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Abstract: In response to the online channels established by manufacturers, physical retailers are
starting to offer innovative services, which will intensify conflicts between manufacturers and
retailers. Considering that the conflict will affect the operation efficiency and sustainable development
of the supply chain, the coordination mechanism of a dual-channel supply chain has been established.
In this study, we construct the Stackelberg game model based on consumer utility theory to analyze
the complex mechanism of retailers’ innovation input level affecting supply chain operation and
design the double coordination mechanism. The results show that: (1) an optimal combination of
wholesale prices, retail prices and innovation input levels can optimize the operational efficiency
of the supply chain, (2) Noncooperation among channel members affects the retailer’s product
pricing, decreases the market share of the physical channel and increases the market demand of
manufacturers, (3) The dual coordination mechanism can alleviate channel conflicts, which can
improve the operational efficiency of the supply chain. This study provides several insights on
the theory of organizational coordination and sustainable development in conflicts of dual-channel
supply chains.

Keywords: dual-channel supply chain; innovation inputs; spillover effects; supply chain coordina-
tion; operational efficiency; sustainable development

1. Introduction

Sustainable development attracts much attention from industrial and academic com-
munities [1]. The improvement of supply chain sustainability can shape a social image,
which can improve firms’ competitiveness [2]. More and more firms have begun to pay
attention to the sustainable development of the supply chain. For example, some firms
release their sustainability report where consumers can observe their sustainable oper-
ations about the implementation of reusable materials, green innovation and reduction
of carbon emission. Thus, many potential consumers in the market will preferentially
choose such type of firms. For this reason, many firms invest more resources in sustainable
supply management (e.g., strengthening supply chain cooperation, providing innovation
inputs) to identify and implement actions that can make them sustainable. Thus, firms are
increasingly aware of the importance of sustainable supply chain management.

In practical operation and management, firms face several challenges when it comes
to channeling supply chain. The traditional single physical channel can no longer meet
this changed consumer demand [3], while the online channel can cater to individual
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consumer preferences. As a result, an increasing number of manufacturing companies
are actively exploring online sales channels based on the physical channel [4,5]. However,
there are differences between online channels and offline channels in terms of product
price and service, which will lead to quite fierce channel competition and conflicts [6,7].
Specifically, the online channel offers obvious advantages in terms of product cost and
price, which will have a great impact on the physical channel and directly affect the profit
of physical retailers. In order to alleviate the competitive pressure brought by online
channels, physical retailers will actively respond by taking advantage of facing consumers,
and increase investment in innovations such as technology and marketing models. In this
way, physical retailers can provide more product experience and services to strengthen
consumers’ perception of the value of products. Nevertheless, the behavior will intensify
the competition between channels, which result in considerable conflict of interest between
channel members [8,9]. Even worse, competition and conflict can reduce the efficiency of
the supply chain, which causes loss of resources in the supply chain. Obviously, it is also
detrimental to the sustainability of channel members and the supply chain [10].

The above analysis indicates that the sustainable development of supply chains has
become an important research topic, which brings some challenges [11]. Based on the
relevant researches of predecessors [12,13], strengthening cooperation among supply chain
members, and focusing on the combination of supply chain management and sustainable
development, will help enterprises to formulate scientific and reasonable pricing strategies
and coordination strategies in the complex market environment. The strategies can give
play to the advantages of different channels, and alleviate channel conflicts, so that channel
members can benefit more from the supply chain system. More importantly, it will also
help improve the efficiency and overall profitability of the supply chain. As a supply chain
leader, manufacturers can design coordination mechanisms to strengthen cooperation
with retailers [12], which means to incentivize retailers to take advantage of their direct-
to-consumer orientation and to increase investment in innovations such as technology
and marketing models, which mitigate price competition and conflicts of interest among
channel members [14,15].

The current definition of the value of innovation inputs in reference to dual chan-
nels is vague. In this paper, innovation inputs are defined as the investment made by
decision-makers for technological progress and green service [16], e.g., sustainable opera-
tions mode, green innovation and sustainable investment in internal logistics, warehousing
and other modes, differentiating them from the concept of service efforts used in much
of the literature [17–19]. Examples include investment in green product packaging ser-
vices [2], big data analytics technology that makes personalized product recommendations,
Lenovo’s direct-to-customer marketing model innovation that provides personalized ser-
vices, Haier’s "first-class triple-net" logistics and inventory model innovation and so on [20].
To a certain extent, these innovation investments can tap into the potential needs of cus-
tomers, which enables firms to survive in a highly competitive environment and achieve
greater profitability [21]. More importantly, the cooperation of supply chain members in
innovation can alleviate competition and conflict among channel members and strengthen
cooperation and coordination among channel members, which is conducive to improving
the operating efficiency of the supply chain. Ultimately, this helps optimize the profits of
channel members and realize the sustainable development of the supply chain [22,23].

Retailers provide consumers with personalized, specialized, green and other services
that rely on innovation investment. At the same time, the services brought about by the
retailer’s innovation inputs have a spillover effect [17], creating a free rider phenomenon in
online channels based on the retailer’s innovative services. Through this process, innovative
services are mainly provided by physical retailers, which are to some extent included in
commodity experience stores. However, online channels can also leverage high levels of
innovation from brick-and-mortar physical retailers to increase demand [24]. Based on the
practical problems of the above analysis, this study introduces the retailer’s innovation
inputs and spillover effects brought about by innovation into channel research. Then, we
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extend the consumer demand function and construct the cooperative and noncooperative
supply chain Stackelberg game model based on consumer utility theory. By driving
equilibrium outcomes under these scenarios, we identify the action mechanisms of spillover
effects and innovation inputs on channel pricing, channel competition and profit. Finally,
we design a cooperative mechanism designed to enhance the operational efficiency of the
dual-channel supply chain.

This paper makes two main contributions to the literature:

(i) We pose research questions based on consumers’ “offline experience, online purchase”
shopping experiences in their daily lives. On this basis, we discuss the impact of
retailers’ innovation inputs on channel members’ profitability and supply chain col-
laboration coordination from the perspective of innovation input spillover effects. The
innovation inputs mentioned here refer to the retailer’s investment in emerging tech-
nologies, marketing models, internal logistics, warehousing, etc., which empowers the
retailer to provide innovative services designed to improve channel profitability and
enhance supply chain operational efficiency. Ultimately, such services help supply
chains achieve sustainable development and fundamentally differ from traditional
promotional services such as simple product displays or product explanations. Such
innovation inputs are often ignored by scholars in existing research.

(ii) In the past, when scholars studied the coordination and conflicts of dual-channel
supply chains, they mostly focused on single cost-sharing contracts, revenue-sharing
contracts, etc. Unlike these studies, we designed dual coordination contracts for
channel conflicts. Under the contract, the manufacturer and retailer share innovation
inputs, while the retailer also gives the manufacturer a share of the profits due to the
increased revenue from innovation inputs. Under this dual coordination mechanism,
the cost-sharing ratio has a greater range of adjustment, and the contractual options
between manufacturers and retailers are more flexible. In addition, this coordination
mechanism offers greater advantages in mitigating supply chain channel conflicts
and improving the operational efficiency of the dual-channel supply chain.

The rest of the article is structured as follows. Section 2 reviews the relevant literature.
Section 3 provides a detailed description of the problem and model assumptions explored.
Section 4 discusses the games of supply chain members in the uncoordinated model of the
dual-channel supply chain under cooperative and noncooperative scenarios. Section 5 ana-
lyzes the supply chain coordination strategy. Conclusions and management implications
are given in Section 6.

