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Abstract 

Background: Overtime is an international phenomenon, especially in some Chinese Internet technology compa-
nies, the 996 work regime is a common corporate atmosphere. This paper holds that overtime work is the result of a 
long-term dynamic game between employees and employers. In such a dynamic evolution process, employers and 
employees both cooperate and conflict, they will choose a strategy conducive to their own development through 
long-term learning and improvement.

Methods: Based on the evolutionary game theory and principal-agent theory, this paper constructs a 2× 2 evolu-
tionary game matrix. The strategies of employees can be divided into voluntary overtime and involuntary overtime, 
while the strategies of employers can be divided into providing overtime pay and not providing overtime pay. The 
stability of the system is related to four parameters: resource consumption, information asymmetry coefficient, trust 
coefficient, and moral hazard coefficient.

Results: Through an in-depth study of the model and data simulation, the system has five equilibrium points, an ESS 
point, and a saddle point in any case. Accordingly, we put forward two theorems and three propositions, which are 
verified not only theoretically but also by data simulation. Besides, the strategies of the employees and the employers 
will evolve from the initial state to (Involuntarily, Not pay) or (Voluntarily, Pay) under different situations. This is closely 
related to the initial parameters of the evolutionary game model and the payment matrix.

Conclusions: By summarizing the influence of each parameter on the evolutionary path, we believe that fairness 
and information equivalence between employees and employers can effectively promote both parties to reach 
the Pareto optimal state. In other words, employees and employers need to communicate and share information 
promptly to ensure the unity of information acquired by each other and achieve a win–win situation. This paper 
contributes to providing theoretical guidance and practical enlightenment for organizations to manage employees’ 
overtime behavior scientifically and improve their work psychology reasonably.

Keywords: Evolutionary game, Voluntary overtime, Involuntary overtime, Overtime pay, Information asymmetry, 
Principal-agent theory
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Background
Working hours are getting longer all over the world, and 
overtime has become very common, especially in China. 
Nowadays, China not only leads the world in economic 
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growth but also attracts attention from other countries 
for its long-term and stable development. However, the 
development of productivity and the improvement of 
economic level have not freed employees from heavy 
work. On the contrary, overtime work has gradually 
become a new normal and a new culture in the work-
place. According to the disclosure of the National Bureau 
of Statistics in April 2021, the average weekly working 
time of employees in Chinese enterprises is 46.4 h, 2.4 h 
higher than the legal maximum weekly working hours. At 
present, China is still a developing country, with an aging 
population, the advantage of labor resources will gradu-
ally weaken, and the phenomenon of overtime work may 
become increasingly severe.

Another noteworthy circumstance in China is the 996 
work regime, it derives its name from its requirement 
that employees work from 9:00 am to 9:00 pm, 6 days per 
week, i.e. 72 h per week [1]. Some organizations do not 
enforce the 996 work regime but take a range of meas-
ures to encourage employees to work overtime voluntar-
ily, such as reimbursing taxi fares, providing gyms and 
restaurants to employees who stay late at night [2]. In 
the long run, the line between mandatory and voluntary 
overtime has become blurred, and the 996 work regime 
has become embedded in the so-called corporate culture, 
where organizations have evolved the overuse of employ-
ees into ethical requirements for employees. Long work-
ing hours not only harm the physical and mental health 
of the workforce [3], but also further lead to work-fam-
ily conflict [4], thereby reducing the effectiveness of the 
workforce.

This paper holds that the 996 work regime is the result 
of a long-term interactive game between employers and 
employees. Whether employees choose to work over-
time voluntarily or involuntarily, depending on the work 
atmosphere and the strategies of employers. In such a 
dynamic evolution process, employers and employees 
both cooperate and conflict, and they will choose a strat-
egy conducive to their own development through long-
term learning and improvement. In addition, employees 
are often at a disadvantage in information compared to 
employers, and the information asymmetry between 
them will also affect their strategic choices. In this con-
text, we believe evolutionary game theory is an effective 
method to describe this universal social phenomenon.

The evolutionary game theory originated from the 
research of evolutionary biology and was largely used 
to study the competition phenomenon in the process of 
biological evolution, which is based on the assumption 
of bounded rationality and limited information [5]. The 
players are population rather than individuals, and the 
population keeps learning and imitating in the process of 
the game, so as to maximize the benefits and reach the 

equilibrium state in the dynamic process [6]. The evo-
lutionary game theory breaks through the limitation of 
traditional game theory on the complete rationality of 
game participants, which is very different from the clas-
sical game theory and closer to the actual game situa-
tion. So far, evolutionary game theory has been widely 
used in the field of management, because it has unique 
advantages in solving the long-term equilibrium problem 
of bounded rational players’ decision-making behavior. It 
can help solve problems such as a game about the supply 
and demand of virtual goods between users and develop-
ers [7], the choice of coping strategies in social media cri-
sis communication [8], and interactive conflicts between 
enterprises and government authorities in the regulatory 
process of sharing economy [9].

As described above, the formation of the 996 work 
regime can be regarded as a dynamic evolution process 
between employers and employees, and evolutionary 
game theory has good applicability here. First of all, we 
review the causes of voluntary overtime work as well as 
the relationship between information asymmetry and 
overtime work.

Voluntary overtime
Voluntary overtime is defined as working overtime for 
positive reasons [10]. The concept of involuntary over-
time is similar to the loss of control over working hours 
[11], so the occurrence of involuntary overtime often 
causes some negative effects, such as high fatigue [12], 
high levels of depersonalization [13], and low satisfaction 
[14]. However, overtime is not always explicitly recog-
nized as voluntary or involuntary, and there can be a gray 
area that is hard to define between voluntary and invol-
untary overtime [15]. According to existing research, 
employees may work overtime voluntarily for the follow-
ing reasons:

Firstly and most crucially, to increase economic 
income. From the perspective of the economic util-
ity analysis, overtime is a utility maximization decision 
made by employees based on their ability endowments 
under a given labor market wage rate, regardless of the 
group of employees [16]. Under a certain social labor 
productivity condition, employees are often willing to 
spend more time on paid work, to increase family income 
and ensure their career prospects. For example, employ-
ees in manual labor and low-skill positions often choose 
to work overtime voluntarily to increase their economic 
income [17]. However, in the long run, when the welfare 
loss caused by the reduction of leisure time is greater 
than the income increase caused by overtime work, it will 
bring net welfare loss to employees who work overtime 
[18].
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Secondly, for an organizational culture characterized 
by overtime. The formation of organizational culture 
is influenced by the beliefs and values of the leadership 
[19], which is consolidated through the recruitment and 
mobility of employees [20] and resocialized through the 
interaction within the organization [21]. Organizations 
confuse overtime culture with professional ethics, giv-
ing employees the illusion that "no overtime means no 
effort". In this kind of corporate culture of moral kidnap-
ping, employees’ herd mentality will drive them to work 
overtime voluntarily. Furthermore, organizations often 
regard whether employees are willing to work overtime 
as an important criterion to judge their contribution to 
the organization, leadership potential and promotion 
[22]. Such a corporate culture blurs the line between vol-
untary and mandatory overtime, and employees have to 
put up with the 996 work regime.

