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Abstract

Background

The new media environment driven by digital intelligence technologies provides new
opportunities for enterprise development, but also brings new challenges for enter-
prise crisis management and network public opinion information (referred as public
opinion) guidance. Focusing on the contradictions between the complex diversity of
crisis types and the limited governance resources, it is of great significance for enter-
prises to determine the best public opinion guidance strategy.

Methods

Considering the dynamic complexity of public opinion derived from enterprise crisis,
this paper innovatively proposed a decision-making model of enterprise public opin-
ion under crisis differentiation based on differential game. Then, the balance strategy
of each stakeholder and the guiding effect of public opinion were discussed under
four decision scenarios. Finally, the optimal resources allocation ratio of different
types of crises is determined under the constraints of governance resources, and the
key parameters of public opinion guidance process are identified.

Results

The results show that, under four decision scenarios, the dual-guidance strategy
achieves the best public opinion guidance effect and Pareto-optimal outcome for the
game system. The overall benefit is maximized when the optimal investment ratio

for the four types of crises (Values-type, Product-type, Marketing-type, and Internal
management-type) is 60:28:8.4:3.6. The subsidy coefficients of enterprise to netizens
and media both significantly the guidance effect of public opinion, but compared with
the former, it is more sensitive to the changes of the letter.
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Conclusions

Based on the research results, this paper provides targeted suggestions for enter-
prises crisis response and their sustainable development under the new media
environment.

1. Introduction

The rapid development of digital intelligence technology under the new media
environment offers enterprises unprecedented opportunities, attracting more atten-
tion than ever before. Enterprises can utilize the benefits of the information age to
promote products, enhance brand awareness, organize online events, and boost
consumer engagement. This approach ensures comprehensive information coverage
and enables rapid, precise delivery to stimulate consumption effectively. However,
the new media environment has also facilitated the rapid spread of negative informa-
tion about enterprises. The explosive network public opinion information (referred as
public opinion) resulting from major crisis events can pose significant threats to their
survival and development, especially in the current context where 5.5 billion netizens
worldwide are highly active on social platforms.

Recent investigative reports by mainstream media have covered a wide range of
industries, such as the Internet, automotive, finance, food, healthcare, home appli-
ances, and digital sectors, exposing many crisis issues with well-known brands like
BMW, Midea, Burger King, and Carrefour. These reports have revealed several
problems, including product and service quality issues, inappropriate spokespersons,
plagiarism and intellectual property violations, commercial competition disputes, and
improper recruitment practices. The types of enterprises crisis show a decentralized
feature, with various kinds of crisis emerging one after another. Moreover, different
types of crises will trigger different degrees of netizens’ attention and generate differ-
entiated negative public opinion. However, enterprises often face limited resources
for crisis management and public opinion guidance. Given these contradictions, it is
crucial to explore how to effectively allocate crisis management resources to achieve
optimal outcomes, reduce the intensity of negative public opinion, restore corporate
image, and support sustainable business development.

2. Literature review

Public opinion arising from enterprises crisis events involves netizens as the sub-
jects, the events as the object, and the social platforms as spreading carriers. Focus-
ing on the above issues, through a systematic review of relevant literature and with
the help of bibliometric analysis, it is found that the current academic research on
enterprises crisis public opinion mainly focuses on the following three aspects.

The generation mechanism of public opinion for enterprises crisis. Based
on the social exchange theory, the complex causal mechanism of the negative bias
of enterprises crisis was discussed [1]. Similarly, the key elements driving surges in
public opinion and their interaction paths were identified with the help actor-network
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theory and qualitative comparative analysis strategies [2]. From the perspective of digital transformation, deep learning
models were leveraged to develop a public opinion attention index, exploring its relationship with corporate digital trans-
formation and green investment behavior [3]. The influence of positive social emotions on the digital transformation of
manufacturing enterprises was empirically analyzed with a panel fixed-effects regression model [4]. Based on information
ecology perspective, three channels through which public opinion affects small and medium-sized enterprises production
safety were identified, that is, public awareness, media response, and government guidance [5].
The evolutionary trends of crisis-derived public opinion. a conceptual model of double-layer online social networks
(OSN) leveraging the structural characteristics of OSN was developed to analyze the propagation rules of public opinion
[6]. Similarly, the equilibrium conditions of stakeholder behavioral strategies were solved and detailed [7] and they pro-
vided management approaches and critical intervention points for public opinion communication. The opinion that social
media reshaped traditional crisis research and contributed to secondary crisis propagation, influencing crisis management
was proposed [8].
The modelling of crisis-derived public opinion. Based on their study of theoretical crisis management models, enhanc-
ing enterprises resilience and employing both reactive and forward-looking strategies significantly can improve crisis
management performance [9]. From the perspective of complex networks, a competitive public opinion propagation model
which integrating actual spreading scenarios was proposed and the key factors driving the synergistic evolution process
were identified [10]. Based on game theory, a tripartite evolutionary game model including government, social networking
providers (SNPs) and we-media practitioners (WPs) was constructed [11], and it was found that reasonable rewards and
punishments can promote SNPs to participate in public opinion governance. Combing the SEIR (Susceptible, Exposed,
Infected, Recovered) model and the evolutionary game model, the influence laws of public opinion spread on the tripartite
evolutionary game was explored [12].
The response to public opinion on enterprises crisis. Based on the crisis management mode of big data, they demon-
strated that big data technology enhances corporate data processing and introduced a new algorithm to predict crises in
small and medium-sized enterprises [13]. Similarly, the crisis early warning in an online low-carbon tourism supply chain
was explored supported by Bellman’s continuous dynamic programming theory and big data marketing [14]. Considering
the risk early warning, they suggested incorporating weak signals into their model for enterprise public opinion risk early
warning, aiding enterprises in identifying potential public opinion risks [15]. From the perspective of trust repair, the effec-
tive strategies for repairing public trust, offering recommendations for enterprises to manage public opinion crises was
explored through text mining and empirical testing [16]. Taking user characteristics as the entry point, the random forest
algorithm and user profiling technology were innovatively applied to identify and target high-risk user groups likely to gen-
erate negative comments, thereby enhancing enterprise monitoring capabilities [17]. Similarly, to address public opinion
challenges, the need for enterprises to establish comprehensive mechanisms for public opinion research, management,
prevention, and recovery was systematically discussed from the e-business perspective [18—19]. Meanwhile, they experi-
mentally found that celebrity tweets can restore public perception of enterprises, helping them manage crises and rebuild
their image [20]. Based on the system dynamics, integrating the balanced scorecard and system dynamics, an enterprise
public opinion performance management model was developed providing both a theoretical foundation and practical path-
way for optimizing public opinion management strategies [21].

From the above literature review, it can be known that the rational utilization of resources for public opinion manage-
ment to assist enterprises in responding to crisis is an important means of enterprises decision-making at present and
the mainstream research paradigm in this field. However, it is found that there is still room for further research in this field.
(1) Research on public opinion propagation and guidance based on game theory, primarily focused on the limited strat-
egy choices among stakeholders, while few studies have examined how varying degrees of strategy choices affect the
effectiveness of public opinion guidance. The differential game model, which captures the varying degrees of the same
strategy among stakeholders offers a more accurate representation of public opinion dynamics. (2) Existing studies mainly
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focused on the spreading characteristics and coping strategies for a single type of crisis, with limited attention to the differ-
ences between crisis types, and few studies consider the resources constraints of enterprises when facing public opinion
crisis. Under the new media environment, enterprises crises are becoming increasingly diversified, and companies often
face resources limitations in managing public opinion crisis. Therefore, how to allocate limited resources across different
types of crises and maximize the effectiveness of governance resources is a critical issue in corporate management.

