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Children with autism spectrum 
disorder show atypical 
electroencephalographic 
response to processing contextual 
incongruencies
Amparo V. Márquez‑García1*, Vasily A. Vakorin1,2, Nataliia Kozhemiako1, 
Justine R. Magnuson1, Grace Iarocci3, Urs Ribary3, Sylvain Moreno4 & Sam M. Doesburg1

Children with autism spectrum disorder (ASD) experience difficulties with social communication, 
making it challenging to interpret contextual information that aids in accurately interpreting 
language. To investigate how the brain processes the contextual information and how this is different 
in ASD, we compared event‑related potentials (ERPs) in response to processing visual and auditory 
congruent and incongruent information. Two groups of children participated in the study: 37 typically 
developing children and 15 children with ASD (age range = 6 to 12). We applied a language task 
involving auditory sentences describing congruent or incongruent images. We investigated two 
ERP components associated with language processing: the N400 and P600. Our results showed how 
children with ASD present significant differences in their neural responses in comparison with the TD 
group, even when their reaction times and correct trials are not significantly different from the TD 
group.

Difficulty understanding a joke or knowing whether a compliment is genuine or sarcastic or whether someone 
is upset or sad can result in a social misunderstanding at best and, at worst, social injustices depending on the 
circumstances. To understand our social environment, we need to integrate and interpret information within 
its broader context. According to the weak central coherence theory proposed by Uta Frith in  19891,2, individu-
als with autism spectrum disorder (ASD) experience difficulties integrating contextual information for global 
meaning, which is critical for making sense of the  world1. ASD is a developmental disorder defined by difficulties 
in social communication and restricted/repetitive interests and  behaviours3.

One aspect of communication that may be impacted in an individual with ASD is pragmatic language com-
petence, which is defined as the ability to interpret language in  context4–7. It may be challenging for individuals 
with ASD to participate in conversations due to their difficulties interpreting nonverbal aspects of language and 
language in context. Difficulties integrating specific information can result in individuals with ASD not wholly 
understanding the people and the world around them.

The interpretation of language in context is a challenge even for children with ASD who are fluently  verbal8,9, 
that may persist into  adulthood9,10. In addition, language difficulties in ASD have been robustly established at the 
behavioural  level6,11–22. The neural mechanisms underlying these language difficulties, however, remain poorly 
understood. Such mechanisms can be explored with electroencephalography (EEG), a non-invasive and direct 
measure of neural activity. Event-related potentials (ERPs) detected with EEG can measure neural correlations of 
language processing and multisensory integration in  ASD23,24. ERP reflects the time-locked electrophysiological 
responses to stimuli. ERPs measure the synchronized post-synaptic activity of large groups of neurons, reflecting 
sensory and cognitive processing in response to a stimulus presentation. ERP components are classified according 
to their polarity (positive or negative deflection) and peak latency.
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The high temporal resolution of ERPs enables tracking of language processing with millisecond  resolution25. 
Accordingly, this approach is well suited for evaluating the incremental nature of  language26. Two ERP compo-
nents have been consistently linked to sentence comprehension in electrophysiological investigations of language 
processing, the N400 and the P600. The N400 is a negative potential peak at 400 ms after word onset, while the 
P600 is a positivity most pronounced 600–900 ms after word  onset27,28. The N400 is the most widely used ERP 
in language  research27 and reflects semantic processing. Perception, attention, memory, and language jointly 
participate in the neural events responsible for the  N40026.

According to Kutas and  Federmeier26, the N400 effect is largest over centro-parietal sites, with a slight bias 
toward the right hemisphere (at least, for written words in sentences). Previous studies had shown an N400 effect 
elicited in unimodal tasks such as involving spoken words, written words and sentences, pictures, arithmetic 
tasks and  more26,29–34. The N400 has also been recorded in cross-modal paradigms, where auditory target words 
are preceded by visual priming  words35–41.

Magnetoencephalography (MEG) studies using dipole modeling typically identify the sources of N400 in the 
left superior and/or middle temporal gyri, with a homologous source in the right hemisphere region, which is 
considered more  variable42–46. Using a distributed source modeling, Halgren et al.42, showed the spatial extent of 
the cortical activity when the N400 was elicited. They found that most of the left temporal lobe (including inferior 
and anterior regions) was more active for incongruent than congruent sentence completions, with additional 
activity in the right anterior temporal lobe.

