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Abstract 

The outbreak of the COVID‑19 pandemic has triggered citizen panic and social crises worldwide. The Chinese govern‑
ment was the first to implement strict prevention and control policies. However, in December 2022, the Chinese gov‑
ernment suddenly changed its prevention and control policies and completely opened up. This led to a large‑scale 
infection of the epidemic in a short period of time, which will cause unknown social impacts. This study collected 
500+ epidemic‑related hotspots and 200,000+ data from November 1, 2022, to March 1, 2023. Using a sentiment 
classification method based on pre‑trained neural network models, we conducted inductive analysis and a summary 
of high‑frequency words of various emotions. This study focuses on the inflection point of the emotional evolution 
of social media users and the evolution of “hot topic searches” events and emotional behavioral factors after the sud‑
den open policy. Our research results show that, first of all, the positive emotions of social media users are divided 
into 4 inflection points and 5 time periods, and the negative emotions are divided into 3 inflection points and 4 
time periods. Behavioral factors are different at each stage of each emotion. And the evolution patterns of positive 
emotions and negative emotions are also different. Secondly, the evolution of behavioral elements deserves more 
attention. Continue to pay attention: The treatment of diseases, the recovery of personal health, the promotion 
of festive atmosphere, and the reduction of publicity on the harm of “new crown sequelae and second infections” are 
the behavioral concerns that affect users’ emotional changes. Finally, it is necessary to change the “hot topic searches” 
event by guiding the user’s behavioral focus to control the inflection point of the user’s emotion. This study helps 
governments and institutions understand the dynamic impact of epidemic policy changes on social media users, 
thereby promoting policy formulation and better coping with social crises.
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Introduction
Since December 2019, the COVID-19 pandemic has had 
a serious impact on Chinese society and caused a sharp 
decline in the Chinese economy. To mitigate the spread 
of the virus, policies of home confinement were imple-
mented. Efforts to limit the spread of the pandemic have 
led to economic contraction on a global scale [1]. The 
COVID-19 pandemic is an important source of risk for 
government governance [2]. Therefore, further research 
is needed on the measures taken by governments to 
address the risks posed by the pandemic. This study pays 
special attention to China’s epidemic opening policy: first 
of all, it is due to the dual consideration of the huge pres-
sure of domestic epidemic prevention and control and 
the successful experience of foreign countries. In early 
December 2023, local governments were still imple-
menting strict epidemic prevention and control policies, 
but by December 7, the central government announced 
the “10 New Measures”1 opening policy. The announce-
ment of the lockdown lifting policy was very sudden 
and had the characteristics of suddenness. Secondly, 
China was the first country to strictly control the spread 
of the COVID-19 epidemic, and it was also the country 
that announced the release of the epidemic very late, 
and implemented an extremely strict epidemic contain-
ment policy for three years. It has special research value. 
Third, since March 2020, under the implementation of 
strict epidemic prevention, China has not had large-scale 
epidemic infections, and people’s lives have generally 
returned to normal. However, the sudden promulgation 
of the epidemic opening policy made the government 
and people unable to respond to the large-scale infection 
in a short period of time, leading to widespread social 
panic. Therefore, through continuous research for four 
months before and after the policy is promulgated, ana-
lyzing the sudden shift in China’s prevention and control 
policy will help to study the long-term impact of the new 
crown policy on China, and can provide useful insights 
for handling similar public emergencies in the future.

The Chinese government quickly took measures to 
prevent the spread of COVID-19 [3]. Large-scale lock-
downs helped to contain the outbreak. The impact of the 
COVID-19 pandemic on internet-related industries was 
relatively small. Under the government’s lockdown policy, 
residents were unable to have effective offline communi-
cation and were forced to be isolated at home [4]. Recent 
studies have shown that social media users have a signifi-
cant relationship with epidemic prevention and control. 
Social media platforms such as Weibo, which have real-
time, interactive, and diversified features, have become 

important media for disseminating hot events, reflecting 
public opinion, and measuring online public sentiment in 
China. Therefore, the emotions of internet users are an 
important aspect of COVID-19-related research [5].

Against the backdrop of the government’s large-scale 
lockdown policy, the health crisis of COVID-19 has had 
a negative impact on Chinese citizens. In the first quar-
ter of 2020, China’s national economic output shrank 
by 6.8%, marking the worst economic performance 
since China began implementing the national economic 
accounting system in 1992. The most severely affected 
industries were accommodation and catering, which con-
tracted by 35.3%, followed by wholesale and retail [6]. 
This economic downturn directly affected the lives and 
incomes of residents, causing them to feel anxious and 
panicked. People longed to return to normal life. Faced 
with the spread of the epidemic, people also went out to 
work and engage in normal activities. This is also an emo-
tional challenge and a reality that citizens face. The emo-
tions of citizens in the face of the epidemic directly affect 
the implementation of government epidemic policies and 
the recovery and development of the country’s economy. 
Currently, many governments in various countries have 
incorporated citizens’ happiness into government deci-
sion-making [7], and users’ emotional indicators are a 
core component of happiness. Users’ emotional health 
affects the formulation and implementation of govern-
ment policies [8, 9], and during the COVID-19 pandemic, 
it is even more important to pay attention to changes and 
developments in emotions. Numerous researchers have 
conducted extensive research on the potential impact of 
public emotions on government lockdown policies dur-
ing the epidemic [10–12]. Currently, emotional research 
on epidemic management policies mainly focuses on two 
aspects: 

1. Research on lockdown policies. Natural language 
processing (NLP) is used to determine the emotional 
value of online texts and analyze the emotions of 
Internet users under the blocking policy. The emo-
tional analysis of Internet users shows that depend-
ing on the time of the blockade, the mood of Inter-
net users during the blockade period is positive or 
negative, which is mainly determined by the specific 
blockade measures. The majority of users support the 
implementation of lockdown measures and express 
positive sentiments [5, 13]. As the epidemic devel-
ops, the proportion of negative emotions increases. 
This type of research mainly focuses on the judgment 
of users’ emotional expression, whether positive or 
negative emotions, without in-depth analysis of emo-
tional factors [14].

1 https:// www. gov. cn/ xinwen/ 2022- 12/ 07/ conte nt_ 57304 75. htm

https://www.gov.cn/xinwen/2022-12/07/content_5730475.htm


Page 3 of 18Zhang et al. BMC Public Health         (2023) 23:2230  

2. Research on opening policy. Such studies show that 
large numbers of citizens express support for reopen-
ing lockdown policies but express emotional con-
cerns about their implementation [15]. This is a con-
tradictory emotional expression that requires specific 
analysis of the factors that generate user emotions 
[16]. There are studies analyzing the characteristics 
and influencing factors of Twitter users’ emotions 
towards the reopening of the economy [17]. By ana-
lyzing Twitter users, as the COVID-19 crisis gradu-
ally weakens and control measures against the epi-
demic are gradually relaxed around the world, users 
have a positive attitude towards this policy.These 
studies only analyze the emotional expression of epi-
demic policies at a macro level and do not discuss the 
specific elements of emotion in depth. Our study is 
the first to report on the emotional behavior of social 
media users during the widespread COVID-19 infec-
tion within one month of China’s “China Covid-19 
Opening Policy”2 (December 1, 2022 to December 
20, 2022) [18]. It also discussed the positive attitude 
at a macro level, including “happy”, “encouragement” 
and “support”; the negative attitude including: “sad-
ness”, “angry” and “criticism”. This study highlights 
the affective attitudinal impact of the “China Covid-
19 Opening Policy” on social media users. Among 
earlier studies, a large number of cross-sectional 
survey studies of short-term pandemics have been 
published. However, there are relatively few longi-
tudinal studies over longer periods of time. In this 
perspective, recent studies have shown that longitu-
dinal studies can contribute to the dynamic under-
standing of epidemics. The public’s overall psycho-
logical distress rose sharply early in the pandemic, 
before falling to pre-pandemic levels over the next 
few months [19]. The psychology of the elderly has 
also been affected by the long-term impact of the epi-
demic [20]. The psychology of ordinary people has 
also changed after the long-term development of the 
epidemic [21]. This kind of longitudinal research that 
emphasizes “temporal dynamic trends” is rare in pre-
vious studies [22]. Because of the discovery of these 
complex issues, it is currently unclear how the impact 
of epidemic policies will evolve over time, which may 
be related to specific influencing factors.

