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A B S T R A C T   

We investigated the semantic processing of the multimodal audiovisual combination of visual narratives with 
auditory descriptive words and auditory sounds in individuals with ASD. To this aim, we recorded ERPs to 
critical auditory words and sounds associated with events in visual narrative that were either semantically 
congruent or incongruent with the climactic visual event. A similar N400 effect was found both in adolescents 
with ASD and neurotypical adolescents (ages 9–16) when accessing different types of auditory information (i.e. 
words and sounds) into a visual narrative. This result might suggest that verbal information processing in ASD 
adolescents could be facilitated by direct association with meaningful visual information. 

In addition, we observed differences in scalp distribution of later brain responses between ASD and neuro-
typical adolescents. This finding might suggest ASD adolescents differ from neurotypical adolescents during the 
processing of the multimodal combination of visual narratives with auditory information at later stages of the 
process. In conclusion, the semantic processing of verbal information, typically impaired in individuals with ASD, 
can be facilitated when embedded into a meaningful visual information.   

1. Introduction 

Individuals with Autism Spectrum Disorder (ASD) have documented 
struggles with both auditory processing (for a review, see O’Connor, 
2012) and language processing (Coderre, 2020). Contrastingly, it is 
often assumed that picture processing remains intact, despite observa-
tions that processing visual communication also faces deficits, particu-
larly in sequential contexts like sequences of images in comics or picture 
stories (Coderre, 2020). Here we seek to explore this relationship be-
tween verbal and visual processing by examining their interaction. Spe-
cifically, we asked whether the semantic processing of the multimodal 
audiovisual combination of visual narratives (comic strips) with audi-
tory descriptive words would differ from a combination with auditory 
sounds in individuals with ASD. 

To investigate semantic processing, previous studies on both neu-
rotypical and clinical populations have measured event-related brain 
potentials (ERP), particularly focusing on the N400, an ERP component 
thought to index semantic processing. This ERP component peaks 

roughly 400 ms after the onset of a stimulus and is thought to index the 
spreading activation that occurs in the access of semantic information by 
a stimulus in relation to its preceding context (Kutas & Federmeier, 
2011). The amplitude of this component is greater to critical words that 
are semantically unrelated (vs. related) to previous single words in se-
mantic priming paradigms (Bentin et al., 1985; Kutas & Hillyard, 1980). 
Thus, a greater N400 response appears to words that are incongruent 
(vs. congruent) with their preceding sentence contexts (Kutas & Hill-
yard, 1980, 1984) or global discourse contexts (Camblin et al., 2007). 

The N400 also appears to semantic processing outside of language, 
but both the morphology and the latency of the N400 response appear to 
be sensitive to differences in sensory modality. For instance, previous 
studies suggested that sounds and words evoked an N400 effect, but the 
distribution and the latency of the N400 effect to words differed from 
that of sounds (Van Petten & Rheinfelder, 1995). Specifically, they 
observed a right dominant hemispheric laterality for words and left 
dominant laterality for environmental sounds. 

The N400 also occurs in response to individual images (Van Berkum 
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et al., 2003; Barrett & Rugg, 1990), visual sequences (Sitnikova et al., 
2008) or visual narratives like comics (Cohn, 2012). However, visual 
information typically elicits a more widespread frontal distribution 
(Barrett & Rugg, 1990; Ganis et al., 1996) compared to written words 
(Kutas and Hillyard, 1984). 

The N400 even appears across interactions between modalities: some 
previous studies have examined semantic processing by replacing words 
in sentences (Ganis et al., 1996), or words replacing panels in comics 
(Manfredi et al., 2017). These studies revealed that although the critical 
units switched the modality of their context, the distribution of the N400 
effects was more similar to those that appeared when keeping the mo-
dality constant: the N400s to pictures in sentences had a frontal distri-
bution like image-N400s, while words in visual sequences had 
distribution like word-N400s. These results imply that, despite sharing 
similar mechanisms of processing (N400), the cortical areas of origin 
may have some sensitivity to different types of stimuli. 

