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From depression to wellbeing: How 
to protect the mental health of 
isolated people under the “dynamic 
clearance” of patients with 
COVID-19
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In 2020, COVID-19 became a global pandemic. The Chinese government’s quarantine 
measures tend to cause anxiety, tension and depression among the quarantined 
people. This article constructs a differential game model of self-regulation, 
government guidance and social forces guidance. Then, the psychological benefits 
of the masses and the benefits of the whole society under the three modes are 
obtained, and the applicable conditions of various connection modes are compared. 
The research results show that: compared with social power channeling, the public 
under the government channeling mode can obtain more psychological benefits. 
However, with the increase of guidance, the difference between the psychological 
benefits of different ways of guidance first decreases and then tends to be stable. 
Under the guidance mode, the social benefits of the government decrease, and the 
more guidance, the smaller the social benefits. Therefore, both the government 
and social forces should make use of limited resources to conduct appropriate 
psychological counseling for the isolated population.
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1. Introduction

1.1. Background and research significance

The number of people infected with COVID-19 has increased dramatically since early 2020. On 
11 March 2020, WHO declared the novel coronavirus pneumonia a global pandemic. The COVID-19 
pandemic has had a significant impact on the mental health of the public. According to the epidemic 
mental health report released by One Psychology, 51.52% of the country is in a good state of mind. 
In Hubei Province, the worst-hit province in 2020, only 42.25% reported good mental health. 
However, in Liaoning Province, which was less affected by the epidemic, 58.78% were in good 
mental condition. Under the “dynamic clearance” of patients with COVID-19, the Chinese 
government often has to take isolation measures. How to solve the psychological problems of these 
isolated people is related to the psychological health of the public society.

Although China has managed to contain the coronavirus as a whole, local outbreaks have 
occurred from time to time in the country. To effectively control the spread of COVID-19, China 
strictly implements the general policy of “dynamic zero clearance” (Burki, 2022). In the event of an 
outbreak in an area, the Chinese government will reduce the movement of people there, restrict 
residents in their communities, or place them in centralized quarantine. The isolation is divided into 
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centralized medical quarantine and home quarantine. Centralized 
medical isolation means that suspected cases are completely isolated 
from the outside world (Hussain et al., 2022). After disinfection, only 
professional healthcare workers can enter the quarantine site. Infection 
control at quarantine sites and personal protection for medical 
professionals should be done (Aronna et al., 2021). Those quarantined 
at home should live independently, minimize contact with co-residents, 
clean and disinfect medical observation sites, and avoid cross-infection 
(Ingle et al., 2021).

The stability of a community has a very important impact on the 
mental health of residents (Ross et al., 2000). This way, though, can cut 
the chain of transmission and successfully control the spread of the 
epidemic. However, this approach is prone to social distancing, which 
may cause psychological problems for isolated persons (Peterson et al., 
2021). Many quarantined people suffer from psychological problems 
such as tension, anxiety, and depression. To this end, various measures 
can be  taken to alleviate the psychological problems of the isolated 
masses. Three common means include self-regulation, government 
psychological counseling, and social force psychological counseling. 
This can relieve the residents of anxiety, tension, depression, and other 
negative psychological adjustment issues. However, which method has 
more prominent psychological effects on residents is an important issue 
discussed in this article. In other words, each mode has its own 
advantages and disadvantages and scope of application. How to choose 
the right mode to realize the fastest speed of the isolated population 
from depression to ease of mind is the focus of this article.

1.2. Literature review

As a global pandemic, COVID-19 has a psychological impact on 
people. Many scholars have studied the psychological impact of COVID-
19. For example, Khan and Khan (2021) analyzed the psychological 
impact of COVID-19 on people recovering from COVID-19, while 
Rosenbaum and Mincer (2021) analyzed the psychological needs of 
people recovering from COVID-19. Li et al. (2020) studied the impact 
of COVID-19 on students’ mental health. Lim et al. (2021) analyzed the 
impact of the COVID-19 pandemic on depression and anxiety in 
rheumatic patients. The abovementioned literature mainly studies the 
psychological impact of COVID-19 on different groups such as 
rehabilitated people, students, and rheumatic patients.

Quarantine measures can cause psychological problems even if 
some people have no contact with the virus. Some scholars have studied 
the psychological effects of isolation. For example, Lima et al. (2020) 
believe that long-term isolation can cause psychological damage. Alle 
and Berntsen (2021) suggested that isolation can lead to an increased 
risk of psychosis in residents. Isherwood et  al. (2021) analyzed the 
psychological impact of isolation on residents during the COVID-19 
pandemic through a telephone survey. Gierveld et al. (2018) analyzed 
that loneliness caused by isolation can have adverse effects on people’s 
physical resistance. The studies covered the major impacts of 
COVID-19 quarantines.

Both COVID-19 and quarantine measures can cause psychological 
problems. These psychological problems should be properly dealt with 
(Eisenbeck et al., 2021). To mitigate the psychological effects of isolation, 
some scholars have studied specific measures. For example, Hansen et al. 
(2021) believe that dance can reduce the psychological impact of the 
elderly during isolation. Henkel et al. (2020) believe that social robots 

can alleviate the loneliness of residents. Harris and Sandal (2020) argued 
that the role of trust in the healthcare system must be fully exploited.

The research includes the impact of COVID-19 on mental health, 
the impact of isolation on mental health, and how to deal with the 
psychological problems brought on by COVID-19. However, the daily 
number of COVID-19 infections and the areas under lockdown is 
dynamic, meaning that there are both new infections and recovered 
patients and new containment areas and noncontainment areas every 
day. The above studies do not reflect this dynamic process.

To make up for the shortcomings of the earlier studies, this article 
uses a differential game to study dynamic problems. At present, the 
differential game is mainly applied in the fields of pricing strategy 
(Chintagunta and Rao, 1996), environmental protection (Bai et  al., 
2022), advertising decision-making (Viscolani and Zaccour, 2009; Liu 
et al., 2012), and information security (Gao et al., 2013; Bandyopadhyay 
et al., 2014). Yin and Zhang (2021) used a differential game to study the 
joint prevention and control mechanism of COVID-19. Zhu et al. (2021) 
used a differential game to study the dynamic adjustment mechanism of 
mask emergency supply chain cooperation based on COVID-19. The 
earlier studies using differential game analysis to carry out the novel 
coronavirus epidemic did not analyze the ways the local government 
took to conduct psychological counseling for the quarantined masses.

