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Abstract. Information collaboration in the medical system is hindered by several fac-
tors, including the relatively high cost of implementing information technology solutions
and the absence of adequate incentives. Consequently, there is often a lack of participa-
tion from medical institutions and patients in initiatives aimed at fostering information
collaboration. We studied the impact of government intervention on information collab-
oration in the medical system. Due to the long-term nature of policies and information
collaboration, we characterized and analyzed the issue through dynamic modeling. This
paper constructs a three-party evolutionary game model of the medical system composed of
the government, medical institutions and patient groups, and conducts stability analysis
on the strategy combinations of information collaboration among various game players
based on the Lyapunov’s first method. We find that the government needs to adopt rea-
sonable strategies to stimulate information collaboration, which should focus on the dis-
tribution of the benefits from network externalities and effective supervision methods so
as to motivate other participants to choose cooperation strategies and improve the effi-
ciency of information coordination in the medical system.
Keywords: Information collaboration, Network externality, Free-riding behavior, Evo-
lutionary game

1. Introduction. With the emergence of medical informatization and smart wearable
devices, an increasing amount of health and medical information is being generated in
people’s daily lives [1]. The effective utilization of this information can improve the health
status of the population, reduce medical costs, and enhance the precision of diagnosis
and treatment, especially for those with chronic diseases [2]. Consequently, numerous
governments, including the Chinese government, have encouraged to promote information
collaboration through various policies within the medical system [3].

Information collaboration is a crucial mechanism for enhancing the efficient utilization
of medical resources within the knowledge-intensive healthcare services sector. Some stu-
dies have analyzed the information collaboration among healthcare participants. On the
one hand, inter-hospital information sharing can save medical expenses. Participation in
health information exchange (HIE) by hospitals is influenced by factors such as the in-
tensity of competition among medical institutions, the efficiency of service quality inputs,
and the profit loss incurred from health check-ups [4]. On the other hand, the develop-
ment of information systems enables patients to collaboratively store and manage health
information with medical institutions [5], thereby facilitating the tracking of patients’
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conditions [6]. Information collaboration requires cooperation between medical institu-
tions and patients. When there is heterogeneity in patients’ willingness to cooperate with
information sharing, although information collaboration can improve the speed of each
examination, the expected waiting time for patients in the healthcare system tends to
increase instead [7]. Some other factors may also influence the equilibrium strategy of
patients [8]. Additionally, information collaboration often lacks spontaneity. In public
services, governments and insurance companies often act as payers to incentivize collab-
oration among participants, yet there is a lack of research on incentives for information
collaboration between medical institutions and patients.
Some studies focus on the effects of government or payer incentives on the interactions

among participants in public services, including medical services. Research indicates that
patient readmission rates are jointly influenced by medical institutions and patients and
require incentives through payment mechanisms [9]. Traditional fee-for-service payment
methods fail to provide sufficient incentives to promote medical efforts, but risk- and
cost-sharing mechanisms [10], outcome-based penalty contracts [11] and bundled pay-
ments [12] can. Moreover, subsidies and transfer payments are common means used to
coordinate participants in public services. By using a portion of the revenue from com-
prehensive hospitals to expand the capacity of primary care, the issue of overcrowding
in the healthcare system can be addressed [13]. At different budget levels, government
subsidy incentives can improve social welfare and provide services to more patients [14].
Copayments and monetary incentives can mitigate chronic diseases [15]. However, benefit
sharing also leads to free-riding behavior among information collaboration participants.
Regulators, including the government, can address the issue of free-riding by implement-
ing policies or organizing promotional campaigns [16]. Therefore, this study not only
considers the information collaboration mechanisms among different participants but also
analyzes when the government should incentivize information collaboration.
The implementation process of incentive policies is long-term and dynamic. The tri-