Thirdly, for a sense of personal achievement. There are 
also some employees who are enthusiastic about their 
work and willing to devote a lot of spare time to their 
work. According to self-determination theory, when the 
degree of overtime self-determination is high, employ-
ees control overtime behavior with their own will, and 
the satisfaction of their independent needs brings posi-
tive emotions, which alleviates the negative psychological 
effects of overtime [23]. Furthermore, high self-determi-
nation of overtime is often associated with higher work 
efficiency. Employees can experience a sense of accom-
plishment and control over their work when productiv-
ity increases and work goals are met [24]. Research shows 
that people with self-driven personalities [25], high levels 
of conscientiousness, and achievement motivation [26] 
work overtime more often.

Among them, we believe that salary is the key factor 
affecting whether employees work overtime. A study 
has shown that low-paid employees have higher levels of 
burnout when they work overtime, especially when they 
work involuntary overtime [27]. However, under the con-
dition of unpaid overtime, employees who work involun-
tarily overtime are more likely to face job burnout, but 
higher overtime pay can offset part of the negative effects 
caused by forced overtime [15]. On the one hand, the 
longer you work overtime, the more likely you are to feel 
job burnout. Because commitment to work depletes both 
physical and mental resources, the longer you work over-
time, the more that resource is lost [28]. On the other 
hand, individuals will feel higher psychological pres-
sure when they are faced with resource loss or resource 
investment without return [29], and overtime compensa-
tion can compensate part of the resources lost in the pro-
cess of overtime work, which helps reduce the increased 
psychological pressure caused by overtime work. To con-
clude, we believe that whether employees choose to work 

overtime voluntarily and material reward jointly affects 
their working psychology.

Information asymmetry
Information asymmetry refers to a relationship in which 
one party has more or better information than the other 
[30]. The concept of information asymmetry is widely 
spread in management research and its existence is the 
core assumption of organizational frontier theory [31]. In 
the existing management literature, information asym-
metry has been applied to the study of corporate social 
responsibility performance [32], technical information 
loss regarding human capital [33], team relationship con-
flict [34], and enterprise information management ability 
[35].

To some extent, the information asymmetry between 
employers and employees also affects overtime behavior. 
Studies have pointed out that information asymmetry on 
employee productivity is the cause of low efficiency and 
long working hours. Since employers cannot observe 
the true productivity of employees, they use long work-
ing hours as a mechanism to screen out productive 
employees [36]. In addition, when the output of a single 
employee is difficult to measure, the employer may evalu-
ate the employee’s performance in an absolute or relative 
way and offer potential rewards such as salary increase, 
bonus, or promotion, which may cause the employee’s 
sense of injustice at work [37]. Secretive pay scales lead 
more employees to try to boost their pay in the form of 
overtime[38]. Employees who are treated well and fairly 
by their employers also tend to prove their commitment 
by working overtime [39]. However, a study have found 
that paid overtime and unpaid overtime had no signifi-
cant effect on salary growth or promotion [40].

The present study
Existing researches mainly analyze employees’ overtime 
behavior from the perspectives of management, organi-
zational behavior, and psychology [15, 41, 42]. However, 
few studies have taken information asymmetry into 
account because it is a difficult variable to quantify in 
the field of organizational behavior. This paper intends 
to analyze employees’ overtime behavior based on prin-
cipal-agent theory, comprehensively consider the infor-
mation asymmetry between employees and employers, 
and explain the evolutionary learning process of both 
parties by constructing a dynamic game model of over-
time behavior. Through this paper, we want to answer 
the following questions: (a) In the dynamic game of the 
employee-employer relationship, what factors affect their 
respective returns? (b) What are the evolutionary sta-
bility strategies of the whole system? and (c) How can 
both of the parties reach the optimal stable strategy? The 



Page 4 of 17Dong and Yan  BMC Psychology           (2022) 10:95 

conclusion of this study is expected to provide theoretical 
guidance and practical inspiration for organizations to 
manage employees’ overtime behavior scientifically and 
rationally improve their psychological state at work.

This paper has made contributions in the follow-
ing aspects: (a) We use the evolutionary game model 
to solve problems in organizational behavior, which is a 
convergence of disciplines. (b) We include information 
asymmetry into the game model and conduct simula-
tion experiments to quantitatively study the impact of 
information asymmetry on voluntary overtime work of 
employees, which is a supplement to existing overtime 
literature. (c) We use the principal-agent theory to con-
struct the hypothesis and payment matrix, which is an 
extension of the theory.

Methods
The most commonly used model in evolutionary game 
is the two-party game model. In the simplest two-player 
game, players are given a finite number of strategies, and 
the game is defined by listing the strategies players use 
and the benefits they generate [43]. If each player has 
two strategies to choose from, their strategies can con-
struct a 2× 2 symmetric or asymmetric game matrix. 
According to the relative size of matrix elements, there 
are four types of games: prisoner’s dilemma, hawk–dove 
game, stag hunt, and the trivial game with no dilemma 
[44]. Evolutionary stability strategy (ESS) and replication 
dynamics equation (RD) are two core concepts of evolu-
tionary game theory. ESS is used to describe a strategy, 
that is, when the majority of individuals in the population 
choose a strategy, the group that chooses the mutation 
strategy cannot invade the group containing the majority 
of individuals, because it contains fewer individuals, so 
ESS has good stability in the process of the evolutionary 
game [45]. RD was proposed by Taylor and Jahnke [46], 
it refers to the ability of individuals to frequently adjust 
themselves through imitation, learning, and selection of 
the current situation [47].