The model and hypothesis in this article are based on the background 
of the novel coronavirus pandemic, and the Chinese government 
implements the policy of “dynamic clearance.” The policy can lead to 
psychological problems among the quarantined people. Effective relief of 
the negative emotions of the isolated population needs timely counseling. 
This article studies the problem of dynamic psychological counseling, i.e., 
what effect the government and social forces will have on the psychological 
counseling of isolated people. This article constructs a differential game 
model of self-guidance, government psychological guidance, and social 
force guidance. The optimal social and psychological benefits under various 
modes are obtained. The scope of application of various psychological 
counseling methods is compared and analyzed to provide a reference for 
effective psychological counseling to alleviate the psychological problems of 
the isolated population.

1.3. Problem description

Under the policy of dynamic zero clearance, the Chinese 
government quarantines close contacts and other people in order to 
effectively control the spread of the epidemic. People in isolation can 
become depressed, anxious, and nervous. It is an important problem 
how to relieve the bad psychological condition of isolated people and 
make them comfortable from depression. Therefore, the government 
and social forces will take certain measures to psychological isolation of 
the population. However, other research has focused on the dangers of 
COVID-19, the impact of isolation, and how to mitigate its impact. 
From the perspective of a dynamic game, this article analyzes the effect 
of different institutions in alleviating the negative psychology of the 
isolated population. This article summarizes the scope of the application 
of various psychological counseling methods.

For the sake of convenience, the game is divided into government, 
social forces, and residents. To effectively relieve the tension, anxiety, 
depression, and other adverse psychological states of local residents, the 
following three modes of psychological counseling and communication 
are mainly used:
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 1. Self-regulating mode. Once the epidemic comes, it will put a 
pause button on the local society. Since then, cities and roads 
have been closed, economic activity has been shaken, and 
countless people have been quarantined. This tends to cause 
psychological problems such as tension, anxiety, and depression 
among local residents. Sometimes, the isolation is too short for 
social forces and the government to evacuate residents. How to 
self-regulate is an important issue for isolated residents to face.

 2. Government psychological counseling model. The COVID-19 
outbreak is likely to cause psychological problems among 
residents. During the COVID-19 pandemic, the government has 
coordinated mental health forces and provided psychological 
services such as counseling and intervention for local residents 
to safeguard the mental health of the public. For example, the 
government’s Health Commission has set up assistance teams, 
including clinical psychiatric medical staff from local hospitals 
and volunteers qualified as psychological counselors, with certain 
work experience from psychological associations to form 
psychological rescue medical teams and psychological assistance 
hotline volunteer teams in order to provide psychological 
assistance, crisis intervention, and mental health publicity and 
education for the public. In addition, the National Health 
Commission of China issued the Guiding Principles for 
Emergency Psychological Crisis Intervention in the Outbreak of 
the Novel Coronavirus Pneumonia, which provides basic 
guidelines for the establishment of an effective social 
psychological counseling mechanism.

 3. Psychological counseling model of social forces. As an important 
social force of psychological counseling, the psychological 
association can play an important role in alleviating the bad 
mood of local residents. To reduce depression, stress, and anxiety, 
local residents can communicate with psychological associations. 
Psychological associations and other social forces can give full 
play to the role of professional social work teams in the field of 
mental health and provide targeted services such as assistance, 
psychological counseling, spiritual comfort, and relationship 
adjustment for community residents. For example, in the early 
days of the 2020 outbreak, various social media outlets published 
detailed numbers of new confirmed, suspected, and dead cases 
each day. Disclosure of virus diagnosis and treatment protocols, 
protection guidelines, and vaccine development information by 
medical associations as well as the Red Cross Society’s timely 
counterattack to the rumors led to the rapid recovery of negative 
social psychology.

The relationship between different psychological counseling modes 
is shown in Figure 1.

1.4. Hypothesis

 1. Guidance by the government or social forces can weaken the 
negative psychological adjustment issues. Once the residents are 
isolated, their psychological fluctuations are more drastic, prone 
to tension, anxiety, depression, and other conditions. To guide 
residents to communicate with each other, the government could 
carry out a free psychological diagnosis for residents, provide 
mental health screening and psychological counseling services, 
and assess their recent emotional state (Shen, 2022). Therefore, 

residents can understand their own emotions and state and pay 
attention to their mental health level. At the same time, social 
forces can also be guided to reduce the adverse psychological 
state of the isolated population. For example, in order to help 
residents relieve their tension and anxiety and facilitate their 
lives, the social forces of e-commerce and trade circulation 
integrate online and offline resources and actively carry out the 
business of online booking store collection, online booking store 
delivery, and online booking self-picking (Feng, 2020). This can 
open up an all-channel, all-weather experience 
consumption channel.

 2. The interaction degree of residents is in a state of continuous 
dynamic change. After the residents were isolated, the original 
working and living conditions were greatly affected. At this time, 
residents can relieve tension, depression, anxiety, and other 
adverse psychological states through offline and online 
communication. After the government or social forces guide the 
residents, it will change the degree of communication among 
residents. This degree of interaction in turn affects the level of 
government or social forces to guide. In such a continuous cycle, 
residents’ degree of communication is in a state of continuous 
dynamic change.

 3. The government adopts a strict “dynamic zero clearance” policy. 
“Dynamic zeroing” means that once an epidemic occurs in a 
place, we  must fight out together and extinguish it together. 
When an infection occurs and causes a local case, if we control it 
very quickly in a very short period of time, the chain of infection 
is prevented and does not spread continuously, or the chain of 
infection is wiped out, also known as zeroing out. Once an 
epidemic occurs, it can be  quickly identified and handled to 
break the chain of transmission, and the community as a whole 
will gradually move toward dynamic elimination. If dynamic 
clearing is not pursued, social communication will continue to 
connect and form a scale rebound. To achieve “dynamic zeroing,” 
local authorities often quarantine close contacts.

1.5. Variable definition

See Table 1.

