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FIGURE 1 Procedures of asample trial in Experiment 1 (a) and Experiment 2 (b). Note. (a) This figure shows the procedure of a trial in
Experiment 1. First, a fixation was presented at the center of the screen for 1000 ms. Then, a black screen was displayed for 800 ms. Subsequently,
the stimulus was presented. Finally, a black screen was shown, and the children responded. (b) This figure shows the procedure of a sample trial in
the cue-to-mouth condition in Experiment 2. First, a black screen with an oval at the position where the speaker’s mouth appeared was presented.
Then, the stimulus was presented once the children kept fixating on the oval area for 500 ms. Finally, a black screen was displayed until the children

responded

The stimuli were displayed at the center of the screen using MAT-
LAB (The MathWorks, Natick, MA) and Psychotoolbox (Brainard,
1997; Kleiner et al., 2007; Pelli, 1997). Sounds were presented through
two speakers located on the two sides of the screen. Children were
required to perform the McGurk task by reporting what the speaker
said, and their eye movements were recorded using a Tobii X 120 eye
tracker (sampling rate: 120 Hz).

Children performed a practice session to familiarize themselves
with the McGurk task before the formal experiment. At the beginning
of the formal experiment, the children’s eye movements were cali-
brated using Tobii’s five-point calibration method. The calibration was
accepted only when all five points showed a good fit, with error vec-
tors smaller than 0.5 degree of the visual angle. As mentioned above,
the experiment consisted of a clear-eyes condition and a blurred-eyes
condition. Each condition included four trials of congruent “ba,” four
trials of congruent “ga,” and 12 trials of incongruent “AbVg” (auditory
“ba” + visual “ga”). Each trial began with a black fixation at the center
of the screen for 1000 ms, and children were asked to look at it. Then,
a black screen was displayed for 800 ms. Subsequently, the stimulus
was presented. Finally, a black screen was displayed until the children
responded. Children’s responses were recorded by the experimenter,
that is, by pressing “b,” “d,” and “g” on the keyboard for responses of
“ba,” “da,” and “ga” respectively. For a sample trial procedure, please
refer to Figure 1a. The 20 trials in each condition were presented in
random order, and the order of the two conditions was counterbal-
anced among children. Children took rest between the conditions. The

experiment lasted for approximately 25 min.

2.1.4 | Data analysis

Eye movement data analysis. We defined five areas of interest (AOls)

for the speaker’s face: the whole face, the eyes (left eye and right eye),

FIGURE 2 Sample AOIs used in the eye movement data analysis.
Note. This figure shows the five AOls in the eye-movement data
analysis. The five AOls included the whole face, eyes (left eye and right
eye), mouth, nose, and other areas (the area on the face excluding eyes,
nose, and mouth)

the mouth, the nose, and the other area (the area on the face exclud-
ing eyes, nose, and mouth; see Figure 2). We extracted fixations from
the raw gaze data, as specified by Tobii (I-VT fixation filter; Olsen,
2012). In particular, the minimum fixation duration was set at 60 ms
within a velocity of 30 deg/s. Then, we obtained the fixation data,
which included the onset, the offset, and the position (x-coordinate, y-
coordinate in pixels) of each fixation. For each trial, we extracted the

fixation data during the time the video was displayed on the screen
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(i.e., from the time point that the video appeared on the screen to the
time point that the video disappeared on the screen) and calculated the
duration of each fixation by using the offset to minus the onset. After
that, we selected fixations within each AOl and summed their durations
separately, obtaining the total looking time on each AOI. Finally, we cal-
culated the average total looking time on each AOI for each participant
and for each group. We chose looking time as the dependent variable
by referring to Gurler et al. (2015). In this study, Gurler et al. used look-
ing time as the dependent variable and found that mouth-looking time
was positively correlated with McGurk effect. Moreover, looking time
was widely used in previous studies to reflect participants’ attention to
a specific AOI (e.g., Chawarska & Shic, 2009; Tsang et al., 2022).
Behavioral data analysis. We analyzed the incongruent trials and
excluded congruent trials as they were used as filler trials. For the
incongruent trials, children made three types of responses: audi-
tory responses “ba,” visual responses “ga,” and fused responses “da”
(McGurk response). By referring to Stevenson et al. (2014), we took the
fused response “da” as the McGurk percept. We computed children’s
percentages of each type of response in both conditions. We conducted
the following analyses using non-parametric statistical analyses (i.e.,
repeated measures permutation ANOVA, Wilcoxon signed ranks tests,

Mann-Whitney U-test) as the data violated the normal distribution.

