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HOW TO OPERATE PHYSICAL SHOWROOMS: SERVICE DECISION AND
PRICING BASED ON PRODUCT QUALITY

Chunxiang Guo, Yuyang Tan* and Yue Tan

Abstract. This paper addresses operation strategies of the physical showroom under e-commerce
and studies joint decisions of the showroom service and pricing based on product quality. First, we
propose an analytical model to capture the feature of consumer purchase behaviors and examine the
three operation strategies: the cooperation operation (CO), the manufacturer operation (MO), and
the e-retailer operation (RO). Then, the equilibriums in the above three strategies are obtained and
analyzed based on product quality. Besides, we extend the model to the scenario of endogenous product
quality. The results are as follows. First, in contrast to the conventional wisdom, we find that the
optimal showroom service may decrease with product quality when the production cost coefficient is
high. Second, both product quality and production cost should be considered before opening physical
showrooms. When the production cost coefficient is low, the MO strategy and the RO strategy are
better than the CO strategy, which means that the enterprise should open the physical showroom
separately. However, when the production cost coefficient is high, the CO strategy provides the optimal
showroom service and the enterprises should cooperate to balance costs and benefits. Moreover, when
product quality is endogenous, our analysis reveals that the RO strategy may offer better product
quality than the CO strategy when the production cost coefficient is moderate.
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1. Introduction

Given the convenience of product information accessibility, consumers are no longer loyal to a single channel.
They are becoming sophisticated enough to switch their purchase channels based on multi-channel informa-
tion comparison [4]. Meanwhile, consumers not only consider product quality, but also pay more attention to
the psychological experience obtained during the purchase process. To accommodate these purchase behaviors,
plenty of enterprises begin to transform from traditional retailing to omnichannel operation [2,40]. Particularly,
the physical showroom, one of the omnichannel strategies, has proved to be effective in academia [3]. In indus-
try, Numerous e-commerce enterprises, such as Amazon Go, and Hema by Alibaba, have opened the physical
showroom to provide complementary experience services for consumers [7].

As a new retail pattern, from the perspective of enterprises, the physical showroom aims at solving the
uncertainty issue of product information, simultaneously voiding conflicts between channels [19]. Previous works
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and practical cases point out that introduction of the physical showroom benefits enterprises because it increases
online sales and improves the overall operational efficiency of the supply chain [4]. In the physical showroom,
the specific measures, consisting of product assortments, advertising, and high-quality salesperson, are adopted
and proved effective to improve the customer experience and achieve diversified consumption scenarios [29].
Moreover, the application of information technologies, such as self-order technology and mobile app, also thrives
its prosperity [20,30].

However, despite the feasibility of the physical showroom, it is still unclear how to operate the physical
showroom effectively. In practice, there are three main operation strategies described as follows. The first is
the manufacturer operation (MO). For example, the British furniture manufacturer Made.com has opened its
first showroom in 2012, and both real furniture and 3D-printed models are exhibited. Consumers can scan the
QR code to obtain detailed information about their target products1. Besides, electronics firms, such as Apple,
and Huawei have also opened plenty of showrooms in recent years. The second is the e-retailer operation (RO).
Well-known e-retailers, such as Warby Parker and Bonobos, encourage customers to engage in their products
profoundly by opening the physical showroom [4]. The third is the cooperation operation (CO), representing
vertical cooperation between the manufacturer and the e-retailer in the supply chain. For example, the physical
showroom of 5G technology, jointly built by China Telecom and JD, has been officially opened in November
20192.

From the perspective of consumers, as they cannot directly touch target products when shopping online, the
physical showroom is available for them to find and inspect their target products. The physical showroom not
only promotes the overall efficiency of the supply chain under e-commerce, but also leaves customers a good
impression on the product quality. It’s worth noting that product quality in the paper refers to all relevant aspects
of a product in the consumer purchase decision [5, 23]. Except for basic product quality, the comprehensive
experience, service, and other characteristics are also principal elements affecting consumers’ perception of
product quality. The main service measures in the physical showroom consist of advertising, product deployment,
and introducing advanced technology, such as VR glasses. Through the physical showroom, consumers have an
insightful understanding of products in diversified consumption scenarios, thus increase perceptions of product
quality.