2. Methodology

The article is original research. It focuses on how to ensure the 
mental health of isolated people in China under the “dynamic 
clearance” of patients with COVID-19. In the context of the global 
COVID-19 pandemic, the psychological state of residents is easily 
affected by lockdowns, quarantines, and other factors. To describe the 
whole process of mental state which changes from time to time, a 
differential game is used in this article. After residents suffer from 
lockdown or quarantine, timely guidance from the government and 
social forces can help local residents face the epidemic with a better 
attitude, thus reducing the negative psychological impact of the 
epidemic. Government guidance will produce an immediate effect, but 
to guide the masses, one needs to pay a certain financial cost, further 
increasing the financial pressure. Although the social force guidance 
takes a longer time to effect, it will gain the corresponding reputation 
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at the same time. In the process of psychological counseling of the 
isolated people, no matter the government or social forces, while 
paying some costs, they can also reap certain benefits.

2.1. Differential game

Game theory is concerned with the interaction between formulaic 
incentive structures (Guo and Harmati, 2022). It is a mathematical theory 
and method to study the phenomena with the nature of struggle or 
competition (Xu et al., 2022). In this article, game theory considers the 
behavior of the government in the game and the individual behavior of the 
isolated person and studies their optimization strategies. A differential game 
refers to a time-continuous game played by multiple players in a time-
continuous system. It has the goal of optimizing the independence and 
conflict of each player and can finally obtain the strategy of each player 
evolving over time and reaching the Nash equilibrium. The theory of 
differential game originated from research on the pursuit of flight by both 
sides in the military confrontation carried out by the US Air Force in the 
1950s. It is a combination of optimal control and game theory.

In this article, a differential game is used for analysis. First, this 
article obtains the social income function of the public and the 
government. Second, changes in public and government state variables 
are represented. Third, the HJB equation is obtained according to the 
social income function. Fourth, this article calculates the HJB equation 
and obtains the optimal control variables and social benefits. Among 
them, differential games mainly solve the problem of the maximum 
value in a constantly changing state. There are benefit functions and state 
variables in this game. HJB is a partial differential equation that is 
central to optimal control. The solution of the HJB equation is a real-
value function with minimum cost under a specific dynamic system and 
related cost function. Many scholars use the HJB equation to solve 
differential game problems (Elliott and Siu, 2009; Ma et  al., 2015; 
Lindensj, 2019).

2.2. Differential game of different 
psychological counseling modes

2.2.1. Self-psychological counseling
In the context of “dynamic zeroing,” when an epidemic occurs in a 

region, the Chinese government quarantines close contacts to prevent 
the spread of the epidemic. In some cases, the resources at the disposal 
of governments are limited. The government can only focus on the 
spread of the disease. At this time, mental health problems in the 
isolated population cannot be addressed. If the quarantined people have 
psychological problems, they can only undergo self-counseling.

The social welfare function of the public consists of the benefits 
gained from online communication, the benefits gained from offline 
communication, the depression generated by online communication, 
and the long-term effects of public enthusiasm for communication. The 
government’s social welfare function consists of the cost of responding 
to the pandemic and the reputation the government gains. Under the 
mode of self-psychological counseling, the expression of the public’s 
psychological benefits and the government’s social welfare function are, 
respectively,
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FIGURE 1

Various modes of psychological counseling for isolated residents.
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depression caused by online interactions. l x tF1 1 ( )  represents the 
influence of public enthusiasm on psychological benefits. In (2), c S tF

F
2

2
2

2
( )  represents the cost of the government’s response to the 

epidemic. l x tF2 2 ( )  represents the impact of government reputation 
on social benefits.

Changes in public enthusiasm for communication and government 
reputation under the self-psychological counseling mode are as follows:

 
x t F t x tF F F1 1

2
1( ) = − ( ) + ( )λ δ

 
(3)

 
x t S t x tF F F2 2 2( ) = ( ) − ( )λ δ

 
(4)

In (3) and (4), − ( )λF tF1
2  indicates the negative influence of offline 

communication on communication enthusiasm under the mode of 
public self-psychological counseling. δ x tF1 ( )  represents the recovery 
degree of public enthusiasm for communication under the mode of 
public self-psychological counseling. λS tF2 ( )  represents the positive 
impact of the government’s anti-epidemic efforts on the government’s 
reputation under the mode of public self-psychological counseling. 
δ x tF2 ( )  represents the decline of the government’s reputation under 
the mode of public self-psychological counseling.

2.2.2. Psychological counseling by the government
In the mode of government psychological counseling, the 

government should take the lead and establish a good social 
communication mechanism. The government has improved the social 
psychological support system so that the public can obtain 
psychological support from it. In this mode, it can enhance the 
public’s recognition of the government and build a government 
with credibility.

There are some differences between the social welfare function of 
the government psychological counseling model and the self-
psychological counseling model. For example, under the psychological 
counseling mode of the government, the cost of the government’s 
response to the epidemic has increased, and the public’s psychological 
condition has been alleviated to some extent. Under the government 
psychological counseling model, the expression of the public’s 
psychological benefits and the government’s social welfare function is 
as follows:
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In (5) and (6), bonGG1(t) represents the benefits obtained by the 
public’s online communication. boffFG1(t) represents the income obtained 
by the public’s offline communication. c G tF

G
2

1

2 ( )  indicates the level of 
public depression caused by online interactions. l x tG1 1 ( )  represents the 
influence of public enthusiasm on psychological benefits. 
G tG1 11( ) +( )ln β  shows the favorable influence of government 
guidance on communication. 

c S t dG
G

2
2 1

2

2
( ) +( )β  represents the cost 

of the government’s response to the pandemic. l x tG2 2 ( )  represents the 
impact of government reputation on social benefits.