Based on the above issues, we classified the types of crises based on their content and introduced a differential game
model involving enterprises, media and netizens in Section 3. Then, the strategic choices of various stakeholders under
different decision-making scenarios are solved and discussed in Section 4. The evolution trends of each state variable
and the allocation of enterprise governance crisis resources are analyzed through numerical simulation in Section 5. The
research conclusions are summarized in Section 6.

3. Problem description and basic assumptions
3.1. Problem description

Under the context of the proliferation of self-media and social media, the public opinion landscape is complex and
dynamic, with various types of crises, including financial, legal, credibility, and talent crises. The complexity and variety of
enterprises public opinion crises intensify reputational damage and increase the complexity and urgency of the crisis man-
agement. These crises also significantly disrupt daily operations and long-term strategic development. Therefore, actively
managing and reshaping the enterprises image, as well as quickly and effectively addressing public opinion crises, have
become critical issues that enterprises must urgently address following the outbreak of crisis.

When enterprises addressed public opinion derived from crisis, a game system involving enterprises, online media
(media) and netizens emerges and each subject will engage in games and updated their strategies. Media and neti-
zens primarily serve as initiators and spreaders, generating and spreading relevant information to mitigate the crisis and
engaging with the enterprises’ response to the event. As the primary propagation medium for public opinion, media reports
significantly influence public perception of key social events, which in turn shapes netizens’ spreading choices and the
evolution trend of the crisis. Netizens participate in discussions of trending events through online spectating, and their
active engagement accelerates the spread of public opinion. In this system, enterprises act as operators, adjusting their
guidance strategies for media and netizens to promote the reporting and propagation of truthful information. By collaborat-
ing in managing public opinion, they can steer the evolution of public opinion and resolve the crisis.

Focusing on the public opinion derived from enterprises crisis, this paper takes the real and positive public opinion
(hereinafter referred to as public opinion) that is beneficial to enterprises as the research object, such as clarifying misun-
derstandings, addressing rumors, issuing apologies, rectifying mistakes, and similar initiatives. In practice, variations in
the level of strategic effort under the same strategy can lead to different extents of public opinion propagation. Therefore,
this study introduces the degree of strategic effort in the differential game to characterize the strategic choices of media
and netizens. Specifically, strategic effort is represented by the reporting efforts of media and the propagation efforts of
netizens. Additionally, the model’s coefficient representing corporate subsidies to media and netizens serves as a crucial
reference for enterprises in crisis management.

The public opinion spreading system consists of enterprises, media, and netizens. Enterprises crisis evolution and man-
agement are framed as strategic choices within a differential game model. Due to the diversification of social trends and
the rapid development of social platforms, enterprises public opinion increasingly exhibits a typical risk amplification effect.
Under this context, the likelihood of enterprises encountering crisis increases significantly, and these crises become increas-
ingly complex. This paper focuses on how enterprises should adjust their strategic choices, categorize and understand the
characteristics of different crisis events, and conduct targeted crisis planning with limited resources. Additionally, enterprises
leverage the power of media and netizens to maximize rational and positive public opinion, enhance profitability, strengthen
crisis management capabilities, and improve crisis management systems to navigate various crises effectively.

PLOS One | https://doi.org/10.137 1/journal.pone.0336465 December 1, 2025 4/23




PLO\Sﬁ\\.- One

3.2. Crisis classification

In recent years, the crisis risks faced by enterprises have grown increasingly complex and diverse. A comprehensive
review of crisis cases across industries shows that the types of crisis events have become more diversified, spanning a
wide range of dimensions. This trend demands that enterprises be more responsive and adaptive in crisis management to
effectively address various unexpected challenges. Combining the actual cases of enterprises crises outbreaks in recent
years with the existing literature [22], this paper examines the following four common types of crises.

® Product-type crises: issues related to products and services. Currently, product and service issues remain the pri-
mary type of crisis faced by enterprises. Products and services remain the primary source of public opinion crises due
to safety failures, functionality issues, counterfeiting, plagiarism, and other threats to consumer safety. The safety of
products and services has become a fundamental baseline for crisis management. For example, the Guangzhou Toyota
Camry, once a popular model in the B-class sedan market, has seen its sales drop by as much as 62% in recent years.
Specifically, product quality issues, such as system failures, lagging performance, and inability to upgrade, have become
the focus of consumer complaints.

® Values-type crises: issues related to enterprises political positions, cultural differences, conflicts, lack of respect, and
other value-based concerns. The fate of enterprises is closely tied to national political security and mainstream ideology.
A misaligned position or ambiguous stance on key events can easily provoke questions and criticisms online. Further-
more, if enterprises fail to respect or understand local culture, folklore, and values during product design, production,
and marketing, they risk triggering a brand collapse. For example, on November 17, 2018, the Italian brand Dolce &
Gabbana released a series of videos titled ‘Start Chopsticks and Eat,” which were accused of racial discrimination,
insulting Chinese culture, and misogyny. The designer’s abusive remarks and the founder’s arrogant apology further
triggered widespread dissatisfaction among netizens. On the evening of November 21st, eight major e-commerce plat-
forms in China, including Jingdong and Suning, removed all D&G products, and have yet to reinstate them. E-commerce
sales were cut off due to a Chinese consumer boycott, causing the wealth of Dolce & Gabbana’s two founders to shrink
by 30%, and both fell off the 2018 Forbes billionaire list.

® Internal management-type crises: issues such as employees being treated unfairly, inappropriate remarks and
behaviors by senior executives, and other internal management problems. In the digital age, inappropriate remarks and
behaviors by founders and executives can amplify corporate risks. For instance, on May 31, 2024, Yu Minhong, the
founder of New Oriental, commented on Oriental Selection and his personal career plan during a live broadcast, caus-
ing the company’s share price to drop for five consecutive days, with a cumulative decline of 21.83% and a loss of over
HK$4 billion in market value.

®m Marketing-type crises: issues related to event operations, celebrity endorsements, and other marketing challenges.
While activity planning and celebrity endorsements can drive traffic to a company, they also increase the risk of a per-
sona collapse due to operational errors or the collapse of a spokesperson’s personality and values, which can lead to
a significant negative public opinion crisis. For instance, on September 10, 2023, during a live broadcast for Florasis, Li
Jiaqi questioned netizens, claiming that eyebrow pencils were expensive because they did not work seriously, which led
to stagnation in wages. Following this incident, sales at the Florasis online store dropped by more than 90%.

The above four types of enterprises crises are summarized as Table 1.

3.3. Basic assumptions

In order to describe the strategic choices of various stakeholders under different types of crises and represent the guiding
effect of public opinion, the following variables are introduced in this sections.
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Table 1. The introduction of four types of enterprises crises.

Crisis type

Characteristics

Representative events

Frequencies*

Causes

Product-type

Directly related to consumer rights, a
“disaster area” in crisis

Samsung Note7 explosion (2016);
The BMW MINI Ice Cream Incident
(2023)

35%-40%

Direct contact with consumers makes
quality issues or service loopholes
more likely to be exposed by the media

Values-type Society’s expectations for enterprises’ | The Starbucks Racial Discrimination | 15%-20% The popularization of ESG concepts
responsibility have risen Incident (2018); The D&G Insulting has drawn much attention to controver-
China Incident (2018) sial events
Internal As enterprises expand in scale and Luckin Coffee’s financial fraud (2020)’| 20%-25% The expansion of an enterprise’s
management- | supervision becomes stricter, the fre- Internet Layoff Wave (2023) scale does not match its management
type quency of outbreaks increases capabilities

Marketing-type

from an occasional occurrence to the
norm.

