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Abstract

The sound-induced flash illusion refers to the phenomenon where, when visual
flashes accompanied by an unequal number of auditory sounds are presented
sequentially or simultaneously within 100 ms, individuals illusorily perceive the
number of visual flashes to be equal to the number of auditory sounds. Using the
classic sound-induced flash illusion paradigm, this study endogenously directed
attention to either the visual or auditory modality to investigate the effect of
modality-based endogenous attention on the sound-induced flash illusion. The
results showed that when attention was endogenously directed to the visual
modality, the magnitude of the fission illusion was significantly reduced relative
to the baseline condition; when attention was endogenously directed to the
auditory modality, there was a trend for the magnitude of the fission illusion to
increase relative to the baseline condition. This indicates that modality-based
endogenous attention can influence the fission illusion in the sound-induced flash
illusion, but does not affect the fusion illusion.
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Abstract

The sound-induced flash illusion refers to the phenomenon where, when a vi-
sual flash is accompanied by an unequal number of auditory beeps presented
within 100 ms (either sequentially or simultaneously), individuals illusorily per-
ceive the number of visual flashes as equal to the number of auditory beeps.
Using the classic sound-induced flash illusion paradigm, the present study inves-
tigated how modal-based endogenous attention—directed endogenously toward
either the visual or auditory modality—affects this illusion. The results revealed
that when attention was endogenously directed to the visual modality, the mag-
nitude of the fission illusion decreased significantly compared to the baseline
condition. When attention was endogenously directed to the auditory modality,
the magnitude of the fission illusion showed a trend toward increase relative to
the baseline condition. These findings demonstrate that modal-based endoge-
nous attention can modulate the fission illusion in sound-induced flash illusion,
but does not affect the fusion illusion.

Keywords: endogenous attention; sound-induced flash illusion; auditory dom-
inance; visual and auditory modalities
Classification: B842

Introduction

The sound-induced flash illusion (SIFI) is an auditory-dominant phenomenon
in multisensory integration where individuals illusorily perceive the number of
visual flashes as equal to the number of auditory beeps when these stimuli are
presented within 100 ms of each other. This phenomenon demonstrates that
auditory information is processed preferentially over visual information—that is,
auditory input can dominate visual perception (Abadi & Murphy, 2014; Cecere,
Rees, & Romei, 2015; van Erp, Philippi, & Werkhoven, 2013; Kamke, Vieth,
Cottrell, & Mattingley, 2012; Kumpik, Roberts, King, & Bizley, 2014; Shams,
Kamitani, & Shimojo, 2000, 2002; Whittingham, Mcdonald, & Clifford, 2014).
The SIFI manifests in two forms: the fission illusion, where a single visual flash
accompanied by two auditory beeps is misperceived as two flashes (Shams et al.,
2000, 2002), and the fusion illusion, where two visual flashes accompanied by a
single beep are misperceived as one flash (Andersen, Tiippana, & Sams, 2004).
Research has consistently shown that the fission illusion produces a stronger
effect than the fusion illusion (Shams et al., 2000; Wozny, Beierholm, & Shams,
2008).

Since Shams et al. (2000) first discovered the SIFI phenomenon, numerous re-
searchers have investigated factors influencing it, with particular interest in
how top-down attention modulates the illusion. Previous studies have found
that the second auditory beep produces early modulations of visual cortical ac-
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tivity amplitude approximately 30-60 ms after presentation (Mishra, Martinez,
Sejnowski, & Hillyard, 2007). Mishra, Mishra, Martinez, and Hillyard (2010)
further examined how stimulus location (upper vs. lower visual field) and at-
tention (attended vs. unattended) interactively affect the SIFI. Their results
showed that the PD120/110 component (in the lower visual field) originated
in ventral occipital and extrastriate visual cortex, while subsequent PD180 and
ND250/240 components (in the lower visual field) were localized to the superior
temporal gyrus—regions considered critical for multisensory interaction. These
findings demonstrate that the SIFI is not solely the product of automatic in-
tegrative processing but also involves top-down attention in the erroneous in-
tegration of visual and auditory signals (Mishra et al., 2010). Additionally,
Kamke et al. (2012) used transcranial magnetic stimulation (TMS) to investi-
gate attention-related cortical networks in the SIFI, employing different audio-
visual stimulus combinations (one visual with two auditory stimuli, one visual
alone, two auditory alone) and different temporal intervals (70 ms and 160 ms).
They found that when TMS was applied to the right angular gyrus (AG), partic-
ipants’ reports of flash illusions decreased significantly. The authors concluded
that disrupting the angular gyrus enhanced veridical perception in multisensory
events, effectively reducing the influence of irrelevant auditory stimuli on visual
processing and decreasing the likelihood of erroneous audiovisual integration.
However, TMS did not alter perception when single visual stimuli were pre-
sented or when audiovisual stimuli had longer temporal intervals. Thus, the
angular gyrus appears to be involved in modulating the integration of visual
and auditory stimuli in the SIFI, though this study was limited to the fission
illusion (Kamke et al., 2012).