Other studies have investigated semantic processing by combining 
stimuli presented simultaneously in different sensory modalities (i.e., 
vision and sound). For example, previous work observed N400 effects 
when speech and/or natural sounds were combined with semantically 
inconsistent pictures or video frames (Cummings et al., 2008; Liu et al., 
2011; Plante et al., 2000; Puce et al., 2007). Similar results arose when 
gestures were combined with (in)congruent verbal information (Cornejo 
et al., 2009; Coulson & Wu, 2005a, 2005b; Proverbio et al., 2014; Wu & 
Coulson, 2007). The congruity of gesture-music pairings also affects 
N400 amplitudes, in musicians (Proverbio et al., 2014). Thus, congruity 
can occur not only with a stimulus and its sequential context, but also its 
simultaneous interactions with other modalities. 

In another recent ERP study (Manfredi et al., 2018), we examined the 
multimodal interactions between visual narratives and auditory words 
and sounds, which were either semantically related or unrelated to the 
climactic visual event. For example, a depiction of Snoopy spitting up a 
ball could accompany the congruent sound of spitting or the word 
“spitting” or the incongruent sound of something hitting something else 
or the word “hitting”, as in Fig. 1. We observed that both incongruent 
sounds and words evoked an N400 effect, but the distribution and la-
tency of the N400 effect differed between modalities. However, a sus-
tained late frontal negativity did not differ between types of stimuli, 

supporting the idea that semantic processing balances a distributed 
cortical network accessible from multiple modalities, yet also involves 
more general mechanisms insensitive to specific modalities. 

Deficits in semantic processing have been observed in ASD. In 
particular, it has long been claimed that individuals with autism face 
deficits in comprehending verbal materials. Previous ERP studies have 
found attenuated N400 effect in the ASD population, reflecting deficits 
in neural processing of verbal semantic information (Braeutigam et al., 
2008; Dunn et al., 1999; Dunn & Bates, 2005; Kujala et al., 2013; 
O’Connor, 2012; Pijnacker et al., 2010); Lepistö et al., 2005; Fishman 
et al., 2011). For example, Pijnacker et al. (2010) studied the processing 
of sentence context and reasoning context in adults with high- 
functioning autism (HFA), Asperger syndrome, and in a matched con-
trol group. Their results revealed that adults with HFA required more 
elaborate processing for sentence interpretation. Braeutigam and col-
leagues (2008) performed a MEG study in which found a weaker N400 
effect in response to incongruous words for individuals with autism 
compared with a control group. 

Despite these issues with linguistic processing in ASD, according -
to widespread thinking, the comprehension of visual materials is pre-
sumed to remain intact, a belief described as the 
“Visual Ease Assumption” (for review, see Coderre, 2020). Because of 
this assumption, researchers frequently use experimental tasks with vi-
sual narratives like comics because they are thought to be easier for 
children with ASD to process than verbal stimuli (Coderre, 2020). 

A growing literature has shown that visual narratives are governed 
by structural constraints analogous to those found in written sentences 
(Cohn, 2020; Cohn et al., 2012). Like in sentences, the processing of 
meaning in visual narratives appears to involve a cyclic relationship of 
semantic access and subsequent integration or updating, as indexed by 
the N400 and P600 ERPs, respectively (Cohn, 2019; Manfredi et al., 
2017, 2018). In the first study examining ERPs between language and 
visual narratives related to individuals with ASD, Coderre and col-
leagues (Coderre et al., 2018) compared semantic comprehension of 
short verbal narratives where the final word was either congruous or 
incongruous, and they also compared short 6-panel visual narratives (i. 
e., comic strips) with congruous or incongruous final images. Attenuated 
N400 effects were evoked by linguistic narratives for the ASD population 

Fig. 1. Example of visual sequences used as experimental stimuli. We manipulated these base sequences by adding a congruent word, an incongruent word, a 
congruent sound and incongruent sound. 
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compared to the controls, but so were the N400 effects to the visual 
narratives. Also, unlike prior studies of typically developing adults 
(Cohn et al., 2012), the N400s to coherent narratives for individuals 
with ASD showed no attenuation across the ordinal position of these 
sequences. These findings implied that difficulties shown by individuals 
with ASD may not be due to a modality-specific verbal impairment. 