Besides, product quality not only plays a key role in consumer purchase decision, but also has a significant
impact on the service decision in the physical showroom [21]. For example, electronics makers, such as Apple,
and Huawei, often focus on high-quality products in the physical showroom. However, appliance makers may
pay more attention to medium-quality products according to the GFK’s report3. The cases show that product
quality is a major driver before making the showroom service decision. Thus, we investigate the service decision
and pricing based on product quality in the three showroom strategies. With all the above observations in mind,
we seek to understand the following: (1) How does product quality affect the physical showroom operation?
(2) What is the optimal service decision and pricing in three showroom strategies? (3) What is the optimal
operation strategy of the physical showroom?

To solve the above question, an analytical model is proposed to capture the basic characteristics of consumer
purchase behaviors under the physical showroom. Then, we obtain and compare the equilibrium solutions of the
optimal services and prices based on product quality in the CO, MO, and RO strategies. Besides, we relax the
exogenous assumption of product quality and analyze the solution when product quality is endogenous. Finally,
the robustness of the models is verified by discussing high consumer heterogeneity and a partial refund policy.

The contributions of this paper are threefold. First, conventional wisdom suggests that the high-quality
product should be offered a high service than the low-quality product. Interestingly, we find that the optimal
showroom service may descend with the increase of product quality when both the product quality and the
production cost coefficient are high. Second, the optimal operation strategy is acquired based on product quality.
When the production cost coefficient is low, both the MO strategy and the RO strategy are better than the CO

1https://www.made.com/showrooms.
2http://www.cww.net.cn/article?id=460759.
3https://www.gfk.com/zh/insights/gfk-4.

https://www.made.com/showrooms
http://www.cww.net.cn/article?id=460759
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strategy. The enterprise (the manufacturer or the e-retailer) should open the physical showroom separately than
jointly. When the production cost coefficient is high, the CO strategy provides the optimal showroom service.
The enterprises in the supply chain should cooperate to balance costs and benefits. Third, when product quality
is endogenous, the RO strategy may provide better product quality than the CO strategy if the production cost
coefficient is moderate. In other words, the decentralized channel may produce higher product quality than the
centralized channel when the e-retailer provides showroom service.

The remainder of this paper is organized as follows. Section 2 reviews the relevant literature. Section 3 presents
the problem description. Section 4 builds the models and analyzes the equilibrium in the three strategies. The
endogenous quality and model extension are discussed in Sections 5 and 6. Finally, Section 7 concludes this
paper.

2. Literature review

This paper is primarily related to three streams of literature: (a) the showroom strategy in omnichannel
operation, (b) the channel operation, and (c) the product quality decision in the supply chain.

2.1. Showroom strategy

The showroom strategy, as one of the most popular omnichannel strategies, has received a great deal of
attention over the past serval years. The physical showroom breaks the boundary between brick-and-mortar
and online channels [35], thus being popular in e-business. Enterprises operate the physical showroom in an
integrated manner, aiming at providing an undifferentiated purchasing experience for consumers while avoiding
channel conflict [6, 32].

This paper focuses on the showroom strategy in omnichannel operation, which stands for a retailing service
to keep up with consumer experience needs [19]. To examine the effectiveness of the showroom strategy, some
researchers study the showroom strategy from an empirical perspective. Gensler et al. [21] survey 556 respondents
to examine how showrooms influence consumer decisions. The results find that non-price factors also play a
pivotal role in consumer decisions: perceived product quality and waiting time in the brick-and-mortar store.
Fernndez et al. [16] evaluate the influence of showrooms based on a specific case of products purchased online,
and the results illustrate that the showroom may improve the quality value of products. Fassnacht et al. [15]
address the effect of the showroom service based on three scenario experiments, and the results indicate that
high showroom service increases purchase intentions.