Due to the unpredictability of crises caused by sud-
den outbreaks, it is challenging to track the emo-
tional changes of citizens during this period. In the 
early stages of the epidemic, the government adopted a 

cross-department tracking risk perception survey. This 
traditional survey method was small in scope, highly 
time-delayed, and expensive. The use of questionnaires 
in the study of emotional attitudes is a commonly used 
data collection method in this research direction. How-
ever, due to the limited amount of data, it is difficult to 
grasp the research issues in a macroscopic and in-depth 
manner. Using big data text mining methods, researchers 
can make a more macro-level summary of the impact of 
epidemic policies on public emotional attitudes and the 
influencing factors behind them. Currently, research-
ers have used this method to measure public reactions 
to government policies such as mental health and social 
prejudice. In terms of emotional attitude research, this 
method has also begun to be used to conduct related 
research. When big data mining is used to study emo-
tions, attitudes and behaviors, due to the large sample 
size, its advantages are strong objectivity, high real-time 
performance, and significant effects. Therefore, online 
text analysis has become an important method for study-
ing individual psychological characteristics and behavio-
ral performance, and is more suitable for this study.

Based on these studies, we explore the emotional evo-
lution of users in the sudden shift of government policies. 
This study has two main objectives: First, the emotional 
evolution process of Weibo users. The second is the 
changing pattern of influencing factors behind the emo-
tional evolution of Weibo users. In order to study the 
emotional changes of social media users after the pol-
icy change, we obtained Weibo hot searches and online 
comments from November 1, 2022 to March 1, 2023 
(from before the promulgation of China’s “New Ten” 
relaxed prevention and control policies 1 month to the 
time period when there are no hot searches related to 
“epidemic” on Weibo), and use machine learning algo-
rithms to classify these online texts. The focus is on the 
peak (inflection point) changes in emotional evolution as 
the research object. Based on the existing research, this 
paper studies the following issues: 

1. Analysis of the turning point of emotional evolu-
tion and “hot topic searches” events after the sudden 
opening-up policy.

2. Analysis of the evolution of emotional behavioral fac-
tors after the sudden opening-up policy.

Data and method
As shown in Fig. 1, the framework and methods used to 
analyze the emotional evolution of social media users 
in China after the sudden release of the COVID-19 epi-
demic is mainly divided into five parts: data collection 
and processing, model selection and training, analysis of 

2 https://m. gmw. cn/ baijia/ 2022- 12/ 14/ 13032 23656. html

https://m.gmw.cn/baijia/2022-12/14/1303223656.html
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the emotional evolution process, analysis of reasons for 
inflection points, and summary and discussion.

Data collection and data preprocessing
In November 2022, the COVID-19 outbreak erupted 
in multiple regions of China, making it difficult to con-
trol. In December 2022, the Chinese government sud-
denly announced the complete lifting of epidemic 
control measures, leading to widespread infections and 
major universities announcing early holidays. In Janu-
ary and February 2023, people gradually recovered their 
health and began to enjoy the holidays, while also wor-
rying about the possibility of another outbreak. With 
the resumption of work and school, the influenza virus 
began to spread among the population. During these 

four months, people’s emotional states underwent con-
stant changes. We found the hotspots related to the epi-
demic based on the daily hot search list, and then used 
relevant Python technologies to collect data under the 
corresponding hotspots. We collected more than 200,000 
pieces of data under nearly 500 hotspots from Novem-
ber 1, 2022 to February 28, 2023, each of which includes 
the text message posted by the user, the posting time, 
the number of likes, the number of reposts, and so on. 
We cleaned and organized the initial 200,000+ pieces of 
data, removed some duplicate content and content with 
more than 100 characters or less than 10 characters, and 
obtained 110,000 data after processing. We randomly 
selected 12,000 pieces of data for manual annotation, 
using “positive”, “negative”, and “neutral” to label the data.

Fig. 1 Research Framework of Emotional Evolution of Social Media Users
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The following Fig. 2 shows the distribution of our pro-
cessed data in a calendar heatmap, where we classified 
the data by publication time and analyzed the data for 
each day.

Method
Sentiment classification
Sentiment classification refers to the process of catego-
rizing text into positive or negative types based on the 
meaning and emotional information conveyed in the 
text. It is a way of categorizing the author’s bias, view-
point, and attitude. With the rapid development of deep 
learning, algorithms based on deep learning have pro-
duced the current optimal results in many application 
fields, including computer vision, natural language pro-
cessing, etc. Text sentiment classification is one of the 
many tasks in the field of natural language processing, 
which requires converting the words in the sentence into 
continuous real-valued vectors through word embed-
ding to obtain input features. One commonly used word 
embedding algorithm is Word2Vec [23, 24], which learns 
word embedding vectors from text and then inputs them 
into CNN, RNN and other neural network models for 

sentiment feature learning. Recently, text sentiment clas-
sification methods based on pre-trained language mod-
els have begun to emerge. Large language models such as 
BERT [25] and GPT [26–28] series are first trained on a 
large amount of unlabeled text data through MLM tasks 
and next sentence prediction tasks, and then fine-tuned 
with a small amount of labeled text data in downstream 
tasks to obtain very good performance, greatly reducing 
the manual annotation cost of this article. We selected 
the Chinese pre-trained language model of RoBert and 
fine-tuned it with 12,000 annotated texts.

Factor analysis
In order to study the reasons for the emotional evolu-
tion of social media users, we need to analyze the influ-
encing factors of different emotional states of users at 
different time periods. Firstly, we segmented the data of 
different emotional states at different time periods using 
“jieba”, an excellent Chinese word segmentation library 
that calculates the correlation probability between Chi-
nese characters based on a Chinese word library and can 
group Chinese characters with high correlation prob-
ability into word groups. We filtered out some irrelevant 

Fig. 2 This is the data distribution calendar heatmap.(The number in each grid represents the amount of data for that day)
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word groups in the statistical word segmentation results, 
such as “so”, “this”, “those”, etc. Then, we counted the fre-
quency of each word group and used it to construct a 
word cloud. We selected the words with higher frequency 
to obtain the main influencing factors for each emotion. 
We then calculated the proportion of each factor in the 
original data and summarized the key influencing factors 
that caused the emotional state during that time period.

Discussion and analysis
We classified the data according to the order of user post-
ing, dividing it into 120 days. The scatter Fig.  3 below 
shows the distribution of data volume for each day. From 
Fig. 3, it can be seen that from November 2022 to early 
January 2023, social media users had a high level of dis-
cussion on topics related to the epidemic. The discussion 
volume began to decline in mid-January 2023, but there 
was a slight increase in mid-February 2023.

Analysis of the turning point of emotional 
evolution and “hot topic searches” events
Analysis of the turning point in the evolution of positive 
emotions and “hot topic searches” events
In order to analyze the process of positive emotional 
changes over time, we plotted a scatter plot of the distri-
bution of the proportion of positive emotions over time 
and performed curve-fitting on the scatter plot, as shown 
in Fig. 4. From the Fig. 4, it can be seen that the curve of 
the proportion of positive emotions is relatively flat from 
early November 2022 to around November 23, 2022. It 
gradually increases starting from November 23, 2022, 
reaching its peak around December 6, 2022, and then 

begins to gradually decrease, reaching its minimum point 
around December 27, 2022. It then gradually increases 
again, reaching its second peak around January 25, 2023, 
before decreasing again. After a short period of flatness, 
it begins to decrease further from February 19, 2023.

