
Contributions of audio and visual modalities to perception

of Mandarin Chinese emotions in valence-arousal space

Yongwei Li1, Aijun Li2;�, Jianhua Tao3;4;y, Feng Li5,
Donna Erickson6 and Masato Akagi7

1CAS Key Laboratory of Behavioral Science, Institute of Psychology, Chinese Academy of
Sciences, Beijing, 100045, China
2Corpus and Computational Linguistics Center, Institute of Linguistics, Chinese Academy of
Social Sciences, Beijing, 100732, China
3Department of Automation, Tsinghua University, Beijing, 100190, China
4Beijing National Research Center for Information Science and Technology, Tsinghua
University, Beijing, 100190, China
5School of Management Science and Engineering, Anhui University of Finance and
Economics, Anhui, 233030, China
6Haskins Laboratories, New Haven 06511-6695, U.S.A.
7Graduate School of Advanced Science and Technology, Japan Advanced Institute of Science
and Technology, Ishikawa, 923–1292 Japan

(Received 9 April 2024, Accepted for publication 17 August 2024,

J-STAGE Advance published date: 24 August 2024)

Abstract: Emotions are usually perceived by multimodal cues for human communications; in recent
years, emotions have been studied from the perspective of dimensional approaches. Investigation of
audio and video cues to emotion perception in terms of categories of emotion has been relatively
extensively conducted, but the contribution of audio and video cues to emotion perception in
dimensional space is relatively under-investigated, especially in Mandarin Chinese. In this present
study, three psychoacoustic experiments were conducted to investigate the contributions of audio,
visual, and audio-visual modalities to emotional perception in the valence and arousal space. Audio-
only, video-only, and audio-video modalities were presented to native Chinese subjects with normal
hearing and vision for perceptual ratings of emotion in the valence and arousal dimensions. Results
suggested that (1) different modalities contribute differently to perceiving valence and arousal
dimensions; (2) compared to video-only modality, audio-only modality generally decreases arousal
and valence at lower levels, and increases arousal and valence at higher levels; (3) the video-only
modality plays an important role in separating anger and happiness emotions in the valence space.
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1. INTRODUCTION

Emotions play an important role in human-to-human

communication; human emotions are expressed through

various modalities (speech, facial expression, gesture, etc.).

In daily face-to-face conversations, emotions are frequently

perceived from the speaker’s voice and facial expressions.

Thus, investigating emotional perception from both the

audio and visual perspective is important for understanding

human emotional communication.

The perception of emotions can be examined from the

perspective of a categorical or dimensional approach. In the

categorical approach, emotions are represented by discrete

states, such as six basic emotions (e.g., happiness, anger,

sadness) [1]. The discrete categorical approach may not

reflect the complexity of emotions in our daily life, because

different degrees/intensities of an emotional state may

change over time depending on the communication

situation [2]. In the dimensional approach, emotions are

represented by a value on continuous dimensional space,
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such as, for instance, valence and arousal emotional space

[3]. Valence refers to how positive or negative the listener

perceives an event, and arousal refers to how calm or

excited the listener perceives an event. Dimensional

descriptions of human emotion are reported by a number

of studies [4–6].

Neuroimaging studies have suggested that human

emotion perception from one sensory channel is affected

by information processing in another [7]. McGurk and

MacDonald demonstrated that clips of faces in movement

affect speech perception, in their well-known Mcgurk

effect study [8]. Moreover, several studies have suggested

that there is also an emotional McGurk effect between

audio and visual information [9–12]. For example, De

Gelder suggested the existence of mandatory bidirectional

links between emotion detection structures in vision and

audition, with cross-modal stimuli having a decisive

influence on emotion perception of happy and sad [13].

Takagi et al. investigated the audio-visual interactions

among six emotion categories in the Japanese language

[14]. Similarly, Arimoto and Okanoya have investigated

audio-visual interactions with emotion perception along

valence-arousal-dominance dimensions for the Japanese

language [15]. Using six-emotion description, Dang et al.

reported that about a 50% variance between Japanese and

Chinese cultures [16]. A preliminary study by Li [17]

looking at emotional categories in Mandarin Chinese and

Japanese language, reported facial expression may play a

more important role in sadness and anger emotions.

