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Abstract
Sound-induced flash illusion (SiFI) is an auditory-dominated effect in which observers will misperceive the number of flashes
due to simultaneously presented beeps, which includes fission and fusion illusions. Although several individual differences have
been found in SiFI, little is known about the effect of personality traits. In the present study, we presented flashes in near space
and beeps in far space (Vnear_Afar) and flashes in far space and beeps in near space (Vfar_Anear) to better approximate the real
world. We collected 103 participants’ Big Five questionnaire results and their SiFI task performance to investigate the difference
in trait level on the SiFI in the performance of accuracy, d′ and c. The results show that all five personality traits had certain effects
on the SiFI to different degrees, and different personality traits played different roles in the fission illusion and fusion illusion. The
high agreeableness group was more prone to the fission illusion, and the report criteria were less strict. The report criteria of the
low neuroticism group were stricter for the fusion illusion. The extraversion, conscientiousness and low openness groups were
more prone to the fusion illusion in the Vnear_Afar condition than in the Vfar_Anear condition. The study indicated that
personality traits were important but easily overlooked factors in multisensory illusion, which might make a difference between
the fission illusion and the fusion illusion.
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Introduction

We live in a world full of multiple sensory information. When
we receive stimuli across different sensory modalities, inte-
grating them into a unified perception is a key ability. The
process of integrating the information from different sensory
modalities into a unified perception is called “multisensory
integration” (De Gelder & Bertelson, 2003; Jack & Thurlow,
1973; Meredith & Stein, 1986; Talsma et al., 2010). Sensory
dominance is a type of multisensory integration, which is
when the sensations of one modality is more competitive than
another modality and becomes dominant. Sound-induced
flash illusion (SiFI; Shams et al., 2002) is a common sensory
dominance effect in which when one visual flash is

accompanied by two beeps, an observer will perceive the
flashes as being presented as two, which is called the fission
illusion. When two visual flashes are accompanied by one
beep, an observer will perceive the flash as being presented
as one, which is called the fusion illusion (Andersen et al.,
2004; Shams et al., 2002).

Previous studies have found that SiFI varies widely be-
tween individuals. Mishra et al. (2007) found that the likeli-
hood of SiFI between individuals ranged from 3% to 86%.
This may be related to the development of multisensory inte-
gration (Cecere et al., 2015; Chan et al., 2018; McGovern
et al., 2014), the perceptual sensitivity of sensory stimuli
(McCormick & Mamassian, 2008; Sun et al., 2022) and the
degree of sensory information dependence between
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individuals (Bidelman, 2016; Brighina et al., 2015; Chan
et al., 2015; Moro & Steeves, 2018; Whittingham et al.,
2014). Evidence from a large number of clinical groups also
supported the effect of sensory information dependence on
SiFI (Hirst et al., 2020; Keil, 2020). Patients with autism spec-
trum disorders were more prone to the fusion illusion (Bao
et al., 2017), patients with schizophrenia had a significantly
lower likelihood of the fusion illusion, and some studies have
found that patients with schizophrenia are more prone to illu-
sions at longer stimulus-onset asynchronies (Balz et al., 2016;
Haß et al., 2016). However, patients with autism spectrum
disorders or schizophrenia had higher scores for neuroticism
and lower scores for extraversion, openness, conscientious-
ness and agreeableness (Kotov et al., 2010; Ohi et al., 2012;
Schriber et al., 2014). In addition, previous studies showed
that personality traits contributed to multisensory processing
(rubber hand illusion) and can explain individual differences
in this illusion (Burin et al., 2020); based on the above find-
ings, we assumed that personality traits may be associated
with SiFI.

The Big Five Inventory measures personality traits by di-
viding them into five dimensions (John et al., 1991), which
include neuroticism, extraversion, openness, conscientious-
ness, and agreeableness. Numerous previous studies have
shown that personality traits affect performance on sensory
and perceptual tasks (Al-Samarraie et al., 2017; Avisar,
2011; Biggs et al., 2017; Coren & Harland, 1995). The previ-
ous studies used the NEO Personality Inventory (NEO-PI-R)
and found that individuals with high conscientiousness per-
formed faster and had higher accuracy in visual search tasks
(Al-Samarraie et al., 2017; Biggs et al., 2017). Differing from
the impact of conscientiousness on visual ability, the trait level
of agreeableness in the NEO PI-R was related to poorer visual
search performance (Avisar, 2011) and extraversion positive-
ly predicts visual acuity, while neuroticism negatively predicts
color discrimination and hearing sensitivity (Coren &
Harland, 1995). High neuroticism reflected overinvestment
of attention in irrelevant distractors (Dhinakaran et al.,
2014). SiFI is the illusion caused by auditory stimuli and is
related to visual acuity (Kumpik et al., 2014; McCormick &
Mamassian, 2008). It is reasonable to hypothesize that person-
ality traits are likely to be important factors of SiFI.

