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Abstract：Information collaboration is crucial for optimizing 
resource allocation and improving diagnostic efficiency 
across hospital tiers through enhanced information technol‑
ogy capacity.  To characterize the dynamic decision‑making 
mechanism between general hospitals （GHs） and primary 
healthcare centers （PHCs）， a two‑player differential game 
model was constructed to analyze the relationship between 
optimal investment levels and corresponding payoffs and ex‑
plore how GHs can incentivize collaboration by adjusting 
their investment intensity and sharing PHCs’ costs.  The re‑
sults indicate that information collaboration is a win‑win 
strategy.  Its dynamic equilibrium shows that GHs make in‑
tensive efforts in the early stage of digital construction.  
However， such investment decreases over time as patient in‑
formation accessibility becomes limited.  Under the collabo‑
ration mode， although GHs’ digital investment is lower 
than that in the independent operation， the total system pay‑
off significantly increases.  This improvement arises because 
PHCs， with their locational and informational advantages， 
undertake major digitalization tasks， allowing GHs to focus 
resources on disease treatment.  The introduction of collabo‑
ration incentives strengthens this performance improvement.
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Driven by advances in information technology （IT）， 
hospitals across tiers have implemented medical in‑

formation systems.  However， these systems remain frag‑
mented， with diagnostic and treatment data stored sepa‑
rately.  When patients transfer between hospitals， the ab‑
sence of interoperable medical records leads to repeated 
consultations and examinations， which in turn increases 
healthcare costs and wastes medical resources［1］.  Infor‑
mation collaboration addresses systemic healthcare 
needs， enhances hospital reputation， and improves care 
efficiency.  For doctors， access to patients’ historical 

data strengthens diagnostic accuracy and treatment deci‑
sions［2］.  For patients， Health Information Exchange 
（HIE） decreases diagnostic costs， readmission rates， 
and length of stay， thereby improving satisfaction.  Amid 
strained healthcare resources， information collaboration 
supports hierarchical treatment policies， optimizes re‑
source allocation， and promotes patient flow balance by 
increasing the service capacity of primary hospitals.

Given the high cost of data validation， storage， and 
synchronization， understanding the mechanisms and in‑
centives behind information collaboration has become in‑
creasingly critical.  Over the years， scholars have exten‑
sively examined healthcare informatization， focusing on 
two major themes， namely， the development of IT infra‑
structure［3‑4］ and coordination across healthcare tiers.  Eft‑
ekhari et al.［5］ identified HIE as critical in improving re‑
ferral efficiency［6］.  Gomes et al.［7］ attributed the growth 
of health informatization to the twin pressures of chronic 
disease and care quality demands.  Moreover， Niu et al.［8］ 
indicated that hospitals are more likely to adopt HIE un‑
der price competition owing to quality improvements and 
cost offset effects.

Research on informatization incentives emphasizes 
how payment and participation mechanisms affect adop‑
tion.  Cheng et al. ［9］ noted that traditional payment sys‑
tems may inhibit IT investment， calling for new incen‑
tives.  Rajapakshe et al. ［10］ found that rebates motivate 
HIE participation， whereas based on an evolutionary 
game analysis， Liang et al. ［11］ showed that patient par‑
ticipation and data quality are decisive for HIE sustain‑
ability.  Ozdemir et al. ［12］ demonstrated that heteroge‑
neous providers may lack record‑sharing incentives， re‑
quiring selective subsidies.  Furthermore， Zhao［13］ inves‑
tigated information asymmetry in elderly care through op‑
tion contracts.  He et al.［14］ developed a three‑party evo‑
lutionary game involving government， operators， and 
the public； although not directly about HIE， their in‑
sights into regulatory costs， penalties， and compensation 
inform incentive mechanisms for healthcare information 
sharing.  These studies confirm the benefits of informati‑
zation but reveal the need for effective cross‑tier coordi‑
nation， an area that remains underexplored.