To summarize, the investigation into the influence of

auditory and visual cues on the perception of emotional

categories and dimensions for Japanese emotions has been

comprehensively explored. However, for tonal languages,

particularly Mandarin Chinese, Li [17] has examined the

effects of audio-only, video-only, and combined audio-

video stimuli on the perception of discrete emotions (e.g.,

happiness, sadness) but did not extend this investigation to

dimensional emotion perception (e.g., valence, arousal),

which is the theoretical basis for the multimodal dimension

emotion recognition task.

Building upon [17], our study further explores the

effects of single audio-only, single video-only, and com-

bined audio-video stimuli on human dimensional emotion

perception, especially in valence and arousal dimensional

spaces. In this way, we address the existing research gap

and contribute to a more comprehensive understanding

of multimodal human dimensional emotion perception in

tonal languages.

In this paper, three psychoacoustic experiments were

conducted in this present study. In experiment I, the audio-

only modality stimuli were presented to subjects for

perceptually rating emotions in terms of valence and

arousal. In experiment II, the video-only modality stimuli

were presented to subjects for perceptually rating emotions

in terms of valence and arousal. In experiment III, audio-

video modality stimuli were presented to subjects for

perceptually rating emotions in terms of valence and

arousal. The experimental results suggested that (1) differ-

ent modalities contribute differently to perceiving valence

and arousal dimensions; (2) Compared to video-only

modality, audio-only modality generally decreases arousal

and valence at lower levels, and increases arousal and

valence at higher levels; (3) the video-only modality plays

an important role in separating anger and happiness

emotions in the valence space.

2. EXPERIMENT I: EMOTION PERCEPTION
OF AUDIO-ONLY IN

VALENCE-AROUSAL SPACE

The task of experiment I is to investigate human

emotion perception in V-A space from the audio-only

modality.

2.1. Method

2.1.1. Stimuli

Ten sentences, each with seven different emotions

(i.e., happiness, sadness, anger, disgust, fear, surprise, and

neutral) were uttered by a professional female actress from

Bejing Film Academy, who speaks standard Chinese.

Canon Power Shot TX1 recorded the actor’s performance

in the sound-proof room at the Institute of Linguistics,

Chinese Academy of Social Sciences. As a result, 70

utterances (10 sentences � 7 emotions = 70) were record-

ed as stimuli. Note that the actor’s intended emotions were

correctly perceived by listeners in a previous study [17].

2.1.2. Subjects

Twenty normal-hearing listeners (ten females and ten

males) participated in this experiment. All subjects were

native Chinese-speaking listeners. The subjects were

undergraduate students at the Anhui University of Finance

and Economics, ranging in age from 18 to 22 years old.

2.1.3. Procedure

Seventy emotional speech utterances (audio-only) were

presented to each subject through headphones in a quiet

room, and a Matlab graphical user interface (GUI) was

used for the experiment. Each subject listened to a total

of 70 emotional utterances, the presentation orders of the

stimuli were randomized across each subject. Before the

test, the basic information of emotion dimensions and the

meanings of valence and arousal were introduced to the

subjects. In the test, each subject was asked to give a score

for each stimulus based on her/his perceptual impression

of valence and arousal. The scores for the perceptual

evaluation of emotions in the valence-arousal (V-A) space

ranged from 1 to 5 with a step of 0.2. For the evaluation

of valence, the score 1 indicates very negative, 5 as very
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positive; for the evaluation of arousal, the score of 1

indicates very calm, 5 as very excited.

2.2. Results

The mean perceptual scores of the 70 emotional

utterances in the valence-arousal space across 20 subjects

are plotted in Fig. 1. As shown in Fig. 1, the scores of

neutral, fear, and disgust emotional speech were near the

center ð3; 3Þ in the V-A space. It was found that the

perceptual scores for the anger emotional speech were the

highest in both valence and arousal, whereas the sadness

emotional speech was perceptually scored the lowest in

both valence and arousal. Surprise and happiness emotional

speech were perceptually scored almost the same for

valence, while the scores of surprise emotional speech

were a little higher than those of happiness in the arousal

space.

