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 SPEECH AND GESTURE: THE DEVELOPMENT OF AN INTEGRATED SYSTEM 
IN CHILDREN WITH AUTISM SPECTRUM DISORDER. 

   
Hannah Sowden,  Mick Perkins and Judy Clegg  

 

Abstract 
There is considerable evidence that speech and gesture form an integrated system in adult 
communication.  The development of this integrated system in typically developing children 
has also been the focus of extensive research, especially with regard to the transition from 
one to two-word speech.  This paper builds on this prior research, incorporating previous 
findings in the formation of a speech and gesture processing architecture.  This proposed 
architecture gives rise to a predictable developmental sequence of verbal and gestural 
behaviours from vocalisations, through first words to two-word speech.  The behavioural 
sequence is investigated in children with Autism Spectrum Disorder (ASD).  This is an 
interesting population to study for two reasons; firstly the language delay associated with 
ASD may mean that the onset of behaviours will be less rapid than for typically developing 
children, thus being clearly identifiable, and secondly there is evidence to suggest that 
children with ASD have difficulty in the integration of cross-modal information.  Results 
from a limited group study suggest that development is in line with the predicted sequence of 
behaviours, but that children with ASD do not gain the same benefit from cross-modal 
integration in their communication when compared to typically developing children.  Possible 
reasons for this finding are discussed.  

 

1. Background 
Gesture is a vital part of communication which occurs without conscious thought in everyday 
conversation.  Gesture is an ancillary system to speech, lacking the grammatical and semantic 
constraints of language.  It is nevertheless integral to communication, and forms complex 
temporal and semantic relationships with speech. 

Gesture is an intentional action, usually performed by the hand or arm in the area of the 
upper torso, for the most part accompanying speech and often in face to face interaction. 
Participants in interactions are adept at differentiating between intentional communicative 
movements and other movements such as mannerisms and fidgeting (Kendon, 1978 cited in 
Kendon, 2004; Arendsen, van Doorn and de Ridder, 2007).  Although primarily hand and 
arm movements, gestures will be performed by the part of the body which rewards economy 
of effort with successful communication.  The head, for example, can be used to mark assent 
or dissent, or can be used as a means of indicating by tilting and jerking actions. Facial 
expressions and the direct manipulation of objects are excluded from this definition of 
gesture. Research interest focuses primarily on conversational gestures; those which are 
idiosyncratic and fleeting and which always accompany speech.  

An early and particularly striking finding in gesture research is the close temporal 
association between speech and conversational gesture (McNeill, 1992).  The stroke (main 
movement) of the gesture is timed precisely with the relevant tone unit of the accompanying 
speech.  This is preserved by the gesture being held motionless, before or after the stroke, in 
order to coincide with the phonological peak syllable when necessary. 

Gesture and speech are also aligned semantically.  The gestural modality carries 
information, generally of a spatio-motoric nature, which reinforces or adds to that expressed 
through speech.  A commonly quoted example (from Özyürek et al., 2005) is that of a gesture 
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which depicts an object rolling down a hill, with the accompanying speech: “it rolled down 
the hill”.  The gesture reinforces speech in the manner (rolling) and path (down) of the ball.  
However gesture also adds information to speech such as the speed of the rolling object, the 
length of the hill, the steepness of the incline etc.  

Gesture form can be influenced by linguistic features of its associated language.  In a 
cross-linguistic study Özyürek et al. (2005) compared English, Japanese and Turkish 
speakers.  Gestures were shown to reflect both lexical and syntactic features of each 
language.  At the syntactic level gesture reflects predicate structure: in English path and 
manner can be encoded together (bounced across), whereas Japanese and Turkish separate 
manner from path (move across in a bouncing fashion).  English speakers tended to combine 
path and manner into a single gesture, whereas the Turkish and Japanese speakers produced 
two gestures, separating path and manner, corresponding to each language’s syntactic 
structure.  Lexical differences were also preserved: speakers of English would use the verb 
“swing” accompanied by an arcing gesture, whereas languages which did not have a 
comparable verb were more likely to result in a straight gesture being used.   

Further evidence for the closeness of language and gesture can be found in the study of 
communication disorders.  When the verbal modality is unavailable the gestural system 
adapts and takes on a greater role in communication.  This is true of aphasia (Goodwin, 
2000), of deaf children of hearing parents (Goldin-Meadow, 2003) and of children with 
Specific Language Impairment (Blake et al., 2008).  Perhaps the most convincing evidence 
for a closely allied verbal and gestural communication system comes from dysfluent speech.  
When speech is disrupted in stammering the hand performing a gesture also freezes for the 
duration of the disruption, however both then restart simultaneously (Mayberry and Jaques, 
2000).   

