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ABSTRACT
As anew format for promoting tourism and culture, travel vlogs are rapidly evolving into a pivotal medium for destination image
marketing and a primary channel for tourist information acquisition, establishing novel paradigms for information sharing and
activity planning in tourism. Existing research predominantly focuses on destination image construction/perception, tourist
behavioral intentions, attraction marketing strategies, and communication effectiveness, while neglecting audio feature analysis.
Addressing this gap, we employ face as a moderator, audio features as independent variables (IVs), and audience Participation
as the dependent variable (DV) to examine how acoustic signals influence Danmaku comment participation. Results reveal that
audio features interact with faces presence to co-shape Participation. This study elucidates the critical roles of acoustic signals
and face in travel Vlog impact dynamics and provides actionable insights for creators to strategically leverage audio-visual

synergies.
Keywords: Travel vlog videos, background sounds, host voices, Danmaku, participation behavior.

INTRODUCTION

With the popularization of mobile Internet and the explosive growth of short video platforms, short videos have emerged as a
significant medium for users' daily entertainment and information acquisition. According to the "China Online Audio-Visual
Development Research Report 2025," by the end of 2024, the number of short-video users in China had reached 1.04 billion,
with an average daily usage time exceeding 2.5 hours. As one of the prominent areas within short videos, the creation volume
and demand for travel vlogs are increasing year by year. However, audience attention towards extensive travel vlogs is polarized.
High-quality travel vlogs can effectively engage viewers, prompting them to "stop and pay attention" and become fully immersed
in the content. In contrast, low-quality or homogeneous travel vlogs tend to elicit only inefficient interactions characterized by
"swiping away and forgetting." Consequently, attracting audience attention has emerged as a focal concern among creators.

As one of the critical factors influencing audience participation, sound elements possess the ability to evoke emotions through
their unique sensory stimulation. This enhances the sense of presence and reality associated with "online tourism," thereby
capturing viewer interest and promoting behaviors such as browsing, collecting, sharing, commenting, and other forms of
participation. Nevertheless, despite being an "invisible narrator" within travel vlog videos, the significance of sound elements is
frequently overlooked by creators. Currently, there is a predominant focus on the direct impact of visual components on audiences
(Luo et al., 2025) while the subtle influence exerted by auditory elements—such as host voices and background music—remains
largely unacknowledged.

Issues such as selecting voices based on emotional resonance, mismatching background sounds with visuals, and reliance on
templated host voices have consistently posed challenges for creators during production. Furthermore, existing research on short
videos has paid scant attention to understanding both the mechanisms at play regarding sound elements in travel vlog videos as
well as their resultant effects. Therefore, this paper aims to investigate sound elements within travel vlog videos as its primary
research subject—a pursuit that holds both practical implications and theoretical significance.

LITERATURE REVIEW

Sound Elements

On short video platforms, the proliferation of travel vlogs has significantly diminished audience patience. Capturing the
audience's attention remains a critical concern for creators. According to the "golden three-second rule" in the realm of short
videos, enhancing video completion rates, interaction rates, and platform recommendation volumes necessitates that creators
engage viewers within the first three seconds of their content. Sound serves as an "emotional guide" in travel vlogs and can elicit
emotional responses from audiences more rapidly than visual elements (Hazmoune & Bougamouza, 2024), thereby swiftly
capturing active attention (Simmonds et al., 2020). Rutten ef al.(2019). posited that human brains exhibit heightened sensitivity
to auditory stimuli compared to visual stimuli. Sound has the capacity to activate multiple brain regions, quickly drawing personal
attention (Charest et al., 2009) and facilitating accelerated cognitive processing (Aeschlimann et al., 2008). Consequently,
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investigating the mechanisms by which sound elements function in short videos is particularly important. In travel vlog
productions, sound elements primarily encompass background sounds and host voices. Background sounds refer to ambient
noises, natural sounds, human sound effects, or music present in the video that are not produced by the host; whereas host voice
denotes the primary auditory medium through which hosts convey travel information, narratives, and emotions via oral
expression. These voices capture the blogger's genuine emotions during their travels, creating a more comprehensive and
authentic experience for viewers and enhancing their perceptions, attitudes, emotions and behaviours towards the video.