Studies on interhospital coordination mainly focus on 
service‑level and payment incentives.  Zhang et al. ［15］ 
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found that redistributing revenues from high‑ to low‑tier 
institutions expands capacity and decreases congestion， 
whereas Chen et al.［16］ and Yu et al.［17］ showed that sub‑
sidies and priority mechanisms improve system perfor‑
mance by guiding patients to primary care.  Wang et al.［18］ 
identified referral payment thresholds that optimize per‑
formance， whereas Li et al. ［19］ confirmed that capacity‑
sinking programs enhance lower‑tier utilization when pa‑
tient value differentials are high.  However， information 
disclosure does not always yield benefits.  Kim et al. ［20］ 
and Zhang et al. ［21］ reported that disclosure timing and 
pricing shape patient strategies， sometimes disadvantag‑
ing lower tiers.  Payment‑based coordination has also been 
widely studied.  Adida et al. ［22］ demonstrated that 
outcome‑based penalties outperform fee‑for‑service mod‑
els； Zhou et al.［23‑24］ revealed that bundled and differenti‑
ated Medicare policies improve welfare and guide patient 
choices； Sun et al.［25］ verified that cost‑sharing and flex‑
ible pricing stimulate preventive efforts； Bravo et al. ［26］ 
and Liu et al.［27］ emphasized risk‑ and cost‑sharing mecha‑
nisms that coordinate capacity allocation while minimiz‑
ing costs.

Despite substantial findings， most studies employed 
static analytical approaches that overlook the dynamic， 
adaptive nature of interhospital collaboration.  Factors 
such as organizational scale and policy incentives have 
been identified； however， conventional models fail to 
capture long‑term strategic adjustments driven by policy 
evolution and experiential learning.  Although differential 
game theory has been introduced， applications remain 
limited to single‑tier contexts， with cross‑tier dynamic 
frameworks still lacking.  Moreover， existing studies pri‑
marily focused on horizontal coordination， insufficiently 
examining cost‑sharing and benefit allocation mecha‑
nisms between primary and higher‑level hospitals.

To address these gaps， this study investigated informa‑
tion collaboration mechanisms within a two‑tier health‑
care system.  A dynamic differential game model was de‑
veloped in a Stackelberg framework， with general hospi‑
tals （GHs） acting as leaders and primary care institutions 
as followers.  State differential equations describe the 
joint evolution of collaboration levels， driven by both 
parties’ efforts.  The model clarifies how GHs can pro‑
mote collaboration through optimal effort and cost ‑ shar‑
ing （e. g. ， subsidies）， thereby providing theoretical and 
decision‑making guidance for improving coordination ef‑
ficiency in healthcare systems.  While empirical studies 
such as that by Li et al.［4］ demonstrated that HIE access 
decreases length of stay and readmissions， the present 
study contributes by analyzing institutional decision‑mak‑
ing behavior and proposing dynamic incentive mecha‑
nisms using a differential game perspective.

1　Problem Statement

1. 1　Cross‑tier information collaboration in the 
healthcare system

With increasing chronic disease prevalence， effective 
patient health management becomes crucial.  Comprehen‑
sive health management requires access to clinical data 
（diagnoses/treatments） and daily health metrics.  While 
GHs can enhance information systems to collect such 
data， resource constraints make continuous tracking of 
patients’ daily health information difficult and costly.  
Additionally， geographical distance and long waiting 
times decrease patient visits to GHs， compromising infor‑
mation timeliness.

Consequently， collaboration across healthcare tiers has 
gained increasing interest.  By sharing GH‑acquired clini‑
cal data， primary healthcare centers （PHCs） can deliver 
efficient health management services （e. g. ， family doc‑
tors and rehabilitation）.  Simultaneously， GHs’ special‑
ized capabilities can analyze PHI‑generated patient data， 
enabling prompt health interventions that decrease read‑
mission rates.  Moreover， PHCs’ proximity to patients 
and lower staffing costs facilitate more responsive health 
monitoring.

GHs can incentivize PHC participation through 
resource‑sharing or subsidies.  Compared to GHs， PHCs 
have lower patient information requirements and experi‑
ence smaller cost impacts from readmissions， which dis‑
courages independent information system development 
and timely data maintenance.

We modeled this information collaboration between 
healthcare tiers.  Regarding market position and influ‑
ence， GHs are large‑scale comprehensive medical institu‑
tions with a higher reputation， more specialist resources， 
and advanced equipment， attracting a large number of pa‑
tients.  Thus， GHs hold a dominant role in pricing， ser‑
vice scope， and technology adoption.  Patients often pri‑
oritize tertiary hospitals， whereas PHCs assume a sup‑
portive role in patient triage and auxiliary care.  Regard‑
ing resource and technological advantages， GHs lead in 
medical technology， research capabilities， and financial 
investment， enabling them to pioneer new treatments or 
establish industry standards.  This indicates that GHs act 
as leaders and PHCs as followers in the model.  This as‑
sumption is consistent with prior studies on China’s 
tiered healthcare system［19］.  Given GHs’ dominant posi‑
tion in the healthcare system， we established the follow‑
ing leadership structure：

