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ABSTRACT

Reward-associated stimuli capture attention in a value-driven manner, interfering with multisensory integration. This study
investigated the mechanisms of value-driven crossmodal attention and the moderating role of perceptual load using the spatial
ventriloquism effect. Across two experiments, participants localized target sounds—defined by frequency (low load) or frequency
and duration (high load)—while ignoring reward-linked visual distractors. Experiment 1 employed a binaural localization task
with peripheral distractors, whereas Experiment 2 used a continuous localization task with distractors positioned near auditory
targets. High-value distractors successfully captured crossmodal attention, producing slower reaction times and stronger spatial
bias toward visual locations. Crucially, perceptual load effects were modulated by spatial configuration: increasing load reduced
visual interference when distractors were peripheral (Experiment 1) but intensified interference when distractors were colocated
with targets (Experiment 2). Notably, load did not affect localization accuracy. These findings demonstrate that value-driven
crossmodal processing is jointly shaped by spatial relationships between modalities and cognitive demands, offering insights
into how specific perceptual load conditions constrain selective attention during multisensory integration. Given the sample size
limitations of this study, these results should be interpreted cautiously pending future replication.

Traditional theories of selective attention have long distinguished
between two primary mechanisms: goal-directed and stimulus-

1 | Introduction

In our daily lives, we are constantly bombarded by a vast
amount of sensory information. Because the human brain has a
finite capacity for information processing, it is neither possible
nor necessary to process every stimulus. Selective attention,
therefore, serves as a critical mechanism for prioritizing impor-
tant information and allocating limited cognitive resources to
enhance the efficiency of our interactions with the environment.
Understanding the factors that determine attentional priority
and resource allocation remains a central objective in cognitive

psychology [1].

© 2026 The New York Academy of Sciences.

driven attention [2, 3]. Goal-directed (top-down) attention is a
voluntary process where individuals actively select information
based on current intentions, such as a driver looking for a specific
traffic sign. In contrast, stimulus-driven (bottom-up) attention is
an involuntary capture by physically salient or novel stimuli, such
as a sudden flash of light. While goal-directed selection allows
for task-relevant processing, it is cognitively demanding and
slow; stimulus-driven selection is automatic and rapid, helping
us detect unexpected threats but also making us susceptible to
distraction [4, 5].
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Despite the widespread acceptance of this dichotomy, emerging
evidence suggests it is insufficient. Researchers have identified a
third category: selection history [6]. This framework incorporates
attentional biases that arise from previous experiences, such as
intertrial priming, where searching for a specific feature becomes
more efficient over repeated trials [7, 8], and statistical learning,
where individuals implicitly learn the probability of target or
distractor locations [9, 10].

Within the realm of selection history, the role of reward has
gained significant prominence. Anderson proposed that atten-
tional priority is fundamentally determined by the value of a
stimulus [11]. Through reward learning, stimuli that are neither
task-relevant nor physically salient can acquire the power to
capture attention if they have been previously associated with
high rewards. This phenomenon, termed value-driven atten-
tional capture (VDAC), represents a mechanism independent of
traditional top-down or bottom-up processes [4].

While VDAC was initially studied within the visual modality, it
is now recognized as a crossmodal phenomenon. Our environ-
ment is multisensory, and reward associations in one modality
can influence attention in another. For instance, high-value
auditory stimuli can significantly interfere with performance
on a visual search task [12]. Furthermore, value-driven capture
can alter multisensory integration. In phenomena such as the
spatial ventriloquism effect—where visual location captures the
perceived location of a sound—reward associations can modulate
the degree of bias, either by strengthening the integration or by
drawing attention away from the target modality [13, 14].

A critical factor that governs how we allocate resources among
competing stimuli is perceptual load. According to Lavie’s per-
ceptual load theory, the level of selection (early vs. late) depends
on the demands of the primary task. Under high perceptual load,
the task consumes all available resources, leaving none for task-
irrelevant distractors, thereby facilitating early selection. Under
low perceptual load, spare resources “spill over,” resulting in the
automatic processing of distractors, leading to late selection and
increased interference [15]. However, the efficacy of perceptual
load is modulated by various factors. Studies show that load-
dependent filtering is most effective for peripheral distractors
but often fails when distractors are centrally located [16, 17].
Additionally, stimuli with high biological or social significance,
such as faces, often bypass the load-induced filter [18]. Crucially,
the relationship between perceptual load and VDAC remains
complex. Some evidence suggests that high-value stimuli are
more resistant to load effects [19], and in heterogeneous contexts,
increasing load might even enhance the capture of reward-
associated distractors [20].

Finally, the question of whether attentional resources are shared
across sensory modalities or are modality-specific remains a
subject of intense debate. While some crossmodal studies report
phenomena like inattentional deafness under high visual load
[21], others suggest that processing in one modality (e.g., audi-
tion) is largely unaffected by the load in another [22, 23].

