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Public health emergencies can quickly provoke alarm and shock in the society, as well
as generate high-impact online public opinion through network fermentation. Analyzing
the generation mechanism of online public opinion in public health emergencies helps
to explain its characteristics and laws. Based on information ecology theory, seven
indicators from the four dimensions of information person, information, information
technology, and information environment are extracted, and the analysis framework
of public opinion impact of public health emergencies is constructed. Taking 40
cases from China as samples, fuzzy set qualitative comparative analysis (fsQCA) is
used to investigate the generation path and mechanism of online public opinion
impact in public health emergency. The results suggest that: information person and
information technology are the core conditions for the generation of high-impact
online public opinion, but the harm level contained in the information itself is not
sensitive to the generation of public opinion impact; there are four generation paths
and three types that drive the generation of high-impact online public opinion in
public health emergencies. This work enriches the cognition of the causality of public
opinion impact in public health emergencies from the perspective of configuration,
and clearly shows which combination of variables leads to high-impact online public
opinion, and helps to prevent and reduce the risk of public opinion.
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1 Introduction

With the popularity of the internet and the expansion scale of internet users, the key role
of online public opinion for the development of human society has been strengthened.
According to the 50th China Statistical Report on Internet Development published by China
Internet Network Information Center (CNNIC), up to June 2023, China had 1.079 billion
internet users, and the internet penetration rate has reached 76.4%. The Internet brings
scattered people together, which makes huge changes in the way of information dissemination.
The trend of decentralization of online information dissemination is becoming obvious, while
the dominant role of traditional media in public opinion is gradually declining. The new media
based on the internet has become a new carrier of public opinion, represented by social media,
live streaming and short video platforms. Compared to the traditional media, which has poor
public opinion expression and low participation, the new media has become the public domain
of public opinion expression because of its low communication threshold, fast speed and wide
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range (1). The public space, which can form public opinions, allows
free communication and debate, has emerged (2).

In the internet age, online public opinion covers all aspects of our
lives. While according to the content of public opinion, it can
be divided into positive and negative public opinion (3). Several
studies question the effectiveness of public opinion. As the main body
of public opinion, people are easily guided and confused by elite
groups and opinion leaders, together with the obscurity and
complexity of public opinion itself, which all harm the objectivity and
authenticity of public opinion (4). On the contrary, public opinion is
not useless, some rational cognition and judgment of the public can
be formed through limited information. The goal of environmental
governance by online public opinion is to create positive public
opinion and remove negative public opinion, so that online public
opinion environment is presenting in a new form (5), and there are
still many challenges and problems associated with building an online
public opinion environment. If the online public opinion is not
reasonably managed and evacuated, it may hurt society and the
internet environment. Given the dual influence of online public
opinion, this paper examined the dominant factors influencing online
public opinion and how to prevent and reduce public opinion risk.

Moreover, contemporary society has entered the risk society. As
risk disasters accompany the process of human society, the western
theoretical community has started to study risky societies at an early
stage, and has developed a relatively sound theoretical system (6).
Unfortunately, the risk society is further deepened by public health
emergencies, public health diseases have been a major threat to human
health development, but along with the entire human history process.
In recent years, major public health emergencies such as SARS,
monkeypox, avian influenza, HIN1, Ebola, Zika, and other have
occurred frequently, the outbreak of COVID-19 is particularly serious
(7). Unlike other types of emergencies, public health emergencies are
unpredictable, rapidly spreading and socially threatening, with no
fixed population, easy-to-occur areas and ways of occurrence, which
aggravate social risks, and the superposition of online public opinion
risks and social risks triggered by network communication, which in
turn derives new risks (8). The risk amplification effect of the internet
has been dramatically accentuated, and it is not uncommon for
individual cases and regional events to ferment into national or even
global public opinion events. As it involves the life safety and physical
health of every member of the public, information related to epidemics
will quickly dominate the hot searches on the internet platform,
triggering public attention and discussion. As a new social power and
public opinion space, internet platform has become a platform and
carrier for the public to express their views on specific events.
Especially when public health emergencies occur, a large amount of
true and false public opinion information emerges instantly and
geometrically fissions, forming group polarization phenomenon, and
even triggering secondary public opinion and offline group events,
which poses a serious threat to social harmony and stability (9).

Online public opinion is a recurring theme in academic research
(10), with the research exploring the impact of different factors on
online public opinion. Our study attempts to answer the following
research questions: (1) what factors are primarily responsible for the
impact of online public opinion in public health emergency? (2) What
is the generation paths of high-impact online public opinion? (3)
What are the unique characteristics of the evolution of online public
opinion influence? and (4) How to prevent and reduce the risk of
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public opinion? To address these issues, in the context of frequent
public health emergencies as well as the downward shift of the focus
of information dissemination in the era of new media, where the
public and the mass media play a dominate role in the cognition and
discussion of social issues, this study explores the influence factors of
high-impact online public opinion. Qualitative comparative analysis
(QCA) is employed in the study, the essence of this analysis method
is to detect the configuration of causal conditions that lead to results
of interest, and QCA offers an appropriate way to check which
configurations of conditions best explain the generation of high-
impact online public opinion, so that follow-up questions can
be carried out. Specifically, we collected and adopted data from China
internet social hot spot aggregation platform, using 40 typical public
health emergencies as samples, we extract the four dimensions of
information person, information, information technology and
information environment, analyze seven driving factors, including
internet users’ attention (IA), opinion leader dissemination (OD),
government intervention (GI), hazard level (HL), network platform
participation (NP), the government public opinion evacuation
environment (EE), and the social opinion environment (SE), all of
which shape the generation mechanism of online public opinion
impact in public health emergency. According to the information
ecology theory, the generation public opinion influence is systematic
and complex. When the factors are combined with each other,
we determine four different combinations to obtain the generation of
high-impact public opinion. Our research results can better reflect the
generation path of high-impact online public opinion in public health
emergency than previous research results, and provide targeted
suggestions for preventing and reducing the risk of public opinion.