The purpose of background sound is to recreate the auditory landscape of a travel destination and assist the audience in
constructing an alternative experience. Its key acoustic features include spectral centroid (SpeCentroid) and zero-crossing rate
(ZCR). The spectral centroid represents the center of gravity of spectral energy, influencing the perceived "brightness or softness"
of sound. Variations in the height of the spectral centroid significantly affect video users' auditory experiences. Sounds
characterized by high spectral centroids are perceived as brighter (e.g., birdsong), while those with low spectral centroids are
experienced as softer (e.g., wind). Furthermore, the spectral centroid is closely linked to emotional arousal among audiences;
higher values correspond to more pleasant emotions conveyed by background music (Piibil & Piibilovd, 2011), which can evoke
associations with "pleasure and relaxation." Conversely, lower values tend to convey milder emotions, facilitating a "heavy and
healing" atmosphere. Additionally, variations in the height of the spectral centroid directly influence audience participation
behavior. Research indicates that when the average spectral centroid of background music increases by 10%, users' median
viewing time extends by 23 seconds (Lin, Li & Mou, 2024). However, excessively high values may lead to feelings of "auditory
discomfort," resulting in decreased completion rates (Fu et al., 2024). Optimal user interaction occurs when the spectral centroid
resides within a specific range; exceeding this range can induce perceptual fatigue (Swati Shilaskar et al., 2023).

The zero-crossing rate quantifies how frequently a voice signal's amplitude crosses zero within a specified time interval, thereby
determining sound complexity. A high zero-crossing rate corresponds to rich sound elements manifested through rapidly
changing sounds; conversely, a low zero-crossing rate reflects simpler sound elements characterized by slowly changing
sounds.The zero-crossing rate is intricately linked to the stability of audience attention. A moderate zero-crossing rate can
effectively enhance video content, capture viewers' interest, increase the realism of the presentation, and improve audience
participation behaviors. Conversely, an excessively high zero-crossing rate may distract viewers from the host's commentary,
while a too low zero-crossing rate could result in a monotonous viewing experience (Gray & Markel, 1976).

The primary function of the host” s voice is to establish trust and evoke emotional resonance (Wang & Li, 2024). Key acoustic
features that contribute to this include pitch and loudness. Pitch determines the height or lowness of the voice and is closely
associated with emotional expression (Wang & Li, 2024). High pitch conveys liveliness and enthusiasm, whereas low pitch
communicates calmness and reliability. Emotion plays a pivotal role in influencing user participation (Wang & Li, 2024). In
short videos focused on climate communication, an increase in the host’ s vocal pitch can significantly impact audience
perceptions, thereby affecting their level of participation. In hotel videos, there is an inverted U-shaped relationship between
pitch and audience participation. Moderate pitch can increase audience engagement behavior, while excessively increasing high
pitch can make the audience feel uncomfortable and reduce their participation (Li e al., 2025).

Loudness influences sound intensity directly impacting attention arousal and information reception efficiency; thus it affects
audience participation behavior. Moderate loudness can swiftly attract viewer attention while maintaining focus—this approach
has been found to substantially increase likes on videos and enhance viewer retention rates (Flores-Saviaga et al., 2020). On the
other hand, overly high loudness levels may induce auditory fatigue that negatively impacts completion rates. (Fu et al., 2024)
hereas insufficient loudness might diminish retention rates for travel tips due to "information ambiguity" (Gaver, 1993).

In summary, sound elements such as spectral centroid, zero-crossing rate, pitch, and loudness in short videos can significantly
influence audience participation behaviors, including watching, liking, and commenting. Therefore, it is feasible to investigate
audience participation behavior in travel vlog videos from the perspective of these auditory elements.

Audience Participation Behavior

Audience participation in travel vlog videos primarily refers to the interactive behaviors exhibited by viewers based on the
content of the video. In this study, the number of Danmaku comments is employed as a quantitative measure of audience
participation. In travel vlog videos, on one hand, the volume of Danmaku comments typically serves as a direct indicator of how
actively audiences interact with specific video segments. By analyzing the count of Danmaku comments, we can assess viewer
participation levels within short video formats. On the other hand, Danmaku comments are characterized by their visibility and
shareability; they foster interactivity and provide entertainment value. These comments directly reflect audience reactions and
attitudes toward the video content while assisting creators in enhancing video quality (Bai et al., 2021). This improvement can
further boost both viewership popularity and overall audience participation. Additionally, research has demonstrated that
Danmaku comments not only signify viewer participation (Ni & Coupe, 2023) but also enhance attention (Shi, Zhao & Zhao,
2024), foster loyalty (Bai, Hu & Ge, 2019), and encourage consumption behaviors such as gifting or purchasing products related
to the content presented. Consequently, utilizing Danmaku comment counts serves as a representative metric for quantifying
audience participation.
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RESEARCH MODEL AND HYPOTHESIS