Addressing these gaps in the literature, this study aims to
investigate how value-driven crossmodal capture is modulated
by perceptual load within the context of audiovisual spatial

localization. The first objective of this research is to determine
whether value-driven crossmodal attention capture and sub-
sequent multisensory integration can occur independently of
operant conditioning. While traditional training-test paradigms
[12, 24, 25] demonstrate that reward-linked stimuli in one
modality can interfere with another, these effects may stem
from reinforced response habits rather than the intrinsic value
of the stimulus [26]. Here, reward values are associated with
task-irrelevant visual distractors that never serve as targets. In
this context, the presence of value-driven capture would provide
strong evidence for a robust, automatic selection mechanism that
enhances multisensory integration (e.g., the spatial ventriloquism
effect) based purely on reward history [14, 27].

The second objective focuses on how perceptual load and the
spatial configuration of stimuli interact to modulate this capture.
According to perceptual load theory, high task demands should
exhaust attentional resources and suppress distractor processing
[28]. However, this filtering effect may be compromised by
the high attentional priority of reward-associated stimuli [19]
or by the spatial proximity of the distractor. By comparing
binaural (peripheral; Experiment 1) and continuous (proximal;
Experiment 2) localization tasks, we evaluate how “attentional
zoom” dictates the impact of perceptual load on crossmodal
processing. We test whether spatial proximity leads to object-
level integration, potentially reversing the expected benefits of
high auditory load on visual interference [29]. These results
will distinguish between shared and modality-specific attentional
resources while illustrating how the brain balances task-directed
demands with value-based priorities in complex environments.

2 | Experiment 1: Binaural Spatial Localization
Task

2.1 | Methods

In Experiment 1, we used a binaural spatial ventriloquism task
integrated with a response-competition paradigm, a standard
approach in selective attention research. Auditory targets were
presented at +5° azimuth, while visual distractors appeared at
+10° azimuth, both positioned to the left and right of the central
fixation (0°).

The spatial relationship between the audiovisual stimuli was
manipulated to be either congruent (same side) or incongruent
(opposite sides), with auditory-only trials serving as a neutral
baseline. Participants were tasked with ignoring the visual
distractors to identify and localize the auditory targets. By
associating visual colors with varying reward magnitudes and
manipulating the auditory discrimination requirements, this
experiment investigated how task-irrelevant value associations
and task-relevant perceptual load interact to influence auditory
localization speed and accuracy.

2.1.1 | Participants
Thirty-one university students (15 males, age range 18-28 years, M

= 22.8) participated in the study. A power analysis using G*Power
3.1 indicated the sample was sufficiently powered, achieving a
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power of 0.94 to detect a medium effect size (f = 0.25). All
participants were right-handed, reported normal or corrected-to-
normal vision and hearing, and had no history of color blindness
or deficiency. Two participants were excluded from the final
analysis because their error rates in at least one experimental
condition exceeded three standard deviations from the group
mean. Consequently, the final sample consisted of 29 participants.
The study protocol was approved by the Committee for Protecting
Human and Animal Subjects at the School of Psychological and
Cognitive Sciences of Peking University.

2.1.2 | Stimuli and Apparatus

The experiment was conducted in a sound-attenuated darkroom.
The apparatus consisted of a semi-circular rack with a 1.6-meter
radius, housing an array of LED lights and speakers (see Figure
S1 for the Experiment 1 setup). To prevent visual cues regarding
the hardware, the entire rack was concealed behind a black cloth.
Visual stimuli consisted of 50 or 200 ms flickers produced by red
or green LEDs positioned at +10° from the center. A yellow LED
at 0° served as the fixation point, while two vertical columns
of eight LEDs (one red, one green) provided trial-by-trial score
feedback. Auditory stimuli were pure tones (750 or 3000 Hz) with
durations of 50 or 200 ms, including 5 ms rise/fall times. Tones
were delivered via speakers positioned at +5°.

2.1.3 | Design and Procedure

The experiment adopted a 2 X 2 X 2 within-subjects design,
manipulating auditory perceptual load (low vs. high), audiovisual
congruency (congruent vs. incongruent), and visual distractor
value (low vs. high). Each trial began with a central yellow
fixation point (500-800 ms), followed by the presentation of
the stimuli. For half of the participants, red distractors were
associated with high value and green with low value; this
mapping was reversed for the remaining half. Upon hearing a
target sound, participants localized it (go) by judging whether
the sound originated from the left or right side and pressing the
corresponding left or right key. If the sound was a nontarget,
they withheld localization (no-go) and pressed the spacebar.
Participants were instructed to respond as quickly and accurately
as possible. A feedback screen was presented after each trial
(Figure 1).

Participants were instructed to ignore the visual distractors and
focus solely on the auditory task, though they were informed that
the distractor’s color determined the trial’s reward—an eightfold
difference in potential earnings—which would be converted into
their final compensation. Points were converted to monetary
compensation at a rate of 1 CNY per 40 points. On average,
participants earned approximately 2500 points (range: 2000-3000
points), which resulted in a final payment ranging from 50 to 80
CNY (M = 62.5 CNY).