2. Literature Review
2.1. Coordination in Supply Chains

To identify new ways to mitigate the considerable impact of online channels on
physical channels, we provide an in-depth analysis of the past literature on coordination
and competition in the supply chain. Regarding revenue-sharing and price discount
contracts, Wu et al. [25] considered the impact of recycling centers on third-party recyclers
(TPRs) and provided insight into how a dual-channel reverse supply chain (DRSC) with a
recycling center and a TPR can optimize the interests of its members under the decentralized
decision mode. The authors’ findings suggest that the impact of recycling centers on third-
party recyclers can be effectively mitigated by establishing revenue-sharing contracts
between recycling centers and TPRs. Recycling centers can maximize their own profits
through practices such as reducing online recycling prices and increasing service levels and
offline transfer prices. Ranjan and Jha [26] investigated pricing strategy and coordination
mechanisms among the members of a dual channel supply chain (DCSC) and successfully
achieved interchannel coordination through a surplus profit-sharing contract to achieve a
win–win situation for all members of the supply chain.

Regarding the cost-sharing contract, Xu et al. [27] similarly examined the coordination
of supply chains consisting of manufacturers and retailers selling products through offline
channels and online platforms. The study found that the supply chain can be coordinated
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through wholesale pricing and cost-sharing contracts when platform capacity is high,
and even when platform capacity is low, it can still be coordinated through cost-sharing
contracts when delivery time sensitivity is high. Regarding the two-part tariff contract, Feng
et al. [28] also found that two-part tariff and revenue-sharing contracts can successfully
coordinate reverse supply chain systems and create win–win situations. To address the
challenges posed by demand disruptions to supply chain (SC) systems in the context of
the information age, Hosseini-Motlagh et al. [29] developed a reverse supply chain (RSC)
model based on the aforementioned research and derived optimal pricing, sustainability
levels and corporate social responsibility (CSR) decisions in the context of decentralized
and centralized reverse supply chain demand disruptions. The study proposes a combined
scheme and demonstrates the effectiveness of the scheme by using a combined two-part
tariff (CTPT) contract. The results of the study show that this option would not only
improve the profitability of the RSC and its members but also improve the environment.

In addition, many nonmonetary contracts are as valuable as cost- and revenue-sharing
contracts in coordinating the supply chain and improving the profitability of each supply
chain member. Aslani et al. [30], in their study of pricing, product greening and coordi-
nation in a dual-channel supply chain in the presence of channel disruptions, noted that
transshipment contracts can also provide effective supply chain coordination.

As shown in Table 1, we summarize the existing literature regarding coordination
and competition in supply chains. As seen from the table, most of the existing research
on supply chain coordination has focused on interchannel coordination using a single
cost-sharing contract, revenue-sharing contract, etc. However, few scholars have used
dual coordination mechanisms. Li et al. [31] studied the role of coupons in pricing and
channel competition under three different distribution models using bilateral revenue-
sharing contracts to coordinate the dual-channel supply chain and demonstrated their
effectiveness. However, the authors did not integrate the two different types of contracts,
nor did they include innovative services and their spillover effects. In contrast to this work,
our paper devises a dual coordination mechanism for channel conflict that uses both cost-
and revenue-sharing contracts taking into account the retailer’s innovative services and
their spillover effects. Under this dual coordination mechanism, the manufacturer and
retailer share the cost of the service, and the retailer provides the manufacturer with a
partial incentive subsidy, which incentivizes the retailer to provide innovative services,
resulting in greater gains for all members of the supply chain.

Table 1. Summary of the related literature regarding coordination and competition in supply chains.

Literature
Coordination Contract

Revenue Sharing Cost-Sharing Price Discount Profit Sharing Transshipment Two-Part Tariff Structure

[25]
√

Single
[26]

√
Single

[27]
√ √

Single
[28]

√ √
Single

[29]
√ √

Single
[30]

√
Single

[31]
√

Dual
Our study

√ √
Dual

2.2. Innovation Inputs in Supply Chain

The paper is closely related to the literature on innovation inputs. In the supply chain
system, in order to better meet the needs of consumers, supply chain members began to
provide innovative services, which can have an impact on the decisions of supply chain
members. In this case, more and more scholars begin to pay attention to supply chain
innovation inputs and focus on the coordination between innovation inputs and incentive.

Regarding innovative service inputs, i.e., innovations in technology, marketing models,
etc., undertaken by policy makers, Cho et al. [14] argued that retailer innovation inputs can
effectively coordinate channels; Kim et al. [15] incorporated the cost of upstream supplier
innovation inputs into a supply chain benefit analysis. Sankaranarayanan [32] used game
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theory to study the optimal frequency at which the monopoly enterprises would put the
innovative and improved new version on the market for free when the durable goods
market faced with saturation under two cycles. Gil-Molto et al. [33] conducted that R&D
subsidies can promote investment in technology research and develop with increasing
technology spillover. Battistella et al. [34] explored how supply chain distribution channels
improve product quality through process innovation.

In addition, regarding retailers’ innovative service, Xiao et al. [35] built Stackelberg and
Bertrand game models based on innovative service, and then proposed pricing strategies
under channel competition. Giri and Roy [36] examined retailers’ service effort level in
demand function, then explored price and service decision-making problem of the dual-
channel supply chain. Considering the innovative service and advertising decisions of
supply chain enterprises, Song et al. [37] investigated the optimal operation and marketing
decisions of channel members under noncooperative and cooperative game structures.

As shown in Table 2, the previous literature coping with online channel intrusion can
be characterized by retailer innovation investment, also from the perspective of retailers
implementing service efforts and sale promotion efforts. However, the research did not
consider the dual channel market characteristics of price competition [13,14,30], nor did
they study the coordination problem of supply chains under the innovation compensation
investment [33,34]. To the best of our knowledge, there is little work investigating inno-
vation investment in dual-channel supply chains. Especially, there is a lack of literature
that considers consumers’ free-riding behavior and spillover effect in retailer innovation
investment.

Table 2. Summary of the related literature regarding innovation inputs.

Literature
Type

Innovation Inputs Innovative Service Coordination Spillover Effects

[14]
√ √

[15]
√ √

[32]
√

[33]
√ √

[34]
√ √

[35]
√ √

[36]
√ √

[37]
√ √

Our study
√ √ √

2.3. Spillover Effects

Many scholars have conducted corresponding research on the spillover effects of ser-
vices. Regarding the efforts of retailers to provide services, Telser et al. [17] analyzed the
spillover effects of services and pointed out that such effects inhibit the enthusiasm of re-
tailers to provide services, thereby affecting market demand and profits. Perry et al. [18]
considered the positive spillover effects of services and analyzed the problem of manufactur-
ers incentivizing multiple homogeneous physical stores to improve service levels. Carlton
et al. [38] analyzed the free-riding behavior of consumers shifting from receiving services
from physical channels to purchasing products from online channels and pointed out that
manufacturers can coordinate this free riding behavior by, for example, adjusting product
pricing. Wu et al. [39] analyzed the information service free-riding problem among compet-
ing retailers and pointed out that free-riding behavior is not always beneficial to free riders.
Through the analysis, Shin et al. [40] concluded that the intensity of price competition among
retailers can be alleviated by free-riding behavior, which benefits not only those who do not
provide the service but also those who do. Liu et al. [4] showed that the negative effects of
hitchhiking can be effectively eliminated through cooperation and that the various members
of the supply chain can work together to achieve Pareto improvements.