Thus there is a complex interplay between speech and gesture in adults.  As with other 
complex aspects of language, this inter-related system must be acquired by the child.  The 
development of gesture-speech integration can be traced from almost the first meaningful 
communication of the child.  Children produce their first words at around 10-12 months, with 
a rapid vocabulary expansion at approximately 18 months. About the time the first words 
appear, so too do the first representational gestures.  These gestures are imagistic and 
generally have a labelling function, such as flapping the arms to represent a bird’s wings.  
The emergence of symbolic labelling in either modality is dependent on underlying cognitive 
abilities also developing at this time.  Symbolic labelling in the gestural modality appears to 
marginally (but significantly) precede the verbal modality (Goodwyn and Acredolo, 1998).  

The transition from one- to two-word speech has been the focus of numerous studies. 
Children’s vocabularies undergo a rapid expansion from 18 months onwards, and shortly 
after this two-word combinations begin to occur, also increasing rapidly from onset.  It seems 
that whilst still at the one-word stage children are more highly reliant on gesture than when 
they can combine multiple words in utterances (Iverson, Capirci and Caselli, 1994).  These 
results were corroborated by a study (Capirci et al., 2005) which followed three Italian 
children, recorded monthly, from 10-23 months old.  Three different relationships between 
gesture and speech were identified; at 10-14 months gesture is preferred, from 15-17 months 
gesture and speech are equally distributed, and post 17 months words are preferred.  Gestural 
levels remained steady throughout the study, but verbal levels increased. 

Similar studies have also been undertaken with American children. Butcher and 
Goldin-Meadow (2000) followed six children from the age of 12 to 27 months, recorded (in 
most cases) fortnightly.  As with previous studies gesture without speech, though initially 
dominant, declines in favour of cross-modal combinations.  Additionally they found that 
temporal synchronicity within cross-modal combinations improves over time.  The point at 
which synchronised cross-modal combinations became more frequent than gesture without 
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speech also coincided with the first gesture and meaningful word (as opposed to 
vocalisations) combination and was termed the “convergence point”.   

The nature of the relationship between speech and gesture also changes.  The first 
cross-modal combinations are reinforcing (gesture and speech contain the same information) 
(Butcher and Goldin-Meadow, 2000; McEachern and Haynes, 2004).  These begin to decline 
at 16-17 months corresponding to a gradual increase of supplementary combinations (where 
gesture adds information to speech) (Pizzuto and Capobianco, 2005).  The increase in 
supplementary combinations predicts two-word combinations.   

Butcher and Goldin-Meadow (2000) provide an interesting interpretation for these 
results.  They suggest that speech and gesture are initially separate systems and that the 
convergence point reflects integration of these two systems.  Post-integration, both modalities 
are available to the same utterance - hence the increase of supplementary combinations where 
a single semantic idea is distributed across two modalities.  Eventually two elements are 
combined in a single modality (two-word speech).  The second part of the argument seems 
irrefutable.  It is easier to encode a single idea across two modalities, in preference to 
encoding on one.  To point at a book and say “mine” is easier to process than the hierarchical 
phrase “my book”.  Sharing across modalities lightens the cognitive load as elements can be 
synchronised without recourse to hierarchical structure and less strain is placed on working 
memory due to the reduced conventionality of gesture compared to words.  The ability to 
combine components in a single modality arrives with the onset of two-word speech.  Indeed 
Özçaliskan and Goldin-Meadow (2005) provide evidence that such a strategy is replicated 
with the acquisition of syntax.  They show that three structures (argument+argument(s), 
predicate+argument(s) and predicate+predicate) all appear in cross-modal distribution prior 
to the verbal modality alone. 

The proposal that the gesture-speech systems integrate deserves further exploration.  
Butcher and Goldin-Meadow (2000) claim that the convergence point reflects a fundamental 
organisational change in the gesture and speech systems.  It is at this point that a single, 
adult-like system is formed.  A pertinent question, which the authors do not address, is what 
changes occur in the processing architecture which lead to the fundamental change in the 
speech-gesture system.  