partite evolutionary game model can describe the influence of different factors on the
behavioral decisions among the government, platform, and users [17]. Existing research
shows that government interventions aimed at reducing risk costs and standardizing in-
formation quality are key to promoting information collaboration among hospitals [18].
Existing research tends to focus more on the impact of incentives on the quality of care and
cost control. There is a lack of analysis on information collaboration within the healthcare
system, with only a few studies emphasizing incentives for the informatization of medical
institutions. There is a gap in research concerning incentives for information collaboration
among multiple stakeholders, including medical institutions, patients, and government,
under dynamic decision-making. This paper addresses this gap.
This paper makes two significant contributions. Firstly, we analyze the decision-making

process regarding information collaboration within the medical system, which involves
the government, medical institutions, and patient groups, from a dynamic perspective.
Secondly, we conduct a quantitative analysis to examine the impact of network externality
effects stemming from medical institutions and patients on the behavioral evolution of each
participant. Additionally, we investigate the implications of free-riding behavior between
medical institutions and patients on information collaboration.
The rest of this paper is organized as follows. In Section 2, we outline the research

problem regarding information collaboration. In Section 3, we delve into the evolution-
ary equilibrium of each participant under various conditions. In Section 4, we present
a numerical study to analyze network externalities and free-riding behavior. Finally, in
Section 5, we provide concluding remarks.
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2. Problem Description. In this section, we outline the model framework of our re-
search and make some assumptions. In the information collaboration of the medical sys-
tem, there are three types of participants, namely the government (G), medical institu-
tions (H), and patient groups (P). The government mainly provides different incentives
and supervision for the medical institutions and patient groups to facilitate their infor-
mation collaboration. In this process, we assume that all participants exhibit bounded
rationality. Due to the differences among individual participants and the complexity and
uncertainty of the environment they face, incomplete information renders the behavioral
decisions of the participants to exhibit bounded rationality. Participants cannot find the
optimal strategy and equilibrium point from the beginning. Instead, they are more likely
to seek a satisfactory one. Therefore, participants need to continuously learn during the
game, gradually correcting strategic mistakes, and constantly imitating and improving the
most favorable strategies for themselves and others [17,19]. The information collaboration
strategy among relevant participants is determined through multiple games, which is con-
structed by the tripartite evolutionary game theory. All the notations for the parameters
and variables in the model are listed in Table 1.

Table 1. Notations of parameters and variables

Notations Descriptions
x Probability of the government taking an active attitude
y Proportions of the medical institutions choosing to be cooperative
z Proportions of the patients groups choosing to be cooperative

CG, CH , CP Cost of the government, medical institutions and patients groups when
they choose active attitude or to be cooperative respectively

FH , FP Additional expenses of the government when medical institutions or pa-
tient groups are non-cooperative with information coordination

TH , TP Additional medical expenses of medical institutions or patient groups
when they are non-cooperative with information coordination

RG, RH , RP Basic benefits of the government, medical institutions and patient groups
in the operation of the medical system

IH , IP Social benefits of medical institutions and patient groups generated by
information collaboration

α, β Proportions of social benefits reserved by the government from medical
institutions and patient groups

UH , UP Free-rider benefits of medical institutions and patient groups

2.1. Behavior of participants. In the process of information collaboration, the gov-
ernment can take a neutral attitude and pay for the medical services via fee for service, or
it can take a positive attitude to stimulate information collaboration. On the one hand,
it may implement payment schemes like bundled payments to incentivize medical institu-
tions and patient groups to decrease costs through information collaboration [8]. On the
other hand, the government can redistribute the social benefits of network externalities
to other participants to foster motivation for information collaboration [3].

Medical institutions have the option to cooperate with information collaboration or
not. When they take a negative stance, they solely provide medical services to patients.
Conversely, when they adopt a positive approach, medical institutions enhance their level
of informatization and engage in information sharing among hospitals. This practice not
only enhances the accuracy of diagnosis and reduces unnecessary expenses [4] but also
facilitates the implementation of preventive measures by primary hospitals.
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Patient groups can also decide whether to cooperate with information collaboration.
They can enhance the level of collaboration by registering with family doctors and un-
dergoing timely health checks, among other actions. If patients actively cooperate with
information collaboration, the likelihood of misdiagnosis during diagnosis and treatment
will be reduced due to a more comprehensive patient health profile [19]. This also means
that the costs of diagnosis and treatment due to readmission, as well as travel expens-
es, will decrease. Additionally, patients who actively update their health information can
save doctors’ consultation time during diagnosis and treatment, resulting in patient groups
facing shorter waiting times in the healthcare system. However, due to variations in pa-
tient compliance, when patient compliance is low, their efforts required to cooperate with
information collaboration are high, thus affecting their collaborative decision-making.