N400s can be observed for both visual and auditory words, and thus can be applied to compare across modali-
ties, which is relatively less tractable for response time studies. The functional similarity of the N400-generating 
process in the two modalities was theoretically important for psycholinguistics. Auditory N400s tended to begin 
earlier, last longer, and have a slightly more frontal and less right-biased topography (reviewed in (Kutas &Van 
Petten, 1988)47).

While the N400 is a robust measure in typically developing populations, it is unclear if this is equally true 
for ASD groups. The ERP literature on language processing in children and adults with ASD is scarce. These 
studies have yielded mixed findings. A few studies have shown reduced amplitude, prolonged latency, and dif-
ferent topology of the N400 in individuals with  ASD48,49. The other studies have found the N400 response intact, 
depending on the  task48,50,51.

Several studies have demontrated that children with ASD failed to show any ERP evidence of semantic 
processing. Dunn and  Bates52 used an inverted-out-of-category words task (not a priming task) and found that 
N400 responses in the ASD group did not differ across conditions. Similarly, McCleery et al. 53 compared verbal 
and nonverbal semantic integration in the high functioning children with ASD. They found that the N400 effect 
was absent in the children with ASD during a picture-word priming paradigm but was present when the pictures 
were paired with environmental sounds (i.e., the sound of a car engine starting and ball bouncing).

On the other hand, several studies have found altered but not absent semantic processing in individuals 
with ASD. Semantic processing was investigated in seven children with high functioning ASD, using a semantic 
congruence sentence task. They found that there was no N400 response in the children with ASD, but instead, 
the conditions were differentiated by a late positive component (LPC), which is also known as the  P60054. 
Pijnacker et al.55 also did not confirm the alterations in N400 responses in adults with ASD, reporting a larger 
LPC to semantically incongruous sentences. Such mixed findings can be partly explained by the differences in 
the paradigms used to elicit the N400. The paradigms vary from sensory input (i.e., visual, auditory or multi-
modal), differences in the complexity of the stimulus (i.e., sounds, words or sentences) and different tasks (i.e., 
semantic priming task), which makes it difficult to understand the expected behaviour of this ERP component 
in the ASD population. Nevertheless, these neurophysiological outcomes with complex alterations across space 
and time suggest that the autistic population may use a different and more elaborate mechanism to understand 
language in  context55,56.

The ERP literature has also reported findings on the P600 in the context of language processing. This ERP 
component is commonly observed in the 500–900 ms time window, with a parietal  topography57. The P600 com-
ponent was initially thought to reflect manipulation of syntactic  information57, but has since been associated with 
conflict  monitoring58–60. The P600 response can be found in a wide range of syntactic violations such as phrase 
structure  violation61, semantic violations in extended discourse  contexts62, subject-verb number  agreement63, 
pronoun  case47, verb  inflection64 and  subjacency65. The P600 response has been consistently associated with 
capturing differences between syntactically congruent relative to incongruent syntactic structures (e.g.,27,66,67. It 
has been debated, however, whether the P600 responses seen in these cases are specialized for syntax process-
ing or instead linked to a more general domain process such as attention, context updating or  learning27,47,68,69. 
Fitz and Chang 70 proposed a model presenting P600 as the prediction error at the sequencing layer of a neural 
network. Their studies have shown that the recorded ERP components could be the result of learning processes, 
that helps in the adaptation process to new inputs.

These studies have also suggested that P600 reflects an integration process in the comprehension of the visual 
world. Sitnikova et al.71 presented movie clips of real-world activities with two types of endings: congruent and 
incongruent with the context. Their results showed that the violations of the expected event elicited the P600 
component, which led them to conclude that the comprehension of the visual real-world required the media-
tion of two mechanisms reflected by N400 and P600. Differences in language processing in ASD individuals 
are also reflected in the P600 amplitude and latency. When exploring linguistic violations, the group with ASD 
presented longer reaction  times72 and broader distributed P600  effects73. P600 variations were associated with 
higher attentional cost and compensatory strategies. However, studies assigning the P600 response exclusively 
to incongruency in individuals with ASD remain scarce.