The spectral centroid plays a pivotal role in determining the brightness or softness of background sound, while the zero-crossing
rate influences the complexity of background sound. Additionally, pitch is responsible for conveying the height or lowness of
host voices, and loudness determines its intensity. These nonverbal cues present in both background sounds and the host voice
are crucial for effectively conveying information, mobilizing emotions (Wang & Li, 2024), and enhancing audience participation
behavior. Sound elements can stimulate the audience's auditory perception, rich sound elements can intuitively reflect genuine
feelings within travel vlog videos, thereby creating a more immersive and realistic experience for viewers. This enhancement
improves overall attractiveness and captures audience attention towards travel vlogs (Flores-Saviaga ef al., 2020). Furthermore,
it positively influences viewers' perceptions, attitudes, and emotions regarding the video content while promoting audience active
participation, such as audience viewing or commenting.

On one hand, the spectrum centroid in the background sound of short videos, along with the pitch of the host's voice, conveys
emotional cues to viewers. Within a moderate range, higher values of both spectrum centroid and pitch are associated with more
positive and pleasant emotions (Piibil & Piibilovd, 2011). Conversely, lower values correspond with less positive emotional
expressions. Positive emotions elicited from travel vlog videos often resonate with audiences, this resonance encourages them
to engage actively through Danmaku comments interactions. Thus, both the spectral centroid and pitch exert a beneficial
influence on audience participation behavior.

On the other hand, factors such as zero-crossing rate in background sound of short videos and the loudness of the host's voice
serve to capture audience attention effectively. Within reasonable limits, improved zero-crossing rate or increased loudness
correlates with heightened audience focus (Flores-Saviaga et al., 2020). The lower the zero-crossing rate or the smaller the
loudness, the more likely it is that audience attention will diminish. The level of attention that viewers pay to a video is essential
for facilitating participatory behaviors, thus, greater attentiveness makes it easier for audiences to engage actively Danmaku
comments interactions. Therefore, both the zero-crossing rate and loudness positively influence audience participation behavior.
In summary, this study puts forth the following hypotheses:

Hla: The loudness of the host's voice positively affects audience participation behavior;

H1b: The tone of the host's voice positively affects audience participation behavior;

H2a: The spectral centroid (SpeCentroid) of background sound positively affects audience participation behavior;
H2b: The zero-crossing rate (ZCR) of background sound positively affects audience participation behavior.

The human face is the most biologically and socially significant visual stimulus, with a unique ability to attract attention, convey
information and effectively express emotions and intentions (Guido et al., 2019). The neuroscience community generally posits
that face perception is the most advanced visual skill among humans. In comparison to other sensory stimuli, faces elicit
emotional responses more effectively and can be captured rapidly (Cerf, Frady & Koch, 2009). As a crucial social cue, human
face is able to reconstruct the degree to which sound elements influence audience participation behaviours in short videos through
stronger attraction. The presence of faces in travel vlogs can harmonise verbal communication, reduce cognitive load and
facilitate closer, more efficient communication and interaction (Takeuchi & Nagao, 1993), Therefore, the presence of human
faces in the video clearly and effectively conveys the content, increasing the audience's awareness and attention, and triggering
their interactive behaviour. Consequently, this study proposes the following hypotheses:

H3a: The presence of human faces strengthens the effect of the host’ s voice loudness on participation behavior;

H3b: The presence of a human face enhances the impact of the host's voice pitch on participation behavior;

H3c: The presence of human faces amplifies the effect of the spectral centroid (SpeCentroid) of background sounds on
participation behavior;

H3d: The presence of human faces reinforces the effect of the zero-crossing rate (ZCR) of background sounds on participation
behavior.
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Figure 1: Research Model
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DATA AND METHODOLOGY
Data Collection and Processing
The source of the video dataset is Bilibili (https://www.bilibili.com), which is considered to be the leading user-generated
streaming video platform in China. The reason for choosing Bilibili is based on 2 main points: (1) Bilibili has a large user base,
and its main audience are young people. Young people are more culturally sensitive and more active on the Internet, and are able
to capture and reflect the trends of the times. (2) Unlike platforms such as Douyin and Kuaishou that feature extensive live-
streaming commerce and promotional short videos, Bilibili hosts a greater volume of professionally created video content
uploaded by users. These contents span diverse categories with higher specialization levels, encompassing the vast majority of
travel vlogs among other video formats.