Most studies have investigated the SiFI effect in the same
and different spatial locations in 2D environments (Abadi &
Murphy, 2014; DeLoss &Andersen, 2015). However, in daily
life, people often encounter situations where the visual and
auditory positions are different. Studies have shown that depth
is an important but often overlooked dimension of perception
in real life (Blini et al., 2018; Milner & Goodale, 2008). A
previous study suggested that attentional resources in objects
decreased with increasing distance from the observers, with
the most attentional resources in the distance around the ob-
servers’ body (Maringelli et al., 2001). The sensitivity of SiFI

was found to be enhanced when attention resources were lim-
ited. Sun et al. (2022) found that when auditory stimuli were
presented in far space and visual stimuli were presented in
near space, SiFI was significantly enhanced, which may be
related to attention resources. Personality traits such as extra-
version, conscientiousness, and openness were also related to
spatial attention location, and some studies have found that
extraversion is positively correlated with spatial range (Ai
et al., 2019; Alessandretti et al., 2018), conscientiousness is
negatively correlated with the number of different spatial lo-
cations (Ai et al., 2019), high openness is closely related to a
larger range of attention, and high conscientiousness is closely
related to a smaller range of attention (Wilson et al., 2016).
However, personality’s preference for spatial locations was
easy to overlook in perceptual tasks (Blini et al., 2018).
Therefore, when audiovisual stimuli were presented at differ-
ent spatial depths, how personality traits affect SiFI was also a
question worth exploring.

Based on the above evidence, the goals of the present study
were to explore two questions: first, to explore whether and
how personality traits affected the SiFI, and second, to explore
how different spatial locations regulated the effect of person-
ality on SiFI. We modified the classical SiFI paradigm by
introducing the dimension of depth. We placed the visual
stimuli and auditory stimuli in two different spatial
locations—that is, the visual stimuli were presented in near
space with the auditory stimuli in far space, and the visual
stimuli were presented in far space with the auditory stimuli
in near space. All participants were divided into different per-
sonality trait groups based on their scores on the NEO-PI-R.
We hypothesized that five personality traits affected SiFI to
varying degrees, and the effect of personality traits on SiFI
was influenced by different spatial locations of stimuli. Given
previous studies, extraversion, conscientiousness and open-
ness, were all closely related to spatial attention locations,
we hypothesized that SiFI of the extraversion, conscientious-
ness and openness groups would be affected by the two spatial
attention locations.

Method

Participants

A total of 103 participants (age: 17~27 years, 69 females)
were invited to take the NEO-PI-R and SiFI tasks. They were
all right-handed, had normal or corrected-to-normal hearing
and vision, and had no history of neurological or psychiatric
disorders. All participants gave informed consent before the
experiment under the Declaration of Helsinki and were paid
afterward. This study was approved by the Ethics Committee
of the Department of Psychology, Soochow University. The
sample size was calculated using the G*Power 3.1 toolbox.
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Previous studies (Faul et al., 2007, 2009) have suggested that
a hybrid design should have a medium effect size (f = 0.25).
With α = 0.05 and power = 0.80, the results show that the
appropriate sample size was at least 82. The results show that
there was sufficient power to achieve a moderate effect, so the
sample size was appropriate.

Personality questionnaires

The Chinese version of the NEO-PI-R was used to obtain self-
reported ratings of the Big Five personality traits, including
neuroticism, extraversion, openness, agreeableness, and con-
scientiousness. The inventory includes 60 items, and the par-
ticipants responded on a 5-point Likert scale, ranging from 1
(strongly disagree) to 5 (strongly agree). For each personality
trait, a total score of corresponding items was calculated to
represent the trait level. The NEO-PI-R has demonstrated
good test–retest reliability and convergent and discriminant
validity based on previous studies (Costa & McCrae, 1992;
Young & Schinka, 2001).

