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Information collaboration analysis in different tiers of
healthcare system with co-produced incentives
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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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tives; differential game; incentive mechanism
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riven by advances in information technology (IT) ,
Dhospitals 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

1 Infor-

healthcare costs and wastes medical resources
systemic healthcare
needs, enhances hospital reputation, and improves care

efficiency. For doctors, access to patients’ historical
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data strengthens diagnostic accuracy and treatment deci-

sions'?.

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-

(341 and coordination across healthcare tiers. Eft-

structure
ekhari et al. "*) identified HIE as critical in improving re-
ferral efficiency'®. 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. [¢]
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-

9]

tion. Cheng et al. ' noted that traditional payment sys-

tems may inhibit IT investment, calling for new incen-

110 found that rebates motivate

tives. Rajapakshe et al.
HIE participation, whereas based on an evolutionary
game analysis, Liang et al. """ showed that patient par-
ticipation and data quality are decisive for HIE sustain-

ability. Ozdemir et al. ''*/

demonstrated that heteroge-
neous providers may lack record-sharing incentives, re-
quiring selective subsidies. Furthermore, Zhao'"*’ inves-
tigated information asymmetry in elderly care through op-
tion contracts. He et al. \'* 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. !>
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found that redistributing revenues from high- to low-tier
institutions expands capacity and decreases congestion,
whereas Chen et al. "' and Yu et al. "'’ showed that sub-
sidies and priority mechanisms improve system perfor-
mance by guiding patients to primary care. Wang et al. "'*
identified referral payment thresholds that optimize per-
formance, whereas Li et al. "'’ 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. 2

reported that disclosure timing and
pricing shape patient strategies, sometimes disadvantag-
ing lower tiers. Paymentbased coordination has also been
widely studied. Adida et al. '»' demonstrated that
outcome-based penalties outperform fee-for-service mod-
els; Zhou et al. *?* revealed that bundled and differenti-
ated Medicare policies improve welfare and guide patient
choices; Sun et al. ! verified that cost-sharing and flex-
ible pricing stimulate preventive efforts; Bravo et al. 2

and Liu et al. "

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
resource-sharing or subsidies. Compared to GHs, PHCs

incentivize PHC participation through
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''®’. 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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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 2",

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:

(1) =yueu(t) J1 = (1) + ypep(t) —en(e) (1)

where n(t) is the information collaboration level at
time ¢, and n(¢) in the beginning of taking actions is
1n(0) = n, = 0. If the GH s effort is ey () and the im-
pact of effort on the collaboration level of GH is vy,
the information collaboration level will increase by

Yueu(t) /1 = n(t). If the PHC s effort is e, (¢) and the

impact of effort on collaboration level of PHC is y,, the
information collaboration level increases by y.e,(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 &; 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, 7(¢) 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 "** !, If the marginal costs from the collabo-
ration effort the of GH and PHC are &, and &, respec-
tively, the extra cost for the GH’s effort C,, is defined as
follows:

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

k (ep(2))
2

Cplep(1)) = (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:

© 2 N
JN = rnaxf e’d”|:7THnN(t) - 7]{H(€H(t)):|
N o 2

s.t. V() = ypel (1) J1 =N () —en™(t) (4)

where J}) denotes the total profit of the GH under infor-
matization decisions; 7; 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; n"(¢) represents the information collaboration
level when the GH’ s informatization effort is e} (¢);
1" (¢) denotes the rate of change in the information col-
laboration level under Case N; ¢ is the depreciation rate
of the healthcare institution’s value.

The Hamilton-Jacobi-Bellman (HJIB) equation is as
follows:

vy = o [ - OG0

(Vﬁ)’[yHeﬁ(t) J1=nN() - anN(t)” (5)

where V1 represents the revenue of the GH under Case N.
As in the study by Jgrgensen et al. 281 the parameters
in Eq. (5) are independent of time.
Lemma 1 Under Case N, the optimal level of the
GH’s informatization effort e}y is formulated as follows:

. AN
eN =%Jl—n(r) (6)
H

1- exp[—(s + 7/zl'{AI;I‘)t” (7)

kH|:/(d)+a)2+27;:yz'—(¢+e):|

where
VAR

(1) = —Yuhn__
T e + v AY

AN = S (8)
Yn
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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
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:

and PHC make sequential decisions:

JS = max f:e’¢’[ﬂﬂnc(t) - w} (9)

JS = maxre"”‘[wpnc(t) ke (en (t))} (10)

ef,(t)

st 9O(1) = yyuen (1) J1 - n%(1) +
Yr€p b (1) - &n (1)

where 7, 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§;, J§ denotes the total profit of the GH and PHC,
respectively, under informatization decisions; nc (1),
17°(¢) represent the information collaboration level and
its rate of change under Case C, respectively, when the
GH’ s informatization effort is ef () and the PHC’ s in-
formatization effort is eP(t) Hence, the HIB equation
for decision makers can be written as follows:

Vi = ‘}gfﬁ’)‘{{ﬂnﬂ(t) —W}L
i ek 0 [T 30 -en0)]
(11)
(l)V ma>)< |:7Tp77(t) (e;(t))i'

(V§) [VHeH(t)A/l = (1) + ypep(1) - enc(t)}
(12)
where VS, VS 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 e}, and the optimal level of
the PHC’ s informatization effort eS" are formulated as
follows, respectively:

. AS
eg-:% 1-79%0) (13)
H
* AC
o5 = 1o (14)
kp
where
n°(t) = koyidy + kyvedy 1 - exp —(a +7§Aﬁ)t
kp(kye + YR AS) ky
(15)

kHU(qb+g>2+27Tk”§'—(¢+g)

Yu

Tp

2
/(¢+8)2+ 27y Y
ky

2.3 Case with co-produced incentives

AS = (16)

Af = (17)

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 1.

