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Abstract
Autistic children show audiovisual speech integration deficits, though the underlying mechanisms remain unclear. The present study examined how audiovisual
speech integration deficits in autistic children could be affected by their looking
patterns. We measured audiovisual speech integration in 26 autistic children and
26 typically developing (TD) children (4- to 7-year-old) employing the McGurk
task (a videotaped speaker uttering phonemes with her eyes open or closed) and
tracked their eye movements. We found that, compared with TD children, autistic
children showed weaker audiovisual speech integration (i.e., the McGurk effect)
in the open-eyes condition and similar audiovisual speech integration in the
closed-eyes condition. Autistic children viewed the speaker’s mouth less in nonMcGurk trials than in McGurk trials in both conditions. Importantly, autistic
children’s weaker audiovisual speech integration could be predicted by their
reduced mouth-looking time. The present study indicated that atypical faceviewing patterns could serve as one of the cognitive mechanisms of audiovisual
speech integration deficits in autistic children.
Lay Summary
McGurk effect occurs when the visual part of a phoneme (e.g., “ga”) and the auditory part of another phoneme (e.g., “ba”) uttered by a speaker were integrated
into a fused perception (e.g., “da”). The present study examined how McGurk
effect in autistic children could be affected by their looking patterns for the
speaker’s face. We found that less looking time for the speaker’s mouth in autistic
children could predict weaker McGurk effect. As McGurk effect manifests audiovisual speech integration, our findings imply that we could improve audiovisual
speech integration in autistic children by directing them to look at the speaker’s
mouth in future intervention.
KEYWORDS
atypical face-viewing patterns, audiovisual speech integration, autistic children, eye movements,
McGurk effect

INTRODUCTION
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by impaired social interaction and
communication, as well as restricted and repetitive patterns
of behavior (DSM-5; American Psychiatric Association,

2013). Autistic children have been reported to have weaker
audiovisual speech integration than typically developing
(TD) children (see a meta-analysis by Zhang et al., 2019).
Audiovisual speech integration plays important roles in language and social development, especially in the early stage
of life, by affecting speech comprehension and language
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processing during social interactions (Gervain &
Mehler, 2010; Werker & Gervain, 2013). Audiovisual
speech integration deficits in autistic children could interfere
with their social communications (Feldman et al., 2018).
Audiovisual speech integration is often measured by
the McGurk effect (McGurk & MacDonald, 1976). The
McGurk effect occurs when dubbing the acoustic part of
a phoneme (e.g., “ba”) onto the visual part of another
phoneme (e.g., “ga”), resulting in a fused perception of a
third phoneme (e.g., “da”; McGurk & MacDonald,
1976). Most studies using the McGurk paradigm to
investigate audiovisual speech integration found that
autistic children showed weaker audiovisual speech integration (i.e., a weaker McGurk effect) than TD children
(Bebko et al., 2014; de Gelder et al., 1991; Irwin
et al., 2011; Mongillo et al., 2008; Stevenson et al., 2014).
Other studies found that autistic children and TD children showed similar audiovisual speech integration
(i.e., McGurk effect; Iarocci et al., 2010; Woynaroski
et al., 2013). These inconsistencies between previous studies could be accounted for by participants’ characteristics
and the different criteria for the McGurk effect measurement (Zhang et al., 2019). The weaker audiovisual speech
integration in autistic children might be derived from
their cognitive impairments, such as their weaker tendency to combine stimulus parts into a coherent one as
proposed by the weak central coherence theory (Baum
et al., 2015; Happé & Frith, 2006), their multisensory
temporal processing deficits (Stevenson et al., 2014), and
their atypical face viewing patterns (Bebko et al., 2014;
Irwin et al., 2011). The present study aims to discover the
association between atypical eye gaze to faces in autistic
children and their audiovisual speech integration.
Face viewing plays a fundamental role in social communications (Fort et al., 2013; Jack & Schyns, 2015;
Pascalis et al., 2014; Sumby & Pollack, 1954). Face viewing provides us with information about those with whom
we interact, such as individuals with certain gender, age,
identity, race, emotion, personality, and even social status (Jack & Schyns, 2015; Pascalis et al., 2014). In addition, face viewing is crucial for speech perception; for
example, it improves core word recognition and enhances
speech perception in noisy environments (Fort
et al., 2013; Sumby & Pollack, 1954). However, autistic
individuals exhibited atypical face viewing patterns: they
displayed diminished looking time at the core features
(i.e., eyes, mouth, and nose) compared with TD individuals (Pelphrey et al., 2002). In particular, autistic children
viewed the mouth less than TD children when they performed the face recognition task (Chawarska &
Shic, 2009), scanned emotional faces (de Wit et al., 2008),
or viewed videos of talking people (Nakano et al., 2010).
Moreover, previous studies have found that audiovisual
speech integration is associated with face viewing patterns in TD individuals; that is, the McGurk effect
increases as the mouth-looking time increases (Gurler
et al., 2015). Despite the evidence for deficits in both face
viewing patterns and audiovisual speech integration in