Similar to Coderre et al. (2018), our group (Manfredi et al., 2020) 
investigated the semantic processing of auditory sentences and visual 
narratives in adolescents with ASD and typically-developing (TD) ado-
lescents (ages 9–16). We observed a focal central N400 effect to incon-
gruent words as compared to congruent ones, which was slightly 
attenuated for ASD than TD adolescents. A subsequent negativity sus-
tained to incongruous than congruous words, but only for the TD ado-
lescents, possibly reflecting a cost of further processing the inconsistent 
auditory information that was absent for adolescents with ASD. Incon-
gruent critical panels in visual narratives evoked a greater fronto-central 
N400 than congruent panels in both groups. In addition, incongruent 
panels evoked a centro-parietal late positivity, but only for the TD ad-
olescents, possibly reflecting that the adolescents with ASD may not 
have been as sensitive to integrating the discontinuities of the incoming 
visual information. These findings suggest that adolescents with ASD 
face processing deficits in both verbal and visual materials when inte-
grating meaning across sequential units, though such impairments may 
arise in different parts of the interpretive process, depending on the 
modality. 

Few studies have focused on the semantic processing of the audio-
visual stimuli in ASD, though some previous works have compared 
verbal and non-verbal information (McCleery et al., 2010; Ribeiro et al., 
2013). McCleery et al. (2010) recorded EEG while children attended to 
semantically matching and mismatching picture–word and pictur-
e–environmental sound pairs. Typically developing children exhibited 
evidence of semantic incongruency detection (N400) in both the word 
and environmental sound conditions. In contrast, children with ASD 
showed an N400 effect to the environmental sounds but not the words. 
These results indicate an impairment in the automatic activation of se-
mantic representations in children with ASD and suggest that this deficit 
could be more severe in the verbal than the nonverbal domain. 

Other studies have compared cognitive mechanisms evoked by lin-
guistic versus nonlinguistic tasks. Mongillo et al. (2008) compared ASD 
children and neurotypical children on six perceptual tasks. Children 
with ASD scored significantly lower than children without ASD on au-
diovisual tasks involving human faces and voices but scored similarly to 
children without ASD on audiovisual tasks involving nonhuman stimuli 
(bouncing balls). These results supported previous findings that children 
with autism are less influenced by visual speech information (Massaro & 
Bosseler, 2003) and they may use visual information for speech differ-
ently. This evidence suggests that the audiovisual integration of 
nonverbal stimuli in ASD might be comparable to that observed in 
matched controls. On the other hand, these findings might also suggest a 
deficit specific to the verbal domain during the audiovisual perception in 
ASD (McCleery et al., 2010). 

To our knowledge, no previous studies have investigated the multi-
modal interactions between visual narratives and auditory words and 
sounds. In the present study, we investigated the brain responses of 
neurotypical and adolescents with ASD when presenting visual narrative 
together with different types of auditory information, such as sounds 
and words (Manfredi et al., 2018). This study investigated whether the 
semantic processing of the multimodal audiovisual combination of vi-
sual narratives (comic strips) with auditory descriptive words would 
differ from a combination with auditory sounds in individuals with ASD. 
Because of the sequential nature of the images, this design allows us to 
naturalistically examine whether the image sequence semantically 
primes the ASD children’s response to words and sounds in a naturalistic 
way. 

It is important to note that in the current study, the participants were 
the same as in this previous one on unimodal visual narratives (Manfredi 

et al., 2020). Therefore, the results of this investigation would comple-
ment those observed previously by focusing on the semantic processing 
of verbal information embedded in a multimodal interaction in a visual 
narrative, in contrast to the differences observed in unimodal verbal/ 
visual narratives. 

We recorded ERPs to auditory words and sounds associated with 
events in visual narratives—i.e., seeing images of someone spitting 
while hearing either a word or a sound, as in Fig. 1 (see Manfredi et al., 
2017). Auditory words and sounds were either semantically congruent 
or incongruent with the climactic visual event. Based on the previous 
findings (Coderre et al., 2018), we expected that if modality does not 
interact with the deficits in ASD, then both words and sounds should be 
equally affected. 

