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Abstract Although resistance to change is a main feature

of autism, the brain processes underlying this aspect of the

disorder remain poorly understood. The aims of this study

were to examine neural basis of auditory change-detection

in children with autism spectrum disorders (ASD; N = 27)

through electrophysiological patterns (MMN, P3a) and to

test whether these are quantitatively related to intolerance

of change (using the BSE-R scale). ASD displayed

significantly shorter MMN latency and larger P3a than

controls, indicating a greater tendency to switch attention

to deviant events. These electrophysiological abnormalities

were significantly more marked in children who displayed

greater difficulties in tolerating change. The atypical

neurophysiological mechanism of change perception

identified might thus be associated with one of the hallmark

behavioural manifestations of autism.

Keywords Autism � Change processing � Auditory

evoked potential (AEP) � Mismatch negativity (MMN) �
P3a � Children

Introduction

In addition to serious impairments in communication,

social interaction, empathy and play, Autism Spectrum

Disorders (ASD) involve pathologically high levels of

repetitive, stereotypic, ritualistic or compulsive behaviours,

together with extreme resistance to change. This was

initially described as a ‘need for sameness’ (Kanner 1943).

It may be expressed in terms of exaggerated emotional

responses to change, or in terms of restricted interests and

repetitive or stereotyped behaviours. Although this third

dimension of autistic disorder is fundamental, it has

received little direct research attention. Yet it results in

major difficulties in daily life both for the individual and

his or her relatives (Gabriels et al. 2005; Murphy et al.

2005) and remains persistent with age (Kobayashi and

Murata 1998; Leekam et al. 2007). This key characteristic

of autism points to a lack of cognitive flexibility that may

arise from a disorder in processing irregular events. For

instance, as they display difficulties in coping with

unstructured and unpredictable situations, when confronted

with the changeable social world people with autism try to

impose predictability, with insistence on repetition and

sameness.

Resistance to change is also expressed at the sensory

level; individuals with autism—especially children—dis-

play unusual behaviours in response to sensory stimuli

(Baranek et al. 2005; Liss et al. 2006; Malvy et al. 2004;

Rogers et al. 2003). Systematic review of the literature

indicates that rates of dysfunction in sensory processing

may be as high as 90% in individuals with autism (Baker

et al. 2008; Baranek et al. 2006; Tomchek and Dunn 2007).

This is especially the case in the auditory modality, where

paradoxical responses to sounds and both hyper- and hypo-

reactivity to noise are reported (Baranek et al. 2006).
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Clinical studies have described significant relationships

between frequent/severe repetitive behaviours and abnor-

mal sensory responses to environmental stimuli in people

with autism (Baranek et al. 1997; Gabriels et al. 2005; Gal

et al. 2009). Consistent with the common clinical obser-

vation of intense reactions to changes in the environment,

experimental studies have also evidenced enhanced per-

ceptual function such as visual hyperacuity (Ashwin et al.

2009; Plaisted et al. 1998), hyperacusis (Khalfa et al. 2004)

and acute tactile sensitivity (Baranek et al. 1997; Blake-

more et al. 2006). Taken together, these features suggest

that resistance to change in people with autism may reflect

basic abnormalities in the processing of sensory informa-

tion, and especially in the automatic processing of chang-

ing stimuli.

Although resistance to change is a main feature of

autism, the brain processes underlying this aspect of the

disorder remain poorly understood. The neural correlates

of mismatch detection are commonly studied through

the oddball paradigm, which involves the presentation

of infrequent stimuli embedded in a sequence of repetitive

standard stimuli. The oddball paradigm provides an

objective electrophysiological index allowing investigation

of central processes of change-detection i.e. Mismatch

Negativity (MMN). MMN reflects automatic detection of

minor change in the physical features of stimuli and is

characterized by a negative deflection that culminates over

fronto-central sites at around 150–200 ms after the deviant

stimulus (Naatanen et al. 2007). The MMN is measured

from difference waves obtained by subtracting the response

to the standard stimulus from the response to the deviant

stimulus. In response to large deviancy or to novel stimuli,

MMN could be followed by a P3a, a positive response

culminating at around 300 ms over centro-frontal sites, and

thought to reflect attentional switch toward the unusual

event (for review see Knight and Scabini 1998).