Due to the mixed results commonly found in studies of ASD, it is important to identify the paradigms capa-
ble of identifying differences in the neural responses to contextual language processing. In our study, we aim 
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to investigate brain processing in children with ASD related to difficulties in the interpretation of language in 
context. To achieve this, we studied the detection of context incongruencies. We applied a task that demanded 
integrating visual and auditory information to assess whether a sentence contradicts the context (incongruent 
condition) or matches the context (congruent condition). The incongruent condition included two different 
categories: i) incongruent trials with sentences that are grammatically correct, and ii) incongruent trials with 
sentences that are grammatically incorrect presenting semantic mistakes. We used a 2 × 2 design with images 
(context) accompanied by an oral description (language) that could be either congruent or incongruent with 
the image. We examined the ERP waves amplitudes for N400 and P600 components and studied the differences 
across children with ASD and typically developing controls. We assessed group differences and differences 
between the two conditions within the groups. We hypothesized that individuals in the typically developing 
group would detect the incongruencies and, in response, present significantly higher N400 and P600 amplitudes 
on the incongruent conditions compared to the congruent conditions. We also expected the ASD group to have 
difficulties detecting the incongruencies between the context and the description. When investigating group 
differences, we expected to find significant differences in the amplitudes of the N400 and P600 ERPs on the 
incongruent conditions, with larger ERP amplitudes in the non-autistic group.

Materials and methods
Participants. We recruited a population of 75 children, 33 participants with ASD (mean age [years] 9.7 ± 5.6) 
and 42 typically developing participants (mean age [years] 9.3 ± 2.51). However, only 15 participants with ASD 
(mean age [years] 10.8 ± 1.4) and 37 typically developing participants (mean age [years] 9.3 ± 1.6) met all of the 
inclusion criteria. Individuals with an IQ less than 70 and/or with less than 20 correct trials were excluded from 
the study (Table 1). Participants with ASD had a prior diagnosis of ASD as received by a qualified pediatrician, 
psychologist or psychiatrist associated with the government-funded ASD assessment network or with a qualified 
private clinic in British Columbia (BC). The ASD diagnoses were based on the Diagnostic and Statistical Manual 
of Mental Disorders (DSM), which included the use of the Autism Diagnostic Interview-Revised (ADI-R) and 
Autism Diagnostic Observation Schedule (ADOS).

Data collection. Data were collected in parallel from multiple children during four single-day summer 
camps, across two years (2018–2019), using methods previously developed by our research  group74–80. These 
summer camps involved multiple research groups running behavioural, and/or neurophysiological examina-
tions on children with ASD and typically developing controls. EEG was recorded with ENOBIO systems (manu-
factured by Neuroelectrics) at the SFU’s Behavioral and Cognitive Neuroscience Institute (BCNI). An ENOBIO 
system with a small number of EEG channels was chosen due to its comfort for the children, quick application, 
and reasonable signal  quality81. Specifically, eight EEG channels were a priori selected as a compromise between 
a short preparation time, comfort for the children, and ability to cover more brain areas. The event-related 
potentials (ERP) were recorded with the sampling rate of 500 Hz from six electrodes: Fz, Cz, Pz, F7, F8, and 
CP5. Two electro-oculography (EOG) electrodes were placed above and beside the left eye (Fig. 1). The ground 
electrode was placed on the forehead, and the reference was placed on the right ear lobe. While recording EEG, 
we administered a language task with two conditions, with one condition having two sub-categories. Accuracy 
and reaction times were recorded in addition to electrophysiological data during task performance.

We performed our study was following the recommendations of the human research ethics guidelines from 
the Simon Fraser University (SFU) Office of Research Ethics. Written informed consent in accordance with the 
Declaration of Helsinki was obtained from each parent or guardian, and informed assent was obtained for each 
participant. The protocol was approved by the office of research ethics at SFU.

Task conditions and stimuli. EEG was recorded during a computerized audio-visual task. Our experi-
mental design included two task conditions. The first condition was ’congruent’, wherein an image was presented 
with audio that accurately describes the image (33% of the total trials). The second condition was ’incongruent’ 
wherein the image is presented with audio that describes it incorrectly. The ’incongruent condition’ included two 
sub-categories: approximately half of the incongruent trials included a grammatically correct sentence (33% of 
the total trials), and the other half presented a sentence with semantic mistakes (33% of the total trials). The sen-
tences used to describe the images were formed with two-word sentences using a verb and a monosyllabic noun.