In order to check whether the arousal and valence

perceptual scores of the audio-only modality were signifi-

cantly different, we did a two-way repeated-measures

analysis of variance (ANOVA) for the 20 subjects; the

perceptual scores were the dependent variable and the

seven emotion categories and ten sentences, the two

within-subject factors. The results indicated that for the

arousal ratings there was a significant effect of the emotion

category [Fð6; 114Þ ¼ 142:214, p < 0:001]. For the va-

lence ratings, there was a significant effect of the emotion

category [Fð6; 114Þ ¼ 89:508, p < 0:001]. Thus, we see

that both for the arousal and valence ratings, the emotional

categories were perceived as significantly different.

2.3. Discussion

The distribution of the perceptual scores was different

in the valence-arousal space for different emotion catego-

ries. As shown in Fig. 1, the average perceptual scores of

the neutral stimuli were a little lower than 3 (middle level)

in the arousal space, with the perceptual scores of fear,

neutral, and sad grouped together closely in the arousal

space. The perceptual scores for anger, disgust, and

surprise were high in the arousal space, which suggests

that arousal may mainly be affected by the audio modality,

similar to that found in [18].

Fundamental frequency (F0) is well-known to be

important in emotional speech perception [19–22]. A

possible reason for anger, disgust and surprise to be

perceived as highly aroused maybe related to F0. The F0 of

emotional speech is calculated by STRAIGHT (speech

transformation and representation by adaptive interpolation

of weighted spectrogram) [23]. In order to examine the

relationships between F0 and perceptual scores in the

valence-arousal spaces, F0 vs. scores in the arousal space

and F0 vs. scores in the valence space are presented in

Figs. 2 and 3. Figure 2 shows that F0 affects the perceptual

scores in the arousal space, an increase in F0 corresponds

to a higher level of scores in the arousal space. These
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Fig. 1 The perceptual scores of the audio-only modality
in the valence-arousal space.
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Fig. 2 F0 (y-axis) vs. scores in the arousal space
(x-axis), regression analysis indicates R ¼ 0:67.
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(x-axis), regression analysis indicates R ¼ 0:63.
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findings align with the results reported by [24,25]. Figure 3

demonstrated that the perceptual scores in the valence

space exhibits variation based on F0 values, as increasing

F0 values coincide with higher scores in the valence space,

consistent with previous findings by [26].

3. EXPERIMENT II: EMOTION
PERCEPTION OF VIDEO-ONLY
IN VALENCE-AROUSAL SPACE

The task of experiment II is to investigate human

emotion perception in V-A space from the video-only

modality.

3.1. Method

The same 70 stimuli in the experiment I were used

again. To avoid participant memory effects, we conducted

experiment II a week after experiment I. In this experi-

ment, 70 stimuli were video-only without audio, which

helped to explore the contribution of video-only modality

to emotion perception in V-A space.

The 20 subjects who participated in experiment I also

participated in this experiment. In this experiment, subjects

were required to watch the female speaker’s face, and each

subject was asked to give a score for each stimulus based

on her/his perceptual impression of valence and arousal.

The experiment procedure was the same as experiment I.

3.2. Results

The average perceptual scores of the 70 emotional

videos in the valence-arousal space across 20 subjects are

plotted in Fig. 4. As shown in Fig. 4, the perceptual scores

of neutral, fear, anger, disgust, sadness, and surprise

emotional videos were located near the center ð3; 3Þ in

the valence-arousal, while happiness of emotional videos

was perceptually scored in the highest in both of valence

and arousal.

In order to check whether the arousal and valence

perceptual scores of the video-only modality were signifi-

cantly different, we did a two-way repeated-measures

analysis of variance (ANOVA) for the 20 subjects; the

perceptual scores were the dependent variable and the

seven emotion categories and ten sentences, the two

within-subject factors. The results indicated that for the

arousal ratings, there was a significant effect of the emotion

category [Fð6; 114Þ ¼ 53:847, p < 0:001]. For the valence

ratings, there was a significant effect of the emotion

category [Fð6; 114Þ ¼ 28:060, p < 0:001]. Thus, we see

that both for the arousal and valence ratings, the emotional

categories were perceived as significantly different.