Others build analytical models to study the showroom strategy. Bell et al. [3, 4] point out that the physical
showroom increases online demand and generates operational spillovers to the offline channel. Thus, overall
operational efficiency is improved. Gao and Su [19] consider three information mechanisms: physical showrooms,
virtual showrooms, and availability information in omnichannel operation. The results indicate that physical
showrooms may induce retailers to reduce store inventory. Gallino et al. [18] prove that the application of virtual
technologies in physical showrooms decreases return rates. Du et al. [13] suggest that the physical showroom
may offset the negative impact of stock-out disappointment and improve the retailer’s profit. And Fan et al. [14]
develop a game-theoretical model to help the retailer choose a pure showroom or a selling store. The authors
suggest that when the proportion of the store consumer segment is not too high, one e-retailer may launch
the pure showroom, and the other may open the selling store. Besides, Zhang et al. [41] study the assortment
service of online products in the physical showroom. Li et al. [27] find that the partial assortment service may
be more profitable than the full assortment service. In summary, extant works on the showroom strategy focus
on the efficiency of the physical showroom, such as reducing online return rate, expanding market demand,
and increasing total efficiency. However, there is a lack of literature to study the optimal operation strategy of
showrooms.
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2.2. Channel operation

The second relevant literature stream investigates how channel operation affects the performance of the
supply chain. In particular, our study is highly related to the three structures: the MO, the RO, and the CO
[8]. Chiang et al. [12] study the pricing decision for the manufacturer with online and offline channels. The
results show that the MO strategy is better for the manufacturer. Hsiao and Chen [25] compare the three
structures and suggest that each kind of channel structure may become the dominant strategy according to the
number of loyal customers. Abhishek et al. [1] explore the direct selling strategy and agency selling strategy in
electronic and brick-and-mortar. The results show that online spillover has a strong impact on the decisions to
open channels. Under different power structures, Chen et al. [9] obtain and compare the optimal operational
decisions when the retailer operates offline and online channels. Xue and Zhang [38] study a supply chain with
manufacturer encroachment where product quality is an endogenous decision. Besides, Yang and Zhang [39]
explore the operation strategies for an omnichannel supply chain by establishing and comparing four scenarios.
The results show that the omnichannel strategy generates benefits for the firms in many situations.

To sum up, previous works have placed a great emphasis on the traditional retailing scenario. Unlike the prior
research, we study the operation strategies under omnichannel retailing, which emphasizes service cooperation
in the offline and online channels. Particularly, we focus on the optimal operation strategy of the physical
showroom in this paper.

2.3. Product quality decision

The third related stream of literature is the product quality decision in the supply chain. In contrast to the
inadequate showroom service literature, the literature on the product quality decision is comparatively mature.
Villas-Boas [36] and Jeuland and Shugan [26] validate that product quality in the decentralized channel is lower
than that in the centralized channel because of the double marginal effect. Shi et al. [33] find that when consumer
heterogeneity follows the general distribution of consumers’ willingness to pay (WTP), a decentralized channel
may lead to a higher product quality level. Ha et al. [24] suggest that a manufacturer may prefer to sell its
high-quality product in the direct channel rather than in the decentralized distribution channel when product
quality is endogenous.

Moreover, some papers focus on the joint analysis of service, pricing, and product quality in the supply chain.
Xu [37] and Chen et al. [10] propose a joint pricing and product quality decision in a distribution channel. Giri
et al. [22] study the product quality and pricing issue in a closed-loop supply chain. Chen et al. [11] focus on
retail service, manufacturer’s direct service and quality effort, and present an analytical framework to examine
the optimal decisions in a dual-channel supply chain. Fu et al. [17] investigate the quality and pricing decisions
in a supply chain consisting of one retailer and two manufacturers. In summary, a lot of papers study joint
research on service, pricing, and product quality under traditional retailing, but few research results focus on
the joint decision under omnichannel retailing.