Perceptual load was manipulated via a go/no-go task. In the
low-load condition, participants discriminated only the tone
frequency; for example, 750 Hz tones required a localization
response (go, 75% of trials), while 3000 Hz tones required a space-

bar press (no-go, 25%). In the high-load condition, participants
were required to identify specific combinations of frequency
and duration (e.g., 750 Hz/50 ms and 3000 Hz/200 ms as go
targets), significantly increasing processing demands. Following
the value-driven capture paradigm [26], correct responses within
1000 ms earned points matching the distractor’s value (1 or
8 points), indicated by the number and color of lit LEDs in
the feedback display. Errors or slow responses yielded zero
points. The experiment consisted of 768 trials divided into four
blocks of 192 trials, with perceptual load counterbalanced in an
ABBA/BAAB sequence.

2.1.4 | Data Analysis

Data were preprocessed and categorized using MATLAB R2018a
(Mathworks, Inc). Initially, sound discrimination error rates in
the go/no-go task were analyzed across all trials to verify the effi-
cacy of the load manipulation. For trials requiring a localization
response (Go trials), outliers—defined as reaction times (RTs)
exceeding three standard deviations from an individual’s mean—
were excluded (accounting for 1.08% of Go trials). RTs and error
rates for target localization were then calculated for each con-
dition. The audiovisual congruency effect, used as a measure of
visual interference, was derived by subtracting the performance
in congruent trials from that in incongruent trials. Statistical
analyses were conducted in jamovi 1.2.17 (The jamovi project,
2020) using repeated-measures analysis of variance (ANOVA).

2.1.5 | Results

The analysis of sound discrimination (go/no-go task) error rates
confirmed a robust manipulation of perceptual load: the error
rate under low auditory load (3.31%) was significantly lower than
under high load (9.53%), F(1, 28) = 79.45, p < 0.001, nf, = 0.739,
95% CI for the mean difference [-7.64, -4.79] (Figure 2). For the
target localization RTs, a significant interaction between auditory
load and congruency revealed that the visual interference was
more pronounced under low load than under high load (F(2, 56) =
4.33, p = 0.018, 7);, = 0.134). The congruency effect (Incongruent—
Congruent) was 59.16 ms under low load [95% CI: 42.13, 76.19] and
34.55 ms under high load [95% CI: 20.04, 49.07]; the interaction
contrast was 24.60 ms [95% CI: 5.19, 44.02] (Figure 3).

Most critically, the audiovisual congruency effect analysis
demonstrated the impact of reward value. In RTs, high-value
visual distractors produced a significantly larger congruency
effect (62 ms) than low-value distractors (32 ms), (F(1, 28) =
8.95, p = 0.006, 7;12, = 0.242), 95% CI [9.47, 50.53] ms, indicating
value-driven attention capture. While increasing perceptual load
reduced the RT congruency effect (F(1, 28) = 6.74, p = 0.015,
n, = 0.194), 95% CI [5.19, 44.02] ms, it did not modulate the
impact of value (p = 0.173) (Figures 4 and 5). Similarly, in error
rates—a measure of the spatial ventriloquism effect—high-value
distractors caused greater interference (18.6%) than low-value
ones (15.9%; F(1, 28) = 5.21, p = 0.030, 73 = 0.157), 95% CI [0.28,
5.12]%), but this accuracy-based interference was unaffected by
perceptual load (p = 0.098) (Figure 6).
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Fixation: 500-800 ms

VA stimuli:50/200 ms

Response: Left/Right/Space

Feedback:
500 ms

500 ms

FIGURE 1 | Stimuli and procedure for Experiment 1 (see text for details).

Low Perceptual Load High Perceptual Load

100 - 100 -
& 80 - 80 -
c
el
©
£
E
5 60 - 60 -
Q2
(a)
o
c
>
0
2 40 - 40 A
£
2
©
o
g 20 ~ 20 A
LIJ Lad

0 i 0 R .
Congruent Incongruent No Flash Congruent Incongruent No Flash
Low-value High-value
= flash . flash [ Noflash

FIGURE 2 | Error rates in sound discrimination (go/no-go task) as a function of audiovisual congruency (congruent, incongruent, no flash) and
visual distractor value (low-value vs. high-value flash), separately for low perceptual load (left panel) and high perceptual load (right panel) for
Experiment 1. Violin plots show the kernel-density distribution of individual participant means. Thick vertical bars indicate the interquartile range
(IQR), and horizontal bars mark the median. Individual data points are overlaid as jittered dots. No-flash trials serve as the baseline condition without
visual distractors.
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FIGURE 3 | Reaction times (ms) in sound localization as a function of audiovisual congruency (congruent, incongruent, no flash) and visual

distractor value (low-value vs. high-value flash), separately for low perceptual load (left panel) and high perceptual load (right panel) for Experiment 1.

Violin plots show the kernel-density distribution of individual participant mean RTs. Thick vertical bars indicate the IQR, and horizontal bars mark the

median. Individual data points are overlaid as jittered dots.