2.2 | Results

2.2.1 | Blurring eyes decreased eyes-looking time
and increased mouth-looking time

To explore whether blurring eyes could change looking time in the two
groups on the speaker’s eyes and mouth, we conducted a 2 x 2 x 2
repeated measures ANOVA on looking time with Condition (clear-eyes
vs. blurred-eyes) and Region (eyes vs. mouth) as the within-subject
factors, and Group (AC vs. NAC) as the between-subject factor using
the R package “bruceR.” We found a significant main effect of Con-
dition, F(1, 58) = 4.23, p = 0.04, npz = 0.07, a significant main effect
of Region, F(1, 58) = 24.07, p < 0.001, np2 = 0.29, and a significant
main effect of Group, F(1, 58) = 13.13, p = 0.001, np2 = 0.19. It
also showed a significant Region x 175.758273.969@m{{=)]TJ&gion
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until the children kept viewing the black screen for at least 500 ms. Tri-
als in each condition were presented in random order, and the order
of the three conditions was counterbalanced among children. Chil-
dren took rest after completing a condition. The experiment lasted for
approximately 35 min.

3.1.3 | Data analysis

As for the eye movement data, we also computed children’s total look-
ing time on each AOI by using identical procedures to Experiment 1. As
for the behavioral data, children also made three types of responses in
Experiment 1. We also first computed children’s percentages of each
kind of response in each condition. We then performed non-parametric

analyses as the data did not conform to the normal distribution.

3.2 | Results

3.2.1 | Cuing to mouth increased the mouth-looking
time and cuing to eyes increased the eyes-looking time

To explore whether cuing to the mouth or eyes could change looking
time in the two groups on the eyes and the mouth, we conducted a
3 x 2 x 2 repeated measures ANOVA on looking time with Condition
(cue-to-mouth vs. cue-to-eyes vs. free-viewing) and Region (eyes vs.
mouth) as the within-subject factors, and Group (AC vs. NAC) as the
between-subject factor using the R package “bruceR.” Results showed
a significant main effect of Condition, F(2, 160) = 3.63, p = 0.03,
77p2 = 0.04, a significant main effect of Region, F(1, 80) = 40.93,
p < 0.001, npz = 0.34, and a significant main effect of Group, F(1,
80) =4.83,p=0.03, 77p2 = 0.06. Results also showed a significant Con-
dition x Region interaction, F(2, 160) = 38.91, p < 0.001, npz =0.33.
None of the Condition x Group interaction, F(2, 160) = 1.71, p = 0.18,
an = 0.02, the Region x Group interaction, F(1, 80) = 0.43, p = 0.51,
np2 = 0.005, or the Condition x Region x Group interaction, F(2,
160) = 0.94, p = 0.39,7,% = 0.01, was significant.

For the significant Condition x Region interaction, we further
conducted simple analyses to examine the condition difference of chil-
dren’s looking time on the eyes and the mouth. Results showed that
children’s looking time was significantly different among the three con-
ditions for both the eyes, F(2,80) = 30.60, p < 0.001, ,}pz =0.43,and the
mouth region, F(2,80) = 19.29,p < 0.001,17p2 = 0.33. Multiple compar-
isons showed that children spent longer time viewing the eyes in the
cue-to-eyes condition than in the cue-to-mouth condition, t(80) = 7.82,
p < 0.001, Cohen’s d = 0.46, in the cue-to-eyes condition than in the
free-viewing condition, t(80) = 3.46, p = 0.003, Cohen’s d = 0.18,
in the free-viewing condition than in the cue-to-mouth, t(80) = 4.79,
p < 0.001, Cohen’s d = 0.28 (all ps were corrected by Bonferroni cor-
rections; Figure 5a). Multiple comparisons also showed that children
spent longer time viewing the mouth in the cue-to-mouth condition
than in the cue-to-eyes condition, t(80) = 6.11, p < 0.001, Cohen’s

d = 0.45, and in the cue-to-mouth condition than in the free-viewing
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condition, t(80) = 5.39,p < 0.001, Cohen’sd = 0.43. In addition, children
spent similar time viewing the mouth in the cue-to-eyes condition and
free-viewing condition, t(80) = 0.48, p > 0.99, Cohen’s d = 0.03 (all ps
were corrected by Bonferroni correction; Figure 5b). We also explored
whether cuing to the mouth or eyes could change children’s looking
time on the nose and the other area. Results only showed a significant
effect of condition for each of both areas, please see the Supplemental
materials for detail (Figure S3).