Previous studies have extensively researched the pricing decision considering retail service or manufacturer
service in a traditional supply chain. Different from the above-reviewed literature, this paper analyzes showroom
operation strategy and pricing in the omnichannel supply chain. Meanwhile, motivated by the rapid development
of the physical showroom, joint decisions of showroom service and pricing based on product quality are analyzed
under three typical channel structures. To our knowledge, there is no literature studying the showroom service
decision based on product quality. In addition, by relaxing the assumption that product quality is exogenous,
we compare the optimal product quality among the three strategies when product quality is endogenous.

3. Problem description

We consider a supply chain consisting of a manufacturer (he), an e-retailer (she), and consumers. Then we
describe them to capture their essential features.
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Figure 1. Three operation strategies of the physical showroom. (a) The CO strategy. (b) The
MO strategy. (c) The RO strategy.

Firms. He produces a product with exogenous quality 𝑞. The production cost is 𝑘𝑞2, where 𝑘 represents the
production cost coefficient. Let 𝑤 and 𝑝 stand for the wholesale price and the retail price respectively. 𝜇 ∼ 𝑈 [0, 1]
denotes the showroom service and the cost is 1

2ℎ𝜇2, where ℎ is the showroom cost coefficient [31]. Also, we adopt
𝑠𝑞 to represent the salvage value of online return product [28,34], where 𝑠 denotes the salvage value coefficient.
Besides, a full refund policy is allowed by the upstream and downstream.

Consumers. Consumers are assumed to have a unit demand in the market. Without loss of generality, we
normalize the number of consumers to one. Let 𝜃 denote the consumer’s WTP for product quality 𝑞. And 𝜃
is distributed uniformly over [𝑥, 1], which 𝑥 is large enough to ensure that the product can cover the whole
market. As consumers are heterogeneous to product quality, a proportion 𝛼 ∈ (0, 1) of consumers has positive
value 𝜃𝑞 and a fraction of 1 − 𝛼 has zero value. The former is named “high-type” and the latter is described
as “low-type”. High-type consumers buy products directly without return and low-type consumers choose to
return products after purchasing. Consumer expected return cost is assumed to be 0. Let 𝜇𝑞 represent positive
influence of the showroom service on consumer’s utility. Therefore, the consumer’s expected payoff is described
as: 𝑈(𝜃) = 𝛼(𝜃𝑞 − 𝑝)+(1− 𝛼)·0+𝜇𝑞. Set 𝑈(𝜃) = 0, the consumer’s WTP is 𝜃* = 𝛼𝑝−𝜇𝑞

𝛼𝑞 , and 𝜃 ∈ [max{𝜃*, 𝑥}, 1].

Consequently, the demand function is calculated as 𝐷 = min
{︁

1
1−𝑥

(︁
1− 𝛼𝑝−𝜇𝑞

𝛼𝑞

)︁
, 1

}︁
.

Strategies. Three operation strategies of the physical showroom are considered under e-commerce:
the CO strategy, the MO strategy, and the RO strategy, as shown in Figure 1. The CO strategy
means that the manufacturer and the e-retailer operate the physical showroom jointly. The MO strat-
egy represents that the manufacturer opens the physical showroom. And the RO strategy denotes that
the e-retailer operates the physical showroom.

Sequence of events. (1) In the CO strategy, they collectively decide the retail price 𝑝 and service decision
𝜇. Then consumers make their purchase decisions. (2) In the MO strategy, he initially decides the wholesale
price 𝑤 and service decision 𝜇. Then she sells the product through the online channel at the retail price 𝑝.
Consumers make their purchase decisions. (3) In the RO strategy, given the wholesale price 𝑤, she decides the
service decision 𝜇 and the retail price 𝑝. Consumers make their purchase decisions.

4. Strategy analysis

4.1. Cooperative operation (CO)

The CO strategy means that the manufacturer and the e-retailer operate the physical showroom and make
decisions jointly. The total profit is described as 𝜋𝑐

𝑠𝑐 =
[︀
𝛼
(︀
𝑝− 𝑘𝑞2

)︀
+ (1− 𝛼)

(︀
𝑠𝑞 − 𝑘𝑞2

)︀]︀
𝐷 − 1

2ℎ𝜇2. Given the

demand function 𝐷 = min
{︁

1
1−𝑥

(︁
1− 𝛼𝑝−𝜇𝑞

𝛼𝑞

)︁
, 1

}︁
, backward induction is embraced to solve the model. By

maximizing the profit, the optimal price 𝑝𝑐* is found firstly, and then the optimal service decision 𝜇𝑐* is
obtained. The results are shown in Lemma 4.1.



