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Abstract

Despite the proven efficacy of HPV vaccines, uptake remains
limited in many regions, including China. This study inves-
tigates how health beliefs and emotional responses evolve
across text-, audio-, and video-based platforms by analyz-
ing data from three representative platforms in China, in-
cluding 273,357 posts from Weibo (text-based), 1,228 pod-
casts from Ximalaya (audio-based), and 1,225 videos from
Douyin (video-based) from July 2018 to March 2023. The
comparisons are conducted under four dimensions as sug-
gested by the Health Belief Model (HBM), including sus-
ceptibility, severity, benefits, and barriers. Our findings re-
veal distinct modality-specific patterns. For instance, a text-
based platform tends to amplify barriers and negativity, an
audio-based platform enables balanced and sustained discus-
sions, and a video-based platform highlights personal anec-
dotes and drives rapid sentiment shifts. By highlighting these
modality-specific differences and addressing potential cross-
modal incongruities at the content level, we provide action-
able insights for public health communicators, policymakers,
and platform designers to tailor strategies, foster informed
decision-making, and ultimately enhance HPV vaccine up-
take in complex social media ecosystems.

Introduction

HPV vaccination is a cornerstone of cervical cancer pre-
vention, yet vaccination rates in many countries, includ-
ing China, remain disappointingly low (Zhao et al. 2023).
As governments set ambitious coverage targets, such as
vaccinating 90% eligible females in China by 2025, un-
derstanding the public’s health beliefs and emotional re-
sponses becomes increasingly urgent. Social media plat-
forms now serve as primary arenas where the public en-
counters, debates, and disseminates health-related informa-
tion (Kim 2018; Ahmed and Mao 2022). However, the land-
scape of social media is far from homogeneous. Text-based
microblogs, audio-based podcasts, and video-focused plat-
forms each offer distinct modes of interaction, varying nar-
rative depth, and different degrees of emotional resonance.
Most existing research in HPV vaccine discourse on Chi-
nese social media has centered on text-oriented services,
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e.g., Weibo and Zhihu, revealing problems like misinforma-
tion, cost barriers, and policy critiques (Chen et al. 2020;
Li and Zheng 2020; Jiang et al. 2023). Although this body
of work enhances our understanding of text-based environ-
ments, it neglects how audio and video modalities might
uniquely influence user engagement, emotional reactions,
and perceived risk. Indeed, Dockter et al. (Dockter et al.
2021) found that modality (e.g., videos vs. infographics) sig-
nificantly impacts perceived source credibility, message ef-
fectiveness, and user engagement, especially when the topic
involves varying degrees of perceived threat or risk. Such
findings underscore how audio-visual formats can amplify
emotional salience and heighten public perceptions of sever-
ity and susceptibility, two core dimensions of the Health Be-
lief Model (HBM) (Bracken and Dalessandro 2017; Dockter
et al. 2021). Yet comprehensive cross-modal comparisons
remain scarce, leaving critical questions that require further
exploration.

To fill these gaps, we draw on recent findings on conflict-
ing affective signals conveyed by different modalities (Wang
et al. 2023), and conduct a cross-modality content analy-
sis on textual information extracted from multiple modali-
ties. We take Weibo (text-based), Ximalaya (audio-based),
and Douyin (video-based) as representative exemplars of
China’s broader text, audio, and video social media ecosys-
tem, and systematically transcribe audio and video posts into
text, thereby enabling a unified, content-focused compari-
son, rather than merely juxtaposing three specific platforms.

Furthermore, our analysis is guided by the Health Be-
lief Model (HBM), a classic and foundational framework
in health communication research (Janz and Becker 1984,
Rosenstock 1974). The HBM argues that the motivations
to adopt preventive health behaviors, such as screening and
vaccination, are primarily due to four constructs, includ-
ing susceptibility, severity, benefits, and barriers. We apply
HBM to compare HPV vaccine discussions across different
modalities, and investigate how the four constructs of sus-
ceptibility, severity, benefits, and barriers are framed under
each modality. We further explore how emotional expres-
sions shift in response to policy milestones, market changes,
and social incidents.

To sum it up, our study aims to answer three key research
questions.

*RQ1: How do text, audio, and video modalities differ in



covering the susceptibility, severity, benefits, and barriers of
HPV vaccination?

*RQ2: What are the representative topics in HPV vaccine-
related discussions across these three modalities?

*RQ3: What emotions are expressed in HPV vaccine dis-
course, and how do they fluctuate under different modali-
ties?

Related Work

Multimodality of Social Media and Its Impact on
Health Communication

Social media is inherently multimodal. Users now navi-
gate textual, auditory, and visual content across diverse
platforms, including text-centric microblogs (e.g., Twitter,
Weibo), audio-based platforms (e.g., Ximalaya, Spotify),
and video-based networks (e.g., Douyin, TikTok, YouTube).
Studies show that modality significantly influences user per-
ception, engagement, and emotional responses to health in-
formation (Bracken and Dalessandro 2017; Dockter et al.
2021). Moreover, each modality may amplify different bi-
ases or thematic emphases, potentially affecting how users
interpret and act upon vaccine-related messages.

For text-based platforms, research on HPV vaccine dis-
course is well-documented globally. For example, HPV
vaccine-related work has been conducted on Twitter in the
U.S. (Dunn et al. 2017) and Facebook in Denmark(Loft et al.
2020). In China, Weibo and Zhihu have emerged as impor-
tant forums for HPV discussions, where users seeking in-
formation for HPV vaccine or related policy(Zhang, Got-
sis, and Jordan-Marsh 2013; Li, Guo, and Lin 2022; Li and
Zheng 2020). These studies underscore the central role of
text-based platforms in shaping health knowledge and in-
tentions (Jiang et al. 2023). Research has also documented
both supportive and opposing emotional tones toward HPV
vaccines of the public (Luisi 2021; Zhang et al. 2021) and
identified correlations between emotional valence and net-
work structures (Himelboim et al. 2020).

Beyond text, audio-based platforms (e.g., podcasts) are
gaining prominence. Podcasts integrate social features like
comments, Q&A sessions, and user-generated content, fos-
tering an environment conducive to in-depth discussions and
personal storytelling. Emerging evidence suggests podcast
coverage can enhance health education, including women’s
health training (Dmytryshyn and Selk 2022) and HPV vac-
cination awareness (Dugan, McAllister, and Brennan 2022).
Podcasts also convey emotional intimacy and can influence
listeners’ emotional orientations toward health-related sub-
jects (Lindgren 2023; Kim, Kim, and Wang 2016). However,
most podcast-related health communication research is more
developed in Western contexts (Perks and Turner 2019) and
systematic investigations of how podcasts in China address
HPV vaccine issues remain limited, highlighting a need for
further research on this auditory modality.

Video-based platforms, especially short-form video apps
like Douyin (TikTok’s Chinese counterpart), have also be-
come influential arenas for health communication and shap-
ing public perceptions and behaviors (Boatman et al. 2022;
Kirkpatrick and Lawrie 2023). Studies have found that emo-
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tional tone is a critical factor for engagement, with positive
emotions like hope and joy frequently emerging in vaccine-
related TikTok content (Li et al. 2021). Nonetheless, misin-
formation and negative framing remain concerns, as seen in
studies of YouTube’s HPV vaccine discourse (Briones et al.
2012; Lewis and Grantham 2022), underscoring the impor-
tance of understanding how visual elements may amplify or
diminish certain message facets.

