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Abstract

Autistic children (AC) show less audiovisual speech integration in the McGurk task,
which correlates with their reduced mouth-looking time. The present study exam-
ined whether AC’s less audiovisual speech integration in the McGurk task could be
increased by increasing their mouth-looking time. We recruited 4- to 8-year-old AC
and nonautistic children (NAC). In two experiments, we manipulated children’s mouth-
looking time, measured their audiovisual speech integration by employing the McGurk
effect paradigm, and tracked their eye movements. In Experiment 1, we blurred the
eyes in McGurk stimuli and compared children’s performances in blurred-eyes and
clear-eyes conditions. In Experiment 2, we cued children’s attention to either the
mouth or eyes of McGurk stimuli or asked them to view the McGurk stimuli freely. We
found that both blurring the speaker’s eyes and cuing to the speaker’s mouth increased
mouth-looking time and increased audiovisual speech integration in the McGurk task
in AC. In addition, we found that blurring the speaker’s eyes and cuing to the speaker’s
mouth also increased mouth-looking time in NAC, but neither blurring the speaker’s
eyes nor cuing to the speaker’s mouth increased their audiovisual speech integration
in the McGurk task. Our findings suggest that audiovisual speech integration in the
McGurk task in AC could be increased by increasing their attention to the mouth.
Our findings contribute to a deeper understanding of relations between face atten-
tion and audiovisual speech integration, and provide insights for the development of

professional supports to increase audiovisual speech integration in AC.
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Highlights
» The present study examined whether audiovisual speech integration in the McGurk

1 | INTRODUCTION

Audiovisual speech integration entails the combination of auditory
and visual parts of a speech into a coherent representation (Altieri
etal, 2011). Reduced audiovisual integration in McGurk tasks has been
reported in autistic children (AC) (Bebko et al., 2014; larocci et al.,
2010; Irwin et al.,, 2011; Mongillo et al., 2008; Stevenson et al., 2014).
Autism is a neurodevelopmental condition characterized by difficul-
ties in social interactions and communications, as well as restricted and
repetitive patterns of behavior (DSM-5; American Psychiatric Associ-
ation, 2013). The reduced audiovisual speech integration in AC was
associated with language or communication difficulties (Feldman et al.,
2018).

Audiovisual speech integration has been measured by susceptibil-
ity to the McGurk effect, which occurs when the auditory part of
a phoneme is dubbed onto the mouth movements of another (visu-
ally presented) phoneme, leading to a fused perception of a new
phoneme (McGurk & MacDonald, 1976). For example, when the audi-
tory phoneme “ba” was dubbed onto the visual mouth movements of
“ga,” people often reported a fused perception of “da” (McGurk & Mac-
Donald, 1976). Using the McGurk effect paradigm, a series of studies
investigated audiovisual speech integration in AC (Bebko et al., 2014;
larocci et al., 2010; Irwin et al., 2011; Mongillo et al., 2008; Stevenson
et al., 2014; Woynaroski et al., 2013). A recent meta-analysis summa-
rized that AC have less audiovisual speech integration (i.e., less McGurk
effect; Zhang et al., 2019).

Audiovisual speech integration, a typical form of multisensory inte-
gration, has been linked to and can be modulated by attention (e.g.,
Talsma et al., 2010). Some studies have explored how attention affects
audiovisual speech integration by employing the McGurk effect (Alsius
et al., 2005, 2007; Tiippana et al., 2004). The McGurk effect was
weakened by dual tasks that divided participants’ attention, in which
observers were distracted by task-irrelevant discrimination of auditory
(Alsius et al., 2005), visual (Alsius et al., 2005; Tiippana et al., 2004), or
tactile stimuli (Alsius et al., 2007). Other studies have further revealed
the possible relationship between the McGurk effect and participants’
visual attention (e.g., Feng et al., 2021; Gurler et al., 2015). It has been
further proved that the strength of the McGurk effect was correlated
with individuals’ attention to the speaker’s core facial features, such as
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task in AC could be increased by increasing their attention to the speaker’s mouth.

* Blurring the speaker’s eyes increased mouth-looking time and audiovisual speech
integration in the McGurk task in AC.

* Cuing to the speaker’s mouth also increased mouth-looking time and audiovisual
speech integration in the McGurk task in AC.