autistic children, the relationship between them remains
unclear. Thus, in the present study, we investigated the
relationship between atypical face viewing patterns and
audiovisual speech integration deficits (i.e., the weaker
McGurk effect) in autistic children.
To address the above research question, we employed
the McGurk effect to measure audiovisual speech integration in autistic children. In addition to the typical
McGurk setting in which the speaker uttered phonemes
with her eyes open (open-eyes condition), we set a closedeyes condition in which the speaker uttered phonemes
with her eyes closed. This manipulation could have different effects on audiovisual speech integration for autistic children and TD children. On the one hand, for
autistic children, the closed-eyes condition in the present
study would help eliminate the threatening effect of the
speaker’s direct gaze as proposed by the eye avoidance
hypothesis and divert the children’s attention to the
speaker’s mouth movements (i.e., increase the mouthlooking time), hence enhancing their audiovisual speech
integration (Tanaka & Sung, 2016). The eye avoidance
hypothesis held that autistic individuals avoid viewing
the eyes as they perceived eyes as socially threatening. On
the other hand, the closed-eyes condition would weaken
audiovisual speech integration in TD children, given that
the closed-eyes manipulation eliminated the eyes’ information which is crucial for speech perception, or that the
closed-eyes face might induce an extra cognitive
processing (Davidhizar, 1992; Happé & Frith, 2006;
Holler et al., 2014). During the experiment, children were
asked to report what the speaker said after viewing videos
of a speaker uttering phonemes, while their eye movements were tracked during the experiment. Based on previous literature, we hypothesized that (a) autistic children
would display reduced audiovisual speech integration
compared with TD children, (b) autistic children would
demonstrate an atypical face viewing pattern, and (c) the
atypical face viewing pattern in autistic children would
predict their reduced audiovisual speech integration
(i.e., McGurk effect). We also hypothesize that the
closed-eyes condition would improve audiovisual speech
integration in autistic children (by eliminating the eyes’
threatening information) but weaken audiovisual speech
integration in TD children (by eliminating the eyes’ information, or by inducing an extra cognitive processing).

METHOD
Participants
Twenty-six TD boys and 26 autistic boys participated in
the present study. We recruited TD children from a kindergarten and an elementary school and autistic children
from a school specializing in autistic children in China.
All autistic children had received a diagnosis of ASD
based on the criteria of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-V; American
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Psychiatric Association, 2013). We further confirmed the
ASD diagnosis according to the Chinese version of the
Autism Spectrum Quotient: Children’s Version (AQChild; Auyeung et al., 2008). The two groups were matched in age, Full Scale Intelligence Quotient (FSIQ), and
Verbal Comprehension Index (VCI; see Table 1 for
detailed information). Age ranged from 4.84 to 7.53 in
the autistic group, and from 4.40 to 7.08 in the TD
group. FSIQ scores ranged from to 83 to 126 in the autistic group and from 86 to 136 in the TD group. VCI
scores ranged from 68 to 132 in the autistic group, and
from 81 to 126 in the TD group. FSIQ and VCI were
measured by the Chinese version of abbreviated Wechsler
Preschool and Primary Scale of Intelligence-Fourth
Edition (WPPSI-IV; Wechsler, 2014). Before the study,
children and their parents were informed that parents
needed to complete a questionnaire (AQ-child) and that
children needed to first participate in an IQ test and then
in an experiment. In the experiment, children needed to
report what the speaker said and their eye movements
would be tracked. After the experiment, children would
receive a gift. Children and their parents were also told
that children were voluntary in participating the present
study and that children’s information would be treated
confidentially. We obtained oral consent from all children and written consent from their parents before the
experiment.