Several processing architectures have been proposed for the underlying speech-gesture 
system (de Ruiter, 2007). All architectures are configured to be compatible with Levelt’s 
(1989, developed in Levelt, Roelofs and Meyer, 1999) speech processing model.  Two will be 
discussed here; the Window Architecture and the Unified Architecture. 

The Window Architecture is named from the metaphor that gesture is a window on the 
mind, that gesture provides a glimpse of the speaker’s thoughts.  It is associated with Growth 
Point Theory (McNeill, 1992; McNeill and Duncan, 2000), and endorsed by Beattie (2003).  
There are several stages in the realisation of speech resulting from thought.  Firstly, thought 
has to be translated into communicable form.  This occurs in the conceptualiser (Figures 1 
and 2) involving macro-planning (what will be communicated) and micro-planning (how it 
will be communicated).  The resulting concept is sent to the formulator.  The formulator 
retrieves the appropriate lexical entries, incorporates them into a syntactic framework, checks 
morpho-syntactic agreement and finally a motor programme is generated which results in 
overt speech.  Speech is conventional and hierarchical which creates the need for the 
formulator.  In contrast, for proponents of the Window Architecture, gesture is neither of 
these.  It therefore bypasses the linguistic structure and, consequently, may betray the hidden 
thoughts of the speaker.  

There are several problems with this proposal.  Firstly, it is hard to see how the position 
that gesture is intentional communication, which is universally assumed (inclusive of 
proponents of the Window architecture), can be reconciled with the proposition that gestures 
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are unintentional slips. This architecture does not allow the linguistic structure to influence 
gesture form, and thus is unable to account for the cross-linguistic variation in gestural 
depiction of manner and path (Kita et al, 2007).   Finally, it is not clear at which point thought 
is converted into a motor programme corresponding to the production of a gesture. 

 
         Figure 1: Windows on the Mind     Figure 2: Unified Processing  
                  Processing Architecture                Architecture 

  
   

 
The Unified Architecture (Figure 2) combines aspects of the Interface Hypothesis 

proposed by Kita and Özyürek (2003) and the Sketch Model proposed by de Ruiter (2000).  
The first transformation of thought into communicable form occurs in the conceptualiser. 
Relevant parts of the utterance are selected for gestural representation, accounting for the 
semantic coherence observed between speech and gesture.  Conversion of concept to gesture 
occurs in the gesture generator.  This involves blending gestural features from the gestural 
repository, hand allocation, environmental constraints to constrict the gesture to available 
gesture space, recipient design including the number and location of recipients and the 
generation of a motor programme.  Suggesting that the gesture generator and formulator are 
linked provides a mechanism for the linguistic influences on gesture form to occur.  It also 
allows the two motor programmes (verbal and gestural) to be executed in unison, thus 
explaining the temporal synchronicity between speech and gesture.  Therefore the Unified 
Architecture is the preferred proposal. 

The assumption that speech and gesture are initially two systems which integrate to 
form a unified whole is intuitively pleasing (Butcher and Goldin-Meadow, 2000), but 
requires a single, substantial and fundamental change in the processing of the child.  If it is 
hypothesised that speech and gesture are a single system from much earlier in development, 
this large fundamental shift in the underlying processing architecture is no longer required.  
Instead, gradual development of all the components of the system leads to large overall 
changes.  A proposal in this vein is outlined below. 

At the earliest stage the repackaging of thought for communication (as occurs in the 
conceptualiser) is basic, resulting in global representations which are directed to either the 
formulator, resulting in verbal output, or the gesture generator, resulting in gesture. This 
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corresponds to the observed period when gesture and words are used independently 
(approximately 10 -14 months).  

The emergence of reinforcing combinations corresponds to the conceptualiser sending 
the repackaged communication to both the formulator and gesture generator simultaneously.  
Exactly how this process unfolds is still in some doubt.  If, as shown by Butcher and Goldin-
Meadow (2000), reinforcing combinations are initially temporally non-synchronous this 
indicates that the links between the conceptualiser, formulator and gesture generator take 
time to fully develop.  Once these links are fully established cross-modal combinations 
become synchronised.  The data reported in Capirci et al (2005) indicates that full links 
between the three components are established from the start, resulting in synchronous cross-
modal combinations from the outset.  