Erke (2021); Durex’s marketing
failure (2018)

25%-30%

Social media amplifies the spreading
effect

The data on the frequency of crisis occurrence is derived from statistical cases of enterprises crises in the past 10 years.

https://doi.org/10.1371/journal.pone.0336465.t001

For enterprises, after crisis, they will provide relevant guidance and subsidy measures to encourage media and neti-
zens to spread truthful and positive information to clarify the truth. The subsidy coefficient of enterprises to media and
netizens under type i crisis can be expressed and U;; and Uj.

For media, what they need to decide is the degree of their efforts to report and spread positive public opinion on social

platforms after the occurrence of crisis i, denoted by Ey; (f). During the reporting process of media, their costs are mainly
reflected in aspects such as tracking and reporting on events and uncovering the truth, which is a convex function of their
efforts, represented by Cy; (f) = %4£(1 - Ui1)E%,1, (t). Among them, 7y is the coefficient between the degree of media’s effort
and their cost. When enterprises didn’t provide subsidy to media, their cost function becomes Cy; () = %42 Ej; (t).

Similarly, for netizens, they need to decide the degree of their efforts to spreading positive public opinion in social
platforms after crisis i, represented by Ey; (f). And during the spreading process of public opinion, the costs for netizens
mainly relies in the time and energy they spend paying attention to, collecting, organizing and spreading, which is also
a convex function of their efforts, denoted by Cy; () = "3 (1 - Upp) E}; (f). Among them, 7w is the coefficient between the
degree of netizens’ effort and their cost. When enterprises didn’t provide subsidy to the, their cost function becomes
Cni (1) = % Ni(t)'

Ru (t): Credibility of media. Netizens on social media platforms assess the degree of recognition of media according to
its propagation power, influence, leading ability and other elements. For example, the higher the number of fans, the more
recognized it is by netizens. Media guide positive public opinion and enhance credibility by actively reporting the truth.
Based on the current mainstream research paradigm [23—25], It can be specifically expressed as:

n

RM (t) = Z emEmi— /LRM (t) , RMl (t) = Z (Z—,‘M + w)EM,- - /LRM (t)

i=1 i=1

(1)

In Eq. (1), Ru (f) and Ry (t) represent the credibility of media in the unguided and explicitly guided, the dual-guided sce-
narios, respectively. Ry (0) = Ruyo. en represents the influence coefficient of the degree of effort in reporting of media on
its credibility; 1 > 0 means the impact of the public’s forgetfulness or natural degradation, and w is the implicit guidance
coefficient.

Ry (t): Netizen credibility. The degree of recognition of a netizen by other netizens in social platform based on compre-
hensive assessment of the netizens’ behavior. They help enterprises deal with crises by actively spreading public opinion,
thereby enhancing their credibility. It can be specifically expressed as:
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n

RN (t) = Z enEni— /JRN (t) s RNl (t) = Z (EN + (.d)EN,' - pLRN (t)
i=1 i=1 (2)

In Eq. (2), Ry (t) and Rn; (t) represent the credibility of netizens in the unguided and explicitly guided, the dual-guided
scenario. Ry (0) = Rno. en represent the impact of the degree of effort exerted by netizens on their credibility, u > 0 means
the impact of the public’s forgetfulness or natural degradation.

mmis TNi, - 1he marginal revenue of media, netizens and enterprises under type i crisis. The revenue of media mainly
comes from aspects such as attracting netizens’ attention, enhancing credibility and increasing traffic. The benefits for
netizens mainly lie in enhancing their popularity. Enterprise profits are reflected in establishing a positive public influence,
reducing the negative impact of crisis and expanding brand awareness.

G; (): Traffic attention and heat accumulated of type i crisis. It is a combination of multidimensional factors such as the
number of posts, the frequency of views, the number of likes and so on. The level of attention is influenced by both media
efforts and netizen engagement, undergoing a dynamic evolution that naturally declines over time. This relationship can
be expressed as follows:

Gi (t) = ruiEwmi + rniEni— 5iGj (t) 3)

In Eq. (3), rNiry; and ,, denote the influence of netizens’ and media’s efforts on public opinion attention during type i crisis,
respectively, while ¢; > 0 represents the effect of public forgetting or natural decline in attention following the crisis.

Qi (): The spreading range of public opinion under type i crisis, reflecting the effect of guiding public opinion, is com-
monly used as an indicator to assess the effectiveness of public opinion management. This paper introduces the variable
of public opinion spreading range to accurately capture the interest of media and netizens during the propagation process,
which can be expressed as follows:

Qi (1) = a;+ 0G; (1) + MuRu (1) + AR (1) @)

In Eq. (4), a; denotes the basic spreading of type i crisis, & denotes the influence coefficient of public opinion concern on
spreading range, Ayand Ay represent the influence coefficient of media credibility and netizen credibility on spreading
range.

p: discount rate.

4. Game model construction and solution under different decision-making scenarios

When a crisis occurs, some media and netizens typically take the lead in releasing public opinion to compete for traf-

fic dividends and maximize their own profit, creating a decentralized decision-making environment. However, when a

core decision-making entity, such as enterprise, it may uniformly coordinate the behavior of media and netizens, aim-

ing to quickly restore the facts and optimize the spreading scope and influence of public opinion, forming a centralized
decision-making scenario.

To effectively guide public opinion after crisis, enterprises often employ strategies to encourage media and netizens
to create and spread public opinion. Enterprises can provide detailed information to help media and netizens overcome
challenges in verifying facts or offer subsidies to reduce their financial burden. This direct intervention and facilitation of
public opinion propagation is termed the explicit guidance strategy. Based on the explicit guidance strategy, increasing the
promotion of public opinion released by media and netizens with the help of intelligent technologies such as algorithmic
recommendation not only enables media to gain traffic revenue, but also enhances public recognition and strengthens
their credibility, which can be regarded as implicit guidance. This dual effect indirectly encourages their participation,
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creating a virtuous cycle of disseminating public opinion and fostering positive interaction, referred to as the dual guidance
strategy model.

According to the general principle of differential games [23], centralized decision-making model in an unconstrained
environment typically yields higher system benefits than decentralized decision-making. However, considering the com-
plex factors such as information asymmetry in real world, decentralized decision-making scenarios are more widely
applied compared to the centralized decision-making scenarios in ideal states. To discuss the effectiveness of different
guidance strategies, this paper introduced the decentralized decision-making scenario without guidance strategy as the
benchmark. In addition, both the explicit guidance strategy and the dual guidance strategy are cost-sharing contractual
situations, and they exhibit similar game dynamics when governed by the same contractual framework. Based on the
above analysis, the study focuses on four public opinion crisis guidance strategies: decentralized decision-making without
guidance strategy (f), decentralized decision-making with explicit guidance strategy (xf), centralized decision-making with
explicit guidance strategy (xj), and decentralized decision-making with dual guidance strategy (df).

4.1. Decentralized decision-making without guidance strategy (f)

In this scenario, both media and netizens decided their degree of effort in reporting or spreading public opinion, aiming
to maximize their interests. The Hamilton-Jacobi-Bellman (HJB) [24] equation was introduced to solve the following
models. Assuming all parameters do not vary over time, and the explicit labeling of the time variable t will be omitted
in the following discussion [25]. Under this scenario, after crisis, the HJB equations for media and netizens are shown
as follows:

n
pr = max z {7 mi [a,- + QGIf(t) + /\ng/, (t)] — 777’”Ef,\/,l-2 (t) + %7\2? [rM,-EfM,- + rNiE;\/,' - 5,Gf (t)} +
i=1 !