Regarding the efforts of manufacturers to provide services, Bernstein et al. [41] con-
cluded that manufacturers provide services to consumers by establishing direct selling
experience stores and analyzed how manufacturers’ product pricing and channel members’



Sustainability 2021, 13, 813 6 of 22

earnings are affected by retailers’ free-riding behavior. In terms of the specific form of ser-
vices provided, services can be categorized as general and innovative services. Regarding
general service inputs, i.e., promotional services provided by retailers or manufacturers,
including simple product demonstrations and product presentations, a number of schol-
ars have demonstrated their positive role in mitigating conflicts among members of the
dual-channel supply chain and enhancing supply chain profitability [25].

As shown in Table 3, we summarize the existing literature on service spillover effects.
Most scholars consider the free-riding effect of innovative services based on the promotional
services provided by retailers or manufacturers, including simple product demonstrations
and product explanations. Such past works discuss the impacts of cross-channel free-
riding on channel members and even supply chains. In contrast, there is a paucity of
analysis of retailers’ innovation inputs through technology and models. Even fewer studies
have discussed the impact of retailers’ innovation input on the profitability of channel
members and the coordination of supply chain cooperation from the perspective of service
spillover effects.

Table 3. Summary of the related literature regarding service spillover effects.

Literature
Service Type

Retailer Manufacturer General
Services

Innovation
Inputs

[17]
√ √

[18]
√ √

[38]
√ √

[39]
√ √

[40]
[41]

√ √

Our study
√ √

2.4. Summary

In summary, as shown in Tables 1–3, the previous literature lacks consideration of
consumers’ free-riding behavior and spillover effect in retailer innovation inputs. Therefore,
our model differs from previous studies in two areas: Firstly, the paper considers the
retailer’s innovation inputs and its spillover effect and constructs a Stackelberg game
model to analyze the impact of the spillover effect, service innovation inputs and subsidy
strategies on retailer channel pricing and profits and unlike the existing literature focuses
on the innovation inputs in the dual-channel supply chains [14,15,31]. Secondly, in order
to alleviate channel conflicts, which can improve the operational efficiency of the supply
chain, we propose the dual coordination mechanism, which is different from the existing
innovation investment research [32–34].

3. Problem Description and Model Definition
3.1. Problem Description

We consider a supply chain system composed of a leader, i.e., the manufacturer, a
follower, i.e., the retailer, and a consumer, as shown in Figure 1. On the one hand, the
manufacturer provides products to the retailer at wholesale price pw, and the retailer sells
the products to consumers at offline price pr through physical channels. On the other hand,
the manufacturer actively opens online channels to directly sell its product at price pe.
Without a loss of generality, we suppose pr > pe [42]. To respond to the impact of the online
channel on the offline channel, the retailer invests in innovative inputs, which can increase
the demand of the retailer channel market. Meanwhile, this has a positive spillover effect
on the market demand of the online channel, which means that consumers can receive the
services offered by the physical retail channel while purchasing products through the online
channel. In other words, the innovation inputs provided by physical retailers can not only
increase their own demand but also increase the demand for online channels. At the same
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time, to encourage the retailer to provide innovation inputs, alleviate channel conflict and
improve the efficiency of channel operation, the manufacturer and retailer must cooperate,
and each has a coordinated contract. The contract’s action mechanisms are as follows: the
manufacturer invests in the retailer’s innovation inputs and shares the retailer’s innovation
input cost in proportion β. At the same time, the retailer compensates the manufacturer
with fixed proportion f to increase the manufacturer’s investment enthusiasm.

Figure 1. Dual-channel supply chain system.

3.2. The Model

According to the utility model developed by Chiang [6], assuming that the market size
is 1, the utility obtained from consumers purchasing products through physical channels
is Ur = V − pr. In addition, the consumers’ valuation of product V obeys a uniform
distribution on (0,1). The utility of consumers purchasing products through the online
channel is Ue = εθV − pe where ξ (0 < ξ < 1) is the loss aversion coefficient, which depicts
risk aversion behavior, which arises when the appearance or quality of the product differs
from expectations [43]. Parameter θ (0 < θ < 1) represents the coefficient of consumer
preferences for the online channel. Consumers’ basic needs are measured by the product
utility function, and their purchasing decisions are determined by the utility they obtain
from purchasing goods through different channels.

(1) When Ur > Ue > 0 i.e., V > max
{

pr, pr−pe
1−ξθ

}
, consumers buy products through the of-

fline channel, and the basic demand of the offline channel is Qr =
∫ 1

max{pr , pr−pe
1−ξθ }

1dv =

1−max
{

pr, pr−pe
1−ξθ

}
.

(2) When Ue > Ur > 0, i.e., pe
ξθ < V < pr−pe

1−ξθ , it is clear that pr > pe
ξθ . Consumers

buy products through the online channel, so basic demand for the online channel is

Qe =
∫ pr−pe

1−εθ
pe
ξθ

1dv = pr−pe
1−ξθ −

pe
ξθ .

(3) When Ue = Ur, there is no difference in the utility of the product purchased by
consumers in the two channels.

(4) When Ue < 0 and Ur < 0, consumers do not purchase the product and exit
the marketplace.

From the above analysis, we assume that the retailer attracts consumers by improving
the innovation input level, which s(s > 0) denotes the innovation input level factor. Thus,
σs represents demand enhancement in the retailer channel, where σ (σ > 0) is the influence
coefficient of innovation inputs per unit on its own demand. Meanwhile, we assume that
ks represents demand enhancement in the online channel where k is the spillover effect
coefficient on the demand. Generally, the ownership innovation investment effect is not
less than the spillover effect; we thus set 0 < k < σ [44]. Drawing on Zhang’s analysis of
cost, we assume that the cost for the retailer to provide innovation inputs is Cs = δs2

2 [45],
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where δ denotes the cost coefficient of innovation inputs [46]. Thus, the aggregate demand
function expands on the basic demand to the incremental demand obtained by adding
innovation inputs to the basic demand [47]. The resulting consumer demand functions for
the physical and online channels are as follows:

Qr =

{
1− pr−pe

1−ξθ + σs , pr >
pe
ξθ

1− pr + σs , pr <
pe
ξθ

(1)

Qe =

{ pr−pe
1−ξθ −

pe
ξθ + ks , pr >

pe
ξθ

0 , pr <
pe
ξθ

(2)

When pr < pe
ξθ , consumers will not buy products from the online channel. When

pr > pe
ξθ , consumers can choose physical or online channels according to utility, which

presents a dual-channel market pattern.
We summarize the notations used throughout the paper in Table 4 for ease of reference.

Table 4. Notations list of this paper.