Apparatus and materials

The visual stimuli were presented in near space and auditory
stimuli in far space (Vnear_Afar), and then the visual stimuli
were presented in far space and auditory stimuli in near space
(Vfar_Anear), with a distance of 59 cm in near space and
378 cm in far space. In near space, the visual stimuli were
presented on a monitor (Lenovo ThinkPad E480) with a
screen resolution of 1,024 × 768 pixels and a refresh rate of
60 Hz at a distance of 59 cm. The auditory stimuli were pre-
sented on speakers (SONY CMT-SBT40D) placed on both
sides of the screen. In far space, the visual stimuli were pre-
sented on a screen by a projector (EPSON CB-X06E) at a
distance of 378 cm, and the auditory stimuli were presented
on the same type of speaker. To ensure that the midline of the
participants was aligned with the midline of the monitor, the
participants’ head position was stabilized using a chin rest
throughout the experiment.

All experimental stimuli were provided using Presentation
software (Neurobehavioral Systems Inc.). The visual flash
stimulus was a white disc (visual angle 2°), which appeared
at 5° below a central fixation point for 17 ms. The luminance
of the background was 148 cd/m2 (Shams et al., 2002). The
auditory beep was a Hamming windowed sine wave, with a
loudness of 75 dB and frequency of 3.5 kHz and a duration of
7 ms. The visual angle and luminance remained the same in
near space and far space. Meanwhile, the loudness of the
auditory beeps was matched in near and far space, which
was manipulated by placing the decibel meter near the head
of the participants. For ease of description, we used abbrevi-
ations for flash and beep (F for flash, B for beep).

Design and procedure

The experiment was a 2 (trait level: high vs. low) × 2 (spatial
location: Vnear_Afar vs. Vfar_Anear) × 6 (condition: F1 vs.
F1B1 vs. F1B2 vs. F2 vs. F2B2 vs. F2B1) mixed experimental
design. In the Vnear_Afar spatial location, the flashes were pre-
sented on the near screen, and the beeps were presented from the
far speaker. In the Vfar_Anear spatial location, the flashes were
presented on the projector, and the beepswere presented from the
near speaker (as shown in Fig. 1b). The relative location of the
stimulus was randomized between the blocks, and the order be-
tween the near space and far space was counterbalanced across
participants. We further considered the performance of each
group with high or low scores on one personality trait. The
groups of each personality trait level consisted of the high/low
openness group, the high/low conscientiousness group, the high/
low extraversion group, the high/low agreeableness group, and
the high/low neuroticism group.

Participants were first invited to complete the Big Five
Inventory in 15 minutes and were verbally given full instruc-
tions about the experiment. The experiment adopted a forced-
choice task to examine the participants’ subjective perception
of the number of visual flashes presented. In the pretest stage,
all participants were required to practice for 5 minutes to make
sure that they were familiar with the experimental procedure
and enable them to correctly distinguish the number of flashes
without auditory beeps. In the experimental stage, visual
flashes were presented once or twice accompanied by one,
two, or no auditory beeps simultaneously. Participants were
asked to focus on the central fixation point throughout the
experiment and had to respond to the number of flashes they
perceived with the right index finger or middle finger, press-
ing one button for a single flash and the other button for two
flashes within 1,500 ms. Each participant was required to
complete 600 trials with 50 trials for each experimental con-
dition. The time interval between the trials was randomized
from 400 ms to 700 ms with a step size of 100 ms. The total
time for the experiment was approximately 55 minutes (as
shown in Fig. 1a).