The auditory descriptions and images were presented simultaneously, and the sound was delivered through 
headphones. The images appeared in the center of a computer screen at 0° (no text was included). The size of the 
images is 9.5 cm by 9.5 cm, and the approximate distance from the participant’s eyes to the monitor was 75 cm. 
Stimulus size in visual angle was equal to 7.6863. The images were selected from a comic book called ’MAFALDA’ 
in black and white, which was created by Joaquín Salvador Lavado Tejón (1964–1973). Every image appeared 
three times, each time with a different description category. Participants were instructed to press one keyboard 

Table 1.  Participant’s demographics: group, number of participants, ages, and IQ.

Group Participants (females) Age, years Mean(std) IQ Mean(std)

ASD 15 (4) 10.8 (± 1.4) 95.7 (± 21)

Typically developing 37 (15) 9.3 (± 1.6) 109.6 (± 13.7)
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key with a green sticker if the image corresponded to the sentence they heard and one keyboard key with a red 
sticker if the image did not correspond to the sentence they heard.

To design the task, each image was presented to 20 typically developed, English-speaking adults. These adults 
were asked to describe the image in two words using one verb and one monosyllabic noun. The most common 
descriptions were considered for the congruent condition. To create the incongruent condition, we employed 
the help of an expert in linguistics. Once the sentences were selected, we showed the images and the incongruent 

Figure 1.  Locations of the eight recording electrodes (purple) with extended standard montage for reference 
(green).

Figure 2.  The stimulus display and its time course show the language task displaying one picture with the three 
possible conditions. After the presentation of the fixation cross, an image was presented simultaneously with 
the sound of a voice describing the image. The participants were required to press the green check mark (left 
keyboard arrow) if the description is correct and the red cross (right keyboard arrow) if it is incorrect.
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sentences to the same 20 adults, and we found that the 20 typically developed adults were able to identify the 
congruent and incongruent descriptions with 100% accuracy. The audio was created using an online female voice 
generator (female robotic voice). The audio recordings were edited with the Audacity software and the length of 
the audio recordings was set between 1 and 2 s (Fig. 2).

EEG pre‑processing. EEG recordings were pre-processed in Matlab (MathWorks, version 9.7, R2019b), 
using the EEGLab toolbox, version 2019.082. The signals recorded at lead EEG channels were band-pass filtered 
between 1 and 25 Hz. Channels with large artifacts were identified visually and removed from further analysis. 
Eye-movement artifacts were removed as described in a study comparing automatic methods for ocular artifact 
reduction in a similar situation with six lead EEG and two EOG  channels83. The EOG signals were first band-
pass filtered between 1 and 7  Hz, and then regressed out from the regular EEG signals, separately for each 
 channel83. EEG data were detrended, and then epoched. To include the N400 and P600 components, we defined 
the trial as a time period between 200 ms before the onset of the auditory stimulus and 800 ms after the onset 
of the stimulus. We applied a baseline correction, with the epoch baseline defined as the first 200 ms of the trial 
([− 200 0] ms).

Trials containing signals with median amplitudes greater than 150 μV or less than − 150 μV were removed 
from the analysis. Trials associated with the incorrect response or no response at all were also removed from 
analysis. Only subjects with more than 20 correct trials and less than 60 incorrect or with no response trials 
were included (Table 2). Channel-specific ERPs were computed by averaging the EEG signals across the trials. 
For the purpose of our study, the timing for the N400 and P600 components were defined a priori as advised in 
the  literature84. Specifically, the timing for the N400 component was set between 200 and 500 ms with regard to 

Table 2.  Reports of accuracy in artifact-free trials: mean and standard deviation of the total of trials; mean 
and standard deviation of correct trials; percentage of correct trials mean and standard deviation; and response 
time for correct trials mean and standard deviation. Response time was computed as a delay between the 
response and the end of the second word.

Number of trials Mean (std) Number of correct trials Mean (std)
Percentage of correct trials Mean 
(std)

Response times for correct trials 
Mean (std)

ASD

Congruent 101 (± 31) 82 (± 27) 81 (± 7) 1.49 (± 0.46)

Incongruent (semantic) 103 (± 31) 82 (± 24) 80 (± 7) 1.75 (± 0.54)

Incongruent (pragmatic) 105 (± 29) 84 (± 25) 79 (± 9) 1.82 (± 0.72)

Typically developing

Congruent 115 (± 30) 91 (± 27) 80 (± 11) 1.65 (± 0.58)

Incongruent (semantic) 117 (± 27) 94 (± 26) 81 (± 12) 1.64 (± 0.51)

Incongruent (pragmatic) 115 (± 30) 95 (± 28) 82 (± 11) 1.65 (± 0.48)

Table 3.  Average ERP in microvolts and standard error per channel, condition, component, and group.
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the onset of the auditory stimulus. The interval of the P600 component was defined as 500 to 800 ms after the 
onset of the auditory stimulus (Table 3).