Recent research distinguishing different types of attention has revealed that
endogenous attention can influence multisensory integration through modal at-
tention (Talsma, 2015), where attention to a particular modality enhances pro-
cessing within that modality while attenuating processing in unattended modal-
ities (Spence, 2011). Studies have also found that dividing attention between
two modalities incurs greater costs than attending to a single modality, costs
associated with stronger activation in frontoparietal or superior temporal cor-
tices when attention is distributed across modalities (Santangelo, Fagioli, &
Macaluso, 2010). A recent study further demonstrated that dividing attention
across modalities, compared to focusing on a single modality, can affect the
SIFI, showing that modality-divided attention influences the illusion but only
for the fission component (Yu, Wang, & Zhang, 2017). One possible explanation
for how modal attention modulates sensory dominance effects is the principle
of prior entry: when two stimuli are presented simultaneously, observers tend
to perceive the stimulus they attended to first as having occurred earlier. This
prior entry effect may arise either because observers endogenously attend to a
visual or auditory pathway, or because the visual or auditory stimulus itself
exogenously captures attention (Posner, Nissen, & Klein, 1976; Turatto, Benso,
Galfano, & Umiltd, 2002). Therefore, when observers endogenously direct at-
tention to the visual modality, they tend to perceive visual stimuli as preceding

chinarxiv.org/items/chinaxiv-201809.00068 Machine Translation


https://chinarxiv.org/items/chinaxiv-201809.00068

ChinaRxiv [$X]

auditory stimuli in bimodal trials; when attention is endogenously directed to
the auditory modality, they tend to perceive auditory stimuli as preceding vi-
sual stimuli. Many studies have used different methods to endogenously direct
attention to one modality, with the most common approach being to manipulate
the proportion of trials in different modalities. For example, Sinnett, Spence,
and Soto-Faraco (2007) investigated how endogenous modal attention affects
the Colavita visual dominance effect by increasing the proportion of unimodal
visual targets to 60% while decreasing unimodal auditory targets to 20% (with
the remaining 20% being bimodal trials). They found that the Colavita visual
dominance effect increased; conversely, when unimodal visual targets comprised
20% and unimodal auditory targets comprised 60%, the effect decreased. This
demonstrates that such manipulations can successfully shift endogenous atten-
tion to the more frequently occurring modality.

Building on previous research, the present study investigated whether endoge-
nous modal attention affects auditory dominance in the SIFI by manipulating
the proportion of trials in different modalities to endogenously direct attention
toward the more frequently presented modality. Using the classic SIFI paradigm
(Shams et al., 2002), we conducted three experiments: Experiment 1 served as
a baseline with equal proportions (1:1:1) of visual, auditory, and audiovisual
trials; Experiment 2 directed endogenous attention to the visual modality with
proportions of 3:1:1; and Experiment 3 directed endogenous attention to the au-
ditory modality with proportions of 1:3:1. We hypothesized that endogenously
attending to visual or auditory modalities would affect the direction of sensory
dominance, thereby altering the auditory-dominant SIFI effect. Specifically,
when attention was endogenously directed to the visual modality, enhanced
neural responses to visual information would improve behavioral accuracy in
judging the number of flashes, resulting in reduced flash illusion effects. When
attention was endogenously directed to the auditory modality, enhanced neu-
ral responses to auditory information would increase interference with visual
judgments, thereby increasing the illusion effect.