2. Methods 

2.1. Participants 

The experimental group included twenty-four ASD school-aged 
children and adolescents (mean age = 11.4, SE = 1.9) and sixteen 
age-matched typically developing children and adolescents (mean age 
= 12.6, SE = 2.1). All participants were right-handed male, Portuguese 
speakers with normal or corrected-to-normal vision. All the participants’ 
parents provided written informed consent. The study was approved by 
the Institutional Ethics Committees of the Mackenzie Presbyterian 
University and by the National Ethics Committee of Brazil. The partic-
ipants were the same as in our previous work (Manfredi et al., 2020). 

All of the children with autism met the DSM-IV criteria for Autism 
Spectrum Disorder (American Psychiatric Association, 1994) and were 
diagnosed through structured assessment by a developmental psychia-
trist, and further confirmed using the Autism Diagnostic 
Interview-Revised (Lord et al., 1994). Autistic children were recruited 
from three health centers located in Sao Paulo: Apace, APRAESPI, Santa 
Casa. Controls were recruited from their immediate community mem-
bers to minimize differences in socioeconomic status. 

An abbreviated version (2 subsets; Cube and Vocabulary) of the 
Brazilian WISC-III (WISC-III; Wechsler, 1992) was also administered to 
calculate an estimated IQ (de Mello et al., 2011). No significant differ-
ences were found between the estimated mental age of the autistic 
children (M = 100, SE = 11.39) and the control group (M = 107, SE =
18.88). Exclusionary criteria for all the groups included a nonverbal IQ 
below 80, as assessed by the WISC-III (Wechsler, 1999) and a history of 
significant psychiatric or neurological comorbidities (see Table 1). 

Twelve ASD participants and three controls were excluded from the 
ERP statistical analyses because of EEG artifacts. This left 12 final par-
ticipants in the ASD group, with 13 final participants in the neurotypical 
control group. 

2.2. Stimuli 

We designed 100 novel 4 panel long visual narrative sequences using 
black and white panels from the Complete Peanuts volumes 1 through 6 
(1950–1962) by Charles Schulz (Fantagraphics Books, 2004–2006). We 
used the same stimulus set we have used in the previous study with 
neurotypical adults (Manfredi et al., 2018). To eliminate the influence of 
written language, we used panels either without text or with text 
deleted. All panels were adjusted to a single uniform size. All sequences 
had a coherent narrative structure, as defined by the theory of Visual 
Narrative Grammar (Cohn, 2013), and confirmed by behavioral ratings 
(Cohn et al., 2012). 

We combined these base sequences with a sound or an auditory word 
time-locked to the image of the narrative climax of each strip, following 
the same method as in our previous research with neurotypical adults 
(Manfredi et al., 2018). Congruent sequences matched climatic pictures 
with auditory Portuguese words that described familiar actions or with 
sounds that corresponded to the same actions. For example, as in Fig. 1a, 
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an image of a dog spitting might appear concurrent to the auditory 
sound of the word cuspir (“spitting”). We presented 27 auditory Portu-
guese words and 23 sounds. The latter included environmental (n = 11), 
human (n = 9) and animal sounds (n = 3). We then created four 
sequence types by modulating the type of stimulus (words vs. sounds) 
and their congruence with the visual images (congruent vs. incon-
gruent). As in Fig. 1, congruent word panels (1a) contained an auditory 
word coherent with the contents of the image, congruent sound panels 
(1b) used a sound coherent with the image, incongruent word panels (1c) 
contained an auditory word incoherent with the image, and incongruent 
sound panels (1d) used a sound incoherent with the image. The critical 
panels appeared in the second to the fourth-panel positions, with equal 
numbers at each position. Some words and sounds were repeated across 
the sequences but with different comic strips. The average values 
(number of repetitions) were not significantly different across the con-
ditions (t(47) = 1.10, p > 0.05) (Words = 4.43, SD = 1.40; Sounds =
3.92, SD = 1.78). 

A female native Portuguese speaker produced the word stimuli 
(mean duration = 996 ms, SD = 72.01 ms), which were recorded in a 
single session in a sound-attenuating booth. Environmental sound 
stimuli (mean duration = 985 ms, SD = 42.31 ms) were obtained from 
several online sources. Word stimuli and environmental sounds were 
standardized for sound quality (44.1 kHz, 16 bit, stereo). A t-test 
revealed no differences (p = 0.5) between the duration of words (996 
ms, SD = 72.01 ms) and environmental sounds (985 ms, SD = 42.31 ms). 