Notation Definition and Comments Notation Definition and Comments

pw the wholesale price β
the proportion of innovation

input costs shared by
the manufacturer

pe the online price f the retailers’ fixed compensation
to manufacturers

pr the offline price V the consumer’s valuation of
the product

ξ the loss aversion coefficient Ue

the utility that consumers
purchasing products through

online channel

s the innovative input level Ur

the utility that consumers
purchasing products through

physical channel

k the coefficient of spillover effect θ
the coefficient of consumer

preference for the online channel

Πi the supply channel enterprises’ profit δ
the cost coefficient of the

innovative input

Π the total profit of supply channel σ
the coefficient of unit innovation

input on demand

4. Model Construction and Analysis
4.1. Cooperative Decision-Making Model

In the cooperative decision-making model, the manufacturer and retailer form the
system in which both aim to maximize the overall profit of the system. Based on the
description above, the manufacturer, together with the retailer, optimizes innovation input
level (sc), product price (pc

r) in the physical channel and product price (pc
e) in the online

channel. We use superscript ‘C’ to describe the coordination scenario. Without a loss of
generality, we assume that the manufacturer’s production cost c is zero so that the total
profit of the dual-channel supply chain is:

c

∏ = pc
rQr + pc

eQe − C(sc) = pc
r

(
1− pc

r − pc
e

1− ξθ
+ σsc

)
+ pc

e

(
pc

r − pc
e

1− ξθ
− pc

e
ξθ

+ ksc
)
− δsc2

2
(3)

Proposition 1. When the retailer provides innovation inputs, the optimal decision is pc∗
r

and sc∗ while the manufacturer’s optimal decision is pc∗
e and the optimal supply chain

return is ∏c∗.
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

pc∗
r = 2δ−k2θξ(1−θξ)

2(2δ−k2θξ−2kθξσ−σ2)

sc∗ = kθξ+σ
2δ−k2θξ−2kθξσ−σ2

pc∗
e = θξ

2 −
θξ(k+σ)(kθξ+σ)

2(k2θξ+2kθξσ+σ2−2δ)

∏c∗ =
θξ[−2δ+k2θξ(1−θξ)]

4θξ(k2θξ+2kθξσ+σ2−2δ)

(4)

Proof. See Appendix A.

Further, by analyzing the conclusions of the centralized decision condition, we make
the following proposition.

Proposition 2. The stronger the consumer’s preference for the online channel, the lower
the offline price (pc

r) is and the higher the online price (pc
e) is.

Proof. Based on the retailer’s and manufacturer’s optimal decisions, the first-order condi-
tions are given by:

(i) dpc∗
r

dθ = − kξ(kθξ+σ){k[θξ(k+2σ)−σ]−4δ}
2(k2θξ+2kθξσ+σ2−2δ)

2 due to pr >
pe
εθ ; we can infer that kθξ < σ and

k2θξ + 2kθξσ + σ2 < 2δ. Obviously, we have dpc∗
r

dθ < 0.

(ii) dpc∗
e

dθ = ξ
2

4δ2−2δσ[k(2θξ−1)+σ]+kσ(kθξ+σ)[θξ(k+2σ)−σ]

(k2θξ+2kθξσ+σ2−2δ)
2 due to pr >

pe
εθ ; we can infer that

kθξ < σ and k2θξ + 2kθξσ + σ2 < 2δ. Obviously, we have dpc∗
e

dθ > 0.

Proposition 3. The level of innovation inputs (sc) provided by the retailer increases as
consumers’ preferences for online channels (θ) increase and as the spillover effect (k) of
innovation inputs increases.

Proof. Based on the retailer’s and manufacturer’s optimal decisions, the first-order condi-
tions are given by:

(i) dsc∗
dθ = kξ(2δ+σ(k+σ))

(k2θξ+2kθξσ+σ2−2δ)
2 ; because parameters k, ξ, δ, θ in the model are greater

than zero, it is obvious that we have dsc∗
dθ > 0.

(ii) dsc∗
dk =

θξ(2δ+k2θξ+2kσ+σ2)
(k2θξ+2kθξσ+σ2−2δ)

2 , and in the same we have dsc∗
dk > 0.

The above analysis shows that the degree of consumer preference for the online
channel and the spillover effect of the innovation inputs offered by retailers will affect the
retailer’s product pricing and the level of innovation inputs as well as having a strong
impact on product pricing for the online channel. As the number of consumers who prefer
online channels increases, retailers will lower the price of their products to expand demand
through the price advantage. At the same time, innovation services provided by retailers
have a spillover effect, which stimulates retailers to extend their innovation services and
increase supply chain revenues.

Proposition 4. The higher the level of innovation inputs offered by the retailer, the higher
the retailer’s product pricing is and the higher the product pricing of the online channel
is. However, the total supply chain’s profit is a convex function of the level of innovation
inputs.

Proof. We obtain the functional relations of sc with pc
r , pc

e and ∏c by backward induction
and by first-order conditions as follows pc

r = 1
2 (1 + kscθξ + scσ), pc

e = θξ
2 [1 + sc(k + σ)],

∏c∗ =
1+2s(kθξ+σ)+s2(k2θξ+2kθξσ+σ2−2δ)

4 .
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(i) From dpc
e

ds = 1
2 θξ(k + σ) > 0, dpc

e
ds = 1

2 (kθξ + σ) > 0 it is clear that the higher the
level of innovation services offered by the retailer, the higher the retailer’s product pricing
and online channel product pricing become.

(ii) From d ∏c 2

ds2 = 1
2
(
k2θξ + 2kθξσ + σ2 − 2δ

)
< 0, the total profit of the supply chain is

a convex function with the level of innovation services. When the retailer reduces the level
of innovation services provided, the retailer’s costs will decrease, which means that the total
profit of the supply chain will increase. Conversely, when the level of innovation service
increases, the increased costs borne by the retailer outweigh the benefits of innovation.
Thus, the total profit of the supply chain will in turn decrease.

Proposition 4 indicates that the level of innovation inputs offered by the retailer has
an impact on the retailer’s product pricing and online channel product pricing. The retailer
will inevitably incur higher costs if increasing the level of innovation inputs, including
targeted advertising, conducting professional explanatory services, experiencing products,
offering free trials and convenient logistics. When the increase in the cost of innovation
inputs is less than the increase in corresponding benefits, the total profit of the supply chain
will increase. Conversely, when the level of innovation inputs increases, the increase in the
cost borne by the retailer is greater than the benefit brought by innovation. Thus, the total
profit of the supply chain will decrease. Based on the description above, the retailer and
manufacturer will aim to avoid a reduction in the total profitability of the supply chain by
increasing the prices of their products.

4.2. Noncooperative Decision-Making Model

Under the noncooperative decision mode, we model the decision process as a sequen-
tial Stackelberg game with the manufacturer as the leader and the retailer as the follower,
which make their own decisions to maximize their individual profits. The duopoly Stackel-
berg game decision process is assumed to follow the following sequence: the manufacturer
determines pD

w and pD
e first. After receiving the manufacturer’s decision information, the

retailer determines pD
r and sD. We use superscript “D” to describe the noncooperative

decision scenario. Then, the manufacturer and retailer’s profit functions are: ∏D
m = pD

w

(
1− pD

r −pD
w

1−εθ + σsD
)
+ pD

e

(
pD

r −pD
w

1−εθ −
pD

e
εθ + ksD

)
∏D

r =
(

pD
r − pD

w
)(

1− pD
r −pD

w
1−εθ + σsD

)
− δsD2

2

(5)

In solving the first-order conditions, we obtain the equilibrium solution. The results
are summarized in Proposition 5.