Stimuli
The present study employed the McGurk effect to measure participants’ audiovisual speech integration
(McGurk & MacDonald, 1976) and used phonemes similar to those used in Stevenson et al. (2014). The experiment included two conditions: open- and closed-eyes
conditions. In these two conditions, a female speaker
articulated phonemes with her eyes open or closed. Each
condition included congruent stimuli and incongruent
stimuli. The congruent stimuli were the original videos of
the speaker articulating “ba,” “ga,” “pa,” and “ka.” The
incongruent stimuli were modified from the original
videos by dubbing the visual “ga” onto the auditory “ba”
(“AbVg”: auditory “ba” + visual “ga”) or by dubbing the
visual “ka” onto the auditory “pa” (“ApVk”: auditory
“pa” + visual “ka”) using Adobe Premiere Software Pro
CS 6.0. These modifications could evoke the McGurk
illusory percept of “da” and “ta” respectively. In the

TABLE 1

Procedures
The experiment was conducted in a quiet room. Participants were seated approximately 60 cm from the display
screen. The display screen was a 21.5-inch Dell
display screen with a resolution of 1920  1080 pixels. In
the center of the screen, the stimuli were presented with
Psychotoolbox (Brainard, 1997; Kleiner et al., 2007;
Pelli, 1997) and MATLAB (The MathWorks, Natick,
MA). Sounds were presented through two speakers
located on the two sides of the screen. We recorded children’s eye movements using a Tobii X 120 eye tracker
with a sampling rate of 120 Hz.
Participants first completed the practice session to
become familiar with the task, in which they were
required to verbally report what the speaker said. At the
beginning of the formal experiment, we calibrated participants’ eye movements by a five-point calibration procedure. The calibration was accepted only when all five
points showed a good fit, with error vectors smaller than
0.5 degrees of visual angle. The formal experiment
included the open- and closed-eyes conditions. Each condition consisted of 10 trials of congruent “ba,” 10 trials of
congruent “ga,” and 12 trials of incongruent “AbVg”
(auditory “ba” + visual “ga”). The 32 trials in each condition were randomly presented. For each trial, a fixation
was first displayed on the screen for 1000 ms, and participants were asked to look at it. Then, a black screen was
displayed for 800 ms. Next, the stimulus was presented.
Finally, a black screen was shown until participants
responded. The procedure of a sample trial is shown in
Figure 1. The experimenter recorded participants’
responses by pressing the corresponding button on the

Characteristics of the TD children and the ASD children
N

Male/female

Mean age in years (SD)

Mean FSIQa (SD)

Mean VCIa (SD)

ASD

26

26/0

6.07 (0.81)

101.50 (11.24)

101.92 (16.06)

TD

26

26/0

5.76 (0.88)

104.54 (13.10)

102.85 (13.62)

N/A

N/A

1.30

0.90

0.22

b

ASD vs. TD (t value)
a

formal experiment, we used “ba,” “ga,” and “AbVg”; in
the practice session, we used “pa,” “ka,” and “ApVk.”
All the stimuli were videos with a resolution of
1280  720 pixels and a frame rate of 25 frames/s. Each
stimulus lasted approximately 2.10 s. All videos began
and ended with the speaker’s still face. In the open-eyes
condition, the speaker opened her mouth gradually from
0.1 s to 1 s and closed her mouth gradually from 1 s to
2.10 s. In the closed-eyes condition, the speaker opened
her mouth gradually from 0.25 s to 1.3 s and closed her
mouth gradually from 1.3 s to 2.10 s. We obtained written consent from the female speaker to use these videos
in the experiment and publications.

FSIQ and VCI were measured by the Chinese version of abbreviated Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition (WPPSI-IV).
b
All ps > 0.05.
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F I G U R E 2 Sample area of interest (AOI) used in the eye
movement data analysis. The AOIs include the whole face, eyes, mouth,
nose, and the other area. See the text for details

F I G U R E 1 Procedure of a sample trial. Each trial began with
fixation at the center of the screen for 1000 ms, followed by a black
screen for 800 ms. Then, the stimulus was displayed. Finally, a black
screen was presented, and participants were asked to respond

keyboard (i.e., pressed “b,” “d,” and “g” when children
responded “ba,” “da,” and “ga,” respectively). The experiment lasted approximately 25 minutes.