Pre-assessment of stimuli were made by a group of 8 judges of similar 
age and educational levels as the control participants, but who did not 
participate in the EEG study. Congruent sequences rated as incoherent 
by at least 80–99% of judges were discarded, as were incongruent se-
quences evaluated as coherent. Our final stimulus set included 100 
experimental sequences (~25 per condition). A total of four lists (each 
consisting of 100 strips in random order) were created, with the four 
conditions counterbalanced using a Latin Square Design such that par-
ticipants viewed each sequence only once in a list. 

2.3. Procedure 

Participants sat in front of a monitor in a sound-proof, electrically- 
shielded recording chamber. During the visual presentation of stimuli, 
each panel stayed on screen for 1350 ms, separated by an ISI of 500 ms. 
When the strip concluded, the question “was it understandable?” (in 

Portuguese) appeared on the screen, and participants responded by 
pressing one of the two hand-held buttons. Response hand was coun-
terbalanced across participants and lists. The experiment had four 
blocks separated by breaks, and experimental trials were preceded by a 
short practice to familiarize participants with the procedures. 

2.4. Electroencephalographic recording parameters 

The electroencephalogram (EEG) was recorded from 128 electrodes 
at a sampling rate of 250 Hz (bandpass 0.01–100 Hz). The EEG was 
recorded and analyzed using the Net station software (Geodesic EEG Net 
Station, EGI, Eugene, OR). The impedance of all electrodes was kept 
below 50 kΩ over the experiment. All recordings were referenced to Cz 
electrode during data acquisition. This allowed us to analyze the 
mastoid-temporal lobe activity in addition to all other important sites for 
linguistic processing. EEG epochs were synchronized with the onset of 
stimuli presentation (Fig. 2). 

2.5. Statistical analysis of ERPs 

Trials contaminated by blinks, muscle tension (EMG), channel drift, 
and/or amplifier blocking were discarded before averaging. Approxi-
mately 9% of critical panel epochs were rejected due to such artifacts, 
with losses distributed approximately evenly across the four conditions. 
Each participant’s EEG was time-locked to the onset of critical panels 
and their accompanying auditory stimuli. ERPs were computed for 
epochs extending from 100 ms before stimulus onset to 1500 ms after 
stimulus onset. 

These responses were measured at 72 electrode sites (8 in each re-
gion) in fronto-left (23, 24, 26, 32, 33, 27, 34, 28), fronto-central (18, 
16, 10, 22, 9, 15, 21, 14), fronto-right (3, 124, 2, 123, 122, 1, 117, 116), 
centro-left (39, 40, 45, 46, 41, 47, 50, 51), central (7, 106, 31, 80, 55, 30, 
105, 79), centro-right (104, 103, 102, 98, 101, 97, 115, 109), parieto-left 
(58, 59, 60, 70,66, 65, 69, 64), parietal (61, 62, 78, 67, 72, 77, 71, 76), 
parieto-right (96, 85, 91, 83, 84, 90, 95, 89) electrode sites. 

The mean amplitude of N400 (350–550 ms) and Late Positivity 
(550–750 ms) were analyzed using repeated measures ANOVAs with 
Group (2 levels: ASD children, Controls), Modality (2 levels: words, 
sounds), Congruity (2 levels: Congruent, Incongruent), AP Distributions 
(3 levels: Frontal, Central, Parietal) and Laterality (3 levels: Left, Medial, 
Right). 

Multiple comparisons of means were performed with post-hoc 
Fisher’s tests. 

3. Results 

3.1. Behavioral results 

Overall, a 2 × 2 ANOVA computed on ratings on the two groups 
revealed a significant main effect of Congruency (F (1, 18) = 7.55, p <
0.01), arising because sounds/words which were congruent with the 
visuals were rated as more coherent (71%, SE = 15.22) that the incon-
gruent pairings (35%, SE = 18.06). There was no main effect of Modality 
or Group (p = n.s.). 

