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Abstract For many years various computational studies have attempted to bring 

deficits into inferential deficits in integrating top-down inputs. However, in this study 

we aim to show via the concept of interoceptive inference that in individuals with 

ASD a malfunction in the processes of synchronization with others may also explain 

part of their language deficits. To do that, we have shown that there is an inverse 

correlation between the amount of time spent by children with ASD observing the 

interlocutor’s mouth and their social skills. This data, combined with the observation 

(now widely accepted by scientific literature) that individuals with ASD usually do 

not integrate information from lipreading with the linguistic message, has led us to 

hypothesize that an inability to interpret as biological motion the complex 

articulatory movements necessary for speech production, caused by a deficit in 

interoceptive inferential processes, could be the effect of a dispersion of attention 

that impedes perceiving the audio-visual synchrony during verbal perception.  
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§ 0. Introduction 

In a systematic review on Autism Spectrum Disorders (ASD) and social robotics 

(PENNISI et al. 2015) we found that subjects with ASD show a positive inclination 

toward this new technology; we observed some very interesting phenomena and here 

we will explore some of these:
1
 

a) children with ASD show social behaviors towards robots 

b) in some cases a robot can be a better stimulus than a human agent for 

improving social behaviors in children with ASD 

c) robots improve (rather like a mediator) social behaviors of subjects with ASD 

towards other subjects (with or without ASD); 

d) a robot helps improve language better than a human agent or other object in 

an interaction with ASD children. 

                                                           
1
 The first conclusion is the most widely supported by experimental studies, the last has less scientific 

data to support it. For all details, see PENNISI 2015. 
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For simplicity’s sake, we can summarize (a), (b) and (c) in the more generic 

observation that social robots can help elicit several manifestations of classic 

intersubjective behaviors in patients with ASD. Overall (a), (b) and (c) were tested in 

a total of 100 subjects,
2
 (d) in 46 subjects;

3
 given the small number of subjects on 

which experimental research has focused until now, these are certainly preliminary 

observations. However, literature supports a general positive tendency of individuals 

with ASD to gravitate towards technology (PUTNAM e CHONG 2008); we all 

remember with astonishment Temple Grandin’s anecdote where she preferred the 

hugs of her hug machine to those of her own mother (GRANDIN 2005).  

Observations on the propensity of individuals with ASD to interact with 

technological devices have rarely been the subject of analytic studies. In this paper 

we will attempt to test the following hypothesis: is it possible that one of the benefits 

accruing from social robots is the lack of motor articulations related to language? In 

other words, is it possible that in some cases linguistic articulation negatively affects 

interpersonal relationships in individuals with ASD? 

To answer this question we will proceed as follows: 

1. We will analyze studies on different perceptive biases of subjects with ASD 

in scanning others’ faces. 

2. We will look for correlations between the different perceptive biases in 

scanning others’ faces and the development of language. 

a. We will analyse the ASD deficit in elaborating both auditory and 

visual stimuli at the same time. 

b. We will analyse their deficit in lipreading. 

3. Finally, we will draw our conclusions. 

The final scope of the paper is to converge our observations into a more general 

theory that shows that the acquisition of language (aside from being determined by 

exteroceptive and proprioceptive processes) is profoundly influenced by what we 

will call (adopting ONDOBANKA et al.’s [2015] terminology) interoceptive 

processes.  

 

 

§ 1. The concept of “interoceptive inference” 

The sensory world is very uncertain, but the perceptions that we have about it are 

generally certain from a psychological point of view. This gap induced some 

theorists of perception to suppose that the brain, when working, must use perceptive 

inferences. For example, according to the Bayesian coding hypothesis, when for 

instance the subject is in front of a table and is trying to perceive its depth, his brain 

calculates all possible depths of the table and all relative probabilities for each value 

calculated by the sensory data available. In a more general perception of a whole 

scene, the subject will unconsciously calculate all possibilities of perception for each 

salient object (i.e., in the case of a table he will calculate all possible depths, all 

possible colors, all possible lengths) and all relative probabilities for each value of 

each characteristic of the objects in the scene. All these data will create a predictive 

model of perception (KNILL e POUGET 2004). 

In 2015, Ondobaka et al. highlighted that recent views that use the predictive models 

of perception to explain Theory of Mind (ToM) left the role of interoception unclear. 