Proposition 5. An optimal combination strategy for price and innovation input levels can
optimize supply chain profits and achieve equilibrium. pD∗

w = 4δ2−kθξσ2(θξ−1)2(k+σ)+σδ(θξ−1)[2σ+θξ(k+σ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

pD∗
e = δθξ[4δ−σ(θξ−1)(k−σ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

(6)

 pD∗
r = δ2(6−2θξ)+2δσ2(θξ−1)−kθξσ2(θξ−1)2(k+σ)

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

sD∗ = σ(1−θξ)[2δ+θξσ(k+σ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

(7)
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By substituting Equations (6) and (7) into Equation (5), we have Equation (8):
∏D∗

m = δ[δ+δθξ+kθξσ(1−θξ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

∏D∗
r =

δ(1−θξ)[2δ+σ2(θξ−1)][2δ+θξσ(k+σ)]2

2[8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2]
2

∏D =
δ{(1−θξ)[2δ+σ2(θξ−1)][2δ+θξσ(k+σ)]2+2Γ1Γ2}

2[8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2]
2

(8)

where Γ1 = δ + δθξ + σkθξ(1− θξ), Γ2 = 8δ2 + 4δσ2(θξ − 1) + θξσ2(θξ − 1)(k + σ)2.

Proof. See Appendix B.

When manufacturer and retailer pricing and innovation input levels meet
Equations (6) and (7), profit optimization can be implemented, and Stackelberg game
equilibrium can be achieved.

Proposition 6. The retailer’s product pricing
(

pD
r
)
, wholesale price

(
pD

w
)

and online
channel product pricing

(
pD

e
)

will increase as the level of innovation services increases. In
addition, the magnitude of their increase will increase as spillover effect k increases.

Proof. We obtain the innovation input level as a function of physical channel product
pricing (pD∗

r ), wholesale pricing (pD∗
w ) and online channel product pricing (pD∗

e ) by back-
ward induction and first-order conditions, i.e., pD∗

r = 3+3sσ+θξ(2ks−1+sσ)
4 , pD∗

w = 1+ksθξ+sσ
2 ,

pD∗
e = θξ[1+s(k+σ)]

2 . We conduct further analyses and find the following.

(i) dpD∗
r

dsD = 1
4 [2kθξ + (3− θξ)σ] > 0, and thus pD

r increases as sD increases. Then, from
dpD∗

r
dsDdk = θξ

2 > 0, pD
r increases to the extent that spillover effect k increases.

(ii) dpD∗
e

dsD = 1
2 θξ(k + σ) > 0, and thus as sD increases, pD

e also increases. Then, from
dpD∗

e
dsDdk = θξ

2 > 0, the extent of the above increase will increase with spillover effect k.

(iii) dpD∗
w

dsD = 1
2 (kθξ + σ) > 0, and thus as sD increases, pD

w also increases. From
dpD∗

w
dsDdk = θξ

2 > 0, the extent of the increase increases with spillover effect k.

Proposition 6 indicates that the retailer, as an independent decision maker, must bear
the full cost of innovation inputs. Therefore, it is necessary to raise the price of the product
to cover the cost of innovation inputs. At the same time, the higher the spillover effect
coefficient of innovation inputs on online channels is, the worse the effect of the retailer’s
innovation inputs becomes. Because of this, the retailer needs to continue to improve the
level of innovation inputs to expand market demand, which imposes greater costs. Thus,
the retailer will raise retail prices to avoid losing its revenue. Likewise, as the retailer
improves its level of innovation inputs, online channels can enjoy more convenience and
gain greater channel advantages, which can increase the price of online channel products
and secure more revenue. More importantly, the greater the spillover effect coefficient on
the online channel, the greater the advantage of the online channel. Thus, the manufacturer
can afford to lose some consumers due to increased prices.

Proposition 7. The manufacturer’s profit (∏D
m) and retailer’s innovation input level

(
sD)

are concave functions, while the retailer’s profit (∏D
r ) and supply chain’s total profit

(
∏D

)
are both convex functions with respect to the level of innovation inputs

(
sD).

Proof. We obtain the functional relations between variables ∏D
m, ∏D

r , ∏D and sD by
backward induction and by first-order conditions as follows:
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(i) d ∏D
m

2

dsD2 = 1
4
(
2k2θξ + 4kθξσ + (1 + θξ)σ2) > 0, and thus the manufacturer’s

profit and retailer’s innovation input level are concave functions. When innovation inputs
are relatively low, the retailer is in a position to earn higher profits with lower innovation
input costs. Thus, the manufacturer’s profits are impacted, showing a downward trend.
When innovation services are at a higher level, retailers are bound to bear greater costs,
which puts them at a disadvantage. However, in this case, manufacturers will obtain a
stronger spillover effect from innovation services, so profits will inevitably increase.

(ii) d ∏D
r

2

dsD2 = −δ− 1
8(−1 + θξ)σ2 < 0, and thus the retailer’s profit exhibits a convex

functional relationship with innovation inputs. When s satisfies 0 < s < σ−θξσ
8δ−(1−θξ)σ2 , the

cost of innovation inputs increases exponentially. When innovation inputs are low, the cost
is low. Because the incremental revenue brought by innovation inputs is greater than the
innovation input cost, the retailer’s profit increases with the increase in innovation services.
Likewise, when s satisfies s > σ−θξσ

8δ−(1−θξ)σ2 , because the innovation input cost increases
rapidly, the incremental income cannot cover the innovation input cost, which results in
the retailer’s profit decreasing with the increase in innovation services.

(iii) d ∏D 2

dsD2 = 1
8
(
−8δ + 4k2θξ + 8kθξσ + (3 + θξ)σ2) < 0, and thus the total supply

chain profit is a convex function with respect to innovation inputs. When s satisfies
0<s< 3σ+θξ(4k+σ)

8δ−4k2θξ−8kθξσ−(3+θξ)σ2 , if innovation inputs are low, the increase in the retailer’s
profit is greater than the decrease in the manufacturer’s profit, i.e., the total profit of
the supply chain increases with increasing innovation inputs. Likewise, when s satisfies
s > 3σ+θξ(4k+σ)

8δ−4k2θξ−8kθξσ−(3+θξ)σ2 , the decrease in the retailer’s profit is greater than the increase
in the manufacturer’s profit, which indicates that the total profit of the supply chain
decreases with the increase in innovation inputs.

4.3. Equilibrium Analysis

Corollary 1. Noncooperation among channel members affects the retailer’s product price,
and the retailer should dynamically adjust its pricing strategy based on consumers’ prefer-
ences for online channels.

Proof. According to propositions 1 and 5, we can clearly see that pD∗
r − pc∗

r =
δ2(6−2θξ)+2δσ2(θξ−1)−kθξσ2(θξ−1)2(k+σ)

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2 − 2δ−k2θξ(1−θξ)
2(2δ−θξk2−2kθξσ−σ2)

. Because the result is too

technically complex to conduct a generality analysis, we employ numerical simulations
to study the action mechanism. As the parameters are fixed, consumers’ preferences for
online channels may differ. Thus, we assume that k = 0.4, σ = 0.6, δ = 2, ξ = 0.8 and
focus on analyzing the influence of consumers’ preferences for the online channel on price.
In turn, we have Table 5.

Table 5. The comparison of retailer’s product price in the two scenarios.

θ 0.2 0.4 0.6 0.8 0.9

pD∗
r − pc∗

r 0.165 0.105 0.043 −0.019 −0.051

From Table 4, we can see that the optimal offline price in the noncooperative scenario
is greater than that in the cooperative scenario if the consumers’ preferences for the online
channel are lower. Less consumer preference indicates that consumers do not have a
strong preference for the online channel. Consequently, the retailer will focus on attracting
consumers by providing innovation inputs, which imposes a higher cost. Hence, the
retailer can appropriately increase the retail price of their products. In contrast, when
consumers’ preferences for the online channel are stronger, the optimal offline price in the
noncooperative scenario is lower. This indicates that consumers prefer online channels, so
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it is difficult for the retailer to attract consumers through pure innovation inputs. Therefore,
the retailer can use low prices to draw consumers toward physical channels.