In a two-party game, let e1,e2,...,em ∈ �m be the m pure 
strategies of one party, and f1,f2,...,fn ∈ �n be the n pure 
strategies of the other party. Then, A,B,C , and D are 
the four payoff matrices under the 2× 2 strategy matrix. 
Specifically, A is a m×m intraspecific payoff matrix, B 
is a m× n interspecific payoff matrix, C is a n×m pay-
off matrix, and D is a n× n payoff matrix. The expected 
returns of both parties of the game depend on their strat-
egies and the strategy pair (S,T ) ∈ �m

×�n that specify 
the mean strategies of both parties.

Definition 1. [48, 49] (S∗,T ∗) ∈ �m
×�n is an ESS if, 

for all other (S,T ) in �m
×�n,

 i. (i)S × (AS∗ + BT ∗) ≤ S∗ × (AS∗ + BT ∗) and 
T × (CS∗ + DT ∗) ≤ T ∗

× (CS∗ + DT ∗);
 ii. if both comparisons in (i) are equalities, then 

either S × (AS + BT ) < S∗ × (AS + BT ) or 
T × (CS + DT ) < T ∗

× (CS + DT ).

The equilibrium condition (i) maintain that (S∗,T ∗) 
is a best strategy pair of ESS. The stability condition (ii) 
gives at least one party a positive incentive to remain in 
the ESS component if an alternative best response (S,T ) 
is considered.

Let pk(t) be the frequency at time t of the first party 
using ek ∈ �m , and ql(t) be the frequency at time t of the 
other party using fl ∈ �n , then the replication dynamics 
equation is [46, 50]

Problem description
From an organizational point of view, working hour is an 
important criterion for the game between employees and 
employers, because the unreasonable working hour and 
remuneration are important factors for labor conflict. In 
the labor market, labor supply has exceeded demand for 
a long time, resulting in serious inequality in labor-cap-
ital relations, and employers play a dominant role in the 
game of labor-capital power.

The principal-agent theory is the application of asym-
metric information game theory in economics, it studies 
the optimal transaction contract under the condition of 
asymmetric information. Specifically speaking, principal-
agent refers to a contractual relationship in which a per-
son or some people (principals) entrust others (agents) to 
engage in certain activities by the interests of principals, 
and correspondingly grant agents some decision-making 
rights [51]. In this contract, the party who takes the ini-
tiative to design the contract form is called the principal, 
while the party who passively accepts the contract form is 
called the agent. When the principal cannot observe the 
effort level of the agent, the inertia of the agent will cause 
the interest loss of the principal. In this case, the princi-
pal will design the corresponding incentive mechanism 
to induce the agent to improve the effort level [52].

According to principal-agent theory, the employer 
can be regarded as the principal and the employee as 
the agent in our game. Overtime work behavior is the 
result of a long-term dynamic game between employees 
and employers. The unequal status of labor and capital 
causes information asymmetry between employees and 
employers, and employers play a dominant role. In order 
to maximize corporate profits, employers have a strong 
incentive to manipulate employees’ working hours and 

ṗk = pk(ek − p)× (Ap+ Bq)
q̇l = ql(fl − q)× (Cp+ Dq)
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turn it into reality. However, due to information asym-
metry, it is difficult for employers to determine whether 
employees are working overtime effectively, and thus pay 
employees at all levels equally for overtime. Similarly, 
employees who choose to volunteer overtime also have 
a hard time judging the authenticity of positive messages 
from employers, which tend to avoid negative messages 
in order to increase employee motivation and loyalty. 
In principal-agent issues, information asymmetry after 
a contract is signed can lead to moral hazard [53], so in 
our game, both employers and employees face the prob-
lem of moral hazard. In addition, research has shown that 
trust and reciprocity between players are more impor-
tant than incentives in principal-agent problems [54], 
thus we believe that mutual trust between employees and 
employers will produce synergistic benefits.

Model assumptions
As have discussed above, we assume that both employers 
and employees are bounded rational economic individu-
als. When they are faced with incomplete information, 
their strategies are not optimal at the beginning. But as 
time goes by, they gradually find the optimal strategy for 
themselves through continuous learning and trial. The 
purpose of employees is to maximize their labor utility, 
while the purpose of employers is to maximize profits.

During the dynamic game between employees and 
employers, both parties have two choice strategies. 
Employees can be divided into working overtime volun-
tarily or involuntarily. Assume that the ratio of employ-
ees who choose voluntary overtime strategy is x , and 
the ratio of employees who choose involuntary overtime 
strategy is 1− x . Employers can choose to give overtime 
pay and not give overtime pay. Assume that the ratio of 
employers who choose to pay overtime is y , and the ratio 
of employers who choose not to pay overtime is 1− y . 
Apparently, both parties will consume certain resources, 
such as time, energy and material, etc. It is assumed 
that the resources invested by employees and employ-
ers are Ri and Rj respectively. One of the game strate-
gies is (Involuntarily, Not pay), in this case, the benefits 
of employees and employers are �i and �j , respectively. 
The optimal strategy is (Voluntarily, Pay), both parties of 
the game trust each other and generate additional syner-
gistic benefits, such as material rewards, good reputation 
and social recognition. Assume that the employee’s trust 
coefficient to the employer is θi , and the employer’s trust 
coefficient to the employee is θj . Then the synergistic 
benefits earned by employees and employers are θiRi and 
θjRj , respectively. Furthermore, suppose that the infor-
mation asymmetry coefficient of employee is αi , that of 
employers is αj , and αi > αj > 0 . Information asymmetry 
between employees and employers will result in a certain 

cost, the cost paid by employees is αiRi , the cost paid by 
employers is αjRj . Finally, assume that the moral hazard 
coefficient of employees is βi and that of employers is βj . 
If an employee chooses the involuntary overtime strategy 
and the employer offers overtime payment, the employee 
can obtain additional moral hazard benefit βiRj from the 
employer. On the other hand, if the employer chooses 
the strategy of not offering overtime payment and the 
employee chooses to work overtime voluntarily, then the 
employer can obtain additional moral hazard benefit βjRi 
from the employee.

Table 1 shows all the parameters used in our game and 
their descriptions.