2 [ cubt -l 0

pVE, = max z {rwi [ai + 0G] () + ARl ()] - 2EL () + e Y [riEly + rniEly — 6:GE ()] +

2%, [zsNEfN, R 0]

Proposition 1: After crisis, the optimal decisions of each subject under the f scenario are as follows:

gl = Cufmit Coem pr _ buifi + baen
m G (6)

The optimal value functions for the revenue of media and netizens are as follows:

“+o0 “+o0
Jy = / e PVt = / e (Z c1iGl + coRl, + C3> dt

0 0 =1

+oo +o0
J;\I = / e_PtV;th: / <Z bl,G +b2R —|—b3>d

i=1
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where
Z 7TM:>\M
C1,—P+5,C2 P+nu ]

‘c\—‘

Zn: [aﬂrM, EfM, (t) + cyj (rMiEfM,‘ + fNiEf\,,-) +C2 Zn: gMEfMi}

i=1
Z TNIAN

b P+n,u, ;

P+6’ b, =

n n
=1 Z {aﬂTNl E;w (&) + bui (ruiEly; + rniEly) + b2 Y- 5NElfw}
- i=1

Proposmon 1 presents the dynamic feedback equilibrium strategy for media and netizens under non-cooperative game.

In this scenario, the optimal decision of media in responding to various crises is positively correlated with its marginal
revenue (my;), the influence coefficient of public opinion concern on spreading range (9), the influence coefficient of media
credibility on public opinion spreading range (Ay) and the influence coefficient of media effort on credibility (¢y). The opti-
mal decision of netizens in responding to crises is positively correlated with their marginal revenue (my;), the enterprise’s
marginal revenue (7g;), the influence coefficient of public opinion concern on spreading range (9), the influence coefficient
of netizens credibility on public opinion spreading range (A\y), and the coefficient of netizen effort on credibility (ey). Their
optimal strategies are negative correlated with the natural decay index (¢;), the public forgetting coefficient (1), and the
discount rate (p). The above conclusions are in line with expectations.

4.2. Decentralized decision-making with explicit guidance strategy (xf)

During crisis, the cyberspace quickly becomes a forum for diverse public opinion. To effectively guide public opinion and enhance
positive marketing penetration, enterprises, as system operators, may adapt explicit guidance strategy. This strategy seeks to
mobilize media and netizens to promote public opinion supporting positive image under the enterprises’ guidance. Enterprises
then adjusts their decision-making to maximize overall benefits and achieve Pareto improvement in the performance of each
participant. The decision-making interaction between enterprises, media, and netizens follows the Stackelberg game model.

The decision-making process is divided into two stages. First, enterprises need to determine the subsidy coefficients to
media (Uj) and netizens (Uj) based on the type of crisis. Then, media and netizens need to decide their degree of effort
in reporting and spreading public opinion based on their subsidy coefficients provided by enterprises. Therefore, the HJB
equations for enterprises, media, and netizens in this scenario are as follows:

n
pV¢ = max Zl {mei [+ 0GX (t) + MRS (1) + AR (H)] — W UTES? (1) - WUIED? (t)+
=
f f n
%C\;:éf [rMiE)I\(/);i + I'N,'Eﬂ(,- - 5,'fo (t)] g;f, Z &‘ME),{;, R)I\(/'I( (t)] + g,\:% |:Z &‘NE),{;(I- - ,LLR),S( |}

i=1

n
pVih = max Y- {mui [a; + 0GX () + AR} ()] — & (1-UX) E),\‘;,2 () + g?"fﬂ', [riEXy + miES— 661 ()] +
i=1 i

E)V’;j ie Exf‘_ Rxf(t)}
oRY = ME g — KXy

n f
pVi = max S {my [@i + 0GY (1) + AR (8] = (1-UZ) B (1) + 2% [y, + i — 6:GY (1)) +
i=1 i

oS enEtl - R (0]
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Proposition 2: The optimal decisions of each subject under the xf scenario are as follows:
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The optimal value functions for the revenue of enterprises, media and netizens are as follows:
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From the above theoretical results, it can be known that under various crises, the optimal decisions of media and netizens
are directly proportional to variables such as their marginal revenue (my;,7y;), the subsidy coefficient provided by enter-
prises (U;1,Up), the influence coefficient of their effort on credibility (ey,en), the influence of their efforts on public opinion
attention (ry,ry) and the influence coefficient of their credibility on public opinion spreading range (Ay,An). And they are
inversely change with the natural decay index of public opinion (d2) and the forgetfulness coefficient (1). The above con-
clusions are also in line with expectations.

In addition, Proposition 2 shows that in xf scenario, the three stakeholders, especially media and netizens, exhibit
differentiated behavioral choices under the explicit guidance of enterprises. The above conclusion precisely reflects that

during the guiding process of public opinion derived from crisis, the strategic choices of all stakeholders are aimed at
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maximizing their own interests. For example, enterprises mainly rely on media and netizens to report or forward infor-
mation to guide the trend of public opinion, and they need to consider how to achieve the best guidance effect with the
minimum cost. While for media or netizens, their focus is how to spread and release hot events or topics to enhance their
influence and social recognition.

4.3. Centralized decision-making with explicit guidance strategy (xj)

To alleviate negative external effects of information asymmetry, enterprises can also integrate the power of media and
netizens uniformly and achieve the best public opinion guidance effect by leveraging the overall power of the media-
netizens system. In this decision-making scenario, there exists a core decision-maker within the game system, who max-
imizes the interests of the entire system by regulating the effects of all stakeholders, aiming to achieve the best guidance
effect of public opinion. The decision-making of enterprises and the sub-game system comprising media and netizens,
also follows the Stackelberg game framework. The game proceeds as follows: enterprises determine the subsidy coef-
ficient U;; and U based on the crisis type. Then, media and netizens make decisions on their reporting and spreading
efforts, aiming to achieve the optimal total return of the sub-game system. The HJB equations for enterprises and the sub-
game system comprising media and netizens in this scenario are expressed as follows:

n
. . . . ) )
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Proposition 3: The optimal decisions of each subject in the xj scenario are as follows:
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The optimal value functions for the revenue of enterprises and sub-game system consisting of media and netizens are as
follows:
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(13)
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The inference result of Proposition 3 is basically consistent with the above text and will not be elaborated here.

4.4. Decentralized decision-making with dual guidance strategy (df)

In addition to explicit guidance, enterprises can enhance the visibility of media reports and public opinion released by
netizens with the help of personalized algorithms. While obtaining traffic revenue, media and netizens can also strengthen
their social recognition, that is, increasing the influence of the degree of their effort in reporting and spreading on its
credibility (denoted as w), thus forming dual guidance scenario. From the above definition, in df scenario, the credibil-
ity functions of media and netizens need to be adjusted respectively, as shown in Eq. (1-2). In this context, enterprises’
dual-guidance strategy fully leverages the positive role of media and netizens in guiding public opinion. The decision-
making process is divided into two stages: first, enterprises determines the subsidy coefficients (Uj;,U;2) based on the cri-
sis type; media and netizens decide the degree of reporting and spreading efforts based on the given subsidy coefficients,
aiming to maximize their own revenue.