Experiment 1: Baseline Condition
Participants

Twenty-three university students (8 male, 15 female) aged 18-26 years partic-
ipated in the experiment. All had normal or corrected-to-normal vision, none
had previously participated in similar experiments, and all received monetary
compensation after completing the study.

Apparatus and Materials

All stimuli were presented on an iiyama MA203DT Vision Master Pro 513 mon-
itor with a resolution of 1024x768 pixels and a refresh rate of 85 Hz. The
experimental program was developed using Presentation software (Neurobehav-
ioral Systems Inc.). Visual flash stimuli were presented on a black background
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as white disks (2° visual angle) appearing 5° below the central fixation point,
with a duration of 17 ms. The visual stimuli were positioned in the periph-
eral visual field because previous research has shown that the illusion effect is
maximal at this location when accompanied by auditory stimuli (Shams et al.,
2002). Auditory stimuli were presented through Audio-Technica ATH-WS99
headphones at 75 dB intensity, 3.5 kHz frequency, and 7 ms duration.

Design and Procedure

In each trial, participants were presented with either a single visual flash or two
consecutive visual flashes. These visual stimuli could be presented alone, accom-
panied by one auditory beep, or accompanied by two consecutive auditory beeps.
Additionally, two consecutive visual flashes could be presented alone, with one
beep, or with two beeps. Furthermore, a single auditory beep or two consecutive
beeps could be presented alone. This resulted in eight experimental conditions:
F1, F1B1, F1B2, F2, F2B1, F2B2, B1, and B2. For clarity, these trial types
are denoted using a consistent notation: F1B2 refers to a trial with one visual
flash accompanied by two auditory beeps, while F2 refers to a trial with two
visual flashes and no auditory stimuli. F1 and F2 represent “unimodal visual
stimuli,” B1 and B2 represent “unimodal auditory stimuli,” and the remaining
conditions represent “bimodal audiovisual stimuli.”

The experimental procedure is illustrated in Figure 1 [Figure 1: see original
paper]. The first auditory beep preceded the first visual flash by 23 ms. The
interval between two visual flashes was 50 ms, and the interval between two
auditory beeps was 57 ms. The conditions capable of producing flash illusions
were F1B2 and F2B1, where participants could either experience the illusion
or respond veridically to identical physical stimuli. Based on participants’ re-
sponses, these two conditions were classified post-hoc into F1B2_ W (illusion
present, also called fission illusion) versus F1B2 R (illusion absent, i.e., cor-
rect response) and F2B1_ W (illusion present, also called fusion illusion) versus
F2B1_R (illusion absent, i.e., correct response). Participants were instructed
to maintain fixation on the central point throughout the experiment and judge
whether they perceived one or two flashes; no response was required for uni-
modal auditory trials. Each participant completed 512 trials, with 64 trials per
condition (F1, F1B1, F1B2, F2, F2B1, F2B2, B1, and B2) presented in random
order. The inter-trial interval varied randomly between 400-700 ms in 100 ms
steps.

Results and Analysis

As shown in Table 1 , accuracy was high in the F1, F2, F1B1, and F2B2 condi-
tions, indicating that participants could judge the number of flashes accurately
when visual stimuli were presented alone or when the number of visual flashes
matched the number of auditory beeps.

Based on participants’ responses, the two illusion-inducing conditions (F1B2
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and F2B1) were classified post-hoc into F1B2_ W (illusion present, i.e., fission
illusion) versus F1B2_R (illusion absent, i.e., correct response) and F2B1_W
(illusion present, i.e., fusion illusion) versus F2B1_R (illusion absent, i.e., cor-
rect response). Table 1 shows that accuracy in the F1B2 condition was 34%),
significantly lower than in the F1, F1B1, F2, and F2B2 conditions (all ps <
0.001). Accuracy in the F2B1 condition was 62%, also significantly lower than
in the F1, F1B1, F2, and F2B2 conditions (all ps < 0.001). For conditions with
mismatched visual and auditory stimuli (F1B2 and F2B1), the pattern of ac-
curacy demonstrated auditory dominance, where the number of auditory beeps
influenced judgments of visual flash count.