                                                           
2
 We summed the number of individuals with ASD involved in all experimental studies examined. 

 
3
 See previous note. 
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For this reason they speak about interoceptive inference and attribute to it an 

important role in ToM. According to these authors «interoception or interoceptive 

inference can be viewed as a generalisation of active inference to the processing of 

interoceptive signals carrying information about visceral states (e. g, heart rate, blood 

pressure, temperature)» (ONDOBAKA et AL. 2015: 2). An inference is active when 

the agent actively stimulates its sensors in order to generate the sensorial 

consequences that the brain expects relative to the situation (CLARK 2013). To 

better understand the concept of interoceptive inference it is necessary to consider 

the supposed tendency of the brain (by homeostasis and allostasis) to maintain 

internal states relatively constant over time (ONDOBANKA et AL. 2015). Thus, we 

can consider an interoceptive inference like a predictive model of visceral states 

previously oriented to the balance of internal bodily states, which biases perception 

toward satisfying an organism’s biological needs. 

According to recent studies on ToM, interoceptive inference should work like 

exteroceptive and proprioceptive inference: i.e., to understand others’ intentions from 

their movements, we virtually simulate the same movement. The problem posed by 

Ondobaka et al. (2015) is that, if exteroceptive and proprioceptive inferences can 

clearly use sensory input that are unavailable in relation to interoception (we cannot 

know our pupil dilatation or internal temperature), what data are used during the 

interoceptive inference? The answer proposed is that «the emotional and intentional 

theory of mind has to be learned through interpersonal interactions, probably at an 

early stage of development, in which attachments are made» (Ivi: 4). 

If the problem is well posed, the solution – in our opinion – shows the failure of 

computational models. If Ondobaka et al. integrate the fundamental element of 

visceral states in models of perception, they are unable to explain how the 

interoceptive inference should work in a computational model of mind. It is not the 

aim of this work to determine what is missing in their model; but here I am interested 

in underlining that the interoceptive inference – in contrast to the proprioceptive and 

esteroceptive – is not a computation. As admitted by Ondobaka et al. «there may be 

something special about how we are particularly adept at inferring the drives and 

affiliative imperatives that contextualize interoception» (Ibidem). 

 

 

§ 2. Interoceptive inference and autism 

Since interpersonal relationships are the most critical area in autistic disorders, we 

may suppose that a predictive model of autistic cognition will show a deficit in 

interoceptive inference. Results from social robotics partially confirm this 

supposition. In fact, interaction with social robots does not require a ToM, so does 

not involve the interoceptive inference. Consequently, we can suppose that (a), (b), 

(c) and (d) would be partially explained by the unsubstantiality of interoceptive 

inference during robotic interaction.  

It is plausible to suppose that a deficit in interoceptive inference, due to its 

fundamental role during ontogenesis, will cause a deficit in esteroceptive and 

proprioceptive inferential abilities. In fact, without interoceptive inferential abilities, 

interpersonal relationships will become mere computations of perceptions, 

insensitive to the organism’s biological needs. And this will change the gestaltic 

rules of perception, at least for the interactions with other living beings.  

We present a case of this phenomenon: specifically that the delay in language 

development typical of subjects with ASD could be partly linked to their difficulties 

in interpreting the biological motions of the mouth. Herrington et al. (2012) showed 



RIFL/SFL(2015): 173-187 

DOI: 10.4396/2015SFL14 

__________________________________________________________________________________ 

176 

 

that attention to human goals activates biological motion areas. Thus, if in order to 

carry out ToM inferences one needs intact interoceptive inferential abilities and if the 

activation of cerebral areas involved in the interpretation of the biological motion is 

linked to ToM inferences, we can infer that in order to interpret a movement as 

biological motion one needs an intact ability to carry out interoceptive inferences. 

Our hypothesis is that linguistic deficits related to ASD are a consequence of these 

deficits in processes that mediate silent intersubjective communication.
4
 

In light of this hypothesis, how do we explain the apparent improvement in linguistic 

behaviors in the presence of social robots? 

None or very few interoceptive inferences are involved in interaction with social 

robots since we do not attribute a ToM to them. On the contrary, in order to be 

integrated in the scene, lipreading requires to be seen as biological motion. If the 

very fine movements of lips are not integrated in a meaningful context, they risk 

becoming merely a distractor; all of us have experienced, at least once in our life, 

that feeling of discomfort and distraction watching a movie where the voice was not 

well-integrated and synchronized with the video. In our opinion, this sensation is in 

part responsible for autistic inattention during verbal interaction. The absence of 

biological motion in interaction with social robots could be partly responsible for the 

positive results reported in (d).  