Our study offers several contributions. First, we provide a targeted
analysis of the special event of public health emergencies, which is a
special field of emergencies. Public health emergencies and public
emergencies, which are different in nature and characteristics, and
thus the public opinions generated are also different. Second,
we identify multiple influencing factors for the high-impact online
public opinion of public health emergencies, expanding the scope of
application of online public opinion research. Third, we demonstrate
the configuration solutions between the interactions of the influencing
factors of online public opinion, which is more suitable for preventing
and reducing the risk of public opinion in the complex online public
opinion environment, and thus maintaining a rational communication
order.

2 Theoretical framework
2.1 Online public opinion

For Online public opinion is the sum of values and emotional
tendencies expressed by the public through the Internet, which
reflects the focus of public opinion and social situation. The pressure
of public opinion is an important part that the government need to
consider in order to avoid conflicts and obtain public support (11).
Online public opinion dissemination system is a complex system
based on causality. To demonstrate the generation mechanism of
online public opinion dissemination, it needs to make effective
subdivision of the influencing factors of online public opinion
dissemination, to parse the complex system causality by analyzing
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the internal dynamic connection. Internet users, media, and
government are the three main bodies of online public opinion
dissemination system (12). Specifically, the participation of internet
users and opinion leaders, the number of media audiences, the
frequency of media reports, government attention, crisis warning
mechanism, and other factors have an important impact on the
online public opinion dissemination (13). In addition, response time,
responsiveness, and government transparency also have an impact
on public sentiment and public opinion dissemination in emergency
situations (14).

Emergency online public opinion dissemination system is
influenced by multiple and complex factors in social systems.
Existing studies have analyzed the internal and external
influencing factors of online public opinion, which provide us with
profound understanding. However, there is a lack of research in
public health opinion of public health emergency, and the
combination of influence factors are

interaction and

relatively insufficient.

2.2 Information ecology theory

Online public opinion dissemination systems are often regarded
as complex information ecosystems (15). Information ecology theory
lays a good theoretical foundation for the study of multiple influencing
factors of online public opinion dissemination from a holistic
perspective. The concept of information ecology is the integration of
ecology and informatics, it was originally used to investigate the flow
of information in the organizations, where information did not
operate independently but was affected by the system ecology.
Information ecology is the science of studying the law of information,
when studying the interaction of many different phenomena, it is
necessary to analyze problems with a systematic view (16). A new
information ecology theory has been further developed, which defines
information ecology as a specific environmental system composed of
people, practice, values, and technologies, and states that the focus of
information ecosystem is not technology itself, but people (17).
Moreover, there are strong interrelationships and dependencies
among the different parts of information ecosystems, technologies,
actors, environments and value orientations work together to
constitute a complex system (18).

It is generally acknowledged by the academic community that
information ecology theory is based on information ecosystems as
research objects to analyze the interaction relationship of various
elements within a system (19). To understand which configuration
solutions have greater impact on online public opinion, a unified
framework is needed, which incorporates multiple elements and
specific environmental conditions. For this, the theoretical framework
of information ecology is used to master the internal law of the
development of information environment, deconstruct the dynamic
changes of human social information environment, and make the
information environment, especially the public opinion environment
develop in a beneficial direction to human beings. Since information
ecology theory is a broad concept, it integrates information person as
subjects, while information, information technology and information
environment as objects into a systematic visual threshold, each
component of it needs to be excavated more deeply, which has its own
established literature.
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2.2.1 Information person

Based on the perspective of information person factor in the
information ecology theory, exploring highly complex human
behaviors and analyzing user behavior laws are the core topics of
research on emergency online public opinion dissemination (20). The
information person factor is the subject of public opinion and the
important component of the information ecosystem, which are people
or organizations that express cognition, emotions, attitudes, opinions,
statements and other remarks in cyberspace, mainly including internet
users, network opinion leaders and government. Information person
can interact with each other.

In the process of online public opinion dissemination in public
health emergencies, internet users receive public opinion information
and express their perceptions and attitudes toward the events in the
internet, with the dual identities of information receivers and
information disseminators. In the new media environment, internet
users have become the largest and most active group in the network
system. In the process of information exchange of online public
opinion, internet users will resonate and converge as a group force due
to the existence of cluster mentality, and directly drive the
dissemination of online public opinion through comments, likes and
retweets. Research shows that the active degree of internet users shows
a positive correlation with the impact of online public opinion, and
their attention to public opinion events is the main group force driving
the spread of online public opinion and forming high-impact online
public opinion (21). Therefore, the activity of internet users has an
important driving role in the dissemination of online public opinion
in public health emergencies.

Network opinion leaders, as active members who often provide
information and exert influence on others in interpersonal
communication networks, have a relatively stable and large
information audience, occupy the accurate push resources of online
platforms based on technical algorithms, and have a strong influence
on the trend and speed of online public opinion dissemination. The
speech and activeness of this group influence the generation of online
public opinions and the dissemination of public opinion information,
and play an aggravating and guiding role in the generation and
dissemination of online public opinion in public health
emergencies (22).

The government regulates and controls the development of online
public opinion, as well as the information released by official media
consisting of government units, central media and other authoritative
institutions. Based on the trust of the government and the authority
of the governance subject of social risk events, information with
extensive credibility is released. Its strong dissemination and influence
can squeeze out the space for deviant information, resolve public
opinion crises in accordance with the law, reduce negative impacts,
correct public opinion information, and orderly guide the promotion
of a healthy public opinion ecosystem. It has been pointed out that
timely and effective intervention and public voice of relevant
departments can calm down negative social emotions and have a
positive effect on public opinion mitigation (23).

2.2.2 Information

As the ontology of public opinion, information is the sum of
attitudes and emotions expressed by the participants of public
opinion on hot topics, which is the root cause of public opinion.
Lippmann pointed out that public opinion is developed from
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public interest, and whether the information and content of public
opinion can arouse users interest is an important factor
influencing their communication behavior. In addition, the degree
of disclosure and credibility of information about an event also
has an important influence on the development of public
opinion (24).