The MMN matures very early, and its underlying

mechanisms are assumed to be similar across the lifespan

(Cheour et al. 2000; Gomot et al. 2000). The MMN is very

appropriate to study the dynamics of the central auditory

processes involved in change detection in children because

it does not require the subject’s active participation.

The MMN can also be used to index auditory discrim-

ination of complex stimuli, including speech (Kraus et al.

1995; Naatanen et al. 1997). Many studies have assessed

speech discrimination in clinical populations, including

children with ASD (Kemner et al. 1995; Kuhl et al. 2005;

Lepisto et al. 2008). However, few MMN studies involving

more basic auditory stimuli such as tones have been per-

formed in people with autism, and the findings reported are

inconsistent and generally address only differences in

amplitude. Some studies have indicated that MMN

amplitude in individuals with autism is in the normal range

(Ceponiene et al. 2003) whereas others have shown a

reduced response (Dunn et al. 2008; Lepisto et al. 2006).

Both normal and longer latencies (Jansson-Verkasalo et al.

2003; Seri et al. 1999) have also been reported in this

population.

In our previous work involving children with autism, we

investigated the processes involved in the automatic detec-

tion of minor changes occurring in a sequence of sounds,

using a similar oddball paradigm in electrophysiological

(Gomot et al. 2002) and fMRI studies (Gomot et al. 2006).

The electrophysiological results showed significantly

shorter latency and abnormal MMN topography in children

with autism compared to controls. fMRI confirmed the

hypothesis of atypical change processing in autism as it

demonstrated unusual activation in the left anterior cingu-

late (a region mainly involved in the distribution of atten-

tional resources) in children with autism in response to

deviant events. However, the involvement of these neuro-

physiological abnormalities in the behavioural need to

preserve sameness in autism remains to be clarified. The

investigation reported here examined relationships between

electrophysiological findings from a passive auditory odd-

ball paradigm and clinical assessments focused on intoler-

ance of change in order to provide evidence of possible

brain-behaviour relationships.

Methods

Subjects

Twenty-seven children with autism spectrum disorders

(ASD; 21 boys and 6 girls) and twenty-seven gender- and

chronological age-matched normally developing children

(CTRL) participated in the experiment. Children were aged

5–11 years (mean ± s.e.m.: ASD, 8 years 4 months ±

4 months; CTRL, 8 years 4 months ± 4 months). The

clinical subjects were recruited from patients attending a

child psychiatry day-care unit of a University Hospital. All

children with autism were diagnosed by two independent

experts (a child psychiatrist and a clinical psychologist) and

met the DSM-IV-R criteria (APA 2000). The Childhood

Autism Rating Scale—CARS (Schopler et al. 1980) was

used to confirm the diagnosis (mean score ± s.e.m:

36.7 ± 6.5; threshold for ASD = 30). Developmental

quotients of children with autism were evaluated by using

tests appropriate to mental age: (1) the Brunet-Lézine-R, a

psychomotor developmental test for infants 1–30 months of

age (Brunet and Lezine 1976, revised form 1997), and (2) the

EDEI-R, a cognitive test for children 30 months–9 years of

age (Perron-Borelli 1978, revised form 1996). These two

developmental scales provided (mean ± s.e.m.) overall

developmental (DQ: 51 ± 4.6), verbal (vDQ: 43 ± 5.0) and
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non-verbal (nvDQ: 59 ± 4.7) quotients. All subjects were

right-handed and had normal hearing as assessed by brain-

stem auditory evoked responses recorded before investigat-

ing late auditory evoked potentials. Children with metabolic

or chromosomal disease, history of substantial neurological

disorders or seizures, abnormal EEG with either slow waves

or epileptiform discharges were excluded. All children were

free of psychotropic medication for at least 1 month before

the electrophysiological study. The Ethics Committee of the

University Hospital of Tours approved the protocol. Signed

informed consent was obtained from parents, and assent

from the children when possible.

Autistic behaviors were assessed using the Behavior

Summarized Evaluation scale (BSE-R (Barthelemy et al.