In the next paragraph we will attempt to show that in ecological interactions, 

lipreading could be a distractor for subjects with ASD. 

 

 

§ 3. Do autistic subjects look more at the mouth than at the eyes? 

Infants under 2 months of age tend to look at the edges of another’s face (MAURER 

e SALAPATEK 1976; HAITH et al. 1977); later they will prefer the internal features 

of the face (YARBUS 1967; HUNNIUS e GEUZE 2004). Differences in these habits 

may reflect differences in language acquisition (LEWKOWICZ e HANSEN-TIFT 

2012).  

Recent studies focused their attention on face scanning of autistic subjects. Pelphrey 

et al. (2002) showed that ASD subjects, compared to typically developed (TD) 

subjects, look for a longer time at non-salient areas of faces and for a shorter time at 

salient areas of faces. However, van der Geest et al. (2002) found results contrasting 

with these last studies and showed that there are no differences in gaze behavior of 

scanning faces between TD and ASD subjects when faces are presented in isolation 

and without sound. 

In this paper we will analyze the question of time spent looking at the mouth rather 

than the eyes during dyadic interactions.  

In 2002, a prestigious psychiatric magazine published an experiment that, despite the 

small number of participants involved, gave rise to a widespread debate on the 

relationship between perception styles and social skills. Klin et al. (2002) showed 

that ASD subjects (n = 15; m.a. = 15.4), rather than TD subjects (n = 15; m.a. = 

17.9), looked twice as long at the mouth region; half as much at the region of the 

eyes; twice as much at the body region and twice as much at the object region, while 

watching a video (30-60 s) representing naturalistic social situations. Experimenters 

also found a positive correlation between time looking at the mouth and social 

                                                           
4
 For other related works  see PENNISI, P. 2014; CARROZZA et al. (in press); PENNISI 2016. 

 



RIFL/SFL(2015): 173-187 

DOI: 10.4396/2015SFL14 

__________________________________________________________________________________ 

177 

 

competence measured by VABS-E
5
 and ADOS social scores; and conversely, there 

was a positive correlation between time focusing on the object region and severity of 

autistic symptoms. Thus, authors inferred that: 

 increased focus on mouths predicted improved social skills and less autistic 

social impairment; 

 increased focus on objects predicted decreased social skills and more autistic 

social impairment. 

The hope of finding a biomarker for autism in perceptual biases led several research 

groups to replicate the experiment. Dalton et al. (2005) carried out two different 

experiments in which experimenters presented photographs of other human beings to 

participants while they underwent MRI scanning and found that ASD subjects 

(Exp.1 n = 14 ASD – m.a. = 15.9 vs n = 12 TD – m.a. = 17.1; Exp. 2 n = 16 ASD – 

m. a. = 14.5 vs n = 16 TD – m. a. = 14.5) spent less time watching eyes than did TD 

subjects and the same amount of time as TD subjects in watching mouths while 

observing static black and white images of faces.  

How to explain these discrepancies? Bar-Haim et al. (2006) hypothesizes that these 

contrasts in results could derive from the loss of interest that occurs in longer 

observation. In fact, experimenters showed with a presentation of static photos of 

emotionally neutral faces that, like TD subjects, subjects with ASD make an initial 

attentional shift from the eye region and do not disengage within 400 ms from 

stimulus presentation. De Wit et al. (2008) proposed another interpretation. With a 

sample of 13 subjects with ASD (m.a. = 5.16) and 14 TD subjects (m.a. = 4,93) it 

was shown that there was no difference between groups in their time looking at the 

eye region and that children with ASD look for a shorter time than TD children at the 

mouth; also, the opposite trend revealed by Klin et al. (2002), poorer social and 

communicative skills (Autism Diagnostic Interview-Revised
6
), were correlated with 

a shorter time looking at the mouth region by a presentation of static, representative 

emotional photos (10 s). Experimenters attributed these differences to the difference 

in abilities of the two samples. Klin et al. (2002) included more verbal individuals 

than de Wit et al. (2008), so de Wit et al. concluded «predominantly verbal 

individuals will be expected to look preferentially at the mouth». Effectively, a more 

specific analysis of Klin et al. (2002)’s study reveal that indices of fixing on the 

mouth and eyes had a very high standard deviation; thus, if experimenters also found 

a statistically significant tendency to fix on the eyes in TD participants and the mouth 

in ASD participants, in each group it is possible that some subjects did not show a 

marked tendency like other members of their group. Due to the small number of 

subjects in their experiment, Klin et al. did not have the possibility of identifying 

clusters in a post-experiment analysis. 

