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Abstract
Technological advances are driving the growth of online health communities. However, there are some
problems such as low user participation and insigni�cant social bene�ts in online health communities.
This paper discusses the evolution law of information sharing behavior of members of online health
community to study the in�uence of different behaviors on health information sharing results and explore
the ways to improve the level of community information sharing. Based on BA scale-free network (Albert-
László Barabás and Réka Albert scale-free network) , this paper established an information sharing
behavior model for members of online health community with the evolutionary game theory method, and
discussed the in�uence of different game parameters and initial conditions on the evolution results of
information sharing behavior of community patients with the method of numerical experiment.

Results: It is found that the key to improve the level of community information sharing is to improve the
bene�t of patients' information sharing, the proportion of patients sharing information at the initial
moment, the degree of network nodes, and reduce the sharing cost. Community managers should
improve the information conversion ability and information absorption ability of community patients
through o�ine activities, professional guidance and other forms. At the same time, it can reduce the
di�culty and risk of information sharing and strengthen the connection among members, thus
comprehensively enhancing the value of the community.

1. Introduction
As an important support for extending medical and health services, online health communities make the
communication between community members independent of time, space and social status, and provide
effective support for the information exchange between patients [1].By participating in community
discussions, users of the online patient community can get support and help from other users of the
community. Therefore, more and more patients collect and obtain medical information through the online
community[2].Community patient autonomy information sharing is an important basis for community
sustainable development[3].However, the process of patient information sharing not only requires time
and effort, but also risks such as privacy disclosure[4].

Research on information sharing behavior of virtual community members can be divided into three
categories: motivation theory, management technology and behavior theory.Motivation theorists study
the relationship between the motivation, goal and behavior

of knowledge sharing[5], pointing out that the motivation of users' information sharing is the "usefulness"
of the network[6].The management technical school solves the knowledge transfer obstacle from the
system, the idea, the operation, the technology and so on aspect, promotes the information sharing and
the community developments[7].Based on domestic and foreign theories, behavioral theorists guide the
construction of community social network, promote the generation of participants' sense of belonging,
trust and emotional support, and encourage participants to produce information contribution
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behavior[8].The particularity of online health community information sharing subject and information
object is very different from the general virtual community[9].Patients in online health communities have
urgent emotional needs and information needs, and their ability of information expression and
absorption is uneven[10]. Moreover, because of the particularity of medical information, the information
shared by community patients is highly sensitive[11][12].Once the patient's medical information is leaked,
serious adverse consequences may be caused[13].Therefore, in most cases, information sharing
decisions of patients will not be made from the perspective of the collective interests of the community
and share their own information without reservation[14]. Instead, they will be issued from their own
perspective, weighing bene�ts and risks and constantly adjusting the sharing strategy[15].Based on the
evolutionary game theory, this paper constructs an evolutionary game model of information sharing
among patients in online patient communities, and discusses the dynamic evolution process of
information sharing behavior strategy when patients are faced with risk costs such as privacy disclosure
and online resource demands,to study the in�uence of different behaviors on health information sharing
results and explore the ways to improve the level of community information sharing.

2. Proposed Method
2.1. Network evolution

Connections between members of the online patient community are not fully coupled or completely
random, but have a speci�c network structure. Online health communities have a very obvious scale-free
feature [16], that is, the degree of the network is power-law distribution: most nodes have only a few
connections, and a few nodes have a lot of connections.Therefore, BA scale-free network proposed by
Albert-László Barabás and Réka Albert was selected in this study to describe the network structure
between community patients.The network structure between community members provides access to
information resources for members. The information sharing process of community members is
in�uenced by many factors such as network structure and individual attributes.The information sharing
subject of online patient community is patients, the shared object is health-related information, and the
situation is online community.In�uenced by the above three factors, the information sharing behavior of
online patient community shows the following characteristics:(1) The information sharing behavior of
community patients is a voluntary behavior, and other individuals cannot force it[17].In the process of
information sharing, there are many uncertain factors and information asymmetry among community
members, which belong to incomplete information game.(2)According to the theory of rational behavior,
community members seek to obtain the maximum bene�t with the least input.However, because the
process of community information sharing is a process of incomplete information game, the information
sharing decision is uncertain, and community members can only make bounded rational behavior.(3)The
information sharing behavior of online community members is not a one-time behavior. They constantly
adjust their decisions according to the sharing strategies of other community members[18], which is a
dynamic multi-game process.Therefore, this paper combined complex network evolution game theory to
study the dynamic evolution mechanism of information sharing among patients in online patient
community.
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The main research ideas and hypotheses in this paper include:(1)The BA network is used to depict the
interaction between patients in the online health community, that is, the nodes in the network represent
the patients in the community, and the edges represent the game relations between patients.(2)The game
model describes the information sharing process among community patients, describes the behavioral
strategy selection and value bene�ts of users, and the repeated game represents the continuous
interaction between users.(3)According to Femi process, the strategy adjustment rules of information
sharing evolutionary game are determined, and the evolution process of continuous user interaction is
explained.(4)By simulating the evolution of patient information sharing in online health community, this
paper discusses the difference between dynamic equilibrium of bounded rational individuals under
different behavior patterns.