Under the psychological counseling mode of the government, the 
public’s communication enthusiasm and the change in the government’s 
reputation are as follows:

 
x t k F t x tG G G1 1 1

2
1( ) = − +( ) ( ) + ( )λ β δ

 
(7)

TABLE 1 The main definition of variables and parameters in this article.

variables and 
parameters

Specific meaning

Y = {F, G, S} Three modes of psychological counseling under the epidemic 

situation (self-counseling, government counseling, and social 

forces counseling)

Independent variable

FY1(t) The offline communication degree of the public under the 

mode Y

GY1(t) The degree of public online communication in mode Y

SY2(t) The government’s anti-epidemic efforts in the mode Y

xY1(t) Public enthusiasm for communication under psychological 

counseling model Y

xY2(t) The reputation of the government in psychotherapy mode Y

Parameter

ρ The discount rate that occurs over time, which is the discount 

factor, 0 ≤ ρ ≤ 1

δ1 The decay rate of enthusiasm, δ1 > 0

δ2 The decay rate of the government’s reputation, δ2 > 0

bon Gain from every online interaction, bon > 0

boff Unit offline contacts to gain income, boff > 0

l1 The positive influence of unit interaction enthusiasm on 

public psychology, l1 > 0

l2 The positive effects of unit reputation, l2 > 0

cY1 Risk of infectious diseases in unit offline contacts, cY1 > 0

cY2 The cost of government unit effort, cY2 > 0

β1 The positive influence of government guidance on 

communication, β1 > 0

d The cost of unit government channeling, d > 0

k The effect of offline interaction on mood, k > 0

β2 The positive influence of social force guidance on the degree 

of interaction, 0 < β2 < β1

λ The reputation of the government’s units for fighting the 

pandemic, λ > 0

Function

JY1(t) Benefit function of public psychological satisfaction degree 

under psychological counseling mode Y

VY1(t) Psychological benefits of the public under psychological 

counseling model Y

JY2(t) Social welfare function of government under psychological 

counseling model Y

VY2(t) The social benefits of the government under the psychological 

counseling model Y
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In (7) and (8), − +( ) ( )λ βk F tG1 1

2  indicates the negative influence 
of offline communication on communication enthusiasm under the 
psychological counseling mode of the government. δ x tG1 ( )  indicates 
the recovery degree of public enthusiasm under the psychological 
counseling mode of the government. λ β+( ) ( )k S tG1 2  indicates the 
positive impact of the government’s anti-epidemic efforts on the 
government’s reputation under the psychological counseling mode. 
δ x tG2 ( )  represents the decay of the government’s reputation under the 
psychological counseling mode of government.

2.2.3. Psychological counseling by the social 
forces

Compared with the first two models, the social power psychological 
counseling model has some differences in its social welfare function. 
Under the mode of channeling social forces, the cost of government 
response to the epidemic remains unchanged. At the same time, this 
model can also alleviate the psychological problems of the public. Under 
the social forces’ psychological counseling model, the expression of the 
public’s psychological benefits and the government’s social welfare 
function is as follows:

 

J b G t b F t c G t

G t

S on S off S
S

S

S

1

0

1 1
1

1

2

1 2

2

1

= ( ) + ( ) − ( )


+ ( ) +( ) +

∞

∫
ln β ll x t e dtS

t
1 1 ( ) −ρ

 
(9)

 
J c S t l x t e dtS

S
S S

t
2

0

2
2

2

2 2
2

= − ( )


+ ( )
∞

−∫ ρ

 
(10)

In (9), bonGS1(t) represents the benefits obtained from the public’s 
online communication. boffFS1(t) represents the income obtained by the 
public offline communication. c G tS

S
1

1

2

2
( ) indicates the level of public 

depression caused by online interactions. l x tS1 1 ( )  represents the 
influence of public enthusiasm on psychological benefits. 
G tS1 21( ) +( )ln β  represents the favorable influence of social force 
guidance on communication. In (10), 
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2

2

2
( )  represents the cost 

of the government’s response to the epidemic. l x tS2 2 ( )  represents the 
impact of government reputation on social benefits.

Under the mode of channeling social forces, the changes in public 
enthusiasm and government reputation can be expressed as follows:
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In (11) and (12), − +( ) ( )λ βk F tS2 1

2  represents the negative 
influence of offline communication on the enthusiasm of communication 
under the mode of social power psychological counseling. δ x tS1 ( )  
represents the recovery degree of public enthusiasm for communication 
under the psychological counseling mode of social forces. 
λ β+( ) ( )k S tS2 2  represents the positive impact of the government’s 

anti-epidemic efforts on the government’s reputation under the 

psychological counseling mode of social forces. δ x tS2 ( )  represents the 
decay of the government’s reputation under the psychological counseling 
mode of social forces.

3. Results

The social benefits obtained by the government and the 
psychological benefits of the public are not only affected by the control 
variables and parameters but also constantly change with the impact of 
time, state, and state on social welfare. The HJB formula was used in 
order to better calculate the balanced degree of public interaction, the 
degree of the government’s anti-epidemic efforts, psychological benefits, 
and social benefits. The formula is based on dynamic programming 
developed in the 1950s by Richard Behrman and his colleagues. The HJB 
formula is a partial differential equation, which is the core of 
optimal control.

3.1. HJB formula

If the public conducts self-psychological counseling, then in the 
time t∈[0,+∞), the HJB formula of the psychological benefit obtained 
by the public and the government’s social welfare function in this mode 
is as follows:
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If the government conducts psychological counseling, then in the 
time t∈[0,+∞), the HJB formula of the psychological benefit obtained 
by the public and the government’s social welfare function in this mode 
is as follows:
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If social forces conduct psychological guidance, then in the time 
t∈[0,+∞), the HJB formula of the psychological benefit obtained by the 
public and the social welfare function of the government in this mode 
is as follows:
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3.2. Result of equilibrium

3.2.1. Self-psychological counseling

Proposition 1: Under the mode of self-psychological counseling, the 
public’s online communication degree, the public’s offline 
communication degree, and the government’s anti-epidemic effort 
degree are, respectively (refer to Supplementary Appendix 1 for the 
specific solution process):
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The public’s equilibrium psychological benefit and the government’s 
equilibrium welfare function are as follows:
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Conclusion 1: Under the self-psychological counseling mode, the 
offline communication degree of the public is inversely proportional 

to the positive influence of the unit’s communication enthusiasm on 
public psychology and the reputation of the government unit’s 
efforts. The degree of the government’s anti-epidemic efforts is 
directly proportional to the reputation of the government unit and 
the positive impact of the unit’s reputation.