 

§ 4. Relations between differences in patterns of face scanning and differences in 

linguistic abilities  

As described in the previous paragraph, some researchers suggested a correlation 

between high eye-mouth index (EMI
7
) and the severity of autistic symptoms (KLIN 

                                                           
5
 Vineland Adaptative Behavior Scales Expanded Edition. 

 
6
 Autism Diagnostic Interview-Revised (ADI-R) (LORD et al. 1994). 

 
7
 We use an index elaborated in ELSABBAGH et al. 2014 and that it was calculated as follows: 

(looking time towards the eyes – looking time towards the mouth)/ total looking time to any area of 

the scene.  The higher the value of this index, the greater is the difference between the time spent by 
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et al. 2002). Due to the high occurrence of discrepant results, De Wit et al. (2008) 

proposed a different interpretation of the percentage of time spent looking at the 

mouth region, and hypothesized a correlation between time spent in looking at the 

mouth and linguistic abilities. Effectively, Young et al. (2009) and Elsabbagh et al. 

(2014) showed that the EMI in children considered at risk for developing the 

pathology did not relate to a future diagnosis, but they found some correlation with 

the development of expressive language.  

Young et al. (2009) confronted 33 24-month-old infants who at 6 months of age were 

declared at risk for receiving a future diagnosis of autism (15 high risk, 19 low risk) 

with 25 TD infants in ecological 3-min interactions with the mother (the second 

minute in the or still face condition
8
). Only three of the 33 children at risk received 

an autism diagnosis. None of the 6-month-old infants’ gaze behaviors predicted 

severity scores in ADOS or in M-CHAT. However, EMI was negatively related to 

expressive language at 24 months of age and to expressive language growth 

according to the Expressive Language subscale
9
 of MSEL and Vineland. These 

results are perfectly in line with the study of Lewkowicz and Hansen-Fit (2012) that 

showed that TD infants (179 in their sample) shifted their attention from the eyes to 

the mouth between 4 and 8 months of age, and that afterwards they shifted back to 

eyes in response to native, but not non-native, language.  

In a longitudinal study, in which four conditions were confronted (only eyes are 

moving; only mouth is moving; only hands are moving; eyes, mouth and hands are 

moving), Elsabbagh et al. (2014) showed that in a scene in which hands, eyes and 

mouth are simultaneously moving, negative EMI at 7 months predicts superior 

expressive language at 36 months. In contrast, EMI at 14 months or in a simplified 

scene in which only eyes, mouth or hands are moving did not correlate with either 

diagnosis, EL or receptive language.
10

 Moreover, more time spent watching the 

mouth when it alone is moving, is associated with poor expressive language in all 

groups and with greater impairment in social ability (measured by ADOS) in the at-

risk group. Thus, the tendency to look longer at the mouth rather than the eyes may 

be context-dependent and if it is present at 7 months, it is a predictor of better 

expressive language development, but not a predictor of a future ASD diagnosis.  

Falck-Ytter et al. (2010), studying a sample of 15 children with ASD (m. a. = 5.16 

years) and 15 TD children (m. a. = 4.91 years) and also with another sample of 12 

children with ASD (m. a. = 6.58 years) suggest that «there is a tighter link between 

language and non-verbal communication skill than between language and socio-

emotional skills». Experimenters showed 15 children with ASD (mean age 5 years 

and 2 months) and to 15 TD children (mean age 4 years and 11 months of age) 36 

short videos (4 s) showing expressions of different emotions. Some of these were 

inverted. Experimenters used the Social Impairments
11

 and the non-verbal part of the 

                                                                                                                                                                     
infant in watching eyes and mouth. A positive value indicates that the child looked longer at  eyes, a 

negative value indicates that  the child spent more time  looking at the mouth. 