In order to analyze the factors affecting the inflection 
points of the curve, we studied the Weibo hotspots on 
the day of the inflection points. The first turning point 
was around November 23, 2022. The hot topics at that 
time mainly included “ensuring that the 20 measures are 
true to form and not out of shape”3, “Shanghai further 
strengthens the health management of people coming 
and returning to Shanghai”, “Jinan epidemic prevention 
“Control”, “Zhengzhou will conduct 5-day mobility man-
agement”, “Guangzhou epidemic prevention and control”, 
“863 new local infections in Beijing”, “Nucleic acid testing 
volunteers were found to be positive by residents”, etc. 
The study found that these The hot topics of discussion 
are all related to the “strengthening of epidemic preven-
tion and control and the increasingly serious epidemic 
situation.” The government’s epidemic control measures 
have been strengthened, but new cases have increased 

Fig. 3 This is the daily number of Weibo posts in our dataset

3 https:// www. gov. cn/ xinwen/ 2022- 11/ 11/ conte nt_ 57261 22. html The Chi-
nese central government promulgated the “20 Policies for Epidemic Preven-
tion” and hopes to scientifically manage the epidemic containment policy 
through the new policy. However, local governments are worried that the 
development of the epidemic will affect their political performance, which 
has led to the implementation of the “20 epidemic prevention policies” by 
local governments (Random closure of schools and classes, suspension of 
production, unauthorized blocking of traffic, random “silent” management, 
random sealing control, long time not unsealing, random suspension of 
medical treatment, etc.). Residents are dissatisfied with the actions of local 
governments.

https://www.gov.cn/xinwen/2022-11/11/content_5726122.html
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across the country. At this time, users began to ques-
tion the “strict blocking policy”, which triggered a chain 
of events that quickly spread and became a hot topic on 
Weibo, causing users’ positive emotions to reach a low 
point. The event of concern at the positive emotional 
trough is the “blocking policy”.

The second turning point was around December 6, 
2022. The hot spots at that time mainly included “Ten 
New Measures for Epidemic Prevention and Control”, 
“Sanya Air Ticket and Hotel Bookings Soared Three 
Times”, “The number of medical doctors did not increase 
significantly after the adjustment of Guangzhou’s epi-
demic policy”, “There are new optimizations in preven-
tion and control measures”, “We are officially on the 
road to ending the epidemic”, etc. These hot topics of 
discussion are all related to the adjustment of epidemic 
policies. At this time, the Chinese government suddenly 
announced the relaxation of epidemic control, marking 
China’s 3 The strict epidemic control policies have ended 
in 2019, and people’s lifestyles are about to resume. The 
essential reason is the weakening of the government’s 
epidemic control measures. The user’s positive emotions 
reach a peak. The events of concern for users’ positive 
emotional peaks are “Opening policy” and “Travel”.

The third turning point was around December 27, 2022. 
The hot spots at that time mainly included “Qingdao cur-
rently has about 500,000 new infections every day”, “New 
coronavirus strains have been detected in Shanghai”, and 
“Why are there secondary infections?” , “Be wary of viral 

conjunctivitis after becoming infected”, “Will infection 
with COVID-19 affect memory”, “A woman has not left 
home for more than 20 days for fear of being infected”, 
etc. These hot topics of discussion are all related to 
“symptoms of COVID-19” and “secondary infection” Rel-
evantly, at this time, most people have experienced and 
recovered from the new coronavirus infection, and are 
fearing the sequelae and secondary infection. The user’s 
focus at this time is his or her own illness and recovery, 
which is an expression of personal issues. Positive emo-
tions reach a minimum. The focus of users’ positive emo-
tional valleys begins to change to “sickness symptoms”.

The fourth turning point was around January 24, 2023. 
The hot spots at that time mainly included “Q &A on 4 
hot spots for epidemic prevention during the Spring Fes-
tival”, “How uninfected people can protect themselves”, 
etc. At this time, the epidemic is basically over, and it is 
approaching the Chinese “Spring Festival”4, people dis-
cussed how to protect themselves during the festival and 
began to enjoy the joy brought by the festival. At this 
time, the user’s focus is on enjoying the festive atmos-
phere, which is a social issue. The user’s positive emo-
tions once again reached a maximum value. The events 
with peak positive emotions among users are “celebration 
of festivals” and “personal epidemic protection”.

Fig. 4 Scatter plot of daily proportion of positive emotions data (0.1‑0.7 in the icon represents 10%‑70%, which is the proportion value, and 1 
represents 100%)

4 “Spring Festival” is the most important festival of the year in China
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In short, the “hot topic searches” events for the evo-
lution of users’ positive emotions include: intensifica-
tion of the epidemic (low positive emotions) - changes 
in lockdown policies (high positive emotions) - illness 
(low positive emotions) - recovery, holidays (high posi-
tive emotion) - end of vacation, return to work, back to 
school infection (low positive emotion). Therefore, we 
found that events that affect positive emotions are mainly 
related to “epidemic policies” and “holidays”. Gener-
ally speaking, the events of concern for the rise and fall 
of positive emotions are “sickness” and “sickness again.” 
Events of concern with elevated positive emotions are 
“changes in lockdown policies” and “holidays”.

Analysis of the turning point in the evolution of negative 
emotions and “hot topic searches” events
Similarly, in order to analyze the process of negative sen-
timent changing over time, we also plotted a scatter plot 
of the distribution of the proportion of negative senti-
ment over time and fitted a curve to the scatter plot, as 
shown in Fig. 5.

From the Fig. 5, it can be seen that the proportion of 
negative sentiment remained relatively flat from early 
November 2022 to around December 26, 2022, and then 
gradually decreased. It reached a minimum point around 
January 30, 2023, and then began to gradually increase, 
reaching a maximum point around February 18, 2023, 
before gradually leveling off.

We conducted a study on the Weibo hot topics on 
the days of the above inflection points. The first turn-
ing point is around December 26, 2022. The main hot 
spots include “the boy who was positive for 5 days had 
no fever and suddenly convulsed non-stop”, “be careful of 
viral myocarditis after getting sick”, “experts responded 
to whether Omicron will cause white blood.” Pulmonary 

Phenomenon”, “6 Danger Signs of Myocarditis”, etc. 
Research has found that these discussion hot spots are all 
related to the symptoms and sequelae of the epidemic. At 
this time, some people have experienced the new coro-
navirus infection and recovered, and are discussing the 
impact of the sequelae. There are also some people who 
are infected with the new coronavirus and are suffering 
from the disease. The proportion of users’ negative emo-
tions has always been at a high level. Users’ focus at this 
time is on “disease treatment” and “second infection”. 
These are related to events of concern related to “illness”. 
At this stage, the peak negative emotional concern event 
for users is “COVID-19 disease”.

The second turning point is around January 30, 2023. 
The hot spots mainly include “Q&A on 4 hot spots for 
epidemic prevention during the Spring Festival”, “How 
can uninfected people take personal protection”, etc. At 
this time, the epidemic is basically over, and people begin 
to discuss how to do a good job. During the holidays, per-
sonal protection is required, and the joy brought by the 
holidays is enjoyed, and the proportion of users’ negative 
emotions reaches a minimum. At this time, most users 
have “recovered from illness”, and events related to “holi-
days” are their focus.

The third turning point occurs around February 18, 
2023. The hotspot is mainly related to the end of the 
holiday. Users need to return to the city where they work 
through public transportation, and they are worried 
about “second infection” of the new crown on the way. 
The proportion of negative emotions reaches a maximum 
value. The “festival” is over, and users are paying more 
attention to events related to the “second infection”.