Public health emergency has a real impact on public life safety
and health, and the relevant information is very likely to mobilize
public attention and generate online buzz. The outbreak of emotions,
attitudes and intentions generated by high attention and online
discussions constitutes a necessary condition for the generation of
online public opinion events (25). With the advantages of high
timeliness, interactivity and flatness, internet information has
become the important way for the public to obtain information about
public health emergency, while its instantaneous, individualized, and
fragmented characteristics easily lead to distortion of the information
carried, and in order to increase the heat and traffic, the importance
and harm of public health events are expanded or one-sidedly
thus further
communication and biased public perception (26). The information

disseminated, causing amplification of risk
factors such as the hazard level contained in the information of
public health emergency will become the focus of attention of online
public opinion dissemination and the key elements of information
text interpretation, coding and construction in the process
of generation.

2.2.3 Information technology

Information technology mainly refers to online media. Over the
past decade, online media such as Twitter, Facebook, Microblog,
TikTok, and WeChat have gradually become integrated into people’s
lives and gradually blurred the boundaries of human society, and
emergencies have accelerated this phenomenon. Not only internet
users, but also more and more news media and government
organizations are using social media for their work.

The participation of online media catalyzes the development of
online public opinion. Online media reports on hot social events,
realizing the dissemination of public opinion information in multiple
directions, at multiple levels, and in many aspects, builds an
information cultivation soil and amplification station for the
dissemination of public health emergencies. Online public opinion
information has become a sensitive tentacle for perceiving social and
public opinion, and online media has become a platform for two-way
communication and timely feedback in public health emergency (27).

In public health emergency, due to the lag of government response
to disposal and information disclosure, the public generates various
doubts and speculations, which will express tendentious emotions,
opinions and remarks on online media platforms for concerns and
exert certain influences. Driven by the interest chain of heat, traffic,
fan increase and cash, online media platforms pursue the “signal
value” brought by the high-impact public opinion and the event itself,
and use platform resources to fatten up and add material to further
promote the influence of public opinion on the event. Online media
platforms are not only the petri dish for the influence of online public
opinion in public health emergency, but also the weathervane for the
influence of public opinion based on the feedback of public opinion
information, and the number of network platforms reporting on the
event can be used as a barometer for the influence of public
opinion (28).
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2.2.4 Information environment

Information environment, it mainly refers to the public opinion
environment, which is the external environment and space for the
dissemination of online public opinion. In public health emergency; it
mainly includes the public opinion evacuation environment
constructed by information environment control subjects and the social
opinion environment naturally formed by public opinion. Government
authorities, online media platforms, health and medical research
institutions and public health professionals constitute the control
subjects of information environment, among which government
authorities occupy the core position of control subjects (29).

External intervention in the dissemination and development of
public opinion is mainly carried out by the government through
organizing official central media to release information, online media
platforms to restrict negative and false statements, health and medical
research institutions, together with public health professionals to
popularize public health and safety knowledge (30, 31), which are the
exogenous driving force for the evolution, development and
resolution of public opinion. The specific countermeasures and
strength of the governments public opinion evacuation have
significant influence on the formation of the public opinion
evacuation environment. The public opinion environment can reflect
the development trend of public opinion, the attention degree of
information subjects to public opinion information, the duration of
public opinion and the influence of public opinion events, and it is
the endogenous driving force for the evolution and development of
public opinion. During the duration of public opinion, the amount
of information related to public opinion can reflect the influence of
public opinion environment on the information subject.

2.3 Analytical framework

Accordingly, on the basis of the previous theoretical discussion,
this paper firstly identifies the preconditions for the generation of
online public opinion from the perspective of system and based on the
theoretical framework of information ecosystem, with information
person (public opinion subject), information (public opinion
ontology), information technology (public opinion platform), and
information environment (public opinion environment) as the four
analytical dimensions, and extracts seven preconditions affecting
online public opinion in public health emergencies: internet users’
attention (IA), opinion leader dissemination (OD), and government
intervention (GI) correspond to the degree of information person’s
attention, the hazard level (HL) of public health emergencies
corresponds to the content elements embedded in the information,
network platform participation (NP) corresponds to information
technology, and the government public opinion evacuation
environment (EE) and the social opinion environment (SE)
correspond to the information environment. Meanwhile, the outcome
variable is online public opinion impact generation.

This paper focuses on the cognition of the causality of the
generation of high-impact public opinion and not high-impact public
opinion, emphasizes the interaction and combination of factors in the
system, and studies how the factors can jointly drive the generation of
high-impact online public opinion of public health emergencies
through configuration solutions. In summary, the analytical
framework of this paper is constructed, as shown in Figure 1.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1404587
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Liu et al.

3 Materials and methods
3.1 Sample

Due to the large number of users of Twitter, Facebook, Microblog,
TikTok, WeChat, and other online media, these online media are often
used by the public to spread public opinion on emergencies. Current
research is increasingly focused on obtaining information on public
opinion, attitudes, and key factors related to various research subjects
through various online media. Several studies have shown that to
analysis of tweets and images about Zika virus in Twitter and
Instagram to study the dissemination of public opinion information,
it can be found that news media, public health agencies and internet
users are the most obvious and frequent sources and disseminators
(32). Some studies have also examined the public opinion information
dissemination behavior through Microblog message posting,
commenting and retweeting data (33).