Therefore, the HJB equations for enterprises, media, and netizens are as follows:
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Proposition 4: The optimal decisions of each subject in df scenario are as follows:
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The optimal value functions for the revenue of enterprises, media and netizens are as follows:
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As shown in Proposition 4, in addition to the similar inferences mentioned above, the optimal decision of media and neti-
zens also change positively with the implicit guidance coefficient (w). In fact, this decision-making scenario is closer to the
practice of guiding and managing public opinion derived from crisis. Each stakeholder makes decisions with the aim of
maximizing their own benefits. While enterprises reduce the reporting or spreading costs for media and netizens, they will
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also increase the exposure rate of related public opinion through technical means such as algorithmic recommendations,
thereby enhancing the attention paid to public opinion and assisting enterprises in crisis management.

4.5. Comparisons and analyses

To analyze the guiding process of public opinion derived from enterprises crisis under different decision-making scenarios,
this section compares the optimal decisions of media and netizens, as well as enterprises subsidies and other parameters
in the above scenarios, and reaches the following conclusions.

(1) In the scenario without guidance, media and netizens have the lowest degree of effort, and with the intervention of
enterprises guidance strategies, their efforts have improved. Specifically, in f scenario, media and netizens each
pursue their interest’s maximization without collaboration and cost support, resulting in insufficient efforts and thus
limiting spreading scope of public opinion. While in xf and xj scenarios, with the introduction of enterprises’ subsidy
coefficient, the reporting and spreading cost of public opinion for media and netizens has decreased, especially, in xj
scenario, the cooperation between media and netizens has further reduced their costs, leading to an increase in their
efforts. In df scenario, the cost subsidies and information diversion provided by enterprises not only reduce the public
opinion spreading costs for media and netizens, but also enhance their traffic revenue and social recognition. There-
fore, the effects of media and netizens have also improved.

(2) Media and netizens have higher degree of effort in centralized decision-making scenario, while enterprises need to pay
higher subsidy coefficient in decentralized decision-making scenario. As for the reason, in decentralized decision-making
scenario, media and netizens “fight on their own”, pursuing the best benefits for themselves, and fail to collaborate. This
leads to both stakeholders paying a relatively high cos for the propagation of public opinion, which in turn results in a
lower degree of effort and a poor effect in guiding public opinion. In centralized decision-making scenario, for the sub-
game system formed by media and netizens, in addition to enjoying subsidies provided by enterprises, their coopera-
tion further reduces the cost of public opinion propagation. While expanding the spreading scope of public opinion, the
improvement of their credibility also prompts them to actively participate in the cooperation process and have more effort.
Besides, the subsidy for media and netizens provided by enterprises is relatively low, i.e., enterprises can obtain better
public opinion guidance effects with a lower cost. This is also since the cooperation of the media and netizens reduces
the cost of public opinion reporting (spreading), further stimulating the enthusiasm of both stakeholders.

(3) In centralized decision-making scenario, the credibility of media (netizens), the attention and spreading range of public
opinion are all higher than those in decentralized decision-making scenario. The cooperation between media and
netizens in centralized decision-making scenario, coupled with the enjoyment of enterprises subsidy, further reduces
the cost of public opinion propagation and enhances their credibility, providing impetus for their reporting (spreading)
public opinion and forming a virtuous cycle. This significantly expands the spreading scope of public opinion and rein-
forces the enterprises image.

(4) The implicit guidance coefficient (w) plays a key role when comparing the strategic choices of media and neti-

n .
zens in xj and df scenarios. When o > —1 rumnd (P+np) i |, there exits EY. < E¥ and vice versa.
Z T A M Ni Mi Mi

> T i=1
i=1

n .

Wheny > 1 (’N’”Mf‘i(:+”“) +en WM,-), there exits Ey; < E% and vice versa. From the above inference, it can
> i i=1

i=1

be known that the optimization of guiding effect of public opinion can be achieved by adjusting the cooperation form
between media and netizens (i.e., xj), or by updating the incentive strategy (i.e., df). The main difference in their effect
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lies in the extent to which implicit incentives affect their credibility. When w is relatively large, that is, enterprises can
significantly enhance the credibility of media and netizens through personalized recommendations, algorithmic traffic diver-
sion and other technical means, thereby bringing them higher social recognition. At this point, compared with the reduction
in spreading costs brought about by the cooperation between media and netizens in centralized decision-making, they are
more willing to pursue high exposure and promotion rates of information, and thus will make greater efforts. Conversely,
when w is smaller, media and netizens are more willing to pursue a reduction in spreading costs.

Besides, it can be seen from the above results that the strategy choices and benefits of each stakeholders involve
many factors under different decision-making scenarios, making theoretical analysis rather difficult. Numerical simulation
will be conducted in the next chapter.

5. Numerical analysis

To illustrate the propositions and inferences more intuitively and compare the impacts of different strategies adopted by
enterprises during crisis on the guiding effect of public opinion, numerical simulation was introduced to achieve the follow-
ing three purposes. First, we will simulate the evolution trends of each variable over time in different scenarios to verify
the above propositions and inferences. The second is to explore the best resources allocation plans for enterprises in
response to different types of crises. The third is to discuss the impact of the subsidy coefficient of media and netizens on
the guiding effect of public opinion, and to assist enterprises in making decisions.

To ensure the accuracy of the experimental results, we introduced the following three steps for setting the parameters.
Firstly, based on research results [26,27] and actual data, the parameters were assigned as reference for subsequent
steps. Then, a total of 17 experts, including professors, associate professors, and doctors in the field of public opinion and
emergence management, were selected to investigate the parameters of the initial step. These experts can choose to
agree with the assignment or provide their own opinions and update the results. Finally, a symposium involving 9 experts
was held to fully discuss the rationality of the updated parameters until more than half of the experts approved, and the
final assignment was determined. The main dimensionless parameters were set as follows:

v = 15, nN = 10, p = 0.9, w= 0.9,€M =2, ey = 1.5,
)\M =0.9, )\N = 0.7, RMO = 0.5, RNO =03, w=1.9, 0=3 (17)

5.1. Evolution trends of the variables in different scenarios

Based on the parameter defined in Eq. (17), the experimental results under different scenarios are shown in Fig 1.

Fig 1 shows the evolution process of various variables, such as the attention (G) and spreading range of public opinion
(Q), the credibility of media (Ry) and netizens (Ry) and the benefits of each stakeholders (V) under four decision-making
scenarios. Overall, all variables show similar evolutionary trend in the four scenarios. They increase slowly, then tend to
stabilize and reach stable equilibrium over time.

Through comparing the evolutionary trends and results of the relevant variables in the four decision-making scenar-
ios, we can get the following conclusions. The guidance effect of public opinion derived from crisis is significantly better
in explicit and dual-guidance decision-making scenarios than that in unguided scenario, and the guiding effect reaches
Pareto state in dual-guidance scenario.

Compared with other scenarios, the attention and spreading range of public opinion are highest in dual-guidance
decision-making scenario, as shown in Fig 1(a) and 1(d). And at this point, the implicit guidance coefficient (w) is relatively
high, which also verifies the fourth inference mentioned above. Furthermore, as shown in Fig 1(b)—-1(c)) and 1(e)-1(f),
when enterprises experience crisis, adopting the dual-guidance strategy not only effectively improves the credibility of
media and netizens but also significantly increases the benefits of each stakeholder.
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Fig 1. The evolution trends of various variables under four scenarios.

https://doi.org/10.1371/journal.pone.0336465.9001

Besides, considering the information asymmetry in practical management, decentralized decision-making is more prev-
alent than the idealized centralized decision-making. And the centralized decision-making scenario consistently adopted
in the whole crisis management process incurs high costs and is rather difficult to implement. Therefore, it is necessary
to seek for higher benefits in decentralized decision-making. Through theoretical analysis and simulation experiments,
as shown in Fig 1, the benefits for each subject in decentralized decision-making scenario with dual-guidance are sig-
nificantly greater than those in centralized decision-making scenario with explicit guidance. This scenario can effectively
enhance public opinion guidance and respond to public opinion crises more efficiently.