Assumption 1 This study considers a GH and a 
PHC.  The relationship between the GH and the PHC is 
modeled as a Stackelberg game.
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1. 2　Relationship between informatization level and 
cost

The level of information collaboration among hospitals 
significantly impacts patient acceptance of health inter‑
vention services， driven by joint efforts of GHs and 
PHCs.  In health management， GHs focus their efforts on 
developing information systems and enhancing health 
data analysis capabilities， whereas PHCs primarily under‑
take information collection and maintenance activities.  
Due to technical constraints， the marginal impact of 
GHs’ efforts diminishes as collaboration levels increase.  
Conversely， IT advantages proportionally expand with 
growing patient data volumes in PHCs［28］.

Assumption 2 The level of informatization is deter‑
mined by the GH’s effort and PHC’s effort simultane‑
ously.  This dynamic process can be described by a differ‑
ential equation presented as follows： 

η̇ ( t ) = γHeH ( t ) 1 - η ( t ) + γPeP ( t ) - εη ( t ) （1）
where η ( t ) is the information collaboration level at 
time t， and η ( t ) in the beginning of taking actions is 
η (0 ) = η0 = 0.  If the GH’s effort is eH ( t ) and the im‑
pact of effort on the collaboration level of GH is γH， 
the information collaboration level will increase by 
γHeH ( t ) 1 - η ( t ) .  If the PHC’s effort is eP ( t ) and the 
impact of effort on collaboration level of PHC is γP， the 
information collaboration level increases by γPeP ( t ).  
This differential Eq.（1） has been used in several stud‑
ies.  Moreover， the information collaboration level be‑
tween GHs and PHCs suffers from a decay rate of ε； that 
is， it will inevitably decrease without sustained mainte‑
nance and investment.  This is primarily due to the ongo‑
ing friction between dynamically evolving healthcare de‑
mands， technological environments， and operational pro‑
cesses conversely and relatively static coordination sys‑
tems on the other， which include the divergence of tech‑
nical standards during iteration， leading to incompatibil‑
ity between system interfaces and data formats； and the 
decline in data accuracy， completeness， and standardiza‑
tion caused by the lack of long‑term data quality control 
mechanisms.  Furthermore， η̇ ( t ) characterizes the change 
in the information collaboration level resulting from the 
efforts of healthcare institutions.

Assumption 3 The extra costs of the GH and PHC to 
take actions to improve the information collaboration 
level are assumed to be quadratic functions.  The tradi‑
tional marginal cost is zero.

Quadratic cost functions have been adopted by previ‑
ous studies［13， 23］.  If the marginal costs from the collabo‑
ration effort the of GH and PHC are kH and kP， respec‑
tively， the extra cost for the GH’s effort CH is defined as 
follows：

CH (eH ( t ) ) = k 2H (eP ( t ) )
2 （2）

The extra cost for the efforts made by the primary care 
institution CP is defined as follows：

CP (eP ( t ) ) = k 2P (eP ( t ) )
2 （3）

2　Models

2. 1　Case without co‑produced effort

In this scenario， GHs operate without collaborating 
with PHCs.  They conduct their own IT development and 
directly provide health management services to patients， 
including prevention and post‑treatment management.

The non‑collaborative case is referred to as Case N， 
denoted with the superscript N.  The GH’s profit func‑
tion is formulated as follows：

J N H = max
eNH( )t

∫0
∞ e-ϕté

ë
êêêê ù

û
úúúúπHηN( )t - k 2H (eNH ( t ) )

2
s. t.   η̇N ( t ) = γHeNH ( t ) 1 - ηN ( t ) - εηN ( t ) （4）

where J NH  denotes the total profit of the GH under infor‑
matization decisions； πH is the marginal revenue ob‑
tained by the GH through healthcare informatization， de‑
rived from reduced treatment expenses due to lower pa‑
tient readmission rates and avoided duplicate examina‑
tion costs；ηN( t ) represents the information collaboration 
level when the GH’s informatization effort is eNH ( t )； 
η̇N ( t ) denotes the rate of change in the information col‑
laboration level under Case N； ϕ is the depreciation rate 
of the healthcare institution’s value.