Microblog and WeChat are the widely used online media platforms
in China (34-36), its data has become a popular source of academic
research, providing researchers with rich materials and in-depth insights.
According to the financial report released by Tencent Holdings and Sina
Microblog, by the end of December 2023, the combined monthly active
accounts of WeChat and WeChat international numbered 1.343 billion,
while Microblog had 598 million monthly active users. Therefore,
researchers can obtain high-quality raw data, and aggregated user
opinions can reflect the online public opinion of an event. Due to the
wide impact of public health emergencies, individuals do not have the
ability to collect all the data from the Internet and data analysis platforms,
so the Zhiwei data analysis platform is used as an event impact index
analysis tool (37). Zhiwei Data are one of the most commonly used

10.3389/fpubh.2024.1404587

Internet hotspot aggregation platforms in China. Compared with data
analysis platforms such as China Percent Technology and Qingbo Big
Data, Zhiwei Data is a specialized analysis tool for popular events on the
Internet, especially good at building a complete ecology of discovery,
tracking, mining and prediction of social hotspot events based on
massive Internet data, which is applicable to individuals, enterprises and
governments. The main data sources of Zhiwei Data Analytics Platform
are microblogs, WeChat and online media. The event influence index is
calculated by adding up the event impacts in the self-media (mainly
Weibo and WeChat) and online media, and then normalizing the event
impacts to get an event impact index ranging from 0 to 100. Individuals
can filter public health emergencies according to the keywords of the
event, and can query the main media that released the information, the
trend of the proportion of the public opinion field, the speed of
dissemination of the event, the duration of the event, and other public
opinion field data, which can form an effective evaluation criterion of the
influence of the event and conduct comparative analysis of similar
events. The 79th executive meeting of the State Council of China adopted
the Overall Emergency Plan for National Public Emergencies, which was
promulgated and implemented on January 8, 2006. It is clearly pointed
out that public health incidents mainly include the epidemic situation of
infectious diseases epidemic, mass diseases of unknown causes, food
safety and occupational poisonings, animal epidemics, and other
incidents that seriously affect public health and life safety. In this study,
the high-impact public health emergencies in the database of Zhiwei
data platform from 2016 to 2023 as the basic case base, and the cases
were cross-validated and supplemented by CNKI, Baidu index, and
Microblog, Ant Square software, etc. In order to reflect the principle of
influence, typicality and diversity of cases, four cases of the same
subspecies of avian influenza outbreak were deleted, one case of
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Analytical framework of the configuration online public opinion impact in public health emergency.
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norovirus related cases with similar time but different regions was
deleted, and three cases of food poisoning in the basic case database were
added (food poisoning of 100 employees of a furniture factory in
Shanghai, vomiting and diarrhea in a community in Shenyang, and
Suspected food poisoning occurred in a snack bar in Guangdong), as
well as one environmental pollution incident (40,000 mu of fish and
crabs died in Hongze Lake), one case of occupational and chemical
poisoning incident (brucella infections at two veterinary research
institutes under the CAAS). Finally, 40 typical events were finally selected
as the research objects, including six cases of infectious disease epidemic,
two cases of unknown-cause disease, nine cases of animal epidemics, 10
cases of food safety, four cases of occupational and chemical poisoning,
and nine cases of drag safety and pollution, as shown in Table 1.

3.2 Methods

Qualitative comparative analysis (QCA) is a configuration method
based on set theory and fuzzy theory (38), which is particularly
suitable for studying complex causality and multiple interactions (39).
The generation of online public opinion impact in public health
emergencies is influenced by the coupling effect of multiple complex
factors, which is suitable for the QCA method. First, QCA can identify
whether a single condition is necessary to achieve an outcome.
Second, it can explore multiple sufficiency configurations associated
with the same outcome, a situation called equilibrium, where a system
can reach the same final state through different initial conditions and
a variety of different paths. Third, QCA can check for causal
asymmetry for high and not-high performance.

Qualitative comparative analysis is based on Boolean logic, mainly
studying necessary conditions and sufficient conditions. In detail,
necessary conditions are those that are present in all cases of outcome,
and sufficient conditions are those that always produce a certain outcome
when present (40). QCA results are interpreted according to consistency
and coverage. Consistency refers to the extent to which similar causal
configurations lead to outcomes, while coverage refers to the number of
cases valid for a given combination. We show our results by the
conventional notations: core conditions are present @ or absent ®,
peripheral conditions are present @ or absent ®, and a blank space
indicates that the condition is irrelevant whether it is presence or absence
(41). Core conditions are those present in both parsimonious solutions
and corresponding intermediate solutions. Peripheral conditions are
those present intermediate solutions, but not in parsimonious solutions
(42). Fuzzy-set QCA (fsQCA), unlike the crispy-set QCA (csQCA), and
the multi-valued QCA (mvQCA), uses membership degree assignment,
which improves the research quality. CSQCA can only handle two-point
variables. Although mvQCA expands the scope of dichotomy to a certain
extent, it is still based on deterministic multivalued sets rather than
continuous fuzzy sets. FSQCA is more case-oriented and able to explain
the causal factors in more detail. Therefore, we apply the fsQCA in study.

3.3 Measures for set membership

Too many variables will lead to individualization of cases, and the
number of cases identified needs to form a well-balanced relationship
with the condition variables. QCA technology could be suitable not
limited to handle data from small and medium samples, and it has also
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been widely applied in research designs with large sample sizes (41).
The sample size of our study belongs to the medium-sized sample,
which is suitable for analysis by QCA method. A medium-sized sample
means that the external validity of the case can be guaranteed, and the
depth of the case and its uniqueness can also be retained. For a
medium-sized sample, the usual selection of condition variables is 4-6
or 4-7 (43). Therefore, we determine that the seven condition variables
met the requirements. The settings and measurement descriptions of
the condition variables and outcome variables are shown in Table 2.

3.4 Calibrations for set membership

Calibration is the process of transforming into set membership,
the variables must be calibrated to generate values from 0 to 1 before
using fsQCA for analysis. There are three methods to determine which
qualitative anchors to use for scale measures, the first calibration
method is to obtain substantial knowledge from pre-validated scale
anchor points as the threshold values, the second relies on sample
maximum, mean or midpoint, and minimum values when partial
knowledge is available, and the third is to use the percentile of the
sample without explicit theory and external knowledge as a guide (44).