Data analysis
Behavioral data analysis
In both conditions, for the congruent trials, only
responses that matched the stimuli were coded as correct. For the incongruent trials, participants made one
of the four kinds of responses: auditory response “ba,”
visual response “ga,” fused response “da” (McGurk
response), and other responses, such as /a/. We analyzed
the data using nonparametric statistical analysis
(i.e., Mann–Whitney U test, Wilcoxon signed rank test,
or permutation ANOVA) as the normal distribution
assumption of the corresponding parametric tests was
violated.

participant’s proportional looking time on the eye area,
the mouth area, the nose area, and other areas by dividing the total time looking at each of the areas by the total
time looking at the whole face.
Considering that mouth-looking time was crucial for
evoking audiovisual speech integration (i.e., the McGurk
effect; Gurler et al., 2015) and that mouth-looking behavior possibly changed over time, we further explored the
temporal course of mouth-looking time. In particular, we
examined (a) how the mouth-looking time changed over
time and (b) whether it differed between groups and
between McGurk trials (trials evoking the McGurk
effect) and non-McGurk trials (trials not evoking the
McGurk effect) within each group (Gurler et al., 2015).
We also analyzed the temporal course of looking time for
other AOIs (the eyes, the nose, the other area, and the
area away from the face), and explored whether it differed between McGurk trials and non-McGurk trials
within each group in both conditions. The temporalcourse analysis was based on the moving-average
approach (Dankner et al., 2017). We segmented the data
of each trial into epochs of 1/6 s (20-sample data) with a
step of 1/120 s (one-sample data). We then calculated the
mouth-looking time in each epoch, which created a time
series of mouth-looking time. As adjacent time samples
exhibit similar differences, we made comparisons using a
statistical test based on clustering of adjacent time samples (Maris & Oostenveld, 2007).

Eye movement data analysis
We defined five areas of interest (AOIs) in each condition: the whole face, the eyes (i.e., left eye and right eye),
the mouth, the nose, and the other area (i.e., the area on
the face except for the eyes, nose, and mouth; see
Figure 2). We extracted fixations from the raw gaze data
according to the definition specified by Tobii (I-VT fixation filter; Olsen, 2012). Specifically, the minimum
fixation duration was set at 60 ms within a velocity of
30 deg/s. We computed the participant’s total looking
time on each AOI by summing the total durations of all
fixations within the AOI. We also calculated the

Generalized linear mixed model analysis
To further explore whether participants’ face-looking
patterns could predict their responses, we performed a
logistic mixed model analysis using R 3.3.3 (R Core
Team, 2017). We used participants’ looking time on each
AOI to predict their responses (i.e., McGurk or nonMcGurk percept) in each trial. That is, we took participants’ looking time on the eyes, the mouth, the nose, and
the other area (i.e., the area on the face except for the
eyes, nose, and mouth) as fixed effects and participants
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as a random effect to predict participants’ responses. The
model was as follows:
Response ¼ β0 þ β1  eyes þ β2  mouth þ β3  nose þ β4
 other þ participantsa
a

Each of the AOI names (eyes, mouth, nose, other) in
the model denoted the total looking time on that AOI.

RESULTS
Weaker McGurk effect in the autistic group than
the TD group
We used Mann–Whitney U tests to compare the
group differences in the accuracies in congruent trials of
the two conditions. The results showed no significant
group difference in the accuracies in the open-eyes condition, U = 315.00, Z = 0.52, p = 0.611, r = 0.07 (Mautistic = 0.98, SDautistic = 0.04; MTD = 0.98, SDTD = 0.03),
or in the closed-eyes condition, U = 353.00, Z = 0.54,
p = 0.604, r = 0.07 (Mautistic = 0.98, SDautistic = 0.05;
MTD = 0.996, SDTD = 0.01).
We conducted the same tests to examine the group
differences of the responses in the incongruent trials of
the two conditions. In the open-eyes condition, the results
showed that compared with the TD group, the autistic
group made fewer “da” responses (McGurk responses),
U = 476.00, Z = 2.60, p = 0.036, r = 0.36, more “ba”
responses, U = 214.50, Z = 2.28, p = 0.046, r = 0.32,
similar amounts of “ga,” U = 323.50, Z = 0.37, p = 0.71,
r = 0.05, and similar amounts of other responses,