Payment matrix
Based on the above assumptions, we can construct a pay-
ment matrix about the employee-employer relationship 
of overtime behavior, as shown in Table 2.

Case 1 (Involuntarily, Not pay). Employees have to 
work overtime involuntarily without pay, in which case 
the benefits of employees and employers are �i and �j 
respectively.

Case 2 (Voluntarily, Not pay). Employees who volun-
teer to work overtime pay extra costs αiRi due to infor-
mation asymmetry. However, employers can benefit βjRi 

Table 1 Description of parameters

Parameters Descriptions

x The ratio of employees who choose voluntary overtime 
strategy

y The ratio of employers who choose to pay overtime

�i The initial benefits of employees

�j The initial benefits of employers

Ri The resources invested by employees

Rj The resources invested by employers

θi The employee’s trust coefficient to the employer

θj The employer’s trust coefficient to the employee

αi The information asymmetry coefficient of employees

αj The information asymmetry coefficient of employers

βi The moral hazard coefficient of employees

βj The moral hazard coefficient of employers

Table 2 Payment matrix between employees and employers

Employee (i)

Voluntarily Involuntarily

Employer
(j)

Pay (y)
(
�i − αiRi + θiRi ,
�j − αjRj + θjRj

)
(�i + βiRj ,�j − αjRj)

Not pay (1− y) (�i − αiRi ,�j + βj Ri)(�i ,�j)
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from employees who volunteer to work overtime because 
they get free labor at no extra cost.

Case 3 (Involuntarily, Pay). Employers cannot judge 
the overtime efficiency of the employees who work over-
time involuntarily, but they offer the same remuneration 
to employees at the same level, so the employees can get 
extra benefits βiRj from employers, while employers have 
to pay the cost αjRj caused by information asymmetry.

Case 4 (Voluntarily, Pay). Due to information asym-
metry, both parties have to pay a certain cost of αiRi and 
αjRj . In addition, it is a harmonious state in which both 
parties trust each other and they can gain additional ben-
efits θR due to trust.

Results
Evolutionary stability analysis
According to Table 2, at a t moment, the expected returns 
of an employee’s choice of voluntary overtime are:

The expected returns of an employee’s choice of invol-
untary overtime are:

The employee’s average expected returns can be 
denoted by:

The replicated dynamic equation of the employee can 
be expressed as follows:

Similarly, the expected returns of an employer’s choice 
of pay strategy and not pay strategy are as follows:

Accordingly, the employer’s average expected returns 
can be denoted by:

(1)
E(A1) = y(�i − αiRi + θiRi)+

(

1− y
)

(�i − αiRi)

(2)E(A2) = y
(

�i + βiRj

)

+

(

1− y
)

�i

(3)

E(A) = xE(A1)+ (1− x)E(A2)

= x
[

y(�i − αiRi + θiRi)+
(

1− y
)

(�i − αiRi)
]

+ (1− x)
[

y
(

�i + βiRj

)

+

(

1− y
)

�i

]

(4)
f (x) =

dx

dt
= x

[

E(A1)− E(A)
]

= x(1− x)[E(A1)− E(A2)]

= x(1− x)
[

y
(

θiRi − βiRj

)

− αiRi

]

(5)
E(B1) = x

(

�j − αjRj + θjRj

)

+ (1− x)
(

�j − αjRj

)

(6)E(B2) = x
(

�j + βjRi

)

+ (1− x)�j

Further, the replicated dynamic equation of the 
employer can be expressed as follows:

Equilibrium points (x, y) are when both dynamic equa-
tions are equal to zero. According to Eqs. (4) and (8), we 
can obtain the following two theorems:

Theorem  1. Five equilibrium points can be acquired, 
namely E1(0, 0) , E2(1, 0) , E3(0, 1) , E4(1, 1) , and E5(x∗, y∗) , 
where:

Proof. Substituting the five equilibrium points into 
Eqs. (4) and (8), it is easy to observe that all of them sat-
isfy f (x) = 0 and f (y) = 0.

Theorem 1 reveals all equilibrium points according to 
the replication dynamic equations Eqs.  (4) and (8), but 
whether these equilibrium points satisfy ESS needs fur-
ther analysis. According to the definition of ESS in Defi-
nition 1, we can derive Theorem 2:

Theorem  2 The equilibrium point E1(0, 0) is the ESS, 
the equilibrium point E5(x∗, y∗) is a saddle point, while 
the other three equilibrium points need to be discussed on 
a case-by-case basis.

Proof According to Friedman [5], the stability of equi-
librium points can be obtained by analyzing the local sta-
bility of the Jacobian matrix, which can be defined by:

where:

(7)

E(B) = yE(B1)+
(

1− y
)

E(B2)

= y
[

x
(

�j − αjRj + θjRj

)

+ (1− x)
(

�j − αjRj

)]

+

(

1− y
)[

x
(

�j + βjRi

)

+ (1− x)�j

]

(8)
f
(

y
)

=

dy

dt
= y

[

E(B1)− E(B)
]

=y
(

1− y
)

[E(B1)− E(B2)]

=y
(

1− y
)[

x
(

θjRj − βjRi

)

− αjRj

]

x∗ =

αjRj

θjRj − βjRi
, y∗ =

αiRi

θiRi − βiRj

(9)J =

[ df (x)
dx

df (x)
dy

df (y)
dx

df (y)
dy

]

=

[

a11 a12
a21 a22

]

a11 = (1− 2x)[y
(

θiRi − βiRj

)

− αiRi]

a12 = x(1− x)(θiRi − βiRj)

a21 = y(1− y)(θjRj − βjRi)

a22 = (1− 2y)[x
(

θjRj − βjRi

)

− αjRj]
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The expression of the determinant and trace of the 
Jacobian matrix at five equilibrium points is shown in 
Table 3.

It is obvious that (αiRi)× (αjRj)>0 and −
(

αiRi + αjRj

)

< 0 
are all true in any cases, thus E1(0, 0) is the ESS. Likewise, 
−(αiRi)×

(

αjRj

)

× (1− x∗)×
(

1− y∗
)

< 0 is true under 
any circumstances, thus E5(x∗, y∗) is a saddle point. How-
ever, the determinant and trace size of the other three 
equilibrium points need to be determined by discussing 
the sign fraction of the parameters.