In summary, text, audio, and video modalities afford dis-
tinct ways of presenting and interpreting HPV vaccine infor-
mation, potentially leading to divergent emotional responses
and behavioral intentions. While text-based research domi-
nates the current literature, audio and video platforms are
comparatively under-researched, as well as direct compar-
isons on the three modalities (Smith, Fischer, and Yongjian
2012; Thorson et al. 2013). For instance, how do the same
HPV vaccine conversations about issues unfold across text-,
audio-, and video-based platforms? Addressing this question
through a cross-modal approach is essential for clarifying
how these formats collectively influence health communica-
tion outcomes. Such insights can inform health promotion
strategies, ensuring that vaccine communication leverages
the affordance of each modality.

Health Belief Model as a Comparative Framework

Originally formulated in the mid-20th century, the Health
Belief Model remains a widely applied theoretical frame-
work for understanding health behaviors. The HBM the-
ory asserts that in the health-related context, people’s health
behaviors are influenced by their desire to avoid diseases
and their belief that a health action will prevent the dis-
ease. Specifically, the HBM consists of the following four
dimensions. The first dimension is perceived susceptibility,
which reflects the subjective risks of contracting a disease.
The second dimension is perceived severity, which reflects
the convictions concerning the seriousness of a given health
problem. The third dimension is perceived benefits of health
action, which reflects the beliefs of the effectiveness of the
recommended health action in reducing the health threat.
The fourth dimension is perceived barriers to health action,
wherein people weigh the cons of the health action that it
may be dangerous, expensive, inconvenient, and so on (Janz
and Becker 1984; Rosenstock 1974).

Past research applying the HBM has shown that me-
dia coverage often amplifies certain dimensions over oth-
ers (Quick 2010; Seiter 2021; Yang et al. 2024). Differ-
ent modalities (e.g., text, audio, video) may highlight dis-
tinct aspects of HBM in health-related discourse (Briones
et al. 2012; Du et al. 2020; Guidry et al. 2019; Li and
Zheng 2020; Li et al. 2018), thereby shaping how users per-
ceive risk (susceptibility, severity) or value potential gains
(benefits) versus obstacles (barriers). While past research
has explored these effects across modalities, the integra-
tion of HBM with multimodal and emotional analyses re-
mains relatively underexplored, particularly in the context of
HPV vaccination. By applying the HBM framework across
text-, audio-, and video-based discussions of HPV vaccina-
tion, we identify how each modality’s unique characteristics
emphasize or downplay different HBM dimensions. Text-



Dimension Definition

Example

Susceptibility
Severity
serious health issue.

Benefits Advantages of the HPV vaccine in preventing infection
and related cancers.
Barriers Challenges related to HPV vaccination, such as cost or

eligibility.

Assessment of the risk of getting an HPV infection.
Assessment of whether an HPV infection constitutes a

80% of women will contract HPV in their lifetime.

Cervical cancer ranks first in incidence and mortality among
female reproductive system malignancies in China.

The 9-valent HPV vaccine can prevent 92.1% of cervical can-
cers.

Anaphylaxis may occur; vaccines are becoming more expen-

sive.

Table 1: Coding examples for each HBM dimension

based discussions often focus on providing factual informa-
tion related to susceptibility and severity, while video con-
tent tends to evoke stronger emotional responses, influenc-
ing benefits and barriers. This cross-modality approach en-
ables a deeper examination of how different communication
formats might influence users’ perceptions of these HBM
dimensions and suggests how long-term behavioral impact
could be influenced by the type of modality used. For exam-
ple, video-based engagement may lead to lasting emotional
shifts, while text-based engagement might foster more de-
liberative decision-making. By exploring the interaction be-
tween HBM constructs and emotional engagement, we aim
to understand not only the immediate impact of each modal-
ity but also their potential to encourage or hinder long-term
preventive behaviors.

Methodology
Dataset

To explore how text, audio, and video modalities shape dis-
cussions on HPV vaccines, we collected public data from
three representative and accessible Chinese social media
platforms, including Weibo, Ximalaya, and Douyin. Weibo
is one of China’s largest microblogging platforms, and cap-
tures text-based public opinion trends. Ximalaya, a lead-
ing platform for audio content, hosts podcasts and spoken-
word discussions, emerging as the largest audio-sharing
platform in China. Douyin is China’s most popular short-
video platform and TikTok’s Chinese counterpart, which re-
flects video-based public engagement and storytelling.

Our dataset spans from July 2018 to March 2023, cover-
ing nearly five years of public discourse, and a detailed data
collection process is described in the Appendix. The dataset
comprises text, audio, and video entries, with 273,357 posts
from Weibo, 1,228 audio podcasts from Ximalaya, and
1,225 videos from Douyin. It also includes related user in-
formation, enabling a unified, cross-modality exploration of
HPV vaccine discussions.

Multimodal Data Preprocessing

To enable the cross-modality analysis, we adopted a text-
focused approach, transcribing audio and video entry into
text. This method helps address the potential incongruity
that arises when different modalities carry conflicting affec-
tive or informational signals (Wang et al. 2023). The specific
preprocessing steps are described as follows.

Audio data from Douyin videos were extracted using
FFmpeg (Tomar 2006) and then combined with Ximalaya’s
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raw audio dataset for voice-to-text analysis. To isolate hu-
man speech from background noise, we utilized Spleeter
(Hennequin et al. 2020), a pre-trained source separation tool
by Deezer Research, retaining only Mandarin Chinese con-
tent while excluding non-human speech and non-Chinese
audio. The processed audio was then transcribed into text
using the iIFLYTEK speech transcription API'. To ensure
the datasets focused on user-generated discourse about the
HPV vaccine, additional cleaning was performed to remove
irrelevant content. For the Weibo dataset, a stratified ran-
dom sample of 0.5% of the whole dataset was extracted on a
monthly basis to identify irrelevant entries, e.g., commercial
advertisements. A dictionary of keywords and user accounts
was compiled and used tofilter unrelated contents. For the
Ximalaya and Douyin datasets, since they were relatively
small, all contents were manually reviewed and cleaned. Af-
ter preprocessing, the final dataset included 241,435 text en-
tries from Weibo, 1,228 transcribed audio entries from Xi-
malaya, and 1,225 transcribed video entries from Douyin.
By converting contents from different modalities into textual
format, this preprocessing approach enabled cross-modal
comparisons and ensured methodological consistency across
modalities.

Data Coding Under Health Belief Model

We employed the HBM to systematically analyze HPV vac-
cine discourse by focusing on its four dimensions, includ-
ing susceptibility, severity, benefits, and barriers (Janz and
Becker 1984; Rosenstock 1974). Given that many entries
adopted a third-person perspective and could encompass
multiple dimensions, we coded each dimension separately
and allowed each entry to be classified into more than one
categories. To achieve this, we combined manual coding
with fine-tuned deep learning models, ensuring both scal-
ability and precision.

Development of Coding Scheme. We began by manu-
ally annotating a portion of the dataset to establish coding
scheme. For Weibo, 1% of posts from each month were an-
notated by two independent coders, and discrepancies were
resolved through discussions. Coding examples are shown
in Table 1 with more details provided in Appendix A3.