Data analysis

To examine the effect of the sound-induced flash illusion, we
first performed a 2 (spatial location: Vnear_Afar vs.
Vfar_Anear) × 2 (condition: F1B1 vs. F1B2) repeated-
measures ANOVA and a 2 (spatial location: Vnear_Afar vs.
Vfar_Anear) × 2 (condition: F2B1 vs. F2B2) repeated-
measures ANOVA to produce the fission and fusion illusion.
Then, we selected the high and low trait groups in each per-
sonality trait according to the method of ranking the score of
every personality trait in the Big Five Inventory from high to
low; the top 27% of the scores were grouped into the high trait
group, and the bottom 27% of the scores were grouped into
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the low trait group.We performed a 2 (trait level: high vs. low)
× 2 (spatial location: Vnear_Afar vs. Vfar_Anear) repeated-
measures ANOVA to examine the influence of trait level and
spatial location on each illusion condition in every personality
trait. In addition, we used signal detection theory to determine
whether the change in the accuracy of illusion conditions re-
sults from changes in perceptual sensitivity, response bias, or
both. The data were analyzed based on the approach reported
by Chen et al. (2017). In the fission condition, the participants’
accuracy in the F2B2 condition was identified as the hit rate,
while their error rate in the F1B2 condition where the fission
illusion occurred was identified as the FA rate. In the fusion
condition, the participants’ accuracy in F1B1was identified as
the hit rate, while their error rate in the F2B1 condition where
the fusion illusion occurred was identified as the FA rate. The
hit and FA rates were then transformed to z scores; d′ and c
were calculated using the following equations (Chen et al.,
2017; Macmillan & Creelman, 2004):

d’ ¼ z Hit rateð Þ−z FAð Þ: ð1Þ
c ¼ −0:5* z Hit rateð Þ þ z FA rateð Þ½ �: ð2Þ

For the p = 0 and p = 1 event consideration, log-linear
transformation was applied to calculate the hit and FA rates
(adding 0.5 each to the hits and false alarms and adding 1 each
to the total number of signal trials and no-signal trials) to avoid
extreme values of d′ (Vanes et al., 2016).

Statistical analyses were conducted using mixed-model
ANOVAs to analyze the effect of spatial location and person-
ality traits on the accuracy of illusion conditions, d′ and c. The
results of simple effect analysis were based on Bonferroni
correction.

Results

Accuracy

The mean score of each high or low trait group and the corre-
sponding accuracy in the SiFI are shown in Table 1. For F1
and F2 conditions, the results show that the mean accuracy of
the two conditions were greater than 90%, far higher than the
random level, which indicated that the participants had a good
ability to distinguish flashes. To further verify the existence of
the fission illusion, we conducted a 2 (spatial location:
Vnear_Afar vs. Vfar_Anear) × 2 (condition: F1B1 vs.
F1B2) repeated-measures ANOVA. The results showed that
the main effect of spatial location was not significant, F < 1.
The main effect of condition was significant, F(1, 102) =
350.35, p < .001, ηp

2 = 0.78, the mean accuracy of F1B2
condition (43%) was significantly lower than that of F1B1
condition (94%), indicating the fission illusion occurred. The
interaction was not significant, F < 1. For the fusion illusion
conditions, we conducted a 2 (spatial location: Vnear_Afar vs.

Fig. 1 a Experimental stimuli schematic diagram. F1 refers to a trial that
presented only one visual flash, and F2 refers to a trial that presented two
visual flashes. F1B1 refers to a trial that presented a single visual flash
accompanied by an auditory beep, and F2B2 refers to a trial that presented
two visual flashes accompanied by two auditory beeps. F1B2 refers to a
trial that presented a visual flash accompanied by two auditory beeps.

F2B1 refers to a trial that presented two visual flashes accompanied by
an auditory beep. The duration of the auditory beep was 7 ms, the time
interval between auditory beeps was 76 ms, the duration of visual flash
was 17 ms, and the time interval between two visual flash stimuli was
66ms (Andersen et al., 2004; Shams et al., 2002). b Schematic diagram of
the experimental apparatus. (Color figure online)
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Vfar_Anear) × 2 (condition: F2B1 vs. F2B2) repeated-
measures ANOVA. The results showed that the main effect
of spatial location was significant, F(1, 102) = 5.11, p = .026,
ηp

2 = 0.05, the mean accuracy of the Vfar_Anear (84%) was
significantly greater than that of the Vnear_Afar (81%). The
main effect of condition was significant, F(1, 102) = 157.78, p
< .001, ηp

2 = 0.61, the mean accuracy of F2B1 condition
(68%) was significantly lower than that of F2B2 condition
(97%), indicating the fusion illusion occurred. The interaction
was significant, F(1, 102) = 5.78, p = .018, ηp

2 = 0.05. Results
of simple effect analysis based on Bonferroni correction
showed that for F2B1 condition, the mean accuracy of the
Vfar_Anear (71%) was significantly greater than that of the
Vnear_Afar (66%), t(102) = 3.29, p = .007, Cohen’s d = 0.23.
For F2B2 condition, there was no significant difference be-
tween the two spatial location conditions, t < 1. The results
suggested that the fission illusion and the fusion illusion could
be steadily observed, and the fusion illusion was affected by
the spatial location, the fusion illusion was much greater in the
Vnear_Afar condition than the Vfar_Anear condition.