To further track the behavioral differences arising from reward
learning throughout the experimental process, the two experi-
mental blocks for each of the high and low auditory perceptual
load conditions were analyzed separately, and a 2 (experimental
block) x 2 (auditory perceptual load) x 2 (visual distractor value)
three-way ANOVA was conducted. The results showed that for
RTs (Figure S2), there was no main effect of experimental block
(F(1, 28) = 0.51, p = 0.482, n? = 0.018), 95% CI [-23.05, 11.13] or
interaction effect (p > 0.2). For error rates (Figure S3), the main
effect of experimental block was significant, F(1, 28) = 12.37, p =
0.002, 77 = 0.306, with the congruency effect decreasing by 10.99
percentage points from block 1 to block 2 (95% CI [-17.39, —4.59]),
reflecting a decrease in the congruency effect on error rates as the
experiment progressed; however, none of the interaction effects
were significant (p > 0.3).

2.2 | Discussion

Through the manipulation of auditory discrimination require-
ments in the go/no-go task, we successfully operationalized
auditory perceptual load. Sound discrimination error rates were
significantly higher in the high-load condition (discriminating
frequency and duration) compared to the low-load condition
(discriminating frequency only). Notably, the presence of visual
distractors did not affect the accuracy of sound discrimination
itself, suggesting that participants strictly adhered to task instruc-

tions by focusing on the auditory targets while attempting to
ignore visual interference. Despite this focus, visual distractors
strongly influenced auditory localization performance, under-
scoring the inherent dominance of the visual modality in spatial
(localization) tasks.

By associating specific colors with varying reward magnitudes,
we observed VDAC in the absence of prior response training or
reinforcement. High-value visual stimuli induced significantly
greater interference in auditory localization than low-value stim-
uli across both RTs and error rates. The error rates, specifically
indexing the audiovisual congruency effect, demonstrate that
high-value visual distractors elicited a stronger spatial ventrilo-
quism effect. This indicates that reward-associated stimuli in a
task-irrelevant modality not only impair the response efficiency
of the target modality but also modulate the integration of mul-
tisensory information, ultimately altering perceptual outcomes.
This confirms that VDAC operates across sensory modalities and
modulates multisensory integration.

While increasing auditory perceptual load did not influence the
magnitude of this crossmodal integration effect (accuracy), it did
reduce the interference of value-driven capture on RTs, a finding
consistent with perceptual load theory. Further analysis across
the experimental timeline revealed that the congruency effect
on RTs remained stable throughout both halves of the session,
indicating that the moderating role of perceptual load on VDAC
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FIGURE 4 | Sound localization accuracy (%) as a function of audiovisual congruency (congruent, incongruent, no flash) and visual distractor value
(low-value vs. high-value flash), separately for low perceptual load (left panel) and high perceptual load (right panel) for Experiment 1. Violin plots show
the kernel-density distribution of individual participant mean accuracy. Thick vertical bars indicate the IQR, and horizontal bars mark the median.

Individual data points are overlaid as jittered dots. Higher values indicate better localization performance.

is relatively consistent. Interestingly, the congruency effect did
not vanish entirely under high-load conditions but remained
at a substantial level, reflecting the competitive advantage of
high-value stimuli in capturing attentional resources.

The dissociation between accuracy and RT effects under load
manipulation suggests that crossmodal spatial integration and
VDAC are governed by distinct neurocognitive principles. The
ventriloquism effect reflects a mandatory, automatic remapping
of auditory space onto visual coordinates [30-32] that appears to
proceed with minimal attentional capacity. In contrast, the RT
congruency effect reflects the competition between task-relevant
processing and value-driven distractor capture for limited central
resources [15, 24]. Under high perceptual load, the visual system
exhausts its perceptual capacity on the primary task, leaving
fewer residual resources for the value-driven priority signal to
influence response selection, thereby reducing RT interference
without abolishing the underlying multisensory spatial bias.

Our findings differ slightly from those of Gupta et al., who found
no significant difference in interference from reward-linked faces
across load levels [19]. This discrepancy may stem from the spatial
positioning of the distractors. In their study, reward-associated
faces were presented centrally within the search array, making
them difficult to ignore regardless of load. In our Experiment 1,
however, auditory targets were central, while visual distractors
were peripheral. This configuration likely allowed participants

to focus their attentional zoom more narrowly on the central
field under high load, thereby effectively mitigating peripheral
interference [17].

To further explore this, in Experiment 2, we adjusted the spatial
relationship of the stimuli by placing visual distractors within
the attentional range of the auditory task. Furthermore, while
the flanker-like style task used in Experiment 1 is a standard
laboratory paradigm, it lacks ecological validity for real-world
audiovisual scenarios where sound sources and visual distractors
are not restricted to central and peripheral fixations. Therefore,
Experiment 2 employed a continuous auditory localization task
[13] to investigate these mechanisms within a more refined and
ecologically valid spatial ventriloquism framework.