In short, the evolution of users’ negative emotions and 
public opinion events include: illness (high negative emo-
tions) - festivals (low negative emotions) - secondary 

Fig. 5 Scatter plot of the proportion of daily negative emotions (0.1‑0.8 in the icon represents 10%‑80%, which is the proportion value, and 1 
represents 100%)
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infection (high negative emotions). Therefore, we found 
that public opinion events that affect negative emotions 
are mainly related to “sickness.” Generally speaking, the 
types of public opinion events that increase negative 
emotions are “sickness” and “sickness again.” The type of 
public opinion event with decreased negative sentiment 
is “festival”.

Analysis of factors influencing emotional evolution
In order to further analyze the factors influencing the 
evolution of the epidemic, we conducted separate analy-
ses of data on positive emotions and negative emotions, 
identified some of the more frequent influencing factors, 
and analyzed the temporal evolution of these factors.

Analysis of positive emotional factors
In the analysis of positive emotional factors, we selected 
control, let go, unlock, the gym, movement, friend, 
Weibo, video, freedom, express, keep social, cost, recov-
ery, work, job, news, the Xinhua, CCTV network, con-
ference, YangKang, personal protective, healthy, negative, 
subway, go out, ride, and green code as the main influ-
encing factors. We analyzed the proportion of each influ-
encing factor in all positive emotional data for each day, 
as shown in Fig. 6.

In the figure, we use ids from 1 to 120 to represent the 
dates from November 1, 2022 to February 28, 2023. Each 
time period is represented by a different color. It can be 
seen that positive emotion low value - high value: the 
time period from TermP1 to TermP2. In TermP1, the fac-
tors “control, unlock, release, keep social, healthy, sub-
way, and ride” account for the highest proportion, and 
users’ positive emotions are at their lowest during this 
period. Then, the government announced the lifting of 
China’s epidemic control policy, and “control, unlock, 
express, conference, go out, green code” in TermP2 
became the main factors. Users’ positive emotions are 
at their highest during this period. Due to the adjust-
ment of epidemic policies, users’ emotional evolution has 
changed, and behavioral factors have also changed. User 
behavior has evolved from “epidemic policy control” to 
“travel and media”.

Positive emotion high value - low value: time period 
from TermP2 to TermP3.In TermP3, the factors “keep 
social, job, work, CCTV” account for the highest 

proportion. Users are worried that after the epidemic 
policy is relaxed, they need to go to the company to work, 
and there will be crowds of people, causing company 
employees to infect themselves with the new coronavirus, 
causing panic, and users’ positive emotions quickly fell to 
the lowest value. Behavioral expression of users’ positive 
emotions: evolving from “travel and media” to “work”.

Positive emotion low value - high value: the time period 
from TermP3 to TermP4. In TermP4, the factors “control, 
release,,friend,WeiBo,news,video,express,cost,recovery,Y
ANGKANG,personal protective,healthy,freedom,go out” 
account for the highest proportion. . Due to the large-
scale infection of new coronavirus patients in a short 
period of time, they began to gradually recover. At the 
same time, China has entered into the most important 
holiday atmosphere of the Spring Festival. Users’ focus 
on positive emotional factors began to diversify and 
gradually returned to daily life. Therefore, the positive 
emotions at this time enter the highest value. Behavioral 
expression of users’ positive emotions: from “work” to 
“open policy, friend gatherings, media, economic recov-
ery, personal recovery” and other aspects.

Positive emotion high value - low value: the time period 
from TermP4 to termP5. In TermP5, the factors “relase, 
gym, sports, WeiBo, video, freedom, recovery, work, 
news, xinhua net, YANGKANG, negative” account for 
the highest proportion. The Spring Festival is over, users 
need to return to work, and there is a large-scale migra-
tion of the population [29]. What they are about to face 
is the secondary infection of the new crown. Therefore, 
users focus on information released by the media about 
the resurgence of the epidemic, their own sports health, 
personal recovery, and prevention of the sequelae of the 
new coronavirus. Behavioral expressions of users’ posi-
tive emotions: from “open policy, friend gatherings, gov-
ernment media, economic recovery, personal recovery” 
to “media, personal recovery, secondary infection”.

Figure 7 in short, we found that the behavioral factors 
of social media users’ positive emotions change with the 
adjustment of epidemic policies and the development of 
epidemic infections, reflecting the evolution of behav-
iors: “epidemic policy control” - “travel, media” - “work” 
- - “Open-door policy, gatherings of friends, media, 
economic recovery, personal recovery, etc.” - “Media, 
personal recovery, secondary infection.” Motivations 

Fig. 6 Analysis of positive emotional factors.(1.we use ids from 1 to 120 to represent the dates from November 1, 2022 to February 28, 2023. Each 
time period is represented by a different color.2.TermP1: 2022.11.01‑2022.11.23; TermP2: 2022.11.24‑2022.12.07; TermP3: 2022.12.08‑2022.12.26; 
TermP4: 2022.12.27‑2023.01.30; TermP5: 2023.01.31‑ 2023.02. 28.3. Each color represents each corresponding time period. 4. The value in the icon 
data represents a percentage. For example: 0.21 in “Control” represents 21%; the yellow 0.18 means that during the TermP2 time period, “Control” 
accounts for The highest ratio is 18%)

(See figure on next page.)
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Fig. 6 (See legend on previous page.)



Page 11 of 18Zhang et al. BMC Public Health         (2023) 23:2230  

affecting the evolution of behavioral factors: worsening of 
the epidemic - control policies - illness - celebrating festi-
vals - returning to work (end of festivals).

Analysis of negative emotional factors
In the analysis of negative emotions data, we selected 
infection, virus, legacy, symptoms, school, express, work, 
colleagues, the company, leadership, child, the old man, 
home, mask, the nucleic acid, medicine, vaccine, experts, 
WeiJianWei5, published, lie flat, money, and lower as the 
main influencing factors, and analyzed the proportion of 
each influencing factor in all negative emotion data for 
each day, as shown in Fig. 8.

High value - low value of negative emotion: the time 
period from TermN1 to termN2. In termN1, the factor 
“published, necleic acid, express, colleagues, company” 
has the highest proportion, and the user’s positive emo-
tions during this time period are the lowest. During this 
period, 1. The Chinese government issued the “New Ten 
Epidemic Prevention Policies”, completely lifting the 
three-year epidemic containment policy. 2. When the 
epidemic breaks out on a large scale, most people need 
to undergo nucleic acid testing every day. 3. “Express” 
has become an important source of infection for the new 
coronavirus epidemic. 4. Because the lockdown policy 
is lifted, people need to go to work normally, which will 
cause people to gather and accelerate the infection of 

the epidemic. It mainly includes three aspects of behav-
ioral performance: policy, illness, and going to work 
(fear: worried about being infected with the new crown). 
Then, the peak of the nationwide large-scale epidemic 
infection in termN1 ended with the peak of termN2. In 
termN2, “infection, virus, company, leadership, child, 
old man, home, mask, nucleic acid, medicine, experts, 
published, lie flat, lower” has become the main factor. 
Users’ negative emotions are at their lowest during this 
period. Mainly included behavioral manifestations: fam-
ily, experts, illness, prevention, work, and infection rate 
reduction. Most of the COVID-19 patients recover from 
illness, and with the Chinese Spring Festival approaching, 
users are paying more attention to holiday enjoyment. 
The emotional evolution of users has shifted, and behav-
ioral factors have also changed. The behavioral influenc-
ing factors of users’ negative emotions have evolved from 
“illness” to “recovery, work (neutral: recovery and return 
to work), and family”.