The developing ability of the conceptualiser to repackage thought into segments most 
appropriate for the verbal or gestural modality leads to a single semantic idea shared across 
modalities: a supplementary combination.  These are temporally synchronous from onset as 
the links between the formulator and gesture generator are previously fully formed (as 
demonstrated by synchronised reinforcing combinations).   Gesture is now available as a 
means to express constructions currently beyond the scope of the language.  The appearance 
of two-word speech is due to development within the formulator and the beginning of 
competence with the hierarchical structure of syntax. 

Thus the convergence point and subsequent integration can be explained in terms of 
gradual development at the level of the conceptualiser, as thought is repackaged for 
communication in increasingly sophisticated ways.  This in turn drives the move towards 
forging links between the formulator and generator which allows the emergence of gestural 
combinations.  Linguistic development within the formulator then leads to the beginning of 
syntactic structure realised by two-word speech. 

The above discussion is based on research which has been conducted with typically 
developing children, the area which has received most attention.  More recently, interest has 
widened to atypical populations, and this will be the focus of the remainder of this paper.  
The results reported here form part of a larger observational study interested in gesture 
development in pre-school children with Autistic Spectrum Disorder (ASD).  

Autism Spectrum Disorder (ASD) is a developmental disorder affecting a triad of 
social, communicative and imaginative skills (Rutter, 1999).   It has a broad phenotype and 
current estimates of prevalence vary from 30 to 60 cases per 10,000 (Rutter, 2005).  
Diagnosis is made on the basis of behavioural information (with reference to the ICD-10 
from the World Health Organisation, 1992; or the DSM-IV from the American Psychological 
Association, 1994).  Currently, reliable diagnosis occurs at the age of two to three years 
(Rutter, 1999).   Despite the triad of impairments (Wing and Gould, 1979) which includes a 
language delay, individuals with ASD can present with an array of strengths including rote 
memory, calculation skills, perfect perspective drawing, and absolute pitch (Happé and Vital, 
2009). Whilst occasionally these skills may be raised to savant level in some individuals, 
there are exceptional perceptual abilities consistently revealed in individuals with ASD. The 
theory of Weak Central Coherence (WCC) (Frith, 2003) is an attempt to account for these 
observations.  

Weak Central Coherence (WCC) refers to local and global processing of stimuli. 
Typical individuals have a strong drive for coherence (Noens and van Berckelaer-Onnes, 
2005) which leads to global processing, or understanding and extracting the gist of the 
stimulus. It is proposed that individuals with ASD have weak central coherence which tends 
towards local processing and a preference for details (Happé, 1994; Frith, 2003; Happé and 
Frith, 2006). WCC is formulated as a processing bias rather than a processing impairment: 
individuals with ASD prefer local to global processing but can switch when explicitly 
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requested. Consequently enhanced local processing is independent of global processing 
ability (but see Plaisted Grant and Davis, 2009 for arguments against this version of WCC). 

WCC predicts that children with ASD will have difficulty in integrating speech and 
gesture, and there is some evidence which suggests this may be the case.  Difficulties in 
comprehension of integrated speech and gesture have been demonstrated with attention 
directing gestures (Loveland and Landry, 1986) and representational gestures (Silverman et 
al., 2007). In both studies individuals with ASD performed better in the gesture or speech 
alone condition, compared to when gesture was presented with speech.  This implies that 
individuals with ASD have cross-modal processing difficulties.  Whilst direct evidence is 
harder to obtain from production studies there are some indications that children with ASD 
experience difficulty with representational gestures which can occur with speech.  Such 
gestures are known to be limited in both quantity and quality (Wetherby et al., 2004). Stone 
and Caro-Martinez (1990) found that only a third of their thirty participants used gesture in 
spontaneous conversation, and that this accounted for 12.8% of communication, primarily 
with a commenting function. Likewise Wetherby, Prizant and Hutchinson (1998) demon-
strated that children with ASD produce fewer utterances which combine gesture and 
vocalisations compared to controls, as measured by the Communicative and Symbolic 
Behaviour Scales (CSBS) (Wetherby and Prizant, 1993). Thus children with ASD have pre-
dominantly deictic (pointing) gestures in their repertoire. Representational gestures have not 
yet reliably been demonstrated to be spontaneously produced.   

