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Abstract

Emotion is typically perceived in dynamic multisensory contexts. Although previous studies have demonstrated multimodal gains
in audiovisual recognition (i.e., general enhancement in audiovisual conditions), they have not clarified how visual and auditory
information contribute to affective judgments or whether their contribution differs by emotion categories. The current study inves-
tigated how emotion perception varies across modalities and examined whether these variations depend on emotion categories.
We conducted an emotion perception experiment using audio-only (AO), video-only (VO), and audio-visual (AV) speech stimuli.
Participants evaluated the valence (positive/negative) and arousal (weak/strong) of stimuli depicting seven emotions (angry, calm,
disgust, fearful, happy, sad, and surprise). Overall, AO stimuli tended to be perceived as more negative in valence and weaker in
arousal compared to VO or AV stimuli. In representational similarity analysis, the response patterns for AV were more similar to
VO than to AO. Happy and disgust stimuli were rated as weaker in arousal and less positive or less negative in valence in AO
condition than in other conditions. For surprise, VO stimuli were rated more negatively than AO and AV. However, angry, fearful,
and sad emotions did not differ between modalities. These findings indicate that affective judgments are not solely driven by general
enhancement from combined audiovisual cues; rather, the relative importance of sensory modalities varies by emotion, suggesting
that specific unimodal cues can be as informative as multimodal information. These modality-specific contributions to emotion
perception have implications for clinical assessment, social communication, and affective neuroscience.

Public significance statement

Emotion is typically understood through multisensory information in the real-world; however, it is frequently perceived
even in the absence of sensory input, such as when wearing a face mask during the COVID-19 pandemic or during tele-
phone conversations. This study examines the role of sensory input in emotion perception. In situations requiring emo-
tion perception that relies on specific inputs, understanding how the influence of sensory input varies across emotional
categories is essential to facilitate more effective communication.

Introduction

Accurate comprehension of others’ emotions is essential in
social interactions. Emotion perception utilizes various sen-
sory information, such as facial expression and voice. As
facial expressions are crucial for accurate emotion perception,
most studies of emotion perception have utilized static facial
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expressions as emotional stimuli. However, in real life, indi-
viduals perceive emotions using multisensory information.
For instance, only auditory information is used in phone con-
versations. Thus, multisensory stimuli should be considered in
emotion perception research.

Previous studies of emotional modality have confirmed
multimodal gain in emotion recognition (i.e., general enhance-
ment in audiovisual conditions). Multimodal gain occurs when
classifying emotional stimuli, as multimodal stimuli lead to
better performance than do unimodal stimuli (De Gelder &
Vroomen, 2000; Kreifelts et al., 2007; Zheng & Hsiao, 2023).
Additionally, multimodal stimuli show greater neural activation
in functional magnetic resonance imaging (fMRI) compared to
unimodal stimuli, activating the bilateral posterior superior tem-
poral gyrus (pSTG) and right thalamus (Kreifelts et al., 2007).
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The influence of emotional modality can vary across emo-
tional categories. Specifically, different emotions are associated
with distinctive visual information perceived from diagnostic
regions of the face. Differences in eye movements support this
hypothesis. Previous studies using facial expressions have dem-
onstrated that different emotions involve different eye movement
patterns (Calvo et al., 2014, 2018; Nusseck et al., 2008; Schurgin
et al., 2014; Smith et al., 2005; Zheng & Hsiao, 2023). Partici-
pants frequently focused on the eye regions of angry, fearful, or
sad faces, and motion recognition performance improved when
fixations were allocated to the eye region. Conversely, happy,
disgusted, and surprised faces were primarily recognized from
the mouth and nose regions. These distinct fixation patterns indi-
cate that the diagnostic value and salience of facial features vary
substantially across emotion categories. According to the prin-
ciples of multisensory integration, sensory inputs are optimally
weighted by their relative reliability and informativeness for a
given task (Campanella & Belin, 2007; Ernst & Banks, 2002).
Therefore, given that the diagnostic utility of visual cues varies
among different emotions, the relative perceptual weight—or
reliance—placed on the visual versus auditory modality may
also differ depending on the emotion involved.