Experiment 2: Endogenous Attention to the Visual Modal-
ity
Participants

Twenty-five university students (9 male, 16 female) aged 18-26 years partici-
pated. All had normal or corrected-to-normal vision, none had previously par-
ticipated in similar experiments, and all received monetary compensation.

Design and Procedure

The apparatus and procedure were identical to Experiment 1, except that the
ratio of “unimodal visual,” “unimodal auditory,” and “bimodal audiovisual” trials
was set to 3:1:1. Participants were instructed to maintain central fixation and
judge whether they perceived one or two visual flashes; no response was required
for B1 and B2 conditions. Each participant completed 768 trials: 192 trials each
for F1 and F2 conditions, and 64 trials each for the remaining conditions (F1B1,
F1B2, F2B1, F2B2, B1, and B2), all presented randomly. The inter-trial interval
varied randomly between 400-700 ms in 100 ms steps.

Results and Analysis

As shown in Table 1 , accuracy remained high in the F1, F2, F1B1, and F2B2
conditions, confirming that participants could accurately judge flash number
when visual stimuli were presented alone or when visual and auditory counts
matched.

Post-hoc classification of the illusion-inducing conditions (F1B2 and F2B1)
yielded the same categories as in Experiment 1. Table 1 shows that accuracy in
the F1B2 condition was 50%, significantly lower than in the F1, F1B1, F2, and
F2B2 conditions (all ps < 0.001). Accuracy in the F2B1 condition was 68%,
also significantly lower than in the F1, F1B1, F2, and F2B2 conditions (all
ps < 0.001). For mismatched visual-auditory conditions, the accuracy pattern
again demonstrated auditory dominance, with auditory beep count influencing
visual flash judgments.
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Experiment 3: Endogenous Attention to the Auditory
Modality

Participants

Twenty-four university students (9 male, 15 female) aged 18-26 years partici-
pated. All had normal or corrected-to-normal vision, none had previously par-
ticipated in similar experiments, and all received monetary compensation.

Design and Procedure

The apparatus and procedure were identical to Experiment 1, except that the
ratio of “unimodal visual,” “unimodal auditory,” and “bimodal audiovisual” trials
was set to 1:3:1. Participants maintained central fixation and judged whether
they perceived one or two visual flashes; no response was required for B1 and
B2 conditions. Each participant completed 768 trials: 192 trials each for Bl
and B2 conditions, and 64 trials each for the remaining conditions (F1, F1B1,
F1B2, F2, F2B1, and F2B2), all presented randomly. The inter-trial interval
varied randomly between 400-700 ms in 100 ms steps.

Results and Analysis

As shown in Table 1 , accuracy was high in the F1, F2, F1B1, and F2B2 con-
ditions, indicating accurate flash number judgments when visual stimuli were
presented alone or when visual and auditory counts matched.

Post-hoc classification of F1B2 and F2B1 conditions followed the same procedure
as previous experiments. Table 1 shows that accuracy in the F1B2 condition
was 29%, significantly lower than in the F1, F1B1, F2, and F2B2 conditions
(all ps < 0.001). Accuracy in the F2B1 condition was 64%, also significantly
lower than in the F1, F1B1, F2, and F2B2 conditions (all ps < 0.001). For mis-
matched conditions, the accuracy pattern demonstrated auditory dominance,
with auditory beep count influencing visual flash judgments.

General Discussion
Accuracy Analysis

A 3 (Experiment 1 vs. Experiment 2 vs. Experiment 3) x 2 (F1B2 vs. F2B1)
repeated-measures ANOVA was conducted on accuracy rates for mismatched
visual-auditory trials. The results revealed a significant main effect of experi-
ment, F(1, 22) = 4.01, p < 0.05, ? = 0.16; a significant main effect of illusion
condition, F(1, 22) = 60.73, p < 0.001, 2 = 0.73; and a non-significant interac-
tion, F(1, 22) = 1.16, p > 0.05. To further examine potential differences across
experiments for F1B2 and F2B1 conditions, separate one-way ANOVAs were
conducted (Figure 2 [Figure 2: see original paper]).

