Schultz, & Volkmar, 2003; Oberman
& Ramachandran, 2007). The associations between actual motor commands and
the sensory feedback necessary for performing an action may also be relevant for
the other findings of the current thesis.

Recent theories of embodied emotion perception have proposed that recognition
of emotions involves feedback from the observer’s own motor system via simulation
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(for a review see Goldman & Sripada, 2005; Niedenthal, 2007). Facial muscle
activity is thought to serve as a feedback system that supports recognition of facial
expressions (Dimberg, Thunberg, & Elmehed, 2000; Oberman, Winkielman, &
Ramachandran, 2007). It is therefore possible that the motor representations
of facial expressions are not as strong in ASD and may not support recognition
efficiently (e.g. McIntosh, Reichmann-Decker, Winkielman, & Wilbarger, 2006).
Visual information is important for invoking motor activation. Possibly, when
the visual stimulus was blurred, the degraded visual information did not activate
the motor system efficiently in a subset of adults with AS, thus leading to poorer
recognition of the facial expression. Similarly, poorer lip-reading ability of individuals
with AS in the area of peripheral vision may have excited the motor system less in
Study IV. Finally, the children with AS performed worse than the controls in the
subtest measuring the comprehension of instructions (Study I). As discussed earlier,
the subtest required good executive control in terms of goal directed functioning,
and importantly, well planned motor actions. Difficulty in converting intentions into
sequence of motor actions hasbeen observed in children with autism (Cattaneo et al.,
2007; Fabbri-Destro, Cattaneo, Boria & Rizzolatti, 2009), reflecting an impairment
of the basic motor structure that is responsible for chained action organization. This
could have accounted for the difficulties in performing a motor action according to
complex verbal instruction. Hence, a dysfunctional motor system might be involved
in all the findings in the current thesis.

Although adysfunctional mirror neuron system scarcely explains all thedifficulties
connected with ASD, in light of current available knowledge it might be the most
prominent explanation for the findings of this thesis. However, it is clear that the
involvement of the motor system in supporting perception in ASD should be studied
in more detail in the future alongside consideration of the developmental aspects
of the condition. For example, the activation of the speech motor system could be
investigated by recording the mu rhythm (the brain wave that is thought to reflect
motor activity) during speech perception. Furthermore, it is especially important to
connect neurophysiological findings to possible differences at a behavioural level,
e.g. the development of the motor control of speech.
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5. CONCLUSIONS

The current thesis investigated factors underpinning communication impairment
in Asperger Syndrome. Results of the study series demonstrate that many linguistic
and perceptual factors relevant for face-to-face communication are atypical in AS.
There are subtle differences in language skills between school-age children with
AS and their typically developed peers in spite of previous assumption of intact
language abilities. Furthermore, individuals with AS have difficulties in perceiving
facial expressions on the basis of global features. Moreover, a qualitative difference
in audiovisual speech perception suggests atypical multisensory perception in
Asperger syndrome which is likely to contribute to the difficulties in face-to-face
communication.
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