Theorem 2 indicates that there must be an ESS in the 
system for two parties to establish a stable relationship. 
Both parties of the game can constantly adjust from the 
initial state so as to achieve the optimal revenue, and the 
evolution path is dependent.

In order to further determine the evolutionary stabil-
ity strategy of the system, we substitute the above five 
equilibrium points into the Jacobian matrix to calculate 
its determinant and trace for local stability analysis under 
different constraints. See Table 4 for details. The equilib-
rium strategy under different constraints is only an ideal 

state, but it has important implications for organizational 
management. We put forward the following propositions:

Proposition 1 When the benefits gained through moral 
hazard is greater than the difference between the syn-
ergy benefit generated by cooperative trust and the cost of 
information asymmetry, the game will stabilize at (Invol-
untarily, Not pay).

Proof When θiRi − βiRj < αiRi andθjRj − βjRi < αjRj , 
the system has a unique evolutionary stable point 
E1(0, 0) , three saddle points, and one unstable point. This 
means that no matter what the initial conditions of the 
system are, it will evolve from the unstable point through 
the saddle point to the only stable state. The phase 
changes of system evolution are shown in Fig. 1.

Proposition 2 When the benefit gained through moral 
hazard is less than the difference between the synergy ben-
efit generated by cooperative trust and the cost of informa-
tion asymmetry, there are two sets of equilibrium strate-
gies: (Voluntarily, Pay) and (Involuntarily, Not pay).

Proof. When θiRi − βiRj > αiRi and θjRj − βjRi > αjRj , 
the system has two evolutionary stable points E1(0, 0) and 
E4(1, 1) , two unstable points E2(1, 0) E3(0, 1) , and one 
saddle point E5(x∗, y∗) . As can be seen from Fig.  2, the 
broken lines BD and DA connected by unstable points 
and saddle points constitute the dividing line of system 
convergence to different equilibrium points. The ADBC 
part on the upper right of the broken line will converge 
to point equilibrium (1, 1) of the entire evolutionary sys-
tem under the action of evolutionary stability strategy 
DC , while the ADBO part at the lower left of the broken 
line converges to the equilibrium point (0, 0) of the entire 

Table 3 The expression of the determinant and trace at five 
equilibrium points

Equilibrium 
points

det(J) tr(J)

E1(0, 0) (αiRi)× (αjRj) −(αiRi + αjRj)

E2(1, 0) αiRi × (θjRj − βj Ri − αjRj) αiRi + (θjRj − βj Ri − αjRj)

E3(0, 1) αjRj × (θiRi − βiRj − αiRi) αjRj + (θiRi − βiRj − αiRi)

E4(1, 1)
(

θiRi − βiRj − αiRi
)

×

(θjRj − βjRi − αjRj)

−[(θiRi − βiRj − αiRi)+
(θjRj − βjRi − αjRj)]

E5(x
∗
, y∗) −(αiRi)×

(

αjRj
)

×(1− x∗)× (1− y∗)

0

Table 4 Local stability analysis of different scenarios at each 
equilibrium point

Scenarios Constraints Points det(J) tr(J) Results

Scenario 1
{

θiRi − βiRj < αiRi
θj Rj − βj Ri < αjRj

E1 + − ESS

E2 − Uncertain Saddle point

E3 − Uncertain Saddle point

E4 + + Unstable

E5 − 0 Saddle point

Scenario 2
{

θiRi − βiRj > αiRi
θj Rj − βj Ri > αjRj

E1 + − ESS

E2 + + Unstable

E3 + + Unstable

E4 + − ESS

E5 − 0 Saddle point Fig. 1 Evolution phase diagram of the system under scenario 1
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evolutionary system under the action of evolutionary 
stability strategy DO . These two different evolutionary 
stability strategies coexist, but their properties are quite 
different.

Proposition 3. Specifically, when the difference between 
the synergy benefit generated by trust and the cost of infor-
mation asymmetry is greater than twice the moral hazard 
benefit, the game will stabilize at (Voluntarily, Pay).

Proof. When θiRi − βiRj > 2αiRi and θjRj − βjRi >

2αjRj , which refers to αiRi/(θiRi − βiRj) < 1/2 and 
αjRj/(θjRj − βjRi) < 1/2 , thus x∗ < 1/2 and y∗ < 1/2 . 
The area of ADBC in Fig. 2 will be greater than the area 

of ADBO , the final strategy of the system will stabilize at 
C(1, 1).

Simulation experiments
Through the theoretical analysis demonstrated above, 
two evolutionary game stability strategies have been 
recognized, which can be acquired when corresponding 
constraints are satisfied. In order to intuitively reveal the 
evolutionary trajectories of employees and employers, 
along with their sensitivity to each parameter, this sec-
tion intends to simulate the model based on the three 
constraints and replication dynamics equations by using 
MATLAB.

The number of resources consumed
Scenario 1. We set θi = θj = 0.8 , βi = βj = 0.6 , αi = 0.4 , 
and αj = 0.3 , then we can have

Here we simulate values Rj = 6, 12, 18, 24 respectively 
to observe their impact on the system.

In Fig. 3, as Ri and Rj increases, the curves are closer to 
y-axis, which means the increase of the two parameters 
will help shorten the time for the system to reach stabil-
ity. Moreover, the influence of Rj is significantly greater 
than that of Ri for both parties. Thus, the Proposition 
1 is confirmed from Fig.  3. In addition, the increase of 
resources invested by both parties of the game will help 

{

0.8Ri − 0.6Rj < 0.4Ri

0.8Rj − 0.6Ri < 0.3Rj
⇒

{

0.4Ri < 0.6Rj

0.5Rj < 0.6Ri
⇒

5

6
Rj < Ri <

3

2
Rj

Fig. 2 Evolution phase diagram of the system under scenario 2

Fig. 3 The influence curve of resource consumed on evolution results under scenario 1
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the system stabilize at (Involuntarily, Not pay), especially 
the increase of employers’ resources.

Scenario 2. We set θi = θj = 0.9 , βi = βj = 0.2 , 
αi = 0.5 , and αj = 0.2 , therefore

Then we assign values Rj = 40, 42, 46, 50 respectively 
to in Fig. 4.