Since there is a recognized basis and standard for classifying the
hazard level of public health emergencies, the first calibration method
can be used. Specifically, we use the four-value fuzzy set calibration
method, which uses four calibration values of 1, 0.67, 0.33, and 0 to

» <

refer to “full in,” “more in than out,” “more out than in,” and “full out,”
respectively. In the event hazard level, extremely significant (level I) is
assigned a value of 1, significant (level II) is assigned a value of 0.67,
large (level IIT) is assigned a value of 0.33, and general (level IV) is
assigned a value of 0. For other variables, there is no explicit theory or
external knowledge available, so the third method mentioned above
can be used. Based on the data of the cases themselves, qualitative
anchors representing three important threshold ranges of full in,
crossover point, and full out are selected for calibration. The three
qualitative anchors are taken from the upper and lower quartiles of the
case data, which are the upper quartile, the median, and the lower
quartile. Specifically, the three anchors of the variables, except for the
calibrated hazard level, are set as fully in (75%), crossover point (50%),
and fully out (25%). In addition, when a case has a membership score
of exactly 0.5, it is usually recalibrated each set by adding a small
constant (0.001) (41). When cases arise where the affiliation score is
exactly 0.5 and cannot be categorized, the categorization is usually
adjusted by adding 0.001 to the affiliation score. The calibration anchors
for each fuzzy set, and descriptive statistics are shown in Table 3.

4 Results
4.1 Necessity conditions analysis

When a factor is always present when an outcome occurs, this
factor is called a necessary condition for this outcome, from which the
core conditions leading to the outcome can be initially determined.
The impact factors of online public opinion generation in public
health emergencies are mainly to analyze the necessity of condition
variables and to examine consistency and coverage, consistency
greater than 0.9 can be regarded as a necessary condition for an event
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TABLE 1 Typical cases of public health emergencies.

10.3389/fpubh.2024.1404587

Type Influence [\ [o} Type Influence
Index(ll) Index (I1)
Formaldehyde
COVID-19 in
poisoning of all
1 2019 Wuhan and other | UD 100 21 2016 oC 68.5
junior students in
places
a school in Jilin
Multiple children
Changsheng
vaccinated with
2 2018 Biological Vaccine = DP 94.1 22 2018 DP 68.3
expired vaccines in
Fraud Incident
Shanxi
Unfrozen vaccines Bayan Nur
3 2016 flow into 18 Dp 86 23 2020 confirmed a case AE 68.1
provinces of glandular plague
The rat head and
Seven deaths due
duck neck
to harmful gas
incident in Jiangxi
4 2023 FS 85.9 24 2021 leakage from a oC 66.9
Industry
food factory in
Polytechnic
Sichuan
College
Fake milk powder
caused the H5N1 avian
5 2020 reappearance of FS 822 25 2020 influenza outbreak =~ AE 66.6
large-headed in Hunan
children
Pig, cattle and Norovirus
sheep epidemic infection in
6 2018 AE 81.2 26 2019 ID 65.6
outbreak in many Chaoyang District,
places Beijing
A patient
Pickled Chinese
diagnosed with
7 2022 sauerkraut in dirt | FS 80.2 27 2019 AE 65.5
glandular plague
pits incidents
in Xilingole Meng
A school in
Anthrax deaths
Chengdu gave
occurred in
8 2019 students moldy FS 78.6 28 2021 D 63.8
Shandong
food caused
Province
discomfort
Students’
abnormal health Sichuan children
caused by the suspected of
9 2016 oC 76.2 29 2019 DP 63.2
relocation of a receiving expired
middle school in vaccines
Jiangsu
Heilongjiang
“sour soup” Food poisoning in
10 2020 FS 75.1 30 2018 FS 62.3
poisoning a hotel in Guilin
incident
11 enterprises Henan confirmed
suspected of 1 person infected
11 2019 AE 73.9 31 2022 AE 61.8
detecting African with H3N8 avian
swine fever influenza
(Continued)
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TABLE 1 (Continued)
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Type Influence \[o} Type Influence
Index(ll) Index (I1)
A hospital in
Nearly 40,000 mu
Hainan has been
of fish and crabs
12 2019 reported to sell DP 73.7 32 2018 DP 61.7
died in Hongze
fake HPV
Lake
vaccines
145 children in Brucella infections
Jiangsu province at two veterinary
13 2019 Dp 72.9 33 2019 ocC 61.4
received oral research institutes
expired vaccine under the CAAS
Beijing confirmed
Clenbuterol
1 person infected
14 2021 mutton appeared FS 72.1 34 2019 AE 61.2
with H5N6 avian
in Hebei province
influenza
H5N6 avian
Rice with essence influenza outbreak
15 2023 FS 71.6 35 2020 AE 57.4
event in Xichong,
Sichuan
The vaccine of a
Tianjin University
community health
of Technology
16 2019 center was Dp 69.9 36 2019 ID 57.3
students infected
replaced by low-
with norovirus
cost vaccine
BYD factory is
African swine
accused of
fever has been
17 2022 pollution causing | DP 69.5 37 2018 AE 57
confirmed in
nosebleed of
Jizhou, Tianjin,
many children
Suspected food
Tuberculosis poisoning
18 2019 epidemic in ID 69.4 38 2020 occurred in a FS 48.6
Taojiang, Hunan snack bar in
Guangdong
300 people
H3 influenza vomiting and
19 2017 outbreak in Hong | ID 69.3 39 2019 diarrheain a UD 39.2
Kong community in
Shenyang
The second case
Food poisoning of
of Zhaika virus
100 employees of a
20 2016 infection ID 68.5 40 2016 ES 28.1
furniture factory
confirmed in
in Shanghai
China

ID, Infectious diseases epidemic; UD, Unknown-cause disease; AE, Animal epidemic; FS, Food safety; OC, Occupational and chemical poisoning; DP, Drug safety and pollution.

to occur. Coverage is mainly used to determine the degree to which a
conditional variable can interpret the outcome variable, and a larger
value means a stronger explanation of the conditional variables.
Table 4 presents the results of this analysis.