Additionally, emotion categories are associated with sen-
sory information to varying degrees. When recognizing emo-
tions from a unimodal stimulus, the other unimodal modalities
are recalled. For example, audiovisual associations from either
visual or auditory modalities are common (Zheng & Hsiao,
2023). In prior studies, fearful and angry emotions involved
in survival had stronger audiovisual associations in emotion
recognition, whereas acquired emotions such as disgust had
weaker associations (Rottman & Hastie, 2014; Skuse, 2003;
Widen & Russell, 2013). A recent study found that audiovisual
associations differ across emotions, with weak emotions exhib-
iting less multimodal gain, indicating the influence of modal-
ity on emotion recognition (Zheng & Hsiao, 2023). However,
categorical approaches to emotion recognition provide limited
insight into how emotions differ across modalities, as such
approaches rely on discrete labels and classification accuracy
measures. Such approaches cannot specify whether modality-
specific differences arise primarily in valence, arousal, or both.
Therefore, a dimensional approach is necessary to capture
modality-by-emotion interactions quantitatively.

An emotional-dimensional approach, rather than a categori-
cal one based solely on classification accuracy, may help iden-
tify how information in each sensory modality contributes to
emotion perception and how their integration changes emotion
perception. According to the dimensional theory, emotions can
be categorized along two orthogonal axes: valence and arousal
(Hamann, 2012; Russell, 1980, 2003). Valence ranges from posi-
tive to negative, while arousal ranges from weak to strong. This
approach can capture emotional details and integrate with neuro-
science data (Barrett, 2006; Lee et al., 2023; Posner et al., 2005).
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Different sensory modalities may differentially affect each
dimension of emotion perception. Moreover, Ekman’s basic
emotions can be mapped onto this dimensional space (Ekman,
1992; Gu et al., 2019). This indicates that facial expressions
classified into basic emotional categories can be sufficiently
analyzed using a two-dimensional approach. In this context, we
use the term emotion-specific modality effects as a descriptive
label for the interaction between sensory modality and emotion
category in perceived valence and arousal, consistent with the
dimensional approach to emotion.

We utilized multivariate pattern analysis (MVPA) to analyze
the dimensional property of emotion. In MVPA, representational
similarity analysis (RSA) and multidimensional scaling (MDS)
are preferred for comparing and mapping relationships among
multi-voxel patterns in fMRI research (Kriegeskorte et al., 2008).
Notably, MDS has been used in emotion research to confirm the
distribution of emotions along valence and arousal axes (Del-
lacherie et al., 2011; Lee et al., 2023; Russell & Bullock, 1985).
RSA enables direct comparisons to be made between various
data types, including neural, behavioral responses, computa-
tional models, and cross-species, using representational dissimi-
larity matrices (RDMs). RDMs are created for behavioral data
by calculating Euclidean distances between responses. Then,
based on the dimensional theory of emotion, RSA, which uti-
lizes the RDMs created using Euclidean distances among emo-
tional states in a two-dimensional space, enables comprehensive
and integrative quantitative analysis of emotion perception.

The current study investigated how emotion perception
varies quantitatively across sensory modalities. Specifically,
sensory modalities differentially shape emotion perception
along valence and arousal dimensions, with visual information
often contributing strongly to valence-related evaluations and
auditory information demonstrating particular relevance for
arousal-related perception (Li et al., 2025). Additionally, previ-
ous studies suggest that perceiving audiovisual emotions tends
to resemble visual-only perception rather than auditory-only
perception (Collignon et al., 2008). Based on prior evidence,
we hypothesized that emotion perception would differ between
visual and auditory modalities, with each sensory modality
exerting distinct influences on valence and arousal. In particular,
we predicted greater differences for visual information when the
perceptual pattern in the visual modality resembled that in the
audiovisual stimulus.

Method
Participants
For the current study, we reanalyzed data from the seventy

Korean participants (35 women) aged between 20 and 35
years were recruited (mean=25.3 years, standard deviation
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(SD)=3.1 years) in our previous study (Lee et al., 2026). All
were right-handed and had corrected visual acuity. This study
was approved by the Institutional Review Board of the Korea
Brain Institute, and all participants provided written informed
consent. Following a previous study (Zheng & Hsiao, 2023),
power analysis for a repeated-measures ANOVA was con-
ducted in G*power using Cohen’s f of 0.9045 (equivalent to
an 7 2 of 0.45), power 0.95, and alpha 0.05. The analysis sug-
gested 14 participants to capture the interaction effect (Faul et
al., 2007). Nevertheless, the sample size was increased to 70 to
ensure sufficient statistical power.