Obviously, the Proposition 2 is confirmed accord-
ing to the trend of the curves in Fig. 4. The effect of Ri 
and Rj on the evolutionary path of both parties is rela-
tively complex in scenario 2. There are roughly three 
situations: (1) if Ri = Rj , both parties of the game will 
undergo a long linear path evolution and then stabilize. 
(2) if Ri is much smaller than Rj or Ri is much larger 
than Rj , both parties of the game will reach equilibrium 
in a short time at (0, 0) . (3) When Ri is close to but not 
equal to Rj , both parties will finally reach equilibrium 
at (1, 1) in a short time. In addition, these situations are 
also affected by the values of the other parameters we 
set. In order to make employees and employers reach 
equilibrium faster in the long-term dynamic game evo-
lution process, the number of resources invested by 
employees and employers should be similar or even the 
same.

{

0.9Ri − 0.2Rj > 0.5Ri

0.9Rj − 0.2Ri > 0.2Rj
⇒

{

0.4Ri > 0.2Rj

0.7Rj > 0.2Ri
⇒

1

2
Rj < Ri <

7

2
Rj

Information asymmetry coefficient
Scenario 1. We set Ri = Rj = 4 , θi = θj = 0.9 , 
βi = βj = 0.8 , then we can have

Therefore, we set αi = 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 , 
αj = 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 to simulate the system.

When the value of αi increases from 0.3 to 0.7, the evo-
lutionary path curve of employees is closer to the y-axis. 
That is to say, the increase in αi will help short the time 
it took employees to reach equilibrium. When αi value is 
equal to 0.8 and 0.9, the evolution curves no longer fol-
low the above rules and deviate far from the y-axis, which 
indicates that when the information asymmetry coeffi-
cient increases to a certain extent, the system will take a 
long time to stabilize.

Under the same conditions of other parameters, the 
curve in figure (a) can approach the x-axis at t = 15 , but 
most of the curves in figure (b) approach the x-axis until 
t = 90 , or even t = 150 . It is suggested that employers take 
much longer than employees to reach equilibrium when 
other parameters being equal. In figure (b), the two curves 
with the longest evolution time are αi = 0.8,αj = 0.2 
and αi = 0.9,αj = 0.2 . The difference in information 







0.9× 4 − 0.8× 4 < αi × 4

0.9× 4 − 0.8× 4 < αj × 4

αi < αj

⇒ αi > αj > 0.1

Fig. 4 The influence curve of resource consumed on evolution results under scenario 2
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asymmetry coefficient between the two groups of data is 
relatively large, and the information asymmetry coefficient 
of employees is much larger than that of employers. How-
ever, if αj value is fixed at 0.2, αi = 0.3, 0.4, 0.5, 0.6, 0.7 , the 
evolution curves are very close to the y-axis, and equilib-
rium can be reached at t = 10 . There are also two more 
irregular curves, αi = 0.8,αj = 0.7 and αi = 0.9,αj = 0.8 , 
which represent large asymmetry coefficients on both par-
ties, and employers can easily reach the equilibrium point 
in both cases.

As a whole, the information asymmetry coefficient has a 
great influence on the evolution time of both parties, and 
the Proposition 1 can also be confirmed from Fig.  5. In 
order to stabilize the system, the difference in information 
asymmetry coefficient between employees and employers 
should not be too large. αi and αj are either small or large, 
which indicates that employees and employers should 
have similar information about overtime strategies. How-
ever, the information asymmetry coefficient of employees 
is often greater than that of employers in real life. Hence, 
employers have the obligation to share information with 
employees in a timely manner to narrow the information 
asymmetry gap, so as to achieve a win–win situation.

Scenario 2. We set Ri = Rj = 4 , θi = θj = 0.8 , 
βi = βj = 0.2 , it follows that







0.8× 4 − 0.2× 4 > αi × 4

0.8× 4 − 0.2× 4 > αj × 4

αi < αj

⇒ 0.6 > αi > αj

In Fig. 6, we change the value of αi from 0.2 to 0.5 and 
the value of αj from 0.1 to 0.4. The Proposition 2 is con-
firmed according to Fig. 6.

On the left, when αi is fixed, the smaller αj is, the faster 
x → 1 ; When αj is fixed, the smaller αi is, the faster 
x → 1 . In the lower part of figure (a), when αi is fixed, 
the larger αj is, the faster x → 0 ; When αj is fixed, the 
bigger αi is, the faster x → 0 . In addition, there are two 
abnormal curves αi = 0.4,αj = 0.2 and αi = 0.5,αj = 0.1 , 
which approach x = 1 at around t = 75 and t = 125 
respectively.

The right picture and the left picture have similar 
patterns. For the top four curves, the smaller the αj is 
when the αi is fixed, or the smaller the αi is when the αj 
is fixed, the easier y → 1 . The bottom four curves take 
longer to reach the equilibrium point than the top four, 
and the larger the αj when the αi is fixed or the larger 
the αi when the αj is fixed, the easier y → 0 . Similarly, 
there are two anomalous curves αi = 0.4,αj = 0.2 and 
αi = 0.5,αj = 0.1 that approach x = 1  at around t = 75 
and t = 115 , respectively.

In particular, when αi = 0.2,αj = 0.1 , which satisfies 
θiRi − βiRj > 2αiRi and θjRj − βjRi > 2αjRj , the system 
stabilizes at (Voluntarily, Pay) from Fig. 6, thus, Proposi-
tion 3 is confirmed.

By summarizing the curve rules of the two graphs, we 
can find that the information asymmetry coefficients 
of the curves in the upper part of the graph are rela-
tively small, and both parties of the game can reach the 

Fig. 5 The influence curve of information asymmetry coefficient on evolution results under scenario 1
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equilibrium point faster with the decrease of the two 
parameters. The information asymmetry coefficients of 
curves in the lower part of the graph are slightly larger, 
and both parties of the game reach the equilibrium 
point faster with the increase of the two parameters. 
The practical significance of scenario 2 is similar to sce-
nario 1, that is, the information asymmetry coefficient 

gap between employees and employers should not be too 
large, and only when αi and αj are both small or large, can 
both parties achieve equilibrium. However, in scenario 2, 
we expect both parties to choose the equilibrium point 
(1, 1) , therefore, the information asymmetry coefficients 
of both parties should be small and the gap between 
them is not too large.