3.3. Discussion

The average perceptual scores of different emotions

were close to each other in the valence-arousal space

(except for happiness), especially perceptual scores in

valence. The happiness emotional videos were perceptually

scored the highest in both valence and arousal space,

indicating the dominant contributions of video-only modal-

ity for happiness in the valence-arousal space. The

perceptual scores of happiness in the valence-arousal space

were consistent with results from a previous study [27].

The perceptual scores of neutral, fear, anger, disgust,

sadness, and surprise emotional videos are similar in terms

of the valence space; in the arousal space, the perceptual

scores range from low to high: sadness, neutral, fear,

disgust, surprise, anger, and happiness. A similar finding

has been reported in precious studies [4,5].

In the field of visual emotion analysis, facial action

units (AUs) are widely employed for describing facial

behaviors and serve as frequently utilized features in facial

expression recognition [28–30]. To explore the relation-

ships between AUs and perceptual scores in the valence-

arousal spaces, the parameter values of AUs (AU1, AU2,

AU4, AU5, AU6, AU7, AU9, AU10, AU11, AU12, AU13,

AU14, AU15, AU16, AU17, AU18, AU20, AU22, AU23,

AU24, AU25) are calculated using the facial action coding

system (FACS) [31], which is the most widely used method

for analyzing facial movements [32]. The linear correlation

coefficients between each AU and perceptual scores in

valence-arousal space are calculated and presented in

Table 1, values that are bold and exceed 0.6 signify a

higher coefficient of determination. As listed values in

Table 1, a total of five correlation coefficients exceeding

0.6 were observed between Action Units (AUs) and

perceptual scores within the arousal and valence dimen-

sions, respectively, we calculated the average of the five

coefficients above 0.6. The average correlation coefficient

between AUs and perceptual scores in arousal space was

0.62, and the average correlation coefficient between AUs

and perceptual scores in valence space was 0.698. The
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Fig. 4 The perceptual scores of the video-only modality
in valence-arousal space.
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video-only modality played a crucial role in distinguishing

between these emotions in the valence space. This aligns

with the work of De Gelder and Vroomen [13], which

highlighted the strong impact of visual cues on emotional

recognition, particularly for distinguishing positive and

negative emotions.

4. EXPERIMENT III: EMOTION
PERCEPTION OF AUDIO-VIDEO IN

VALENCE-AROUSAL SPACE

The task of experiment III is to investigate human

emotion perception in V-A space from the audio-video

modality.

4.1. Method

The same 70 stimuli in experiments I and II were used

again. In this experiment, 70 stimuli were audio-video

modality, which helped to explore the contribution of

audio-video modality to the emotion perception in V-A

space.

The 20 subjects who participated in experiments I and

II also participated in this experiment. To avoid participant

memory effects, we conducted experiment III a week after

experiment II. In this experiment, subjects were required

to watch the female speaker’s face while listening to her

speech, and each subject was asked to give a score for each

stimulus based on her/his perceptual impression of valence

and arousal. The experiment procedure was the same as

experiments I and II.

4.2. Results

The average perceptual scores of the 70 emotional

audio and video in the valence-arousal space across 20

subjects are plotted in Fig. 5. As shown in Fig. 5, the

perceptual scores of each emotion category form a cluster

in the valence-arousal space. More specifically, the

perceptual scores of happiness emotion were the highest

in both arousal and valence, while sadness emotion was

perceptually scored the lowest in both valence and arousal.

The perceptual scores of anger, surprise, and disgust

emotion were high in arousal, but fear and neutral emotion

were perceptually scored as low in arousal. It was also

noted that anger, disgust, and neutral emotions were

perceptually scored near the center (3) in the valence space.