Neuroticism group

For F1B2 and F2B1 conditions, we conducted a 2 (trait level:
high vs. low) × 2 (spatial location: Vnear_Afar vs.
Vfar_Anear) repeated-measures ANOVA, respectively. The
results showed that none of the main and interaction effects
were significant, ps > 0.5.

Extraversion group

For F1B2 condition, we conducted a 2 (trait level: high vs.
low) × 2 (spatial location: Vnear_Afar vs. Vfar_Anear)
repeated-measures ANOVA. The results showed that the main
effect of spatial location was not significant, ps > .5. The

interaction effect was significant, F(1, 54) = 4.58, p = .037,
ηp

2 = 0.08. The results of the simple effect showed that for the
low extraversion group, the mean accuracy of the Vnear_Afar
(49%) was significantly greater than that of the Vfar_Anear
(42%), t(27) = 2.13, p = .043, Cohen’s d = 0.40, but for the
high extraversion group, there was no significant effect, t(27) =
1.01, p = .32. For F2B1 condition, we performed the same
analysis, and the results also showed that none of the main
and interaction effects were significant, ps > .5. This suggested
that the fission illusion of low extraversion group was suscep-
tible to spatial location (see Fig. 2. 1a).

Openness group

For F1B2 condition, we conducted a 2 (trait level: high vs.
low) × 2 (spatial location: Vnear_Afar vs. Vfar_Anear)
repeated-measures ANOVA. The results showed that none
of the main and interaction effects were significant, ps > .5.
For F2B1 condition, we performed the same analysis, the
results showed that the main effect of spatial location was
significant, F(1, 54) = 4.29, p = .043, ηp

2 = 0.08, the mean
accuracy of the Vfar_Anear (69%) was significantly greater
than that of the Vnear_Afar (63%). The interaction effect was
not significant, F(1, 54) = 1.16, p = .29. This suggested that
the fusion illusion of openness group was susceptible to spa-
tial location (see Fig. 2. 2a).

Conscientiousness group

For F1B2 and F2B1 conditions, we conducted a 2 (trait level:
high vs. low) × 2 (spatial location: Vnear_Afar vs.
Vfar_Anear) repeated-measures ANOVA, respectively. The
results showed that none of the main and interaction effects
were significant, ps > .5.

Table 1 Mean accuracy(%) and standard deviation(%) for all conditions between groups of each personality trait

Group Score Accuracy

Mean SD F1 F2 F1B1 F2B2 F1B2 F2B1

Openness high 40.86 1.66 91.36 (6.38) 92.75 (7.92) 94.54 (5.65) 96.96 (2.99) 38.21 (28.48) 60.39 (28.48)

low 31.04 2.71 93.14 (7.05) 91.14 (8.21) 93.14 (7.56) 96.75 (2.64) 47.18 (29.99) 66.14 (26.31)

Conscientiousness high 41.46 2.11 93.07 (6.6) 91.86 (7.06) 95.43 (6.01) 97.07 (2.87) 40.5 (30.63) 61.46 (30.49)

low 33.54 1.86 93.43 (6.42) 94.46 (7.04) 94.82 (5.04) 96.46 (3.85) 53.07 (28.35) 70.79 (21.75)

Extraversion high 44.18 2 93.25 (6.74) 94.96 (5.66) 93.39 (6.95) 97.86 (1.77) 45.07 (30.88) 72.61 (22.97)

low 35.29 2.33 93 (6.24) 91.07 (8.28) 94.29 (5.63) 95.07 (4.16) 49 (28.49) 70.96 (22.71)

Agreeableness high 40.29 1.87 90.61 (7.47) 93.43 (6.13) 92.18 (7.22) 96.07 (4.18) 36.04 (27.92) 63.96 (26.38)

low 29.96 1.8 93.64 (5.46) 90.25 (8.76) 93.39 (6.51) 96.57 (2.54) 54.61 (26.5) 65.25 (23.95)

Neuroticism high 40.04 1.95 92.18 (6.96) 92.64 (8) 91.89 (7.07) 97.18 (2) 45.79 (30.73) 73.86 (23.81)

low 30.25 1.84 93.61 (6.37) 90.25 (8.28) 93.79 (6.79) 96.46 (3.56) 52.21 (28) 64.07 (24.91)
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Agreeableness group