The above experimental results offer insights and guidance for optimizing enterprises strategies in managing public opin-
ion crisis. Enterprises, as key public opinion influencers, should assess the situation carefully and make informed decisions
post-crisis. On the one hand, they should fully mobilize the enthusiasm of media and netizens to participate in the spreading
process of public opinion through cost subsidies and other means, taking the initiative in public opinion guidance and control,
and improving the collaborative governance system of media and netizens. On the other hand, enterprises also need to rely
on technologies such as algorithmic recommendation to further expand the spreading scope of public opinion and help them
get through crisis. For example, Enterprises can adopt the dual-guidance strategy, leveraging the influence of media and
netizens to broaden the reach of public opinion propagation. By taking proactive guidance of public opinion, enterprises can
enhance the collaborative governance system between media and netizens, helping to overcome the public opinion crisis.

16/23
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5.2. Evolution trends of variables in df scenario considering crisis differentiation

As discussed in Section 5.1, the guiding effect of public opinion is more effective in df scenario. Therefore, this section will
discuss the evolution trends of various variables across different crises in df scenario, helping enterprises respond crisis
actively and effectively. In this section, based on Eq. (17), n = 4 is introduced to represent the four types of crises and to
discuss the priority responding order. In the previous definition, the main parameters affected by different types of crises are
the marginal benefit of three stakeholders (), the basic spreading range (&) and the forgetting rate of public opinion ().
Combining the characteristics of the four types of crisis, the relationship of above three parameters defined as follows.

TE2 > TEL > TE3 > TE4, TM2 > TTMa > Tmt > TM3, TIN4 > TINe > TTNL > TTNg, d2 > @4 > @1 > a3, 04 > 03 > 01 > 02 (18)

Specifically, when i = 1, it represents product-type crises, which is closely related to enterprise. The relevant audience
is primarily stakeholders, resulting in relatively low basic propagation range. The optimal response to this crisis is improv-
ing products and services, leading the efforts of media and netizens have a relatively low impact on public opinion atten-
tion. When i = 2, it represents values-type crises. Values are the foundation for enterprises’ existence, and such crises
have significant impacts on enterprise. Issues such as political stance and enterprises values affect a large of audience,
leading to wider spreading range. This crisis type significantly impacts enterprises, and the publicity by media and neti-
zens helps enhance their social recognition. Simultaneously, enterprises, media, and netizens can achieve high marginal
returns. When i = 3, it represents internal management-type crises. These crises resonate with the public, and netizens’
efforts significantly influence public opinion. The marginal benefit for media is lower, as their reporting of internal manage-
ment crises may lead to public skepticism. When i = 4, it represents marketing-type crises. Media and netizens’ publicity
of these crises helps gain attention, resulting in higher marginal benefits for them. Celebrity-related events attract large
fan bases increasing the basic spreading range. Due to the rapid turnover of celebrities, the public’s tendency to forget
this type of crisis is relatively high.

Based on above analysis, numerical simulations are carried out for four types of crises and the results are shown in
Fig 2.

Fig 2 presents the evolution trends of key variables, such as the attention and spreading range of public opinion, the
benefits of each subjects, in df scenario considering crisis differentiation. Overall, the variables of the four types of crises
have similar evolutionary trends. Over time, they gradually increase, then tends to level off and eventually reach stable
equilibrium state. Through comparing the evolution trends of variables of different types of crises, it can be concluded that
the characteristics of public opinion derived from different types of crises vary, and they also have different impacts on
enterprises.

As shown in Fig 2, in df decision-making scenario, the evolution trends of different types of crises follow similar pattern,
with the values-type crises receiving the most attention and having the widest spreading range. When this kind of crisis
occurs, such as political stance, it typically attracts widespread national attention, and even minor actions by the enter-
prise are amplified by media and netizens. Marketing-type and internal management-type crises also attract higher atten-
tion and result in broader spreading range of public opinion. The unique attributes of celebrities lead to greater attention to
enterprise-related crises, and their large fan base facilitates the widespread propagation of positive public opinion about
these crises. In recent years, as the public has become more focused on defending their rights, they are more likely to
empathize with such crises and closely follow their development. Overall, product-type crises are more common for enter-
prises, with attention primarily focused on the stakeholders involved. Compared to other types of crises, public opinion
regarding these events tends to be less widespread.

For enterprises, in df scenario, managing values-based crises yields the greatest benefits. Such crises attract signif-
icant public attention; timely and effective management not only reinforces positive values but also helps rebuild enter-
prises’ image and enhances its public reputation. The subsequent type is “product-type” crises. A timely response from the
enterprises to address issues, clarify misunderstandings, take responsibility, and implement corrective actions can help
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Fig 2. The evolution trend of four types of crises in the df scenario.
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navigate this kind of crisis, restore public trust, and in some cases, serve as indirect publicity for its products or services.
In contrast, managing marketing-type and internal management-type crises generates relatively low revenue. Issues
related to celebrity endorsements often involve contractual disputes, irrational fan behavior and other complications, which
hinder effective crisis management. Addressing internal management issues is time-consuming, costly, and uncertain,
making the management of these crises both challenging and costly with limited benefits.

While for media and netizens, the priority order of media and netizens is the same as that of enterprises. As for the
reason, values-type crises attract significant attention from media and netizens, increasing viewership. Social platforms
prioritize promoting these crises to boost exposure and generate higher revenue. For the marketing-type crises, celebrity
involvement attracts substantial traffic and a large of fans, drawing the attention of media and netizens when promoting
crisis-related public opinion. Consequently, media and netizens, guided by enterprises, give more attention to this type of

crisis, resulting in higher profits.

The experimental results offer insights and guidance for optimizing enterprises strategies in managing public opin-
ion crisis. Facing different types of crises and limited governance resources, enterprises should allocate resources in a

PLOS One | https://doi.org/10.1371/journal.pone.0336465 December 1, 2025

18/23


https://doi.org/10.1371/journal.pone.0336465.g002

PLO\Sﬁ\\.- One

targeted manner, give priority to handing value-type and product-type crises, and leverage media and netizens to amplify
positive public opinion, preserve the company’s image, and mitigate the negative effects.

5.3. Allocation proportion of various types of crises guided in df scenarios

The experimental results and analyses in Section 5.2 have helped enterprises determine the priority management order
for guiding public opinion, i.e., enterprises should prioritize the values-type crises, followed by the product-type crises,
marketing-type crises, and internal management-type crises. To determine the proportion of resources allocation for guid-
ing four types of crises under the limited resources, we assumed that the handling processes of different types of crises
are relatively independent, that is, different types of crises do not interfere with or influence each other during the handling
process.

g; was introduced to represents the proportion of resources allocation for crisis i and the total revenue of enterprise as
the observed variable. With the help of numerical simulation, the priority is to determine the resources allocation ratio g,
for managing this kind of crisis within the enterprises limited resources. Allocation ratios g,, g, and g5 for the remaining
kinds pf crises are then set based on their priority. The experiment results are shown in Fig 3.

As shown in Fig 3, when the ratios of enterprises resources invested in values-type crises, product-type crises,
marketing-type crises, and internal management-type crises are 60%, 28%, 8.4%, and 3.6% respectively, enterprises
achieve optimal overall benefit. The experimental results are consistent with the above analysis. The proportion of
resources for responding to values-type and product-type crises is as high as 88%, while the cumulative proportion of
resources for responding to the other two types of crises is 12%.