3 | Experiment 2: Continuous Auditory
Localization Task

3.1 | Methods

Experiment 2 was designed to build upon the findings of the first
experiment by refining the spatial parameters to more closely
resemble real-world auditory localization scenarios. While Exper-
iment 1 utilized a discrete dichotic task, Experiment 2 presented
auditory stimuli across a broader field (+£36°) and implemented
a fine-grained continuous localization task (see Figure S4 for
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(RT), calculated as the difference between incongruent and congruent
trials (Incongruent—Congruent), plotted separately for low perceptual
load (left cluster) and high perceptual load (right cluster) for Experiment
1. Within each load level, effects are shown for low-value flash (light
gray) and high-value flash (dark gray) conditions. Positive values indicate
slower responses on incongruent relative to congruent trials. Violin plots
show the kernel-density distribution of individual participant congruency
effects.
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FIGURE 6 | Congruency effect in sound localization accuracy, cal-
culated as the difference between congruent and incongruent trials
(Congruent—Incongruent), plotted separately for low perceptual load
(left cluster) and high perceptual load (right cluster) for Experiment 1.
Within each load level, effects are shown for low-value flash (light gray)
and high-value flash (dark gray) conditions. Positive values indicate better
performance (higher accuracy) on congruent relative to incongruent
trials. Violin plots show the kernel-density distribution of individual
participant congruency effects.

setup). By placing visual distractors in close proximity (+9°) to
the auditory targets, this experiment sought to measure the visual
bias (spatial ventriloquism effect) with higher precision. This
setup allowed us to investigate whether the moderating effect of
perceptual load changes when the distractor is positioned within
the immediate attentional range of the target task.

3.1.1 | Participants and Apparatus

Data collection for Experiment 2 was curtailed due to unforeseen
institutional lockdowns and social distancing mandates resulting
from the COVID-19 pandemic. Sixteen university students (5
males, age range 18-25 years, M = 21.9) participated in this
experiment. Consequently, we relied on post-hoc power analyses
to evaluate the sensitivity of our statistical tests. We acknowledge
that post-hoc power calculations cannot substitute for rigorous a
priori sample planning, and this reduced sample size inherently
restricts our statistical power, particularly for detecting complex
interaction effects. Despite this limitation, a post-hoc power
analysis indicated that this sample size still provided a power of
0.91 to detect large effect sizes (f = 0.40) within our repeated-
measures design, ensuring sufficient sensitivity for the primary
experimental manipulations. All were right-handed with normal
or corrected-to-normal vision and hearing, and none reported
color vision deficiencies. The experimental apparatus remained
consistent with the semi-circular rack used in Experiment 1,
but the speaker configuration was expanded to seven locations
(0°, +12°, +24°, and +36°). For each speaker, red and green
LEDs were positioned 9° to the left and right to serve as visual
distractors. Participants provided responses using a specialized
device consisting of five keys and a rotatable pointer equipped
with a laser, which projected a precise point onto the concealing
black cloth to facilitate accurate spatial localization. The study
protocol was approved by the Committee for Protecting Human
and Animal Subjects at the School of Psychological and Cognitive
Sciences of Peking University.

3.1.2 | Design and Procedure

We implemented a 2 X 2 within-subjects design, manipulating
auditory perceptual load (low vs. high) and visual distractor value
(low vs. high). In each trial, auditory and visual stimuli were
presented simultaneously. For go trials (target identification),
participants were required to use their right hand to rotate the
laser pointer to the perceived origin of the sound and press a
confirmation key with their left hand. For no-go trials (non-
target identification), participants pressed another key without
performing a localization. Unlike Experiment 1, the emphasis was
placed entirely on spatial accuracy rather than response speed.
After each response, participants were required to return the
pointer to a neutral “home zone” within the central —5° to 5°
range.

In the absence of a unimodal auditory baseline, we adapted our
protocol based on the paradigms of Wang et al. and Wang and
Theeuwes. While Wang et al. demonstrate that the ability of a
stimulus to capture attention is gated by the interaction between
perceptual salience and value [33], Wang and Theeuwes highlight
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how spatial statistical regularities, even when implicit, induce
location-based suppression that influences attentional capture
and target selection efficiency [10]. Our study utilizes these
principles to investigate how value-driven crossmodal attention
is modulated by perceptual load and spatial configuration. By
examining the differential capture effect under varying distractor
locations (i.e., disparities of audiovisual locations), we emphasize
the impact of reward associations on multisensory integration
while minimizing participant fatigue and eliminate the potential
for overlearning effects.

The reward structure was adjusted to a fourfold difference
between high- and low-value colors to maintain motivation.
Points were awarded based on localization precision: errors
within 4° earned maximum points (2 or 8), while errors between
4° and 8° earned partial points (1 or 4). Localization errors
exceeding 8° or incorrect discrimination resulted in zero points.
Perceptual load was managed in a block design across four
sessions of 224 trials each, counterbalanced in an ABBA/BAAB
sequence. Each block balanced the seven auditory locations and
the spatial positioning of the visual distractors (left vs. right).
A total of 24 practice trials were provided before each load
condition to ensure task proficiency over the approximately
90-min experimental session.