In order to check whether the arousal and valence

perceptual scores of the audio-video modality were

significantly different, we did a two-way repeated-meas-

ures analysis of variance (ANOVA) for the 20 subjects;

the perceptual scores were the dependent variable and the

seven emotion categories and ten sentences, the two

within-subject factors. The results indicated that for the

arousal ratings, there was a significant effect of the emotion

category [Fð6; 114Þ ¼ 77:612, p < 0:001]. For the valence

ratings, there was a significant effect of the emotion

category [Fð6; 114Þ ¼ 34:443, p < 0:001]. Thus, we see

that both for the arousal and valence ratings, the emotional

categories were perceived as significantly different in

valence and arousal space.

4.3. Discussion

The average perceptual scores of each emotion

category form a cluster in different locations in the

valence-arousal spaces. The average perceptual scores of

the neutral stimuli were a little lower than the middle level

in arousal, which may be caused by the F0 in the audio

modality as discussed in Experiment I. The relative

Table 1 Correlation coefficients between facial action
units and perceptual scores in valence-arousal space.
The values in bold, which are larger than 0.6, denote a
higher coefficient of determination.

AUs Description Arousal Valence

AU1 Inner brow raiser 0.42 0.51
AU2 Outer brow raiser 0.42 0.48
AU4 Brow lowerer 0.11 �0:07

AU5 Upper lid raiser 0.16 0.27
AU6 Cheek raiser �0:31 �0:19

AU7 Lid tightener �0:60 �0:62

AU9 Nose wrinkler 0.45 0.55
AU10 Upper lip raiser �0:14 �0:50

AU11 Nasolabial deepener 0.020 �0:08

AU12 Lip corner puller 0.47 0.63
AU13 Cheek puffer 0.63 0.33
AU14 Dimpler 0.16 �0:10

AU15 Lip corner depressor 0.61 0.29
AU16 Lower lip depressor 0.07 �0:04

AU17 Chin raiser �0:23 �0:24

AU18 Lip puckerer 0.53 0.68
AU20 Lip stretcher 0.62 0.46
AU22 Lip funneler 0.42 0.59
AU23 Lip tightener 0.38 0.13
AU24 Lip pressor 0.63 0.79
AU25 Lips part 0.61 0.77
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Fig. 5 The perceptual scores of the audio-video modal-
ity in the valence-arousal space.
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positions in the valence-arousal space of seven emotions

obtained in this experiment are similar to the results shown

in [3], who originally proposed dimensional emotion as a

method to represent a valence-arousal space. It was also

noted that the perceptual scores of different sentences in

each emotion category were different; this difference

might be due to the different emotional degrees for the

different sentences due to the linguistic content of the

sentence.

5. COMPARISON OF THE PERCEIVED
SCORES OF THREE MODES

IN VALENCE-AROUSAL SPACE

To compare the perceived scores among different

modalities in the valence-arousal space, the average and

standard deviation of perceptual scores of 10 sentences in

each emotion in valence-arousal space were calculated for

three modalities, and are shown in Table 2.

To further examine the effect of audio-only, video-

only, and audio-video modalities, the perceptual scores in

the arousal and valence space for each modality in each

emotion category were subjected to statistical analysis

using the scores as the dependent variable, and modalities

and sentences as two within-subject factors. The modalities

(audio-only, video-only, and audio-video) and sentences

as the two within-subject factors. For the perceptual scores

of 20 subjects in arousal, two-way repeated-measures

analysis of variance (ANOVA) indicated the significant

effect of fear [Fð2; 38Þ ¼ 3:746, p ¼ 0:0328], anger

[Fð2; 38Þ ¼ 3:894, p < 0:005], happiness [Fð2; 38Þ ¼
40:087, p < 0:001], disgust [Fð2; 38Þ ¼ 3:089, p > 0:05],

neutral [Fð2; 38Þ ¼ 1:135, p > 0:05], sadness [Fð2; 38Þ ¼
9:484, p < 0:005], and surprise [Fð2; 38Þ ¼ 32:551, p <

0:001]. For the perceptual scores of 20 subjects in valence,

two-way repeated-measures ANOVA indicated the signifi-

cant effect of fear [Fð2; 38Þ ¼ 12:063, p < 0:001], anger

[Fð2; 38Þ ¼ 15:413, p < 0:001], happiness [Fð2; 38Þ ¼
27:368, p < 0:001], disgust [Fð2; 38Þ ¼ 8:328, p <

0:005], neutral [Fð2; 38Þ ¼ 20:118, p < 0:001], sadness

[Fð2; 38Þ ¼ 16:724, p < 0:001], and surprise [Fð2; 38Þ ¼
12:164, p < 0:001].