Deep Learning for Weibo Classification. After manually
annotating 1% of the Weibo data and building the coding
scheme, we used these data to fine-tune a transformer-based
model, the Chinese version of ROBERTa (Liu et al. 2019) to

"https://global.xfyun.cn/products/Ifasr



HBM Dimension | Precision | Recall | F1-Score
Susceptibility 0.78 0.79 0.78
Severity 0.89 0.83 0.85
Benefits 0.76 0.77 0.77
Barriers 0.77 0.71 0.74

Table 2: Performance of HBM classifier on four dimensions

label the rest of Weibo data. The annotated Weibo data were
split into two parts, with 80% allocated for training and the
remaining 20% reserved for testing. Four binary classifiers
were trained for each of the HBM dimensions with hyper-
parameters, such as learning rate, batch size, and dropout
probability, carefully optimized to account for the unique
needs in each classifier. The learning rates were tuned as fol-
lows: susceptibility (le-5), severity (2e-5), benefits (2e-5),
and barriers (le-5), with batch sizes set at 32 and dropout
rates at 0.3 for all classifiers. To address the class imbal-
ance, Binary Focal Loss functions were adopted, with a ratio
of 10:1 for susceptibility, severity, and benefits dimensions,
and 1:20 for barriers dimension, to give higher weights to
positive examples. The fine-tuned classifiers achieved satis-
fiable performance with not only relatively high precision
and recall scores, but also F1 scores greater than 0.7 for all
four HBM dimension, as shown in Table 2, making them
suitable for large-scale classification tasks. The trained clas-
sifiers were then used to label the rest of the Weibo dataset.

Ximalaya and Douyin Classification. Manual annotation
was applied to the entire of Ximalaya and Douyin datasets
given their smaller samplesizes and the longer text length of
individual entries. To preserve semantic integrity, each entry
was coded following the finalized HBM rules established
during the Weibo annotation process, with adjustments for
modality-specific features. Additionally, HBM dimensions
were expanded as needed to align with the unique character-
istics of Ximalaya and Douyin, ensuring comprehensive and
consistent coverage across all modalities.

Topic Analysis

To explore latent topics within each modality, we applied
the BERTopic model (Grootendorst 2022) , which inte-
grates BERT embeddings, dimensionality reduction, and
clustering techniques to uncover hidden themes. The topic
modeling was conducted on the four HBM dimensions,
i.e., susceptibility, severity, benefits, and barriers, and one
each of the Weibo, Ximalaya, and Douyin datasets. For
topic modeling, preprocessing steps includedirrelevant ele-
ments removal (e.g., URLSs, mentions, and hashtags), Chi-
nese word segmentation using the jieba library 2, stop word
removal, and conversion of all Chinese characters to sim-
plified Chinese. To extract latent topics, short texts, as in
Weibo, were processed directly, while longer transcripts, of-
ten found in Ximalaya and Douyin, were split into sentences
to meet the 512-token limit of Sentence-BERT (SBERT)and
preserve semantic integrity. We first used the paraphrase-
multilingual-MiniLM-L12-v2 SBERT model (Reimers and

>https://github.com/fxsjy/jieba
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Emotion | Precision | Recall | F1-Score
Positive 0.90 0.93 0.90
Negative 0.90 0.87 0.90

Table 3: Performance of emotion classifier on two emotions

Gurevych 2019) to generate sentence embeddings. This
model is lightweight, supports Chinese, and is capable of
efficiently handling large-scale data, such as Weibo. Next,
we applied UMAP(Mclnnes et al. 2018) for dimension re-
duction, reducing the embedding space to 10 dimensions,
which strikes a balance between retaining sufficient infor-
mation and minimizing noise to improve efficiency. During
the dimension reduction, n_neighbors was set to 15 to bal-
ance the focus on local and global structures, ensuring that
the text’s subtle distinctions were captured without over-
fitting. The reduced embeddings were then input into the
HDBSCAN(MclInnes, Healy, and Astels 2017) clustering al-
gorithm, with min_cluster_size set to 200 to ensure cluster
stability and effectiveness, while cluster_selection_method
used the EOM (Excess of Mass) method to identify high-
density regions and enhance cluster consistency. Finally, in
the topic representation phase, we applied BM25 weight-
ing and set reduce_frequent_words=true to minimize the in-
fluence of common and frequent words, ensuring that the
extracted keywords were more distinctive and representa-
tive. To enhance model interpretability, we manually merged
semantically similar clusters and selected the three largest
and most representative clusters for each HBM dimension
on each platform for further analysis. For each cluster, we
also selected the representative arguments to provide in-
sights into the thematic structure of the discussions.

Emotion Analysis

To analyze emotions with high accuracy, we employed a
two-step procedure for sentiment detection. Firstly, we ex-
tracted posts with neutral emotions using a six-emotion clas-
sification model trained on the SMP2020 EWECT Weibo
dataset® (performance shown in Appendix Table A2), .
Then, we classified entries with non-neutral emotions into
positive or negative with the binary sentiment model trained
on the Weibo_Senti_100k dataset*(performance see Table 3).
Further details on the model training are provided in the Ap-
pendix. For Ximalaya and Douyin datasets, since entries of-
ten exceeded the 512-token limit, they were split into sen-
tences. The sentences in each entry were then classified as
positive (1), negative (—1), or neutral (0), and a weighted
emotion score for the full entry was generated by integrat-
ing the scores of all sentences. Entries with scores above 0
were labeled positive, below 0 as negative, and O as neu-
tral. Neutral entries were further examined to identify truly
neutral entries and entries with balanced emotions, i.e., pos-
itive and negative sentences canceling each other out. For
Ximalaya, 38.83% entries were neutral with 0.31% balanced
entries, while Douyin had 44.04% neutral, with no balanced
ones. By unifying the emotional analysis pipeline across

3https://smp2020ewect.github.io
*https://dx.doi.org/10.21227/abj8-y636



short (Weibo) and long (Ximalaya, Douyin) texts, we en-
sured cross-modal comparability while accommodating lin-
guistic and structural differences inherent to each modality.

Trend Analysis

To investigate how frequencies of topics in the four HBM di-
mensions and emotions evolve over time on each platform,
we began by recording the frequency of entries in each HBM
dimension across the three platforms on a monthly basis.
This provided aggregatedtime-series data for further anal-
ysis. Next, we aggregated the counts of entries with each
emotion type, i.e., positive, negative, and neutral, for each
platform per month, creating a time-series dataset of emo-
tional responses. These datasets allowed us to track the tem-
poral variations in both HBM dimensions and emotional cat-
egories. Finally, we compared the time-series data for the
HBM dimensions and emotions across the platforms to ex-
amine the temporal evolution of discussions. This compar-
ison helped to reveal platform-specific trends and provided
insights into how different platforms shaped the discussions
of HPV vaccination over time.

Results

RQ1: How Do Text, Audio, and Video Differ in
Covering the Four HBM Dimensions?

We examined how text-based (Weibo), audio-based (Xi-
malaya), and video-based (Douyin) modalities differ in cov-
ering the four HBM dimensions. Figure 1(A) and Fig-
ure 1(B) depict the proportion of entries and the number of
entries in each dimension over time across the three modal-
ities.

Text-based platform (Weibo): The barriers dimension
overwhelmingly dominated, accounting for 87.15% of posts,
while susceptibility (4.58%), severity (11.84%), and ben-
efits (12.23%) were significantly less frequent. This dis-
parity was statistically confirmed by a Cochran’s Q test
(Q =190,634.70, p < 0.01), with post hoc McNemar tests
(p < 0.01) revealing significant differences across all di-
mensions.