 
8
 The caregiver ignores the baby and is expressionless. 

 
9
 Ability to put thoughts into words and sentences, in a way that makes sense and is grammatically 

accurate (subscale of Mullen Scales of Early Learning, MSEL). 

 
10

 Ability to understand what is heard or read (subscale of MSEL). 

 
11

 Inability to develop relationship with peers appropriate to their level of development. 
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Communication Impairment
12

 of the ADI-R to test differences in non-verbal 

communication skills and socio-emotional skills and found two different cognitive 

profiles in ASD subjects:  

 Children better at non-verbal communication look more at the mouth that at 

the eyes 

 Children with better social skills look less at the mouth region 

 There was a significant positive correlation between Social Impairment-

Communication Impairment and mouth-looking time (suggesting that longer 

looking time at the mouth is related to the balance between Social 

Impairment and Communication Impairment rather than to one of their 

individual values). 

In the same study, experimenters replicated these results with a new sample of 12 

children with ASD (mean age 6 years and 7 months). None of the other subscales or 

other measures of intelligence correlated with data, so this result cannot be explained 

by IQ or other adaptive skills.  

The relative independence of social and communicative abilities was also 

extrapolated in general to the population with ASD (HAPPÉ et al. 2006; RONALD 

et al. 2005, 2006b). Happé et al. (2006) sustained that – among the symptoms of the 

autism triad of the DSM IV – there is always prevalence and that there is no 

correlation between the severity of social impairment and the severity of 

communicative impairment. Their assumptions were based on Ronald et al. (2006a), 

a study conducted on 3419 twins in which it was shown that the three autistic traits 

described in DSM IV appear to be genetically determined but interdependent.  

Thus, the theory of Flack-Ytter et al. (2010) may be useful for identifying a cognitive 

profile of autistic subjects: a child more focused on the mouth in face scanning 

would probably have poorer social skills (so could have more difficulty in 

developing affective relationships); on the contrary, a child more focused on the eyes 

during face scanning could have more problems in silent communication (and thus 

show more problems in the use and interpretation of eye gaze, proxemics, facial 

expressions, etc.).
13

 

The first observation appears to be more easily explained than the second: children 

who focus on eye gaze for a long time are probably concentrating on the more salient 

stimulus, but fail to attribute a social meaning to it; thus they do not respond to it in 

the typical way of looking away from the eyes. On the contrary, the first question is 

more controversial: if looking longer at the mouth predicts poorer social abilities – 

how can we explain this trend?  

 

 

§ 5. Lip reading in autistic subjects 

In TD subjects, audiovisual input facilitates the processing of spoken syllables rather 

than an audio input (STEKELENBURG e VROOMEN 2007; VAN WASSENHOVE 

et al. 2005).  

                                                           
12

 Marked impairment in the use of various nonverbal behaviors, such as  direct gaze, facial 

expression, body postures and gestures to regulate social interaction. 

 
13

 From results shown in §2, another question arises that we have not discussed in this paper: if social 

attitudes are positive correlated with language skills and silent communication is uncorrelated with 

social attitudes, can we infer that language is uncorrelated with silent communication, as is most 

frequently sustained (cfr. i. e., BARA 1999)? We attempted to answer this question in PENNISI 2016.  
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In 1976, Harry McGurk and John MacDonald showed that if the listener could see 

the speaker, his visual perception of the verbal communication will influence his 

auditory perception, creating a confusion or a combination between them. In fact, if 

we show the listener a film in which the video shows lips that say “ga-ga” and the 

audio plays the sound “ba-ba”, probably he will perceive “da-da” (MCGURK e 

MAC DONALD 1976). This phenomenon, known as McGurk effect, is universal.  

In 2004, Williams et al. showed that ASD subjects (n = 15, m.a. = 8,81; vs TD n = 

15, m. a. = 9.5) did not suffer the McGurk effect, but experimenters link these 

differences not to an absence of integration, but to their poor visual accuracy, 

measured in the experiment by a speech-reading task, whose participants’ accuracy 

in its performance correlated with participants’ performance in the British Picture 

Vocabulary Scale.
14

 

Bebko et al. (2006) compared the reactions of three groups of children (ASD n = 16, 

m. a. = 5.49; DD
15

 n = 15, m. a. = 4.88; TD n = 16, m. a. = 2.36) in contemporary 

exposure to two screens, one with correct audio-video synchrony and the other with a 

3-s delay between audio and visual stimuli during three conditions: non-linguistic 

event; simple linguistic event and complex linguistic event. While the TD group 

showed greater preference for synchronized inputs, the ASD group showed this 

preference only in the non-linguistic conditions. The DD group manifested a 

preference for synchronized input in non-linguistic and simple linguistic input, and 

borderline preference for complex linguistic input. Experimenters proposed two 

possible interpretations of the ASD group’s results: either ASD subjects do not 

perceive synchrony in linguistic stimulus, or they are slow to detect these kinds of 

violations and the trial is too short.  