Experimental materials

A total of 840 speech stimuli (560 video and 280 audio) were
collected from the Ryerson Audio-Visual Database of Emo-
tional Speech and Song (RAVDESS; Livingstone & Russo,
2018). Based on the goodness scores that assessed overall emo-
tion recognition (Livingstone & Russo, 2018), we selected the
five highest-rated male (actor number: 3, 5, 7, 9, and 19) and
female actors (actor number: 2, 6, 8, 12, and 18). The average
ratings for male and female actors were 5.5 (SD=0.2) and 6.1
(SD=0.3), respectively. The stimuli included three modali-
ties (AO, VO, and AV) and strong versions of seven emotions
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Fig. 1 Experimental trials for each modality

(angry, calm, disgust, fearful, happy, sad, and surprise). Neutral
emotions were excluded because they lacked strong versions,
and responding to their valence and arousal may be challenging.
Some original stimuli initially exceeded 4 s. Therefore, we trun-
cated the ends of these longer stimuli. After editing, all stimuli
were checked by a researcher to ensure that the audio and visual
signals remained natural and that the emotional expressions
were not disrupted. The average duration of the final edited
stimulus files was 3.68 s (see https://osf.i0/759a4/). During the
experiment, the presentation time for all stimuli was fixed at
exactly 4 s; thus, stimuli shorter than 4 s were extended with
silence at the end of the presentation.

The monitor diagonal length was 27 inches, with a resolu-
tion of 1920 x 1080 pixels and a refresh rate 60 Hz. A chinrest
was utilized to maintain a 57 cm distance between the monitor
and the participant’s eyes. The video stimulus was presented
on the screen at approximately 38.9° x 23.2° in visual angles.
The word “Sound” appeared in white at the center of the
screen for audio stimuli.

Experimental procedure

Figure 1 illustrates the experimental procedure for each
modality. The stimulus was presented for 4 s, followed by
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2 s of fixation. Then, the participants evaluated the valence
and arousal for 2 s in each phase. The evaluations employed
4-point Likert scales: for valence, response options were
“very negative,” “negative,” “positive,” and “very positive,”
and for arousal, the options were “very weak,” “weak,”
“strong,” and “very strong.” Trials without responses were
removed before analysis.

Two actors (one male and one female) were assigned as
stimuli for each participant, counterbalancing each block.
Modality was presented differently across blocks, resulting
in six blocks for each participant. In the modality block, we
expected the order effect from AV to AO or AV to VO would
be larger than that from AO to AV or VO to AV. Accord-
ingly, participants were assigned to one of two counterbal-
anced modality-order sequences: AV-first (N=35) or AV-last
(N=32), in which the AV condition appeared either first or
last in the task. To empirically check the presence of these
anticipated order effects, we conducted exploratory sup-
plementary analyses of these two groups. These analyses
revealed a significant order effect in arousal ratings, but not
in valence ratings, confirming the necessity of our counter-
balanced design (see Supplementary Table S1 for detailed
results).

The stimuli for one block included 28 trials, featuring
seven emotions and two dialogues (e.g., “Kids are talking
by the door,” “Dogs are sitting by the door”) repeated once.
This resulted in 168 trials in the experiment. The partici-
pants could take sufficient breaks between each block. They
were instructed to rate the valence and arousal levels of each
stimulus using a 4-point Likert scale during the experiment
and completed seven practice trials featuring a single actor
portraying all seven emotions; this actor was excluded from
the main experiment.

99

Behavioral analysis of valence and arousal
responses

We excluded participants based on their response aver-
ages if (1) either the valence or arousal rating was miss-
ing in more than 20% of all trials; (2) the same valence
or arousal rating was made in more than 90% of all tri-
als; or (3) either valence or arousal average reaction time
exceeded 3 SD from the mean across all participants.
Three participants were excluded owing to missing data
(missing rate: 38%, 41%, and 60%), resulting in 67 par-
ticipants (32 women, mean age=25.2 years, SD=3.1
years) for the analysis. Then, we removed all trials with
missing data (1.67% of the total) for either the valence
or arousal rating from the 67 participants. Valence and
arousal ratings were coded on a scale of 1 to 4, with those
close to 1 indicating a more negative and weaker or less
intense feelings, respectively.
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We performed a repeated-measures analysis of variance
(ANOVA) to investigate the differences between modalities
based on emotions. Because repeated-measures ANOVA
only indicates differences in mean valence and arousal
across isolated dimensions, it is challenging to directly
determine whether holistic response patterns (e.g., whether
AO and VO resemble AV) vary across modalities. There-
fore, we conducted representational similarity analysis
(RSA) to investigate the relational structure of the entire
emotion space (Kriegeskorte et al., 2008).