Multivariate statistical analysis of ERPs. To test for differences in ERPs between groups or conditions, 
we applied Partial Least Squares (PLS) analysis, a muti-variate approach wherein we can test all the time points 
and all the groups or conditions at once. The PLS approach is based on decomposing all data into a set of latent 
variables, similar to principal component analysis. PLS operates on the entire data structure at once with the data 
organized into matrices: subjects within groups or conditions times EEG features. In our analysis, EEG features 
were defined as the ERP signal amplitude for a specific range of data points, between 200 and 500 ms for the 
N400 component, or between 500 and 800 ms for the P600 component, with 150 data points or EEG features in 
both  cases85.

Each latent variable from the data decomposition is associated with a vector representing a contrast across 
groups or conditions. The dimensionality of this vector is equal to the total number of experimental groups 
or conditions. For example, if we test for differences across conditions (congruent and incongruent, including 
semantic and pragmatic) in the ASD group, the dimensionality equals three. If we include two incongruent 
sub-categories such as pragmatic semantic, and two groups (ASD and TD), the dimensionality of this vector is 
equal to four. This vector can be interpreted as the overall differences between groups or conditions. It shows the 
difference between these groups or conditions ’on average’: across all the EEG features included in the analysis. 
In our paper, we will call it the overall contrast or just the contrast (between groups or conditions).

As was originally adapted for neuroimaging studies, the PLS method typically includes a permutation test. 
The permutation test assesses the significance of the effect represented by the overall contrast by measuring 
how it is different from random noise. Such an approach alleviates the problem of multiple comparisons, as the 
permutation test generates one p-value for one contrast for all EEG features at once. Specifically, this test was 
performed using 1000 random permutations of subjects across the groups or/and conditions, estimating the 
significance of overall group/condition differences.

In our study, we used two types of PLS analyses: so-called Mean-Centered and Contrast PLS. Both approaches 
assess the significance of condition or group differences. The Mean-Centered PLS is a data-driven approach: the 
contrast is not specified a priori but rather determined by the variability in data themselves. Contrast PLS is an 
example of a modelling approach. With the Contrast PLS, the overall contrast is specified a priori. For example, 
this contrast is set as a two-dimensional vector in a scenario based on two groups and one condition:1. Regardless 
of the type of PLS analysis, one contrast is associated with one p-value for the entire ERP component.

Statistical analysis of ERPs: differences across conditions. We applied the Mean-Centered PLS 
analysis to investigate differences in ERPs between conditions (one congruent and two incongruent conditions), 
separately for each group, for each electrode. The N400 and P600 components were tested separately. In total, 
we performed 24 PLS analyses: two groups (ASD and TD) times two ERP components (N400 and P600) times 
six electrodes. In each case, PLS returned a three-dimensional vector representing a data-driven, overall contrast 
across the three stimulus categories. Each contrast was associated with a p-value coming from the permutation 
test, and these p-values showed the significance of these differences.

Statistical analysis of ERP: differences across groups. Mean-Centered PLS analysis was performed 
to investigate differences in ERPs between two groups (ASD and TD), separately for congruent and incongruent 
conditions and each electrode. The N400 and P600 components were tested separately. In total, we applied 24 
PLS analyses: two conditions (congruent and incongruent) times two ERP components (N400 and P600) times 
six EEG electrodes. For the congruent condition, PLS returned a two-dimensional vector of overall group differ-
ences. For the incongruent conditions, PLS returned a four-dimensional data-driven contrast across the groups 
and two incongruent conditions. Each contrast was associated with a p-value based on the permutation test, and 
we determined the significance of this contrast based on this p-value.

Results
Atypical ERP responses in children with ASD. We performed a contrast PLS analysis, wherein a con-
trast between the two groups (ASD and typically developing) was tested. PLS was applied separately for each 
condition and each electrode. The group contrast was set  as1 for the congruent condition and [1 1 − 1 1] for 
the incongruent conditions (two groups and two sub-categories at once). Table 4 summarizes the PLS results. 
Specifically, we observed statistically significant differences in P600 amplitudes between the two groups in the 

Table 4.  Differences between groups, in congruent and incongruent conditions on N400 and P600 
components. Significant P values in bold.