3.1.3 | Data Analysis

Data preprocessing and categorization were conducted using
MATLAB R2018a (Mathworks, Inc.), while statistical analyses
were conducted using repeated-measures ANOVA in jamovi
1.2.17. Initially, sound discrimination error rates in the go/no-go
task were examined to verify task engagement and load efficacy.
For trials requiring target localization, outliers—defined as trials
where either RT or absolute localization error exceeded three
standard deviations from an individual’s mean—were excluded
(representing 3.63% of Go trials). The primary dependent vari-
able of interest was the visual bias in auditory localization, a
measure of the spatial ventriloquism effect. This was calculated
by determining the difference between mean localization angles
when the visual distractor was to the right of the sound versus
the left, averaged across all seven auditory positions. This metric
quantifies the degree to which visual stimuli capture auditory
perception, ranging from zero (no influence) to twice the spatial
disparity between the two stimuli (complete visual dependence).

3.1.4 | Results

The analysis of sound discrimination error rates and localization
RTs confirmed that the manipulation of perceptual load was
successful. Participants exhibited significantly higher error rates
under high auditory load (M = 4.98%) than under low load (M =
1.77%), with a mean difference of 3.21 percentage points [95% CI:
2.06, 4.35], p < 0.001 (Figure 7). Similarly, localization RTs were
slower under high load (M = 1434.02 ms) compared to low load
(M = 1229.42 ms), with a mean difference of 204.60 ms [95% CI:
94.38, 314.84], p < 0.001 (Figure 8).

A significant interaction between auditory load and distractor
value was observed for RTs, F(1, 15) = 6.98, p = 0.018, 7;
= 0.318, 95% CI for the interaction contrast [7.05, 65.92] ms.
Follow-up paired-samples ¢-tests revealed that under high load,
high-value visual distractors resulted in significantly longer RTs
(M = 1450.37 ms) than low-value distractors (M = 1417.67 ms),
{(15) = 2.18, p = 0.046, Cohen’s d = 0.54, 95% CI [0.69, 64.70]
ms. By contrast, under low load, high-value distractors (M =
1227.53 ms) did not differ significantly from low-value distractors
(M = 1231.32 ms), #(15) = -0.27, p = 0.792, d = -0.07, 95% CI [~
33.91, 26.33] ms. While RTs decreased significantly from block 1
to block 2 (mean decrease = 262.89 ms), #(15) = 4.17, p = 0.001,d =
1.04,95% CI [128.47,397.32] ms, the interaction effects with reward
value remained nonsignificant. Furthermore, a linear contrast
confirmed that localization RTs increased monotonically as the
sound source moved further from central fixation, #(15) = 2.17, p
=0.047, d = 0.54, 95% CI [3.46, 399.47] ms.

The analysis of the visual bias (ventriloquism effect) revealed a
robust value-driven effect: high-value visual distractors induced
a significantly larger visual bias (7.93°) compared to low-value
distractors (7.31°), F(1, 15) = 13.09, p = 0.003, 7712, = 0.466, 95%
CI [0.25, 0.98]. Notably, this crossmodal capture of localization
accuracy was not significantly modulated by auditory perceptual
load (M = 7.67 vs. 7.57) or its interaction with reward value (95%
CI [-0.32, 0.90], p > 0.33) (Figure 9). Although the magnitude
of the visual bias decreased over the course of the experiment
(F(1, 15) = 13.66, p = 0.002, n? = 0.477, 95% CI [0.91, 3.39]), the
relative influence of distractor value remained constant (p>0.12)
(Figure 10).

Finally, spatial position modulated the magnitude of the visual
bias on auditory localizations.

For visual bias on sound localization, a 7 (sound location) x 2
(auditory perceptual load) x 2 (visual distractor value) repeated
measures ANOVA showed that the main effect of sound location
was marginally significant, F(6, 90) = 2.12, p = 0.058, 77; =0.124.
Post-hoc comparisons with Bonferroni correction revealed that
the visual bias at the central 0° position (8.67°) was significantly
greater than at the leftmost 36° position (6.60°), with a mean
difference of 2.07° (SE = 0.75, 95% CI [0.46, 3.68]), p = 0.015;
although it was also numerically higher than other positions,
the differences were not significant (ps> 0.8). The interaction
between sound location and auditory perceptual load (F(6, 90) =
1.63,p=0.148, 7)12, =0.098), the interaction between sound location
and visual distractor value (F(6, 90) = 1.42, p = 0.214, nf, =0.087),
and the three-way interaction (F(6, 90) = 0.10, p = 0.996, 15 =
0.007) were all nonsignificant (Figure 10).

For RTs, a 7 (sound location) x 2 (auditory perceptual load) X
2 (visual distractor value) repeated measures ANOVA showed
that the main effect of sound location was significant, F(6, 90) =
32.95, p < 0.001, 7712, = 0.687, with overall performance showing
slower responses as the distance from the center increased.
The interaction effects between sound location and auditory
perceptual load (F(6, 90) = 1.19, p = 0.318, nﬁ = 0.074), between
sound location and visual distractor value (F(6, 90) = 1.11, p =
0.363, nf, = 0.069), and the three-way interaction (F(6, 90) = 1.04,
p = 0.404, n;= 0.065) were all nonsignificant (Figure 11). These
findings indicate that while reward value consistently enhances
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vs. high-value flash) in Experiment 2. Violin plots show the kernel-density distribution of individual participant means. Thick vertical bars indicate the
interquartile range (IQR), and horizontal bars mark the median. Individual data points are overlaid as jittered dots.
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the capture of auditory space by visual distractors, increasing the 3.2 | Discussion

cognitive load of the auditory task primarily impacts the speed of

processing rather than the ultimate perceptual integration of the Consistent with the findings of Experiment 1, the results of Exper-

multisensory signals. iment 2 demonstrate that while the value of a visual distractor
does not affect sound discrimination, it significantly impacts
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auditory localization. High-value visual distractors elicited a
larger visual bias than low-value distractors, indicating a more
pronounced spatial ventriloquism effect. This provides further
evidence that VDAC can occur in crossmodal settings without
prior response training or reinforcement of the task-irrelevant
stimulus. Furthermore, this value-driven crossmodal integration
remains robust and is not modulated by perceptual load.