In general, noncooperation among channel members will affect offline prices, but the
retailer can adjust pricing strategies appropriately according to consumers’ online channel
preferences, which is in line with reality.

Corollary 2. Compared to the equilibrium outcome of the cooperative scenario, the re-
tailer’s innovation inputs are greater under the noncooperative scenario.

Proof. According to propositions 1 and 5, we can see that sc∗ − sD∗ =

− [δ+(1−θξ)σ2]{k2θξ(1−θξ)σ+2δ(1+θξ)σ+kθξ[4δ+(1−θξ)σ2]}
(k2θξ+2kθξσ+σ2−2δ)(8δ2+4δ(θξ−1)σ2+θξ(θξ−1)σ2(k+σ)2)

< 0. Thus, the manufacturer

and retailer make decisions alone to maximize their respective profits rather than total sup-
ply chain profits in the cooperative scenario. The retailer needs to provide more innovation
inputs to maximize its own profit. Consequently, the level of innovation inputs provided
by the retailer in the noncooperative scenario is necessarily greater than that provided
under the cooperative scenario.

From Corollary 2, we know that the cost of innovation services needs to be borne
by the retailer alone and affects the retailer’s incentives to a certain extent, which is not
conducive to supply chain optimization. As a result, manufacturers, as the dominant
channel players, must actively join the retailer and strengthen cooperation among channel
members to improve the operational efficiency and profitability of the channel.

Corollary 3. Noncooperation among channel members decreases the market share of the
physical channel while increasing the online market demand of the manufacturer.

Proof. From propositions 1 and 5, it is clear that QD
r − QC

r < 0, QD
e − QD

e > 0. This
means that the pressure of the cost of innovation inputs causes the retailer to raise offline
prices, which results in a decline in market share in the noncooperative scenario. The
online channel is affected by the spillover effect brought about by the retailer’s innovation
inputs coupled with its certain price advantage; thus, the online channel market share will
increase.

Corollary 4. Cooperation among channel members can improve the profit of the total
supply chain.

Proof. ∏c∗−∏D > 0; thus, cooperation among channel members, especially when the
manufacturer joins the retailer in innovation inputs, helps attract more consumers in the
cooperative scenario. However, under the noncooperative scenario, competition among
channel members makes the supply chain less profitable, which is detrimental to the
efficiency of the supply chain.

Corollary 4 indicates that under the noncooperative scenario, the manufacturer and
retailer make decisions alone to maximize their respective profits rather than the total
supply chain profit, resulting in a decline in total supply chain returns. In addition, the
retailer bears the cost of innovation alone, which exacerbates channel conflict to some
extent. In general, cooperation among channel members benefits the supply chain, while
noncooperation harms the supply chain. Therefore, it is necessary to explore effective
strategies for coordinating the dual channel to mitigate the impact of online channels on
physical channels. Ultimately, this approach will improve the operational efficiency of the
channel and maintain the balanced development of the dual-channel supply chain.
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5. Supply Chain Coordination Strategy
5.1. Dual Coordination Strategy Model

In reality, there is a certain amount of competition between channel members, and it is
difficult to achieve a fully cooperative relationship. Competition can impair the operational
efficiency of the supply chain, which in turn can affect the chain’s overall profitability.
Thus, this section focuses on the analysis of competition problems in noncooperative
scenarios and further designs models of dual coordination strategies that can improve the
efficiency of the supply chain. From the model, this study focuses on joint decision-making
between the manufacturer and retailer in innovation inputs, which means that both the
manufacturer and retailer share innovation input costs. At the same time, the retailer
provides a transfer payment to manufacturers to incentivize the manufacturer to share
costs. Thus, the manufacturer and retailer agree on a dual coordination strategy in the form
of a contract (β, f).

Specifically, the manufacturer invests in the retailer’s innovation inputs and shares the
retailer’s cost of innovation in proportion β. Then, the retailer compensates the manufac-
turer with a fixed f to increase the manufacturer’s enthusiasm. Under the game mechanism,
the manufacturer determines pI

w, pI
e and f in stage 1. After receiving the manufacturer’s

decision information, the retailer determines pI
r , sI and β. We use superscript “I” to denote

the coordination model scenario. Then, the manufacturer and retailer’s profit functions are: ∏I
m = pI

w

(
1− pI

r−pI
w

1−εθ + σsI
)
+ pI

e

(
pI

r−pI
w

1−εθ −
pI

e
εθ + ksI

)
− βδsI2

2 + f

∏I
r =

(
pI

r − pI
w
)(

1− pI
r−pI

w
1−εθ + σsI

)
− (1−β)δsI2

2 − f
(9)

Proposition 8. In the coordination model, the manufacturer’s optimal decisions are
pI∗

w , pI∗
e and β∗, as shown in Equation (10). Meanwhile, the retailer’s optimal decisions are

pI∗
r , sI∗, as shown in Equation (11).

pI∗
w =

16δ−(1−θξ)[8k2θξ+6kθξσ+σ2(6+θξ)]
2[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]

pI∗
e = θξ[16δ+3σ(1−θξ)(2k−σ)]

2[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]

β∗ =
8kδθξ+2[δ+3δθξ+k2θξ(1−θξ)]σ+kθξσ2(1−θξ)−θξσ3(1−θξ)

2δ[3σ+θξ(4k+σ)]

(10)

 pI∗
r =

8δ(3−θξ)−(1−θξ)[12k2θξ+8kθξσ+σ2(6−θξ)]
2[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]

sI∗ = 6σ+2θξ(4k+σ)
16δ−8k2θξ−16kθξσ−σ2(9−θξ)

(11)

Proof. See Appendix B.

Proposition 9. An optimal combination strategy of price and innovation input levels can
be used to optimize supply chain profits and achieve equilibrium.

∏I∗
m = 8δ(1+θξ)+θξ(−1+θξ)(−2k+σ)2

4[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]
+ f

∏I∗
r = D(1−θξ)[θξ(2k−σ)(k+σ)−4δ]

[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]2
− f

∏I = 8δ(1+θξ)+θξ(−1+θξ)(−2k+σ)2

4[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]
+ Γ3(1−θξ)[θξ(2k−σ)(k+σ)−4δ]

[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]2

(12)

where Γ3 = 2k2θξ + 5kθξσ + 3σ2− 4δ.

Proof. See Appendix C.
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Corollary 4. Under the dual coordination strategy, there is an optimal investment com-
pensation interval for the retailer, which increases the profits of both the retailer and
manufacturer.

Proof. To achieve the optimization of the dual-channel supply chain system, it is necessary
to ensure that the profits of the retailer and manufacturer are increased, i.e., the following
regulatory requirements are met:

(i) From ∆ ∏I∗
m = ∏I∗

m −∏D∗
m >0, f > δ[δ+δθξ+kθξσ(1−θξ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2 −
8δ(1+θξ)+θξ(−1+θξ)(−2k+σ)2

4[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]
.

(ii) From ∆ ∏I∗
r = ∏I∗

r −∏D∗
r >0, f < D(1−θξ)[θξ(2k−σ)(k+σ)−4δ]

[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]2
−

δ(1−θξ)[2δ+σ2(θξ−1)][2δ+θξσ(k+σ)]2

2[8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2]
2 .