First, we set the search terms “travel” and “vlog” as the key search terms in the search bar on the homepage of Bilibili (see
Figure 2). Excluded are videos published by official marketing accounts of tourist destinations (e.g., “China Tourism
Recommendation Officer” ) and videos in which the blogger is not recounting his or her own travel experiences. Second, Wood

(2019) proposes that the recommended mean duration for vlogs under ideal conditions is 9 minutes and 43 seconds. Consequently,
this study constrained selected travel vlogs to durations under 10 minutes while requiring Danmaku comments to exceed 30,

thereby guaranteeing sufficient Danmaku-based interactive participation. According to the aforementioned criteria, 210 eligible
travel vlogs were identified as of October 26, 2024, spanning diverse content categories including natural landscapes, historical
culture, and travel guides.

L‘hL‘h Home v Drama live broadcast Game Center Member's purchase caricature Events @ @ :% Q @ @
Q  Travel vlogs Search
synthesis Video 99+ Drama 0 Film o live broadcast 0 column 99+ user 0
Comprehensive sorting Most played Latest release The most barrage Most collectible More filtering ~
All dates The most recent day The last week The last six months reach
Full duration 10 minutes or less 10-30 minutes 30-60 minutes More than 60 minutes

LOST IN ITALY
®145 @0
VLOG16|Encounter an ol [Someone else's Life] Ka Thailand Travel Vlogs VLOGS5|NIGHT IN VEICE, avel Vlogs | Happy Nom
d dream of the South S... zis Vedios & Travel Vlogs OPEN IT IN A DIFFERE... ad Travels

Figure 2: Filtering Travel Vlogs

Moreover, the low barriers to posting Danmaku comments may lead some viewers to post comments irrelevant to the video
content or even non-compliant remarks. Therefore, in order to uncover the degree of correlation between travel vlog audio
features and audience participation, this study needs to extract video clips that reflect the consistent views of most viewers. This
study selects highlight segments as the research sample. According to Sun et al. (2024), the number of Danmaku comments
represents user participation and the importance or attractiveness of the video, which can be used to determine the identification
of highly involving sessions. Dai et al. (2024) argued that videos with more highly involved sessions have a greater amount of
comment interactions and richer forms of interactions and that Danmaku comments are an important tool to reflect the
characteristics of the video and the highly involved sessions. Following Xu et al. (2021), the number of Danmaku comments per
second for each vlog is calculated, and if the number of the i-th second meets the criteria for the determination of a highlight
moment (see Table 1), the i-th second of the video is identified as a highly involving moment. Thereafter, a 2-s video clip before
the i-th second was selected as highly involving sessions. The acoustic features of the highly involving sessions were extracted
as the independent variable in this study.
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Table 1: Methods for identifying the highly involving moment

Description of symbols

N; Number of pop-up comments in the i-th second of the video
N The average number of Danmaku comments per second
o The standard deviation of Danmaku comments by seconds

Criteria for determining highly involving moment: N; > N + 20

The existing research suggests that video-related comments persisted for up to 5 seconds after the highly involving sessions (He
& Tang, 2024). Therefore, in this study, the number of Danmaku comments within 5 seconds after highly involving moments
was selected to measure viewer participation.

Through the aforementioned methodology, this study identified 1764 highly involving sessions from the 210 videos. Utilizing
Python's moviepy library, we executed VideoFileClip function calls to extract and export video segments from the selected 210
travel vlogs according to specified timestamps. There are 609 samples with human faces present and 1155 samples with no faces
present. This process established a solid data foundation for subsequent audio feature extraction and analysis of audience
participation.

Feature Extraction

For human voices, we primarily extracted pitch and loudness features of travel vloggers' vocals. Loudness variability was
measured by calculating the average standard deviation of the vlogger's sound amplitude in published videos; Pitch reveals the
fundamental frequency of speech and determines the sound quality of the voice. The following three-step procedure was
implemented to extract required acoustic signals:

(1) Employed Python's Moviepy package to extract audio data from video segments;

(2) Executed Spleeter package calls to separate vlogger vocals from background accompaniment, minimizing interference in
vocal feature extraction;

(3) Utilized Wave and Librosa packages to acquire sound amplitude and frequency data, respectively, computing loudness
variability and pitch values using the formula proposed by Fu et al. (2024).

SA, — Mean(SA

Loudness varibililty = \/ZHEN( = V] ($54x) (1)
where n represents audio frames per second;
N represents the set of audio frames for 2-second slices;
SA represents the sound amplitude of the audio frame;
IN| is the number of audio frames.