As listed scores in Table 2, the average perceptual

scores were different in different modalities in both the

arousal and valence space.

In order to explore whether these scores are signifi-

cantly different, statistical test at 0.05 significance level

was performed for audio vs. video, audio vs. audio-video,

and video vs. audio-video. The results as shown in Table 3.

In arousal space, significant differences were identified

between audio and video modalities for emotions such as

fear, anger, happiness, sadness, and surprise, indicating that

these modalities contribute differently to the perception of

arousal. When comparing audio with audio-visual modal-

ities, significant differences were observed only for happi-

ness and surprise. Similarly, comparisons between video

and audio-visual modalities revealed significant differences

solely for sadness and surprise. These findings suggest that

the audio modality tends to decrease arousal of happiness

while increasing surprise, whereas the video modality

increases the arousal of sadness but decreases surprise.

Regarding valence space, significant differences were

found between audio and video modalities for all emotions,

further suggesting distinct contributions of each modality

to the perception of valence. Significant differences

between audio and audio-visual modalities were noted for

anger, happiness, disgust, neutral, and sadness. Addition-

ally, comparisons between video and audio-visual modal-

Table 2 Average and standard deviation of perceptual scores of 7 emotions in valence-arousal space for three modalities.

Dimension Arousal Valence

Modality Audio-only Video-only Audio-video Audio-only Video-only Audio-video

Fear 2.41 (0.39) 2.67 (0.23) 2.48 (0.25) 2.55 (0.38) 2.89 (0.19) 2.70 (0.16)
Anger 4.19 (0.21) 3.77 (0.13) 3.94 (0.09) 3.90 (0.45) 2.86 (0.13) 3.01 (0.22)

Happiness 3.59 (0.15) 4.20 (0.18) 4.26 (0.15) 3.78 (0.21) 4.32 (0.17) 4.32 (0.13)
Disgust 3.38 (0.21) 3.19 (0.27) 3.32 (0.14) 3.36 (0.31) 3.00 (0.23) 3.09 (0.21)
Neutral 2.33 (0.36) 2.53 (0.19) 2.38 (0.31) 2.60 (0.15) 3.10 (0.14) 2.90 (0.20)
Sadness 1.99 (0.20) 2.31 (0.09) 2.06 (0.18) 2.27 (0.31) 2.74 (0.17) 2.50 (0.18)
Surprise 3.78 (0.19) 3.13 (0.27) 3.52 (0.12) 3.65 (0.22) 3.15 (0.14) 3.45 (0.13)

Table 3 Statistical analysis of perceptual scores of 20
subjects for three modalities, A-V (audio vs. video), A-
AV (audio vs. audio-video), V-AV (video vs. audio-
video), significance level = 0.05.

Dimension Arousal Valence

Modality A-V A-AV V-AV A-V A-AV V-AV

Fear s. n.s. n.s. s. n.s. s.
Anger s. n.s. n.s. s. s. n.s.

Happiness s. s. n.s. s. s. n.s
Disgust n.s. n.s. n.s. s. s. n.s.
Neutral n.s. n.s. n.s. s. s. s.
Sadness s. n.s. s. s. s. s.
Surprise s. s. s. s. n.s. s.
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ities revealed significant differences for fear, neutral,

sadness, and surprise. The results suggested that the audio

modality decreases the valence of happiness, neutral, and

sadness emotions, while increasing the valence of anger

and disgust. Conversely, the video modality increases the

valence of fear, neutral, and sadness emotions while

decreasing surprise.