F I G U R E 3 Percentages of
the two groups’ responses in the
open-eyes condition (a) and the
closed-eyes condition (b). The
horizontal axes denote the four
types of responses made by
participants. The vertical axes
denote the percentage of each
type of responses. Error bars
represent standard errors of the
mean (SEMs). *p < 0.05
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U = 299.00, Z = 1.40, p = 0.35, r = 0.19 (Figure 3(a)). In
the closed-eyes condition, the results showed that the two
groups made similar amounts of “ba,” U = 275.50,
Z = 1.18, p = 0.40, r = 0.16, “da” U = 401.00,
Z = 1.23, p = 0.55, r = 0.17, “ga,” U = 351.50,
Z = 0.34, p = 0.92, r = 0.05, and other responses,
U = 312.00, Z = 1.43, p = 0.77, r = 0.20 (all ps were
corrected by FDR correction; Figure 3(b)).
To further test the group and condition differences of
the McGurk effect (“da” response), we conducted a twoway repeated measures permutation ANOVA with
Group as the between-subject factor and Condition
(open-eyes vs. closed-eyes) as the within-subject factor
using the R package “permuco” default method
(Frossard & Renaud, 2019). The R package “permuco”
can be used to conduct permutation tests for (repeated
measures) ANOVA/ANCOVA, regression and comparison of signals. The results showed a marginally significant main effect of Group, F(1, 50) = 3.83, permutation
p = 0.051, ηp2 = 0.07, a significant main effect of Condition, F(1, 50) = 4.39, permutation p = 0.044, ηp2 = 0.08,
and a significant Group  Condition interaction, F
(1, 50) = 4.39, permutation p = 0.040, ηp2 = 0.08. Further comparison using the Wilcoxon signed rank test
showed that the TD group showed a greater McGurk
effect in the open-eyes condition than in the closed-eyes
condition, z = 2.36, p = 0.018, r = 0.44, and that the
autistic group showed a similar McGurk effect in these
two conditions, z = 0.07, p = 0.94, r = 0.027
(Figure 4).
In sum, we found that the autistic group showed a
weaker McGurk effect than the TD group in the openeyes condition, while the two groups showed similar
McGurk effect in the closed-eyes condition. The autistic

6

F I G U R E 4 Percentages of the McGurk effect (percent of “da”
response) in the open-and closed-eyes conditions in the two groups.
Error bars were SEMs. *p < 0.05

group showed a similar McGurk effect in the two conditions, while the TD group showed a weaker McGurk
effect in the closed-eyes condition than in the open-eyes
condition.

Temporal-course analysis for the mouthlooking time
We analyzed the proportional looking time spent on each
AOI and compared it between groups and conditions
(Figure S1). We also conducted a repeated measures
ANOVA to examine the effect of condition and group on
mouth-looking time with Group as the between-subject
factor and Condition (open-eyes vs. closed-eyes) as the
within-subject factor. Results showed significant main
effects of Group, F(1, 50) = 6.70, p = 0.013, ηp2 = 0.12,
and Condition, F(1, 50) = 4.42, p = 0.040, ηp2 = 0.08,
but the Group  Condition interaction did not reach significance, F(1, 50) = 1.13, p = 0.29, ηp2 = 0.02. Moreover, we compared the mouth-looking time in the two
groups between the two conditions. The results revealed
that autistic children showed longer mouth-looking
time in the closed-eyes condition (M = 0.66, SD = 0.29)
than in the open-eyes condition (M = 0.56, SD = 0.26),
t(26) = 2.15, p = 0.041, Cohen’s d = 0.35, and that
TD children showed similar mouth-looking time in
the open-eyes condition (M = 0.83, SD = 0.40)
and the closed-eyes condition (M = 0.84, SD = 0.39),
t(26) = 0.28, p = 0.78, Cohen’s d = 0.036. That is,
closed-eye manipulation affected the mouth-looking time
in autistic children but not in TD children when
processing audiovisual incongruent trials. In addition, we
examined the effect of group and condition on the time
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looking away from the face, and only found a significant
main effect of Group, F(1, 50) = 5.64, p = 0.02,
ηp2 = 0.10 (see Supporting Information for detailed
results). We further tested the effect of group and condition on the ratio of mouth: eyes looking time. But no significant result was found (see Supporting Information for
detailed results).
Viewing the mouth has been shown to be critical for
evoking audiovisual speech integration (McGurk effect;
Gurler et al., 2015). As each stimulus lasted as long as
approximately 2.10 s in our study, participants’ mouthlooking behavior possibly changed over time. Thus, we
further explored the temporal course of mouth-looking
time in the incongruent trials and compared it between
groups. We found that in the open-eyes condition, the
autistic group’s mouth-looking time was shorter than that
of the TD group during almost the whole latter half
period of the stimulation (0.88–1.26 s, p = 0.002, and
1.3–1.78 s, p = 0.002, see Figure 5(a)). During this
period, the speaker first opened her mouth to articulate
the phonemes and then closed her mouth. In the closedeyes condition, no difference was found between groups,
p > 0.05 (see Figure 5(b)).
Additionally, we examined whether the temporal
course of the mouth-looking time differed for the
McGurk and non-McGurk trials within each group.
Autistic children spent more time viewing the mouth in
the McGurk trials than in the non-McGurk trials from
0.82 s to 1.03 s in the open-eyes condition, p = 0.002
(Figure 6(a)), and from 0.37 s to 1.53 s in the closed-eyes
condition, p = 0.002 (Figure 6(c)). Within these periods,
the speaker opened her mouth to articulate phonemes.
The TD group showed no difference between the
McGurk and non-McGurk trials in the open- or closedeyes conditions, ps > 0.05 (Figure 6(b),(d)). Results for
the temporal course analysis of looking time for other
AOIs were shown in Figures S2–S5.
In sum, the autistic group showed a weaker McGurk
effect, and they spent less time viewing the mouth than
the TD group when the speaker articulated the phoneme
in the open-eyes condition. The two groups showed similar McGurk effect and spent similar amounts of time
viewing the mouth in the closed-eyes condition. The
autistic group spent less time viewing the mouth in
the non-McGurk trials than they did in the McGurk trials when the speaker articulated the phonemes in both
conditions. These findings indicated that the weaker
McGurk effect in the autistic group was probably related
to their reduced mouth-looking time in both conditions.