We can see from the Table 4 that when the outcome variable is set
to “public opinion impact generation,” the consistency of OD reaches
0.971, indicating higher opinion leader dissemination is a necessary
condition for the generation of public opinion influence in public

Frontiers in Public Health

health emergencies. At the same time, the coverage of OD reached
0.961, indicating that 96.1% of public health emergencies had the
intervention and impact of dissemination of opinion leaders. In
addition, the consistency of IA, GI and NP is 0.845, 0.821, and 0.895,
respectively, which exceeds 0.8. All of them can be regarded as sufficient
conditions for the generation of high-impact online public opinion in
public health emergencies. From the necessity test of a single variable,
we can find that IA, OD, GI, and NP can independently trigger the
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TABLE 2 Measurement descriptions for sets.

Measurement descriptions

Average speed of information dissemination during events

The total number of fans of the top five Microblog bloggers involved in the event discussion

The proportion of participating central media in all media

»

»

«

Classified according to the “Emergency Plan for Public Health Emergencies” and the Law of “China on Prevention and

Control of Infectious Diseases

The number of online media platforms for reporting

Refers to the government’s efforts to alleviate public opinion, represent sum of products of government feedback
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=05, G

4, L, (the national level) =3, L; (the provincial level) = 2, L, (the city level) = 1, L; (the county level)

Q refers to the government’s efforts to alleviate public opinion; L; means government feedback department level, L, (the central leadership or State Council)

0.5; Ng means times.

report) =

1, and C;s (relevant experts’

2, C, (competent leaders or department core experts) =

3, C; (official media) =

4, C, (press conferences) =

means feedback channel, C, (special meetings)
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generation of high-impact online public opinion, which shows that
information person and information technology have a significant
impact on the generation of high influence of online public opinion.

3

When the outcome variable is set to “~public opinion impact
generation,” the consistency of ~IA, ~ OD and ~ NP is higher than 0.9,
which are all necessary conditions for the generation of not high-
impact online public opinion in public health emergencies and have
stronger explanatory power. Besides, the consistency of ~GI and ~HL
is greater than 0.8, which is a sufficient condition for the generation of
not high-impact online public opinion. According to the information
ecology theory, the generation of online public opinion impact is
systematic and complex, and the synergistic influence of various
factors such as information person, information, information
technology and information environment needs to be further analyzed.

4.2 Sufficiency analysis for online public
opinion

We use fsQCA3.0 software to deal with the standardized data,
construct the truth table and conduct a sufficiency analysis. QCA
analysis usually provides three solutions: complex solution,
parsimonious solution and intermediate solution. The intermediate
solution is often considered to be the preferred solution because its
complexity is moderate and reasonable, and the necessity conditions
of the intermediate solution cannot be eliminated, so it is often
considered as the preferred solution. Referring to the existing research,
this paper selects the intermediate solution for analysis (45). Referring
to existing studies, we use a frequency benchmark > 1, raw consistency
benchmark >0.8, and a proportional reduction in inconsistency
(PRI) >0.70 (46). Using these standards, we obtain the truth table and
identified four configuration solutions that can lead to high-impact
online public opinion. The overall solution coverage is 0.725,
indicating that these configurations can explain about 72.5% of the
high-impact generation outcomes of online public opinion, and
overall solution consistency is 0.994, which can cover and explains the
high-impact generation of online public opinion. We further identified
six configuration solutions that can lead to low-impact generation of
online public opinion. The overall solution consistency is 0.977, with
a coverage of 0.784.

We analyze four configuration solutions of high-impact online
public opinion horizontally and found that they all have the same core
conditions. Based on the difference of the four configuration solutions,
three types of online public opinion generation with high impact in
public health emergencies can be divided: information environment
driven in a crisis-free situation, dual EE-SE driven in a non-sensitive
crisis situation, and a single-driven type of crisis situation.

4.2.1 Configurations for high-impact online
public opinion

In Table 5, we display results for four configuration solutions
where the solutions are sufficient for high-impact online public
opinion with high solution consistency and solution coverage (0.994
and 0.725, respectively) and that satisfied consistency and coverage of
each solution.

Solution 1 (S1) is information environment driven in a crisis-free
situation. This type is the main type and consists of combination Sla
and S1b in which the internet users’ attention, opinion leader
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TABLE 3 Sets, calibrations and descriptive statistics.

Fuzzy set calibrations

Descriptive statistics

10.3389/fpubh.2024.1404587

Fully in Crossover Fully out SD
1A 22,50 7 225 30.70 67.01 1 298
oD 5,318 2,896 1136.75 6174.50 10630.39 0 52,987
GI 54.33 39.40 5.50 35.74 27.69 0 93.1
HL 10.670.330 0.26 0.30 0 1
NP 81 44 18.25 54.43 51.58 1 240
EE 17.75 12 5 37.59 149.19 1 965
SE 117,352 29,735 10123.50 141,105 316240.80 1,142 1,866,780
i 74.80 68.50 61.93 68.57 12.87 28.10 100

TABLE 4 Analysis of necessary conditions.

Outcome = public opinion impact generation

Outcome = ~public opinion impact generation

Consistency Coverage Consistency Coverage
1A 0.845 0.914 0.210 0.223
~IA 0.282 0.267 0.919 0.853
OD 0.971 0.961 0.261 0.253
~OD 0.245 0.253 0.960 0.970
GI 0.822 0.816 0.319 0.310
~GI 0.305 0.314 0.811 0.817
HL 0.340 0.667 0.317 0.609
~HL 0.800 0.544 0.827 0.551
NP 0.895 0.924 0.247 0.250
~NP 0.274 0.271 0.925 0.896
EE 0.782 0.773 0.401 0.388
~EE 0.382 0.394 0.766 0.775
SE 0.713 0.730 0.374 0.375
~SE 0.389 0.388 0.730 0.714
~ means the absence of. For example: ~... =absence of high.

dissemination, and network platform participation are core
conditions, and the lack of hazard level plays a supplementary role,
government intervention is irrelevant. Only the information
environment is different. It shows that even if the public health
emergencies with low hazard level can attract the high attention of
informants represented by internet users and online opinion leaders,
and more information technology platforms participate in the
reporting, although they lack the attention of the central media, they
can form a high-impact online public opinion in both a good
evacuation environment and an active social opinion environment.
The consistency of Sla and S1b reached 0.983 and 0.992 respectively,
and the coverage rates were 0.265 and 0.196, respectively. This type of
events mainly focused on public health emergencies closely related to
public life, such as the rat head and duck neck incident in Jiangxi
Industry Polytechnic College, a school in Chengdu gave students
moldy food caused discomfort, 11 enterprises suspected of detecting
African swine fever, and Clenbuterol mutton appeared in
Hebei province.