We modeled participant-level RDMs using the follow-
ing procedure to define the exact observations entering the
matrices: First, we computed each participant’s mean behav-
ioral ratings for 28 distinct stimulus categories (7 emotions
x 2 actors’ sex x 2 rounds). For the combined valence-and-
arousal RDM, the mean valence and arousal ratings for each
condition were plotted as coordinates in a two-dimensional
space. The observations populating the cells of the resulting
28 x28 RDM per participant were the Euclidean distances
calculated between these coordinate points for every pos-
sible pair of conditions. Euclidean distance was specifically
chosen because it captures absolute geometric distances in
psychological affective space, accounting for critical shifts
in affective intensity and polarity, which purely correlational
metrics might overlook (e.g., Russell, 1980). We conducted
RSA for valence, arousal, and both valence and arousal.

For statistical inference, we computed Spearman’s rank
correlations between the lower-triangular portions of the
individual-level RDMs across modalities. These correla-
tion coefficients were Fisher Z-transformed to approach a
normal distribution and then subjected to repeated-measures
ANOVA, followed by Bonferroni-corrected paired t-tests.
The group-average RDM was calculated as the mean of all
participants’ RDMs, for visualization purposes only. We
applied multidimensional scaling (MDS) to these group-
average RDMs and utilized Procrustes analysis, aligning the
coordinates of the AO and VO modalities to the AV refer-
ence space to enable direct geometric comparisons.

Results
Statistical evaluation

Greenhouse-Geisser correction was employed when the
sphericity assumption was violated. All post-hoc tests were
Bonferroni-corrected. Regarding the valence ratings, the
results revealed a significant main effect of modality, F(1.8,
119.5)=7.05, p = .002, 1 Z, = 0.008. The main effect of emo-
tion was also significant, F(4.6, 304.9)=796.06, p < .001,
n % = 0.839. The interaction between modality and emotion
was significant, F(8.0, 526.9)=53.90, p <.001, 7 Z = 0.206.
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Post-hoc analysis revealed that AO conditions were evaluated
more negatively than AV, #(66)=-3.26, p = .005, Cohen’s d,
(d, =t/v/N)=—0.398, and VO conditions, #(66)=—2.54,
p = .039, Cohen’s d,=—0.310. However, VO and AV con-
ditions did not differ significantly, #(66) = 1.24, p = .654,
Cohen’s d, = 0.152. In the post-hoc analysis for emotion,
most emotions significantly differed from each other, |#(66)|
>4.17, p £.002, |Cohen’s d | > 0.509; however, differences
were not significant between disgust and fearful, #(66) =0.18,
p=1.000, Cohen’s d, = 0.022, disgust and sad, #(66)=—2.29,
p=.528, Cohen’s d,=—0.280, and fearful and sad stimuli did
not, #(66)=-2.40, p = 400, Cohen’s d,=—0.293.
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Fig. 2 Average valence and arousal ratings for audio-only, audio-
visual, and video-only stimuli, grouped by seven emotions. The

left and right panels show valence and arousal ratings, respectively.

An additional analysis was conducted to examine the
interaction between modality and emotion, specifically
how modality affected individual emotion perception, as
indicated by valence ratings. Regarding valence (Fig. 2),
we analyzed the differences in modality for each emotion
to determine if specific emotions were associated with
particular modalities. Angry stimuli were rated more neg-
atively in the AO than in the AV condition (see Table 1).
Calm stimuli were rated less positively in AO than in AV
and VO conditions. Disgust stimuli were rated less nega-
tively in AO than in AV and VO conditions. Happy stim-
uli were rated less positively in AO than in AV and VO
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AO=audio-only; VO=video-only; AV=audio-visual. The error bars
represent within-subject standard errors. * p < .05, ** p < .01, *** p
<.001, 1 p<.10