The Hamilton‑Jacobi‑Bellman （HJB） equation is as 
follows：

ϕV N H = max
eNH ( t ) {éëêêêê ù

û
úúúúπHηN ( t ) - k 2H (eNH ( t ) )

2 +
(V N H )'[ ]γHeNH ( t ) 1 - ηN ( t ) - εηN ( t ) }（5）

where V N H represents the revenue of the GH under Case N.
As in the study by Jørgensen et al.［28］， the parameters 

in Eq.（5） are independent of time.
Lemma 1 Under Case N， the optimal level of the 

GH’s informatization effort eN*H  is formulated as follows：
eN*H = γH ANH

kH
1 - η ( t ) （6）

where
η ( t ) = γ2H ANH

kHε + γ2H ANH

ì
í
î

ïï
ïï

ü
ý
þ

ïï
ïï

1 - exp é

ë

ê
êê
ê ù

û

ú
úú
ú-( )ε + γ2H ANH

kH
t （7）

ANH =
kH

é

ë

ê
êê
ê ù

û

ú
úú
ú(ϕ + ε )2 + 2πHγ2H

kH
- (ϕ + ε )

γ2H
（8）
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2. 2　Case with co‑produced effort
This section analyzes the co‑produced effort scenario 

without cost‑sharing.  This scenario is referred to as Case 
C， denoted with the superscript C.  In this case， the GH 
and PHC make sequential decisions： the GH first deter‑
mines its information collaboration effort level， and then 
the PHC sets its effort according to this decision.  Both 
parties aim to maximize their respective profits.

The objective functions of the GH and PHC are formu‑
lated as follows：

J C H = max
eCH( )t

∫0
∞ e-ϕté

ë
êêêê ù

û
úúúúπHηC ( t ) - k 2H (eCH ( t ) )

2 （9）

J C P = max
eCP ( t ) ∫0

∞ e-ϕté
ë
êêêê ù

û
úúúúπPηC ( t ) - k 2P (eCP ( t ) )

2 （10）
s. t.   η̇C ( t ) = γHeCH ( t ) 1 - ηC ( t ) +

γPeCP ( t ) - εηC ( t )
where πP represents the marginal revenue obtained by the 
PHC through informatization， which is generated from 
the fees paid by patients for their participation in primary 
care； J C H， J C P denotes the total profit of the GH and PHC， 
respectively， under informatization decisions； ηC ( t )， 
η̇C ( t ) represent the information collaboration level and 
its rate of change under Case C， respectively， when the 
GH’s informatization effort is eCH ( t ) and the PHC’s in‑
formatization effort is eCP ( t ).  Hence， the HJB equation 
for decision makers can be written as follows：
ϕV C H = max

eCH ( t ) {éëêêêê ù
û
úúúúπHη ( t ) - k 2H (eCH ( t ) )

2 +

(V C H )'[ ]γHeCH ( t ) 1 - ηC ( t ) + γPeCP ( t ) - εηC ( t ) }
（11）

ϕV C P = max
eCP ( )t

é
ë
êêêê ù

û
úúúúπPη ( )t - k 2P (eCP ( t ) )

2 +
(V C P )'[ ]γHeCH( )t 1 - ηC( )t + γPeCP ( )t - εηC( )t

（12）
where V CH， V CP  represents the revenue of GH and PHC un‑
der Case C.

Lemma 2 Under Case C， the optimal level of the 
GH’s informatization effort eC*H  and the optimal level of 
the PHC’s informatization effort eC*P  are formulated as 
follows， respectively：

eC*H = γH ACH
kH

1 - ηC ( t ) （13）

eC*P = γP ACP
kP

（14）
where
ηC ( t ) = kPγ2H ACH + kHγ2P ACP

kP (kHε + γ2H ACH )
ì
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ïï
ïï

ü
ý
þ

ïï
ïï

1 - exp é
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ú-( )ε + γ2H ACH

kH
t

（15）

ACH =
kH

é

ë

ê
êê
ê ù

û

ú
úú
ú(ϕ + ε )2 + 2πHγ2H

kH
- (ϕ + ε )

γ2H
（16）

ACP = πP

(ϕ + ε )2 + 2πHγH 2
kH

（17）

2. 3　Case with co‑produced incentives

In this case， the GH is willing to provide an incentive 
by sharing part of the information collaboration cost for 
the PHC.  This scenario is referred to as Case I， denoted 
with the superscript I.

