
Research Article
Cooperative Innovation in the Medical Supply Chain Based on
User Feedback

Ran Chen, Gui-sheng Hou, and Yu Wang

School of Economics and Management, Shandong University of Science and Technology, Qindao 266590, China

Correspondence should be addressed to Yu Wang; yuwang17@sdust.edu.cn

Received 17 February 2020; Revised 17 March 2020; Accepted 30 March 2020; Published 21 April 2020

Guest Editor: Lei Xie

Copyright © 2020 Ran Chen et al. )is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Given the importance of users in medical innovation, positive user participation can boost the cooperative innovation process
within the medical supply chain. A stochastic differential model based on user feedback is proposed to study the relationship
between user feedback and the medical supply chain. )e stability and sensitivity of the medical supply chain is analysed through
different parameters. )e results show that the effect of patient feedback and suggestions from hospitals on the innovation level of
medical services and medical products is positive, such that the impact of the innovation level of medical services on users and the
effect of patient feedback are positively related to marginal profits and that cooperative innovation is beneficial for medical
product and service innovation and the improvement of demand and profits.

1. Introduction

With economic growth and increasing health awareness,
demand for and spending on advanced medical products
and services have increased due to the pursuit of longer
lifespans and better living conditions [1, 2]. Consumers are
increasingly willing to pay more for advanced medical
products and services [3].

Medical manufacturers develop and produce innovative
medical products to meet this diverse and complex demand.
Medical products include medicines, medical devices, and
other supplementary medical products. Medical devices are
necessary for patient recovery and physical rehabilitation. In
most countries, the majority of medical device companies is
small and medium-sized enterprises (SMEs); in the Neth-
erlands, for example, the ratio of SMEs in this sector is
approximately 80% [4]. )e main market for their products
is domestic. )ese companies have few opportunities to
attract large investments, and it is difficult to launch new
medical products owing to regulatory restrictions and li-
censing systems [5, 6]. High technological capacity and
innovative capacity are two main drivers of competition in
the medical industry. Cooperating with other firms in this
industry has been suggested due to the uncertainty involved

in the technological innovation process, hysteresis, and
revenue leakages [5]. Cooperation enables firms to earn
more profits [7]. Cooperation in medical technological in-
novation is vital for companies that have a heavy depen-
dence on the import of technology and advanced products.
Alliances among enterprises, universities, and research in-
stitutes play an important role in decreasing research risk
and speeding up the identification of medical innovation
breakthroughs. )us, appropriate medical products and
services can be developed in a shorter time [8]. Cooperation
among industry, academia, hospitals, and patients is ben-
eficial for the effective integration of various resources, the
construction of an expansive knowledge network for
medical innovation [9], and the development of open in-
novation platforms [10]. Patients not only are those who
need a cure but also are consumers of medical products and
services [11]. As a key knowledge source and the main
consumers of such products and services, patients help lead
long-term medical innovation and drive the primary trend
of the market [12]. Users provide new ideas to companies
and enable them to understand real demands and expec-
tations, reduce costs, develop product design and safety, and
identify potential problems with medical products in the
development stage [13, 14]. Users also offer real-time
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feedback after the introduction of new products in the
market [12]. However, companies must involve users in
product development at the right time using the right
methods to make the cooperation work [15].

Users include both patients and hospitals. For hospitals,
the aim of medical services is the promotion of the public
good instead of profit maximum [16]. Hospital managers
need to consider effectiveness, patient safety, budget,
treatment requirements, reputation, and cost in developing a
hospital’s medical technology strategy [17]. )e hospital
cooperates with medical suppliers, provides medical ser-
vices, and collects patient information and feedback. An
adequate understanding of patient needs and effective in-
teraction and communication with patients during the
process of supplying medical services are indispensable for
increasing the quality of medical services. Feedback from
patients on their own diseases and relevant treatments has
high heterogeneity and direction [18]. Physician participa-
tion is beneficial for buildingmedical information systems to
gather more accurate information [19]. Surgeons are re-
ceptive to the marketing of medical products and to patient
feedback [20]. While some elements of patient feedback are
characterized by low credibility, communication between
medical companies and patients has some impact on the
value of feedback [21]. To improve feedback credibility, most
medical companies prefer to offer commissions to hospitals.
)e authors in [3] point out that the commission rate is
dependent upon hospitals’ effort level.