2.2. Cost of participants. The government can promote information collaboration
within the medical system by formulating policies and implementing corresponding su-
pervision to enhance the efficient allocation of medical resources. When the government
takes an active attitude the cost is CG. If medical institutions or patient groups fail to co-
operate with information coordination, the government, as the payer, will incur additional
medical expenses, respectively FH , FP .
When medical institutions actively cooperate with information collaboration, they incur

cost CH to improve their information level and establish and maintain inter-hospital
information systems. When the government adopting a positive attitude, hospitals failing
to cooperate with information coordination will share the additional expenses of patient
diagnosis and readmission fees due to the government’s payment method, which is TH .
Likewise, when patient groups actively participate in information collaboration, their

costs increase CP . Conversely, if they fail to cooperate, they will bear a portion of the
medical expenses TP , assuming the government takes a positive attitude.

2.3. Benefit of participants. In the operation of the medical system, the government,
medical institutions and patient groups derive basic benefits RG, RH , RP , respectively.
When medical institutions or patient groups cooperate with information collaboration,
social benefits IH and IP will be generated, such as reducing medical expenses and im-
proving government reputation. The government redistributes part of these benefits to
medical institutions or patient groups to motivate them to continue information collab-
oration, with proportions of 1 − α and 1 − β. In addition, when the government adopts
positive attitude, it receives transfer payments TH , TP from the other two participants
when they do not cooperate with information coordination.
Since medical institutions and patient groups are directly involved in medical services,

they may exhibit free-riding behavior. When one participant actively participates in infor-
mation coordination, the other participants benefit additionally. For instance, when med-
ical institutions actively cooperate, patient groups can receive more accurate treatment
and avoid the cost of repeated examination during transfers. Similarly, when patients
actively cooperate, medical institutions can save on the cost of diagnosis and treatment
due to reduced patient readmission rates, and shorten consultation times for outpatient
clinics. The free-rider benefits of medical institutions and patients are respectively UH

and UP .

2.4. Profit matrix. Suppose the probabilities of government taking an active attitude
and a neutral attitude are x and 1−x, respectively; the probabilities of medical institutions
being cooperative and non-cooperative with information collaboration are y and 1 − y;
and the probabilities of patient groups to be cooperative and non-cooperative are z and
1− z.
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When the government takes an active attitude, it incurs a cost of supervision. In this
scenario, if medical institutions or patients choose to cooperate, the government can ac-
quire social benefits, and distribute them to medical institutions or patients in specific
proportion. However, if medical institutions or patients choose not to cooperate, the gov-
ernment will face additional expenses. When medical institutions or patients choose not
to cooperate, the government will incur additional expenses. This expenditure includes
extra medical costs, such as medication errors and other expenses resulting from a lack of
information support [6], as well as the cost equivalent to the damage to the government’s
reputation in public health [18]. As a penalty for non-cooperation, the government impos-
es transfer payments on the non-cooperating participants. For medical institutions, this
penalty is reflected in the government’s payment for medical services, while for patients,
it is reflected in the reimbursement ratio. In cases where only one of the participants,
either medical institutions or patient groups, chooses to cooperate, the non-cooperating
one can gain additional benefits by free-riding without incurring costs. The profit matrix
of the government, medical institutions, and patient groups, considering these costs and
benefits, is shown in Table 2.