There are therefore two main reasons why it is interesting to investigate speech-gesture 
integration in children with ASD.  Firstly, there are indications that this is an area of 
difficulty and thus may increase our understanding of the mechanisms implicated in 
integrating such information; and secondly, in typical acquisition the onset of behaviours 
relating to the development of speech-gesture integration may be rapid, but due to the 
language delay associated with ASD, onset of behaviours should be more clearly 
distinguishable. The sequence of behaviours predicted by the above discussion of the 
development of the processing architecture is:  

 
• words and gestures will initially be used independently of the other,  
• reinforcing cross-modal combinations will emerge as non-synchronous and 

gradually increase in synchronicity,  
• supplementary cross-modal combinations will emerge temporally synchronised 

from outset,  
• two-word combinations will appear after supplementary combinations. 
 

The main research questions are firstly, will children with autism follow the same 
developmental path as typically developing children with regards to the onset of speech and 
gesture; secondly, will the known language delay allow for clearer differentiation between 
onsets of behaviour, thus corroborating the suggested development of the underlying 
processing architecture for speech and gesture and thirdly, what, if anything, does the 
development of speech-gesture integration in ASD reveal about the underlying mechanisms 
relating to speech-gesture integration?  
 
2. Method 

The research reported in this paper forms part of a larger project which followed a 
group of children through their participation in a naturalistic behavioural intervention 
programme (the Explorers programme) for ASD.  The children enter the programme aged 
between 2;0 and 3;6 years old, and attend the programme for between six to ten months.   
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2.1 Participants 
Identification of participants occurred with their referral to the Explorers programme, 

resulting in the recruitment of five children who were followed throughout their attendance 
on the programme. Table 1 gives more information about the children.  The level of 
impairment for each child was calculated from three non-standardised assessments routinely 
carried out at the Explorers programme:  The Checklist for providing baseline of levels for 
socialisation/communication development (early years) non school environment (the 
socialisation checklist) has been developed in-house and assesses the child’s communication 
and behaviour (Ryegate Children's Centre, 2006);  The Living Language Detailed Profile, 
developed to assess atypically developing children (Locke and Beech, 1991) covers physical, 
social and linguistic development; and The Surrey Speech Language and Communication 
Profile is a detailed assessment of the linguistic abilities of the child (McGregor and Cave, 
1996).  On joining the programme each parent was asked to complete The Oxford University 
Babylab Communicative Developmental Inventory (OCDI), a measure of vocabulary 
(Hamilton, Plunkett and Schafer, 2000).  Two participants, James and Lee, were pre-verbal 
on joining the programme.  

 

Table 1: participant information 
OCD score (age 
equivalent: yrs; 

mths) Child 

 

Age 
at 

start 
(yrs; 
mths)  

ASD level 

 Production 

Duration on 
programme 
in months   

 
Approx. hours of 

collected data 

James 2;11  Severe <1;0 8 6.00  

Lee 3;5  Severe <1;0 7 5.66  

Michael 3;3  Moderate 1;10 8 6.66 

Nathan 2;4  Moderate 1;6 8 6.66 

Theo 3;5  Moderate 1;10 4 2.66 

Total       27.66 

   
The majority of the children were recorded weekly, alternating between Explorers and 

at home.  Some difficulties were experienced with the data collection. The level of 
commitment to the project varied across parents, with some regularly forgetting 
appointments.  Inclement weather prevented travelling for some weeks throughout the course 
of the project. Occasionally a child was ill, or appointments were cancelled to reduce the 
spread of infections.   

  
2.2 Procedure 

Each child was video recorded weekly, alternating between the Explorers and home 
environments.  Recordings ceased during school holidays. The recordings were of 20 minutes 
duration and consist of the child interacting with staff members or their mother, capturing 
spontaneous interaction whilst engaged in their normal activities.  Recording finished when 
the child left the Explorers programme.  The video footage was first transcribed following 
Computer Human Access Transcription (CHAT) conventions, then accessed via the Child 
Language Analysis (CLAN) software (MacWhinney, 2000).  

After transcription the video data were coded for communicative acts.  Communicative 
acts were defined as intended acts which have the potential to, or do, initiate or prolong a 
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meaningful interaction between the child and at least one other person.  Additionally, the 
child’s gestures were also identified.  Sections of transcripts comprising five per cent of the 
data were selected blind for second coding. Together both observers identified 358 
communicative acts and identification overlapped in 233 cases (65.1% agreement).  Both 
observers identified 204 gestures, and overlapped in 154 cases (75.5% agreement).  Although 
it is not possible to check the reliability of these agreements statistically, the inter-coder 
reliability is high for naturalistic data of this kind.  Subsequent reliability analyses are 
calculated solely on the instances which were jointly identified by both coders.    
 