Frequency(b
Vocal pitch = Znen 4 y(b) (2)

IN|

where b represents a particular frequency band;
Frequency(b) denotes the fundamental frequency of b (FO0);

For background audio in travel vlogs, this study extracted Spectral Centroid (SpeCentroid) by leveraging the librosa library.
Python was employed to invoke librosa.feature.spectral centroid() for acquiring time-series data and sampling rates per audio
frame, thereby calculating spectral centroids for individual frequencies. For 2-second video segments, the SpeCentroid value
was determined by averaging all frame-level centroids within the segment. Similarly, librosa.feature.zero crossing_rate() was
executed via NumPy to compute Zero-Crossing Rate (ZCR) by quantifying zero-crossing events per audio frame.

For Danmaku annotations, this study imported Python crawled data into a Danmaku-specific database. The number of Danmaku
comments was calculated by quantifying the number of occurrences of the string using the built-in aggregation function
COUNT( ). Additionally, to examine whether facial presence moderates audio features' impact on audience participation, we
introduced a binary moderator variable face: coded as 1 if human faces appeared in the 2-second video segment and 0 otherwise.
Variable definitions and descriptive statistics are presented in Table 2.
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Table 2: Descriptive statistics

\Variant Min Max Mean Std
Face .000 1.000 345 476
Pitch 129.549 578.513 323.730 64.337
Loudness .009 220 .077 .039
Spe Centroid 359.664 4928.560  [2048.666 565.604
ZCR .016 409 .091 .038

Empirical Model

We specified the baseline model shown in Eq. (1) as model 1 to test the main hypotheses. And we added the interaction terms
into Eq. (1) as model 2 to test the moderating effect, which is shown in Eq. (2). All variables were standardized with the Z-score
standardization method.

Number of Danmaku = 8, + f; Loudness + 5, Pitch + B;SpeCentroid + ,ZCR (1)
Number of Danmaku = f,+ f;Loudness + §,Pitch + B;SpeCentroid + ,ZCR + [,Loudness X Face + [3,Pitch X
Face + f;SpeCentroid X Face + ,ZCR X Face (2)

RESULTS

Before conducting hypothesis testing, we performed a multicollinearity test on the model. In regression analysis, when there is
a high correlation between the explanatory variables, it may result in multicollinearity issues, which affect the stability of the
model. Generally, the tolerance and the variance inflation factor (VIF) are used as diagnostic indicators for collinearity. When
the tolerance value is greater than 0.1, the mean VIF is less than 2, and the maximum VIF is less than 10, it indicates that no
collinearity problem exists. We tested the tolerance value and the VIF coefficients of the research model, and the results show
that the tolerance values are all greater than 0.78, meeting the minimum requirement. Furthermore, the VIFs of variables range
from 1.017 to 1.267, all of which are less than 10, with an average of 1.132, suggesting no multicollinearity.

Hypothesis Testing

The results of the logistic regression are shown in Table 3. Column (1) shows that both human-acoustic and background sound
cues have a significant effect on user participation. For human-acoustic cues, the loudness of the human voice is not significantly
associated with user participation. Thus, Hla is not supported. The pitch of the human voice is positively related to the user
participation with a coefficient of 0.116 (p < 0.001). Thus, H1b is supported. In terms of background vocal cues, SpeCentroid
was positively correlated with user participation with a coefficient of 0.241 (p < 0.001), and thus H2a is supported. However,
ZCR had a negative impact on user participant with a coefficient of -0.197 (p < 0.001). Therefore, H2b is supported. However,
ZCR had a negative impact on user participation with a coefficient of -0.197 (p < 0.001). Therefore, H2b is not supported.
Column (2) shows that the effect of loudness is negatively moderated by the presence or absence of faces, with an interaction
term coefficient of -0.188. Meanwhile, faces positively affect the relationship between ZCR and user participation, with an
interaction term coefficient of 0.230. The interaction effect between pitch and faces is positive but not statistically significant.
Similarly, the interaction effect of SpeCentroid with faces was negative but not statistically significant.