Table 2. Profit matrix of participants

Medical
institutions

Patient groups
Government

Active x Neutral 1− x
Cooperative y Cooperative z RG + αIH + βIP − CG RG

RH + (1− α)IH − CH RH − CH

RP + (1− β)IP − CP RP − CP

Non-cooperative RG + αIH + TP − FP − CG RG − FP

1− z RH + (1− α)IH − CH RH − CH

RP + UP − TP RP + UP

Non-cooperative Cooperative z RG + βIP + TH − FH − CG RG − FH

1− y RH + UH − TH RH + UH

RP + (1− β)IP − CP RP − CP

Non-cooperative RG + TH + TP − FH − FP − CG RG − FH − FP

1− z RH − TH RH

RP − TP RP

Based on the profit matrix and the probability of different strategies adopted by the
participants, the expected profit of the government can be calculated for both positive
and neutral attitudes. Additionally, the average expected profit can be determined as
follows:

EGy = yz(RG + αIH + βIP − CG) + (1− y)z(RG + βIP + TH − FH − CG)

+ y(1− z)(RG + αIH + TP − FP − CG)

+ (1− y)(1− z)(RG + TH + TP − FH − FP − CG)

EGn = yzRG + (1− y)z(RG − FH) + y(1− z)(RG − FP )

+ (1− y)(1− z)(RG − FH − FP )

EG = xEGy + (1− x)EGn

The expected profit of medical institutions is as follows:

EHy = xz(RH + (1− α)IH − CH) + (1− x)z(RH − CH)

+x(1− z)(RH + (1− α)IH − CH) + (1− x)(1− z)(RH − CH)

EHn = xz(RH + UH − TH) + (1− x)z(RH + UH) + x(1− z)(RH − TH)
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+(1− x)(1− z)RH

EH = yEHy + (1− y)EHn

The expected profit of patient groups is as follows:

EPy = xy(RP + (1− β)IP − CP ) + (1− x)y(RP − CP )

+x(1− y)(RP + (1− β)IP − CP ) + (1− x)(1− y)(RP − CP )

EPn = xy(RP + UP − TP ) + (1− x)y(RP + UP ) + x(1− y)(RP − TP )

+ (1− x)(1− y)RP

EP = zEPy + (1− z)EPn

The behaviors of the three participants in the information collaboration will mutually
influence each other, and they will dynamically adjust their strategies by imitating indi-
viduals in the group who achieve higher outcomes, aiming to maximize their profits and
achieve Pareto optimality.

3. Replication Dynamics and Evolutionary Stability Analysis.

3.1. Replication dynamics analysis. The replication dynamic equations can effective-
ly describe the information collaboration problem. By characterizing a group composed of
game participants with bounded rationality, strategies yielding outcomes better than the
average level will gradually be adopted by more participants. As a result, the proportions
of participants adopting various strategies in the group will change.
The replication dynamic equations are as follows:

F (x) =
dx

dt
=

(
EGy − EG

)
= x(1− x)((y − 1)TH + (z − 1)TP − αIHy − βIP z + CG)

F (y) =
dy

dt
=

(
EHy − EH

)
= y(1− y)(((α− 1)IH − TH)x+ UHz + CH)

F (z) =
dz

dt
=

(
EPy − EP

)
= z(1− z)(((β − 1)IP − TP )x+ UPy + CP )

3.2. Evolutionary stability analysis. Let F (x) = 0, F (y) = 0, F (z) = 0, the equi-
librium points of this model can be computed. Judging the stability of the equilibrium
point by constructing the Jacobian matrix and solving the determinants. The Jacobian
matrix J is as follows:

J =



∂2F (x)

∂x2

∂2F (x)

∂x∂y

∂2F (x)

∂x∂z

∂2F (y)

∂y∂x

∂2F (y)

∂y2
∂2F (y)

∂y∂z

∂2F (z)

∂z∂x

∂2F (z)

∂z∂y

∂2F (z)