Face-viewing patterns predict McGurk responses
We conducted a generalized linear mixed model analysis
to further explore whether participants’ looking patterns
(e.g., mouth-looking time, eye-looking time) could predict their McGurk responses. In the open-eyes condition,
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F I G U R E 5 Mouth-looking time in the ASD and TD groups for the incongruent trials over time in the open-eyes condition (a) and the closedeyes condition (b). The vertical axes denote the mouth-looking time within an epoch of 1/6 s, the horizontal axes denote the timeline of the videos,
and the images below the horizontal axis show the speaker’s mouth movements at 0, 0.5, 1, 1.5, and 2.0 s. Shaded areas indicate SEMs. Gray areas
illustrate the time epochs during which the mouth-looking time was significantly different between the two groups at p < 0.05

as shown in Table 2, the autistic group’s mouth-looking
time could significantly predict their McGurk response,
β2 = 0.82, SEM = 0.42, p = 0.049, and the autistic
group’s nose-looking time was a marginally significant
factor in predicting their McGurk response, β3 = 0.88,
SEM = 0.46, p = 0.054; the TD group’s eye-looking time
could significantly predict their McGurk response,
β1 = 1.47, SEM = 0.57, p = 0.0098 (see Table 2 for
detailed information). In the closed-eyes condition, the
autistic group’s mouth-looking time could significantly
predict their McGurk response, β2 = 1.99, SEM = 0.57,
p = 0.0005, and the autistic group’s looking time for the
other area could significantly predict their McGurk
response, β4 = 2.38, SEM = 0.86, p = 0.005; none of the
TD group’s looking time on three AOIs could predict
their McGurk response, ps > 0.05. That is, the McGurk
effect of the autistic group could be predicted by their
mouth-looking time in both conditions, and the McGurk
effect of the TD group could be predicted by their eyelooking time in the open-eyes condition but could not be
predicted by their looking time on any of the four AOIs
in the closed-eyes condition.

DISCUSSION
In the present study, by employing the McGurk effect,
we explored audiovisual speech integration, face viewing
patterns, and the association between them in autistic