2.3 Coding 

Each communicative act was further coded according to whether it comprised speech 
only, gesture only or a cross-modal combination (gesture and speech).  Coders agreed in 
97.4% of cases, which was significant and very strong (Cohen’s kappa=.93, p<.001).  For the 
cross-modal combinations gestures were then coded for their relationship to speech: either 
reinforcing or supplementary.  There was 86.2% agreement regarding the relationship 
between gesture and speech.  This was a significant and strong agreement (kappa=.62, 
p<.001).  Cross-modal combinations were coded for temporal synchronicity.  Observers 
agreed in 94.0% of cases, with agreement being significant and strong (kappa=.66, p<.001). 

Finally the onset of first words and two word combinations was examined.  Only words 
used productively were considered, which were determined according to the following 
criteria: 

• non-echolalic – the word must clearly be seen to be independent from, or a 
response to, the previous utterance  

• no unanalysed chunks  
• socially and linguistically appropriate - the word must be used appropriately 

and with apparent understanding of the meaning of the word 
• stable phonological form  

and additionally for two word combinations 
• syntactically productive – thus excluding repetition (jump jump jump) or lists/ 

counting (one two three) 
 

Where possible, parental report forms (Oxford Babylab CDI) were used to determine 
onset of first words.  For two-word combinations and first words which appeared during 
filming two independent coders examined the data, differences of opinion were resolved 
through discussion. 
 
3.  Results 

The discussion of the development of the underlying architecture for speech and gesture 
led to four hypotheses regarding onset of different behaviours.  These are recapped below: 

Hypothesis 1:  words and gestures will initially be used independently of each other,  
Hypothesis 2:  reinforcing cross-modal combinations will emerge as non- 

synchronous and gradually increase in synchronicity, 
Hypothesis 3:  supplementary cross-modal combinations will emerge temporally 

synchronised from the outset, 
Hypothesis 4:  two-word combinations will appear after supplementary 

combinations. 
When analysing the data it was found that the participants naturally fell into two groups 

on the basis of their development of speech and gesture.  Therefore group 1, James and Lee 
(who did not produce any supplementary or two-word combinations) will be used to examine 
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hypotheses 1 and 2, and the second group, Michael, Nathan and Theo will inform discussion 
of hypotheses 3 and 4.  

For James and Lee (Group 1) hypothesis 1 holds in as much as vocalisations and 
gestures are initially independent.  Both participants use communicative acts which comprise 
gesture alone or vocalisations alone in the first session.  However the first meaningful word 
does not appear until after reinforcing cross-modal combinations.  This is more striking for 
James as his first word appears 5 months after the first reinforcing combination, in contrast to 
1 month for Lee (Figure 3).   Hypothesis 2 is supported as reinforcing combinations appear 
initially non-synchronised.  The gap between the first reinforcing combination and temporally 
synchronised combinations for James is 1 month and for Lee, 6 months (Figure 3). 
 

Figure 3: Onset of speech and gesture for participants in Group 1 
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Figure 4: Onset of speech and gesture for participants in Group 2 
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The second group (Michael, Nathan, and Theo) all produced synchronised reinforcing 

combinations in the first session, therefore it is not possible to ascertain if they had also been 
through a stage of non-synchronisation.  These three participants also produced 
supplementary combinations.  All supplementary combinations were synchronised from the 
outset (Figure 4), thus supporting hypothesis 3. 

All three participants used gesture, words and synchronised reinforcing combinations in 
the first session, therefore only the onset of supplementary combinations and two-word 
combinations will be considered (Figure 4).  All participants except Michael produced 
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supplementary combinations at the same time as, or before they produced similar 
combinations on the verbal modality alone.  Michael used two-word combinations before 
supplementary combinations were recorded in the data. 

The pattern of development appears to be firstly communicative acts comprising 
gesture alone and vocalisations alone, with meaningful speech developing before or after 
reinforcing gestures which gradually become temporally synchronised.  Supplementary 
combinations appear after synchronisation is achieved, and these in turn are followed by two-
word combinations.   