For the F1B2 condition, differences across experiments were significant, F(1, 2)
= 5.11, p < 0.01, 2 = 0.23. Post-hoc tests showed significant differences be-
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tween Experiment 1 and Experiment 2 (p < 0.05) and between Experiment 2
and Experiment 3 (p < 0.005), but not between Experiment 1 and Experiment
3 (p > 0.05). For the F2B1 condition, no significant differences were found
across experiments (all ps > 0.05). These results indicate that modal-based
endogenous attention affects the fission illusion (F1B2) in the SIFI: endogenous
attention to the visual modality significantly increased accuracy (reduced illu-
sion), while attention to the auditory modality decreased accuracy (increased
illusion), though not significantly. The difference in F1B2 accuracy between vi-
sual and auditory endogenous attention conditions was significant. In contrast,
the fusion illusion (F2B1) was not modulated by endogenous modal attention.

Although fission and fusion illusions are stable and universal phenomena, indi-
vidual differences exist in illusion magnitude. To account for this variability,
Andersen et al. (2004) introduced an odds ratio metric to quantify fission and
fusion illusion effects. To calculate the odds ratio, the total number of bimodal
trials capable of producing fission illusions is first determined, then the number
of trials where fission actually occurred (i.e., perceived flash count exceeded ac-
tual flash count) is identified. The difference between these values represents
trials without fission illusions. The ratio of fission-present to fission-absent trials
is then compared to the corresponding ratio from unimodal conditions (where
flash count matches that in bimodal conditions). This odds ratio provides a
clearer index of illusion magnitude: values greater than 1 indicate stronger fis-
sion illusions in bimodal versus unimodal conditions, with larger values reflecting
greater illusion magnitude. The same calculation applies to fusion illusions (An-
dersen et al., 2004). Using this algorithm, we calculated illusion magnitudes to
more clearly compare effects across experimental conditions (Table 2 and Table
3 ). The results show that fission illusions were stronger than fusion illusions
across all experiments. Additionally, the odds ratios reflect significant differ-
ences between Experiment 1 and Experiment 2 and between Experiment 2 and
Experiment 3 for the F1B2 condition, but no significant differences between Ex-
periment 1 and Experiment 3. For the F2B1 condition, no significant differences
were observed across the three experiments.

Reaction Time Analysis

A 3 (Experiment: Experiment 1 vs. Experiment 2 vs. Experiment 3) x 4
(Condition: F1B2_R vs. F1B2_ W vs. F2B1_R vs. F2B1_ W) mixed repeated-
measures ANOVA was conducted on reaction times (Table 4 ). The results
showed significant main effects of experiment, F(1, 2) = 23.91, p < 0.001, 2
= 0.41, and condition, F(3, 69) = 124.81, p < 0.001, 2 = 0.64, as well as a
significant interaction, F(6, 69) = 2.47, p < 0.05, 2 = 0.07. To further explore
the interaction between experiment and illusion type, we compared F1B2_ R
versus F1B2_ W and F2B1_R versus F2B1_W within each experiment.

For the fission illusion (F1B2), reaction times in the no-illusion condition
(F1B2_R) were significantly longer than in the illusion condition (F1B2_ W)
across all experiments: Experiment 1 (889 ms vs. 839 ms), t(22) = 4.07, p =
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0.001, d = 1.22; Experiment 2 (798 ms vs. 710 ms), t(24) = 5.44, p < 0.001, d
= 1.56; and Experiment 3 (732 ms vs. 707 ms), t(23) = 2.15, p < 0.05, d =
0.63. In contrast, for the fusion illusion (F2B1), no significant differences were
found between no-illusion (F2B1_R) and illusion (F2B1_W) conditions in any
experiment: Experiment 1 (757 ms vs. 762 ms), t < 1; Experiment 2 (640 ms
vs. 639 ms), t < 1; Experiment 3 (581 ms vs. 613 ms), t(23) = 1.99, p > 0.05.

A one-way ANOVA on the difference scores between F1B2 R and F1B2 W
across experiments revealed significant differences, F(2, 68) = 4.61, p < 0.05,
2 = 0.22. Post-hoc tests showed no significant difference between Experiment
1 and Experiment 2 (p > 0.05) or between Experiment 1 and Experiment 3
(p > 0.05), but a significant difference between Experiment 2 and Experiment
3 (p < 0.005). These results indicate that the auditory-dominant fission illu-
sion remains stable regardless of attentional manipulations, though the cost
of resisting the illusion varies. For the fusion illusion, the absence of reaction
time differences across conditions in all three experiments suggests that this
auditory-dominant effect is not manifested at the reaction time level.