1997)), a composite scale of 29 items for evaluation of

symptoms of autism, including poor social interaction,

abnormal eye contact, verbal and non-verbal communica-

tion disabilities, bizarre responses to auditory stimuli,

and ritual use of objects. The associated features of the

disorder, including eating, sleep and motor disorders are

also assessed. The BSE-R scale permits the follow-up of

the child in his/her daily environment. It is rated every

2 weeks by nurses who care for the children during the day,

and thus provides information about the current behav-

ioural difficulties of the patient. Raters are trained on the

scale and are experienced with children with autism. For

this study we retained the results of the scale rated during

the month of the electrophysiological recording. Each of

the 29 items is rated from 1 to 5 according to the severity of

the disturbance: [1] if the symptom is never observed; [5] if

the symptom is always observed. We selected items rele-

vant to our hypothesis, with the aim of identifying bio-

clinical relationships: (1) item 11 reflects intolerance of

change in place, time, people, food, and clothes, for

example: disproportionate frustration and anger when

activities are interrupted, when an object is forbidden, and

when desires or expectations remain unsatisfied; and, (2)

item 24 reflects bizarre responses to auditory stimuli.

Stimuli and Procedure

Auditory stimulus sequences consisted of 1,000 Hz stan-

dard tones and 1,100 Hz deviant tones (probability of

occurrence: p = 0.15) delivered in random order, with the

constraint that each deviant tone was preceded by at least

three standard tones. All tones had an intensity of 70 dB

SPL and duration of 50 ms (5 ms rise/fall). Stimuli were

presented monaurally through headphones with a constant

stimulus onset asynchrony of 700 ms. A block of 1,000

stimuli was delivered to each ear, and the order of the

stimulated ear was counterbalanced across subjects. The

subjects watched a silent movie on a TV screen during

the recording session that lasted 25 min.

EEG Recording and Data Analysis

Electroencephalogram (EEG) was recorded from 7 Ag/

AgCl electrodes referenced to the nose (the ground elec-

trode was placed on Fpz location). Five electrodes were

placed according to the international 10–20 system (Fz, Cz,

Pz, T3, T4), the remaining electrodes were M1 and M2

(left and right mastoid sites). The impedance value of each

electrode was less than 10 kX. Horizontal and vertical

electro-oculograms (EOG) were recorded differentially

from two electrodes located on the outer canthi of the right

and left eyes (horizontal bipolar) and two electrodes above

and below the right eye (vertical bipolar).

The EEG and EOG were amplified (20000), filtered with

an analog bandpass filter (0.5–70 Hz), and digitized at a

sampling rate of 256 Hz. Movements artefacts were man-

ually discarded and automatic correction of the deviations

due to ocular activity, based on a spatial filter transform,

was applied. EEG epochs were averaged separately for the

standard and deviant tones over a 500 ms analysis period,

including a 100 ms prestimulus baseline, and were digitally

filtered (low-pass filter: 30 Hz). The ERPs to deviant tones

included at least 120 responses for each subject. MMN and

P3a were measured in the difference waveforms obtained

by subtracting the responses to the standard tones from

responses to the deviant stimuli.

Because no N1 wave is recorded in response to standard

tones in children for such stimulus onset asynchrony

(Korpilahti and Lang 1994; Sussman et al. 2008), peak

amplitude and latency of the most prominent negative

deflection occurring over fronto-central sites (N250 wave)

were measured in each subject in a 180–280 ms latency range.

MMN peak amplitude and latency were then measured

in each subject by locating the most negative deflection

within a ±50 ms latency window around the peak of the

grand average waveform of each group (i.e.: CTRL,

200 ms; ASD, 170 ms). P3a peak amplitude and latency

were measured as the most positive deflection within a

±50 ms latency window around the peak of each group

(i.e.: CTRL, 300 ms; ASD, 280 ms). Since latencies and

amplitudes did not significantly vary according to the ear

stimulated in either group, responses to right and left ears

were pooled. This improved the signal to noise ratio and

therefore made it possible to extract reliable results.