Thus， the GH determines its informatization effort 
eIH ( t ) and cost‑sharing rate θ simultaneously， and then 
the PHC decides its informatization effort eIP ( t ) by using 
the given parameters， including eIH ( t ) and θ.

Under Case I， the objective functions of the GH and 
PHC are formulated as follows：
J IH = max

eIH( )t ，θ
∫0

∞ e-ϕté
ë
êêêê ù

û
úúúúπHηI( )t - k 2H (eIH ( t ) )

2 - θeIP( )t （18）

J IP = max
eIP( )t

∫0
∞ e-ϕté

ë
êêêê ù

û
úúúúπPηI( )t + θeIP( )t - k 2P (eIP ( t ) )

2 （19）
s. t.   η̇I ( t ) = γHeIH ( t ) 1 - ηI ( t ) + γPeIP ( t ) - εηI ( t )

where J IH， J IP denotes the total profit of the GH and PHC， 
respectively， under informatization decisions； ηI ( t )， 
η̇I ( t ) represent the information collaboration level and its 
rate of change under Case I， respectively.

Thus， the HJB equation for decision makers can be 
written as follows：
ϕV IH = max

eIH( )t ，θ
 {éëêêêê ù

û
úúúúπHηI( )t - k 2H (eIH ( t ) )

2 - θeIP( )t +

(V IH )'[ ]γHeIH ( t ) 1 - ηI ( t ) + γPeIP ( t ) - εηI ( t ) }
（20）

ϕV IP = max
eIP( )t

{éëêêêê ù
û
úúúúπPηI( t ) + θeIP( t ) - k 2P (eIP ( t ) )

2 +

(V IP )'[ ]γHeIH ( t ) 1 - ηI ( t ) + γPeIP ( t ) - εηI ( t ) }
（21）

where V IH， V IP represents the revenue of the GH and PHC 
under Case I.

Lemma 3 Under Case I， the optimal level of the 
GH’s informatization effort eI*H and the optimal level of 
the PHC’s informatization effort eI*P  are formulated as fol‑
lows：

eI*H = γH AIH
kH

1 - ηI ( t ) （22）

θ* = γP ( AIH - AIP )
2 （23）

141



YANG Sen and WANG Haiyan 

eI*P = γP ( AIP + AIH )
2kP

（24）
where
ηI ( t ) = é

ë
ê
êê
ê ù

û
ú
úú
úγ2H AIH

kHε + γ2H AIH
+ kHγ2P ( AIH + AIP )

2kP (kHε + γ2H AIH ) ⋅
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1 - exp é
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û
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ú-( )ε + γ2H AIH

kH
t （25）

AIH =
kH

é

ë

ê
êê
ê ù

û

ú
úú
ú(ϕ + ε )2 + 2πHγ2H

kH
- (ϕ + ε )

γ2H
   （26）

AIP = πP

(ϕ + ε )2 + 2πHγ2H
kH

（27）

3　Model Analysis

3. 1　Comparison of equilibrium in three cases
Proposition 1 The effort of hospitals can be com‑

pared as follows： eN*H > eC*H > eI*H，eC*P < eI*P .
Proposition 2 The revenue of hospitals can be com‑

pared as follows： V N* H < V C* H < V I* H， V C* P < V I* P .
Proposition 3 The information collaboration level 

can be compared as follows： ηN ( t ) < ηC ( t ) < ηI ( t ).
Propositions 1‑3 establish the following： （1） informa‑

tion collaboration levels are highest under co‑production 
incentives （Case I） and lowest without collaboration 
（Case N）； （2） GHs expend minimal effort， but achieve 
maximal revenue with incentives （Case I）， whereas 
without collaboration （Case N）， they exert maximal ef‑
fort for minimal revenue； （3） PHCs increase effort and 
revenue under incentivized collaboration （Case I） com‑
pared to non‑incentivized collaboration （Case C）.  Nu‑
merical simulations adopt the following parameter val‑
ues： ε + ϕ = 0. 2， γH = 0. 25， γP = 0. 2， πH = 2， πP =
1， kH = 2， and kP = 2.  The total revenue of a health sys‑
tem with two‑tier hospitals is represented by VT ( t ) =
VH ( t ) + VP ( t ).