3.2.2 | Cuing to mouth enhanced the McGurk effect
in autism

We tested the group differences of the three types of responses in the
three conditions separately and found that the autistic group showed
less McGurk effect than the nonautistic group in all three conditions
(see Figure S4 in the Supplemental materials for detailed information).

We performed a two-way repeated measures permutation ANOVA
to test the condition and group differences of the McGurk effect (“da”
response) using the R package “permuco” default method (Frossard &
Renaud, 2019). The results showed a significant main effect of Group,
F(1, 80) = 10.00, permutation p = 0.003, np2 = 0.11, a significant
main effect of Condition, F(2, 160) = 7.51, permutation p = 0.0004,
np2 = 0.09, and a significant Group x Condition interaction, F(2,
160) = 3.61, permutation p = 0.03, npz = 0.04 (Figure 6). We further
examined the condition differences of the McGurk effect in each group.
We found that the autistic group showed a stronger McGurk effect in
the cue-to-mouth condition than in the cue-to-eyes condition, Z = 3.33,
p =0.003,r=0.53, and in the cue-to-mouth condition than in the free-
viewing condition, Z = 3.15, p = 0.003, r = 0.50, and showed a similar
McGurk effect in the cue-to-eyes condition and the free-viewing con-
dition,Z=1.70,p =0.09,r = 0.27, by conducting Wilcoxon signed-rank
tests (all ps were corrected by FDR correction; Figure 6). However,
we found that the nonautistic group showed similar McGurk effects
in three conditions, F(1, 80) = 0.64, permutation p = 0.53, r;p2 =0.02,
by performing a one-way repeated measures permutation ANOVA.
That is, the McGurk effect in the autistic group increased in the cue-
to-mouth condition compared with the other two conditions, but the
McGurk effect in the nonautistic group did not differ in the three
conditions.

To examine the potential practice effects for those participants who
were in both experiments, we conducted a Wilcoxon signed-rank tests
to examine the McGurk effect difference in the 26 nonautistic and 25
AC who participated in both Experiments 1 and 2. Particularly, we com-
pared the McGurk effect in the baseline conditions in two experiments
(i.e., clear-eyes condition in Experiment 1 and free-viewing condition
in Experiment 2) for each group respectively. Results showed that the
nonautistic group was similar in the percentages of McGurk effect in
the two experiments, z = 0.72, p = 0.47,r = 0.18, indicating no practice
effect in the nonautistic group. The autistic group, however, showed a
larger McGurk effect in Experiment 2 than in Experiment 1, z = 3.34,
p = 0.001, r = 0.67, indicating the existence of practice effects in the

autistic group.
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explanation is that face-looking patterns change with age; NAC spent
more time viewing the mouth compared to adults (Nakano et al., 2010).
For NAC, whose mouth-looking time is relatively long, it might be dif-
ficult for them to increase their audiovisual speech integration in the
McGurk task by increasing their mouth-looking time (Nakano et al.,
2010). For AC, who showed less mouth-looking time compared with
NAC, their audiovisual speech integration in the McGurk task might
be enhanced by increasing mouth-looking time (Nakano et al., 2010;
Feng et al., 2021). NAC'’s audiovisual speech integration could depend
on other factors, such as neural development in brain areas such as
the superior temporal gyrus and inferior frontal gyrus (Jones & Callan,
2003; Tryfon et al., 2018). Future research should explore the poten-
tial influence of these factors on audiovisual speech integration in both
NAC and AC.

Our finding that increasing mouth-looking time in AC could enhance
their performance in McGurk task should be considered with cau-
tion. As the McGurk effect is only an indicator of audiovisual speech
integration, the changes of McGurk performance in AC does not nec-
essarily mean that there were changes in their general audiovisual
speech integration ability. Improving the ability of general audiovisual
speech integration in autism does require a relatively long time of pro-
fessional supports. In future studies, we could conduct trainings that
last for several weeks or months and examine whether changing face
attention in AC could increase their general audiovisual speech inte-
gration. We could also further examine whether such supports could
have cascading effects on their language development and communi-
cation abilities (Feldman et al., 2018; Lewkowicz & Hansen-Tift, 2012;
Righi et al., 2018; Tenenbaum, et al., 2017; Young et al., 2009).