Table 1 Post-hoc comparisons of modality within each emotion for valence and arousal ratings. AO=Audio-only, AV=Audio-visual, VO=Video-

only
Emotion Comparison Valence Arousal
1(66) 2 Cohen’s d. #66) 2 Cohen’s d.
Angry AO—-AV 2.72 0.025%* 0.332 —-1.68 0.293 —0.205
AO-VO 1.41 0.493 0.172 0.13 1.000 0.016
AV-VO -1.25 0.653 —0.153 1.84 0.211 0.225
Calm AO—-AV —6.88 <0.001*** —0.841 -1.60 0.342 —0.196
AO—-VO -7.91 <0.001*** —0.966 —4.68 <0.001*** —0.572
AV-VO 0.18 1.000 0.022 -3.78 0.001%* —0.462
Disgust AO—-AV 8.16 <0.001*** 0.997 —8.24 <0.001*** —-1.007
AO-VO 10.54 <0.001*** 1.288 —9.51 <0.001*** -1.162
AV-VO 1.87 0.198 0.229 —4.04 <0.001*** —0.494
Fearful AO-AV 0.004 1.000 0.001 —0.52 1.000 —0.064
AO—-VO —0.08 1.000 —0.010 —0.40 1.000 —0.049
AV-VO —0.10 1.000 —0.012 0.12 1.000 0.015
Happy AO—-AV -10.71 <0.001*** —1.308 —6.64 <0.001*** —0.811
AO-VO -12.75 <0.001*** —1.558 —=7.05 <0.001*** —0.861
AV-VO —0.86 1.000 —0.105 —1.64 0.319 —0.200
Sad AO-AV —1.44 0.466 —0.176 0.87 1.000 0.106
AO-VO —-1.80 0.228 —0.220 —0.72 1.000 —0.088
AV-VO —-0.37 1.000 —0.045 —-1.40 0.502 —0.171
Surprise AO—-AV 1.45 0.458 0.177 2.23 0.087% 0.272
AO-VO 423 <0.001*** 0.517 —0.45 1.000 —0.055
AV-VO 5.14 <0.001*** 0.628 —2.91 0.015% —0.356

*p<.05, % p< 01, **p< 001, Fp<.10
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conditions. Conversely, surprise stimuli were rated more
negatively in VO than in AO and AV conditions. These
emotions did not differ significantly in other condition
comparisons. Additionally, fearful and sad stimuli did not
differ significantly across modalities.

Regarding the arousal rating, there was a significant main
effect of modality, F(2.0, 128.8)=30.49, p < .001, nZ =
0.033, and emotion, F(4.4, 291.2)=316.09, p < .001, n %
= 0.668. Similar to valence, modality and emotion had a
significant interaction effect, F(8.6, 567.8)=19.04, p <
.001, 7% =0.057. In the post-hoc analysis of modality, AO
was less arousing than AV and VO conditions, AO—AV:
#66)=—4.87, p < .001, Cohen’s d,=—0.595; AO—-VO:
#(66)=—7.38, p <.001, Cohen’s d,=—0.902. Furthermore,
arousal for VO stimuli was evaluated as stronger than that
for AV stimuli, #(66)=3.23, p = .006, Cohen’s d, = 0.395.
The post-hoc analysis of emotions revealed no significant
differences between fearful and happy stimuli, #(66)=1.22,
p=1.000, Cohen’s d_ = 0.149, and sad and surprise stimuli,
#66)=2.19, p = .674, Cohen’s d, = 0.268. However, most
emotions significantly differed from each other, |#(66)| >
4.89, p <.001, |Cohen’s d,| > 0.597.

An additional analysis was conducted to examine the
interaction effect of modality and emotion on arousal rat-
ings (Fig. 2). Calm stimuli were rated as stronger in VO than
in AO and AV conditions (see Table 1). Disgust stimuli dif-
fered significantly across all pairs of modalities: weaker in
AO than in AV and VO conditions, and stronger in VO than
in AV conditions. Happy stimuli were rated as less arousing
in AO than in AV and VO conditions. Surprise stimuli were
rated as more intense in the VO than in the AV condition,
and marginally more intense in the AO than in the AV condi-
tion. For these emotions, the other pair of conditions did not
exhibit a significant difference. Additionally, angry, fearful,
and sad stimuli did not differ significantly across modalities.