  

4. Discussion 
The processing architecture for speech and gesture proposed earlier aims to unify speech and 
gesture.  Thought is transformed into communicable form in the conceptualiser.  The verbal 
component is sent to the formulator where the lexicon, syntax and morphology are accessed.  
A motor programme is produced which results in overt speech.  Simultaneously the gestural 
counterpart is sent to the gesture generator.  The formulator and generator are linked, 
resulting in temporal synchronicity in the performance of speech and gesture.  The 
development of the architecture was argued to be a gradual process, and gave rise to certain 
predictions: firstly that words and gestures would be used independently; secondly that 
reinforcing cross-modal combinations would emerge as non-synchronous and gradually 
increase in synchronicity; thirdly that supplementary cross-modal combinations would 
emerge temporally synchronised from outset; and finally that two-word combinations would 
appear last.  In answer to the first research question, the development of speech-gesture 
integration was broadly in line with that of typically developing children.  With regard to the 
second research question, the findings are more mixed.  It was not always the case that the 
onset of behaviours in children with ASD were more clearly distinguishable than for typically 
developing children.  This will be discussed in more detail below. 

The first two predictions will be examined with reference to James and Lee.  James and 
Lee produced no cross-modal combinations in the first session, but did use gesture without 
speech.  Both were preverbal, but separated vocalisations from gesture. The first prediction is 
supported; words (vocalisations) and gestures are originally independent.  The second 
prediction, that reinforcing cross-modal combinations will emerge temporally non-
synchronised and develop increasing synchronicity, was also borne out.  A period of non-
synchronicity was observable for both participants, ranging from one to six months.   

James and Lee produce reinforcing combinations with vocalisations before they use 
recognisable words.  There is disparity in the onset of words in relation to the onset of 
synchronised combinations, with James synchronising gesture and vocalisations before 
speech, and Lee producing words before cross-modal synchronisation.  It is not possible to 
discern patterns with two participants, especially in a disorder where heterogeneity is 
considerable.   Nevertheless this could indicate that initial links between the formulator and 
generator are forged prior to the formation of a productive lexicon, with word comprehension 
perhaps providing a stimulus for this change.  Yet a productive lexicon may be necessary for 
fully established integration between the two modalities.  This requires experimental 
confirmation, and would benefit from a larger sample size. 

The remaining two predictions will be considered with respect to three participants, 
Michael, Nathan, and Theo, all of whom produced supplementary cross-modal combinations.  
The onset of synchronised reinforcing cross-modal combinations cannot be verified as all 
three participants produced such combinations in the first recorded session.  Supplementary 
combinations followed after a delay of one week to just over four months.  All supplementary 
cross-modal combinations were synchronised from outset, thus supporting the third 
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prediction.  Once the links between formulator and generator are established they are 
activated by any type of cross-modal combination. 

The final prediction, that supplementary cross-modal combinations precede, or are 
concomitant with, two-word combinations, has been demonstrated many times for typically 
developing children (Iverson et al., 1994; Capirci et al., 1996; Butcher and Goldin-Meadow, 
2000; McEachern and Haynes, 2004; Capirci et al., 2005; Capobianco, Pizzuto and 
Devescovi, 2007).  It is argued that sharing the semantic component across two modalities 
eases the cognitive burden by removing the need for hierarchical structure.  For two of the 
three participants two-word combinations and supplementary combinations appeared at 
approximately the same time.  For Michael two-word combinations preceded cross-modal 
combinations by four months.  Given the language delay this is an unexpected finding, as it 
would be supposed that a longer duration between supplementary and two word combinations 
commensurate with the language delay would be observable.    

Three possible explanations may be offered, but unfortunately none are completely 
satisfactory at present.  In discussing these alternatives, the final question regarding 
underlying mechanisms which are implicated in speech-gesture integration will be addressed.  
The alternatives are that one modality may be subject to a greater delay than the other, that 
the difficulty may lie at the level of the conceptualiser, or the links between the formulator 
and gesture generator may be problematic.  Each will be discussed in turn. 

The first suggestion is that one modality may be subject to a greater delay in 
comparison to the other.  If either speech or gesture is relatively delayed, supplementary 
combinations would be impossible to achieve.  They only become possible when both speech 
and gesture are capable of supporting the other, i.e. there is a distinct threshold level for each 
modality which must be met in order for a single semantic idea to be equally shared across 
modalities.  This may also imply that language and cognition do not develop in parallel.  This 
cannot, as yet, be verified as there is currently no standardised assessment which can 
accurately measure gestural development.  Contrary to the assumptions of this suggestion, for 
these participants at least, gesture does not seem to be noticeably behind or in advance of 
speech.  Reinforcing combinations are not delayed; it would be remarkable if a gestural delay 
did not also affect these combinations. To investigate this further it would be necessary to 
find children who either spoke without gesture, or gestured without speech.  Given the 
sparseness of gesture in children with ASD, the first scenario is most likely.  But identifying 
such children would not be enough, for observation alone could not inform on the child’s 
underlying ability to gesture, but only on their preferred modality of communication.   