For F1B2 condition, we conducted a 2 (trait level: high vs.
low) × 2 (spatial location: Vnear_Afar vs. Vfar_Anear)
repeated-measures ANOVA. The results showed that the main
effect of trait level was significant, F(1, 54) = 5.07, p = .028,
ηp

2 = 0.09, the mean accuracy of the low agreeableness group
(53%) was significantly greater than that of the high agree-
ableness group (36%). The main effect of spatial location and
the interaction effect were not significant, F < 1. For F2B1
condition, we performed the same analysis, the results showed
that that none of the main and interaction effects were signif-
icant, ps > 0.5. This suggested that the sensitivity of agree-
ableness trait to the fission illusion was different, and high

agreeableness group was more likely to produce the fission
illusion (see Fig. 2, 3a).

Signal detection theory analysis

To supplement the accuracy results, we conducted signal de-
tection theory analysis on the data of each group of traits (see
Table 2 and Fig. 2).

Sensitivity(d′)

In the results of sensitivity d’, we found that, for the fission
illusion, only the agreeableness trait group had a significant
main effect on trait level, the d′ (2.02) in the low agreeableness

Fig. 2 1a The accuracy of the fission illusion between the individuals
with low and high extraversion. 1bMean d′ under the fission illusion for
the individuals with low and high extraversion. 1c Mean c under the
fission illusion for the individuals with low and high extraversion. 2a
The accuracy of the fusion illusion between the individuals with low
and high openness. 2b Mean d′ under the fusion illusion for the
individuals with low and high openness. 2c Mean c under the fusion

illusion for the individuals with low and high openness. 3a The
accuracy of the fission illusion between the individuals with low and
high agreeableness. 3b Mean d′ under the fission illusion for the
individuals with low and high agreeableness. 3c Mean c under the
fission illusion for the individuals with low and high agreeableness. **p
< .01, *p < .05
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group was significantly higher than the d′ (1.46) in the high
agreeableness group. For the fusion illusion, the spatial loca-
tion of the extraversion and conscientiousness group had sig-
nificant main effects. The d′ of Vfar_Anear (2.71) was signif-
icantly higher than the d′ of Vnear_Afar (2.49) in the extra-
version group. The d′ for Vfar_Anear (2.69) was significantly
higher than the d′ for Vnear_Afar (2.39) in the conscientious-
ness group. In the openness group, the interaction between
trait level and spatial location was significant, which showed
that in the low openness group, The d′ of Vfar_Anear (2.89)
was significantly higher than the d′ of Vnear_Afar (2.32),
t(27) = 3.43, p = .007, Cohen’s d = 0.62. However, there
was no significant difference in the high openness group, t < 1.

Report criterion (c)

In the results of report criterion c, we found that there was a
significant interaction between trait level and spatial location
for the fission illusion in the extraversion group. In the low
extraversion group, the c of Vfar_Anear (1.14) was signifi-
cantly higher than that of Vnear_Afar (0.89). t(27) = 2.99, p =
.025, Cohen’s d = 0.57. However, there was no significant
difference in the high extraversion group, t(27) = 1.02, p =
.32. The main effect of trait level in agreeableness group was
significant, the c in the low agreeableness group (−0.95) sig-
nificantly higher than that in the high agreeableness group
(−1.20). For the fusion illusion, we found that the main effect
of trait level was significant in the neuroticism group, the c

(0.62) significantly higher in the low neuroticism group than
in the high neuroticism group (0.38).

General discussion

The current study investigated the effect of personality on SiFI
and the regulation of spatial locations on the effect. Fission
illusion and fusion illusion were observed from the accuracy
results. The fission illusion of the high agreeableness group
was significantly higher than that of the low agreeableness
group. The fission illusion in the Vfar_Anear condition of
the low extraversion group was higher than that in the
Vnear_Afar condition. In the openness group, participants
had a greater fusion illusion in the Vnear_Afar condition than
in the Vfar_Anear condition. In addition, the results of sensi-
tivity d′ and report criterion c showed that all five personality
traits were associated with SiFI. The agreeableness group
showed that the high agreeableness group had lower discrim-
inability to flash in the fission illusion, and the report criteria
were less strict. The report criteria of the low neuroticism
group were stricter for the fusion illusion. Low extraversion
was less strict for the Vnear_Afar condition in the fission
illusion. The extraversion group, conscientiousness group
and low openness group had lower discriminability to flash
in the fusion illusion in the Vnear_Afar condition than in the
Vfar_Anear condition.