)e identification of unmet and unrecognized needs
[22], interaction with patients and their families, and an
emphasis on patient feedback are critical to the construction
of a patient-oriented healthcare system [23]. )e incentives
to further these objectives should be relevant, practical, and
sustainable [24]. Governments often make some efforts: the
British government, for example, has established healthcare
technology cooperatives to boost cooperation among hos-
pitals, patients, industry, and academia to develop new
products and update existing ones [25]. In addition, in many
countries, excellent licensing, technology evaluation, and
payment systems have been established [26]. Brazil’s gov-
ernment has passed incentives to enhance cooperation be-
tween universities and public medical institutes [27]. In
other countries, green approval channels have been setup for
some medical devices and medicine.

Currently, only a fewmedical companies prefer to collect
suggestions extensively at the concept design stage, and a
small number of users are invited to participate in the de-
velopment and testing stages [28]. Most companies do not
invite users to join in the product design and development
phases [20] and ignore the significant impacts of user
participation. Companies that do want to bring users into
their development system need to take into account how
user participation will affect product innovation, how to
promote the positive role of users and hospitals in coop-
erative medical innovation, and how to deal with the impacts
of the inherent randomness of the market and consumer
choice using optimal strategies. In this paper, a strategic
model is constructed based on stochastic differential game
theory to solve the problems mentioned above. )e model is

chosen due to the following benefits: compared with other
strands of game theory, stochastic differential theory allows
the randomness in the process and uncertainty during the
decision-making process to be approached effectively and
fits the real world better. )e theory has been widely applied
in the fields of economics and operations research. In [29],
the authors find strategies with reduced risks by using
stochastic differential game theory.)e authors in [30] study
cooperation in green building technology by using stochastic
differential game theory to model the uncertainty of the
external environment.)e current research aims to promote
cooperation among users, hospitals, and companies based
on users’ feedback and hospitals’ suggestions, while con-
sidering uncertainty.

)e contribution of this study is to group feedback into
two types—patient feedback and hospital suggestions—and
analyse the impacts of both types on the optimal strategies
for cooperative innovation and for the innovation partners.
Uncertainty of choice and the environment is considered to
reflect the real world.

)is study is organized into six parts as follows. Section 1
introduces the background.)e stochastic differential model
is constructed in Section 2. Sections 3 and 4 present the
process of model solving. Finally, the discussion, numerical
simulations, and conclusion can be found in Sections 5 and
6.

2. Proposed Stochastic Differential Model

A two-echelon supply chain has been widely applied in
related research [31–33]. Here, the supply chain includes a
medical manufacturer and a hospital. )e medical manu-
facturer is the leader and responsible for the supply of
medical products. )e hospital is the follower and provides
the corresponding medical services and treatment for pa-
tients; both players are risk neutral. )e medical manu-
facturer is dominant in the market and sets monopoly prices
to attain profits [1, 34, 35]. )e manufacturer makes de-
velopment decisions based on feedback from the hospital.
Innovation in the medical supply chain can include the
development of new medical products and medical services
and treatments simultaneously. )e medical manufacturer
decides the wholesale price of new products and the in-
novation level, and the hospital decides the retail price. )e
conceptual model is shown in Figure 1.

Considering the existing research [3, 36, 37], the cost
functions of the medical manufacturer and the hospital are
set as

Cs(L) �
α

2 1 + χ2( 
L
2
(t),

Ch(G) �
β

2 1 + χ1( 
G
2
(t),

(1)

where α> 0 and β> 0 are the cost-effectiveness of the
medical products and services, respectively; L(t) and G(t)

are the innovation levels of the medical products and ser-
vices at time t, respectively; and χ1 > 0 χ2 > 0 are the
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effectiveness of the feedback from patients and the hospital,
respectively.

When demand is unknown, there are some methods to
describe the demand function, such as the exponential
smoothing algorithm [38]. In this work, users purchase
medical products and services based on the innovation level.
)at is, demand is a stochastic process that depends on the
innovation level of medical products and services:

dX(t) � [δL(t) + cG(t) − εX(t)]dt + σ(X(t))dW(t),

X(0) � X0 ≥ 0,


(2)

where X(t) is the demand at time t, δ, and c are the impacts
of medical products and services on demand, respectively,
ε> 0 is the demand error term, W(t) is the standard Wiener
process at time t, and σ(X(t)) is the random interference
coefficient.