In practice, enterprises should prioritize crisis management resources for value-type crises, leveraging media and
netizen reports to spread information that promotes positive enterprises values, rebuild company’s image, and ultimately
improve profitability. Since high-quality products or services are the primary sources of revenue, enterprises should also
allocate part of their management resources to addressing such kinds of crises. This will effectively promote the quality of
their products, services, and other areas of public relations, thereby boosting corporate revenue.

5.4. The influence of subsidy coefficient on the guiding effect of public opinion

To further discuss the influence of the subsidy coefficients of enterprises to media and netizens on the guiding effect of
public opinion derived from crisis, taking df scenario as example, we adjusted the changes in two types of subsidy coeffi-
cients, selected the spreading range of public opinion as the observation indicator. The experimental results are shown in

Fig 4.
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Fig 3. The relationship between the ratio of crisis response resources and enterprises revenue.
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Fig 4. The relationship between the subsidy coefficient (U;’lf and Uj-’zf) and the spreading range of public opinion (Q).
https://doi.org/10.137 1/journal.pone.0336465.9004

Fig 4 shows the relationship between the two kinds of subsidy coefficients and the spreading range of public opinion (Q)
for the four types of crises. Overall, the spreading range of public opinion derived from various crises expands with the
increase of Uﬁf and Ugf, that is, the subsidy coefficient of enterprises to media and netizens has a significant positive effect
on the spreading scope of public opinion. Increasing the enterprises subsidy coefficient effectively share the investment
costs of media and netizens, and reduce their public opinion spreading costs. This will then encourage the media and
netizens’ public opinion spreading behaviors and assist enterprises in guiding public opinion. The experimental results are
in line with expectations.

In addition, it was found that the spreading scope of public opinion also have different reactions to the changes in U
and U,. Compared with U, Q is more sensitive to the changes of U;. Especially in Fig 4(a—b), Q shows obvious change
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along U;’s direction, but there is almost no significant change along Us’s direction. The above-mentioned phenomenon
can be attributed to the following aspects. Media’s reporting on social platforms can be regarded as goal-oriented pro-
fessional behaviors, playing a pivotal role in the spreading process of public opinion, and the content they released can
quickly break through the limitations of the circle and form a viral spread. Meanwhile, media holds the power to screen,
process and authoritatively interpret information, serving as the main source of information for netizens. Netizens’ spread-
ing is more of a spontaneous behavior driven by emotions, and their ability to release and spread information is very
limited. And the spreading scope and social influence of information decline exponentially. In addition, netizens tend to
trust and spread public opinion released by highly credible media. Therefore, appropriately tilting subsidies for media can
also promote the efforts of netizens to spread information, thereby maximizing the propagation scope of public opinion
beneficial to enterprises.

It can be known from the above analysis that the spreading scope of public opinion derived from crisis is more depen-
dent on media’s reporting behavior. When facing different types of crises, while not neglecting the subsidy for netizens,
enterprises should appropriately tilt their resources towards to media. With the help of their high coverage and strong
influence, it can actively guide public opinion and assist enterprises get through crisis smoothly.

6. Conclusions

Under the new media environment, the diversity and complexity of crises result in varied impacts on enterprises. The
selection of appropriate crisis guidance strategy is crucial in guiding the evolution trend of public opinion derived from
different types of crises, especially facing the limited enterprises governance resources. This paper integrated differential
game theory into enterprises public opinion guidance, built differentiated decision-making scenarios based on manage-
ment practices and solved the optimal equilibrium under different guidance strategies for various kinds of crises and their
corresponding effectiveness from a theoretical perspective. Then, numerical simulations were introduced to identify key
factors influencing the evolution and guidance of public opinion, providing targeted measures for enterprises to guide pub-
lic opinion derived from crisis. The main findings are shown as follows.

1) In the scenario without guidance, media and netizens have the lowest degree of effort, and with the intervention of enter-
prises guidance, their efforts have improved. 2) Compared with decentralized decision-making scenario, media and netizens
have higher degree of effort and enterprises pay less. 3) The optimization of guiding effect of public opinion can be achieved
by adjusting the cooperation form between media and netizens (i.e., xj), or by updating the incentive strategy (i.e., df). The
implicit guidance coefficient plays a key role when comparing the strategic choices of media and netizens in xj and df scenar-
ios. 4) When facing different types of crises simultaneously, enterprises should prioritize the values-type crises, followed by the
product-type crises, marketing-type crises, and internal management-type crises, and the allocation ratio of four types of crises
is approximately 60%, 28%, 8.4%, and 3.6% respectively, which can achieve optimal overall benefit. 5) The spreading scope
of public opinion was affected by the subsidy coefficient of enterprises to media and netizens positively at the same time, but
compared with netizens, it is more sensitive to changes in media’s subsidy coefficient. Based on research findings, this paper
provided a series of suggestions to help enterprises actively guide public opinion and get through crises smoothly.

The findings of this paper provide insights for enterprises to effectively guide public opinion derived from crisis. How-
ever, decision-making during crisis is a complex management issue. The interrelationships among different types of cri-
ses, crisis prediction and the recurrence of crisis leading to diminishing marginal utility will significantly impact the guiding
effect of public opinion derived from crisis. These areas require further in-depth research in the future.

Supporting information

S1 Data. Data file.
(XLSX)

PLOS One | https://doi.org/10.1371/journal.pone.0336465 December 1, 2025 21/23



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0336465.pdf.s001

PLO\Sﬁ\\.- One

Acknowledgments

We would like to express our sincere appreciation to the anonymous referees for their valuable comments and
suggestions.

Author contributions

Data curation: Jiakun Wang, Huiying Chen.

Methodology: Jiakun Wang, Xiaotong Guo.

Validation: Jiakun Wang, Yawei Li.

Visualization: Jiakun Wang, Yawei Li, Xiaotong Guo.

Writing — original draft: Jiakun Wang, Xiaotong Guo.

Writing — review & editing: Jiakun Wang, Yawei Li, Huiying Chen.

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

Mamo YZ, Anagnostopoulos C. Stakeholders’ “voice” through social media: the case of corporate social responsibility in sport. [JSMS.
2023;24(5):1002-20. https://doi.org/10.1108/ijsms-05-2023-0084

Wang M, Sun J. Generation Mechanism of Corporate Online Public Opinion Hotness Based on Multicase Qualitative Comparative Analysis. Dis-
crete Dynamics in Nature and Society. 2021;2021:1-11. https://doi.org/10.1155/2021/2205041

Yang M-J, Zhu N. Online public opinion attention, digital transformation, and green investment: A deep learning model based on artificial intelli-
gence. J Environ Manage. 2024;371:123294. https://doi.org/10.1016/j.jenvman.2024.123294 PMID: 39531777

Zhao X, Huang Q, Xing Y, Zhang H. The motivating effect of positive social emotions on digital transformation of manufacturing enterprises—evi-
dence from financial news and public opinion. Technology Analysis & Strategic Management. 2024;1-15. https://doi.org/10.1080/09537325.2024.2
424432

Sun H, Xu D, Wang L, Wang K. How Does Public Opinion Influence Production Safety within Small and Medium Enterprises in the Sustainability
Context? Sustainability. 2023;15(4):3519. https://doi.org/10.3390/su15043519