3802 C. GUO ET AL.

Lemma 4.1. In the MO strategy,

(1) when 𝑘 ≤ (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑐* = 𝑞
ℎ , and 𝑝𝑐* = 𝑞2+𝑥𝑎ℎ𝑞

𝛼ℎ ; if [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤

(2𝑥−1)𝛼+(1−𝛼)𝑠+1
𝑘 , 𝜇𝑐* = 𝑘𝑞− (2𝑥− 1)𝛼− (1− 𝛼)𝑠, and 𝑝𝑐* = 𝑘𝑞2+(1−𝑥)𝛼𝑞−(1−𝛼)𝑠𝑞

𝛼 ; otherwise, 𝜇𝑐* = 1, and
𝑝𝑐* = 𝛼𝑥𝑞+𝑞

𝛼 ;
(2) when 𝑘 > (1−𝛼)𝑠+𝛼

2(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 , 𝜇𝑐* = 𝑞

ℎ , and 𝑝𝑐* = 𝑞2+𝑥𝑎ℎ𝑞
𝛼ℎ ; if [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤
𝛼+(1−𝛼)𝑠

𝑘 , 𝜇𝑐* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2(1−𝑥)𝛼ℎ−𝑞 , and 𝑝𝑐* = [(1−𝑥)𝛼ℎ𝑘+(1−𝛼)𝑠]𝑞2+(1−𝑥)𝛼ℎ[𝛼−(1−𝛼)𝑠]𝑞−𝑘𝑞3

𝛼[2(1−𝑥)𝛼ℎ−𝑞] ; otherwise, no prod-
uct is produced.

Proof. In the CO strategy, the product demand is 𝐷 = min
{︁

1
1−𝑥

(︁
1− 𝛼𝑝−𝜇𝑞

𝛼𝑞

)︁
, 1

}︁
. By solving 𝜕2𝜋𝑐

𝑠𝑐

𝜕𝑝2 , we firstly

obtain the solution 𝜕2𝜋𝑐
𝑠𝑐

𝜕𝑝2 = − 2𝛼
(1−𝑥)𝑞 < 0, which indicates that 𝜋𝑐

𝑠𝑐 is a strictly concave function of 𝑝. Then,

by solving 𝜕𝜋𝑐
𝑠𝑐

𝜕𝑝 = 0, the optimal retail price is 𝑝𝑐* = 𝑘𝑞2+(𝛼+𝜇)𝑞−(1−𝛼)𝑠𝑞
2𝛼 , and the consumer’s WTP is 𝜃* =

𝑘𝑞+(𝛼+𝜇)−(1−𝛼)𝑠
2𝛼 . Therefore, we find the best responses of the e-retailer: (1) When 𝜇 < 𝑘𝑞−(2𝑥− 1)𝛼−(1− 𝛼)𝑠,

𝑝𝑐* = 𝑘𝑞2+(𝛼+𝜇)𝑞−(1−𝛼)𝑠𝑞
2𝛼 , 𝐷𝑐* = 𝛼+𝜇+(1−𝛼)𝑠−𝑘𝑞

2(1−𝑥)𝛼 , and 𝜋𝑐*

𝑠𝑐 = 𝑞[𝛼+𝜇+(1−𝛼)𝑠−𝑘𝑞]2

4(1−𝑥)𝛼 − 1
2ℎ𝜇2. (2) When 𝜇 ≥ 𝑘𝑞 −

(2𝑥− 1)𝛼− (1− 𝛼)𝑠, 𝑝𝑐* = 𝛼𝑥𝑞+𝜇𝑞
𝛼 , 𝐷𝑐* = 1, and 𝜋𝑐*

𝑠𝑐 = (𝑥𝛼 + 𝜇)𝑞 + (1− 𝛼)𝑠𝑞 − 𝑘𝑞2 − 1
2ℎ𝜇2.