3.2. Electrophysiological results 

3.2.1. N400 (350–550 ms) 
In the N400 time window, the omnibus ANOVA revealed a signifi-

cant interaction of Modality × AP Distribution × Group [(F (2, 46) =
3.05, p < 0.05)] suggested a greater negativity to words (7.07 µV, SE =
1.15) compared to sounds (8.84 µV, SE = 1.20) only in the parietal areas 
in the control group (p = 0.05). No differences were found between 
sounds (7.09 µV, SE = 1.25) and words (7.26 µV, SE = 1.20) in the ASD 
group (Fig. 3). 

Moreover, the significant interaction of Modality × Congruency ×

Table 1 
Participant characteristics for the TD and ASD groups. Means and ranges are 
reported for each measure. The ‘group difference’ column shows the results of 
independent-samples t-tests on each measure. We reported participant charac-
teristics for both the total sample and the analyzed sample.    

TOTAL SAMPLE   

CONTROL 
GROUP 

ASD GROUP GROUP 
DIFFERENCE 

AGE 12.6 (9–16) 11.4 (9–15) p ¼ n.s. 
SEX males males  
IQ total 107 (88–132) 100 (88–120) p ¼ n.s. 
IQ verbal 12 7.8 p < 0.05 
IQ 

performance 
13.5 12.4 p ¼ n.s. 

Type of school Public Public    
ANALYZED 
SAMPLE   

CONTROL 
GROUP 

ASD GROUP GROUP 
DIFFERENCE 

AGE 12.7 (10–16) 11.3 (9–15) p ¼ n.s. 
SEX males males  
IQ total 108 (88–132) 101 (88–120) p ¼ n.s. 
IQ verbal 12 8 p < 0.05 
IQ 

performance 
12.7 12.2 p ¼ n.s. 

Type of school Public Public   
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AP Distribution × Electrode [(F (14, 322) = 2.56, p < 0.05)] revealed a 
greater N400 response to incongruent words (1.27 µV, SE = 0.56) 
compared to congruent ones (2.98 µV, SE = 0.68) only at four electrodes 
located on the central regions (all p < 0.05) and to incongruent sounds 
compared to congruent ones on four electrodes on the frontal sites 
(incongruent sounds: − 6.11 µV, SE = 0.77; congruent sounds: − 4.63 µV, 
SE = 0.70), two electrodes on the central area (incongruent sounds: 
− 6.01 µV, SE = 0.65; congruent sounds: 1.63 µV, SE = 0.58) and six 
electrodes on the parietal areas (incongruent sounds: 6.94 µV, SE = 1.20; 
congruent sounds: 8.96 µV, SE = 0.96; all p < 0.05) (Figs. 3 and 4). 

3.2.2. Later effects (550–750 ms) 
Additional analysis in the later time window revealed a significant 

interaction of Modality ×AP Distribution × Laterality [(F (4, 92) = 2.74, 
p < 0.05)], suggesting a greater sustained negativity to words (-4.15 µV, 
SE = 0.56) compared to sounds (-2.56 µV, SE = 0.51) in the fronto-right 
areas and a greater LP to sounds (3.07 µV, SE = 0.65) compared to words 
(2.01 µV, SE = 0.76) in the centro-medial, centro-right and right-parietal 
sites (Figs. 3 and 4). 

In addition, the significant interaction of Congruency, AP Distribu-
tion, Laterality and Group [(F (4, 92) = 2.61, p < 0.05)], indicated a 
greater LP response to incongruent (6.37 µV, SE = 1.25) than congruent 
stimuli (3.65 µV, SE = 1.14) in the centro-left, parieto-central and 
parieto-right sites in the ASD group, and a greater sustained negativity to 
incongruent (3.04 µV, SE = 1.23) than congruent stimuli (4.42 µV, SE =
0.98) only in the centro-medial sites and centro-parietal sites in the 
control group (Fig. 5). 

4. Discussion 

In this study, we investigated whether the semantic processing of the 
multimodal combination of visual narratives with auditory descriptive 
words differed from that with auditory sounds in individuals with ASD. 
We recorded ERPs to critical auditory words and sounds associated with 
events in a visual narrative that were either semantically congruent or 
incongruent with the climactic visual event. Our findings did not reveal 
substantial differences in ASD individuals’ brain responses (i.e., N400 
effect) when accessing and integrating different kinds of auditory in-
formation into a visual narrative. In particular, our results showed no 
differences in verbal-visual semantic processing in the two groups of 
children, suggesting that verbal information processing in ASD adoles-
cents could be facilitated by direct association with meaningful visual 
information (as we hypothesized). However, varying scalp distributions 
of later brain responses between ASD and control children might suggest 
differences during the processing of the multimodal combination of vi-
sual narratives with auditory information (words and sounds) at 
different stages of the interpretive process. 