3.2.2. Psychological counseling by the government

Proposition 1: Under the mode of psychological counseling by the 
government, the public’s online communication degree, the public’s 
offline communication degree, and the government’s anti-epidemic 
effort degree are, respectively (refer to Supplementary Appendix 2 
for the specific solution process):
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The public’s equilibrium psychological benefit and the government’s 
equilibrium welfare function are as follows:

 

V l x b
b

c

b
k

l

G G on
on

G

off

1
1

1

1

1

2

1

1

1 1

2

∗ =
−

+
+ +( )

+





−( )
− +( )

ρ δ ρ
β

λ β ρ

ln

−−








 −

+ +( )







 +

+ +( )
+

−

δ
β

β

1

1 1

1

2

1

1

2

1

1
1

c b
c

b
c

G on

G

on

G

ln

ln
ln ββ

ρ ρ δ

λ β
λ β ρ δ

1
1

1

1

1

1

1

2

( ) + −

− +( ) −
− +( ) −

























−

l

k
b
k

loff
22















 

(25)

 

V l x

c
c

c d l k d

G B

G

G
G

2
2

2

2

2

2 1
2

1 1
2

1 1

∗ =
+

−

− +
+

+( )







 +








ρ δ

ρ
β

ρ δ
λ β β




+
+

+( ) − +
+

+( )



















2

2
1

2

2 1
2

1

1 1

ρ ρ δ
λ β β

ρ δ
λ β

l k
c

c d l k
G

G
 

(26)

Conclusion 2: Compared with the self-psychological counseling of 
the public, the government’s psychological counseling of the public 
can increase the degree of online and offline communication of 
the public.
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3.2.3. Psychological counseling by the social forces

Proposition 1: Under the mode of psychological counseling by the 
social forces, the public’s online communication degree, the public’s 
offline communication degree, and the government’s anti-epidemic 
effort degree are, respectively (refer to Supplementary Appendix 3 
for the specific solution process):
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The public’s equilibrium psychological benefit and the government’s 
equilibrium welfare function are as follows:
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Conclusion 3: Psychological counseling of social power can increase 
the degree of public communication. If the degree of the 
government’s guidance is the same as that of social forces, then the 
degree of the government’s anti-epidemic efforts under the mode of 
social forces’ guidance is greater than that under the mode of 
government guidance.

3.3. Comparison of equilibrium results

To better compare the psychological benefits and social benefits of 
different psychological counseling modes, this article calculates the 
difference between them.

Through calculation, the difference in psychological benefits 
between the government psychological counseling mode and the self-
counseling mode is as follows:
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Through calculation in this article, the difference in social benefits 
between the government psychological counseling mode and the self-
counseling mode is as follows:
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Through calculation in this article, the difference in psychological 
benefits between the social power psychological guidance model and the 
self-guidance model is as follows:
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After calculation in this article, the difference between the social 
power psychological guidance model and the self-guidance model of 
social benefits is as follows:
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Through calculation, the difference in psychological benefits 
between the psychological counseling model of social forces and the 
psychological counseling model of the government is as follows:
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According to the calculation in this article, the difference in social 
benefits between the psychological counseling model of social forces and 
the psychological counseling model of the government is as follows:

 

V V
c

c
c d l k dG S

G

G
G2 2

2

2

2 1
2

1 1
2

1 1* *− = − − +
+

+( )







 +












ρ
β

ρ δ
λ β β


+

+
+( ) − +

+
+( )




















−

2

2
1

2

2 1
2

1

1 1

1

ρ ρ δ
λ β β

ρ δ
λ β

l k
c

c d l k
G

G

22

1

2

2
2

2

2 2 2

2

2

2

2

ρ ρ δ
λ

ρ δ ρ
λ β

ρ δ ρ
l

c
l c k

c
l l

F

S

S+ +








 +

+
+









 −

+δδ

ρ
λ β

λ β
ρ

λ
ρ δ











+( ) +
+









 +










2

2
2

2

2

2

2

2

2
1 1

2
k k

c
c

c
l

S
F

F  

(36)

This article sets specific values for the abovementioned parameters 
according to the actual situation. For example, the discount factor ρ is 
0.9. The decay rate δ1 of enthusiasm is 0.1. The decay rate δ2 of 
government reputation is 0.1. The revenue bon from the unit-line 
interaction is 3. boff of unit offline communication is 5. The positive 
influence l1 of unit interaction enthusiasm on public psychology is 2. The 
positive impact l2 of unit reputation l2 is 1.5. The cost d per unit of 
government channeling is 1. The risk of infection cY1 is 2. The cost cY2 of 
the government unit’s effort level is 3. The reputation λ of government 
units for their efforts is 1. The influence k of the increase in offline 
communication on communication is 1.

Therefore, this article can calculate:
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This article can make the graph as shown in Figure 2.

Conclusion 4: Compared with the self-counseling mode, the public 
under the government counseling mode can obtain more 
psychological benefits. However, with the increase of government 
guidance, the difference between the psychological benefits obtained 
by self-guidance and the psychological benefits obtained by 
government guidance becomes smaller at first and then becomes 
stable. Under the psychological counseling mode of the government, 

the social benefits of the government decrease, and the more the 
government counseling, the smaller the social benefits.

 
V VS F2 2 2

2
20 42 0 833

∗ ∗− = +. .β β
 (39)

 
V VS F1 1 2

2

2 22 1 2 78
1

1
2 78

∗ ∗− = +( ) − ×
−

−. ln . .β
β  (40)

This article can make the graph as shown in Figure 3.

Conclusion 5: When the intensity of social power channeling is 
small, the psychological benefits of the public are smaller than the 
psychological benefits of self-regulation. With the increase of social 
forces, the public’s psychological benefits gradually become larger. 
Ultimately, it will be greater than the psychological benefits of self-
counseling. The government’s social benefits gradually increase 
when the social forces are channeled gradually.
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This article can make the graph as shown in Figure 4.

Conclusion 6: Compared with psychological counseling of social 
forces, the public under the government’s psychological 
counseling mode can obtain more psychological benefits. 
However, with the increase in the government’s efforts to dredge, 
the difference between the psychological benefits obtained by the 
government and the psychological benefits obtained by the social 
forces to dredge decreases at first and then becomes stable. In 
psychological counseling mode, the social benefits of the 
government decrease, and the more the counseling, the smaller 
the social benefits.