Smith & Benedetto (2007) replicated these results with a more ecological procedure 

in which participants (18 ASD – mean 15.84 years VS 19 TD mean 16.08 years) 

report captured words in the three conditions (visual, auditory and audio-visual). 

Results confirmed autistic audio-visual impairment, autistic deficit in lipreading and 

the exclusiveness of TD in improve comprehension of speech in noise with the 

addition of visual information.    

Iarocci et al. (2010) replicated the experiment with a sample of 12 children with ASD 

and 12 TD children (ASD m. a. = 10.58; TD m. a.= 10.31) using photorealistic 

images of the mouth and nose region of a male face and found – in line with Smith e 

Bennetto (2007) and Williams et al. (2004) – that the ASD group performed worse in 

visual-only conditions.  

Megnin et al. (2012) presented monosyllabic spoken words in five conditions 

(auditory only with face; visual only with face; audiovisual with face; visual only 

with scrambled face; audiovisual with scrambled face) to 14 TD and 14 ASD (both 

mean16.9 years of age) and ask them to detect a target while experimenters 

registered their ERP (they focused on three consecutive stages: word detection, so 

N1; transition from phonetic to lexical-semantic analysis, so P2 and semantic 

integration, so N4). Based on their data, experimenters inferred that neural networks 

that in elaborating spoken words are normally facilitated by visual features, are 

altered in ASD subjects. In particular, amplitude of N1 and N4 were attenuated in 

                                                           
14

 DUNN et al. 1997. A linguistic measure of autistic symptoms. 

 
15

 Developmental disorders. 
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ASD samples during audiovisual effects
16

 and the amplitude of P2 negatively 

correlated with scores on the Social Communication Questionnaire (Rutter et al. 

2003).  

Thus differences in cognitive processing of the phase of translation from phonetic to 

a lexical-semantic analysis are related to autistic symptoms.  

According to Gardner’s classic theory of multiple intelligences (GARDNER 1983), 

syntax and phonology are linked to the strictly linguistic intelligence; on the 

contrary, semantics and pragmatics are linked to personal and logical-mathematical 

intelligences. The data that we showed in our paragraph could be interpreted as 

follows: probably the semantic integration in TD subjects is supported by personal 

intelligence, on the contrary, in subjects with ASD it is supported by a linguistic or 

logical-mathematical intelligence. The pragmatic integration of the context could 

require an integration of visual information that the linguistic or logical-

mathematical intelligence do not require or cannot include between the inputs.  

However, if the movement of lips cannot be processed as lipreading, how is it 

considered in autistic cognition?  

In the beginning, our idea was that if a salient stimulus is useless, it would have a 

distracting effect. We looked for confirmation of this hypothesis in the scientific and 

introspective literature on autism and did not find elements that strictly move in this 

direction. 

 

 

§ 6. Absence of ToM, absence of attention, absence of lipreading  

Thus, in §4 we showed a negative correlation between social abilities and the 

average amount of time spent by autistic subjects in looking at the mouth. In §5 we 

showed that subjects with ASD do not use lip reading information during linguistic 

interaction.  

MAGNE et al. (2011) showed in an ERP study that subjects with autism are able to 

perform multisensory integration, but only during easy selective attention; on the 

contrary, TD subjects can also easily maintain multisensory integration during tasks 

that require divided attention. Similarly, Grossman et al. (2009) showed that 

adolescents with ASD can perform multisensory integration in tasks constructed with 

meaningful stimuli and performed in non-distracting environments. 

Both these studies show that distraction is an enemy of the audio-visual integration 

for subjects with ASD. Thus, a subject with autism who does not integrate lipreading 

in the understanding of the language message is not focused on the latter. At this 

point the question is: what is an autistic subject doing when looking at a mouth 

during a verbal interaction? In the light of previous paragraphs, we may infer that he 

is simply not focusing on the interaction. The absence of an interoception by which 

to build a perceptive gestalt that makes salient biological stimuli push him to 

perceive a stimulus (the mouth) that is not the most salient for ToM, but is so for the 

classic rules of perception: the mouth is the stimulus that moves the most.  