Audio-based platform (Ximalaya): The distribution of
HBM dimensions was more balanced. Barriers appeared in
52.05% of podcasts, followed by benefits (32.27%), severity
(30.43%), and susceptibility (16.80%). A Cochran’s Q test
(Q = 428.90, p < 0.01) indicated significant differences
across dimensions.

Video-based platform (Douyin): The barriers dimension
was the most frequent, appearing in 90.52% of videos, fol-
lowed by severity (69.20%) and benefits (60.95%), while
susceptibility was the least frequent (15.77%). Significant
differences between dimensions on Douyin were validated
by a Cochran’s Q test (QQ = 1,247.30, p < 0.01) and post
hoc McNemar tests (p < 0.01).

These differences highlight potential modality-specific
emphases. In this case, we found that text discussions were
more barrier-centric, while audio and video content pre-
sented a broader coverage of all four HBM dimensions. Over
time, we can also see similar patterns being consistent across
the three platforms.
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Figure 1: (A) Distribution of entries on HBM dimensions
across text, audio, and video-based platforms (B) Counts of
entries on HBM dimensions across text, audio, and video-
based platforms over time

RQ2: What Are the Representative Topics in HPV
Vaccine Discussions Across Modalities?

Using topic modeling approaches as described in the method
section, we identified representative topics for each of the
four dimensions of the HBM. In this section, we compare
the topics across the three modalities, and the key findings
on each dimension are presented below.

Barriers The representative topics in the barriers dimen-
sion are summarized in Table 4. It was found that Weibo
mostly addressed public health events and policy concerns,
including difficulties booking nine-valent vaccine appoint-
ments (W0) and reporting side effects (WI). The W3 com-
pared the prices of different vaccines. Meanwhile, the audio-
based platform, Ximalaya, focused on economic and indus-
trial themes, such as biotech companies’ profits (X2) and age
restrictions (X0) for vaccination. Besides, the X/ highlighted
the popularity and demand for expensive vaccines. In com-
parison, the video-based platform, Douyin centered on per-
sonal hurdles in obtaining the vaccine (D0), eligibility (D1),
and advice on vaccination (D2). To sum it up, for barriers,
discussions on Weibo highlights policy scheduling and side
effects, Ximalaya underscores market or economic angles,
and Douyin emphasizes vaccine availability and accessibil-
ity from individual standpoints.

Susceptibility The representative topics in the Suscepti-
bility dimension are summarized in Table 5. It was found
that Weibo mostly addressed HPV transmission routes (W0),
vaccination schedules (WI), and target populations (W3).
Meanwhile, the audio-based platform, Ximalaya, focused on
vaccine availability and eligibility (X0), often noting pref-
erences for the nine-valent vaccine; it also underscored the
vaccine’s safety and benefits, including access for both men
and women abroad (X/ and X2). In comparison, the video-
based platform, Douyin, centered on everyday-life contexts
(D0) and first-person accounts of HPV causing cervical can-
cer and other diseases (DI and D2). To sum it up, for suscep-
tibility, discussions on Weibo highlight transmission meth-
ods and scheduling, Ximalaya underscores eligibility and



Plat. Clu. [Num. |Representative Arguments
Weibo  |WO0 |20,760 | Unable to make appoint for the nine-valent vaccine, trapped by Alipay vaccine appointments.
W1 |7,429 | After the vaccination, my arm started to ache, and I had bad reactions, a fever, and a bad cold.
W2 16,585 |Domestic bivalent vaccine is cheaper than imported nine-valent vaccine.
Ximalaya| X0 |1,086 |The HPV vaccine provides relatively little benefit to people over the age of 26.
X1 |1,070 |Higher-priced HPV vaccines are more popular than lower-priced HPV vaccines and are scarcer in the market.
X2 |404 Watson Bio and Wantai BioPharm realized substantial growth in operating revenue and profit.
Douyin |DO |970 |Getting the nine-valent vaccine is like winning the lottery.
D1 |732 |If you are already infected by HPV, you can get the HPV vaccine.
D2 (629 It’s better to get vaccinated earlier. Take any vaccines available, and don’t wait for the nine-valent vaccination.
Table 4: Topics on Barriers
Plat. Clu. | Num. | Representative Arguments
Weibo |WO0 [822 |What to do if a woman is infected with HPV. HPV can be transmitted in a number of ways.
W1 |627 |When is the best time for vaccination? As soon as possible, of course!
W2 (589 |HPV vaccination could eliminate cervical cancer, and should be extended to boys and adults.
Ximalaya| X0 |794 |Is China using foreign vaccines when foreign countries are no longer mainlining the bivalent vaccine?
X1 [460 |The HPV vaccine is quite safe, and the benefits of the vaccine far outweigh the side effects.
X2 |446 |The HPV vaccine is available for both men and women.
Douyin |DO |751 |The HPV causes not only cervical cancer, but also multiple other tumors and cancers, which infects both sexes.
D1 |[127 |We live in an environment where there are more than 100 varieties of HPV, and the quadrivalent vaccine can
prevent 80% of cervical cancers and 90% of condyloma acuminatum.
D2 |85 This guy, he got HPV from playing around and infected his girlfriend without her knowing it.

Table 5: Topics on Susceptibility

safety, and Douyin emphasizes broader health impacts via
personal narratives.

Severity The representative topics in the severity dimen-
sion are summarized in Table 6. It was found that Weibo
mostly addressed China’s low HPV vaccination rate (<1%
among eligible women) and the high incidence of cervical
cancer (W1 and W2). The W3 questioned the vaccine’s effi-
cacy, portraying two opposing perspectives—yvaccine impor-
tance vs. limitations. Meanwhile, the audio-based platform,
Ximalaya, focused on factual policy issues, such as age re-
strictions (X/7) and incomplete protection (X0). Besides, the
X2 raised awareness about HPV-related cancers in LGBTQ+
groups. In comparison, the video-based platform, Douyin
centered on personal narratives and experiences (DO, DI,
and D2), where users shared subjective opinions in casual
contexts. To sum it up, for severity, discussions on Weibo
highlight policy debates on vaccination rate and cancer inci-
dence, Ximalaya underscores policy and factual discussions,
and Douyin emphasizes personal stories.

Benefits The representative topics in the benefits dimen-
sion are summarized in Table 7. It was found that Weibo
mostly addressed policies, including WHO’s global strat-
egy (WO0) and general vaccine efficacy (WI). The W2 top-
ics argued for higher vaccine valency with better protection.
Meanwhile, the audio-based platform, Ximalaya, focused on
safety (X2) and age policies (X0), including the extended age
limit for nine-valent vaccines. Hosts often discussed early
screening and treatment as complementary measures (X7).
In comparison, the video-based platform, Douyin, centered
on polarized opinions, with some videos promoted higher-
valent vaccines (DO0), others stressed affordability of biva-
lent options (D), and early vaccination emerged as a re-
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curring theme (D3). To sum it up, for benefits, discussions
on Weibo highlight policy and perceived efficacy, Ximalaya
underscores safety and expanded eligibility, and Douyin dis-
plays polarized views on valency and cost.

In summary, our results show that text-based platform
often spotlights policy-level issues, audio-based platform
delves into discussions of eligibility, safety, or industry as-
pects, and video-based platform emphasizes personal sto-
ries, everyday experiences, and quick recommendations.
These variations align with each modality’s intrinsic com-
munication characteristics, i.e., short text provides updates,
audio offers in-depth conversations, and short videos pro-
vide visual-driven content.