The second explanation posits the difficulty as residing at the level of the 
conceptualiser, namely in the segmentation of the communicable form.  Under this view 
initial development is similar to typically developing children.  The unsegmented thought is 
sent from the conceptualiser to either the formulator resulting in speech, to the gesture 
generator resulting in gesture, or to both simultaneously resulting in reinforcing cross-modal 
combinations.  The next step is that the conceptualiser segments the information suitable for 
speech from information suitable for gesture (mainly spatio-motoric) which results in 
supplementary combinations.  The absence or delay of the ability to segment leads to the 
prediction that supplementary cross-modal combinations would be delayed compared to two-
word speech, as speech should remain unaffected by a difficulty in extracting spatio-motoric 
information.  After all the conceptualiser could pass the communicable form to the formulator 
in its entirety and, assuming adequate acquisition, it could be assigned lexical, syntactic, and 
morphological forms.  This pattern, of delayed supplementary combinations relative to two-
word speech, was only attested for Michael.  The simultaneous onset of two-word speech and 
supplementary cross modal combinations observed for the remaining participants remains 
unexplained. Furthermore it also raises the question of why spatio-motoric information 
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should be so problematic for children with ASD. Whilst it is true that there are perceptual 
differences in this population (Greenaway and Plaisted, 2005; Jarrold et al, 2005; Plaisted 
Grant and Davis, 2009; Soulières et al, 2007) it is not the case that such gestures appear 
qualitatively different in this respect, which would be expected given a supposed difficulty in 
assigning appropriate information to the manual modality.  As this explanation neither 
accounts for the observed data nor receives support from wider research on autism, it seems 
an unpromising route to follow.   

A third option concerns the link between the gesture generator and the formulator.  
Integration requires temporal synchronicity and semantic coherence between speech and 
gesture which is achieved through the linking of the formulator and the gesture generator.  
The absence or impairment of this link will consequently lead to difficulties in producing and 
comprehending supplementary cross-modal combinations.  As temporal synchronicity has 
been observed with reinforcing combinations, it seems reasonable to suppose that it is 
semantic integration which is problematic.  In typically developing children it is assumed that 
sharing semantic information across modalities lightens the cognitive load. Yet if semantic 
integration across modalities is compromised then the cognitive benefits of this strategy are 
inaccessible, reducing the likelihood that supplementary combinations will appear in advance 
of two-word speech, in turn explaining the simultaneous onset of these behaviours.  Taking a 
wider view, this account can be seen as an extension of the weak central coherence theory.  
Children with ASD have a preference for perceiving the details of speech and gesture, but 
have difficulty in integrating them to form a communicative whole.  In extending this account 
it would be assumed that, with explicit instruction, this processing bias could be reversed, 
consequently supplementary combinations are rare but not unattainable for this group.   The 
work of Silverman and colleagues (2007) demonstrating integration difficulties in the 
comprehension of iconic reinforcing gestures with high-functioning adolescents could also be 
taken as supporting evidence for this third alternative. 
  Although this third option currently appears the most viable, it requires extensive 
additional research to be persuasive.  A difficulty in integrating gesture and speech in 
production for individuals with ASD, though indicated, has yet to be proved.  Further, to 
furnish this suggestion with explanatory power deictic gestures, which form the majority of 
cross-modal combinations within this group, must be considered.  The only empirical 
evidence thus far (Silverman et al, 2007) manipulated reinforcing combinations, and it is not 
known if the findings could extend to supplementary combinations.  In order to investigate 
further it is most appropriate to focus on comprehension of supplementary cross-modal 
combinations due to the relative ease of experimental manipulation when compared to 
production, therefore allowing clearer interpretation of the data.  It would also be beneficial 
to consider a younger age group, in order to ascertain if integration between speech and 
gesture is a factor in early development.    

In sum, the proposed development of the processing architecture does explain the 
observed pattern of speech and gesture development.  However once the architecture is in 
place children with ASD seem to make less use of the cognitive benefits to processing that it 
brings.  Whilst explanations of the close alliance in the emergence of supplementary 
combinations and two-word speech are possible, none at the moment are satisfactory.  This 
paper has highlighted a promising line of research which deserves further investigation. 
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