Thus, interval of f is ( f , f ), where

f =
δ[δ + δθξ + kθξσ(1− θξ)]

8δ2 + 4δσ2(θξ − 1) + θξσ2(θξ − 1)(k + σ)2 −
8δ(1 + θξ) + θξ(−1 + θξ)(−2k + σ)2

4[16δ− 8k2θξ − 16kθξσ− σ2(9− θξ)]
(13)

f=
D(1− θξ)[θξ(2k− σ)(k + σ)− 4δ]

[16δ− 8k2θξ − 16kθξσ− σ2(9− θξ)]
2 −

δ(1− θξ)
[
2δ + σ2(θξ − 1)

]
[2δ + θξσ(k + σ)]2

2
[
8δ2 + 4δσ2(θξ − 1) + θξσ2(θξ − 1)(k + σ)2

]2 (14)

When f satisfies f ∗ ∈
(

max
(

0, f
)

, f
)

, both the retailer’s and manufacturer’s profits
will increase. From our comprehensive analysis, we conclude that when the dual-channel
system achieves dual supply chain coordination in the form of (β∗, f ∗), the members and
overall profits of the supply chain will improve, which will mitigate channel conflict,
improve the operational efficiency of the dual-channel supply chain and maintain the
dual-channel supply chain’s balanced development.

5.2. Numerical Analysis

Because the result is too technically complex to conduct a generality analysis, we
employ numerical simulations to study the action mechanism. Thus, we assume that
k = 0.4, σ = 0.6, δ = 2, θ = 0.6, ξ = 0.8, and focus on verifying the feasibility of the dual
coordination mechanism of the dual-channel supply chain.

(1) Numerical analysis of total supply chain profit

By substituting the parameters into the above model, we can obtain the total profit of
the supply chain under different coordination strategies as shown in Figure 2.

Figure 2 shows that when the cost sharing ratio is β ∈ (0, 0.72), i.e., the physical
retailer needs to share β ∈ (0, 0.72), the total supply chain profit under the dual coordinated
strategy is greater than the total supply chain profit under the uncoordinated strategy. The
left boundary of the manufacturer’s cost-sharing ratio is zero, indicating that the total
profit of the supply chain can be increased as long as the manufacturer and retailer sign a
contract. Optimal cost-sharing ratio β maximizes the profit of the supply chain. Thus, the
cost-sharing contract has better coordination utility, which is consistent with corollary 4.
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Figure 2. Total supply chain profit under different strategies.

(2) Numerical analysis of fixed subsidies

Through analysis, we obtain a trend plot of the range of fixed compensation for
different values of parameter f as shown in Figure 3, where it is nonexistent when f < 0.

Figure 3. Fixed subsidy thresholds for different cost-sharing ratios.

Figure 3 shows an optimal interval between the fixed compensation received by
the manufacturer, i.e., there is upper subsidy limit f > 0 and lower subsidy limit f > 0.
In the optimal compensation interval, both the retailers’ and manufacturers’ profits are
greater than those under the uncoordinated strategy, which means that the dual-channel
coordination model with fixed compensation is effective in coordinating channel conflicts.
Figure 3 shows that the upper limit of fixed compensation tends to increase first and
then decrease as the proportion of sharing increases. As the proportion of the cost of
innovation shared by the manufacturer increases, the retailer can effectively incentivize the
manufacturer to share the cost of innovation by providing more subsidies. However, when
the fixed subsidy exceeds the benefits of innovation, the retailer’s profits and enthusiasm
for cooperation are reduced, causing the fixed compensation to decrease.

The above analysis shows that the coordination strategy can simultaneously improve
the profits of the retailer, manufacturer and supply chain when the innovation cost-sharing
ratio and manufacturer’s fixed compensation interval requirements are met. Compared to
a single cost-sharing contract, revenue-sharing contract, etc., the cost-sharing ratio of the
dual coordination mechanism shows a greater range of adjustment. In addition, contract
elasticity between the manufacturer and retailer is greater. Therefore, the dual coordination
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mechanism can mitigate competition and conflict in the supply chain channel, which can
improve the efficiency of supply chain operations and ultimately maintain the balanced
development of the dual-channel supply chain.

6. Discussions and Managerial Insights
6.1. Discussions

In this paper, we constructed the cooperative and noncooperative supply chain Stack-
elberg game model based on the dual-channel structure and explored the complex mecha-
nisms by which retailer innovation input levels affect the operation of the supply chain.
According to Cho et al. [14] and Kim et al. [15], retailer innovation inputs can effectively
coordinate channels, however, our study finds some distinct results by incorporating
spillover effects into the game model. Depending on what we have achieved before, we
will discuss what firms should do in practice to realize the system’s best performance.

Both the manufacturer’s and retailer’s profits are a specific function of the level of
investment in innovation. As is indicated in Proposition 2, 3 and 4, the level of innovation
inputs offered by the retailer has an impact on the retailer’s product pricing and online
channel product pricing. The retailer will inevitably incur higher costs if increasing the
level of innovation inputs. When the increase in the cost of innovation inputs is less
than the increase in corresponding benefits, the retailer and manufacturer will aim to
avoid a reduction in the total profitability of the supply chain by increasing the prices of
their products.

As is shown in Corollary 1, the retailer will focus on attracting consumers by providing
innovation inputs, which imposes a higher cost, if the consumers’ preferences for the online
channel are lower. Hence, the retailer can appropriately increase the retail price of their
products. In contrast, when consumers’ preferences for the online channel are stronger,
the retailer can use low prices to draw consumers toward physical channels. In general,
noncooperation among channel members will affect offline prices, but the retailer can
adjust pricing strategies appropriately according to consumers’ online channel preferences.

Noncooperation among channel members affects the retailer’s product pricing, de-
creases the market share of the physical channel and increases the market demand of
manufacturers. As a result, manufacturers, as the dominant channel players, must actively
join the retailer and strengthen cooperation among channel members to improve the op-
erational efficiency and profitability of the channel, which is shown in Corollary 2. It is
necessary to explore effective strategies for coordinating the dual channel to mitigate the
impact of online channels on physical channels.

The dual coordination mechanism can alleviate channel conflicts, which can improve
the operational efficiency of the supply chain. As is shown in Corollary 4 and Proposition
6, the coordination strategy can simultaneously improve the profits of the retailer, man-
ufacturer and supply chain when the innovation cost-sharing ratio and manufacturer’s
fixed compensation interval requirements are met. Compared to a single cost-sharing
contract, revenue-sharing contract, etc., the cost-sharing ratio of the dual coordination
mechanism shows a greater range of adjustment. In addition, contract elasticity between
the manufacturer and retailer is greater.

The above analysis reveals that an optimal combination of wholesale prices, retail
prices and innovation input levels can optimize the operational efficiency of the supply
chain and improve its profitability. In addition, collaboration between supply chain mem-
bers is critical for enterprises and supply chains. Therefore, it is necessary to explore
effective strategies for coordinating the dual channel, which can improve the operational
efficiency and optimize the profitability of the channel and maintain the balanced develop-
ment of the dual-channel supply chain.

6.2. Managerial Insights

We consider the impact of retailer innovation investment spillover effect on channel
competition and operational strategies, based on questions on consumers’ “offline experi-
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ence, online purchase” shopping methods used in their daily lives. Afterwards, we propose
the dual coordination contracts for channel conflicts. Results from the computational study
provide several managerial insights for decision makers.