To compare changes in fission and fusion effects across different endogenous
attention conditions, separate one-way ANOVAs were conducted on reaction
times for F1B2_ W and F2B1_ W across experiments. For F1B2_ W, significant
differences emerged across experiments, F(2, 69) = 17.49, p < 0.001, 2 = 0.37,
with post-hoc tests showing significant differences between Experiment 1 and
Experiment 2 (p < 0.001) and between Experiment 1 and Experiment 3 (p
< 0.001), but not between Experiment 2 and Experiment 3 (p > 0.05). For
F2B1_W, significant differences were also found across experiments, F(2, 69) =
16.94, p < 0.001, 2 = 0.35, with post-hoc tests showing significant differences
between Experiment 1 and Experiment 2 (p < 0.001) and between Experiment
1 and Experiment 3 (p < 0.001), but not between Experiment 2 and Experiment
3 (p > 0.05).

Overall Discussion

Using the classic SIFI paradigm (Shams et al., 2000, 2002), the present study
investigated whether endogenously attending to visual or auditory modalities
could modulate the auditory-dominant SIFI effect by manipulating trial pro-
portions to direct attention toward the more frequently presented modality.
The results replicated the classic SIFI phenomenon, with fission illusions be-
ing stronger than fusion illusions. Critically, endogenous attention to different
sensory modalities affected the magnitude of fission illusions but not fusion il-
lusions. Specifically, when attention was endogenously directed to the visual
modality, the fission illusion decreased significantly compared to baseline (Fig-
ure 2). When attention was endogenously directed to the auditory modality,
the fission illusion increased relative to baseline, though this difference was not
statistically significant (Figure 2).

The decision to manipulate proportions as a between-subjects variable was
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based on several considerations. First, the current experimental duration
was already substantial, and the low-luminance testing environment with
high-contrast white flashes on a black background could induce fatigue if
all three experiments were combined into one session. Second, although
individual differences exist in SIFI magnitude, the phenomenon is remarkably
stable, with virtually all participants showing the effect (though to varying
degrees). Moreover, we have replicated Experiment 1 multiple times with
different participant samples, yielding consistent results (see also Yu et al.,
2017). Therefore, using between-subject proportion manipulations would not
compromise the results due to individual differences. Third, in studies of the
Colavita visual dominance effect, Sinnett et al. (2007) similarly used different
experiments (with different participants) to set different modality proportions,
demonstrating that proportion-based manipulations of endogenous modal
attention can influence the magnitude of visual dominance effects.

The accuracy results from all three experiments replicated the classic auditory-
dominant SIFT effect, with fission illusions being stronger than fusion illusions,
consistent with previous findings (Shams et al., 2000, 2002; Shams, Ma, & Beier-
holm, 2005; Watkins, Shams, Tanaka, Haynes, & Rees, 2006; Watkins, Shams,
Josephs, & Rees, 2007; Wozny et al., 2008; Yu et al., 2017). Additionally,
we found that fission illusions were modulated by endogenous modal attention,
whereas fusion illusions were not (Figure 2). Several factors may explain this
dissociation. First, previous research has shown that fusion illusions are less
stable than fission illusions (Shams et al., 2000; Wozny et al., 2008). The fission
illusion remains robust across variations in shape, contrast, size, visual stimulus
duration, frequency, intensity, auditory stimulus duration, and the relative tem-
poral and spatial positions of visual and auditory stimuli (Shams et al., 2000,
2002; Shams et al., 2005; Watkins et al., 2006; Watkins et al., 2007). Second,
fission illusions are sensitive to attentional resources, whereas fusion illusions
are not. Specifically, dividing attention between visual and auditory modalities
reduces fission illusion magnitude compared to focusing attention solely on the
visual modality, while fusion illusions remain unaffected (Yu et al., 2017). Re-
search indicates that attention can be directed not only to spatial locations but
also to sensory modalities (Talsma, 2015), enhancing processing in the attended
modality while suppressing processing in unattended modalities (Gu & Lv, 2016;
Spence, 2011; Sun et al., 2011). Therefore, when attention is directed to one sen-
sory modality, neural responses to information in that modality are enhanced
while responses to the ignored modality are suppressed. The SIFI represents
an auditory-dominant phenomenon in multisensory integration involving both
visual and auditory modalities. In the present study, endogenously directing
attention to the visual modality enhanced neural responses to visual informa-
tion, resulting in improved behavioral accuracy in judging flash number and
consequently reduced fission illusion magnitude (Figure 2 and Table 2). Con-
versely, endogenously directing attention to the auditory modality enhanced
neural responses to auditory information, increasing interference with visual
flash judgments, reducing accuracy, and producing a trend toward increased
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fission illusion magnitude (Figure 2 and Table 2).