Our study revealed a greater N400 response to both the incongruent 
words compared to congruent ones and to the incongruent sounds 
compared to congruent ones, without any difference between the two 
groups of children. This larger N400s to incongruent auditory stimulus 
with visual information is consistent with previous studies of larger 
N400s to unexpected or semantically incongruent information (Kutas & 
Federmeier, 2011). Previous studies found N400 effects to anomalies in 
unimodal contexts to words in sentences (e.g., Bentin, et al., 1985; e.g., 
Kutas & Hillyard, 1980, 1984; Camblin, et al., 2007), words embedded 
in discourse (Van Berkum et al., 1999; 2003), multimodal relationships 

Fig. 2. Schematic showing the 128 channel array of scalp electrodes from which the EEG was recorded.  

M. Manfredi et al.                                                                                                                                                                                                                              



Brain and Cognition 151 (2021) 105730

6

between speech and gesture (Cornejo et al., 2009; Habets et al., 2011; 
Özyürek et al., 2007; Proverbio et al., 2014; Wu and Coulson, 2005; 
2007a; 2007b) and between speech or natural sounds with pictures or 
videos (Cummings et al., 2008; Liu et al., 2011; Plante et al., 2000; Puce 
et al., 2007). This N400 effect to words had a central distribution of the 
incongruity effect, similar to that observed in prior work with adults 
(Manfredi et al., 2018). These findings indicate that the N400 effect 
might have the same neural generator source in both adolescents and 

adults. 
The greater negativities to both groups differ from previous ERP 

studies which have revealed deficits in neural processing of unimodal 
verbal semantic information for individuals with ASD (Dunn and Bates, 
2005; Dunn et al., 1999; Pijnacker etal., 2010; Kujala etal., 2013; 
Braeutigam etal., 2008; Lepistö etal., 2005; Fishman etal., 2011; see 
O’Connor 2012). For example, in a MEG study, Braeutigam et al. (2008) 
found an attenuated N400-type effect in response to incongruous words 

Fig. 3. (A) Grand-average ERP waveforms recorded 
at central sites in response to Congruent words (blue) 
and Incongruent words (red) in the control group. (B) 
Grand-average ERP waveforms recorded at central 
sites in response to Congruent words (blue) and 
Incongruent words (red) in the ASD group. Time 
windows of interest for the ERP components ar-
e highlighted in yellow. (For interpretation of the ref-
erences to colour in this figure legend, the reader is 
referred to the web version of this article.)   
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in individuals with autism. 
In addition, a previous ERP study by our group (Manfredi et al., 

2020) observed attenuated N400s to incongruent words in ASD ado-
lescents, compared to the control group, whereas incongruent sequence- 
final images in visual narratives evoked an increased N400 effect in both 
groups. In the current study, we observed no differences in semantic 

processing of verbal information in the two groups of children. It is 
worth noting that the participants in the current study were the same as 
in this previous one on unimodal visual narratives (Manfredi et al., 
2020). Thus, the present results corroborate and complement those 
observed previously, suggesting that the semantic processing of verbal 
information is facilitated for these ASD adolescents when embedded in a 

Fig. 4. (A) Grand-average ERP waveforms recorded 
at central sites in response to Congruent sounds 
(light blue) and Incongruent sounds (lilac) in the 
control group. (B) Grand-average ERP waveforms 
recorded at central sites in response to Congruent 
sounds (light blue) and Incongruent sounds (lilac) in 
the ASD group. Time windows of interest for 
the ERP components are highlighted in yellow. (For 
interpretation of the references to colour in this 
figure legend, the reader is referred to the web 
version of this article.)   

M. Manfredi et al.                                                                                                                                                                                                                              



Brain and Cognition 151 (2021) 105730

8

multimodal interaction in a visual narrative, in contrast to the differ-
ences observed in unimodal verbal/visual narratives. 