Then, by solving 𝜕2𝜋𝑐*
𝑠𝑐

𝜕𝜇2 in the above two situations, we find that when 𝜇 < 𝑘𝑞 − (2𝑥− 1)𝛼 − (1− 𝛼)𝑠,
𝜕2𝜋𝑐*

𝑠𝑐

𝜕𝜇2 = 𝑞−2(1−𝑥)𝛼ℎ
2(1−𝑥)𝛼 < 0 if 𝑞 < 2(1− 𝑥)𝛼ℎ. Besides, we discuss the ranges of 𝑞 in the following, and make sure

that the constraint 𝑞 < 2(1− 𝑥)𝛼ℎ is always satisfied; When 𝜇 ≥ 𝑘𝑞 − (2𝑥− 1)𝛼 − (1− 𝛼)𝑠, 𝜕2𝜋𝑐*
𝑠𝑐

𝜕𝜇2 = −ℎ < 0.

The above results indicate that 𝜋𝑐*

𝑠𝑐 is a strictly concave function of 𝜇. By solving 𝜕𝜋𝑐*
𝑠𝑐

𝜕𝜇 = 0, the results are
divided into the following two parts.

(1) When 𝜇 < 𝑘𝑞−(2𝑥− 1)𝛼−(1− 𝛼)𝑠, the optimal showroom service is 𝜇𝑐* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2(1−𝑥)𝛼ℎ−𝑞 if 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 .

Given 𝛼+(1−𝛼)𝑠
𝑘 < 2(1− 𝑥)𝛼ℎ, we obtain 𝑘 > (1−𝛼)𝑠+𝛼

2(1−𝛼)𝛼ℎ . Considering the constraint 0 < 𝜇𝑐* ≤ 𝜇, we

derive that 𝑞 > [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 . Therefore, if 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑐* = 𝑘𝑞 − (2𝑥− 1)𝛼 − (1− 𝛼)𝑠; If
[(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜇𝑐* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2(1−𝑥)𝛼ℎ−𝑞 ; Otherwise, the manufacturer does not sell the

product. Besides, let ℎ ≥ 1
𝑘 ensure that 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 makes sense.
(2) When 𝜇 ≥ 𝑘𝑞 − (2𝑥− 1)𝛼 − (1− 𝛼)𝑠, the optimal showroom service is 𝜇𝑐* = 𝑞

ℎ . Considering 𝜇 ≤ 𝜇𝑐* ,
we find that if 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑐* = 𝑞
ℎ ; if [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ (2𝑥−1)𝛼+(1−𝛼)𝑠+1
𝑘 , 𝜇𝑐* = 𝑘𝑞 −

(2𝑥− 1)𝛼− (1− 𝛼)𝑠; otherwise, 𝜇𝑐* = 1.

In conclusion, Lemma 4.1 is obtained. Proof ends. �

Lemma 4.1 states the equilibrium of the optimal service and price based on product quality in the CO strat-
egy. According to Lemma 4.1, the trends of the optimal showroom service are different with diverse production
cost coefficients. when the production cost coefficient is low, they tend to continuously enhance service quality
with product quality. However, when the production cost coefficient is high, they prefer to adopt a low show-
room service to balance the service cost and incomes if product quality is relatively high. Hence, the service
decision may decrease with the increase of product quality. Besides, when product quality is beyond a threshold(︁
𝑞 > 𝛼+(1−𝛼)𝑠

𝑘

)︁
, the manufacturer does not provide the product. According to the equilibrium in Lemma 4.1,

an interesting result is obtained in Proposition 4.2.

Proposition 4.2. In the CO strategy, the optimal showroom service may decrease with the increase
of product quality when the production cost coefficient is high. Formally, when 𝑘 > (1−𝛼)𝑠+𝛼

2(1−𝛼)𝛼ℎ , if
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Figure 2. The optimal showroom service in the CO strategy. (a) When 𝑘 is low. (b) When 𝑘
is high.

max
{︁

[(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 ,

⌢
𝑞
}︁

< 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜕𝜇𝑐*

𝜕𝑞 < 0, where ⌢
𝑞 is the smaller solution of 𝑘𝑞2 +

2(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0.