Our proportion manipulation successfully directed endogenous attention to vi-
sual and auditory modalities, revealing that, like the Colavita visual dominance
effect, the sound-induced double-flash illusion (fission illusion) is modulated by
endogenous modal attention, with the effect decreasing or increasing accord-
ingly. These results align with Sinnett et al.” s (2007) findings on endogenous
modal attention in the Colavita visual dominance effect, demonstrating that
proportion-based manipulations of endogenous attention can modulate sensory
dominance effects. In Experiment 2, endogenous attention was directed to the
visual modality; in Experiment 3, it was directed to the auditory modality. We
emphasize that different sensory modalities were attended across experiments.
The task required judging visual flash number, so when attention was endoge-
nously directed to the visual modality, auditory stimuli could be ignored, consti-
tuting focused attention on a single visual modality. However, when attention
was endogenously directed to the auditory modality, participants needed to at-
tend to both auditory and visual stimuli (due to task demands), constituting
divided attention across modalities. Research has shown that dividing atten-
tion across modalities incurs greater costs than focusing on a single modality,
costs associated with stronger activation in frontoparietal or superior temporal
cortices (Degerman et al., 2007; Santangelo et al., 2010). Our recent study also
found that dividing attention across modalities affects the SIFI, demonstrating
that modality-divided attention can modulate the illusion (Yu et al., 2017). One
possible explanation for how modal attention modulates sensory dominance is
the prior entry principle: when two stimuli are presented simultaneously, the
stimulus that is attended to first is perceived as occurring earlier. This prior en-
try effect may result from endogenous attention to visual or auditory pathways
or from exogenous attentional capture by the stimuli themselves (Posner et al.,
1976; Turatto et al., 2002). Therefore, when participants endogenously attend to
the visual modality, they selectively focus attention on visual input, enhancing
neural responses to visual information and reducing interference from auditory
stimuli when judging flash number. When participants endogenously attend to
the auditory modality, they must divide attention between visual and auditory
modalities, resulting in enhanced neural responses to auditory information and
increased interference from auditory stimuli when judging flash number.

In the present study, endogenous attention to the visual modality can be con-
ceptualized as reduced interference from auditory stimuli when judging visual
flash number, whereas endogenous attention to the auditory modality can be
conceptualized as increased interference from auditory stimuli. In multisensory
integration/competition research, a critical factor is the extent to which distrac-
tor stimuli compete with target stimuli for attentional resources. According to
Lavie’ s (2005) perceptual load theory, under high-load conditions, participants
must focus all attention on the current task. Therefore, if attention is divided
across multiple sensory modalities (high-load condition), fewer attentional re-
sources are allocated to any single modality, resulting in poorer behavioral per-
formance (Tang, Wu, & Shen, 2016). In Experiment 2, participants attended
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only to the visual modality, completing the visual judgment task without au-
ditory interference, resulting in reduced illusion magnitude. In Experiment 3,
participants attended to both visual and auditory modalities, completing the
visual judgment task while experiencing auditory interference, resulting in a
trend toward increased illusion magnitude.

Modal-based endogenous attention can modulate the auditory-dominant effect
in the sound-induced double-flash illusion (fission illusion), with visual attention
reducing the illusion and auditory attention producing a trend toward increased
illusion magnitude. The present study provides insight into top-down factors
that can modulate sound-induced flash illusions.
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