Thus,
ey; () and cost-sharing rate 6 simultaneously, and then
the PHC decides its informatization effort e}, () by using
the given parameters, including ey, (¢) and 6.

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

J5 = max fwe""{wH»qI(;) - w _

en(0),07 0

the GH determines its informatization effort

Hef,(t)] (18)

kg (ep(2))
f} (19)

Jh= maxf ef‘b’[ﬂp‘rll(t) + Oen(t) -
ep(t) 70

s.t. 7' (1) = yue (1) J1 = 1'(2) + ypep(2) — en'(2)

where J}, J} denotes the total profit of the GH and PHC,
respectively, under informatization decisions; 7'(z),
7' (t) represent the information collaboration level and its
rate of change under Case I, respectively.

Thus, the HIB equation for decision makers can be
written as follows:

K (eh(D)

(Vf{)’[neh(r) J1=7'(1) + ypep(t) - 817‘(t)”

(20)

vt = max [ m () + i) - G|

VY [y (0 T =1 (0) + ypeb (1) - gnlm}}
(21)

where V||, V] 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 e]; and the optimal level of
the PHC s informatization effort e, are formulated as fol-
lows:

1
o= Yulu [T (22)
ky
1 _ gl
Q*Z'YP(AH AP) (23)

2
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o ’YP(A%) + Ai{>

ep % (24)
P
where
7' (1) = YhAn kyys(Ay + Ap) X
kye + yi[AL 2kP(kH8 + ')/ZHAL)
2 1
{l —exp{—(a+y];(AH)t“ (25)
H
2 27TH7§
kyl [(b+ &) +T_(¢+8)
Ay =—t — (26)
Yu
AL = Te (27)
2
/(4) v o)t 2

3 Model Analysis

3.1 Comparison of equilibrium in three cases

Proposition 1 The effort of hospitals can be com-

pared as follows: e} > ef > e}, es < ep.
Proposition 2 The revenue of hospitals can be com-

pared as follows: VN < V$ < VL, VS < V.
Proposition 3

can be compared as follows: p™(¢) < n°(¢) < n'(¢).

The information collaboration level

Propositions 1-3 establish the following: (1) informa-
tion collaboration levels are highest under co-production
incentives (Case 1) and lowest without collaboration
(Case N); (2) GHs expend minimal effort, but achieve
maximal revenue with incentives (Case 1) , whereas
without collaboration (Case N) , they exert maximal ef-
fort for minimal revenue; (3) PHCs increase effort and
revenue under incentivized collaboration (Case 1) com-
pared to non-incentivized collaboration (Case C). Nu-
merical simulations adopt the following parameter val-
ues: ¢+ =0.2, y;=0.25, v, =0.2, my =2, wmp =
1, ky =2, and k, = 2. The total revenue of a health sys-
tem with two-tier hospitals is represented by V. (¢)=
V, (1) + V, (1),

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.

e, (1)

02

Fig. 1 Effort level of general hospital under three cases

1.0
0.8

0.6

n (1)

0.4

0.2 .

Fig. 2 Information collaboration level under three cases

50
40 e
_30f
~ 20}
g ——Case N
wr Case C
Case |
O 1 1 1 1 1 J

Fig. 3 Revenue of total system under three cases

3.2 Sensitivity analysis

Proposition 4 The effect of the marginal revenue 7,
of primary care providers on the equilibrium solution is

as follows: on (1) >0, dey (1) <0, dey (1) >0, and
Tp 07 p omp
Vet > 0.
o,

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-
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information collaboration levels decrease mono-
tonically with GHs’ marginal revenue; collaboration

terns:

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 1) and maximized without collaboration
(Case N) ; and informational effort decreases over time

across all cases, with deceleration rates gradually
slowing.
== Case N
) === Case C
~ 06 === Case |
= 04

101.0

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

3.0

§070 15 T

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

pitals

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,

v, (t)
S

3.0
. 5o 25

‘ 8 1010 0 ™
Fig. 6

system

Effect of marginal revenue on the total revenue of the

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: on (1) <0, dey (1) 50,
dkp ok
dep (1) avi(t)
< — 2 <0.
ok, 0, and ok, 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.

s Case N
0.2 = Case C
0 === Case |

8 1070

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

== Case N
1.0 = Case C
=== Case [

20
$ 70 7 W

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

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
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= Case N
0 == Case C
70 === Case |

v, (t)

4 2.0
6
7 8 01 1.5 Ly

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

follows: 1) 5o Penlt) o den(t) g
Yp dYp Yp
Ve (1) > 0.
IYp

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 ()
impacts equilibrium outcomes. Without co-production,
both information collaboration levels and total revenue in-
crease monotonically with y,;. However, under co-pro-
duction, this monotonic relationship reverses when vy <
v, (primary centers’ efficiency) , with both revenues
When

trends.

showing monotonically decreasing

= Case N
0.2 === Case C

04
e
8 1001

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

14 = Case N
1.2 == Case C
. 1.0 == (Case [
=038
< 0.6
047
0.2
0
0 1.0

2 8 1001 04 1

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

= Case N

V. (1)
s

1.0

0.4

2 89001 e

Fig. 12 Effect of efficiency factor on the total revenue of the
system

Yu > Yp. 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 y,, 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
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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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