∂z2


The stability of strategy combinations in the three-party game can be determined ac-

cording to the Lyapunov’s first method. The stable solutions in multi-population evolu-
tionary games are strict Nash equilibria, which are necessarily pure strategies. Therefore,
this paper will analyze the stability of the 8 equilibrium points in the three-party evolu-
tionary game. We substitute the equilibrium point of the pure strategy into the Jacobian
matrix to find the determinants. The determinants and stability analysis of each point
are shown in Table 3.
According to the Lyapunov’s first method, when all determinants λ of the Jacobian ma-

trix are less than 0, the equilibrium point is an asymptotically stable point; when there
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Table 3. Determinants and stability analysis of equilibrium points

Stable point Determinant Stability condition
E1(0, 0, 0) λ1 = −CH TH + TP < CG

λ2 = −CP

λ3 = TH + TP − CG

E2(1, 0, 0) λ1 = CG − TH − TP CG < TH + TP

λ2 = (1− α)IH + TH − CH (1− α)IH + TH < CH

λ3 = (1− β)IP + TP − CP (1− β)IP + TP < CP

E3(0, 1, 0) λ1 = CH

λ2 = −UP − CP

λ3 = αIH + TP − CG

E4(0, 0, 1) λ1 = CP

λ2 = −UH − CH

λ3 = βIP + TH − CG

E5(1, 1, 0) λ1 = CG − TP − αIH CG < TP + αIH
λ2 = CH − (1− α)IH − TH CH < (1− α)IH + TH

λ3 = (1− β)IP + TP − UP − CP (1− β)IP + TP < UP + CP

E6(1, 0, 1) λ1 = CG − TH − βIP CG < TH + βIP
λ2 = CP − (1− β)IP − TP CP < (1− β)IP + TP

λ3 = (1− α)IH + TH − UH − CH (1− α)IH + TH < UH + CH

E7(0, 1, 1) λ1 = CH + UH

λ2 = CP + UP

λ3 = αIH + βIP − CG

E8(1, 1, 1) λ1 = CG − αIH − βIP CG < αIH + βIP
λ2 = CH + UH − (1− α)IH − TH CH + UH < (1− α)IH + TH

λ3 = CP + UP − (1− β)IP − TP CP + UP < (1− β)IP + TP

exist determinants λ greater than 0 in the Jacobian matrix, the equilibrium point is an
unstable point. Based on Table 3, it is determined that the equilibrium points E3(0, 1, 0),
E4(0, 0, 1) and E7(0, 1, 1) have determinants greater than 0; thus, these three points
can only be unstable points. Regarding the remaining five equilibrium points E1(0, 0, 0),
E2(1, 0, 0), E5(1, 1, 0), E6(1, 0, 1), E8(1, 1, 1), they are stable points when meeting the
stability conditions. The analysis is as follows.

Case 1 is characterized by the determinant of the stable point E1. The three-party
evolutionary stability strategy is {Neutral, Non-cooperative, Non-cooperative}, with the
size of the transfer payment being pivotal in the government’s decision-making process.
If the costs incurred by the government’s positive stance cannot be balanced, a neutral
approach will be adopted. Consequently, the losses incurred by medical institutions and
patient groups from non-cooperation decrease, leading the entire system towards infor-
mation isolation.

Case 2 is expressed by the determinant of point E2. The restrictive conditions affecting
the government are opposite to those in situation 1. When the expected benefits of the
government adopting a positive attitude exceed the associated costs, the government tends
to take a positive attitude. In this scenario, medical institutions and patient groups must
weigh the transfer payment when they choose not to cooperate with information coordi-
nation. If the benefits derived from network externality fail to cover the transfer payment,
the evolutionary stable strategy becomes {Active, Non-cooperative, Non-cooperative}.