2.2. Information sharing game model

The online patient community has very obvious scale-free characteristics[16],In this study, BA scale-free
network was selected to describe the relationship structure between users of the online patient
community.On the one hand, community patients hope to get information support from other users, such
as personalized health assessment, etc. On the other hand, due to the high sensitivity of medical
information, online users will be more cautious in the process of relevant information communication.In
the process of information sharing,  represents the patient's strategy set. 0 represents the non-cooperation
strategy, i.e. not participating in information sharing.1 represents cooperation strategy and participation
in information sharing.The risk factor  is used to indicate the potential risks of information sharing.The
revenue coe�cient  represents the revenue gained by the information sharer in the process of information
transmission.Information conversion coe�cient and information absorption coe�cient are respectively
used to represent the information externalization ability and information combination ability of
community patients.represents the information reserve of community patients. The bene�ts of users are
determined by themselves and their game objects.The information storage level of information sharers is
multiplied by its information externalization capability coe�cient times the information absorption
capability coe�cient of information receivers, which is the amount of information that information
receivers can receive in each information sharing process. The above parameters are mutually
independent and uniformly distributed [0,1]. The speci�c bene�ts are shown in table 1 below.

Table 1. Patient information sharing bene�t matrix of online patient community
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According to the above game payoff matrix, patients participating in the information sharing game get
the following bene�ts in the  th game:

2.3. Policy update rule

Community patients often show limited rationality when making shared decisions[19].The initial strategy
selection of users is not optimal, but continuous learning and evolution in the process of continuous
interaction and bene�t balance, and �nally determining a better strategy[20]. Considering that Bounded
rational game players may also make some mistakes in strategy adjustment, Femi updating rule is
adopted to describe the adjustment process of information sharing strategy for online community
patients,which re�ects the uncertainty in the process of strategy selection and describes the strategy
adjustment in the process of evolution[21].Game individuals gain bene�ts by playing games with all their
neighbors.When an individual wants to update his or her game strategy, a neighbor is randomly selected
for comparison. If the neighbor's bene�t is higher than his or her own, the patient will imitate the
neighbor's strategy in the next round of game with a certain probability[22].This imitation probability is
calculated according to Fermi function in statistical physics:
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3. Experiments
The evolutionary game on the complex network, the network structure between individuals, the game
model and the strategy adjustment rules all have different degrees of in�uence on the evolution of
individual behavior in the network. Considering the di�culty of the study, the game study on the complex
network is usually carried out by means of computer simulation[23].This study used Matlab to simulate
the evolution of information sharing in the online patient community.

The �rst step is to generate a scale-free network of N=500.The second step is to determine whether there
is a connection between the two patients. If there is a connection, the game will be played according to
table 6 game payoff matrix.The third step is to calculate the game bene�ts of each patient and the
proportion of information sharers in the game.Fourth, after the end of each game, each patient updated
the strategy according to the strategy updating rules.The �fth step is to determine whether the system is
stable (the proportion of patients in the system who choose to share information remains the
same).When the proportion of partners selected for information sharing remains unchanged, the system
is stable. The cooperation frequency of patients at this time is calculated and simulation results are
output.Otherwise go to step 2.The sixth step is to adjust the input and compare the evolution results of
community information sharing under different values of parameters.

At the initial moment, each individual chooses C (information sharing) according to probability x(0<x<1)
as his initial game strategy. The proportion of collaborators in the community at time t is called the
collaborator density x(t). x(t)=nc(t)/N, nc(t) represents the number of collaborators in the community at
time t, and N represents the total number of people in the community. With the development of repeated
game, the cooperative density changes dynamically.

4. Results And Discussion
The initial collaborator ratio promotes the level of patient information sharing when the community is
stable.The higher the proportion of initial collaborators, the higher the level of information sharing of
patients when the community is stable, and the greater the bene�ts of users as shown in �gure 1.When
there are no patients to share information at the beginning of the community, the community will not
produce any value.Under the same conditions, the larger the proportion of initial collaborators and the
network structure parameter ck, the higher the bene�t of community patients.