Amplitudes and latencies were analyzed using repeated

measure analysis of variance (ANOVA) with Group

(CTRL, ASD) as between-subjects factor and Electrode as

within-subjects factor.

For further detailed analysis children with autism were

divided into two groups according to their resistance to

change (greater or less than a score of three out of five on

the rating scale of item 11). The characteristics of the

electrophysiological brain responses (amplitude, latency)
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of each subgroup were then entered in an ANOVA

analysis.

Correlations between electrophysiological and behavioural

data were performed using Pearson’s correlations which were

computed between the AEP indices (amplitude, latency) and

clinical data: (1) the cognitive levels (DQ, vDQ and nvDQ);

(2) the severity of autistic symptoms as assessed by CARS; (3)

item 24 bizarre behaviours in response to auditory stimuli;

and, (4) item 11 intolerance of change. The level of signifi-

cance was set at p \ 0.05 for all analyses.

Results

Comparison Between Controls and Children

with Autism

The grand average waveforms in response to standard

stimuli for each group at selected electrodes are illustrated in

Fig. 1a. The ‘obligatory’ components in children are most

clearly observed in the responses to the standard and con-

sisted of fronto-central positivity at 100 ms followed by

large negativity peaking at around 240 ms, known as N250

(Ceponiene et al. 1998). These responses were clearly

identified at fronto-central electrodes in all children and did

not vary significantly in amplitude or latency according to

group (N250 response to standard at Fz (mean ± sem):

CTRL -6.3 lV ±0.6, 238 ms ±5; ASD -5.9 lV ±0.6,

242 ms ±5).

Figure 1b shows the grand mean difference waveforms

for each group at selected electrodes. MMN was evident at

Fz and Cz around 150–200 ms after stimulus onset in both

groups, with the positive counterpart at mastoid electrodes

(M1 and M2), indicating involvement of generators located

in the supratemporal cortex. MMN was followed by a P3a

response peaking at Cz around 280 ms mostly in ASD.

Statistical analysis showed that MMN peak latency was

significantly shorter in ASD than in CTRL at both Fz

Fig. 1 a Grand average

responses to standard tones and

b grand average MMN

waveform, recorded at Fz, Cz,

M1 and M2 electrodes in each

group (Controls : CTRL;

Autism spectrum disorders :

ASD)
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[F (1,52) = 5.9, p = .018], and Cz sites [F (1,52) = 4.8,

p = .034] (Table 1). Similar latency shortening was found

on the concomitant positive peak at mastoid sites measured

at M1 [F (1, 52) = 12.9, p = .0007], and at M2 [F (1, 52)

= 9.6, p = .003].

No inter-group difference in MMN peak amplitude was

found at Fz (CTRL 3.7 lV ±0.3; ASD 3.7 lV ±0.4). ASD

tended to display greater amplitude values for the MMN

positive counterpart recorded at mastoid sites than CTRL;

however the difference only reached significance in the

right hemisphere.

No inter-group differences were found in the P3a

latency at Fz or Cz sites. The P3a amplitude recorded at Fz

and Cz sites was significantly larger in ASD than in CTRL

[F (1,52) = 9.94, p = .0026].

Analysis of Clinical Sub-groups

The ASD group was divided into two subgroups according

to the score obtained for item 11 of the BSE-R measuring

‘intolerance of change’, and labelled INT? (score C to 3)

and INT- (\3) (Fig. 2a).

The characteristics of each subgroup are indicated in

Table 2. Other than the score on item 11, no clinical dif-

ferences were evidenced between subgroups. There was a

non-significant trend for DQ and nVDQ to be lower in the

INT? subgroup, and Pearson correlation analysis indi-

cated that the more intolerant children had lower DQ

(r = -0.43; p \ .05). DQ was thus introduced as a

covariate in the ANCOVA comparing the two clinical

subgroups. Partial Pearson correlations were also computed

by taking into account the correlation with DQ.

Statistical analysis indicated that neither MMN nor P3a

amplitude varied significantly according to item 11

subgroups.

MMN peak latency was significantly shorter in INT?

than INT- at both M1 [F (1,24) = 7. 6, p = .011] and M2

[F (1,24) = 5.5, p = .027]) sites (Fig. 2b and Table 3).