Fig. 6 The influence curve of information asymmetry coefficient on evolution results under scenario 2

Fig. 7 The influence curve of trust coefficient on evolution results under scenario 1



Page 12 of 17Dong and Yan  BMC Psychology           (2022) 10:95 

Trust coefficient
Scenario 1. We set Ri = Rj = 4 , βi = βj = 0.3 , αi = 0.4 , 
and αj = 0.3 , then

In scenario 1, the impact of the trust coefficient on the 
evolution path of employees and employers is basically 
the same. The evolution curves of both parties all reach 
the equilibrium point until t = 8. The increase of θi and θj 
makes the evolution curves of employees and employers 
deviate from the y-axis, which also prolongs the time for 
the system to reach the equilibrium point. The Proposi-
tion 1 is also confirmed from Fig. 7.

Scenario 2. We set Ri = Rj = 4 , βi = βj = 0.3 , 
αi = 0.3 , and αj = 0.2 , then we can have

In scenario 2, the evolution rules of curves in figure (a) 
and (b) can be summarized as follows: in the lower part of 
figures, both parties tend to the equilibrium point (0, 0) , 
that is, employees choose the strategy of involuntary over-
time work, while employers choose the strategy of no over-
time pay, in this case, the decrease of θi and θj can help 
shorten the evolution time of both parties. In the upper 
part of graphs, there are three curves in both graphs that 
tend to the point (1, 1) , i.e., employees choose the strategy 

{

0 < 4 × θi − 0.3× 4 < 0.4 × 4

0 < 4 × θj − 0.3× 4 < 0.3× 4
⇒

{

0.3 < θi < 0.7

0.3 < θj < 0.6

{

4 × θi − 0.3× 4 > 0.3× 4

4 × θj − 0.3× 4 > 0.2× 4
⇒

{

θi > 0.6

θj > 0.5

of voluntary overtime and employers choose the strategy 
of overtime payment. As θi and θj increase, the evolution 
curves all move closer to the y-axis. In addition, there are 
two abnormal curves in both graphs, θi = 0.8, θj = 0.8 and 
θi = 0.9, θj = 0.7 . θi = 0.8, θj = 0.8 finally tends to (0, 0) 
around t = 85 , and θi = 0.9, θj = 0.7 tends to (1, 1) around 
t = 95 . In particular, when θi = 0.9, θj = 0.9 , which sat-
isfies θiRi − βiRj > 2αiRi and θjRj − βjRi > 2αjRj , the 
system stabilizes at (Voluntarily, Pay) from Fig.  8, thus, 
Proposition 2 and Proposition 3 are confirmed here.

In either case, the trust coefficient has a consistent effect 
on both employees and employers. The decrease of θi and θj 
can help shorten the time for both parties to evolve to the 
equilibrium point (0,0), while the increase of θi and θj can 
accelerate the evolution of both parties to the equilibrium 
point of (1,1).

Moral hazard
Scenario 1. We set Ri = Rj = 4 , θi = θj = 0.8 , αi = 0.5 , 
and αj = 0.4 , thus

whereupon, we set βi = 0.4, 0.5, 0.6, 0.7 and 
βj = 0.5, 0.6, 0.7 . Figure 9 respectively shows the influence 
of the moral hazard coefficient on employees and employ-
ers. The patterns of these two graphs are very similar. As 
βi and βj increase, they get closer and closer to the y-axis. 
In other words, the higher the value of βi or βj is, the more 

{

0 < 0.8× 4 − βi × 4 < 0.5× 4

0 < 0.8× 4 − βi × 4 < 0.4 × 4
⇒

{

0.3 < βi < 0.8

0.4 < βj < 0.8

Fig. 8 The influence curve of trust coefficient on evolution results under scenario 2
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stable the system is. The Proposition 1 is also confirmed 
from Fig. 9.

Scenario 2. We set Ri = Rj = 4 , θi = θj = 0.7 , αi = 0.3 , 
and αj = 0.2 , thus

{

0.7× 4 − βi × 4 > 0.3× 4

0.7× 4 − βi × 4 > 0.2× 4
⇒

{

βi < 0.4

βj < 0.5

we set βi = 0.1, 0.2, 0.3 and βj = 0.1, 0.2, 0.3, 0.4 . There 
are three lines βi = 0.1,βj = 0.1 , βi = 0.2,βj = 0.1 and 
βi = 0.1,βj = 0.2 in the upper part of the two graphs 
in Fig.  10, all three lines have low moral hazard values. 
This means that when the moral hazard coefficients are 
small, both parties will reach equilibrium at point (1, 1) , 
and reducing the values of βi and βj will help shorten the 

Fig. 9 The influence curve of moral hazard on evolution results under scenario 1

Fig. 10 The influence curve of moral hazard on evolution results under scenario 2
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time to reach equilibrium. As the moral hazard coeffi-
cients increase, the equilibrium point will change from 
(1, 1) to (0, 0) . The larger βi and βj are, the shorter the 
time for both parties to reach the point (0, 0) . In addi-
tion, there are two other curves, βi = 0.1,βj = 0.3 and 
βi = 0.2,βj = 0.2 , which both end up at (0, 0) around 
t = 84 . The Proposition 2 is also confirmed from Fig. 10.

In summary, as βi and βj increase, the equilibrium goes 
from (1, 1) to (0, 0) . In practice, we hope that employees 
and employers reach the equilibrium point (1, 1) , that 
is, employees choose the strategy of voluntary overtime 
work, and employers to choose the strategy of providing 
overtime pay. Therefore, the moral hazard coefficient of 
both sides should be reduced as much as possible.

Discussion
Research results
Based on the principal-agent theory, this study applies 
the evolutionary game method to construct a 2× 2 
asymmetric game matrix about the employee-employer 
relationship of overtime behavior from the perspective of 
information asymmetry. Through the above theoretical 
analysis and simulation experiments, the main findings 
are as follows:

1. In any case, the system has five equilibrium points, an 
ESS point, and a saddle point. There are two scenar-
ios depending on the constraints of the four param-
eters: resource consumption, information asymmetry 
coefficient, trust coefficient, and moral hazard coeffi-
cient. Based on the size of the determinant and trace 
at five equilibrium points, we put forward two theo-
rems and three propositions, which are verified not 
only theoretically but also by data simulation.