A key divergence between Experiment 2 and Experiment 1 lies in
the RT data pattern: the difference between high- and low-value
visual stimuli was significant only under high perceptual load,
disappearing under low-load conditions. This pattern aligns with
previous research where value-based distractors were presented
within the focus of attention [19, 20]. These results confirm that
the spatial position of the distractor fundamentally alters the
efficacy of perceptual load. When a distractor cannot be excluded
through attentional zooming because it falls within the task’s
focus, increasing perceptual load fails to mitigate interference
[17]. In such cases, high-reward stimuli possess a competitive
advantage in capturing attention, specifically when cognitive
demands are high.

Analysis of the sound position effect revealed that localization
RTs increased as the source moved further from the center. This
is expected, given that the laser pointer was reset to the central
position before each trial. Regarding the spatial ventriloquism
effect, the magnitude of visual bias was greatest at the 0° (central)
position, differing significantly from the far-left position. This
may be attributed to the center serving as the primary locus
of visual attention, making central visual stimuli more likely to
interfere with auditory localization. Alternatively, the current
feedback mechanism may have induced a spatial bias; because

reward feedback was always given centrally, this information
might have increased attentional prioritization of the central area.
Indeed, Chelazzi et al. demonstrated that reward-based learn-
ing can shift spatial priority maps, with high-reward locations
receiving preferential attention [34].

The finding that the ventriloquism effect was minimized at the
far-left position (while showing no significant difference between
the center and far-right) suggests a degree of spatial asymmetry
in attention. Similar asymmetries have been observed in studies
of the spatial ventriloquism after-effects under perceptual load,
where left-sided stimuli often fail to elicit significant shifts
compared to other locations [35]. This rightward bias is well-
documented in dual-task paradigms: adding an auditory task to
a visual memory task can shift visual attention to the right [36],
and introducing a secondary visual task can cause participants to
perceive right-sided stimuli as appearing earlier in temporal order
judgments [37].

Supplementary block analyses (Figures S5 and S6) confirm the
stability of this dissociation over time. Sound localization RTs
exhibited practice-related speeding, yet the interaction between
reward value and perceptual load remained stable, and the load
effect on localization RTs emerged reliably in block 2. Crucially,
the ventriloquism bias remained statistically stable across blocks,
with perceptual load never significantly modulating visual bias.
Although a value effect on bias appeared under high load in
block 1, it did not persist or interact with the block. Thus,
the core pattern—load-insensitive spatial integration alongside
load-sensitive value-driven RT interference—remained intact
throughout the session, supporting an architectural rather than
fatigue-based account.
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3.3 | General Discussion

The current research utilized the spatial ventriloquism effect to
investigate the mechanisms of value-driven crossmodal atten-
tional processing and the potential moderating role of perceptual
load. By manipulating the spatial relationship between auditory
targets and visual distractors across two distinct localization
tasks, we demonstrated that reward associations can trigger
crossmodal capture and enhance multisensory integration even
in the absence of prior response training. However, the influence
of perceptual load on this capture is contingent upon the spatial
configuration of the stimuli.

3.3.1 | Value-Driven Capture Without Response
Reinforcement

Our findings show that high-value visual distractors interfere
more significantly with auditory localization than low-value ones,
even when these distractors never served as targets. Unlike the
traditional training-test paradigm, which may be confounded
by operant conditioning—where the habit of responding to the
stimulus is reinforced [26]—our single-stage design associated
rewards with task-irrelevant distractors. Because attending to
these distractors led to slower responses and potential reward
loss, the observed capture reflects a robust, automatic prior-
ity mechanism rather than learned motor reinforcement [24].
Furthermore, this value-driven capture enhanced multisensory
integration, resulting in a stronger spatial ventriloquism effect for
high-value stimuli [14, 27].

3.3.2 | The Mediating Role of Spatial Configuration on
Perceptual Load

The interaction between perceptual load and value-driven cap-
ture was found to be contingent on stimulus location. In Experi-
ment 1, which utilized a central target and peripheral distractors,
increasing perceptual load reduced interference, consistent with
the attentional zoom theory, where high load narrows the focus
to the center [17]. Conversely, Experiment 2 revealed that when
stimuli are proximal, and targets are less spatially certain, high
load actually increased the interference gap between high- and
low-value distractors. When distractors fall within the task’s
immediate attentional range, they cannot be filtered out; instead,
the increased cognitive focus associated with high load may
inadvertently heighten the capture by reward-linked stimuli [20].