RQ3: What Emotions Are Expressed and How Do
They Fluctuate Under Different Modalities?

Figure 2(A) illustrates the proportion of entries with neu-
tral, negative and positive emotions across modalities. A chi-
square test (x2 = 251.25, df = 4, p < 0.01) confirmed
significant differences among the three modalities. For in-
stance, on the text-based platform, Weibo, neutral (50.10%)
and emotional (positive and negative, 49.90%) posts are bal-
anced, with negative ones (38.47%) dominate the emotional
subset. We found that neutral contents often involve poli-
cy/mews updates, while negative posts typically reflect user
frustrations about perceived barriers, e.g., scheduling diffi-
culties. On the audio-based platform, Ximalaya, emotions
are more balanced, with 39.14% neutral, 38.63% negative,
and the rest positive. We found that negative emotions, such
as fear or anxiety, were triggered by susceptibility or sever-
ity contents in podcasts. The video-based platform, Douyin,
shares similarities with Ximalaya (44.04% neutral, 34.33%



Plat. Clu. | Num. | Representative Arguments
Weibo  |WO0 | 1,016 | Currently, the HPV vaccination rate of school-age girls in China is less than 1 percent.
W1 | 845 |In China, cervical cancer is the cancer type with the second highest incidence in women.
W2 |660 |Does the HPV vaccine mean you won’t get cervical cancer? No!
Ximalaya| X0 |1,023 |[HPV vaccine is a preventive vaccine that does not cure HPV infection nor prevent 100% of cervical lesions and
cervical cancer.
X1 |948 |HPV vaccine supply is tight and age-restricted. There are no strict restrictions in Hong Kong or Singapore.
X2 |617 |HPV can also cause anal cancer, which is also present in the gay community.
Douyin |DO |691 |Since I was infected with HPV, I have never had sex with a man. And I have gotten the HPV vaccine.
D1 [423 |TCT test is available for cervical cancer prevention in overaged women.
D2 |419 |To prevent getting infected while waiting for the 9-v vaccine, you can get the domestic 2- or 4-v vaccines.
Table 6: Topics on Severity
Plat. Clu. | Num. | Representative Arguments
Weibo  |WO | 1,676 | Vaccination, screening, and treatment are part of WHO’s global strategy for cervical cancer elimination.
W1 |1,328 |Imported and domestically produced vaccines are being inoculated in all regions to prevent cervical cancer.
W2 |661 |The higher the HPV vaccine valent, the more types of HPV it protects against.
Ximalaya| X0 |1,360 | A new indication for Merck Sharp & Dohme’s 9-valent HPV vaccine has been approved by the State Drug
Administration of China. Indications extended to women of appropriate age from 9 to 45 years old.
X1 [1,281 | There are lesions in between the infection and the malignant cancer, and we can detect and treat them early.
X2 |1,021 | There are domestic and imported vaccines, so there may not be a significant difference in effectiveness and
safety.
Douyin DO [581 |Minors can get vaccines later, people close to 45 can still get the first shot, and TCT exam is not needed.
D1 |526 |The 9-valent vaccine is not cost-effective nor significantly better; the bivalent vaccine is the most effective in
preventing cervical lesions and cancer, is superior to the quadrivalent vaccine, and provides cross-protection.
D2 |373 |The earlier the vaccine is administered, the more protection and the lower the risk of getting infected by HPV.

Table 7: Topics on Benefits

negative, and the rest positive), emphasizing personal sto-
rytelling in amplify negativity (cost, side effects) and occa-
sionally optimism (successful appointments). These findings
highlight that the text platform leans towards being policy-
driven and negative, the audio platform fosters more bal-
anced yet strong emotions, and the video platform shares
daily-life narratives and covers different emotional tones.

Emotions by HBM Dimensions Figure 2(A) also breaks
down emotional compositions across the four HBM dimen-
sions. Below are key observations and how they tie back to
the topic analysis results presented in the previous section.

Barriers Chi-square test results (x2 = 153.33, df =
4, p < 0.01) indicate significant modality differences in
emotional responses to barriers. Barriers discussions remain
largely negative (e.g., scheduling difficulties, high prices),
though Douyin uniquely features some positive sentiment
(22.56%) tied to domestic vaccine alternatives. Weibo and
Ximalaya lean toward macro-level policy or economic con-
straints, while Douyin highlights personal experiences and
occasional success stories.

Susceptibility A chi-square test (x> = 478.51, df = 4,
p < 0.01) reveals significant differences in emotional in-
volvement across platforms in this dimension. Ximalaya
(78.26%) and Douyin (61.14%) display higher levels of
emotional engagement compared to Weibo (20.27%), with
the predominant sentiment being negative. Discussions of-
ten center on international comparisons, e.g., vaccine avail-
ability abroad, or personal risk, e.g., cancer transmission and
gender factors, evoking fear and anxiety. The auditory depth
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of Ximalaya and Douyin’s short-video narratives both in-
tensify negative feelings, while Weibo’s policy/news content
remains less emotionally charged.

Severity Chi-square test results (x2 = 1299.70, df = 4,
p < 0.01) indicate significant modality differences in emo-
tional responses to severity. Ximalaya leads in emotional en-
gagement (71.52%), predominantly negative (45.08%), with
a smaller positive share reflecting recognition of preventive
measures. Douyin (55.61%) focuses on personal stories em-
phasizing HPV’s consequences, whereas Weibo (17.00%)
remains comparatively low on emotional responses. Discus-
sions on severity, including topics like cancer risk or high-
risk groups, are enhanced by the immersive nature of audio
and video formats. These modalities amplify emotional re-
sponses, such as fear or sympathy. In contrast, the predomi-
nantly data-driven content on Weibo evokes fewer emotional
reactions.

Benefits Chi-square test results (x? = 1774.90, df = 4,
p < 0.01) shows that Douyin (60.95%) and Ximalaya
(32.27%) both yield significant emotional responses to ben-
efits, though negativity still appears when users face un-
met expectations or cost barriers. Weibo exhibits the lowest
emotional reaction (12.45%), aligned with its more policy-
oriented style.

In summary, the audio modality, represented by Xi-
malaya, consistently demonstrates deeper emotional in-
volvement, especially in the form of fear or anxiety. In con-
trast, the video modality, e.g., Douyin, generates mixed emo-
tional responses, with some positivity emerging amid pre-
dominantly negative content. And, the text modality, e.g.,
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Figure 2: (A) Distribution of emotions across HBM dimensions across text, audio, and video-based platform (B) Time-series
picture of emotions across text, audio, and video-based platform

Weibo, is overall the least emotionally charged but shows
significant negativity when emotions are expressed.

Emotions Over Time and Across Different Modalities
Figure 2(B) displays changes of entries with different emo-
tional categories from 2018 to 2023 summarized on a
monthly basis. We map these trends onto key policy mile-
stones, market changes, and social events as follows. For
the text-based platform, Weibo, rapid spikes follow ma-
jor policy announcements (e.g., Mar 2022 free HPV vac-
cination proposals) or controversies (e.g.,Mar 2019 counter-
feit vaccines), predominantly magnifying barriers and neg-
ative sentiment (frustration over supply, authenticity con-
cerns). Emotional intensity subsides quickly, consistent with
Weibo’s fast-moving news cycle. For the audio-based plat-
form, Ximalaya, vaccine age-extension policies and cam-
paigns promoted by the National Health Commission (May
2022) prompt longer discussion windows, aided by the pod-
cast format’s narrative depth. Listeners and hosts explore
international comparisons, scientific underpinnings, and fi-
nancial aspects, sustaining diverse emotional expressions
over weeks or months. And, for the video-based platform,
Douyin, visual storytelling sparks swift emotional reactions,
with sharp upswings in negativity during supply crises (Jun
2022 9vHPV shortage). However, positive narratives, such
as those promoting domestic vaccines in November 2022,
can quickly rebalance sentiment. Discussion intensity of-
ten manifests in scattered “viral” bursts rather than a sin-
gle peak. At the macro level, events such as policy releases,
supply fluctuations, media coverage, and scandals acted as
critical triggers. However, the magnitude, duration, and na-
ture of responses varied across platforms due to their distinct
modalities and engagement patterns.