Firstly, these findings remind that the retailer can reduce the online channel’s impact
on the retailer channel through innovation inputs. Meanwhile, the retailer charges a
high price and is more willing to invest in innovation when consumers have a particular
preference for the retailer channel. Thus, supply chain enterprises, in reality, should make
full use of consumer preference information when proposing channel strategies.

Secondly, our paper helps supply chain enterprises understand that competition
between enterprises causes them to make decisions alone to maximize their respective
profits rather than the total supply chain profit, resulting in a decline in total supply chain
returns, which means cooperation among channel members benefits the supply chain while
noncooperation harms the supply chain. Therefore, it is necessary to explore effective
strategies for coordinating the dual channel to mitigate the impact of online channels on
physical channels.

Thirdly, our research indicates that supply chain enterprises can charge high prices
and benefit more from cooperation mechanisms. This mechanism implies a high innovation
service level and leads to a large market share.

7. Conclusions

In this paper, we introduced the retailer’s innovation inputs and spillover effects
brought about by innovation into channel research, and developed a framework to study
the effect of innovation investment on dual-channel supply chains. We examined the
optimal decisions in cooperative and noncooperative supply chain Stackelberg game
model based on consumer utility theory. We identified the action mechanisms of spillover
effects and innovation inputs on channel pricing, channel competition and profit, then
designed a cooperative mechanism designed to enhance the operational efficiency of the
dual-channel supply chain.

The research provides a theoretical reference for supply chain pricing and coordina-
tion strategy, while having some limitations. The limitations are mainly reflected in the
following aspects: First, we assumed that all information is known to be dual-channel and
that market demand is certain. Therefore, we can expand on asymmetric information and
uncertain market demand, considering information can be asymmetric and market de-
mand can be uncertain. Second, we can use data analysis techniques to determine relevant
parameters when constructing the model in the current context of big data, which can im-
prove the accuracy of the model and make future research more meaningful. Furthermore,
it is necessary to consider some forms of uncertainty, such as demand and information
uncertainty, can also be considered.
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Appendix A. Proof of Proposition 1

We obtained the Hessian matrix by finding the second-order partial derivatives of Πc

with respect to pc
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e and sc as follows:
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it is clear that ∏c is a strictly concave function with respect to pc
r , pc

e. Similarly, since
∂2

∏c

∂s2 = −δ < 0 and

[
−δ σ

σ 2
−1+θξ

]
= σ2 − 2δ

(1−εθ)
, it can be guaranteed to be greater than

zero if and only if σ2 > 2δ
(1−εθ)

, but it is difficult to determine the concavity of ∏c with
respect to sc, pc

r , so it is clear that ∏c is not a strictly concave function with respect to
pc

r , pc
e and sc. The analysis results show that it is difficult to obtain the optimal solutions of

pc
r , pc

e and sc from the first-order conditions alone. First, given sc, we apply the first-order
optimality condition to obtain the optimal reaction function of pc

r and pc
e.{

pc
r =

1
2 (1 + kscθξ + scσ)

pc
e =

θξ
2 [1 + sc(k + σ)]

(A2)

Second, we substitute pc
r , pc

e into the revenue function and find the first-order deriva-
tive of Πc with respect to sc and make it zero. Then, the retailer’s optimal innovation input
level sc is

sc∗ =
kθξ + σ

2δ− k2θξ − 2kθξσ− σ2 (A3)

According to the retailer’s optimal innovation input level sc∗, we obtain optimal prices
pc∗

r , pc∗
e for the cooperative scenario. Then, we substitute pc∗

r , pc∗
e and sc∗ into Equation (3).

Finally, we obtain the optimal profit of the supply chain ∏c∗.

Appendix B. Proof of Proposition 5

Based on the two-stage game process, the inverse induction method is used to solve
the problem. In solving the first-order conditions of ΠD

r , we obtain the following equation:
First, we prove that ∏D

r is a strictly concave function of pD
r , sD by the Hessen matrix.

Then, we derive the first-order derivative of ∏D
r with respect to pD

r , sD and make it zero.
We can then obtain the retailer’s reaction function. pD

r =
pD

w [2δ+(θξ−1)σ2]+δ(1+pD
e −pD

w−θξ)
2δ+(θξ−1)σ2

sD =
(1+pD

e −pD
w−θξ)σ

2δ+(θξ−1)σ2

(A4)

Second, we bring pD
r and sD into the manufacturer’s profit function; then, it can

be determined that ∏D
m is a strictly concave function of pD

w and pD
e . Next, we find first-
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order derivative ∏D
m with respect to pD

w , pD
e and make it zero, the manufacturer’s optimal

decisions pD∗
w and pD∗

e can then be obtained as shown in Equation (A5). pD∗
w = 4δ2−kθξσ2(θξ−1)2(k+σ)+σδ(θξ−1)[2σ+θξ(k+σ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

pD∗
e = δθξ[4δ−σ(θξ−1)(k−σ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

Then, we substitute Equation (A5) into Equation (A4), and the optimal pD∗
r and sD∗

can then be obtained as shown in Equation (A6). pD∗
r = δ2(6−2θξ)+2δσ2(θξ−1)−kθξσ2(θξ−1)2(k+σ)

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

sD∗ = σ(1−θξ)[2δ+θξσ(k+σ)]

8δ2+4δσ2(θξ−1)+θξσ2(θξ−1)(k+σ)2

(A6)

Finally, we substitute Equations (A5) and (A6) into Equation (5), and the optimal
∏D∗

m , ∏D∗
r and ∏D∗can then be obtained as shown in Equation (8).

Appendix C. Proof of Proposition 9

Based on the two-stage game process, the inverse induction method is used to solve
the problem. In solving the first-order conditions of ∏I

m, we obtain the following equation:
First, we derive the first-order partial derivative with respect to pI

r and sI for ∏I
m and

make it equal to 0. Thus, we obtain the retailer’s reaction function as shown in Equation (A7). pI
r =

(β−1)δ(1+pI
e+pI

w−θξ)+pI
w(1−θξ)σ2

2(1−β)δ+(θξ−1)σ2

sI =
(1+pI

e−pI
w−θξ)σ

2(1−β)δ+(θξ−1)σ2

(A7)

Second, we substitute pI
r , sI into the manufacturer’s profit function. Then, it can be

determined that ∏I
m is a strictly concave function about pI

w, pI
e and sI . Furthermore, we can

obtain the manufacturer’s optimal decisions pD∗
w , pD∗

e and sI∗ when making them zero.
pI∗

w =
16δ−(1−θξ)[8k2θξ+6kθξσ+σ2(6+θξ)]

2[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]

pI∗
e = θξ[16δ+3σ(1−θξ)(2k−σ)]

2[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]

β∗ =
8kδθξ+2[δ+3δθξ+k2θξ(1−θξ)]σ+kθξσ2(1−θξ)−θξσ3(1−θξ)

2δ[3σ+θξ(4k+σ)]

(A8)

Then, by substituting Equation (A8) into Equation (A7), the optimal pI∗
r and sI∗ can

be obtained as shown in Equation (A9). pI∗
r =

8δ(3−θξ)−(1−θξ)[12k2θξ+8kθξσ+σ2(6−θξ)]
2[16δ−8k2θξ−16kθξσ−σ2(9−θξ)]

sI∗ = 6σ+2θξ(4k+σ)
16δ−8k2θξ−16kθξσ−σ2(9−θξ)

(A9)

Finally, we substitute Equations (A8) and (A9) into Equation (9), and the optimal
∏I∗

m , ∏I∗
r and ∏I∗can be obtained as shown in Equation (12).
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