children and TD children. We found that, compared with
TD children, autistic children showed weaker audiovisual
speech integration (McGurk effect) and atypical face
viewing patterns and that the mouth-looking time in
autistic children could predict their audiovisual speech
integration in both conditions. For TD children, the eyelooking time could predict their audiovisual speech integration in the open-eyes condition. We also observed that
audiovisual speech integration in autistic children was
similar in the open- and the closed-eyes conditions, but
audiovisual speech integration in TD children was weaker in the closed-eyes condition than in the open-eyes
condition.
Our key findings were as follows. First, consistent
with our hypothesis, we observed that autistic children
showed weaker audiovisual speech integration (McGurk
effect), which is consistent with most previous studies
(Bebko et al., 2014; de Gelder et al., 1991; Irwin
et al., 2011; Mongillo et al., 2008; Stevenson et al., 2014).
The weaker audiovisual speech integration in autistic
children could be explained by the weak central coherence theory, which emphasizes inferiority in holistic
processing in autistic children (Happé & Frith, 2006). In
the present study, autistic children showed difficulty
processing audiovisual speech holistically; that is, they
made less fused McGurk perceptions.
Second, temporal course analysis revealed that the
autistic group showed less mouth-looking time than
the TD group in the open-eyes condition. When we
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F I G U R E 6 Mouth-looking times between the McGurk and non-McGurk trials over time within the ASD and TD groups in the open-eyes
condition (a, b) and the closed-eyes condition (c, d). The vertical axes denote the mouth-looking time within an epoch of 1/6 s, the horizontal axes
denote the timeline of the videos, and the images below the horizontal axis show the speaker’s mouth movement at 0, 0.5, 1, 1.5, and 2.0 s. Shaded
areas indicate SEMs. The gray area illustrates the time epochs at which the mouth-looking time was significantly different between the two kinds of
trials at p < 0.05

examined the effect of condition and group on mouthlooking time, the significant effect of Group also indicated less mouth-looking time in the autistic group than
in the TD group, though no significant interaction was

found. Our finding that the autistic group viewed the
mouth less confirms our hypothesis and conforms to
the findings of most previous studies (Chawarska &
Shic, 2009; de Wit et al., 2008; Nakano et al., 2010). It
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T A B L E 2 Results of the generalized linear mixed model analysis. β0 is the intercept, and β1, β2, β3, and β4 are the coefficients of the looking time
on the eyes, mouth, and nose, and other area respectively, in the model
Condition
Open-eyes
Closed-eyes

Group

LLa

Deviance

β0 (SEMb)

β1 (SEM)

β2 (SEM)

β3 (SEM)
†

ASD

131.1

262.1

2.21** (0.76)

TD

155.8

311.6

0.23 (0.53)

0.49 (0.30)

0.30 (0.71)

87.4

174.8

5.43* (2.28)

0.05 (0.97)

1.99*** (0.57)

1.50 (1.12)

135.0

270.0

1.20 (0.81)

0.08 (0.44)

0.43 (0.38)

ASD
TD

0.72 (0.46)
1.47** (0.57)

0.82* (0.42)

0.88 (0.46)

0.12 (0.55)

β4 (SEM)
0.51 (0.72)
0.10 (0.56)
2.38** (0.86)
0.76 (0.67)

†

p < 0.08.
*p < 0.05; **p < 0.01; ***p < 0.001.
a
Log likelihood.
b
Standard error of the mean.

has been found that autistic children viewed the speaker’s
mouth less when viewing videos of talking people
(Nakano et al., 2010). Moreover, less gaze to the mouth
in young children has been found to predict their later
lower levels of expressive language (Young et al., 2009).
Thus, autistic children’s shorter mouth-looking time
might help explain their delayed expressive language ability and hence their social communication deficits. But it
needs to be confirmed in future studies.
Third, we further confirmed our hypothesis by discovering that the less mouth-looking time in the autistic
group could hypothetically predict their audiovisual
speech integration deficits. This was further proven by
our finding that the autistic group viewed the mouth less
in the non-McGurk trials than in the McGurk trials in
both conditions. It is noteworthy that the reduced
mouth-looking time in the autistic group was in the context of their reduced face-looking time or their increased
time looking away from the face compared with TD children. These findings indicate that audiovisual speech
integration deficits in autistic children could be partially
accounted for by their atypical visual attention allocation
hypothetically. In the autistic group, we also found that
nose-looking time in the open-eyes condition or time
looking at the other area in the closed-eyes condition
could also predict their audiovisual speech integration.
This might be due to the fact that the autistic group could
process the speaker’s mouth movements through their
peripheral vision when they viewing these two areas
which were close to the mouth area (Strasburger
et al., 2011). In the same vein, similar effects of visual
attention on audiovisual speech integration have been
found in TD individuals, who showed weaker audiovisual speech integration as their visual attention was disturbed by a visual distractor (Tiippana et al., 2004).
Furthermore, the strength of audiovisual speech integration in TD adults has been found positively correlated
with their duration of visual attention to the mouth
(Gurler et al., 2015). The combined evidence could be
explained by a hypothesis of “the interplay between
attention and multisensory integration,” in which attention affects multisensory integration (e.g., audiovisual
integration) and, in turn, multisensory integration affects
attention (Talsma et al., 2010). In the autistic group, face