ERP Condition F7 Fz F8 Cz CP5 Pz

N400
Autistic vs typically developing congruent 0.85 0.71 0.28 0.68 0.44 0.54

Autistic vs typically developing incongruent 0.19 0.16 0.15 0.02 0.05 0.30

P600
Autistic vs typically developing congruent 0.10 0.02 0.01 0.11 0.40 0.25

autistic vs typically developing incongruent 0.09 0.03 0.05 0.74 0.63 0.14
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Fz and F8 electrodes for the congruent and incongruent conditions, and in the F7, Fz, and F8 electrodes for the 
incongruent condition. We also observed significant group differences in the N400 response in the incongruent 
conditions for the electrodes Cz and CP5.

Figure 3 shows all the group-averaged ERPs for the incongruent condition, separately for each electrode, 
as well as the a priori selected contrast tested with Contrast PLS analysis. Similar to Fig. 3, Fig. 4 shows all the 
group-averaged ERPs for the congruent language condition.

ERP differences between congruent and incongruent conditions. The ASD group presented no 
statistically significant differences between conditions in both N400 and P600 for all the electrodes (p-values 
were between 0.24 and 0.85) (Fig. 5). No significant differences were detected for N400 across conditions in the 
typically developing group (p values between 0.33 and 0.62), as illustrated in Fig. 6. However, the PLS analysis 
revealed a contrast in the ERPs between conditions for the P600 component in the typically developing group, 
which was significant at the 95% confidence interval for the electrodes Cz (p = 0.019) and CP5 (p = 0.017), and 
Pz (p = 0.045). Figure 6 also shows the results from mean-centered PLS analysis: specifically, the data-driven con-
trasts in the N400 or P600 component between the three experimental conditions and the corresponding ERPs 
for the TD group, separately for each electrode. Note that for the significant results (P600 for electrodes Cz, CP5, 
and Pz), the three-dimensional contrasts represent differences between the congruent and the two incongruent 
conditions separately.

Discussion
Difficulties with social communication is a defining feature of ASD, even in fluently verbal  individuals8,9. Partly, 
these challenges arise from the difficulty in integrating contextual clues, which usually aid in accurately inter-
preting messages and intentions. The present study compared the electrophysiological response in language 
comprehension in autistic and typically developing children. Specifically, we investigated the amplitude on 
the N400 and P600 ERP components during a language processing task that included context congruent and 
incongruent conditions.

Figure 3.  Differences in the N400 and P600 components between incongruent conditions performed by the 
autistic and non-autistic groups: (upper sub-plots) ERPs (condition means); and (lower sub-plots) data-driven 
contrasts between these four experimental conditions, as revealed by mean-centered PLS analysis.
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Here we propose a new experimental paradigm to investigate the social communication difficulties in autism. 
The results are consistent with the previously reported difficulties in the processing of language in context, in 
participants with ASD. These cognitive differences were also accompanied by neurophysiological markers as 
shown by the electrophysiological recordings. We found children with ASD showed similar electrophysiologi-
cal responses in both conditions (congruent and incongruent), whereas, the typically developing group showed 
differences in their electrophysiological responses (ERP amplitudes) to both conditions. In addition, the two 
groups presented significant differences in the amplitudes of the ERP components, suggesting difficulties detect-
ing contextual incongruencies in the autistic group.

P600 component. The P600 component is commonly associated with syntactic anomalies such as a num-
ber mismatch between the elements of a  sentence57,63, violations of gender  agreement61, tense  inflection86, and 
violations of phrase  structure57,87. It has also been described as the result of integration among different informa-
tion streams relatively early in the comprehension of an  utterance88. Furthermore, P600 has been recognized as 
the result oflearning processes, rather than the processes underlying the comprehension of  meaning68. Previous 
studies involving ASD populations have shown differences in the P600 amplitudes and reaction times when 
exploring linguistic  violations72,73. In our study, these differences were tested not only with linguistic violations 
but with the processing of contextual information in an audiovisual task. Interestingly, our results show differ-
ences between groups in both the congruent and the incongruent conditions. Differences in the P600 amplitudes 
between groups in both congruent and incongruent conditions can be associated with difficulties integrating 
both sources of information (auditory and visual). This result suggests that autistic children may not readily 
integrate new contextual information when processing a multi-modal task.