Representational similarity analysis and
multidimensional scaling

Figure 3 displays group-level RDMs, correlation distance
graphs, and multidimensional scaling plots to analyze cor-
relations in behavioral response patterns by modality. For
modality-related valence RDMs, the VO RDM was highly
similar to the AV RDM. However, the AO RDM was less
similar to both AV and VO RDMs (Fig. 3A). To compare
the response pattern correlations across modalities, we
calculated correlation distances (1—r) across modalities
at the participant level, transformed correlation distances
to Fisher’s Z, and then conducted a repeated-measures
ANOVA and post-hoc analysis with the Bonferroni cor-
rection. A significant difference was observed by modality,
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F(2,132)=178.04, p < .001. Post-hoc analysis indicated a
significantly higher correlation distance of AO—AV than for
AV-VO, #(66)=—15.30, p <.001. The correlation distance
of AO-VO was significantly higher than that of AO-AV
and AV-VO, (AO-VO) — (AO-AV): #66)=—2.97, p =
.004; (AO-VO) — (AV=VO): #(66)=—13.22, p < .001. In
the MDS plots, emotions were distributed along the valence
dimension in a two-dimensional space. Interestingly, dis-
gust and surprise stimuli were distributed in a more positive
direction in the AO plot than in other modality plots.

Regarding the arousal RDMs related to modality, the
correlation between AO RDM and AV RDM was similar to
that between VO RDM and AV RDM. However, AO RDM
was less similar to VO RDM. A repeated-measures ANOVA
and post-hoc analysis with Bonferroni correction were con-
ducted as for valence. A significant difference was found by
modality, F(2, 132)=21.16, p < .001. The correlation dis-
tance of AO-VO was significantly higher than that of AO—
AV and AV-VO, (AO-VO) — (AO-AV): #(66)=—-6.74, p <
.001; (AO-VO) — (AV-VO): #(66)=—5.87, p <.001. How-
ever, the correlation distances of AO-AV and AV-VO did
not differ significantly, #/66)=0.13, p=1.000. In the MDS
plots, emotions were distributed along the arousal dimen-
sion in a two-dimensional space. Disgust and happy stimuli
were distributed at lower arousal levels in the AO plot than
in other modality plots.

Regarding valence and arousal RDMs, the correlation for
VO RDM was highly similar to that for AV RDM. How-
ever, AO RDM was less similar to both AV RDM and VO
RDM (Fig. 3(C)). Repeated-measures ANOVA and post-
hoc tests indicated a significant difference in modality, F(2,
132)=104.26, p < .001. The correlation distance of AO-VO
was significantly higher than that of AO—AV and AV-VO,
(AO-VO) - (AO-AV): (66)=—7.07, p <.001; (AO-VO) —
(AV=VO): #(66)=—13.46, p <.001. The correlation distance
of AO-AV was significantly higher than that of AV-VO,
#66)=—"7.87, p < .001. In the MDS plots, emotions were
distributed along the valence and arousal dimensions in a
two-dimensional space (Fig. 3C). These distributions indi-
cate that the RDMs were successfully modeled with a clear
distinction among emotional representations. Notably, dis-
gust and surprise stimuli were positioned closer to the posi-
tive emotions in the AO plot than in other modality plots.
Additionally, happy stimuli were similarly situated nearer
to the other emotions in the AO plot than in other modality
plots.

We visualized the combined MDS for the three modali-
ties and connected the corresponding stimuli across modali-
ties to illustrate their representational trajectories (Fig. 4).
Interestingly, for disgust, happy, and surprise stimuli, VO
was more similar to AV. In contrast, AO was more isolated
from other modalities.
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Fig. 4 Representational trajectories across modalities. Multidimen-
sional scaling (MDS) of audio- only (AO), video-only (VO), and
audio-visual (AV) was integrated into a single embedding space. Cor-
responding stimuli across modalities were connected to visualize their
representational trajectories. Each modality is shown with a different
marker: AO, circle; AV, square; and VO, triangle. This visualization
displays condition-specific trajectories, emphasizing how representa-
tions shift across modalities. Notably, for disgust, happy, and surprise
stimuli, AO was more isolated from other modalities

Discussion

The current study investigated how sensory modality influ-
ences emotion perception and whether certain emotions rely
on specific modalities. We utilized MDS and RSA using
dimensions of three emotional modalities—AO, VO, and
AV. The findings demonstrated emotion-specific modality
effects. As we hypothesized, the visual and auditory modali-
ties distinctly influenced emotion perception with respect
to valence and arousal levels. Moreover, while there was
an overall tendency for individuals to perceive emotions as
more negative and weaker for AO stimuli than for those with
visual information, this effect was primarily driven by spe-
cific emotions such as happiness and disgust. Conversely,
evaluations of angry, fearful, and sad emotions remained
robustly consistent across modalities, whereas assessments
of surprise exhibited a unique pattern reflecting a greater
influence of auditory cues.