The same tendency was observed at Fz, but comparison

failed to reach significance [F (1,24) = 2.5, p = .13].

However, significant Pearson partial correlation indicated

that higher scores for item 11 were associated with shorter

MMN latencies at Fz (r = -0.40; p \ .05).

ANCOVA analysis at Cz revealed that P3a also displayed

shorter latency in INT? than in INT- [F (1,24) = 4.32;

p = .048]. The correlation analysis confirmed that shorter

Table 1 Amplitude and latency of MMN and P3a responses at

selected electrodes in CTRL and in ASD

CTRL (N = 27) ASD (N = 27) Intergroups

significance

Amplitude lV (mean ± sem)

MMN

Fz -3.7 ± 0.3 -3.7 ± 0.4 NS

Cz -3.3 ± 0.3 -3.5 ± 0.5 NS

M1 2.4 ± 0.3 3.2 ± 0.4 NS

M2 2.2 ± 0.3 3.4 ± 0.5 0.035

P3a

Fz 0.9 ± 0.3 2.9 ± 0.5 0.001

Cz 1.2 ± 0.4 3.3 ± 0.6 0.009

Latency ms (mean ± sem)

MMN

Fz 194 ± 7 172 ± 5 0.018

Cz 187 ± 7 166 ± 6 0.034

M1 194 ± 6 162 ± 6 0.007

M2 192 ± 6 166 ± 5 0.003

P3a

Fz 301 ± 11 279 ± 10 NS

Cz 289 ± 12 276 ± 9 NS

Fig. 2 a Grand average MMN waveform at frontal site (Fz) in CTRL

and in the two ASD subgroups determined according to the severity

of intolerance of change (INT? and INT-) and, b MMN latency

value recorded at mastoid sites (mean M1, M2) in each subgroup

(INT? and INT-)
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P3a latency was associated with greater intolerance of

change (Fz: r = -0.43; Cz: r = -0.48; p \ .05).

Finally MMN and P3a amplitude and latency were not

significantly correlated with DQ, vDQ, nvDQ, severity of

autistic behaviours as assessed by the CARS, or with bizarre

behaviours in response to auditory stimuli (item 24).

Discussion

These results obtained for a larger sample confirmed pre-

vious findings showing significant shortening of MMN

latency in ASD compared to typically-developing children

(Gomot et al. 2002), and furthermore evidenced greater

amplitude of the subsequent P3a in this group. This indi-

cates more rapid and attention-demanding detection of

even small changes occurring in the physical features of the

environment. These atypical electrophysiological respon-

ses might thus constitute an index of abnormal change

processing in ASD. Furthermore, shorter latency in both

MMN and P3a were correlated with increased intolerance

of change as measured by item 11 of the BSE-R, sug-

gesting that dysfunction in automatic deviancy detection

in this group is associated with one of the hallmark

behavioural manifestations of ASD.

Basic research on MMN has shown that shorter MMN

latencies are recorded for greater frequency deviations

(Schroger and Winkler 1995; Tiitinen et al. 1994). One

explanation of our results might thus be that children with

autism detect acoustic changes in their surroundings more

rapidly than normally developing children because of a

hyper reactivity to the deviancy. The earlier occurrence of

MMN could possibly trigger an earlier and larger P3a, thus

leading to abnormally intense involuntary switching of

attention towards the deviant event. Taken together, these

findings strongly suggest unusual processing of auditory

stimulus-change in children with autism.

People with autism thus show activation of neuronal

networks that correspond to those involved in the pro-

cessing of highly contrasting stimuli, even for minor

changes in stimulus characteristics, and this was more

pronounced in children who displayed greater difficul-

ties in tolerating change. Such relationships between

electrophysiological indices of regulation of sensory

mechanisms and clinical features of inhibitory deficits

(such as restricted behaviours) have been previously

reported in adults with autism (Perry et al. 2007). These

authors studied Prepulse Inhibition (Braff and Geyer 1990),

an operational measurement of sensorimotor gating in

which a weak auditory prepulse attenuates the subsequent

eye-blink response to a loud startling noise. They observed

Table 2 Clinical features (mean scores ± sem) of ASD when considered as a single group (N = 27), or divided into two subgroups (INT? and