A Case Study: Nine-Valent (9v) Vaccine Coverage Ex-
pansion We chose the nine-valent HPV vaccine coverage
expansion (9vExpansion) event as a case study, because it
appeared as a major event on text-, audio-, and video-based
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platforms, yet each modality displayed a different pattern of
discourse and timing. Although 9vExpansion was consid-
ered good news in general, many users still faced difficulties
in making appointments, which led to mixed emotional re-
sponses. Examining how each modality responded to this
event helps illuminate the distinct ways that text, audio, and
video-based platforms process and circulate health-related
information.

In our HBM-based coding of barriers, we distinguish “ob-
stacles decreasing”, e.g., expanded eligibility policies, and
“obstacles increasing”, e.g., difficulties in securing appoint-
ments for vaccines. Although the coverage expansion is pos-
itive by itself, it also leads to the surge in demand and makes
it more difficult to make an appointment to get vaccinated,
causing both optimism and frustration. This interplay of
“barriers decreasing” and “barriers increasing” took unique
forms across the three modalities.

Text-based platform (Weibo): There was an immediate
spike in negative sentiment after the 9v coverage announce-
ment, largely due to high costs and limited vaccine availabil-
ity. Although some posts acknowledged the policy’s promise
of reducing barriers, many individuals complained about the
difficulty of getting an appointment, swiftly overshadowing
initial optimism. In line with Weibo’s fast-paced nature, this
wave of negative sentiment peaked and faded within a few
weeks, reflecting a brief but strong reaction cycle.

Audio-based platform (Ximalaya): Here, the discussion
cycle lasted up to two months. Early podcast episodes ex-
pressed relief over extended eligibility (“barriers decreas-
ing”), but as more callers described ongoing supply short-
ages and high cost, frustration grew. This led to both positive
and negative emotions coexisting for a longer period. The
delayed peak and extended debate underscore how audio
formats can sustain more in-depth conversations, allowing
hosts and listeners to exchange personal anecdotes, analyze
policy implications, and bring in expert views over time.

Video-based platform (Douyin): Discussions related to



the 9v policy were relatively fragmented, generating mul-
tiple small bursts of attention instead of one major collec-
tive wave. While some users voiced complaints about the
scarcity of 9v vaccine appointments, many videos gained
traction only briefly before interest shifted elsewhere. In
November 2022, the ongoing shortage coincided with an
emerging focus on a newly available domestic bivalent HPV
vaccine, heralded as “national pride.” This triggered a sepa-
rate conversation spike centered on bivalent vaccines. Con-
sequently, Douyin’s short-form video structure gave rise to
multiple minor peaks of discussion rather than one sustained
debate.

Overall, this case study highlights how modality influ-
ences the intensity and duration of public reactions to a sin-
gle policy. Text-based platforms like Weibo trigger rapid but
short-lived sentiment spikes, while audio-based platforms
such as Ximalaya foster more gradual and prolonged discus-
sions, as users dissect topics over weeks. In contrast, video-
based platforms like Douyin often generate brief, scattered
waves of engagement, driven by shifting user attention to
new topics like the domestic bivalent vaccine. These differ-
ences emphasize the critical role of modality in shaping pub-
lic perceptions and debates, offering key insights for tailor-
ing public health messages to specific media formats.

Discussion

This study examined how HPV vaccine discourse was
shaped and how emotional responses evolve on the text-,
audio-, and video-based platforms through the lens of the
HBM. We found that the text-based platform predominantly
focused on discussions around barriers to vaccination, such
as side effects and costs, which aligns with previous re-
search. On the other hand, audio- and video-based platforms
provided a more balanced discourse on other HBM beliefs,
including susceptibility, severity, and benefits (RQ1). Fur-
thermore, the study found that different modalities preferred
different topics and narratives. For instance, the text-based
platform featured brief public discussions on public poli-
cies and prices, the audio-based platform featured longer
in-depth conversations on social and economic news, and
the video-based platform featured personal anecdotes in vi-
ral “hook” narratives (RQ2). The longitudinal emotional
analysis revealed that emotions fluctuated over time in dif-
ferent patterns across modalities. For example, the text-
based platforms had rapid emotional responses to policy
changes with most discussions in negative emotions, the
audio-based platform had slow but continuous and balanced
emotional responses to policies, while the video-based plat-
form users swung between positive and negative emotions
(RQ3). These findings underscore the critical role of plat-
form modality in shaping health communication dynamics.

To explain the observed differences in topics and emo-
tions across three modalities, we drawing on both our analy-
sis and the broader literature. We identified two factors that
may potentially contribute to these differences, including a)
content production procedures and b) platform attributes and
user characteristics. Specifically, on text-based platforms,
like Weibo and Twitter, the cost is minimal for users to
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post news snippets or comments, which foster instant dis-
cussions on negative or controversial content (Brady, Crock-
ett, and Van Bavel 2020). On audio-based platforms, like
Ximalaya and Podcast, content production often involves a
longer planning stage and deeper insights, facilitating in-
depth and rational user engagement (Persohn and Branson
2024). On video-based platforms, like Douyin and TikTok,
users could use smartphones to easily edit visually attrac-
tive video clips. Since audiences frequently followed trend-
ing videos, videos could get viral and receive massive re-
sponses, leading to rapid emotional swings on the platform.

Implications

Firstly, our study explored the less-studied audio- and video-
based platforms and found that they offered more balanced
discussions, including coverage of susceptibility, severity,
and benefits, alongside barriers. Video-based content, evok-
ing stronger emotional responses, may lead to shifts in per-
ceptions of susceptibility and severity, while text-based con-
tent encourages rational decision-making. These differences
underscore the influence of modality on public beliefs about
the HPV vaccine and potential behavioral changes.

Secondly, this study revealed the three-way interactions
between media modalities, health beliefs, and user emotion
expressions about the HPV vaccine. We found that negative
emotions dominated discussions on barriers to vaccination
on text-based platforms, while audio- and video-based plat-
forms had both positive and negative emotions across all
four HBM belief dimensions. These results expanded the
existing finding in previous studies that examined the in-
teractions between HBM beliefs and emotions on a single
modality (e.g., (Mukhtar 2020; Cho et al. 2018; Yang et al.
2024)), and highlighted the importance of considering social
media modalities in health communication.

Thirdly, by combining content and emotional analysis,
this study showed how different media modalities use dis-
tinct narrative strategies and evoke dynamic emotional re-
sponses. Unlike previous studies that focused on single
modalities, e.g., (Zhang et al. 2017), our findings revealed
that text-based platforms triggered immediate emotional re-
sponses to news updates, mostly negative emotions about
barriers to vaccination. Audio platforms encouraged in-
depth conversations on the social and economic impacts
of HPV policies, leading to balanced emotional engage-
ment. Video platforms featured personal stories, with users
quickly switching between positive and negative emotions.
These findings offer valuable insights into the characteris-
tics of each modality, providing practical guidance for pub-
lic health communicators.