Table 2 Results of ANOVA for sensitivity d′ and report criterion c of the fission illusion and fusion illusion in all trait groups

Group main/interaction Fission illusion Fusion illusion

d’ c d’ c

F p ηp
2 F p ηp

2 F p ηp
2 F p ηp

2

Neuroticism Trait Level <1 <1 <1 5.012 0.029* 0.085

Spatial Location <1 <1 1.593 0.212 0.029 <1

Interaction <1 1.044 0.311 0.019 <1 <1

Extraversion Trait Level <1 <1 <1 <1

Spatial Location <1 1.939 0.17 0.035 5.109 0.028* 0.086 <1

Interaction <1 8.053 0.006** 0.13 1.115 0.296 0.02 <1

Openness Trait Level 1.784 0.187 0.032 2.784 0.101 0.049 1.35 0.25 0.024 <1

Spatial Location 1.095 0.3 0.02 <1 7.834 0.007** 0.127 1.755 0.191 0.031

Interaction <1 1.115 0.296 0.02 4.221 0.045* 0.072 <1

Conscientiousness Trait Level <1 <1 <1 1.362 0.248 0.025

Spatial Location <1 3.088 0.085 0.054 5.97 0.018* 0.1 1.85 0.179 0.033

Interaction 2.299 0.135 0.041 1.85 0.179 0.033 <1 <1

Agreeableness Trait Level 4.42 0.04* 0.076 4.205 0.045* 0.072 <1 <1

Spatial Location <1 1.697 0.198 0.03 3.324 0.074 0.058 <1

Interaction <1 <1 <1 <1

**p < .01, *p < .05
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The results of both accuracy and signal detection theory
showed that agreeableness had the effect on the fission illu-
sion, and high agreeableness was more prone to the fission
illusion, and it did not matter what spatial attention locations
were. Generally, individuals with high agreeableness were
usually friendlier and compassionate, but it was not surprising
to find that they were more prone to the fission illusion
(McCullough & Hoyt, 2002; Watson, 2000). SiFI is a typical
multisensory phenomenon dominated by auditory stimuli, and
the distribution of attention is involved in the integration of
visual and auditory signals in SiFI (Mishra et al., 2010).When
selective attention is weaker, the ability to suppress irrelevant
information decreases, which in SiFI is reflected in the ten-
dency to produce more illusions (DeLoss et al., 2013).
Previous studies have found that high agreeableness is asso-
ciated with a weaker selective attention ability (Avisar, 2011;
Rodrigo et al., 2022). Avisar (2011) found that poorer visual
search performance was related to high agreeableness, and the
high agreeableness group had more difficulty in selective at-
tention. In addition, high agreeableness was suggested to be
related to lower activation of the right lateral prefrontal cortex,
which was associated with response selection and suppression
during a go/no-go task (Chikazoe, 2010; Rodrigo et al., 2022).
This means that individuals with high agreeableness may find
it more difficult to inhibit incorrect responses when faced with
multiple response options for achieving a goal. Conversely,
lower agreeableness was related to higher vigilance and was
associated with a more conservative response bias in a visible
tendency (Burton et al., 2010). Therefore, individuals with
low agreeableness tended to hold stricter and more conserva-
tive judgment criteria than individuals with high agreeable-
ness in the fission illusion.

Although only on the report criteria, neuroticism was
somewhat influential of the fusion illusion. Neuroticism
scores were often associated with psychiatric problems, neu-
roticism scores were higher in patients with schizophrenia,
and neuroticism scores in people with autism were also higher
than in the control group (Kotov et al., 2010; Ohi et al., 2012;
Schriber et al., 2014). Previous studies have shown that pa-
tients with autism and schizophrenia are more prone to the
fusion illusion (Ferri et al., 2018; Foss-Feig et al., 2010; Haß
et al., 2016). The enhancement of the fusion illusion may be
caused by the increase in the time window of the high neurot-
icism patients, which was attributed to the decrease in the
overall time sensitivity (Ferri et al., 2018). In the current study,
although we did not find differences in sensitivity between the
high- and low-neuroticism groups, we found that the low-
neuroticism group was stricter on report criteria for fusion
illusions; thus, the low-neuroticism group may be less prone
to the fusion illusion.