INT-) according to the severity of intolerance of change (score item 11 of BSE-R scale)

ASD (N = 27) INT? (N = 13) INT- (N = 14) Intergroups (INT-/INT?) significance;

Coefficient correlation ra

BSE-R, item 11 2.4 ± 0.2 3.4 ± 0.1 1.6 ± 0.1

Age 94.6 ± 4.6 97 ± 7 92 ± 6 NS

DQ 51 ± 4.6 45 ± 7 57 ± 6 NS; r = -0.43

vDQ 43 ± 5.0 39 ± 7 46 ± 7 NS

nvDQ 59 ± 4.7 52 ± 7 65 ± 5 NS; r = -0.45

CARS 36.7 ± 6.5 38.7 ± 2 34.8 ± 1 NS

BSE-R, item 24 1.8 ± 0.2 1.8 ± 0.2 1.8 ± 0.3 NS

a r, Pearson correlation coefficient calculated between the variable and the score obtained at item 11

Table 3 Amplitude and latency of MMN and P3a responses in INT?

and INT- subgroups of ASD

INT? (N = 13) INT- (N = 14) Intergroups significance;

Coefficient correlation ra

Amplitude lV (mean ± sem)

MMN

Fz 3.1 ± 0.5 4.2 ± 0.7 NS

Cz 2.9 ± 0.5 4.1 ± 0.7 NS

M1 3.4 ± 0.6 3 ± 0.6 NS

M2 3.1 ± 0.7 3.6 ± 0.7 NS

P3a

Fz 3.8 ± 0.8 2.2 ± 0.5 NS

Cz 4.2 ± 1.1 2.4 ± 0.5 NS

Latency ms (mean ± sem)

MMN

Fz 162 ± 7 180 ± 8 NS (.13); r = -0.40

Cz 160 ± 6 172 ± 9 NS

M1 146 ± 6 176 ± 9 0.011

M2 154 ± 6 178 ± 8 0.027

P3a

Fz 261 ± 13 296 ± 14 NS; r = -0.43

Cz 256 ± 11 295 ± 13 0.048; r = -0.48

a r, Pearson partial correlation coefficient calculated between the

variable and the score obtained at item 11, with DQ introduced as a

covariate
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enhanced sensorimotor gating deficiency in patients who

displayed increased ratings of restricted and repetitive

behaviours, suggesting that inhibitory failure may lead to the

behavioural and cognitive impairments observed down-

stream.

Previous investigations using psychophysiological

methods in children with autism have provided evidence of

relationships between physiological measurements and

responses to novelty. Kootz et al. (1982) studied the

influence of familiarity of the environment on cardiovas-

cular system responses during a target detection task. They

showed that variations in both reaction times and heart rate

according to the environment in which the experiment took

place (laboratory vs. school) were significantly higher in

children with autism than in the control group and con-

cluded that children with autism are hypersensitive to

changes that occur in their surroundings.

More recently the relationship between repetitive

behaviours and a possible neuroanatomical underpinning has

been investigated in autism. Sears et al. (1999) examined the

relationship between structural abnormalities based on MRI

findings and repetitive behaviours in individuals with aut-

ism. Involvement of the basal ganglia—in particular the

caudate nuclei—was evident and negatively correlated with

ADI-R items (compulsions/rituals, difficulties with minor

changes, and complex motor mannerisms). Yet our study is

the first to identify a clear relationship between functional

neurophysiological abnormalities associated with change

detection and intolerance of change in children with autism.

It has to be noticed that the age range of our subjects is quite

broad. However, the effects of interest (group differences in

brain evoked responses and correlations with behavioural

measures) were not related to age.