3.3.3 | The Role of Automaticity in Crossmodal
Integration

Notably, while perceptual load modulated RTs, it did not affect
the accuracy-based spatial ventriloquism effect in either exper-
iment. Under high perceptual load, the visual system could
exhaust its perceptual capacity on the primary task, leaving
fewer residual resources for the value-driven priority signal to
influence response selection, thereby reducing RT interference
but without abolishing the underlying multisensory spatial bias.
This suggests that crossmodal integration may be an automatic
process that persists even when attentional resources for the
distractor modality are reduced [38]. While our findings demon-

strate the persistence of the visual bias under the specific load
conditions tested, they are insufficient to claim that multisensory
integration is entirely automatic, nor is it wholly independent of
general attentional resources, given that the intricate relationship
between perceptual load and attention is beyond the scope of
this study. Our results imply that discrepancies in previous cross-
modal load studies [21-23] may depend on whether the stimuli
across modalities are integrated into a single object or remain
independent. This has practical implications for managing dis-
tractions: while increasing task difficulty (perceptual load) can
help ignore peripheral distractions, it may paradoxically increase
distraction if the valued object—such as a smartphone—remains
within the immediate focus of attention.

3.3.4 | Limitations, Future Research, and Conclusion

It is important to interpret the findings of Experiment 2 with
caution due to the limited sample size (n = 16) caused by
pandemic-related testing curtailments. Because this early ter-
mination forced a reliance on post-hoc power analyses, our
confidence in the robustness of the observed interaction claims
is necessarily weakened. To avoid overstating these findings, we
consider the interaction between perceptual load and distractor
value in this experiment to be strictly exploratory and preliminary.
Future research employing adequately powered, a priori sample
planning is required to confidently replicate these interaction
effects and validate the precise boundaries of this visual bias.

While this study provides evidence for value-driven crossmodal
capture, several limitations remain. First, these conclusions may
not generalize across all sensory pairings, such as olfactory
or tactile modalities, which possess unique physiological and
social value signatures [39, 40]. Future research should explore
whether the immunity of integration to perceptual load holds
true across more diverse multisensory contexts. Additionally,
while we focused on positive monetary rewards, the role of
negative valence—such as loss or pain—remains unexplored in
this framework [19, 33].

From a methodological perspective, the use of a binary load
manipulation (low vs. high) may not capture the threshold at
which multisensory integration is finally affected [18]. Future
studies should consider implementing multiple levels of load
to determine if a breaking or transitional point exists for
crossmodal integration. Finally, while behavioral data clearly
distinguish between capture (speed) and integration (accuracy),
more direct and stronger evidence could be gathered through
electrophysiological or neuroimaging techniques. Analyzing ERP
components such as the N2pc for attentional capture [41] or the
N260 for ventriloquism-related auditory cortex activation would
provide more precise data on the temporal and structural neural
mechanisms at play [42].

Future directions should substantiate the temporal and network-
level signatures of the present behavioral dissociation. Elec-
trophysiological studies could determine if high-value distrac-
tors and load interact to modulate early sensory event-related
potentials (ERPs) and late spatial tracking components [42-44].
Furthermore, functional magnetic resonance imaging (fMRI)
and connectivity analyses might clarify whether load-dependent
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spatial processing [45] and value-driven cross-modal capture
rely on dissociable superior temporal sulcus (STS) /intraparietal
sulcus (IPS) and orbitofrontal networks [46]. Time-frequency
analyses could also reveal whether fronto-medial theta oscilla-
tions track the conflict between task goals and reward-driven
capture [47, 48].

Additionally, constraints on the current study’s generalizability
motivate several behavioral extensions. Because our design relied
on monetary rewards, audiovisual dyads, and healthy young
adults, future directions should explore whether these load-
by-value interactions generalize to other reinforcers and across
other multisensory domains [49]. Lifespan and clinical studies—
particularly in schizophrenia, where multisensory temporal bind-
ing windows are altered [50]—are necessary to map the bound-
aries of reward-driven crossmodal capture. Finally, parametric
manipulations of intersensory disparity could help determine
whether value-driven capture engages the same causal-inference
competition mechanisms as neutral spatial conflict [47].

In conclusion, this research reveals that in audiovisual spa-
tial attention, visual distractors associated with reward can
trigger value-driven crossmodal capture and enhance multisen-
sory integration without prior response training. The effect of
perceptual load on RT interference is dictated by the spatial
positioning of the stimuli: high load reduces peripheral inter-
ference but amplifies interference from distractors within the
attentional focus. Critically, perceptual load does not modulate
the spatial ventriloquism effect, suggesting that value-driven
crossmodal integration (realized in the spatial ventriloquism
effect) operates on an automatic mechanism that is relatively
independent of top-down attentional resource allocation. While
the observed pattern aligns with our theoretical predictions,
we acknowledge that the modest sample size (particularly for
Experiment 2) limits statistical power, and future studies with
larger cohorts are needed to confirm the robustness of these
effects.
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