Negative emotion low value - high value: the time 
period from termN2 to termN3. In termN3, “leg-
acy, virus, express, work, mask, vaccine, money” has 
become the main factor. Mainly included behavio-
ral manifestations: illness, sequelae, prevention, work 
(unable to make money). Negative emotions are ele-
vated during this time. After the festival, users need to 
leave their hometown and return to the city to continue 
working, and may even suffer “COVID-19 discrimina-
tion” [30]. They began to worry that clusters of infec-
tions (mainly second infections) would occur during 

Fig. 7 Analysis and summary of the evolution of positive emotions

5 National Health Commission, a idiom used by Chinese netizens.



Page 12 of 18Zhang et al. BMC Public Health         (2023) 23:2230 

Fig. 8 Analysis of Negative Emotional Factors.(1.we use ids from 1 to 120 to represent the dates from November 1, 2022 to February 28, 2023. Each 
time period is represented by a different color.2.TermN1: 2022.11.01‑2022.12.26; TermN2: 2022.12 .27‑2023.01.30; TermN3: 2023.01.31‑2023.02.18; 
TermN4: 2022.02.18‑2023.02.28.3. Each color represents each corresponding time period. 4. The values in the icon data represent percentages, 
for example: The 0.2 in “legacy” represents 20%; the green 0.2 means that during the TermN3 time period, “legacy” accounted for up to 20%)
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the return journey, which would lead to sequelae and 
even affect income. The behavioral influencing factors 
of users’ negative emotions develop from “recovery, 
work (neutral: recovery and return to work), family” 
to “illness, sequelae, prevention, work (unable to make 
money)”.

High value - low value of negative emotion: the time 
period from termN3 to termN4. In termN4, “symp-
toms, school, mask, WeiJianWei, money” has become 
the main factor. Mainly included behavioral manifes-
tations: schooling, prevention, and economy. Nega-
tive emotions decrease during this period. This stage is 
mainly the time when students start school. Users are 
more concerned about outbreaks when children gather 
at school and pay more attention to preventing infec-
tion. At the same time, after the holidays, people have 
returned to their jobs and the economy has begun to 
improve. The behavioral influencing factors of users’ 
negative emotions have evolved from “illness, seque-
lae, prevention, and work (unable to make money)” to 
“schooling, prevention, and economy.”

In short, we found that the behavioral factors of 
social media users’ negative emotions change with 
the development of epidemic infection, and the evo-
lution of behavioral behaviors: “sickness” - “recovery, 
work (neutral: recovery and return to work), family” 
- “Sickness, sequelae, prevention, work (cannot earn 
money)” - “schooling, prevention, economy”. Motives 
affecting the evolution of behavioral factors: worsen-
ing of the epidemic - recovery (returning to daily life) 

- prevention (work, sequelae) - prevention (schooling), 
and economic recovery (Fig. 9).

Discussion
The Online media is an important channel for the gov-
ernment to announce epidemic containment policies to 
citizens. It is also the fastest and most direct way for 
citizens to feedback relevant information. In the field 
of public health, sentiment analysis has been widely 
used in research in recent years to provide a more com-
prehensive and effective understanding of the way the 
media conveys COVID-19 policies to the public and 
the public’s emotional response [31, 32]. This study 
collected data from November 1, 2022 to February 28, 
2023, a total of 120 days, which includes the strict con-
trol stage before the implementation of the open policy, 
the sudden implementation of the open policy stage, 
the nationwide rapid infection stage during the Chi-
nese epidemic, and the most important Spring Festival 
holiday stage during the epidemic infection process in 
China. Collecting data during this time period will help 
to comprehensively understand the emotional changes 
and behavioral factors of social media users under the 
large-scale epidemic infection in China within a short 
period of time. Conducting research in the form of 
“dynamic time evolution” has special research signifi-
cance. This includes 500 Weibo hotspot searches and 
200,000+ comment data. The collected data is analyzed 
through deep learning algorithms. The main results and 
discussions for each research question are as follows.

Fig. 9 Analysis and summary of the evolution of negative emotions
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Analysis of the turning point in the emotional evolution 
of social media users and “hot topic searches” events
We use the trained model to analyze the data, calculate 
the emotional proportion of social media users every day, 
and discuss the inflection point of emotional evolution 
and “hot topic searches” events through the development 
of the timeline. This method allows us to understand the 
reasons for the emotional turning point after the sudden 
opening-up policy and find the events of concern that 
trigger emotional changes.

Different from previous research conclusions on the 
single development of emotional changes [16], we found 
that the positive emotions and negative emotions of 
social media users affected by China’s sudden opening-up 
policy are different in the inflection point of emotional 
evolution and the performance of events of concern.

Negative emotions are relatively stable and gradually 
weaken as the epidemic develops [33]. Three major emo-
tional evolution turning points were formed. The focus of 
events that affect negative affective fluctuations are “sick-
ness”, “second infection” and “holidays”. The influencing 
factors of negative emotions are relatively single. Mainly 
factors directly related to the “epidemic” such as “illness”, 
“second infection”, and “sequelae”. Therefore, when con-
sidering formulating unblocking policies, you need to pay 
attention to the formulation of “sickness”-related policies 
and response plans, which can help quickly reduce users’ 
negative emotions. Among them, the events of “second 
infection” and “sequelae” are important contents that 
continue to affect negative emotions. Therefore, more 
attention should be paid to the behavior of users with 
negative emotions.

From the perspective of positive emotions, the posi-
tive emotions of social media users fluctuate greatly and 
are easily affected by factors such as the social environ-
ment and the development of epidemic policies. Four 
major emotional evolution turning points were formed. 
From the strict implementation of the new crown lock-
down policy to the sudden promulgation of the opening 
policy. Users directly faced the short-term and large-
scale outbreak of the COVID-19 epidemic in China, and 
their emotions were affected by multiple factors such as 
“government”, “individual” and “society”. Among them, 
we found that positive emotions are a comprehensive 
response to multiple factors, such as: users’ concerns 
about the “intensification of the epidemic”, carnival about 
the “opening policy”, fear of personal “sickness”, yearn-
ing for “festivals”, etc. . This is the focus of the develop-
ment of the epidemic event, and the process in which 
users change according to their own needs. In the face of 
public health emergencies, users have been in a negative 
emotional state, are more sensitive to various events, and 

express greater emotional fluctuations. However, “epi-
demic intensification”, “opening policy”, “sickness”, “holi-
days”, etc. are events that need to be paid attention to 
before formulating epidemic unblocking policies. These 
are the concerns that affect the behavior of positive emo-
tional users.

Analysis on the evolution of behavioral factors of social 
media users’ emotions
Due to the sudden implementation of China’s govern-
ment open policy, the outbreak of the epidemic has 
spread rapidly. Therefore, the influencing factors behind 
the emotional evolution of social media users are an 
important reference for the government’s subsequent 
decisions. Although the thematic emotional changes of 
users do not vary significantly in different stages of devel-
opment, the underlying influencing factors can undergo 
significant changes [34]. The study of such changes can 
significantly assist in the dynamic disclosure of govern-
ment decisions.

Based on the four turning points in the evolution of 
positive emotions, we divide the development time of 
positive emotions into five stages. They are “TermP1-
TermP5” respectively. The positive emotional behavior of 
social media users continues to change as the epidemic 
develops. The evolution of behavioral manifestations is 
“Epidemic policy Control-Travel, Media-Work-Open 
policy, Friends gathering, Media, Economic recovery-
Media, Personal recovery, Secondary infections.” The 
motivations for the evolution of these behaviors are the 
gradual intensification of the epidemic, the lifting of 
the lockdown policy, large-scale illness, celebrating the 
Spring Festival, and returning to work in the city (the end 
of the festival). In addition to changes caused by govern-
ment policies (the lifting of lockdown policies), users’ 
positive emotions also include personal health and fes-
tivals. In the face of epidemic policy adjustments, the 
recovery of positive emotions is short-lived. The gov-
ernment needs to continue to pay attention to personal 
health-related issues in the future and alleviate the harm 
of the disease to individuals. At the same time, using the 
joyful atmosphere of the festival to shift the focus of the 
epidemic to holiday celebrations will help improve users’ 
positive emotions.