It is noteworthy that the average perceptual scores for

surprise in the audio-video modality occupy an intermedi-

ate position between the scores of the audio-only and

video-only modalities within the arousal space. Similarly,

in the valence space, the average perceptual scores for

neutral and sadness in the audio-video modality are

situated between those of the audio-only and video-only

modalities. This suggests a complex interaction between

auditory and visual cues in the perception of emotional

valence and arousal. There are two possible reasons for this

result, one of which is similar to Arimoto and Okanoya’s

[15] findings that incongruent emotional expressions in

audio and visual modalities can be integrated as the brain

synthesizes a middle ground between the conflicting cues

from each modality, often resulting in the perception of a

third emotion. Such an integration could explain why the

audio-video modality results fell between the unimodal

scores. A second reason may be cultural differences.

Kawahara et al. [33] highlight how cultural shaping from

audio and videos affects emotion perception, which also

may factor in our findings. The findings from this study

contribute to drawing a more comprehensive picture of

multimodal emotion perception in Mandarin Chinese.

Figures 1, 4, and 5 show perceptual scores of different

modalities in the valence-arousal space. The perceptual

scores of the video-only modality were centralized (except

for happiness), whereas the perceptual scores of the audio-

only modality were more dispersedly distributed, which

indicates the important contributions of the audio-only

modality on the perception of emotions. In comparison

with the perceptual scores of the video-only modality, the

perceptual scores of the audio-video modalities were more

dispersedly distributed, which further indicates the impor-

tant contributions of the audio modality in the valence-

arousal space. This result is in line with previous audio-

visual modality findings that the audio modality plays a

dominant role in emotion perception of audio-visual

modalities [34,35]. This is also consistent with findings

by studies [13,36] that highlight the prevalence of auditory

cues for certain dimensions of emotion perception, partic-

ularly for arousal perception. More importantly, Mower

et al. [36] found that the distribution of the audio-video

modalities are the largest in valence-arousal spaces. It is

further noted that the perceptual differences (the distances

in the valence space) for anger and happiness in the audio-

only modality were much smaller than those in the video-

only modality. More specifically, in the video-only modal-

ity, the perceptual scores of anger showed movements

toward the low valence space, whereas the perceptual

scores of happiness showed movements toward the high

arousal and high valence space. This further indicates the

important contributions of the video-only modality in

separating anger and happiness emotions in the valence

space.

In summary, audio-only, video-only, and audio-video

modalities each uniquely affect the perception of emotional

arousal and valence. Compared to video-only modality,

audio-only modality generally decrease arousal and va-

lence at lower levels, and increase arousal and valence at

higher levels. This may be specific to Mandarin Chinese.

We only used data from one female speaker in this

paper, the results may also contain effects related to the

speaker’s individuality. Therefore, future work is to capture

the common characteristics of multiple speakers.

6. CONCLUSION

This study investigated the contributions of audio,

visual, and audio-visual modalities to the perception of

Mandarin Chinese emotions in the valence-arousal space.

Three psychoacoustic experiments were conducted with

native Chinese subjects using audio-only, video-only, and

audio-video stimuli. The following findings were obtained:

. Modality-Specific Contributions: Different modalities

contributed differently to the perception of valence

and arousal. The audio-only modality had a more

dispersed distribution of perceptual scores, indicating

its significant role in emotion perception. The video-

only modality, however, played a crucial role in

distinguishing emotions, particularly in separating

anger and happiness in the valence space.

. Contributions of audio-only and video-only modal-

ities: Compared to video-only modality, audio-only

modality generally decreases arousal and valence at

lower levels, and increases arousal and valence at

higher levels, the findings may be specific to Man-

darin Chinese.

. Influence of F0 and AUs: The study found that F0

significantly affects perceptual scores in the arousal

space, with higher F0 values corresponding to higher

arousal scores. Additionally, AUs showed significant

correlations with perceptual scores in the valence-

arousal space, especially for valence space, high-

lighting the importance of visual cues in emotional

perception.

The findings of the present study are valuable for

gaining insight into multimodal emotion perception in the

valence-arousal space for the Mandarin Chinese. Further-

more, they contribute to the comprehension of multimodal

dimensional emotion recognition, with potential implica-
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tions for the integration of multimodal fusion strategies

into deep learning methods for the Mandarin Chinese

dimensional emotion recognition systems.
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