Case 3 is expressed by the determinant of point E5. In this case, the benefit of medical
institutions to cooperate with information collaboration exceeds the transfer payment
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when they choose a non-cooperative strategy, while the situation is reversed for patients.
Consequently, the government implements benefit distribution to medical institutions and
collects transfer payments from patients. The evolutionary stable strategy of the system
is {Active, Cooperative, Non-cooperative}.
Case 4 is expressed by the determinant of point E6. The variables affecting medical

institutions and patient groups are the same as case 3, but the critical conditions are
opposite. At this time, the evolutionary stable strategy of the system is {Active, Non-
cooperative, Cooperative}. However, whether medical institutions or patient groups do
not cooperate with information collaboration, it will undermine the overall optimization
of the system.
Case 5 is expressed by the determinant of point E8. When the government adopts pos-

itive attitude, its cost is less than the benefits brought by network externalities. Simulta-
neously, the benefits allocated to medical institutions and patient groups for information
coordination exceed the transfer payment when they do not cooperate. The evolutionary
stable strategy of the system is {Active, Cooperative, Cooperative}. All three parties ac-
tively engage in information coordination, leading to rational resource utilization. With
medical resources becoming increasingly scarce, the government is increasingly inclined to
utilize payment methods that allow medical institutions and patients to share the losses
resulting from declining health levels, thereby promoting active information sharing and
collaboration among all participants. The distribution of benefit and the formulation of
transfer payments in payment methods are the key to achieving ESS.

4. Numerical Study.

4.1. Simulation analysis of network externality benefits. Since there are no direct
equations or dependencies among the model parameters in this paper, setting the param-
eters to reflect their basic relative magnitudes is sufficient. Additionally, adjustments to
the parameters can be made based on real-world scenarios and specific analytical contexts.
Therefore, after consulting opinions from several experts in relevant fields and referencing
literature on collaboration between medical systems and patients, as well as incentives for
collaboration in public services, the specific values of the basic model parameters are set
as follows: IH = 10, IP = 6, CG = 6, CH = 5, CP = 2, UH = 4, UP = 2, TH = 6, TP = 2.
IH +IP > CG+CH +CP ensures an overall improvement in system performance, when all
participants actively cooperate with information collaboration. The transfer payment for
non-cooperative participants TH , TP is respectively greater than or equal to the benefits
UH , UP they could gain from free-riding behavior, ensuring the effectiveness of regulation.
Due to the specialized nature of healthcare services, medical institutions, as the provider
and primary user of healthcare information, have higher costs CH and benefits IH , UH

compared to patient. Therefore, their behavior becomes the primary target of government
regulation and the penalties TH they faced are significant.
Network externality benefit is the increasing social benefits that occur when medical in-

stitutions or patient groups cooperate with information collaboration and the government
adopts a positive attitude. The government can allocate it to participants who adopt the
cooperation strategy through payment mechanisms and other incentives. In this simula-
tion, the other parameters are fixed, and the values of α and β are changed for analysis.
They are respectively set to α = 0.2, α = 0.5, α = 0.8, and β = 0.2, β = 0.5, β = 0.8. For
medical institutions, the government can influence the value of α by establishing an assess-
ment index system for information collaboration or implementing differentiated payment
mechanisms for medical expenses. This allows the return of network externality benefits,
such as savings in medical expenses, to medical institutions, and even rewards them to
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incentivize their information collaboration. For patients, the government can collaborate
with medical institutions to establish corresponding incentives to influence the value of
β. For example, in some cities in China, patients with chronic diseases who actively
cooperate with post-treatment care, undergo regular check-ups, and update their health
information in a timely manner can earn points to redeem certain health services for free.
The changes of α and β ranged in [0, 1] signify the intensity of the government’s incentives
for the two participants in information collaboration. As the distribution ratio decreases,
the government gradually shifts from benefiting from information collaboration behavior
to incurring expenditures. As shown in Figure 1, the abscissa represents the evolution
time, and the ordinate represents the probability value of the behavior strategy.

Figure 1. Impact of network externality on medical institutions

In Figure 1, α represents the distribution ratio between the government and the med-
ical institutions. When the government accounts for a large proportion (α = 0.8), the
benefits that medical institutions can obtain from network externality are relatively low,
insufficient to offset the costs required for information collaboration, leading them to lean
towards non-cooperative strategies. As α decreases (α = 0.5), the benefits of medical
institutions gradually increase and will exceed the cost they need to pay. At this point,
medical institutions are more willing to adopt a cooperative strategy leading to the overall
optimization of the system and the achievement of an evolutionary stable ESS. However,
when the benefits of medical institutions further increase, the stable state is broken. The
behavior strategies of the government and medical institutions will fluctuate over time.
Insufficient government benefits can cause its strategy to fluctuate with changes in rep-
utation or profit targets, thereby affecting the strategic choices of medical institutions.
Therefore, an appropriate and moderate distribution ratio α will contribute to achieving
the optimal evolutionary stability of the system.