* Audiovisual speech integration in the McGurk task in AC could be increased by

increasing their attention to the speaker’s mouth.

their attention to the speaker’s mouth (i.e., mouth-looking time; Gurler
et al., 2015). Specifically, the McGurk effect became stronger as the
looking time for the speaker’s mouth increased in individuals. However,
AC display shorter mouth-looking time in various social situations,
including recognizing faces (Chawarska & Shic, 2009) and viewing emo-
tional faces or videos of talking faces (de Wit et al., 2008; Nakano
et al., 2010). Given what we know about the patterns of social atten-
tion in AC, especially the reduced attention to the core facial features
(i.e., eyes, mouth, and nose; Pelphrey et al., 2002; Shic et al., 2014),
the patterns of social attention in AC are likely relevant to audiovi-
sual processing in autism. Indeed, a recent study found that the length
of mouth-looking time in ASD could positively predict the strength
of audiovisual speech integration measured by McGurk tasks (Feng
et al., 2021), implying the possibility of enhancing audiovisual speech
integration in children with ASD by increasing their mouth-looking
time.

Attention to faces or social situations can be modulated by mea-
sures such as blurring, cuing, and gaze-contingent presentation (Gryn-
szpan et al., 2012; Moriuchi et al., 2017; Wang et al., 2013, 2020).
Studies have employed the gaze-contingent paradigm to increase par-
ticipants’ attention to the speaker’s face (Wang et al., 2013), used both
blurring and gaze-contingent windows to confine participants’ atten-
tion to their focal vision (Grynszpan et al., 2012; Wang et al., 2020), or
even directly cued the participants’ initial fixation to a region on faces
by presenting a prestimulus cueing target (Moriuchiet al., 2017). These
measures successfully manipulated participants’ attention by increas-
ing their proportional face-looking time (Wang et al., 2013), directing
their first fixation to a region (Moriuchi et al., 2017), or confining their
attention to the focal vison area (Grynszpan et al., 2012; Wang et al.,
2020).

In view of the successful manipulation of visual attention with cor-
responding changes in looking time, the present study aimed to inves-
tigate whether enhancing attention to the mouth in AC could increase
audiovisual speech integration. This investigation would directly shed
light on supports for audiovisual speech integration in AC. To fulfill this
aim, we designed two experiments to increase the mouth-looking time
and potentially boost audiovisual speech integration in AC employ-
ing the McGurk effect paradigm. Experiment 1 included a clear-eyes

condition and a blurred-eyes condition, in which the eye region of the
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TABLE 1 Participants’ characteristics of the autistic and nonautistic groups
N Male/female Mean age in years (SD) 1Q (WPPSI-IV)
Experiment 1 Autistic 30 30/0 5.65(0.77) 111.00(11.82)
Nonautistic 30 30/0 5.73(0.51) 111.30(10.73)
t(p) Autistic vs. Nonautistic N/A N/A —0.45 (0.65) —0.10(0.92)
Experiment 2 Autistic 40 40/0 5.55 (0.68) 113.00(10.56)
Nonautistic 42 42/0 5.71(0.59) 109.29 (10.37)
t(p) Autistic vs. Nonautistic —1.14(.26) 1.61(0.11)

Note. 1Q was measured using the Chinese version of the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition (WPPSI-IV). All ps > 0.05.

speakers was blurred. We hypothesized that (a) blurring the speaker’s
eyes could weaken the attractiveness of eye regions, and thus could
decrease the eyes-looking time and increase the mouth-looking time;
and (b) this increased mouth-looking time would increase audiovisual
speech integration in the McGurk task in AC. Experiment 2 included
three conditions: cue-to-mouth, cue-to-eyes, and free-viewing. We
directed children’s attention to the mouth in the cue-to-mouth condi-
tion and to the eyes in the cue-to-eyes condition and allowed them to
view the screen freely in the free-viewing condition. We hypothesized
that, compared with the free-viewing condition, (a) the cue-to-mouth
condition would increase the mouth-looking time and the cue-to-eyes
condition would increase the eyes-looking time in AC; and (b) the
increased mouth-looking time in the cue-to-mouth condition would
increase the audiovisual speech integration in the McGurk task in
AC, but the increased eyes-looking time in the cue-to-eyes condition
would not change the audiovisual speech integration in the McGurk
task in AC because of their difficulty in processing the eye information
(Baron-Cohenetal., 1997).

2 | EXPERIMENT 1

In this experiment, we set a clear-eyes condition and a blurred-
eyes condition to explore whether blurring the speaker’s eyes could
enhance children’s audiovisual speech integration in the McGurk task.
In these two conditions, we measured children’s audiovisual speech

integration in the McGurk task and tracked their eye movements.