Fourth, the methodology developed in this study offers
public health authorities a valuable tool for monitoring and
responding to discussions and sentiment around health poli-
cies in real-time. By employing cross-modality analysis,
authorities can track public perceptions and emotional re-
sponses across different platforms, enabling timely inter-
ventions to address emerging issues, correct misinformation,
and support health policies. For example, the amplification
of negative sentiments on text-based platforms could prompt
fact-based clarifications, while the more nuanced engage-



ment on audio- and video-based platforms allows for long-
term dialogue and trust-building.

Finally, our findings also emphasize the need for public
health authorities to focus on addressing barriers to vacci-
nation, such as side effects and costs, with transparent com-
munication. This is particularly important during regulatory
events, where shifts in discourse can quickly influence pub-
lic sentiment. By staying agile and leveraging emotional en-
gagement, public health agencies can better guide public un-
derstanding and foster informed decision-making.

Actionable Insights

From a public health standpoint, these findings imply that
text-based platforms, e.g., Weibo, are ideal for rapid ru-
mor control or official clarifications when new policies or
crises occur. Audio-based platforms, e.g., Ximalaya, can
host longer, expert-led sessions to address nuanced con-
cerns, capitalizing on listeners’ willingness for in-depth in-
formation and building trust over time. Video-based plat-
forms, e.g., Douyin, excel at visually compelling, emotive
storytelling, but appropriate regulations may be necessary to
ensure accurate information transformation and to avoid vi-
ral waves of inaccurate contents.

Limitations

This study analyzed three platforms as representative exam-
ples of text, audio, and video modalities. However, platforms
within the same modality may also vary significantly in user
demographics, interface design, content policies, and algo-
rithms, which could influence public discussions. There-
fore, certain observed differences reported in this paper may
be related to platform-specific characteristics rather than
modalities alone. For example, Douyin (TikTok’s Chinese
counterpart) may have different discussion patterns com-
pared to other video platforms like YouTube or Instagram
Reels, despite all being video-based. Future research could
explore additional platforms within each modality, e.g., Bili-
bili for video or Xiaoyuzhou for podcasts, to assess the gen-
eralizability of these findings and separate modality effects
from platform-specific attributes.

Additionally, our study transcribed audio and video con-
tent into text, which may have resulted in the loss of impor-
tant contextual features, such as tone, emphasis, or visual
cues. This limitation is particularly relevant for platforms
like Ximalaya and Douyin, where the multimodal nature of
communication plays a significant role. Future studies could
explore methods to preserve these features through multi-
modal analysis, integrating text, audio, and video data to
more accurately capture the richness of the discussions.

The cultural and temporal scope of the dataset also war-
rants attention. Our analysis spanned from 2018 to 2023
without including data from earlier years. Additionally, the
dataset focused on Chinese platforms, cross-cultural com-
parisons, longer data collection periods, or studies con-
ducted during health crises would provide deeper insights
into whether observed patterns are applicable or influenced
by local norms, policies, or emergent social changes.
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Future Work

While our classification models performed satisfactorily,
there are opportunities for further refinement. Future work
could explore the use of advanced pretrained large language
models (LLMs), such as GPT-4 or T5, to enhance the de-
tection of nuanced emotional cues, sarcasm, and platform-
specific language styles. Additionally, multimodal fusion
techniques could be employed to integrate features from
text, audio, and video, improving the robustness and accu-
racy of the analysis.

Moreover, incorporating user-level data, such as interac-
tion metrics (likes, comments, shares) and conducting net-
work analyses could provide a more comprehensive under-
standing of how vaccine-related information spreads across
platforms and evolves over time. This approach would allow
us to identify key influencers and communities and better
understand the dynamics of information dissemination.

We also recognize the potential value of integrating the
HBM with other public health theories, such as the The-
ory of Planned Behavior (TPB), to gain a more comprehen-
sive understanding of vaccine discussions on social media.
Combining these theories with sentiment analysis (e.g., pos-
itive and negative emotions) could further enhance our un-
derstanding of the factors driving vaccination behaviors.

Lastly, while this study provides valuable insights into the
differences in discussions across modalities, further work
could investigate how these differences manifest across
platforms or within different regions, policy contexts, or
time periods. Examining these variations would help clar-
ify whether the observed patterns are influenced more by
modality or other factors such as platform-specific algo-
rithms or user demographics. This research would be valu-
able in understanding the underlying dynamics of emotional
engagement on different platforms. We envision future stud-
ies focusing on the interplay between modality, platform-
specific factors, and external influences, such as governmen-
tal regulations or cultural contexts.

Conclusion

Our findings highlight that text-, audio-, and video-based
platforms shape public discourse on HPV vaccines in dis-
tinct ways, potentially driven by modality-specific produc-
tion costs, platform attributes, and user characteristics. Text-
based platforms’ environment amplifies short-lived con-
troversies and negative sentiments, audio-based platforms’
podcasts sustain multidimensional and reflective debates,
and video-based platforms’ short clips yield fragmented
but emotionally charged mini-waves. Recognizing these
modality-driven dynamics is crucial for designing targeted
public health strategies, e.g., rapid rumor control on text-
based platforms, in-depth expert engagement on audio-
based platforms, and compelling visual campaigns on video-
based platforms. Future research exploring additional plat-
forms within each modality, broader data sources, advanced
analytics, and cross-cultural comparisons can further refine
how digital health communication strategies can adapt to
each unique type of ecosystem.
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herence to platform Terms of Service and ethical guidelines
was prioritized throughout.

Appendix
Data Collection

We employed automated Python crawler scripts to collect
comprehensive datasets encompassing all publicly accessi-
ble discussions related to HPV vaccines across three Chi-
nese social media platforms: Weibo, Ximalaya, and Douyin.

We retrieved text data through keyword searches on
Weibo’s search interface® using three search keywords
(“HPVvaccine”, “Human Papilloma Vaccine”, and “Cervi-
cal Cancer Vaccine”) to collect posts along with user infor-
mation, restricting the dataset to Simplified Chinese posts.
Initially, the dataset comprised 316,902 posts ranging from
March 2011 to March 2023. For Ximalaya and Douyin, due
to search limitations on these platforms, we implemented
a consistent multi-step approach via their respective search
interfaces®’. First, we used the keywords “HPV vaccine”,

SWeibo search interface: https://s.weibo.com
®Ximalaya search interface: https://www.ximalaya.com/so/
"Douyin search interface: https://www.douyin.com/search/



“Human Papilloma Vaccine”, and “Cervical Cancer Vac-
cine”, and collected one part of the dataset. Second, we
used the keywords “HPV”, “Human Papilloma”, and “Cer-
vical Cancer”, and then filtered the data by the keyword
“Vaccine” in the title, description, and tag, generating the
other part of the dataset. Third, we removed duplicates in
the dataset collected in the previous two steps, generating
the final dataset of Ximalaya and Douyin. The initial collec-
tion spanned December 2016 to March 2023 for Ximalaya
and October 2018 to March 2023 for Douyin. The English-
Chinese keyword mapping is provided in the Appendix Ta-
ble Al.

To reduce or eliminate the influence of recommenda-
tion algorithms and ensure the collection of sufficient HPV
vaccine-related discussions on Douyin, we registered multi-
ple brand-new accounts with no prior usage history.