An N400 effect also appeared to incongruent sounds interacting with 
the visual narratives in both the groups of children. Our results are 
similar to those observed in a previous EEG study by McCleery et al. 
(2010) in which children attended to semantically matching and mis-
matching picture–word and picture–environmental sound pairs. While 
they observed differences in words processing, no differences emerged 
in environmental sounds processing between the two groups of children. 
Thus, our study further suggested that semantic deficits in adolescents 
with ASD does not appear to affect the auditory domain in multimodal 
interactions. As we expected, our findings revealed that the multimodal 
combination of visual narrative with sounds does not appear to be 
impaired in ASD children. 

Finally, the incongruity effect to sounds in children differs from the 

group of adults in a prior study (Manfredi et al., 2018) that showed a 
fronto-central distribution to sounds, while the group of children in the 
current study showed a widespread effect across the scalp. It is possible 
that in children sounds don’t elicit a selective activation as words. 
Maybe because children don’t associate the environmental sound to a 
specific source yet and so they may exert greater effort and thus may 
recruit more widespread cortical activation than adults when inte-
grating environmental sounds into the context of a visual narrative. 

Following the N400, we observed a greater LP response to sounds 
compared to words in the centro-parietal sites. In addition, the analysis 
revealed a greater LP response to incongruent than congruent stimuli in 
the centro-left, parieto-central and parieto-right sites for the adolescents 
with ASD, and a greater LP response to incongruent than congruent 
stimuli only in the centro-medial sites and centro-parietal sites in the 
typically developing adolescents. The function of the posterior LP has 

Fig. 5. (A) Voltage of scalp distribution of the N400 in response to the difference between congruent and incongruent words in control groups (first row) and ASD 
(second row). (B) Voltage of scalp distribution of the N400 in response to the difference between congruent and incongruent sounds in control groups (first row) and 
ASD (second row). 
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been associated with updating or reanalysis processes (Van Petten & 
Luka, 2012), especially when the incoming word disconfirms pre-
dictions based on a preceding context (Quante et al., 2018; Kuperberg, 
2013). 

In our previous study (Manfredi et al., 2020) these typically devel-
oping adolescents showed a greater P600 with a centro-parietal distri-
bution during the presentation of incongruent panels in a visual 
narrative, while these adolescents with ASD showed an attenuated LP. 
This late response suggested that only the neurotypical children recog-
nized the discontinuity of the incoming visual information relative to its 
prior context. In contrast, here, both groups, which were the same 
participants as that prior study, showed a larger LP response for 
incongruous than congruent stimuli. This finding might suggest that the 
semantic processing of visual narrative benefits from the multimodal 
interaction created by a direct association of the visual content with 
congruous auditory information. Thus, in unimodal context these ado-
lescents with ASD evoked less updating of information across the panels 
of the visual narrative, while in a multimodal context, updating 
remained necessary for the interaction of visual and auditory 
information. 

Nevertheless, in addition to this late positivity, a greater sustained 
fronto-central negativity appeared in the 550–750 ms time window to 
words compared to sounds in the frontal areas, and to incongruous than 
congruous stimuli. If this sustained frontal negativity is consistent with 
prior findings, it may reflect a general cost of further processing the 
inconsistent interaction between auditory information and visual 
narrative (Manfredi et al., 2018). Here, the sustained negativity could be 
an index of the sustained interpretative processing within a mental 
model, while the late positivity could reflect the revision or update of the 
model (Baggio et al., 2008). 

5. Conclusion 

Overall, in this study, we found that the semantic processing of 
verbal information in adolescents with autism was facilitated by direct 
association with meaningful visual information. This raises questions 
about the degree to which semantic processing benefits from multi-
modality in ASD in contrast to unimodal processing. An additional 
question is at which stage of development this interaction may become 
beneficial. Is this facilitation similar in children with autism and in 
healthy children? It would thus be interesting to study the brain re-
sponses in healthy children and in children with autism at different ages. 
Future studies might analyze how verbal information interacts with vi-
sual events in the context of a visual narrative sequence at different 
stages of development and verify whether, and if so when, this inter-
action differs between typically developed children and clinical pop-
ulations, such as autism. 
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