2. The strategies of the employees and the employers 
will evolve from the initial state to (Involuntarily, Not 
pay) or (Voluntarily, Pay) under different situations. 
This is closely related to the initial parameters of the 
evolutionary game model and the payment matrix. 
However, (Voluntarily, Pay) is the Pareto optimal 
state, while (Involuntarily, Not pay) does not conform 
to social expectations and social morality. Employers’ 
behavior of not providing overtime payment violates 
social ethics and relevant laws and regulations. Such 
moral anomie will hinder the normal operation of 
society and the development of organizations.

3. By summarizing the influence of each parameter 
on the evolution path, we can notice that fairness 
and information equivalence between employees 
and employers can effectively promote both par-
ties to reach the Pareto optimal state. For example, 
in Fig.  4, a special curve will appear if both parties 
invest the same number of resources, which will 

take a long time to reach equilibrium. However, if 
the resource gap between the two parties is large, it 
can only reach a stable state (Involuntarily, Not pay) 
at last. Only when the number of resources invested 
by both parties is similar but not equal, can the opti-
mal stable state (Voluntarily, Pay) be achieved. In 
Fig. 6, the optimal stable state (Voluntarily, Pay) can 
be achieved only if both parties have a small informa-
tion asymmetry coefficient. In other words, employ-
ees and employers need to communicate and share 
information promptly to ensure the unity of informa-
tion acquired by each other, thus achieving a win–
win situation.

4. In order to facilitate the evolution of employees and 
employers from a stable state (Involuntarily, Not 
pay) to an optimal stable state (Voluntarily, Pay), four 
parameters should satisfy the following conditions: 
(a) Employees and employers should devote similar 
but not equal resources to overtime work. (b) Reduce 
information asymmetry between employees and 
employers to ensure that both sides have equal infor-
mation. (c) Raise the level of trust between employ-
ees and employers, and trust can help promote a 
win–win optimal situation. (d) Reduce moral hazard 
between employees and employers.

Management implications
The findings of this paper are helpful to understand the 
evolutionary logic of overtime behavior in organizations, 
which has good theoretical significance and practical 
value.

1. In the practice of working overtime in organizations, 
if employees choose to work overtime involuntarily, 
while employers do not provide overtime pay, such 
a strategy of evolutionary stability is against social 
morality and relevant laws, which not only damages 
the physical and mental health of employees but also 
harms the reputation and honor of the organization. 
In this case, it is necessary to introduce third-party 
supervision to strengthen the supervision of unpaid 
overtime work and reduce a series of moral hazard 
problems caused by overtime. Therefore, the gov-
ernment should regulate the rights and interests of 
employees by the law more strictly, improve the trade 
union system in enterprises more widely, thus estab-
lish a reasonable labor supervision system. Mean-
while, organizations must take social responsibility 
and stop exchanging employees’ well-being for sur-
plus value.

2. If employees choose to work overtime voluntar-
ily and employers are willing to provide overtime 
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payment, the system will dynamically converge to 
the Pareto optimal equilibrium point after the joint 
efforts of employers and employees in the long run. 
This is beneficial and sustainable for the develop-
ment of the organization as well as the growth of 
employees. The organization’s attitude towards over-
time should adapt to the increasing needs of the new 
era, the need for sustainable social development, 
and the need for economic development to maintain 
progress. Even if employees choose to work over-
time voluntarily, organizations should also minimize 
unnecessary overtime, which can be reduced by 
adopting new technologies and optimizing manage-
ment processes to improve work efficiency.

3. Reduce information asymmetry between employ-
ees and the organization. First of all, the organiza-
tion should help employees to establish a sense of 
"ownership", and share the success and benefits of 
the enterprise with them through the implementa-
tion of an employee stock ownership plan, which is 
bound to greatly improve the enthusiasm of employ-
ees. Second, pay attention to the compensation effect 
of overtime pay and further provide a high level of 
remuneration that can satisfy employees. The form 
of overtime pay is not limited to material payment, 
but can also recognize their efforts and achievements 
through the promotion of positions and awarding of 
personal honors, so as to realize the sense of accom-
plishment and life value of employees. Third, the 
assignment of work tasks should take urgency and 
task quantity into consideration, maintain the bal-
ance of task quantity as well as promote work-family 
balance among employees.

Strengths, limitations, and future research
This study innovatively applies the evolutionary game 
method to solve the problem in organizational behav-
ior, that is, the ubiquitous overtime problem. Previous 
studies on overtime work mainly use multi-layer lin-
ear model and multiple regression model, but these two 
methods not only fail to show the dynamic evolution 
process between employees and employers, but also can-
not explain the information asymmetry between them. 
However, we believe that the evolutionary game model 
is closer to the actual situation, and there is indeed a 
game between employees and employers about overtime. 
Moreover, the evolutionary game model can well reflect 
the information asymmetry between the two sides. 
Finally, our research complements the literature on over-
time and principal-agent theory.

There are several limitations. First, this paper uses sim-
ulation experiments to verify the model, while actual case 

data may help to better understand the game between 
employees and employers. Second, in addition to infor-
mation asymmetry and overtime pay, there may be other 
factors that influence whether employees volunteer to 
work overtime. Third, as we mentioned in the findings, 
third-party supervision needs to be introduced, so the 
three-way game between employees, employers, and 
the government may better interpret the mechanism of 
overtime.

Future research can consider the three-way game 
among employees, employers, and the government. 
Besides information asymmetry and overtime payment, 
other factors need to be taken into account. In addition, 
if possible, subsequent studies can validate the model 
with actual case data.

Conclusion
This research shows that the strategic choice of 
employees and employers will eventually be in (Invol-
untarily, Not pay) or Pareto optimal state (Voluntarily, 
Pay), which is closely related to resource consumption, 
information asymmetry coefficient, trust coefficient, 
and moral hazard coefficient. By summarizing the 
influence of each parameter on the evolutionary path of 
employees and employers, it can be found that fairness 
and information equivalence between employees and 
employers can effectively promote both parties to reach 
Pareto optimal state. In other words, employees and 
employers need to communicate and share informa-
tion promptly to ensure that the information obtained 
by each other is consistent. The findings of this paper 
are helpful to understand the evolutionary logic of 
organizational overtime behavior, provide theoretical 
guidance for scientific management of employees’ over-
time behavior, and further improve employees’ working 
psychology.
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