To align the dataset with our research questions and en-
sure temporal consistency across text-based Weibo, audio-
based Ximalaya, and video-based Douyin, we standardized
the timeframe to cover October 2018 to March 2023. The fi-
nal dataset comprised 273,357 posts from Weibo, 1,228 au-
dio podcasts from Ximalaya, and 1,225 videos from Douyin.

Additionally, for the Weibo dataset, irrelevant content
such as advertisements, promotional entries, and unrelated
campaigns was filtered out, refining the dataset to 241,435
posts. User contributions included 131,310 unique Weibo
users, 564 Ximalaya users, and 863 Douyin users.

English Keyword Chinese Keyword
HPV vaccine HPV 8y
Human Papilloma Vaccine AFLLE
Cervical Cancer Vaccine BHEEE
HPV HPV
Human Papilloma AFLKTE
Cervical Cancer TR
Vaccine B

Table Al: English-Chinese keyword mapping

Data Characteristic

The user and content distribution across the three platforms
(Weibo, Ximalaya, and Douyin) are summarized as follows:
On Weibo, there are 121,423 total users and 241,435 total
posts. A small fraction of users is highly active, with the
top 1% (1,214 users) contributing 24.67% of the total posts,
the top 5% (6,071 users) contributing 42.69%, and the top
10% (12,142 users) contributing 50.81%. The Gini coeffi-
cient for Weibo is 0.469, indicating a relatively high con-
centration of posts among a small number of users. On Xi-
malaya, there are 565 total users and 1,227 total posts. The
top 1% (5 users) contributed 9.94% of the posts, the top 5%
(28 users) contributed 31.30%, and the top 10% (56 users)
contributed 44.25%. The Gini coefficient for Ximalaya is
0.462, signifying a moderate level of concentration in user
activity. Douyin has 863 total users and 1,224 total posts,
with the top 1% (8 users) contributing 10.29%, the top 5%
(43 users) contributing 23.20%, and the top 10% (86 users)
contributing 31.45% of the total posts. Douyin’s Gini coef-
ficient is 0.269, indicating a more even distribution of posts
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compared to the other two platforms. For Weibo, our final
dataset contains 241,435 posts from 131,310 unique users.
A re-share analysis revealed that 17.00% of posts (41,095
posts) were re-shared, with a total of 2,128,073 re-shares
and an average of 8.8 re-shares per post. The re-share dis-
tribution shows that 83.00% of posts were not re-shared,
13.30% were re-shared between 1 and 9 times, 2.90% be-
tween 10 and 99 times, 0.70% between 100 and 999 times,
and only 0.10% reached over 1,000 re-shares. This indicates
that while a minority of posts receive high dissemination,
the overall re-sharing pattern suggests a broad participation
rather than being driven solely by a handful of highly influ-
ential users.Regarding Douyin and Ximalaya, our analysis
of content repetition provides further insights into user ac-
tivity. On Douyin, among 1,224 videos (after filtering out
advertisements), only 13 titles were repeated, resulting in
a repetition rate of 2.80%, which suggests diverse content
contributions. In contrast, on Ximalaya, out of 1,226 audio
podcasts, 71 titles were repeated, yielding a repetition rate
of 15.50%. Although this indicates a somewhat higher level
of content duplication on Ximalaya, it still reflects contribu-
tions from a broader range of users.

Emotion Detection

For both emotion classification tasks, we followed the stan-
dard 8:1:1 ratio to split the data into training, validation, and
test sets. This split ensures a balanced approach to model
evaluation, allowing us to tune the model effectively while
maintaining the integrity of the test set for final performance
evaluation. Regarding the training process and hyperparam-
eter tuning, we selected Chinese-BERT-wwm ® as the pre-
trained language model for both the six-emotion classifica-
tion task and the binary sentiment classification task. For the
model architecture and training parameters, we set the max-
imum token length for each input to 128 tokens to capture
necessary context while balancing computational efficiency.
A batch size of 10 was chosen to optimize memory usage
and training efficiency. Additionally, we set the learning rate
to le-5 for both tasks to ensure stable training, and used
cross-entropy loss as the loss function, which is commonly
used for classification tasks. Each model was trained for 10
epochs, based on empirical tuning, which resulted in a good
trade-off between model performance and overfitting.

Emotion | Precision | Recall | F1-Score
Fear 0.62 0.76 0.68
Neutral 0.94 0.78 0.85
Sad 0.59 0.81 0.69
Surprise 0.72 0.53 0.61
Angry 0.86 0.80 0.82
Happy 0.80 0.82 0.81

Table A2: Performance of emotion classifier on six emotions

8https://huggingface.co/hfl/chinese-bert-wwm



Dimension

Definition

Primary Description

Examples

Susceptibility

The assessment of the risk of get-
ting an HPV infection.

1. Likelihood of infection; possi-
bility of infection.

2. Behaviors that may lead to HPV
infection.

3. Causes and symptoms of HPV
infection.

4. Both males
should/need/must
vaccine.

5. Suitability of the HPV vaccine
for certain groups.

and females
receive  the

1. In other countries, eligible
males could receive HPV vaccina-
tion.

2. This disease only affects girls,
so I encourage women to get vac-
cinated.

3. 80% of women will contract
HPV in their lifetime.

Severity

The assessment of whether an
HPV infection constitutes a seri-
ous health issue.

1. Death, mortality rate, infection
rate, incidence rate.

2. Long incubation period.

3. Limited vaccine effectiveness;
inability to prevent all HPV types.

4. Repeated infections.

5. Methods of transmission.

1. Cervical cancer ranks first in in-
cidence and mortality among fe-
male reproductive system malig-
nancies in China.

2. HPV vaccines cannot prevent
all cancer-causing HPV types;
screening is still necessary.

3. The WHO recommends pri-
mary, secondary, and tertiary pre-
vention strategies for HPV.

4. Treatment is expensive and can
financially devastate families.

5. The 9-valent vaccine can pre-
vent 9 HPV subtypes, the quadri-
valent vaccine 4, and the bivalent
vaccine 2.

Benefits

The advantages of the HPV vac-
cine in preventing HPV infection
and HPV-induced cancers.

1. Protective and preventive ef-
fects of the vaccine.

2. Necessity of vaccination.

1. The 9-valent HPV vaccine can
prevent 92.1% of cervical cancers.

2. HPV vaccination will benefit
globally and support WHO'’s strat-
egy for cervical cancer elimina-
tion.

Barriers

Challenges related to HPV vac-
cination, including side effects,
cost, and restrictions.

1. Costs of vaccination and

screening.

2. Conflicts with other vaccines.
3. Age restrictions.

4. Eligibility conditions (e.g., sex
or prior infection).

5. Concerns about reinfection or
vaccine efficacy.

6. Changes or extensions in eligi-
bility criteria.

1. Anaphylaxis may occur; vac-
cines are becoming more expen-
sive.

2. TCT screening costs 180 RMB.
3. Vaccination is most effective
before exposure to HPV.

4. HPV vaccines are now avail-
able for public appointments.

5. Could receiving the HPV vac-
cine increase the risk of infection?
6. HPV vaccination is effective af-
ter completing all doses.

Table A3: Codebook of Health Belief Model (HBM)
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Figure A1: Time-series pictures of emotions across dimensions across text, audio, and video-based platforms
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Figure A2: Topic distribution and clustering across dimensions across text, audio, and video-based platforms
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