Proof. According to Lemma 4.1, when 𝑘 > (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ , if [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , let 𝜕𝜇𝑐*

𝜕𝑞 =
𝑘𝑞2+2(1−𝑥)𝛼ℎ[𝛼+(1−𝛼)𝑠−2𝑘𝑞]

[2(1−𝑥)𝛼ℎ−𝑞]2
= 0, and we obtain the equation 𝑘𝑞2 + 2(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0. We

find that ∆ > 0, and denote the equation has two roots: ⌢
𝑞 and ⌣

𝑞
(︁

0 <
⌢
𝑞 <

⌣
𝑞
)︁

. When 𝑞 ∈
(︁

⌢
𝑞 ,

⌣
𝑞
)︁

, 𝜕𝜇𝑐*

𝜕𝑞 < 0.

Therefore, when max
{︁

[(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 ,

⌢
𝑞
}︁

< 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜇𝑐* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2(1−𝑥)𝛼ℎ−𝑞 is a monotonically decreas-

ing function, where ⌢
𝑞 is the smaller solution of 𝑘𝑞2 + 2(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0. Proof ends. �

Conventional wisdom believes that the high-quality product should be offered a high service than the low-
quality product. Interestingly, we find that the optimal showroom service decision shows a descending trend
when both product quality and the production cost coefficient are high. The reason is that consumers are more
sensitive to the retail price than the showroom service when buying high-quality products, such as furniture
and household appliances. Meanwhile, as the production cost coefficient is also high, enterprises tend to choose
a lower service level to balance the costs and benefits, thus maximizing their marginal profits. Consequently,
the optimal showroom service may decrease with the increase of product quality.

Figure 2 illustrates the service decision equilibrium in Lemma 4.1. In the low 𝑘 case, the showroom service
decision is positively related to product quality. Especially, the growth rate of showroom service increases
significantly along with product quality. However, in the high 𝑘 case, the showroom service increases firstly
and then decreases. It is concluded that the showroom service decision is related to different production cost
coefficient. To sum up, enterprises should consider both product quality and production cost before making
the showroom service decision in the CO strategy. In particular, when the production cost coefficient is low,
enterprises should pay more attention to high-quality products. But when the production cost coefficient is high,
enterprises should focus on medium-quality products.

4.2. Manufacturer operation (MO)

The MO strategy represents that the manufacturer operates the physical showroom. In the MO strategy,
the manufacturer’s profit is 𝜋𝑚

𝑚 =
[︀
𝛼
(︀
𝑤 − 𝑘𝑞2

)︀
+ (1− 𝛼)

(︀
𝑠𝑞 − 𝑘𝑞2

)︀]︀
𝐷 − 1

2ℎ𝜇2, and the e-retailer’s profit is
𝜋𝑚

𝑟 = 𝛼(𝑝− 𝑤)𝐷. Backward induction is adopted to solve the model. First, we obtain the e-retailer’s best
responses: the optimal retail price 𝑝𝑚*

, the product demand 𝐷𝑚*
and the e-retailer’s optimal profit 𝜋𝑚*

𝑟 . Then,
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the optimal wholesale price 𝑤𝑚*
is obtained based on the principle of the manufacturer’s profit maximization.

In conclusion, the results are shown in Lemma 4.3.