According to Figure 2, as β decreases (β = 0.5 and 0.2), the benefit that patients can
obtain from the network externality increases gradually. Its strategy shifts from non-
cooperative to cooperative. Compared with medical institutions, the externality benefit
of patient information collaboration is relatively small, and transferring a large proportion
of this benefit will not significantly impact government revenue. Therefore, reducing β
can help patient groups achieve the evolutionary stable policy of system optimization.
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Figure 2. Impact of network externality on patients

While ensuring its own benefits, the government needs to fairly distribute the benefits
of network externalities to motivate other participants to choose cooperative strategies.
Insufficient benefit distribution by the government may fail to provide effective incentives,
while excessive distribution can dampen its enthusiasm for regulation. The government
should carefully explore viable approaches, which may involve considering performance-
based payment methods like bundled payment and pay for performance, as well as ex-
ploring different reimbursement models for patients’ medical expenses.

4.2. Simulation analysis of free riding behavior. Figure 3 and Figure 4 reflect the
impact of the free-riding behavior among medical institutions and patients on the pro-
cess of information collaboration. The benefits UH , UP obtained by medical institutions
and patients through free-riding behavior vary depending on their types. For instance,

Figure 3. Free-riding behavior of medical institutions
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Figure 4. Free-riding behavior of patients

suburban or primary hospitals, due to their relatively poor infrastructure and informa-
tion technology level, may derive smaller benefits from information updates. Similarly,
patient benefits may differ based on the type of illness they suffer from; for instance,
patients with chronic diseases requiring long-term care may derive higher benefits from
information updates compared to those with acute illnesses.

It can be observed that free-riding behavior hinders the adoption of cooperative str-
ategies by participants. The higher benefits the behavior can make, the less likely non-
cooperative participants are to change their strategies, and the later ESS can be achieved.
Additionally, free-riding behavior appears to have little impact on the government’s strate-
gic choices, potentially allowing medical institutions and patients to engage in unrestricted
free-riding. Therefore, the government needs to formulate effective supervision methods
to avoid free-riding behavior in the medical system. One approach involves enhancing
incentives for collaborative behavior by organizing promotional campaigns and providing
technical support. Simultaneously, another strategy entails designing mechanisms that
effectively increase the costs associated with free-riding behavior, thereby regulating the
conduct of participants.

5. Conclusions. This paper constructs a three-party evolutionary game model of in-
formation collaboration in the medical system, and finds that due to the externalities
associated with information collaboration, the distribution of benefits and free-riding be-
haviors affect the decision-making of each participant, which in turn affects the overall
level of information collaboration in the healthcare system. The following suggestions
about information collaboration in the medical system are given: the government needs
to adopt reasonable strategies to stimulate information collaboration, such as an effective
payment mechanism. This is mainly reflected in two aspects. 1) As medical resources
become scarce, the government’s benefits from information collaboration increase. Con-
sequently, it tends to penalize non-cooperative behaviors that lead to a decline in health
levels by increasing transfer payments for the non-cooperative participant, encouraging
active information sharing and collaboration among all participants. 2) While ensuring its
own benefits, the government must also judiciously distribute the benefits derived from
network externalities to incentivize other participants to adopt cooperative strategies.



1460 S. YANG AND H. WANG

Additionally, effective supervision methods need to be formulated by the government to
prevent free-riding behavior and enhance the efficiency of information coordination within
the medical system.
There is a limitation in our study, which provides a possible direction for the next

research work. We did not consider the reflection of government incentives by different
tiers of medical institutions and its impact on information collaboration.
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