As expected, the influence of personality traits on SiFI was
regulated by spatial location factors, especially, conscientious-
ness, openness and extraversion. Previous studies have shown

that participants were more likely to perceive SiFI in the
Vnear_Afar condition than in the Vfar_Anear condition
(Sun et al., 2022). This may be due to the limited attention
resources in the distance, and the dominant sensory in the
audiovisual competition will receive more attention resources,
thus leading to the enhancement of the sensory dominance
(Sun et al., 2022; Yue et al., 2015). A large amount of evi-
dence has shown that conscientiousness, openness, and extra-
version are closely related to spatial attentional process (Koch
et al., 2014; Noftle & Robins, 2007; Zabelina et al., 2016).
Conscientiousness, which is closely related to the global pre-
cedence effect (Navon, 1977), reflects the tendency to focus
on information in a broad versus narrow visual field (Büttner
et al., 2014; Swift et al., 2020). Individuals with low openness
generally exhibit a less flexible attention scope, and attention
resources cannot be allocated adaptively to meet task require-
ments (Swift et al., 2020; Todd & Funder, 2015). Therefore,
the conscientiousness and low openness group were more
easily adjusted by spatial location factors in SiFI.

Extraversion showed interesting but seemingly contradic-
tory results—that is, in fusion illusion, extroversion had
higher discriminability in the Vfar_Anear condition, while in
fission illusion, low extraversion was less accurate and stricter
reporting tendency in the Vfar_Anear condition. The results of
extraversion in the fusion illusion were consistent with the
conscientiousness and low openness group. Previous studies
have suggested that increased trait levels of extraversion were
associated with improved change detection, and this trait may
help in disengagement from stimuli (Bendall et al., 2021;
Dhinakaran et al., 2014; Fine & Kobrick, 1976). However,
individuals with low extraversion have less attentional re-
source availability (Eysenck, 1991) and smaller space atten-
tion range (Ai et al., 2019; Alessandretti et al., 2018). In the
current study, individuals with low extraversion might pay
less attention to distant beeps and made better judgments from
nearby flashes in the Vnear_Afar condition.

In addition, the results of the current study also indicated that
different personality traits specifically affected different illu-
sions, with agreeableness and extraversion affecting the fission
illusion while neuroticism, conscientiousness, openness and
extraversion affecting the fusion illusion, except for agreeable-
ness and neuroticism, the influence of the other three traits on
SiFI was unavoidably regulated by spatial location factors.
Previous studies have shown that the fission illusion and the
fusion illusion are two types of illusions (de Haas et al., 2012;
Mishra et al., 2007; Watkins et al., 2006). For fission illusion,
from the localization of brain regions, the studies found fusi-
form gyrus (Chan et al., 2017), right angular gyrus (Chan et al.,
2017; Watkins et al., 2007), and frontal inferior opercular
(Mishra et al., 2007) apparently increased activity. Mishra
et al. (2007) used ERP technology to find that individuals with
the fission illusion would induce greater negative components
located in the superior temporal gyrus at 110 ms and 130 ms.
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The fusion illusion triggered early superior and inferior parietal
activity (130~160 ms), primary and secondary visual cortex
activity (300~320 ms) (Innes-Brown et al., 2013), and superior
temporal and inferior frontal gyrus (~180 ms) activity (Mishra
et al., 2008). Although the mechanisms underlying the differ-
ences between the fission and fusion illusions have not been
clarified, we can confirm that personality traits play an impor-
tant role in the fission illusion and fusion illusion. Nevertheless,
our findings reported here shed new light on the relationship
between personality traits and general multisensory illusions at
different spatial locations, which could be important but easy-
to-overlook reliable factors.

Conclusions

In summary, the participants were divided into groups accord-
ing to their personality traits, and their SiFI behavior perfor-
mance of the participants at different spatial locations was
recorded. The current study showed that the fission illusion
was affected by agreeableness and extraversion, and the fu-
sion illusion was affected by neuroticism, conscientiousness,
openness and extraversion. The influence of extroversion, ac-
countability and openness on SiFI was regulated by spatial
locations. This suggested that personality traits were important
factors of the SiFI, which may be related to spatial attention.
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