Based on the three turning points in the evolution of 
negative emotions, we divide the development time of 
positive emotions into four stages. They are “TermN1-
TermN4” respectively. The evolution of behavioral 
manifestations is “Fall ill–Rehabilitation, Work (Neu-
tral: Return to work after rehabilitation), Family–Fall 
ill, Legacy, Prevention, Work (Inability to earn money)–
School, Legacy, Economy”. The motivations for these 
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evolving behaviors are to intensify the epidemic, restore 
health, and prevent secondary infections. Among them, 
the behaviors of “preventing second infection” are slightly 
different, one is Work, Legacy, and the other is Economic 
recovery. In the face of negative emotions, users’ emo-
tional behaviors mainly focus on illness and sequelae, 
and economic income. After the government adjusts its 
epidemic policies, it needs to pay attention to psychologi-
cal counseling for large-scale infected people. Sickness is 
inevitable. Although most of the recovered people have 
not yet been “infected for the second time”, their fear has 
begun to spread, and they even believe that even if the 
lockdown policy is lifted, their economic income will 
still be affected. Changes in mentality will affect financial 
income [35]. Policies after recovery from illness should 
pay more attention to the impact of “second infection and 
sequelae”.

In short, China’s population of 1.4 billion has imple-
mented strict containment policies for three years, but 
the outbreak has been difficult to control. Prolonged 
lockdowns have less impact on the control of Covid-19 
[36]. The government adopted the lockdown policy to lift 
the epidemic and faced large-scale epidemic infections. 
Sudden policy shifts, users’ emotions change with the 
development of the epidemic situation.

Different from previous studies [16, 17, 37], in addition 
to mainly solving the problem of “disease treatment”, the 
government also needs to continue to pay attention to 
personal health and provide guidance for the recovery of 
personal health. At the same time, use festivals (not holi-
days) to guide and exaggerate the festive atmosphere and 
ease the tension of the epidemic. The time point is also 
very important. The festival should be about one month 
after the large-scale epidemic is over. Because at this 
point in time, the user has basically recovered, but the 
negative emotions are still high. It requires both personal 
health recovery guidance and reduction of negative emo-
tions. There is also a need to celebrate festivals and exag-
gerate positive emotions. This can quickly alleviate users’ 
negative emotions and contribute to social stability and 
economic recovery.

Conclusion
The COVID-19 pandemic is one of the most far-reaching 
events globally in recent years. The Chinese government’s 
strict prevention and control policies have provided 
strong guarantees for China’s economic development and 
citizens’ health and safety. However, the sudden shift in 
China’s government prevention and control policies in 
early December 2022 posed severe challenges to the Chi-
nese government and citizens. Online comments from 
social media users recorded the impact of the pandemic 

prevention and control policy changes on society from 
different perspectives. To study the impact of govern-
ment pandemic management measures on citizens dur-
ing this special period, we continued to collect data on 
China’s Weibo for 120 days from November 1, 2022 to 
March 1, 2023, including 500 Weibo hotspot searches 
and 200,000+ comment data. And through the sentiment 
analysis of deep learning algorithms, we study the emo-
tional development turning points of social media users, 
related “hot topic searches” events, and the evolution of 
behavioral factors. Through a dynamic study of the evo-
lution of emotions and behaviors of social media users 
over a four-month period, it provides a valuable perspec-
tive for related research in China and other countries and 
regions.

Compared with the results of previous studies, we draw 
the following conclusions.

First, after the Opening policy is released, users’ posi-
tive and negative emotions fluctuate [15]. Previous 
research has shown that citizens have positive emotions 
towards the lifting of lockdown policies. Some research 
reports point out that negative emotions have an impor-
tant impact on public panic [38], and focus on the spread 
of negative emotions on social media. This study found 
that the evolution of positive emotions plays an impor-
tant role in reducing the negative impact of the epidemic. 
The evolution of negative emotions is relatively stable 
and will continue to decline with the implementation of 
government measures. However, for positive emotions 
with large fluctuations, more attention should be paid, 
and continuous attention should be paid to the dynamic 
development of behavioral elements of positive emotions, 
which can help quickly reduce users’ negative emotions.

Second, the evolution of behavioral elements deserves 
more attention. Studies have pointed out that the key 
issue is to balance saving lives and saving people’s liveli-
hood, and health and economic anxiety are important 
considerations during the new crown epidemic [39]. This 
study found that in the long-term development of the 
policy, continuous attention to: disease treatment, per-
sonal health recovery, festival atmosphere, and reduction 
of publicity on the harm of “new crown sequelae and sec-
ond infections” are the factors that affect users’ emotions. 
Changing behavioral concerns. As time goes by, dynami-
cally changing the focus of behavioral elements will help 
alleviate social anxiety about the impact and stabilize 
social development.

Third, it is necessary to change the “hot topic searches” 
event by guiding the user’s behavioral focus to control 
the inflection point of the user’s emotion. “Hot topic 
searches” will affect the propagation path of Weibo top-
ics [40]. In this study, we found that users’ behavioral 
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elements are closely related to “hot topic searches” 
events, and the chain reaction of events reflects the 
inflection point of users’ emotions. There are big differ-
ences in the behavioral elements, behavioral expressions, 
and behavioral motivations of positive emotions and neg-
ative emotions. In the process of policy implementation, 
the government should pay attention to changes in key-
words that are elements of user behavior, predict events 
where users’ emotions change, continue to pay attention 
to events and formulate plans.

The main contributions of this article include: First, 
we reveal for the first time the inflection point of the 
emotional evolution of social media users, “hot topic 
searches” events and behavioral evolution of Open-
ing policy. During the implementation of China’s sud-
den liberalization policy, the positive emotions of social 
media users were divided into 4 inflection points and 5 
time periods, and the negative emotions were divided 
into 3 inflection points and 4 time periods. Behavioral 
factors are different at each stage of each emotion. And 
the evolution patterns of positive emotions and nega-
tive emotions are also different. Among them, nega-
tive emotions decrease steadily; positive emotions are 
highly sensitive and prone to obvious fluctuations. Sec-
ond, there are significant differences in the evolutionary 
manifestations and behavioral motivations of negative 
emotions and positive emotions. Previous research 
has paid more attention to negative emotions [38]. We 
can try to guide behavioral motivations and behavioral 
expressions to weaken the negative emotions caused by 
negative emotions. Third, in the context of open policy 
research, longitudinal research from the perspective 
of time series development is more important. Previ-
ous studies have focused on the “Epidemic lockdown 
policy” [10–12], some discussing socioeconomic fac-
tors as a whole, and some discussing the contradic-
tions of support or opposition [17]. Our research pays 
more attention to the lasting impact of sudden opening 
policies. Study the inflection point of emotional evolu-
tion and “hot topic searches” during the policy imple-
mentation process, and discuss the evolution of social 
media users’ emotional behavioral factors from the 
“emergency policy” event ontology to more intuitively 
and dynamically reflect China’s epidemic outbreak 
The impact of open policy on society. Long-term sen-
timent data evolution analysis also helps us examine 
our social mechanisms and social preparedness in the 
face of disasters such as the COVID-19 pandemic, and 
improve the government and public’s prevention capa-
bilities against such events. Fourth, this study provides 
directions and ideas for sustained policy propaganda 
work. China responded to this policy shift without ade-
quate publicity preparations. As a result, the design of 

publicity and information on relevant content cannot 
meet the actual needs. This study can provide a refer-
ence for similar situations in the future, and formulate 
publicity and design in advance, which can help quickly 
alleviate the impact of relevant policies on society. In 
conclusion, traditional survey methods are limited to 
individual responses to the COVID-19 pandemic [41], 
and less involved in the extraction and summary of 
emotional influencing factors. Based on social media 
text data mining and dynamic evolution research with 
time series, it is more timely and accurate than overall 
static research [42]. Emergency management depart-
ments of the government can design propaganda con-
tent and answer doubts in advance to alleviate the 
negative impact of events. The sudden implementa-
tion of China’s COVID-19 relaxation policy provides a 
meaningful research object for this study. From a global 
perspective, only China has experienced this situation, 
making it more valuable for research.