21 | Method

2.1.1 | Participants

We recruited 30 Mandarin-speaking AC (age range: 4.55-7.84 years;
all boys) who were from a specialized school for autism. We also
recruited 30 mandarin-speaking nonautistic children (NAC; age range:
4.95-6.79 years; all boys) as the comparison group from a kinder-
garten as well as an elementary school. All AC were diagnosed in
licensed hospitals by professional pediatricians according to the cri-
teria of the DSM-V (American Psychiatric Association, 2013). Autism
diagnosis was further confirmed according to the Chinese version of

the Autism Spectrum Quotient: Children’s Version (AQ-Child; Auye-
ung et al., 2008). In addition, autism screening in the comparison group
was also conducted by employing AQ and all children in the compari-
son group were below the AQ cut-off score (Auyeung et al., 2008). The
two groups were matched in both age and intelligence quotient (1Q),
revealed by independent samples t-tests (see Table 1 for detailed infor-
mation). IQ was measured using the Chinese version of the Wechsler
Preschool and Primary Scale of Intelligence-Fourth Edition (WPPSI-1V;
Wechsler, 2014). The study was approved by the research ethics com-
mittee of Peking University. Parents of all children signed a written
informed consent form before the experiment.

2.1.2 | Stimuli

We used the McGurk effect paradigm (McGurk & MacDonald, 1976)
and used syllables identical to those used by Feng et al. (2021) to
measure children’s audiovisual speech integration in the present study.
The experiment included two conditions: clear- and blurred-eyes. Each
condition contained congruent and incongruent stimuli. The congru-
ent stimuli were videos of a female speaker uttering “ba” and “ga.”
The incongruent stimuli were obtained by dubbing the visual “ga” onto
the auditory “ba” (“AbVg”: auditory “ba” + visual “ga”), which gen-
erally evoked the McGurk percept of “da” (McGurk & MacDonald,
1976). Stimuli in the clear-eyes conditions were the original videos
we recorded, and stimuli in the blurred-eyes condition were modified
by blurring the speaker’s eye region in the original videos. Modifica-
tions of the stimuli were accomplished using Adobe Premiere Software
Pro CS6.0. In the software, we selected Gaussian blur and set the blur
parameter to 75%. As the blur parameter increases, the speaker’s eye
region becomes more blurred. For the practice session, we also pre-
pared three stimuli: “pa,” “ka,” and “ApVk” (auditory “pa” + visual “ka”).
“ApVk” normally evoked the McGurk percept of “ta.” The resolution of
the videos was 1280 x 720 pixels, with a frame rate of 25 frames/s. We
obtained written consent from the female speaker to use these videos.

2.1.3 | Procedures

Children were seated approximately 60 cm from a 21.5-inch
Dell screen (resolution: 1920 x 1080 pixels) in a quiet room.
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Stimulus
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Response

(b)

I I Video

Response

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, r;p2 = 0.19. It
also showed a significant Region x Group interaction, F(1, 58) = 8.73,
p=0.005, np2 =0.13, and a significant Condition x Region interaction,
F(1,58) = 33.69,p < 0.001, np2 = 0.37. Neither the Condition x Group
interaction, F(1, 58) = 0.05, p = 0.82, np2 =0.001, nor the Condition x
Region x Group interaction, F(1, 58) = 0.07, p = 0.80, 77,,2 =0.001, was
significant.

For the significant Condition x Region interaction, we further con-
ducted simple effect analyses to test the condition difference of
children’s looking time on the eyes and the mouth. We found that
children’s looking time was significantly different between the clear-
eyes condition and blurred-eyes condition for both the eyes, F(1,
58) = 31.83, p < 0.001, 77p2 = 0.35, and the mouth, F(1, 58) = 15.25,
p < 0.001, np2 = 0.21. The significant difference in the eyes indicates
that the eyes-looking time of the two groups decreased in the blurred-
eyes condition (Mac = 0.25, SDpc = 0.17; Myac = 0.24, SDyac = 0.23;

AC for autistic group and NAC for nonautistic group) compared to
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the clear-eyes condition (Mac = 0.48, SDac = 0.36; Myac = 0.46,
SDnac = 0.36; see Figure 3a). The significant difference in the mouth
areaindicates that the mouth-looking time of the two groups increased
in the blurred-eyes condition (Mac = 0.55, SDpc = 0.36; Myac = 0.85,
SDnac = 0.32) compared to the clear-eyes condition (Mac = 0.39,
SDac = 0.24; Myac = 0.72, SDyac = 0.35; see Figure 3b).