)e medical manufacturer and the hospital share the
profits based on a previous contract, whereby the medical
manufacturer earns n ∈ (0, 1) and the hospital receives 1 − n.
)e medical manufacturer shares costs with the hospital in
the ratio j(t) ∈ (0, 1), where j(t) denotes the commission
rate. Subsidy I is paid by the government. )e discount rate
for the medical manufacturer and hospital is ρ(ρ> 0), and t
is omitted in the following functions. )e profit functions of
the whole medical supply chain [39, 40], the medical
manufacturer, and the hospital are as follows:

π(t) � pX(t),

max
L,j

Js X0(  � E 
∞

0
e

− ρt
nπ(t) −

α
2 1 + χ2( 

L
2
(t)

− j(t)
β

2 1 + χ1( 
G
2
(t) + Idt,

max
G

Jh X0(  � E 
∞

0
e

− ρt
(1 − n)π(t)

− [1 − j(t)]
β

2 1 + χ1( 
G
2
(t)dt,

(3)

where p is the retail price.

All the variables used in the following model are listed in
Table 1.

3. Solving of the Model

3.1.DecentralizedModel. )emedical manufacturer and the
hospital maximize their profits, and the optimal strategy is

G∗ �
2c 1 + χ1( (1 − n)2p

β(ρ + ε)(1 + n)
,

L∗ �
δ 1 + χ2( np

α(ρ + ε)
,

j∗ �
3n − 1
n + 1

, n ∈
1
3
, 1 .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)

Proof. Feedback control with better capacity is widely ap-
plied in the economy [41]. )e optimal value functions are
Vh(X) and Vs(X), which should satisfy the Hamil-
ton–Jacobi–Bellman (HJB) function:

ρVh(X) � max
G

(1 − n)pX − (1 − j)
β

2 1 + χ1( 
G
2



+ Vh
′(X)(δL + cG − εX) +

σ2(X)

2
Vh
″(X),

(5)

ρVs(X) � max
L,j

npX −
α

2 1 + χ2( 
L
2

− j
β

2 1 + χ1( 
G
2

+ I

+ Vs
′(X)(δL + cG − εX) +

σ2(X)

2
Vs
″(X),

(6)

where Vh
′(X) and Vh

″(X) are the first and second partial
derivatives of Vh(X) and Vs

′(X) and Vs
″(X) are the first and

second partial derivatives of Vs(X).

Table 1: Nomenclature.

Symbol means
I Government subsidy
X Demand
G Innovation level of medical services
p Retail price
σ Random interference coefficient
ε Demand error
W Standard wiener process
j Commission rate
ρ Discount rate
α Cost-effectiveness of the medical products
L Innovation level of new products
β Cost-effectiveness of medical services
χ1 Effectiveness of feedback from patients
χ2 Effectiveness of feedback from the hospital
δ Impact of medical products on demand
c Impact of medical services on demand
n Profit ratio for the medical manufacturer

New products
New services

HospitalThe medical 
manufacturer PatientGeneral 

products
General products

services

Information feedback
suggestions

Information 
feedback

New products

Figure 1: )e concept of feedback in the medical supply chain
innovation process.
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)en, solve equation (7) and insert it into equation (6) to
achieve equation (8). Maximize equation (8) to obtain
equations (9) and (10). Insert (5) and (6) to obtain equations
(11) and (12).

G �
cVh
′(X) 1 + χ1( 

(1 − j)β
, (7)

ρVs(X) � max
L,j

npX −
α

2 1 + χ2( 
L
2

−
j 1 + χ1( c2V′2h (X)

2(1 − j)2β


+ I + Vs
′(X) δL +

c2 1 + χ1( Vh
′(X)

(1 − j)β
− εX 

+
σ2(X)

2
Vs
″(X),

(8)

L �
δVs
′(X) 1 + χ2( 

α
, (9)

j �
2Vs
′(X) − Vh

′(X)

2Vs
′(X) + Vh

′(X)
, (10)

ρVh(X) � max
G

 (1 − n)p − εVh
′(X) X

+
δ2V2′

h (X) 1 + χ2( 

α

+
c2 1 + χ1( Vh

′(X) 2Vs
′(X) + Vh

′(X) 

4β

+
σ2(X)

2
Vh
″(X),

(11)

ρVs(X) � max
L,j

 np − εVs
′(X) X

+
c2 1 + χ1(  2Vs

′(X) + Vh
′(X) 

2

8β

+ I +
δ2V2′

h(X) 1 + χ2( 

2α
+
σ2(X)

2
Vs
″(X)

⎫⎬

⎭.