Our findings are in accordance with the theory of weak

central coherence in autism (Frith and Happe 1994) that

states that people with autism have a particular cognitive

style, which has been proposed to result in weakening of

the tendency to integrate sensory stimuli into a ‘perceptual

whole’, while the ability to focus on stimulus details is

preserved. Rather than a deficit in global processing, it was

proposed that low level information processing systems for

sensory stimuli are over developed in autism (Mottron

et al. 2000; Plaisted et al. 2003), consistent with studies of

auditory attention processes that revealed enhanced pitch

processing (Bonnel et al. 2003; Heaton 2003). Further

conceptualisation has been proposed with the Enhanced

Perceptual Processing Model (Mottron et al. 2006) that has

been mostly associated with hyperfunctioning in people

with autism. Our results in children with autism sup-

port this idea of auditory processing facilitation, but the

association we found with greater difficulties in tolerating

change suggests that this particular processing of unusual

sensory events represents more of a disadvantage than an

advantage for patients in their daily lives.

In the long term these electrophysiological markers

(MMN and P3a latency shortening) might be used as pre-

behavioural neurophysiological phenotype, as long as fur-

ther research establishes that they fit with the criteria for

determining endophenotypes. According to these criteria, a

valid endophenotype must be reliable, heritable, causal,

and associated with the behaviour of interest (de Geus et al.

2001; Gottesman and Gould 2003). From this standpoint,

MMN is a good candidate.

Previous studies have investigated the test–retest reli-

ability and heritability of MMN in healthy monozygotic

and dizygotic twins. The heritability of MMN peak

amplitude has been estimated at 63% and its reliability as

reflected by an ICC (intra-class correlation) of 0.67 was

also acceptable (Hall et al. 2006). Moreover, MMN is an

electrophysiological response which is fairly reliable

throughout development.

Causality is the most challenging criterion, and more

work remains to be undertaken in this direction. One pos-

sible hypothesis involves the NMDA/Glutamate pathway

and is based on genetic studies that have demonstrated

mutations of neuroligin genes in autism (Jamain et al.

2003; Laumonnier et al. 2004), a family of genes encoding

the neuroligin proteins that are mostly found in excitatory

synapses. An explanatory model of the MMN has been

proposed based on animal research, (Javitt et al. 1996)

involving glutamatergic neurotransmission. This AEP

response is thus a promising candidate to investigate the

gene/behaviour relationships involving the glutamatergic

pathway in individuals with autism.

Finally, the findings of the present study suggest that

abnormalities in MMN characteristics in ASD are associated

with resistance to change. Moreover, although MMN

characteristics have been found to be abnormal (atypical

scalp distribution or smaller amplitude) in other develop-

mental disorders such as dyslexia (Hommet et al. 2009) and

in children born preterm (Gomot et al. 2007; Jansson-

Verkasalo et al. 2004), the latency shortening evidence here

appears to be specific to autism, and this again supports the

validity of such an electrophysiological index as a possible

mediator of gene/behaviour relationships.

Our findings support the existence of electrophysiological

markers reflecting the physiopathological mechanisms

underlying intolerance to change in ASD, and that might be

envisaged as early indicators for diagnosis. It appears that the

effects observed are quite robust. By instance, among the 27

children with ASD, 21 had shorter MMN latency than their

age-matched control. However lots of work remains to be

done—for instance study of the evolution of these electro-

physiological markers throughout development and under
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treatment—before to establish their diagnostic and potential

prognostic value.

The association between MMN and P3a latency

shortening and intolerance of change is partly based on

correlation and does not address causality. However, it is

conceivable that MMN abnormalities can be interpreted as

indicators of malfunction of change processing and may be

indirectly linked to the hallmark feature of disease related

to such brain processes—namely resistance to change.

Piven (Piven et al. 1996) has demonstrated that the social

and communication domains show significant changes

from 5 years to adulthood, whereas significant change was

not detected in the ritualistic/repetitive domain over time. It

therefore seems crucial to improve understanding of the

underpinning cerebral bases of impairment related to ritu-

alistic/repetitive behaviours that, in comparison with social

and communicative behaviours, are less likely to improve

over time.

In conclusion, the findings reported here strongly

suggest atypical processing of auditory stimulus change

in children with autism that might be related to their

behavioural need to preserve sameness. However, further

studies are needed to investigate the strength of the rela-

tionship between dysfunction of basic sensory processing

and cognitive and behavioural difficulties related to resis-

tance to change in autism.
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