The information sharing level are negatively related with the cost coe�cient, namely with the increase of
information sharing risk coe�cient, information sharing level decrease, but the level of information
sharing increases with the increase of network structure parameter ck, as shown in �gure 2.It can be seen
from �gure 2 that when there is no cost for patients to share information, the sharing behavior is
relatively stable and at a high level.When ck is 1, 2, 3 respectively, the corresponding information sharing
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behavior of community patients is 400,800 and 1200.This situation is also true when the risk cost
coe�cient c is taken as 0.2, 0.4 and 0.6, and with the increase of the risk cost coe�cient, the
corresponding income level of different network structures is gradually declining. As shown in the �gure,
when ck is 3 and the cost coe�cient is 0.2, the bene�t of community patients is 1050.When the cost
coe�cient increases to 0.4, the bene�t of patients decreases to 750.When the cost coe�cient continues
to increase to 0.6, the bene�t of community patients �uctuates around 350.When c is 0.8, the bene�t of
community patients decrease to 40.This is also true when ck is 1 and 2.When the cost coe�cient reaches
1, regardless of the network structure, the bene�t of community patients directly drops to 0.

When the risk cost of information sharing is low (0-0.4), the proportion of partners choosing information
sharing is high.When the cost factor increases to 60%, the level of information sharing drops
signi�cantly,When the degree ck of network nodes is 1, the patient information sharing level is only 20%,
while when ck is 3, the patient information sharing level is �oating around 75%.When the cost coe�cient
continues to increase to 0.8, some users in the community share information at the initial time. With the
progress of interaction, all patients in the community do not share information soon, as shown in �gure
3.At this point, all users exit from information sharing, corresponding to the above situation that the
community revenue drops to zero.

on the community information sharing level.That is, with the improvement of patient information
conversion coe�cient, the number of information sharing users in the community basically remains
unchanged.Meanwhile, the network structure ck can promote the information sharing behavior of
community patients.Each sub-graph in �gure 4 shows that the proportion of partners increases as the
degree ck of network nodes increases.

Although patients' information conversion ability has no signi�cant effect on their information sharing
level. But compare the differences between the sub-graph in �gure 5,it can be found that the income level
of community patients increases with the increase of information conversion coe�cient. Each sub-graph
shows that under the condition of a certain information transformation coe�cient (m value from 0.2 to
1), the bene�ts of community patients increase with the increase of network structure parameter ck.When
the information conversion ability of community patients is very low, for example, when the value of m is
0, the network structure has little impact on the bene�ts of patients. When ck is 1, 2 and 3, the bene�ts of
community patients all �uctuate around 40.With the increase of information conversion coe�cient to 0.2,
the in�uence of network structure on its revenue has been preliminarily shown.When compared with ck
value 2 and 3, community patients with ck value of 1 had the lowest bene�t, but at this time, patients with
ck value of 2 and 3 showed little difference in bene�ts. In the range of patients' information conversion
coe�cient of 0.4 to 1, patients' bene�ts increase with the increase of conversion coe�cient.

Take ck value of 0.3 as an example. When the patient's information conversion ability coe�cient is 0.4,
the pro�t keeps �uctuating around 225.With the patient's information conversion capacity increased to
0.6, the available bene�ts increased to 350.On the other hand, although network structure has a
promoting effect on community patients' earnings, but when ck is not particularly low, the promotion
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effect of ck on the bene�t of community patients is limited. such as when the information conversion
coe�cient of patients is between 0.6 and 1 and ck is 1, the bene�ts of patients are all 100.The increase of
patients' bene�t when ck increased from 1 to 2 was higher than that when ck increased from 2 to 3.

The patient's information absorption ability has no signi�cant impact on the community information
sharing level.In the process of information absorption coe�cient increasing from zero to 1, the proportion
of information sharers under different ck basically remains unchanged, the proportion of partners with
node degree 1 is about 40%, and the proportion of information sharers with node degree 2 and 3 is about
70%.That is, network node degree c plays a phased role in promoting the level of community information
sharing, as shown in �gure 6.

Similar to the information conversion coe�cient, although it has no signi�cant in�uence on the
information sharing level of community patients, the information absorption capacity of patients and the
network node degree ck have signi�cant promotion effects on their bene�ts, as shown in �gure 7. As can
be seen from the �gure, with the increase of patients' information absorption capacity, patients' bene�ts
increase.When the information absorption coe�cient is 0.2 and the network node degree ck is 3, the
community patient bene�t is only 150.When the information absorption coe�cient increased to 0.8, the
bene�t of community patients with network node degree ck of 3 reached 500. At the same time, patients'
bene�ts increase with the increase of network structure, and with the increase of information absorption
capacity, the increase of network structure ck has more obvious promotion effect on patients'
bene�ts.When the information absorption coe�cient is relatively low (n = 0.2), the network node degree
increases from 2 to 3, the bene�t of information sharers increases from 100 to about 120.When the
information absorption coe�cient is relatively high (n = 0.8), the network node degree ck increases from 2
to 3, and the information sharer's pro�t increases from 300 to about 550.It can be seen that, under the
dual function of information absorption capacity and network node degree, it is more bene�cial to
improve the bene�ts of information sharing.