(12)

SetVh(X) � f1X + f2 andVs(X) � k1X + k2, which are
denoted by the optimal linear functions, where f1, f2, k1,
and k2 are constants. Insert them into (11) and (12) to
obtainfd15

f1 �
(1 − n)p

ρ + ε
,

f2 �
δ2 1 + χ2( (1 − n)2p2

αρ(ρ + ε)2
+

c2 1 + χ1(  1 − n2( p2

4βρ(ρ + ε)2
,

k1 �
np

ρ + ε
,

k2 �
c2 1 + χ1( (p + np)2

8βρ(ρ + ε)2
+
δ2 1 + χ2( (1 − n)2p2

2αρ(ρ + ε)2
+ I.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

)e optimal value functions of the medical manufacturer
and the hospital are

Vh(X) �
(1 − n)p

ρ + ε
X +

δ2 1 + χ2( (1 − n)2p2

αρ(ρ + ε)2

+
c2 1 + χ1(  1 − n2( p2

4βρ(ρ + ε)2
,

Vs(X) �
np

ρ + ε
X +

c2 1 + χ1( (p + np)2

8βρ(ρ + ε)2

+
δ2 1 + χ2( (1 − n)2p2

2αρ(ρ + ε)2
+ I.

(14)

□
Corollary 1. 6e innovation level of medical services is
positively related to demand, the effectiveness of feedback
from patients, the retail price, and the commission rate
((zG/zc)> 0, (zG/zχ1)> 0, (zG/zp)> 0, (zG/zj)> 0). 6e
more real and effective the feedback from patients, the better
are the medical services. 6e cost and demand error are
negatively related to the innovation level of medical services
((zG/zβ)< 0, (zG/zε)< 0).

Corollary 2. 6e innovation level of medical products is
positively related to demand, the effectiveness of feedback
from the hospital, and the retail price ((zL/zδ)> 0,
(zL/zχ2)> 0, (zL/zp)> 0). 6e positive effects of the inno-
vation level of medical products on demand are significant for
the development of products. 6e cost and demand error are
negatively related to the innovation level of medical products
((zL/zα)< 0, (zL/zε)< 0).

Considering the method proposed in [42], the optimal
strategy is inserted into (2) to obtain

dX(t) � [Ω − εX(t)]dt + σ(X(t))dW(t),

X(0) � X0 ≥ 0,
 (15)

where Ω � (δ2(1 + χ2)(1 − n)p/α(ρ + ε))+ (2c2(1 + χ1)
(1 − n)2p/(1 + n)β(ρ + ε)) is constant. )e higher the in-
novation level of medical products, the larger the Ω. Set
σ(X(t))dW(t) � σ

��
X

√
dW(t) to obtain

X(t) � X(0) + 
t

0
[Ω − εX(s)]ds + 

t

0
σ(X(s))dW(s).

(16)

6e expectation of equation (16) is E(X(t)) � X(0)+


t

0[Ω − εX(s)]ds. 6e initial condition is E(X(0)) � X0.

E(X(t)) �
Ω
ε

1 − e
− εt

  + e
− εt

X0

�
δ2 1 + χ2( (1 − n)p

α(ρ + ε)ε
+

c2 1 + χ1( (1 − n)p

(1 − j)β(ρ + ε)ε
 

· 1 − e
− εt

  + e
− εt

X0,

lim
t⟶∞

E(X(t)) �
Ω
ε

.

(17)
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Substitute the Itô function into equation (15) to obtain

dX2(t) � 2X(Ω − εX) + σ2X dt + 2Xσ
��
X

√
dW(t),

X2(0) � X0
2 ≥ 0.