There are also certain limitations to this study. Firstly, 
we mainly discuss China’s sudden relaxation policy, 
which may not have the general characteristics of 
research on other countries’ open policies. Secondly, we 
only collected user information from Weibo, and data 
from emerging video apps such as Tik Tok may also have 
certain representativeness. Thirdly, we used deep learn-
ing sentiment analysis algorithms to automatically iden-
tify the emotional expressions of each text unit, despite 
extensive manual labeling and training. However, due to 
the common phenomenon of Chinese polysemy, some 
emotional information in the document may not be accu-
rately expressed.

For future research in this field, we believe that although 
the World Health Organization (WHO) announced the 
end of the global COVID-19 emergency on May 5, 20236, 
the actual pandemic crisis has not ended, and related hot 
searches on “COVID-19 second transmission in China” 
reappeared on social media platforms on May 15. There-
fore, continuous dynamic research on social media users’ 
emotional changes is more valuable than ever. In future 
research, more attention needs to be paid to the influenc-
ing factors behind emotions and corresponding meas-
ures. This will help relevant propaganda departments 
design information images and video content to quickly 
inform citizens of relevant policy implementations. This 
will not be a static measure issuance, but a real-time 
dynamic measure update system and propaganda sys-
tem. This may be one of the research directions in related 
fields in the future.

6 This information comes from the official news conference of WHO, which 
was broadcasted live by the Chinese government to announce this informa-
tion to the public. Visit www. who. int/ for more details.

http://www.who.int/


Page 17 of 18Zhang et al. BMC Public Health         (2023) 23:2230  

Acknowledgements
None.

Authors’ contributions
Qiaohe Zhang and Tianyue Niu contributed to the design of all aspects of the 
study. Min Wang, Jinhua Yang, Kuo‑Hsun Wen, Xinhui Hong and YuChen Wu con‑
tributed to the proposed study design. Qiaohe Zhang and Tianyue Niu drafted 
the manuscript. All authors have read and approved the final manuscript.

Funding
Scientific Research Project of Universities in Anhui Province, China (Key Project) 
“Research on Standard Mode, Internal Mechanism and Realization Path of Visual 
Cognitive Design of Government Emergency Information from the Perspective 
of Digital Communication in the Post‑Epidemic Era (Grant No. 2023AH050309)”.
 Huaibei Normal University Top Curriculum Construction Foundation (Grant 
No. 2021ZLGC071).
 National Social Science Foundation of China, Project No. 2FYSBO12.

Availability of data and materials
Because we have follow‑up research and the confidentiality of the research 
is involved, the data set cannot be made public, but it can be obtained by 
contacting the author for reasonable reasons.

Declarations

Ethics approval and consent to participate
All experiments were performed in accordance with relevant guidelines and 
regulations (such as the Declaration of Helsinki). And this study is approved 
by Institutional Review Boards at the Academy of Fine Arts, Huaibei Normal 
University and the ethics code is CHNU2023001. Because the Sina microblog 
are freely accessible, and following the procedure and ethical principles in the 
research field [43], informed consent was waived by the Ethics Committee, 
Academy of Fine Arts, Huaibei Normal University.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Academy of Fine Arts, Huaibei Normal University, Huaibei 235000, China. 
2 College of Humanities, Tongji University, Shanghai 200000, China. 3 Acad‑
emy of Arts & Design, Tsinghua University, Beijing 10003, China. 4 School 
of Design, Fujian University of Technology, Fuzhou 350118, China. 5 Xiamen 
Academy of Arts and Design, Fuzhou University, Xiamen 361021, China. 6 Col‑
lege of Humanities and Arts, Macau University of Science and Technology, 
Macau 999078, China. 7 School of Design, Jiangnan University, Wuxi 214122, 
China. 

Received: 24 May 2023   Accepted: 5 November 2023

References
 1. Ou S, He X, Ji W, Chen W, Sui L, Gan Y, et al. Machine learning model to 

project the impact of COVID‑19 on US motor gasoline demand. Nat 
Energy. 2020;5(9):666–73.

 2. Josephson A, Kilic T, Michler JD. Socioeconomic impacts of COVID‑19 in 
low‑income countries. Nat Hum Behav. 2021;5(5):557–65.

 3. Pan SL, Cui M, Qian J. Information resource orchestration during the 
COVID‑19 pandemic: A study of community lockdowns in China. Int J Inf 
Manag. 2020;54:102143.

 4. Wang Y, Wu P, Liu X, Li S, Zhu T, Zhao N. Subjective well‑being of Chinese 
Sina Weibo users in residential lockdown during the COVID‑19 pandemic: 
machine learning analysis. J Med Internet Res. 2020;22(12):e24775.

 5. Dubey AD. Twitter Sentiment Analysis during COVID‑19 Outbreak (April 9, 
2020). Available at SSRN: https:// ssrn. com/ abstr act= 35720 23 or https:// 
doi. org/ 10. 2139/ ssrn. 35720 23.

 6. Liu K. COVID‑19 and the Chinese economy: impacts, policy responses 
and implications. Int Rev Appl Econ. 2021;35(2):308–30.

 7. Exton C, Shinwell M. "Policy use of well‑being metrics: Describing 
countries’ experiences." OECD Statistics Working Papers 2018/07, OECD 
Publishing; 2018. 

 8. Jaidka K, Giorgi S, Schwartz HA, Kern ML, Ungar LH, Eichstaedt JC. 
Estimating geographic subjective well‑being from Twitter: A comparison 
of dictionary and data‑driven language methods. Proc Natl Acad Sci. 
2020;117(19):10165–71.

 9. Luhmann M, Hawkley LC, Eid M, Cacioppo JT. Time frames and the 
distinction between affective and cognitive well‑being. J Res Pers. 
2012;46(4):431–41.

 10. Restubog SLD, Ocampo ACG, Wang L. Taking control amidst the chaos: 
Emotion regulation during the COVID‑19 pandemic. J Vocat Behav. 
2020;119:103440. https:// doi. org/ 10. 1016/j. jvb. 2020. 103440.

 11. Panayiotou G, Panteli M, Leonidou C. Coping with the invisible enemy: 
The role of emotion regulation and awareness in quality of life during the 
COVID‑19 pandemic. J Contextual Behav Sci. 2021;19:17–27.

 12. Dyer J, Kolic B. Public risk perception and emotion on Twitter during the 
Covid‑19 pandemic. Appl Netw Sci. 2020;5(1):99.

 13. Barkur G, Vibha, Kamath GB. Sentiment analysis of nationwide lock‑
down due to COVID 19 outbreak: Evidence from India. Asian J Psychiatr. 
2020;51:102089. https:// doi. org/ 10. 1016/j. ajp. 2020. 102089.

 14. Surano FV, Porfiri M, Rizzo A. Analysis of lockdown perception in the 
United States during the COVID‑19 pandemic. Eur Phys J Spec Top. 
2022;231(9):1625–33.

 15. Samuel J, Rahman MM, Ali GMN, Samuel Y, Pelaez A, Chong PHJ, et al. 
Feeling positive about reopening? New normal scenarios from COVID‑19 
US reopen sentiment analytics. IEEE Access. 2020;8:142173–90.