Figs. 1 and 2 support the findings of Propositions 1 
and 2， respectively.  Fig. 3 shows that the total system 
value is highest in Case I and lowest in Case N.  This se‑
ries of propositions demonstrates that in practice， GHs 
implement resource‑sharing initiatives to enhance health‑
care system informatization.  When incentivized through 
these measures， PHCs increase efforts in collecting and 
maintaining patient health information.  Consequently， 
the GH revenue and total system revenue increase as 
more patients choose health management services.  
Thus， the co‑production incentive model achieves the 
lowest GH effort level alongside the highest system infor‑
matization.  Critically， this approach transfers informa‑
tion construction efforts from GHs to PHCs， enabling 
GHs to direct resources to disease treatment.

3. 2　Sensitivity analysis

Proposition 4 The effect of the marginal revenue πP of primary care providers on the equilibrium solution is 
as follows： ∂η ( t )

∂πP
> 0， ∂e*H ( t )

∂πP
< 0， ∂e*P ( t )

∂πP
> 0， and 

∂V *T ( t )
∂πP

> 0.  
These propositions indicate that PHCs increase effort 

for higher profits when their marginal revenue from infor‑
mation collaboration increases， whereas GHs simultane‑
ously reduce health information tracking efforts while 
achieving greater informatization profits.  This supports 
practical price adjustments for primary care services， 
such as implementing packaged family doctor fees.  
Given the non‑intuitive relationship between GHs’ mar‑
ginal revenue and equilibrium outcomes， numerical simu‑
lations were conducted.  Fig. 4 presents three key pat‑

Fig. 1　Effort level of general hospital under three cases

Fig. 2　Information collaboration level under three cases

Fig. 3　Revenue of total system under three cases
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terns： information collaboration levels decrease mono‑
tonically with GHs’ marginal revenue； collaboration 
peaks under co‑production incentives （Case I） and 
reaches its minimum without collaboration （Case N）， 
aligning with prior propositions； and all three cases ex‑
hibit temporal growth at progressively slower rates.  
Complementarily， Fig. 5 reveals that the GH’s optimal 
effort increases monotonically with their marginal rev‑
enue； required effort is minimized under co‑production 
incentives （Case I） and maximized without collaboration 
（Case N）； and informational effort decreases over time 
across all cases， with deceleration rates gradually 
slowing.

Fig. 6 reveals that the optimal revenue of the system is 
monotonically increasing with respect to the marginal 
revenue of the GH； in the same way as the previous 
proposition， co‑production can make the equilibrium rev‑
enue of the system increase； and in all the three cases， 

the optimal revenue of the system is monotonically in‑
creasing with time， and the rate of increase is gradually 
slow.

Proposition 5 The effect of the marginal cost of in‑
formation effort in primary hospitals on the equilibrium 
solution is as follows： ∂η ( t )

∂kP
< 0， ∂e*H ( t )

∂kP
> 0， 

∂e*P ( t )
∂kP

< 0， and ∂V *T ( t )
∂kP

< 0.
These propositions indicate that higher marginal costs 

at PHCs detrimentally decrease system‑wide information 
collaboration levels and their own effort exertion.  Conse‑
quently， GHs should increase efforts in patient health 
management to mitigate readmission‑related costs.  
Therefore， PHCs should prioritize marginal cost control， 
whereas GHs enhance systemic performance by assisting 
regionally disadvantaged centers， particularly those with 
lower informatization levels and marginal effort costs， to 
participate in information collaboration.

Given the non‑intuitive relationship between GHs’ 
marginal costs and equilibrium outcomes， numerical 
simulations were conducted.  Fig. 7 presents that system 
information collaboration decreases monotonically with 
GHs’ marginal costs， exhibiting progressively slower de‑
celeration.  Figs. 8 and 9 further reveal monotonically de‑
creasing patterns for both GHs’ optimal effort and total 
system revenue relative to marginal cost increases.

Proposition 6 The efficiency factor that refers to the 
impact of the efforts of PHCs on the level of health sys‑
tem informatization affects the equilibrium solution as 

Fig. 7　Effect of marginal cost on the information collaboration 
level

Fig. 8　Effect of marginal cost on the effort of general hospitals

Fig. 5　Effect of marginal revenue on the effort of general hos‑
pitals

Fig. 4　Effect of marginal revenue on the information collabo‑
ration level

Fig. 6　Effect of marginal revenue on the total revenue of the 
system
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follows： ∂η ( t )
∂γP

> 0， ∂e*H ( t )
∂γP

< 0， ∂e*P ( t )
∂γP

> 0， and 
 ∂V *T ( t )

∂γP
> 0.