The present study revealed group and condition differences in
McGurk percept. One might argue that these differences could reflect
a decision bias rather than truly reflecting perceptual processing. We
propose that a genuine audiovisual perceptual integration had taken
place based on the following considerations. First, perceptual process-
ing entails earlier, distinct interaction of audiovisual events before
these events could be potentially handled by a later decision mech-
anism (Mercier & Cappe, 2022; van Wassenhove et al., 2005). In the
McGurk task, previous studies have shown the audiovisual interaction
in integration starts as early as 100 ms after the onset of audiovisual
stimuli, which is characterized by the N1/P2 amplitude reductions (van
Wassenhove et al., 2005). Second, the McGurk effect demonstrated in
the two groups was comparable to previous studies (e.g., Feng et al.,
2021), indicating that the McGurk effect was stable across different
studies (e.g., Feng et al., 2021). Third, for the research method, we
adopted a trial-by-trial, fully-randomized arrangement of the stimuli
presentations in each condition. This arrangement largely prevented
the participants from purposely adopting specific strategies (including
potential expectations for a certain pattern of responses) in the present
study. In sum, we believe both the research protocol and time window
of cross-modal interaction in the present task favored an account of
genuine perceptual processing.

We also found that there existed some practice effects in AC but not
in NAC. The lack of practice effects in the nonautistic group might be
explained by their relatively high performance of McGurk effect, which
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is difficult to enhance. The practice effect in the autistic group impli-
cates the possibility of improving their McGurk effect through relevant
supports by taking advantage of the practice effects.

The present study found that audiovisual speech integration in the
McGurk task could be increased in AC by changing their mouth-looking
time. This finding has several theoretical and practical implications.
Theoretically, it implies that attentional allocation (i.e., spent less time
viewing core features, like the mouth) in AC is one of the mechanisms
underlying the less audiovisual speech integration in the McGurk task
in AC. In addition, audiovisual speech integration in the McGurk task
in AC could be enhanced but still could not catch up with that in NAC,
which implies that the less audiovisual speech integration in AC could
also be explained by other factors, such as their difficulties in cen-
tral coherence (Happé & Frith, 2006), temporal processing (Stevenson
etal.,, 2014), and predictive coding (Baum et al., 2015). In future studies,
we could explore the factors underlying reduced audiovisual speech
integrationin AC. Practically, it implies that audiovisual speech integra-
tion supports could be carried out in AC, especially those at an early
age, by taking measures to increase their mouth-looking time. Further,
our findings indicate that blurring and cuing could effectively manip-
ulate children’s attention. In future studies, we could employ these
measures to manipulate children’s attention, especially in the support
for AC.

The present study has some limitations. One limitation is that our
participants were all boys, and our findings were only confined to boys.
In future studies, we could recruit a group of autistic girls to explore
the potential gender differences and further explore whether blur-
ring the speaker’s eyes or cuing to the speaker’s mouth could enhance
audiovisual speech integration in the McGurk task in autistic girls.
Another limitation is that our participants were 4- to 8-year-old chil-
dren who had developed a certain level of language ability. Blurring the
speaker’s eyes or cuing to the speaker’s mouth might be more effec-
tive in improving audiovisual speech integration in the McGurk task
in infants or toddlers who are in the initial stages of language devel-
opment. In future studies, infants or toddlers could be recruited for
further exploration. In addition, our participants have been diagnosed
in licensed hospitals by professional pediatricians according to the cri-
teria of the DSM-V. Although we have acknowledged the importance of
including Autism Diagnostic Observation Schedule (ADOS), we did not
do so given that the official Chinese version of ADOS has not yet been
translated and published officially, and the reliable administrators are
highly limited in China. Using this gold standard to confirm the diagno-
sis of autism is recommended for future studies. Last, we included only
12 incongruent trials for each condition of the two experiments consid-
ering AC’s reduced cooperation and sustained attention to complete
the task. The limited number of trials might make the task not sensi-
tive enough to detect the differences between condition and groups.
Future studies could include more trials to increase the sensitivity of
the McGurk task.

In summary, the present study increased the mouth-looking time by
blurring the eyes and cueing to the mouth, and these manipulations
couldincrease audiovisual speech integration in the McGurk task in AC,
but not in NAC. These findings contribute to a deeper understanding of
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the underlying mechanisms of audiovisual speech integration in autism.
This finding could also provide insights for the development of supports
to increase audiovisual speech integration in AC.
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