viewing pattern could predict audiovisual speech integration, indicating that attention affects multisensory integration hypothetically. This finding disclosed that the
atypical face viewing pattern was one of the underlying
mechanisms of audiovisual speech integration deficits in
autistic children. In this way, we could try to improve
audiovisual speech integration in autistic children by
directing their visual attention to the speaker’s mouth
(i.e., increasing their mouth-looking time). Our findings
might also provide insights for explaining the social and
communicative deficits in autistic children. The atypical
face viewing patterns in autistic children impair their
audiovisual speech integration. The impaired audiovisual
speech integration might further impede their language
ability development in their early life by affecting speech
comprehension and language processing during social
interactions (Gervain & Mehler, 2010; Werker &
Gervain, 2013). Consequently, the delayed language ability in autistic children might impair their social communication. It needs to directly and systematically explore the
relationship among face viewing patterns, audiovisual
speech integration, and social communication in autistic
children in future studies.
In addition, for the TD group, we found that audiovisual speech integration could be hypothetically predicted
by eye-looking time in the open-eyes condition. The
hypothetical prediction of eye-looking time for audiovisual speech integration in the TD group could be
accounted for by the fact that the communicative information conveyed by the speaker’s eyes could facilitate
speech perception including audiovisual speech integration (Davidhizar, 1992; Holler et al., 2014). A previous
study also found that mouth-looking time was linked
with audiovisual speech integration in TD adults (Gurler
et al., 2015). Combining these findings, we speculated
that visual attention to the core facial features is essential
for audiovisual speech integration in TD individuals.
Future studies could further explore the association
between face viewing patterns and audiovisual speech
integration in different ages and populations.
Fourth, the audiovisual speech integration in the TD
and autistic groups was impacted differently by the
closed-eyes condition. For the TD group, the audiovisual
speech integration was weakened in the closed-eyes
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condition compared with the open-eyes condition,
though the TD group demonstrated similar mouthlooking time in the two conditions. This finding might be
explained by two reasons. First, the talking face with
closed-eyes is a rather unusual face that might evoke an
extra cognitive processing and trigger extra visual scanning, which might weaken the audiovisual speech integration in TD children though their mouth-looking time
kept stable. Second, the closed-eyes setting eliminated
eyes’ information which is crucial for audiovisual speech
integration in TD children. Eyes’ information could facilitate the audiovisual speech integration in TD children as
our results showed that eyes-looking time predicted the
audiovisual speech integration in TD children in the
open-eyes condition. This is also consistent with previous
findings that eyes information could facilitate speech perception (Holler et al., 2014). Unlike the TD group, the
audiovisual speech integration in the autistic group was
similar in the two conditions. This might be because that,
in the open-eyes condition, the autistic group could not
effectively process the eyes’ information, which is crucial for
audiovisual speech integration (Baron-Cohen et al., 1997).
This might be another possible mechanism underlying
audiovisual speech integration deficits in autistic children.
The present study also has some limitations. For
example, participants were all boys, and we could not
generalize our conclusions to girls. In future studies, we
could explore whether atypical face viewing patterns in
autistic girls could predict their audiovisual speech integration deficits. We could also explore whether the
closed-eyes condition could weaken the audiovisual
speech integration in TD girls.
In summary, we found that the atypical face viewing
patterns in autistic children could predict their audiovisual speech integration deficits. This finding indicates
that audiovisual speech integration in autistic children is
affected by their face viewing patterns, especially the
looking time on the mouth. It unveiled that one of
the underlying mechanisms of audiovisual speech integration deficits in autistic children was their atypical face
viewing patterns. These findings indicate an explanation
for the social communication deficits in autistic children
from the perspective of social attention. That is, the
social attention deficits in autistic children impair their
audiovisual speech integration, which further impairs
their language ability and hence their social communication. Our findings also provide supporting evidence for
“the interplay between attention and multisensory integration” (Talsma et al., 2010) and extend its application
to autistic children. Our findings further suggest that we
could improve audiovisual speech integration in autistic
children by manipulating their social attention
(i.e., directing their attention to the speaker’s mouth).
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