4. Discussion

As in economic activity and daily life, residents are mobile. This 
could easily lead to the spread of the epidemic. After an outbreak in a 
region of China, the government quarantined the local population. This 
will cause anxiety, tension, depression, and other psychological 
problems. Considering that the government and social forces can 
actively guide the local people to alleviate the abovementioned 
psychological problems. Although the government’s psychological 
counseling model can produce immediate results, it is easy to affect local 
financial pressure. Although the mode of social power channeling has a 
slower effect, it will not have a negative impact on local finance because 
social power can gain benefits. Therefore, the choice of guided 
communication mode is an important issue in this study. Since most of 
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the existing literature analyzes the impact of COVID-19, the impact of 
isolation, and how to mitigate these adverse effects, it has not been found 
to conduct research from the perspective of guided communication. In 

particular, it has not been found that guidance communication is 
divided into two modes, namely, government guidance and social force 
guidance. In this study, game theory is applied to solve psychological 
problems caused by the novel coronavirus epidemic, especially 
considering how the government and social forces achieve optimal 
psychological and social benefits under different ways of guidance 
and communication.

This article constructs the differential game model of self-
psychological counseling, government psychological counseling, and 
social force psychological counseling; obtains the psychological 
benefits of the masses and the benefits of the whole society under the 
three modes; and compares the applicable conditions of various 
connection modes. The contribution of this article is as follows: first, 
this article studies how to provide psychological guidance to the 
isolated population and divides the guidance into government 
psychological guidance and social psychological guidance. Second, 
this article proposes three models to alleviate the impact of the 
epidemic and quarantine, namely, self-counseling, government 
counseling, and social forces counseling. Third, this article obtains the 
psychological benefits of the public and the social benefits of the 
government under various modes and makes a numerical analysis of 
them. Finally, this article obtains the applicable scope of each mode, 
which provides a reference for choosing which mode to conduct 
psychological counseling.

When infected persons and close contacts are quarantined, in 
order to prevent their psychological problems, the government should 
actively provide them with psychological counseling. This is because 
both community isolation and centralized isolation will have an 
impact on the mental health of those who are isolated (Ju et al., 2021). 
For example, after the outbreak of COVID-19, the government will 
rely on the renovation and construction of exhibition centers and 
sports stadiums to build makeshift hospitals for the centralized 
treatment of patients with mild COVID-19. Compared with other 
traditional hospitals with several patients in one room, makeshift 
hospitals have effectively alleviated the “difficulty in receiving and 
receiving” COVID-19 patients, enabling patients with mild 
COVID-19 to receive timely and effective treatment. Makeshift 
hospitals are equipped with a large number of medical staff, which 
can not only treat patients with COVID-19 physically but also 
effectively relieve their negative psychological conditions. Despite the 
temporary isolation, the “little joy” of the people in the makeshift 
hospitals never disappeared under the care of the medical staff, and 
there was no lack of laughter in the ward. As makeshift hospitals can 
enable patients to communicate effectively and even do some 
collective activities, patients feel comfortable (Zhang, 2020).

The purpose of social psychological counseling Is to ensure that 
people’s right to know and related needs are constantly satisfied, so as to 
reduce the accumulation of negative psychology. However, when the 
intensity of such social support is small, the right to know about isolated 
people will not be satisfied, which will further aggravate the negative 
psychology of isolated people. Only by increasing the psychological 
counseling of social forces to the quarantined people, they can relieve 
their bad emotions such as tension, anxiety, and depression. Both the 
government and social forces should conduct psychological counseling 
for the masses. In addition, social forces have helped the government 
focus on fighting the epidemic. The government has adhered to the 
general policy of “dynamic zero elimination” intensified efforts to 
strengthen key epidemic prevention and control work, and strictly 
implemented measures such as inspection, health monitoring, and 

FIGURE 2

The difference between self-guidance and government guidance.

FIGURE 4

The difference between government guidance and social force guidance.

FIGURE 3

The difference between self-guidance and social force guidance.
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personnel management, which have played a crucial role in epidemic 
prevention and control (Burki, 2022). At this point, if we give full play to 
social support, the government will have more time to fight the epidemic.

5. Conclusion

During the epidemic, many people are isolated and lack moral 
support from relatives, friends, and other means. If people cannot 
effectively obtain enough social support, they will have negative 
psychological effects. The government and social forces are 
providing psychological counseling to quarantined people during 
the COVID-19 epidemic and are obligated to provide psychological 
crisis intervention and psychological assistance to understand the 
current psychological status of the quarantined people, accurately 
meet the needs of psychological services, help the quarantined 
people to release psychological pressure, and improve their mental 
health level.

In the context of China’s dynamic clearance, close contacts of 
COVID-19 have been ordered to be quarantined. How to protect the 
mental health of the isolated population is the main research issue 
discussed in this article. Some conclusions can be drawn from this 
article. Compared with the psychological counseling of social forces, 
the public under the government’s psychological counseling mode 
can obtain more psychological benefits. However, with the increase 
in guidance, the difference between the psychological benefits 
obtained by the government and the psychological benefits obtained 
by the guidance of social forces decreases at first and then becomes 
stable. Under the guidance mode, the social benefits of the 
government decrease, and the more the guidance, the smaller the 
social benefits.

The study in this article has some limitations. First, the research 
background of this article is that China adopts the policy of dynamic zero 
clearing. However, the dynamic zeroing policy has been suspended since 
December 2022. Second, this article only considers the situation that 
there are three ways of psychological counseling. Third, the government 
has a relatively comprehensive grasp of the infected information in the 
local area. The research in this article can be extended to some extent. In 
future studies, the psychological state of the population can be studied 
when the pandemic is fully unleashed. Meanwhile, it is possible to 
consider the existence of mixed guidance methods and the failure of the 
government to fully grasp the infected situation in the region and 
conduct relevant research.

Data availability statement

The original contributions presented in the study are included in the 
article/Supplementary material, further inquiries can be directed to the 
corresponding author.

Author contributions

YB is mainly responsible for the work concept or design, drafting 
the paper, making important modifications to the paper, and approving 
the final version of the paper to be  published, etc. SM is mainly 
responsible for data collection and data processing. All authors 
contributed to the article and approved the submitted version.