 

 

 

 

 

 

                                                           
16

 Effect of seeing lip movements accompanying speech. 
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§ 7. Conclusions 

We hypothesized in Pennisi 2016 that interoceptive inferences aids in integrating 

various external stimuli towards a joint interpretation of reality with other 

conspecifics. In light of this theory, we have attempted to explain the lipreading 

deficit, fixation on the mouth during linguistic interactions, and the negative 

correlation between fixation on mouths and social abilities We also attempted to 

show that in these cases, lipreading has a distractor effect in subjects with ASD 

during verbal interactions, but we did not find confirmation for this last hypothesis.  

To summarize, in §0 we posed a question: is the attraction of subjects with ASD 

toward social robots reported in many studies real? How can it be explained? To 

answer these questions, we showed our hypothesis according to which a main 

problem of subjects with ASD is a deficit in interoceptive inferences, which cause 

their social problems from which are derived their linguistic problems. Cerebral 

correlates of the deficit in interoceptive inferences are localized in the reward system 

(deficient toward social motivation in subjects with ASD; CHEVALLIER et al. 

2012) and in the salience network (UDDIN e MENON 2009; CARROZZA et al. in 

press; PENNISI 2016).  

In §1 we explained the concept of interoceptive inference and in §2 its relation with 

autism. 

In §3 and §4 we discussed some empirical evidence regarding the possibility of 

creating several clusters useful for identifying the cognitive profile of subjects with 

ASD on the basis of their propensity to look longer at the mouth or eyes: it seems 

probable that the attitude of looking for a longer period of time at the mouth is 

negatively correlated with social abilities. This converges with our hypothesis that 

subjects with ASD cannot consider the lips’ movement as a biological motion, as do 

TD subjects. In §5 we showed some empirical evidence regardingthe lipreading 

deficit in subjects with ASD and attempted to explain that in terms of different 

cognitive styles (different intelligences used, if we consider Gardner’s theory of 

multiple intelligences) during the interpretation of linguistic messages.  

In conclusion, deficits in integrating audio-visual stimuli may be associated with 

atypical or delayed language acquisition (SMITH e BENNETTO 2007; IAROCCI et 

al. 2010). 

Senju & Johnson (2009) opposed to the classic communicative intention detector 

model (BARON-COHEN 1995) their fast-track modulator model, which proposes 

that the subcortical face detection pathway (superor colliculus, pulvinar and 

amygdala) mediate eye contact processing in a «quick & dirty pathway» (SENJU e 

JOHNSON 2009:1207) and not – as Baron Cohen argues – in directly activating the 

theory-of-mind computation. The authors used the case of differences in salience of 

the mouth in subjects with ASD rather than TD subjects to compare the two models: 

 
Proponents of the communicative intention model could claim that lack of 

fixation on the eyes is a compensatory strategy to acquire more information 

from others’ mouth, as they have modular impairment in decoding information 

from the eyes. For example, Klin et al. (2002) reported that in individuals with 

ASD greater fixation on the mouth region predicts higher levels of social 

adaptation and lower levels of autistic social impairment. In contrast, both the 

hypoarousal model and the fast-track modulator model would encourage the 

view that individuals with ASD are more readily attracted by visually salient 

features such as the speaking mouth when it is moving, because their fixation is 

not adequately guided to eye contact (Ivi: 1209).  
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From our study it appears to emerge that different styles of scanning faces are linked 

to different cognitive compensations for a salience deficit typical of ASD. The 

curious phenomenon by which some individuals with ASD apparently have a 

positive interaction with robots will likely depend on the fact that this type of activity 

may also be performed successfully only through exteroceptive inferences. 

Moreover, in some cases the absence of complex behaviors such as the extremely 

fine lip movements needed for linguistic articulation may be a lesser element of 

complexity for the integration of the audio-visual integration of the whole scene. 

If our hypothesis is correct, this would raise new and profound reflections on the 

inherently social nature of language: in order to develop it properly, it is not enough 

for the future speaker to live in a community of other speakers, but they must also 

able to make those interoceptive inferences. 
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