Frontiers in Public Health

Solution 2 (S2) is dual EE-SE driven in a non-sensitive crisis
situation. In addition to the core roles played by internet users’
attention, opinion leader’s dissemination, and network platform
participation, evacuation environment and social opinion
environment are marginal conditions that play supplementary roles,
and event hazard level is an irrelevant condition. Specifically,
regardless of the hazard level of public health emergencies, as long as
the high attention of information person and the participation of more
network platforms are aroused, most public health emergencies can
attract widespread attention in the society, and the high influence of
online public opinion can be formed through the drive of public
opinion evacuation environment constructed by governments at all
levels, public health departments and experts, as well as the social
public opinion environment formed naturally by public opinion. The
consistency of S2 reaches 0.997, and the coverage rates is 0.450. Dual
EE-SE driven in a non-sensitive crisis situations are mainly focused
on medical safety and epidemic infectious diseases, because public
health emergencies have an important impact on life safety and
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physical health, which is easy to trigger public panic and form a public
opinion environment. Typical examples include the COVID-19
outbreak in Wuhan and other places in 2019, Changsheng Biological
Vaccine Fraud Incident in 2018, and Unfrozen vaccines flow into 18
provinces in 2016.

Solution 3 (S3) is a single-driven type of crisis situation. In S3, the
internet users’ attention and opinion leader dissemination play core
roles, and the lack of government intervention and the lack of
participation of network platforms also play a core role. The hazard
level of the event plays a supplementary role, and the lack of
evacuation environment and the lack of social opinion environment
also play a supplementary role. For public health emergencies with
high hazard level, based on the joint effect of the two core conditions
of high online public opinion influence, high internet users’ attention
and high opinion leader dissemination, even if the participation of
central media and network platform is low, the evacuation
environment for public opinion is lack and the social opinion
environment is not active, it can still form high-impact online public
opinion. The single-driven type of crisis situation mainly focuses on
small-scale public health emergencies of infectious diseases with high
hazard level, such as Beijing confirmed one person infected with
H5N6 avian influenza in 2019, Bayan Nur confirmed a case of
glandular plague in 2020, Brucella infections at two veterinary
research institutes under the CAAS in 2019.

From Table 5, we can find that in public health emergencies, the
core pathways of high-impact generation of online public opinion are
S1and S2, with the raw coverage rate higher than 45%. By integrating
the two core pathways, we can get the formula of the generation type
of high-impact of online public opinion of public health emergencies:
public opinion influence=A*B*E (C+~D) (F+G). From the
simplified formula, it can be seen that in public health emergencies,
information person and information technology are still proved to
be the necessary conditions for the high-impact pathway, and both the
information environment of public opinion evacuation environment
and social opinion environment also play the important role of

TABLE 5 Configuration for public opinion generation (fsQCA).

Configuration for high-impact
public opinion generation

10.3389/fpubh.2024.1404587

supplement conditions in the combination of conditions, while the
impact of the hazard level factors contained in the information is
contrary to traditional cognition.

4.2.2 Configurations for not high-impact online
public opinion

Besides investigating the configurations for high-impact online
public opinion, we also display results for six configurational solutions
for not high-impact online public opinion in Table 5, with high
solution consistency and solution coverage (0.977 and 0.784,
respectively) and that satisfied consistency and coverage of each
solution. At the same time, Solution 4 and 5 are the core pathways for
the generation of not high-impact public opinion in public health
emergencies. They both have a raw coverage rate higher than 45%. By
integrating the core pathways, the formula for generating not high
public opinion can be simplified as follows: ~A*~B*~C*~D*~
E*(~F+~G). It can be seen that in public health emergencies,
information person and information technology are still proved to
be the necessary conditions for the not high-impact pathway, public
opinion evacuation environment and social opinion environment
included in the information environment, as well as hazard level also
play the role of necessary conditions in the combination of conditions.

4.3 Robustness checks

In order to avoid the randomness and sensitivity of the results,
robustness test is necessary in QCA analysis. The specific robustness
test of set theory mainly includes adjusting the calibration threshold,
modifying the frequency of cases, resetting the consistency threshold,
adding other conditions, supplementing or eliminating cases, etc.
Based on the existing research experience, we carried out the
robustness test by eliminating some cases. According to the indicator
of generating public opinion impact in the outcome variable, cases
were excluded. Three qualitative anchor points (74.80, 68.50, and

Configuration for not high-impact public opinion generation

Sla Sib S4 ) S9 S10
IA [} [} [} [ ® ® ® ® ® ® [ J
OD [} [} [} [ ® ® ® ® ® ® [ J
GI [ ] ® ® ® ® ® [ J ®
HL ® ° ® ® ® ® [
NP [ [ ] [ ] ® ® ® ® ® [ ] ®
EE ° ® (] ® ® ® ® (] °
SE ® [ L] ® ® ° [ ® ® ®
Consistency 0.983 0.992 0.997 0.982 0.987 1 0.953 0.971 1 0.982 0.998
Raw coverage 0.265 0.196 0.450 0.080 0.542 0.497 0.297 0.273 0.241 0.139 0.056
Unique coverage 0.128 0.087 0.279 0.040 0.009 0.015 0.031 0.022 0.017 0.045 0.011
Opverall solution
. 0.994 0.977
consistency
Overall solution
0.725 0.784
coverage
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61.93) were used to divide 40 cases into four groups. Cases 1-10 are
grouped together, and cases 5, 6, and 7 were excluded; cases 11-21 are
a group, excluding cases 15-17; cases 22-30 are grouped together,
excluding cases 25, 26, and 27; cases 31-40 are grouped together,
excluding cases 35, 36, and 37. A total of 12 cases are eliminated, and
then we analyzed the remaining case sets again. After the robustness
test and analysis, the conclusion is basically consistent with the
original conclusion, and can confirm each other, indicating that the
research results remained robust.