For the significant Region x Group interaction, we also conducted
simple analyses to test the group difference of the two groups’ looking
time on the eyes and the mouth. The results showed that the autis-
tic group and nonautistic group spent similar time viewing the eyes,
F(1, 58) = 0.06,p = 0.81, np2 = 0.001, but significantly different time
viewing the mouth, F(1, 58) = 17.57, p < 0.001, np2 = 0.23. The sig-
nificant difference in mouth-looking time indicates that the autistic
group (Mp,yr = 0.55, SDp;yr = 0.36; M(jear = 0.39, SDjear = 0.24) spent
significantly less time viewing the mouth than the nonautistic group
(Mpjur = 0.85, SDpjyr = 0.32; Mgjear = 0.72, SDgjear = 0.35) did. We also
explored whether blurring eyes changed children’s looking time on the
nose and the other area. Results only showed a significant effect of
group for both areas, please see the Supplemental materials for detail

(see Figure S1).

222 |
autism

Blurring eyes enhanced the McGurk effect in

We further tested the group difference of the three kinds of responses
(i.e., auditory responses “ba,” visual responses “ga,” and McGurk
responses “da”) in the clear-eyes and blurred-eyes condition separately
and found that the autistic group showed less McGurk effect than the
nonautistic group in both conditions (see Figure S2 in Supplemental
materials for detailed information).

To examine the condition and group differences of the McGurk
effect (“da” response), we performed a two-way repeated measures
permutation ANOVA with Condition (clear-eyes vs. blurred-eyes) as
the within-subject factor and Group (AC vs. NAC) as the between-
subject factor using the R package “permuco” default method (Frossard
& Renaud, 2019; R Core Team, 2017). The results showed a signifi-
cant main effect of Group, F(1, 58) = 25.56, permutation p = 0.0002,
np2 = 0.31, and a significant Group x Condition interaction, F(1,
58) = 5.82, permutation p=0.02, np2 =0.09, but no main effect of Con-
dition, F(1, 58) = 1.80, permutation p = 0.19, 77,,2 = 0.03. We further
conducted a Wilcoxon signed-rank test to examine the differences in
the McGurk effect for each group. The results showed that the autistic
group had a stronger McGurk effect,z=2.53,p =0.01,r = 0.46, in the
blurred-eyes condition than in the clear-eyes condition, and that the
nonautistic group showed a similar McGurk effect in two conditions,
z=0.92,p=0.36,r=0.17 (see Figure 4).

In summary, for AC, blurring the speaker’s eyes decreased their
eyes-looking time, increased their mouth-looking time, and increased
their audiovisual speech integration in the McGurk task compared
with the clear-eyes condition. For NAC, blurring the speaker’s eyes did
not change their audiovisual speech integration in the McGurk task,
although their eyes-looking time was decreased and mouth-looking

time was increased compared with the clear-eyes condition.
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FIGURE 3 Eyes-looking time and mouth-looking time in Experiment 1. Note. Eyes-looking time (a) and mouth-looking time (b) in the autistic
and nonautistic groups in the clear-eyes condition and blurred-eyes condition in Experiment 1. Error bars represent SEMs. ***p < 0.001
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FIGURE 4 Percentage of the McGurk effect in Experiment 1.
Note. Percentage of the McGurk effect in the autistic and nonautistic
groups under the two conditions in Experiment 1. Error bars represent
SEMs. *p < 0.05

3 | EXPERIMENT 2

In this experiment, to explore whether cuing children’s attention to the
speaker’s mouth or eyes could affect children’s audiovisual speech inte-
gration in the McGurk task, we compared a cue-to-mouth condition,
a cue-to-eyes condition, and a free-viewing condition. In these three
conditions, we measured children’s audiovisual speech perception
employing the McGurk paradigm and tracked their eye movements.

3.1 | Method
3.1.1 | Participants

Forty AC (age range: 4.28-7.18 years; all boys) and 42 NAC (age range:
4.60-7.35 years; all boys) took part in the present study. AC were from a
specialized school, and NAC were from a kindergarten and an elemen-

tary school. Identical to Experiment 1, all AC were diagnosed according

to the DSM-V criteria, and their diagnoses were further confirmed
by the Chinese version of the AQ-Child (American Psychiatric Asso-
ciation, 2013; Auyeung et al., 2008). The two groups were matched
for both age and IQ (see Table 1 for detailed information). 1Q was
also measured using the Chinese version of the WPPSI-IV (Wechsler,
2014). Among all participants, 25 AC (age range: 4.55-6.82 years; all
boys) and 26 NAC (age range: 4.95-6.79 years; all boys) participated
in both Experiment 1 and Experiment 2. For these participants, the
two experiments were completed on the same day and Experiment 2
was completed after Experiment 1 and a short break. The experiment
was approved by the research ethics committee of Peking Univer-
sity. Before the experiment, parents of all children provided written

informed consent.