Table 3: Regression results

Dependent Variable:

Number of Danmaku

Model 1 Model2
Loudness -0.012 0.069*
Pitch 0.116*** 0.096**
SpeCentroid 0.241%** 0.309***
ZCR -0.197*** -0.320***
Face -0.063
Loudness x Face -0.188***
Pitch x Face 0.045
Spe Centroid x Face -0.135
ZCR x Face 0.230**
Note: *p < 0.05, **p < 0.01, ***p < 0.001
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Figure 3: Moderating effect of face on the relationship between acoustic cues and user participation

DISCUSSION AND CONCLUSION
Discussion
This study focuses on factors influencing audience behavioral participation in travel vlogs within short-video platforms. Through
comprehensive literature review, we identified acoustic features and facial presence as critical determinants of participation.
Acoustic features were categorized into vocal and background audio features, with facial presence serving as a moderator variable
to examine how these factors collectively impact behavioral participation.

Regarding acoustic effects on travel vlog audience participation without facial presence, vocal Pitch and background SpeCentroid
positively enhance participation. However, ZCR shows a significant negative effect (contradicting H2b). As ZCR measures zero-
crossing frequency per time unit—positively correlated with auditory roughness and acoustic complexity—low ZCR yields
smooth audio, while high ZCR produces harsh/chaotic sounds. Elevated background ZCR generates high-frequency noise,
inducing auditory fatigue and attentional diversion or masking vocal content. These effects hinder content focus, ultimately
reducing participation. Furthermore, Hla was refuted, indicating that vocal pitch characteristics ("how" content is delivered)
exert a stronger influence on audience participation than loudness amplitude ("how loudly"). This suggests pitch effectively
conveys paralinguistic dimensions of emotion and informational salience , enhancing viewer resonance. In contrast, loudness
exhibits semantic ambiguity: high amplitude may signal enthusiasm/excitement or perceived noisiness/aggression; low
amplitude may indicate gentleness/composure or apathy/passivity. This polysemy introduces individual-level variance in
emotional decoding, ultimately diluting loudness's statistical significance in participation models.

The introduction of face significantly altered the pathway through which acoustic cues influence user participation. Regarding
loudness-participation relationships, no significant association was observed without a face, while with a face, the effect direction
reversed to a significant negative correlation. This indicates face visibility reshapes users' perceptual logic toward vocal
loudness—excessive loudness may be interpreted as emotional hyperactivity or strong interference when faces are present,
reducing interaction intention. Similarly, face moderates ZCR-participation associations: the negative effect weakens with face
but intensifies without face. The underlying mechanism suggests faces, as visual symbols of social presence, alleviate negative
experiences from chaotic background sounds (high ZCR) through perceived co-presence, enhancing tolerance for acoustic
instability. Conversely, absent face, such auditory chaos is attributed to poor content quality, significantly suppressing interaction.

Theoretical Implications

This study transcends traditional unimodal frameworks by incorporating face as a moderator alongside acoustic features,

revealing cross-modal interactions that drive audience participation in travel short videos. Acoustic cues (vocal/background audio)
and visual cues (face) dynamically interact to shape participation decisions, demonstrating that sound influences behavior not in

isolation but through multimodal integration. This advances empirical evidence for cross-modal moderation in multimedia
communication while pioneering exploration of other modality combinations (e.g., visual composition/dynamic effects with

acoustics). Simultaneously, it refines acoustic boundaries by delineating differential impacts within vocal dimensions (Pitch vs.

Loudness) and background audio (SpeCentroid vs. ZCR), confirming acoustic heterogeneity in behavioral influence and

advancing granular feature-specific analysis for the sensory stimuli-behavioral response pathway in communication psychology.

Practical Implications

Tourism short video creators should optimize audio-visual synergy by prioritizing Pitch expressiveness over Loudness amplitude
refinement for vocal delivery and strictly controlling vocal loudness during face exposure to prevent negative perceptions. For
background audio, select high-SpeCentroid tracks to boost participation while suppressing ZCR in face-absent content to avoid
participation reduction from high-frequency switching sound effects. Strategically calibrate face exposure: maximize visibility
for emotional resonance/social interaction-focused content to enhance cross-modal synergy, but balanced exposure for immersive
experience/information delivery-oriented content to mitigate acoustic interference through scenario-specific planning.
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Limitations and Future Research

This study deliberately confined its focus to the core triad of vocal-background audio-face interactions, excluding richer acoustic
features (e.g., rhythmic patterns, timbre) and visual elements (e.g., color grading, dynamic effects), leaving substantial scope for
expanding cross-modal exploration. Future research should integrate physiological metrics to decode users’  cognitive
processing of multimodal stimuli and extend investigations to diverse communication contexts (e.g., long-form videos, game
live-streaming) to validate the generalizability of findings, thereby advancing theoretical frameworks for user interaction in
multimedia dissemination.
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