When the bene�t coe�cient increased from zero to 0.2, it had little effect on promoting the information
sharing behavior of community patients.The proportion of patients in the community who choose to
share information is still zero.When patients' bene�t coe�cient of information sharing was increased to
0.4, the bene�t coe�cient gradually promoted information sharing behavior.When the pro�t coe�cient
increased from 0.4 to 0.6, the proportion of users participating in information sharing  increased
substantially, from the original unshared information to about 80% of users choosing to share
information, as shown in �gure 8.

The bene�t coe�cient of patient information sharing can promote the bene�t of community patients.The
patient bene�t coe�cient in this study represents the bene�ts brought by the user's information sharing
behavior, regardless of whether other patients share information or not. At the same time, with the
increase of network structure coe�cient ck, the overall bene�t of community patients gradually
increased.Moreover, the larger the bene�t coe�cient of patient information sharing, the more obvious the
promotion effect of network structure on the total bene�t of community patients,as shown in �gure 9.
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The in�uence of community patients' information reserve on their information sharing behavior is
promoted in stages, as shown in �gure 10.It can be seen from the �gure that when the information
reserve level of patients is relatively low (below 0.4), patients who choose information sharing in the
community will eventually give up information sharing with the progress of interaction time.With the
increase of information reserve level of patients, their sharing behavior gradually improved.However, the
promotion effect of community patient user information reserve level on information sharing behavior is
staged.When the information storage level of users increased from 0.6 to 1, the number of users who
chose to share information barely changed.

The information reserve level of community patients has a limited role in promoting the information
sharing behavior, and it increases with the increase of network structure parameter ck. When community
patients do not have any information reserves, the community cannot create value for users, as shown in
�gure 11.Therefore, the community platform manager should provide some information as well as
communication space for users in the initial stage.A large amount of information is generated during the
interaction between community members, which is usually in a scattered and disordered state.
Community managers should collect, sort and store such information and establish a community
information warehouse. Once the information demanders have information needs, the community can
act as the information provider to conduct initial interaction with the information demanders, so that
other patients in the community can have more time and energy to provide more advanced information
and patients can obtain more bene�ts.

5. Conclusions
In this paper, we found the following factors such as the bene�t coe�cient of information sharing, the
patient's information reserve level, the patient density of information sharing at the initial time, the
patient's information transformation ability and information absorption ability have a positive in�uence
on the level of patient information sharing in the online patient community.There is a positive correlation
between the node degree of community patients and the information sharing level of community users.
The network structure with high node degree can promote the interaction between community members
and facilitate the information sharing among them. However, the risk cost coe�cient of information
sharing has a negative regulating effect on the level of sharing cooperation.Based on this, the community
manager can combine the user characteristics and information characteristics of the online patient
community to promote the information sharing level from multiple dimensions.Community managers
can improve the information conversion ability and information absorption ability of community patients
through o�ine activities, professional guidance and other forms.

For the invisible information, the organization information system should be constructed, and the
information should be combed and integrated to reduce the di�culty of its transmission.In the process of
information sharing and communication with other users, community users internalize the information
provided by others into their own knowledge through their own understanding and application, so as to
realize their own knowledge growth. Information owners share their information with other users in the
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community for others to learn and use, so as to realize the circulation of information and improve the
e�ciency of information utilization. To establish a long-term incentive mechanism, such as the points
system, reward system and upgrade system, so that information sharers can obtain a sense of
satisfaction and achievement in the process of information sharing, and become the backbone of
community information sharing;By building a good community environment, reduce costs and risks of
information sharing, expand information sources, rich form of information exchange, sustain a
continuous, effective information sharing activities, make the community members get more bene�ts
from information sharing activities, raise the enthusiasm of user participation, improve community
members information sharing level.
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Figures

Figure 1

In�uence of initial collaborator ratio on patient information sharing bene�ts
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Figure 2

The impact of cost on the bene�ts of community patients

Figure 3

Impact of cost on information sharing level
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Figure 4

In�uence of patient information conversion ability on information sharing level

Figure 5

In�uence of patients' information conversion ability on information sharing bene�ts
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Figure 6

In�uence of patient information absorption capacity on information sharing level

Figure 7

In�uence of information absorption capacity on the bene�ts of information sharing
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Figure 8

In�uence of bene�t coe�cient on information sharing level of community patients

Figure 9

In�uence of revenue coe�cient on information sharing revenue
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Figure 10

In�uence of patient information reserve on information sharing level

Figure 11

In�uence of information reserve level of patients on community bene�ts