⎧⎨

⎩

(18)

Then, integrate equations (15) and (18) to obtain the
following equation:

D[X(t)] �
σ2e− 2εt e− εt − 1(  e− εt − 1( Ω + 2εX0 

2ε2
,

lim
t⟶∞

D[X(t)] �
σ2Ω
2ε2

.

(19)

3.2. CentralizedModel. When the players plan to cooperate,
the objective becomes the profit maximization of the overall
medical supply chain. )e profit function is

max
L,G

JHS X0(  � E 
∞

0
e

− ρt
pX(t) −

α
2 1 + χ2( 

L
2
(t)

−
β

2 1 + χ1( 
G
2
(t) + Idt(t).

(20)

)e optimal strategy in cooperation is

L∗HS �
δ 1 + χ2( p

α(ρ + ε)
,

G∗HS �
c 1 + χ1( p

β(ρ + ε)
.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(21)

)e optimal value function is

VHS(X) �
p

ρ + ε
X +

δ2 1 + χ2( p2

2αρ(ρ + ε)2
+

c2 1 + χ1( p2

2βρ(ρ + ε)2
+ I.

(22)

Corollary 3. 6e innovation level of medical products and
services is positively related to demand, the effectiveness of
feedback from the hospital and patients, and the retail price
((zG∗HS/zc)> 0, (zG∗HS/zχ1)> 0, (zG∗HS/zp)> 0, (zL∗HS/zδ)>
0, (zL∗HS/zχ2)> 0, (zL∗HS/zp)> 0).

The same method proposed before is used to obtain the
expectation, variance, and stable value in the centralized
strategy:

EHS(X(t)) �
℧
ε

1 − e
− εt

  + e
− εt

X0,

lim
t⟶∞

EHS(X(t)) �
℧
ε

,

DHS[X(t)] �
σ2e− 2εt e− εt − 1(  e− εt − 1( ℧ + 2εX0 

2ε2
,

lim
t⟶∞

DHS[X(t)] �
σ2℧
2ε2

.

(23)

4. Discussion

Insight 1. )e innovation level of medical products in a
centralized strategy is higher than that in a decentralized
strategy. )e difference between the medical product in-
novation level in the centralized and decentralized strat-
egies depends on the impacts of innovation on demand
and the effectiveness of the feedback from the hospital:

ΔL � L
∗
HS − L

∗
�
δ 1 + χ2( (1 − n)p

α(ρ + ε)
> 0,

zΔL
zδ
> 0,

zΔL
zχ2
> 0.

(24)

Insight 2. )e innovation level of medical services in a
centralized strategy is higher than that in a decen-
tralized strategy. )e difference between medical ser-
vice innovation level in the centralized and
decentralized strategies depends on the impacts of
innovation on demand and the effectiveness of the
feedback from patients:

ΔG � G
∗
HS − G

∗
�

c 1 + χ1( p (1 + n) − 2(1 − n)2 

β(ρ + ε)(1 + n)
,

n ∈
1
3
, 1 ,ΔG> 0,

zΔG
zc
> 0

zΔG
zχ1
> 0.

(25)
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Insight 3.When n ∈ ((4
�
5

√
/5) − 1, 1), profits are higher in

the centralized strategy than in the decentralized strategy:

ΔV � VHS(X) − Vh(X) + Vs(X) 

�
δ2 1 + χ2( p2 1 − 3(1 − n)2 

2αρ(ρ + ε)2

+
c2 1 + χ1( p2 5n2 − 11 − 10n( 

8βρ(ρ + ε)2
,

n ∈
4

�
5

√

5
− 1, 1 , ΔV> 0.

(26)

Insight 4. )e expectation and variance of the inno-
vation level of medical products and services and their
stable values are higher in the centralized strategy than
in the decentralized strategy:

∵℧ − Ω �
nδ2 1 + χ2( p

α(ρ + ε)
+

c2 1 + χ1( p(1 − n)3

β(ρ + ε)(n + 1)2
> 0,

∴EHS(X(t)) − E(X(t)) �
℧ − Ω

ε
1 − e

− εt
 > 0,

lim
t⟶∞

EHS(X(t)) − lim
t⟶∞

E(X(t)) �
℧ − Ω

ε
> 0,

DHS(X(t)) − D(X(t)) � DHS[X(t)] �
σ2e− 2εt e− εt − 1( 

2
(℧ − Ω)

2ε2
> 0,

lim
t⟶∞

DHS(X(t)) − lim
t⟶∞

D(X(t)) �
σ2(℧ − Ω)

2ε2
> 0.