Funding

This work was supported by the Doctoral Research Foundation of 
Shandong University of Management, sdmud2023001.

Conflict of interest

The authors declare that the research was conducted in the absence 
of any commercial or financial relationships that could be construed as 
a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and do 
not necessarily represent those of their affiliated organizations, or those of 
the publisher, the editors and the reviewers. Any product that may be 
evaluated in this article, or claim that may be made by its manufacturer, is 
not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online at: 
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1124063/full#s
upplementary-material

References
Alle, M. C., and Berntsen, D. (2021). Self-isolation, psychotic symptoms and cognitive 

problems during the COVID-19 worldwide outbreak. Psychiatry Res. 302:114015. doi: 
10.1016/j.psychres.2021.114015

Aronna, M. S., Guglielmi, R., and Moschen, L. M. (2021). A model for covid-19 with 
isolation, quarantine and testing as control measures. Epidemics 34:100437. doi: 10.1016/j.
epidem.2021.100437

Bai, Y., Wang, Q., and Yang, Y. (2022). From pollution control cooperation of Lancang-
Mekong river to "two mountains theory". Sustainability 14:2394. doi: 10.3390/su14042392

Bandyopadhyay, T., Liu, D., Mookerjee, V. S., and Wilhite, A. W. (2014). Dynamic 
competition in IT security: a differential games approach. Inform. Syst. Front. 16, 643–661. 
doi: 10.1007/s10796-012-9373-x

Burki, T. (2022). Dynamic zero COVID policy in the fight against COVID. Lancet Resp. 
Med. 10, e58–e59. doi: 10.1016/S2213-2600(22)00142-4

Chintagunta, P. K., and Rao, V. R. (1996). Pricing strategies in a dynamic duopoly: a 
differential game model. Manag. Sci. 42, 1501–1514. doi: 10.1287/mnsc.42.11.1501

Eisenbeck, N., Carreno, D. F., and Pérez-Escobar, J. A. (2021). Corrigendum: meaning-
centered coping in the era of COVID-19: direct and moderating effects on depression, anxiety, 
and stress. Front. Psychol. 12:682447. doi: 10.3389/fpsyg.2021.682447

Elliott, R. J., and Siu, T. K. (2009). Portfolio risk minimization and differential games. 
Nonlinear Anal. 71, e2127–e2135. doi: 10.1016/j.na.2009.03.085

Feng, S. (2020). Jd's 210,000 employees are working with all sectors of society to fight the 
epidemic and protect people's livelihood. China.cnr.cn. 2020-02-13.

Gao, X., Zhong, W., and Mei, S. (2013). A differential game approach to information 
security investment under hackers’ knowledge dissemination. Oper. Res. Lett. 41, 421–425. 
doi: 10.1016/j.orl.2013.05.002

Gierveld, J. D., Vantilburg, T. G., and Dykstra, P. A. (2018). New ways of theorizing and 
conducting research in the field of loneliness and social isolation, Cambridge, UK: Cambridge 
University Press.

Guo, J., and Harmati, I. (2022). Lane-changing decision modelling in congested traffic 
with a game theory-based decomposition algorithm. Eng. Appl. Artif. Intell. 107:104530. 
doi: 10.1016/j.engappai.2021.104530

Hansen, P., Main, C., and Hartling, L. (2021). Dance intervention affects social 
connections and body appreciation among older adults in the long term despite COVID-19 
social isolation: a mixed methods pilot study. Front. Psychol. 12:635938. doi: 10.3389/
fpsyg.2021.635938

https://doi.org/10.3389/fpsyg.2023.1124063
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1124063/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1124063/full#supplementary-material
https://doi.org/10.1016/j.psychres.2021.114015
https://doi.org/10.1016/j.epidem.2021.100437
https://doi.org/10.1016/j.epidem.2021.100437
https://doi.org/10.3390/su14042392
https://doi.org/10.1007/s10796-012-9373-x
https://doi.org/10.1016/S2213-2600(22)00142-4
https://doi.org/10.1287/mnsc.42.11.1501
https://doi.org/10.3389/fpsyg.2021.682447
https://doi.org/10.1016/j.na.2009.03.085
https://doi.org/10.1016/j.orl.2013.05.002
https://doi.org/10.1016/j.engappai.2021.104530
https://doi.org/10.3389/fpsyg.2021.635938
https://doi.org/10.3389/fpsyg.2021.635938


Bai and Ma 10.3389/fpsyg.2023.1124063

Frontiers in Psychology 12 frontiersin.org

Harris, S. M., and Sandal, G. M. (2020). COVID-19 and psychological distress in 
Norway: the role of trust in the healthcare system. Scand. J. Public Healt. 49, 96–103. doi: 
10.1177/1403494820971512

Henkel, A., Martina, C., Blaurock, M., and Mehmet, O. (2020). Robotic 
transformative service research: deploying social robots for consumer well-being 
during COVID-19 and beyond. J. Serv. Manage. 31, 1131–1148. doi: 10.1108/
JOSM-05-2020-0145

Hussain, T., Jawed, N., Mughal, S., and Kashif, S. (2022). Public perception of isolation, 
quarantine, social distancing and community containment during COVID-19 pandemic. 
BMC Public Health 22, 1–9. doi: 10.1186/s12889-022-12970-y

Ingle, T. A., Morrison, M., Wang, X., Mercer, T., Karman, V., Fox, S., et al. (2021). 
Projecting covid-19 isolation bed requirements for people experiencing homelessness. 
PLoS One 16:e0251153. doi: 10.1371/journal.pone.0251153

Isherwood, K. R., Kyle, R. G., Gray, B. J., and Davies, A. R. (2021). Challenges to self-
isolation among contacts of cases of covid-19: a national telephone survey in wales. J. Public 
Healt. 398:S12. doi: 10.1016/S0140-6736(21)02555-1

Ju, Y., Chen, W., Liu, J., Yang, A., Shu, K., and Zhou, Y. (2021). Effects of centralized 
isolation vs. home isolation on psychological distress in patients with COVID-19. J. 
Psychosom. Res. 143:110365. doi: 10.1016/j.jpsychores.2021.110365