Li'Y, Wang J. Cross-network propagation model of public opinion information and its control in coupled double-layer online social networks. AJIM.
2021;74(2):354—76. https://doi.org/10.1108/ajim-04-2021-0126

Wang J, Wang X, Fu L. Evolutionary Game Model of Public Opinion Information Propagation in Online Social Networks. IEEE Access.
2020;8:127732—47. https://doi.org/10.1109/access.2020.3006150

Zheng B, Liu H, Davison RM. Exploring the relationship between corporate reputation and the public’s crisis communication on social media. Public
Relations Review. 2018;44(1):56—64. https://doi.org/10.1016/j.pubrev.2017.12.006

Zhang J, Xie C, Huang S (Sam). Resilient leadership in hospitality and tourism enterprises: conceptualization and scale development. IJCHM.
2023;36(4):1299-326. https://doi.org/10.1108/ijchm-10-2022-1274

Liu X, Wang J, Li Y. Research on the co-evolution of competitive public opinion and intervention strategy based on Markov process. Journal of
Information Science. 2023;51(2):463-80. https://doi.org/10.1177/01655515221141033

Qiu Z, Yuan X, Yin Y. Research on Social Governance of Network Public Opinion: An Evolutionary Game Model. Discrete Dynamics in Nature and
Society. 2023;2023:1-13. https://doi.org/10.1155/2023/8530530

Dai J, Yang Y, Zeng Y, Li Z, Yang P, Liu Y. The Evolutionary Game Analysis of Public Opinion on Pollution Control in the Citizen Journalism Envi-
ronment. Water. 2022;14(23):3902. https://doi.org/10.3390/w14233902

Venkateswarlu Y, Baskar K, Wongchai A, Gauri Shankar V, Paolo Martel Carranza C, Gonzales JLA, et al. An Efficient Outlier Detection with
Deep Learning-Based Financial Crisis Prediction Model in Big Data Environment. Comput Intell Neurosci. 2022;2022:4948947. https://doi.
org/10.1155/2022/4948947 PMID: 36017455

Zhang L, Ma D, Hu J. Research on the Sustainable Operation of Low-Carbon Tourism Supply Chain under Sudden Crisis Prediction. Sustainability.
2021;13(15):8228. https://doi.org/10.3390/su13158228

Zhu G, Chen Y, Lang K, Wang S. Research on risk warning of network public opinion for forest fires from the perspective for information ecology.
Journal of Northeastern University (Natural Science). 2023;44(8):1208-16. https://doi.org/10.12068/j.issn.1005-3026.2023.08.019

Zhang N, Guo X, Zhang L, He L. How to repair public trust effectively: Research on enterprise online public opinion crisis response. Electronic
Commerce Research and Applications. 2021;49:101077. https://doi.org/10.1016/j.elerap.2021.101077

Chen T, Yin X, Peng L, Rong J, Yang J, Cong G. Monitoring and Recognizing Enterprise Public Opinion from High-Risk Users Based on User
Portrait and Random Forest Algorithm. Axioms. 2021;10(2):106. https://doi.org/10.3390/axioms10020106

PLOS One | https://doi.org/10.1371/journal.pone.0336465 December 1, 2025 22/23



https://doi.org/10.1108/ijsms-05-2023-0084
https://doi.org/10.1155/2021/2205041
https://doi.org/10.1016/j.jenvman.2024.123294
http://www.ncbi.nlm.nih.gov/pubmed/39531777
https://doi.org/10.1080/09537325.2024.2424432
https://doi.org/10.1080/09537325.2024.2424432
https://doi.org/10.3390/su15043519
https://doi.org/10.1108/ajim-04-2021-0126
https://doi.org/10.1109/access.2020.3006150
https://doi.org/10.1016/j.pubrev.2017.12.006
https://doi.org/10.1108/ijchm-10-2022-1274
https://doi.org/10.1177/01655515221141033
https://doi.org/10.1155/2023/8530530
https://doi.org/10.3390/w14233902
https://doi.org/10.1155/2022/4948947
https://doi.org/10.1155/2022/4948947
http://www.ncbi.nlm.nih.gov/pubmed/36017455
https://doi.org/10.3390/su13158228
https://doi.org/10.12068/j.issn.1005-3026.2023.08.019
https://doi.org/10.1016/j.elerap.2021.101077
https://doi.org/10.3390/axioms10020106

PLO\S\% One

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Herbane B. Rethinking organizational resilience and strategic renewal in SMEs. Entrepreneurship & Regional Development. 2018;31(5-6):476-95.
https://doi.org/10.1080/08985626.2018.1541594

Shen W, Yuan H, Hu J, Liu J, Xiang Y, Lv P. Research on e-commerce enterprise’s network public opinion handling mechanism and crisis public
relations strategy. Financial Engineering and Risk Management. 2021;4(4):70-86. https://doi.org/10.23977/ferm.2021.040410

Van Norel ND, Kommers PAM, Van Hoof JJ, Verhoeven JWM. Damaged corporate reputation: Can celebrity Tweets repair it? Computers in Human
Behavior. 2014;36:308—-15. https://doi.org/10.1016/j.chb.2014.03.056

Peng L, Chen T, Yang J, Cong T. Management and Control of Enterprise Negative Network Public Opinion Dissemination Based on the
Multi-Stakeholder Game Mechanism in China. Systems. 2022;10(5):140. https://doi.org/10.3390/systems10050140

Chen JL, Balaz V, Li G, Williams AM. Tourist Decision-Making and Types of Crises: Risk Attitudes, Knowledge, and Destination Preference Per-
sistence. Journal of Hospitality & Tourism Research. 2025. https://doi.org/10.1177/10963480241310819

Hou Y, Guan M, Wang J, Meng F, Zhang H. Research on the incentive mechanism of network public opinion guidance based on differential game
in the omnimedia Era. Chinese Journal of Management Science. 2023;31(8):239-52. https://doi.org/10.16381/j.cnki.issn1003-207x.2022.0977

Alabdala AT, Alhassan A, Alabdullah MT, Adel W. Dynamic analysis of competitive marketing strategies using differential game models and Runge—
Kutta solutions. Partial Differential Equations in Applied Mathematics. 2025;14:101156. https://doi.org/10.1016/j.padiff.2025.101156

Yang S, Chu X, Li Q, Feng N. Research on multi-stage differential game decision-making model of privacy protection on social network platform.
Journal of Industrial Engineering and Engineering Management. 2025;39(3):210—-24. https://doi.org/10.13587/.cnki.jieem.2025.03.015

Momeni B, Mohebbi S. Differential Game Theoretic Models for Designing Water Conservation Incentives. Decision Analysis. 2025;22(2):120-46.
https://doi.org/10.1287/deca.2024.0208

Jorgensen S, Taboubi S, Zaccour G. Retail promotions with negative brand image effects: Is cooperation possible?. European Journal of Opera-
tional Research. 2003;150(2):395-405. https://doi.org/10.1016/s0377-2217(02)00641-0

PLOS One | https://doi.org/10.1371/journal.pone.0336465 December 1, 2025 23/23



https://doi.org/10.1080/08985626.2018.1541594
https://doi.org/10.23977/ferm.2021.040410
https://doi.org/10.1016/j.chb.2014.03.056
https://doi.org/10.3390/systems10050140
https://doi.org/10.1177/10963480241310819
https://doi.org/10.16381/j.cnki.issn1003-207x.2022.0977
https://doi.org/10.1016/j.padiff.2025.101156
https://doi.org/10.13587/j.cnki.jieem.2025.03.015
https://doi.org/10.1287/deca.2024.0208
https://doi.org/10.1016/s0377-2217(02)00641-0