3.1.2 | Stimuli and procedures

The stimuli and apparatus used in this experiment were identical to
those in the clear-eyes condition in Experiment 1. The present exper-
iment also included a practice session and a formal session. The formal
session began with eye movement calibration and included three con-
ditions: cue-to-mouth, cue-to-eyes, and free-viewing. Each condition
consisted of four trials of congruent “ba,” four trials of congruent “ga,”
and 12 trials of incongruent “AbVg” (auditory “ba” + visual “ga”). In the
cue-to-mouth condition, each trial began with a black screen with an
oval at the position where the speaker’s mouth would appear, and chil-
dren were directed to look at the oval (see Figure 1b). If the children
fixated on the oval area for at least 500 ms, the stimulus was presented.
Finally, a black screen was displayed until the children responded. Chil-
dren’s responses were recorded by the experimenter’s pressing of “b,”

»u

“d,” and “g” on the keyboard for responses of “ba,” “da,” and “ga” respec-
tively. In the cue-to-eyes condition, the procedure was identical to that
in the cue-to-mouth condition, except that the oval was present at the
position where the speaker’s eyes would appear. In the free-viewing

condition, no oval was presented, and the stimulus was not displayed
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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, (80) = 5.39,p < 0.001, Cohen’s d = 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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In sum, for AC, cuing to the mouth increased their mouth-looking
time and increased their audiovisual speech integration in the McGurk
task compared with the other two conditions—“Cue-to-eyes” and
“Free-viewing.” For NAC, cuing to the mouth did not change their
audiovisual speech integration in the McGurk task, although their
mouth-looking time also increased compared with the other two
conditions.

4 | GENERAL DISCUSSION

In the present study, we aimed to increase audiovisual speech integra-
tion in the McGurk task in AC by increasing their mouth-looking time.
In two experiments, we managed to increase the mouth-looking time
by blurring the speaker’s eyes (Experiment 1) and cuing children’s first
fixation to the speaker’s eyes or mouth (Experiment 2). We found that
blurring the speaker’s eyes and cuing the first fixation to the speaker’s
mouth could enhance audiovisual speech integration in the McGurk
task in AC. At the same time, we found that blurring the speaker’s

eyes and cuing the first fixation to the speaker’s mouth also increased

the mouth-looking time in NAC, but did not enhance the audiovisual
speech integration in the McGurk task in NAC.

First, blurring the speaker’s eyes and cuing children’s first fixa-
tion to the speaker’s mouth increased the mouth-looking time and
increased audiovisual speech integration in the McGurk task in AC.
These findings confirmed our hypotheses. Previous studies found that
mouth-looking time positively correlated with audiovisual speech inte-
gration in the McGurk task in AC (Feng et al., 2021) and nonautistic
adults (Gurler et al., 2015). To increase audiovisual speech integration
in the McGurk task in AC, we adopted two manipulations in two exper-
iments to increase their mouth-looking time—blurring the speaker’s
eyes and cueing children’s first fixation to the speaker’s mouth. We
found that these two manipulations increased the mouth-looking time
in AC, as expected. At the same time, we also found that these two
manipulations enhanced audiovisual speech integration in the McGurk
task in AC. Our findings extend the previous evidence on the relation-
ship between mouth-looking time and audiovisual speech integration
in the McGurk task in AC (Feng et al., 2021) by further revealing
that audiovisual speech integration in the McGurk task in AC could
be increased by increasing their mouth-looking time. Our findings
not only deepen the understanding of the underlying mechanisms of
audiovisual speech integration in the McGurk task in autism, but also
provide important insights for supporting strategies targeting audiovi-
sual speech integration in AC. In addition, our findings confirmed the
role of visual information for speech perception in AC (Newman et al.,
2021).

Second, for NAC, both blurring the speaker’s eyes and cuing to the
speaker’s mouth increased the mouth-looking time but did not enhance
their audiovisual speech integration in the McGurk task. This finding
was consistent with a previous study in NAC, which found that audio-
visual speech integration in the McGurk task in NAC did not correlate
with mouth-looking time but correlated with eyes-looking time (Feng
et al.,, 2021). However, another study in adults found that audiovisual
speech integration correlated with mouth-looking time (Gurler et al.,
2015). These controversies indicate that the relationship between
audiovisual speech integration in the McGurk task and visual atten-

tion to different core facial features could vary with age. One possible
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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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