(27)

5. Numerical Simulation

5.1. Optimal Strategy of the Medical Manufacturer and the
Hospital. Set c � 0.7, δ � 0.8, α � 5, β � 4, ρ � 0.8, ε � 0.1,
and p � 10 to study the impacts of user feedback and the
share of profits on the optimal strategy.

Figures 2–4 give some information about the decen-
tralized model. From Figure 2, the profits of the medical
manufacturer are positively related to the commission rate.
)e more profits the medical manufacturer receives, the
higher the commission rate the medical manufacturer offers.
)e positive impacts of feedback and suggestions from the
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Figure 2: )e commission rate in the decentralized strategy.
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hospital and the profit ratio for the medical manufacturer on
the innovation level of medical products can be found in
Figure 3. )at is, the real and effective information gathered
and valuable suggestions supported by the hospital are
beneficial for the improvement of medical products and
meet the increasingly sophisticated demand. Figure 4 shows
that there are positive impacts of feedback from patients and
the profit ratio for the medical manufacturer on the inno-
vation level of medical services. )ough the hospital may
receive lower profits, the commission makes up the gap.
Figure 5 shows information about the positive impacts of the
effectiveness of user feedback on the innovation level of
medical products and services in the centralized strategy.

5.2. Effects of Demand and Demand Expectations. Set σ � 5,
X0 � 0, χ1 � χ2 � 0.7, n � 0.7, and time step Δt � 1. Based
on the method presented in [42], (15) is discretized:

X(t + Δt) � X(t) +(0.97 − εX(t))Δt + σ
����
X(t)

 ��
Δt

√
ζ(t),

(28)

where ζ(t) is the standard normal random variable.

In Figure 6, demand fluctuates above and below its
expected level. In real economies, demand is affected by
various factors. It is difficult to obtain the actual data. )e
approximation of demand enables managers to make better
decisions. Confidence intervals can describe real demand.
)e 95% confidence interval is

(E[X(t)] − 1.96
�������
D[X(t)]


, E[X(t)] + 1.96

�������
D[X(t)]


).

(29)

6. Conclusion

Cooperation among medical manufacturers, medical service
providers, and patients is fundamental to the construction of
healthcare systems. In this paper, an innovation system
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Figure 3: )e innovation level of medical products in the
decentralized strategy.
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involving patients, the medical manufacturer, and the
hospital is established to allow for the consideration of user
feedback. )e medical manufacturer in this work is willing
to collect suggestions from users and hospitals to achieve
valuable feedback in the development and testing stage,
highlighting the significant impacts of user participation.
Stochastic differential game theory is used to find the op-
timal strategies in a decentralized and a centralized context.
)e results show that there are positive impacts of demand,
the effectiveness of user feedback, and the retail price on the
innovation level of medical products and services. User
participation in the form of feedback has positive impacts on
medical innovation. )e cost and demand error term are
negatively related to the innovation level of medical products
and services. )e innovation level of medical products and
services is higher in the centralized strategy than in the
decentralized strategy. It is possible to promote cooperation
among users and hospitals in medical innovation by sharing
the hospital’s costs. )e impacts of the inherent randomness
of the market and consumer choice on the optimal strategies
are described by the stochastic differential game model. )e
expectation and variance of the innovation level of medical
products and services and their stable values are higher in
the centralized strategy than in the decentralized strategy.

)is study is beneficial in helping medical manufacturers
adjust their commission rates to increase the effectiveness of
user feedback, realize the importance of user feedback for
cooperative innovation, and reduce costs. It is vital to build a
positive cooperation cycle to boost medical products and
service upgrades and updates.

Some limitations need to be addressed in the future. In
real economies, there are more than two members in the
medical supply chain, and the number of agents in the
medical supply chain will be increased in the following
study. Some other key factors, such as user feedback, need to
be elaborated upon to further this study. Finally, enriching
the cooperation design to reflect cooperation among in-
dustry, universities, research institutes, hospitals, and pa-
tients is another direction for future study.
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