In addition, our results showed that the ASD group presented no significant differences between congruent 
and incongruent conditions as indicated by the P600 amplitude. These results suggest that children with ASD 
show no neurophysiological evidence of detecting the incongruencies, contributing to a better understanding of 
the difficulties in comprehension of language in context in ASD. In comparison, the typically developing group 
presented statistically significant differences in the P600 amplitudes between conditions. These differences show 
that this task is capable of eliciting electrophysiological differences between conditions and serves as a control 
contrast between groups.

Figure 4.  Differences in the N400 and P600 components between congruent conditions performed by the 
autistic and non-autistic groups: (upper sub-plots) ERPs (condition means); and (lower sub-plots) data-driven 
contrasts between these two experimental conditions, as revealed by mean-centered PLS analysis.



9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:8948  | https://doi.org/10.1038/s41598-022-12475-z

www.nature.com/scientificreports/

N400 component. The N400 is the most widely used ERP in language  research27. Reduced N400 ampli-
tudes have been previously observed in children and adults with ASD when responding to auditory sentences, in 
comparison with control  groups50,52,89,90. These results have been interpreted as suggesting that individuals with 
ASD make less use of contextual information, which could be due to a less elaborate or less connected semantic 
network.

Our study evaluated the differences between groups for the N400 amplitudes, and in the incongruent condi-
tions, the groups presented significant differences. However, neither group expressed significant differences across 
conditions. Such results are in line with previous findings on restricted pragmatic and semantic processing of 
verbal sentences in the ASD  population50,52,55,89,91–94.

On the other hand, when evaluating the differences between groups for the N400 amplitudes in the congruent 
condition, the groups did not present significant differences. These results were expected considering that the 
N400 commonly does not appear under congruent conditions and this condition was intended to be the control 
condition. These results, however, could also suggest that children with ASD do not have difficulty accessing 
semantic memory (N400) for the auditory and visual task, when the information is congruent or  expected95.

Overall, our study suggests that children with ASD may have more difficulty than controls in processing 
contextual information. By analyzing the amplitudes of N400 and P600 components, we found differences in 
neurophysiological responses related to the integration of contextual information in autistic children com-
pared to non-autistic children. These results are consistent with the difficulties that individuals with ASD often 
have detecting incongruencies between language and context. Further, this study suggests that N400 and P600 
amplitudes, used in the detection of incongruencies between images and its description, are a sensitive marker 
of differences in language processing between children with and without ASD.

Correct trials and reaction times. Previous studies have suggested differences in behavioral performance 
(i.e. accurately differentiating the congruent and incongruent conditions) and reaction times between typically-
developing children and children with  ASD96. However, our study found no significant differences between 
groups on these two measures. Interestingly, even when both groups have similar behavioral responses, we 
observed significant differences on the electrophysiological responses. Speculatively, the observed differences in 
N400 and P600 could provide evidence of a compensatory effect that ultimately is effective at facilitating typical 
behavioral performance and contributing to a typical adequate reaction time. Our results indicate the need to 

Figure 5.  Differences in the N400 and P600 components between three conditions performed by the autistic 
cohort: (upper sub-plots) ERPs (condition means); and (lower sub-plots) data-driven contrasts between these 
three experimental conditions, as revealed by the Mean-Centered PLS analysis.
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further explore neurophysiological mechanisms underlying the pragmatic language processing differences in 
ASD.

Limitations. More research is needed on pragmatic language and its relationship with social communica-
tion challenges in ASD. Studies using neuroimaging modalities with a higher number of autistic individuals of 
both genders and at various levels of functioning would be ideal. In addition, longitudinal studies, or studies 
with a greater range of ages could better explore the development and change in social communication skills 
over time and the optimal developmental periods for interventions. Increasing the number of channels used in 
the EEG could open the possibility of exploring the topology of the ERPs. It is also important to note that the 
current experimental setting might differ significantly from a natural situation of social communication.

Finally a potential confound that needs to be addressed in the study of pragmatic language communication is 
the issue of multisensory integration in autistic individuals, which explains that these individuals exhibit altera-
tions in sensory processing, including changes in the integration of information across the different sensory 
 modalities97. Despite the limitations, this study provides important new findings that show significant differ-
ences between autistic and non-autistic children in the amplitudes of the N400 and P600 components during a 
pragmatic language task.
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