Khan, A. A., and Khan, S. A. (2021). A study of the understanding of patients who 
have recovered from covid-19: the case of civil hospital jhangi wala, district 
bahawalpur, punjab, pakistan. J. Hosp. Librariansh. 21, 348–366. doi: 
10.1080/15323269.2021.1982258

Li, H., Hafeez, H., and Zaheer, M. (2020). COVID-19 and pretentious psychological 
well-being of students: a threat to educational sustainability. Front. Psychol. 11:628003. doi: 
10.3389/fpsyg.2020.628003

Lim, S., Tay, V., Bhullar, A., Baharuddin, H., Shereen, S. C., and Yusoof, H. M. (2021). A 
questionnaire-based survey on depression and anxiety among rheumatology patients 
during the COVID-19 pandemic: patient's perspective. Oman Med. J. 36:e305. doi: 
10.5001/omj.2022.34

Lima, C. V. C., Candido, E. L., Silva, J. A., Albuquerque, L. V., Soares, L. M., 
Nascimento, M. M., et al. (2020). Effects of quarantine on mental health of populations 
affected by Covid-19 – ScienceDirect. J. Affect. Disorders 275, 253–254. doi: 10.1016/j.
jad.2020.06.063

Lindensj, K. (2019). A regular equilibrium solves the extended hjb system. Oper. Res. 
Lett. 47, 427–432. doi: 10.1016/j.orl.2019.07.011

Liu, D., Kumar, S., and Mookerjee, V. S. (2012). Advertising strategies in electronic 
retailing: a differential games approach. Inform. Syst. Res. 23, 903–917. doi: 10.1287/
isre.1110.0377

Ma, C., Hui, W., and Lin, X. (2015). Nonzero-sum stochastic differential portfolio games 
under a markovian regime switching model. Math. Probl. Eng. 2015, 1–18. doi: 
10.1155/2015/738181

Peterson, J. A., Chesbro, G., Larson, R., Larson, D., and Black, C. D. (2021). Short-Term 
Analysis (8 weeks) of social distancing and isolation on mental health and physical activity 
behavior during COVID-19. Front. Psychol. 12:652086. doi: 10.3389/fpsyg.2021.652086

Rosenbaum, J. E., and Mincer, S. (2021). Policy planning for the post-pandemic world: 
the chronic illness and mental health needs of tens of millions of covid-19 survivors. 
Georgetown J. Int. Aff. 22, 119–129. doi: 10.1353/gia.2021.0002

Ross, C. E., Reynolds, J. R., and Geis, K. J. (2000). The contingent meaning of 
neighborhood stability for residents' psychological well-being. Am. Sociol. Rev. 65, 
581–597. doi: 10.2307/2657384

Shen, T. (2022). Its news headline is “Build a ‘mental health barrier’ for the public.. 
People's Daily Online – People's Daily Overseas Edition. 2022-11-22.

Viscolani, B., and Zaccour, G. (2009). Advertising strategies in a differential game with 
negative competitor’s interference. J. Optim. Theory Appl. 140, 153–170. doi: 10.1007/
s10957-008-9454-7

Xu, F., Xie, Y., Sun, Y., Qin, Z., Li, G., and Zhang, Z. (2022). Two-stage computing 
offloading algorithm in cloud-edge collaborative scenarios based on game theory. Comput. 
Electr. Eng. 97:107624. doi: 10.1016/j.compeleceng.2021.107624

Yin, S., and Zhang, N. (2021). Prevention schemes for future pandemic cases: 
mathematical model and experience of interurban multi-agent covid-19 epidemic 
prevention. Nonlinear Dynam. 104, 2865–2900. doi: 10.1007/s11071-021-06385-4

Zhang, H. (2020). Chinese patients dancing in makeshift hospitals, foreign netizens are 
asking. Thepaper.cn. 2020-02-14.

Zhu, S., Xie, K., and Cui, P. (2021). Dynamic adjustment mechanism and differential 
game model construction of mask emergency supply chain cooperation based on covid-19 
outbreak. Sustainability 13:1115. doi: 10.3390/su13031115

https://doi.org/10.3389/fpsyg.2023.1124063
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1177/1403494820971512
https://doi.org/10.1108/JOSM-05-2020-0145
https://doi.org/10.1108/JOSM-05-2020-0145
https://doi.org/10.1186/s12889-022-12970-y
https://doi.org/10.1371/journal.pone.0251153
https://doi.org/10.1016/S0140-6736(21)02555-1
https://doi.org/10.1016/j.jpsychores.2021.110365
https://doi.org/10.1080/15323269.2021.1982258
https://doi.org/10.3389/fpsyg.2020.628003
https://doi.org/10.5001/omj.2022.34
https://doi.org/10.1016/j.jad.2020.06.063
https://doi.org/10.1016/j.jad.2020.06.063
https://doi.org/10.1016/j.orl.2019.07.011
https://doi.org/10.1287/isre.1110.0377
https://doi.org/10.1287/isre.1110.0377
https://doi.org/10.1155/2015/738181
https://doi.org/10.3389/fpsyg.2021.652086
https://doi.org/10.1353/gia.2021.0002
https://doi.org/10.2307/2657384
https://doi.org/10.1007/s10957-008-9454-7
https://doi.org/10.1007/s10957-008-9454-7
https://doi.org/10.1016/j.compeleceng.2021.107624
https://doi.org/10.1007/s11071-021-06385-4
https://doi.org/10.3390/su13031115

	From depression to wellbeing: How to protect the mental health of isolated people under the “dynamic clearance” of patients with COVID-19
	1. Introduction
	1.1. Background and research significance
	1.2. Literature review
	1.3. Problem description
	1.4. Hypothesis
	1.5. Variable definition

	2. Methodology
	2.1. Differential game
	2.2. Differential game of different psychological counseling modes
	2.2.1. Self-psychological counseling
	2.2.2. Psychological counseling by the government
	2.2.3. Psychological counseling by the social forces

	3. Results
	3.1. HJB formula
	3.2. Result of equilibrium
	3.2.1. Self-psychological counseling
	3.2.2. Psychological counseling by the government
	3.2.3. Psychological counseling by the social forces
	3.3. Comparison of equilibrium results

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