These propositions demonstrate that higher efficiency 
in converting PHCs’ efforts into information collabora‑
tion levels incentivizes greater effort toward healthcare 
system informatization.  In practice， GHs enhance this 
process by guiding collaboration efforts， whereas PHCs 
improve conversion efficiency by adopting new technol‑
ogy.

Figs. 10 to 12 reveal how GHs’ efficiency factor （γH） 
impacts equilibrium outcomes.  Without co‑production， 
both information collaboration levels and total revenue in‑
crease monotonically with γH.  However， under co ‑ pro‑
duction， this monotonic relationship reverses when γH <
γP （primary centers’ efficiency）， with both revenues 
showing monotonically decreasing trends.  When 

γH > γP， revenue patterns become non‑monotonic.  Fur‑
thermore， as depicted in Fig. 11， GHs’ informational ef‑
fort exhibits an inverted U shape across all cases—ini‑
tially increases and then decreases as γH increases.
4　Conclusions

This study models information collaboration across 
healthcare tiers using a dynamic game framework to 
quantify collaboration levels， effort allocation， and insti‑
tutional revenues under three scenarios.  Comparative 
analysis of hospital relationships yields actionable policy 
suggestions.  To our knowledge， this is the first study to 
analyze cross‑tier hospital information collaboration with 
dynamic game behavior and quantify effort extent 
through analytical modeling.  This study systematically 
investigates information collaboration within a tiered 
healthcare system.  In response to the real‑world chal‑
lenge of fragmented medical information in chronic dis‑
ease management， we developed a Stackelberg game 
model with the GH as the leader and the PHC as the fol‑
lower.  By establishing a state differential equation to de‑
scribe the dynamic evolution of information collaboration 
levels and by employing quadratic cost functions with di‑
minishing marginal returns， we applied the optimal con‑
trol theory to derive equilibrium strategies for three sce‑
narios： without co‑produced effort， with co‑produced ef‑
fort， and with co‑produced incentives.  Furthermore， sen‑
sitivity analysis of key parameters revealed the influence 
of collaboration benefit coefficients and cost structures 
on system performance， providing theoretical founda‑
tions and managerial insights for designing incentive 
mechanisms in healthcare information collaboration.  The 
key conclusions are as follows：
（1） The co‑production incentive model outperforms 

non‑collaborative and collaborative‑without‑incentive 
cases.
（2） Higher marginal revenue and efficiency factors at 

PHCs consistently increase system informatization levels 
and participant revenues.
（3） Under co‑production incentives， GHs achieve 

maximal revenue with minimal effort， as effort transfers 

Fig. 9　Effect of marginal cost on the total revenue of the system

Fig. 11　Effect of efficiency factor on the effort of general hos‑
pitals

Fig. 10　Effect of the efficiency factor on the information col‑
laboration level

Fig. 12　Effect of efficiency factor on the total revenue of the 
system
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to PHCs—freeing GHs to focus resources on disease 
treatment and medical research.

Limitations and future directions are as follows： the re‑
lationship between collaboration levels and participant 
revenues may show nonlinearities， with marginal profits 
influenced by strategic interactions.  Subsequent studies 
should investigate alternative incentive mechanisms 
within two‑tiered health systems.
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分层医疗体系中基于协同激励的信息协作分析
杨森， 王海燕

（东南大学经济管理学院， 南京211189）
摘要： 医疗信息协作是不同层级医院通过提升信息技术能力实现资源优化配置与诊疗效率提升的重要途

径。为研究综合医院与基层医疗中心在信息协作中的动态决策机制，构建了基于微分博弈的双主体协作模

型，分析最优投入水平与收益产出关系，并探讨综合医院通过调整投入力度和提供成本分摊以激励协作的

作用机制。结果表明，信息协作本质上是双赢策略，其动态均衡特征体现为综合医院在数字化建设初期投

入强度较高，但随着患者信息可及性受限，该投入呈时间递减趋势。在协作模式下，尽管综合医院的数字化

投入低于独立运作水平，但系统总收益显著提升；究其原因在于，基层医疗中心凭借区位与信息优势承担主

要数字化任务，从而释放综合医院资源聚焦疾病诊疗。协作激励机制进一步强化了此收益提升效果。

关键词：信息协作；协同激励；微分博弈；激励机制
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