5 Discussion
5.1 Research conclusions

Through qualitative comparative analysis of fuzzy sets of research
cases, we extract and identify the core conditions and configurational
solutions for the generation of high-impact online public opinion in
public health emergencies, we found that the generation and evolution
of the impact of online public opinion basically follow the action
mechanism and common evolutionary characteristics of information
ecology theory and online public opinion dissemination theory, but
also have their unique evolutionary characteristics.

Information person and information technology are the key
conditions for the generation of high-impact online public opinion in
public health emergencies. From the necessity measure of a single
variable, we can observe that higher internet users’ attention, opinion
leaders’ communication power and online platforms’ participation are
necessary conditions for the generation of high-impact online public
opinion in public health emergencies. Meanwhile, from the
configurational solutions we can also find that the three are the core
conditions for the generation of high-impact public opinion, which
can prove that the information person and information technology
are the key forces for the generation of online public opinion impact
of public health emergencies. With the development of information
technology, online media characterized by mobile, extensive, civilian,
social, and interactive has emerged, and the survey found that online
media gradually dominated the competition with central media,
which can indicate that opinion leaders and network media platforms
also have strong enough driving force in online public opinion impact
generation. Comparing the two core combination pathways, both the
information environment of public opinion evacuation environment
and social opinion environment can generate high public opinion
impact. If the government involvement is higher and the evacuation
degree is greater, then the information environment that plays a key
role in high-impact online public opinion will be constructed by the
government. Although government public opinion evacuation
environment is not a necessary condition for public opinion impact
generation, public health emergencies with longer duration of public
opinion and greater difficulty of government public opinion
evacuation are often found in the pathway with higher degree of
government intervention.

However, from the perspective of public opinion risk preventing
and reducing, configuration S2 is the best, S3 is the worst, Sla is better
than S1b. Traditionally, the higher hazard level of event, the greater
the casualties and economic losses, the longer the time of government
public opinion risk relief, the more the online media will continue to
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question the progress of events, and the number of network platform
participation and the duration of reporting will greatly increase, thus
promoting the generation of high-impact online public opinion.
However, the study found that the generation of high-impact online
public opinion is not sensitive to the hazard level of the event itself,
indicating that the information elements of high-impact public
opinion on the network causing public health emergencies are
multivariate. Therefore, the contrary should not simply be based on
the hazard level of public health emergencies as a predictive measure
of public opinion risk.

5.2 Theoretical implications

First, based on the information ecology theory and the online
public opinion dissemination theory, we constructed an analytical
framework of online public opinion impact in public health
emergencies and conducted a configurational analysis, to reveal the
generation mechanism of online public opinion impact. Up to now
most studies have focused on the impact factors of online public
opinion on public emergencies while there are few studies on the
influence of online public opinion in public health emergencies (47).
Public health emergencies as a special area of emergencies, because
they have a real impact on the safety of public life and health, are easy
to attract public attention and trigger high impact online discussion.
Therefore, our targeted analysis of such events has important
theoretical implications for preventing and resolving major public
opinion risks and reducing their impact.

Second, we contribute to information ecology theory. The
generation of online public opinion impact is systematic and complex,
and it is necessary to further analyze the synergistic impact of various
factors such as information person, information, information
technology, and information environment (48). On the basis of the
four dimensions of the information ecology theory, we refine it and
extract seven preconditions conditions affecting online public opinion
in public health emergencies: internet user’s attention, opinion leader
dissemination, government intervention, hazard level, network
platform participation, government public opinion evacuation
environment, and social opinion environment, revealing the
interaction mechanism among them.

Third, we apply QCA method to online public opinion research,
which broadens the choice of online public opinion research methods.
The generation of public opinion impact conforms to the
characteristics of multi-causal induction. This study not only reveals
the multifactorial configuration of high-impact online public opinion,
but also reveals the configuration leading to not high-impact online
public opinion.

5.3 Practical implications

Public health emergencies are closely related to the interests of
the public and can create a public opinion field where the discourse
related to the event is gathered, released, contested and divided.
The factors triggering the impact of online public opinion in public
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health emergencies are multiple and varied, and the paths are
complicated, so preventing or reducing the public opinion risks
implied by public opinion becomes a complex systematic project.
Based on the generation mechanism and evolution characteristics
of the impact of online public opinion in public health emergencies,
the following risk avoidance measures are proposed: first, define
the discourse space of online opinion leaders and maintaining
rational communication order; second, improve the management
system of network platforms and build new central media
platforms; third, establish a collaborative information sharing
mechanism and build a strong interactive public opinion ecology;
fourth, build an institution for public opinion risk research and
evaluation, improve the ability of government intervention and
evacuation. This study analyzed the generation of online public
opinion impact of public health emergencies, in order to provide
new ideas and management pathways for future public
health emergencies.

5.4 Limitations and future research

Despite our best efforts, our research still has limitations. First,
we selected these cases for public health emergencies that all occurred
in China. Affected by the time span of typical cases of public health
emergencies and the development cycle of the Internet platform,
many details of typical cases of different events, such as the number
of materials, information quality, and development map, are
inevitably lost and missed. Moreover, 40 typical cases may not
be enough to cover all the factors of public health emergencies, which
will lead to certain errors in the results. Additionally, if cases from
other countries can be included in the study, we can further enrich
our research results and enhance its universality. Second, although
the cases selected were all public health emergencies, these events
have different types and ripple effects. In the future, our study can
be further refined by analyzing and comparing the differences in the
influencing factors among them according to the types of events,
which can be more focused. Third, this study only focused on the role
of four dimensions of information person, information, information
technology and information environment on the impact of online
public opinion, a more comprehensive research model can
be constructed based on this study by further subdividing the four
dimensions in the future.
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