The present study showed that individuals perceive emo-
tional valence differently in the auditory modality than in
other modalities. The relationship between valence and
arousal was V-shaped in the VO and AV conditions (Fig.
S1), which aligns with previous findings of a consistent
shape across emotional stimuli (Gjoreski et al., 2022; Kron
et al., 2015; Kuppens et al., 2013). However, the shape in

@ Springer

the AO condition was different than that in other modali-
ties. Specifically, individuals perceived happy stimuli less
positively in the AO condition. Additionally, the response
patterns in the valence and arousal RSA were less similar
in AO than in other modalities (Fig. 3(C). Separate exami-
nation of valence and arousal showed that the disparity in
AO response patterns was more pronounced for valence
(Fig. 3(A). These results indicate a greater influence of
visual information, especially when assessing the valence
of emotions. It suggests that individuals perceive auditory
emotional information without visual cues, such as that in
phone calls, differently than in other modalities.

In contrast, arousal perception did not differ significantly
between auditory and visual modalities. Specifically, the
response pattern similarity between VO and AV condi-
tions and that of AO and AV conditions did not differ in the
arousal RSA (Fig. 3(B), suggesting that arousal perception
did not favor either modality. Moreover, arousal in the VO
condition was perceived as stronger than in the AV condi-
tion. Previous research has found that multimodal informa-
tion is more effective than unimodal information in emotion
recognition (Zheng & Hsiao, 2023). Multimodal informa-
tion is accompanied by high BOLD responses in brain
imaging (Kreifelts et al., 2007) and elicits stronger arousal
responses due to its increased sensory input. However, the
present findings suggest that multimodality may not lead
to greater enhancement in every case. Arousal has been
explored less frequently than valence (Zsido, 2024); there-
fore, more research is needed to investigate this outcome.

We observed that modality effects in emotion percep-
tion varied across emotional categories. Specifically, visual
information played an important role in perceiving disgust,
happiness, and calm. This aligns with a previous study,
which reported that individuals rely more on visual infor-
mation when recognizing disgust and happiness (Zheng &
Hsiao, 2023). Moreover, modality-related differences in the
valence patterns of calm were similar to those of happiness,
indicating that calm may have been evaluated as a relatively
positive emotion in the present study. Future studies would
benefit from including neutral emotions as a baseline condi-
tion when comparing calm with other emotions. By contrast,
other emotions were perceived consistently across modali-
ties. Specifically, although the valence of anger was rated
less negatively in the AO than in the AV condition, overall
ratings were consistent across modalities. Moreover, fearful
and sad had consistent valence and arousal ratings across
modalities, as indicated by the ANOVA results. These find-
ings are in line with prior studies on the characteristics of
gaze movements, and the audiovisual associations with
these emotions may have been reflected, even with limited
sensory modalities. However, because the current study
did not directly measure eye movements or manipulate
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audiovisual associations, interpretations of these mecha-
nisms remain largely speculative. These mechanisms should
be tested in future studies using eye-tracking methods or by
manipulating variables related to audiovisual associations.

Interestingly, surprise exhibited a distinctive pattern across
sensory modalities. In our results, surprise stimuli were rated
more negatively in the VO condition than in both the AO
and AV conditions, whereas valence ratings did not differ
significantly between AO and AV. These results indicate that
the absence of auditory information leads to a more negative
affective judgment of surprise, highlighting the critical role
of auditory cues in modulating its valence. The uniqueness
of surprise perception across modalities aligns with previous
studies, which have reported modality-specific differences
in arousal (Li et al., 2025) or demonstrated auditory domi-
nance in recognition accuracy (Chong et al., 2024). A com-
mon feature in previous studies and the current results is that,
unlike other emotions, the evaluation of surprise is signifi-
cantly influenced by auditory information. Consequently, the
results show that auditory information strongly contributes to
evaluating surprise stimuli, suggesting that employing fully
integrated AV stimuli may facilitate more comprehensive
affective judgments in research involving surprise.