 16. Li L, Erfani A, Wang Y, Cui Q. Anatomy into the battle of supporting or 
opposing reopening amid the COVID‑19 pandemic on Twitter: A tempo‑
ral and spatial analysis. PLoS ONE. 2021;16(7):e0254359.

 17. Rahman MM, Ali GMN, Li XJ, Samuel J, Paul KC, Chong PH, et al. Socioeco‑
nomic factors analysis for COVID‑19 US reopening sentiment with Twitter 
and census data. Heliyon. 2021;7(2):e06200.

 18. Zhang Q, Niu T, Yang J, Geng X, Lin Y. A study on the emotional and 
attitudinal behaviors of social media users under the sudden reopening 
policy of the Chinese government. Front Public Health. 2023;11:1185928. 
https:// doi. org/ 10. 3389/ fpubh. 2023. 11859 28.

 19. Robinson E, Sutin AR, Daly M, Jones A. A systematic review and meta‑anal‑
ysis of longitudinal cohort studies comparing mental health before versus 
during the COVID‑19 pandemic in 2020. J Affect Disord. 2022;296:567–76.

 20. Zaninotto P, Iob E, Demakakos P, Steptoe A. Immediate and longer‑term 
changes in the mental health and well‑being of older adults in England 
during the COVID‑19 pandemic. JAMA Psychiatry. 2022;79(2):151–9.

 21. Rossi R, Socci V, Jannini TB, D’Aurizio G, Mensi S, Pacitti F, et al. Changes in 
mental health outcomes in the general population 14 months into the 
COVID‑19 pandemic in Italy. J Affect Disord. 2023;325:35–40.

 22. Han Y, Pan W, Li J, Zhang T, Zhang Q, Zhang E. Developmental trend of 
subjective well‑being of Weibo users during COVID‑19: Online text analy‑
sis based on machine learning method. Front Psychol. 2022;12:779594.

 23. Mikolov T, Sutskever I, Chen K, Corrado GS, Dean J. Distributed represen‑
tations of words and phrases and their compositionality. In Proceedings 
of the 26th International Conference on Neural Information Processing 
Systems ‑ Volume 2 (NIPS’13). Red Hook: Curran Associates Inc.; 2013. p. 
3111–3119.

 24. Mikolov T, et al. Efficient Estimation of Word Representations in Vector 
Space. International Conference on Learning Representations. 2013.

 25. Devlin J, et al. “BERT: Pre‑training of Deep Bidirectional Transformers for 
Language Understanding.” North American Chapter of the Association for 
Computational Linguistics. 2019.

 26. Radford A, Narasimhan K. Improving language understanding by genera‑
tive pre‑training. 2018.

 27. Radford A, Wu J, Child R, Luan D, Amodei D, Sutskever I, et al. Language 
models are unsupervised multitask learners. OpenAI Blog. 2019;1(8):9.

 28. Brown T, Mann B, Ryder N, Subbiah M, Kaplan JD, Dhariwal P, et al. 
Language models are few‑shot learners. Adv Neural Inf Process Syst. 
2020;33:1877–901.

 29. Zhong P, Guo S, Chen T. Correlation between travellers departing from 
Wuhan before the Spring Festival and subsequent spread of COVID‑19 to 
all provinces in China. J Travel Med. 2020;27(3):taaa036.

https://ssrn.com/abstract=3572023
https://doi.org/10.2139/ssrn.3572023
https://doi.org/10.2139/ssrn.3572023
https://doi.org/10.1016/j.jvb.2020.103440
https://doi.org/10.1016/j.ajp.2020.102089
https://doi.org/10.3389/fpubh.2023.1185928


Page 18 of 18Zhang et al. BMC Public Health         (2023) 23:2230 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 30. Bhanot D, Singh T, Verma SK, Sharad S. Stigma and discrimination during 
COVID‑19 pandemic. Front Public Health. 2021;8:577018.

 31. de Las Heras‑Pedrosa C, Sánchez‑Núñez P, Peláez JI. Sentiment analysis 
and emotion understanding during the COVID‑19 pandemic in Spain 
and its impact on digital ecosystems. Int J Environ Res Public Health. 
2020;17(15):5542.

 32. de Melo T, Figueiredo CM, et al. Comparing news articles and tweets 
about COVID‑19 in Brazil: sentiment analysis and topic modeling 
approach. JMIR Public Health Surveill. 2021;7(2):e24585.

 33. Zhao Y, Cheng S, Yu X, Xu H. Chinese public’s attention to the COVID‑19 
epidemic on social media: observational descriptive study. J Med Internet 
Res. 2020;22(5):e18825.

 34. Chon MG, Kim S. Dealing with the COVID‑19 crisis: Theoretical application 
of social media analytics in government crisis management. Public Relat 
Rev. 2022;48(3):102201.

 35. Parrado‑Gonzalez A, Leon‑Jariego JC. Covid‑19: factors associated with 
emotional distress and psychological morbidity in spanish population. 
Rev Esp Salud Publica. 2020;94:e202006058–e202006058.

 36. Qian Y, Huang J, Zhao L, Cheong IH, Cao S, Xiong L, et al. Which Matters 
More in Fighting COVID‑19–Government Policy or Community Participa‑
tion? Front Public Health. 2022;10:927553.

 37. Wang J, Fan Y, Palacios J, Chai Y, Guetta‑Jeanrenaud N, Obradovich N, et al. 
Global evidence of expressed sentiment alterations during the COVID‑19 
pandemic. Nat Hum Behav. 2022;6(3):349–58.

 38. Naseem U, Razzak I, Khushi M, Eklund PW, Kim J. COVIDSenti: A large‑
scale benchmark Twitter data set for COVID‑19 sentiment analysis. IEEE 
Trans Comput Soc Syst. 2021;8(4):1003–15.

 39. Sabat I, Neumann‑Böhme S, Varghese NE, Barros PP, Brouwer W, van Exel 
J, et al. United but divided: Policy responses and people’s perceptions in 
the EU during the COVID‑19 outbreak. Health Policy. 2020;124(9):909–18.

 40. Li Y, Cao H, Li J, Tan Y, Meng Z. Social effects of topic propagation on 
Weibo. J Manag Sci Eng. 2022;7(4):630–48.

 41. Martinelli N, Gil S, Belletier C, Chevalère J, Dezecache G, Huguet P, et al. 
Time and emotion during lockdown and the Covid‑19 epidemic: Deter‑
minants of our experience of time? Front Psychol. 2021;11:616169.

 42. Shen L, Yao R, Zhang W, Evans R, Cao G, Zhang Z. Emotional attitudes 
of Chinese citizens on social distancing during the COVID‑19 outbreak: 
Analysis of social media data. JMIR Med Inf. 2021;9(3):e27079.

 43. Kosinski M, Matz SC, Gosling SD, Popov V, Stillwell D. Facebook as a 
research tool for the social sciences: Opportunities, challenges, ethical 
considerations, and practical guidelines. Am Psychol. 2015;70(6):543.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Analysis of the evolving factors of social media users’ emotions and behaviors: a longitudinal study from China’s COVID-19 opening policy period
	Abstract 
	Introduction
	Data and method
	Data collection and data preprocessing
	Method
	Sentiment classification
	Factor analysis


	Discussion and analysis
	Analysis of the turning point of emotional evolution and “hot topic searches” events
	Analysis of the turning point in the evolution of positive emotions and “hot topic searches” events
	Analysis of the turning point in the evolution of negative emotions and “hot topic searches” events

	Analysis of factors influencing emotional evolution
	Analysis of positive emotional factors
	Analysis of negative emotional factors


	Discussion
	Analysis of the turning point in the emotional evolution of social media users and “hot topic searches” events
	Analysis on the evolution of behavioral factors of social media users’ emotions

	Conclusion
	Acknowledgements
	References