The current study has several limitations. First, one limi-
tation regarding the observed modality effects is potential
asymmetry in the direction of emotion and self-relevance
across sensory stimuli. Emotion perception and recognition
are influenced by the direction of visual information, such as
gaze and head orientation (Adams & Kleck, 2005; Hess et al.,
2007; Milders et al., 2011). Furthermore, the self-relevance
of emotional stimuli influences the intensity of emotion,
involving the amygdala, fusiform gyrus, and medial prefron-
tal cortices (N’Diaye et al., 2009). The current study used
visual forward-facing stimuli to simulate social interaction
in participants. Therefore, the visual information may have
provided emotional direction or self-relevance, enhancing
emotion perception. In contrast, auditory stimuli in the cur-
rent study might have lacked direction or emotional self-rel-
evance. The auditory stimulus consisted of a neutral sentence
containing random information presented by an actor. Due to
a lack of self-relevant information in the auditory stimuli, the
participants might have deemphasized auditory information.
Therefore, the observed modality effects may partly reflect
the greater directionality and social relevance of the visual
stimuli rather than modality differences alone. Future studies
should use auditory information that includes properties such
as dialogue with the participant’s name (Deng et al., 2022) or
a calling situation that induces one-to-one interaction.

Second, neutral stimuli and weaker emotional stimuli
were not included, which could limit the interpretation of
valence-space organization, particularly for calm and sur-
prise. Although calm exhibited a valence pattern similar to

that of happy, and surprise demonstrated a pattern relatively
consistent with auditory dominance across modality condi-
tions, these interpretations should be considered tentative
because they have not been compared with responses to
neutral stimuli. Future studies should include neutral emo-
tional stimuli as a baseline condition. Additionally, modal-
ity effects may differ for lower-intensity or more ambiguous
emotional expressions. Thus, future studies should compare
normal- and strong-intensity stimuli to examine whether
modality effects vary with emotional intensity or ambiguity.

Finally, another limitation of the study is the potential
influence of cross-cultural and cross-linguistic factors.
All participants were young Korean adults, whereas the
RAVDESS stimuli were produced by North American Eng-
lish-speaking actors. Participants were instructed to focus on
the emotional expression rather than the semantic meaning
of speech, and the auditory stimuli consisted of semantically
neutral sentences. However, we cannot exclude the possi-
bility that familiarity with English prosody, accent, or cul-
turally specific emotional expressions influenced emotion
perception, particularly in the AO and AV conditions. Future
research should include measures of language proficiency
and cultural exposure and compare culturally matched and
mismatched stimuli to determine whether modality-specific
influences generalize across linguistic and cultural groups.

Further studies using other channels in emotion percep-
tion are needed (e.g., eye movement patterns, neural signal
patterns) to elaborate on current behavioral results. Specifi-
cally, happy and disgust are characterized by predominant
gaze movements to the nose and mouth regions than are
other emotions (e.g., angry, fearful) which primarily involve
a gaze toward the eyes (Calvo et al., 2014, 2018; Nusseck
et al., 2008; Schurgin et al., 2014; Smith et al., 2005; Zheng
& Hsiao, 2023). This indicates that the perception of dis-
gust and happy emotions from visual stimuli is character-
ized by intricate visual information, including that conveyed
by the nose and mouth, which potentially reflects a stron-
ger contribution of visual information to emotion percep-
tion. Furthermore, a neural study found that multimodal
stimuli were associated with higher accuracy in emotion
recognition (Kreifelts et al., 2007). As such, it is necessary
to determine whether the modality effects on emotion per-
ception identified in this study are also supported by neural
evidence. Moreover, studies of modality effects should con-
sider inducing competition between auditory information
and visual information in the experimental design, such as
by using incongruent stimuli.

The current study used a dimensional approach and con-
firmed that the modality effects of emotion perception vary
across emotional categories, suggesting that the relative influ-
ence of visual versus auditory cues depends on the nature of
the emotion. Our findings illustrate the distinct patterns of
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audiovisual emotion evaluation and have implications for vari-
ous domains. For example, in clinical psychology, modality-
dependent emotion perception is known to be impaired or
systematically altered in specific populations, such as older
adults (Lin et al., 2024, 2025) and individuals with schizo-
phrenia (Vogel et al., 2016). By elucidating typical patterns of
modality reliance, our results can help tailor diagnostic tools
for these groups. The results are of utility to neuroscience, as
they can inform the exploration of dynamic neural integration
processes, providing a behavioral basis for how the brain opti-
mally weights sensory inputs based on task demands (Klasen
et al., 2011). In human-computer interaction, our results can
be used to enhance emotion-aware technologies by guiding the
development of multimodal systems that mimic human-like
shifts in sensor reliance (Poria et al., 2017). Finally, our study
can help explain interpersonal communication dynamics in
social psychology by extending existing frameworks of social
cue integration to specific affective judgments (Zaki, 2013).
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