Lemma 4.3. In the MO strategy,

(1) when 𝑘 ≤ (1−𝛼)𝑠+𝛼
4(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑚*
= 𝑞

ℎ , 𝑤𝑚*
= 𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ , and 𝑝𝑚*
= 𝑞2+𝑥𝛼ℎ𝑞

𝛼ℎ ; if
[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ (4𝑥−3)𝛼+(1−𝛼)𝑠+1
𝑘 , 𝜇𝑚*

= 𝑘𝑞 − (4𝑥− 3)𝛼 − (1− 𝛼)𝑠, 𝑤𝑚*
=𝑘𝑞2+2(1−𝑥)𝛼𝑞−(1−𝛼)𝑠𝑞

𝛼 ,

and 𝑝𝑚*
= 𝑘𝑞2+3(1−𝑥)𝛼𝑞−(1−𝛼)𝑠𝑞

𝛼 ; otherwise, 𝜇𝑚*
= 1, 𝑤𝑚*

= (2𝑥−1)𝛼𝑞+𝑞
𝛼 , and 𝑝𝑚*

= 𝑥𝛼𝑞+𝑞
𝛼 ;

(2) when 𝑘 > (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑚*
= 𝑞

ℎ , 𝑤𝑚*
= 𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ , and

𝑝𝑚*
= 𝑞2+𝑥𝛼ℎ𝑞

𝛼ℎ ; if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠

𝑘 , 𝜇𝑚*
= 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

4(1−𝑥)𝛼ℎ−𝑞 ,

𝑤𝑚*
= [2(1−𝑥)𝛼ℎ𝑘+(1−𝛼)𝑠]𝑞2+2(1−𝑥)𝛼ℎ[𝛼−(1−𝛼)𝑠]𝑞−𝑘𝑞3

𝛼[4(1−𝑥)𝛼ℎ−𝑞] , and 𝑝𝑚*
= [(1−𝑥)𝛼ℎ𝑘+(1−𝛼)𝑠]𝑞2+(1−𝑥)𝛼ℎ[3𝛼−(1−𝛼)𝑠]𝑞−𝑘𝑞3

𝛼[4(1−𝑥)𝛼ℎ−𝑞] ;
otherwise, no product is produced.

Proof. In the MO strategy, the e-retailer’s profit is 𝜋𝑚
𝑟 = 𝛼(𝑝− 𝑤)𝐷. By solving 𝜕2𝜋𝑚

𝑟

𝜕𝑝2 , we find that 𝜕2𝜋𝑚
𝑟

𝜕𝑝2 =

− 2𝛼
(1−𝑥)𝑞 < 0, which reveals that 𝜋𝑚

𝑟 strictly concave function of 𝑝. Then, let 𝜕𝜋𝑚
𝑟

𝜕𝑝 = 0 and we obtain 𝑝𝑚*
=

(𝛼+𝜇)𝑞+𝛼𝑤
2𝛼 . Hence, the best responses of the e-retailer are as follows: (1) When 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 , 𝑝𝑚*
=

(𝛼+𝜇)𝑞+𝛼𝑤
2𝛼 , 𝐷𝑚*

= (𝛼+𝜇)𝑞−𝛼𝑤
2(1−𝑥)𝛼𝑞 and 𝜋𝑚*

𝑟 = [(𝛼+𝜇)𝑞−𝛼𝑤]2

4(1−𝑥)𝛼𝑞 ; (2) When 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , 𝑝𝑚*

= 𝛼𝑥𝑞+𝜇𝑞
𝛼 , 𝐷𝑚*

= 1,
and 𝜋𝑚*

𝑟 = (𝑥𝛼 + 𝜇)𝑞 − 𝛼𝑤.
Then, we plug the demand function 𝐷𝑚*

into the function 𝜋𝑚
𝑚 =

[︀
𝛼
(︀
𝑤 − 𝑘𝑞2

)︀
+ (1− 𝛼)

(︀
𝑠𝑞 − 𝑘𝑞2

)︀]︀
𝐷− 1

2ℎ𝜇2.

By solving 𝜕2𝜋𝑚
𝑚

𝜕𝑤2 , we obtain that 𝜕2𝜋𝑚
𝑚

𝜕𝑤2 = − 𝛼
(1−𝑥)𝑞 < 0 when 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 , which reveals that 𝜋𝑚
𝑚 is a strictly

concave function of 𝑤, and 𝜋𝑚
𝑚 is an increasing function when 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 . The optimal wholesale price 𝑤𝑚*

is described in the following. (1) When 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , 𝑤𝑚*

= 𝑘𝑞2+(𝛼+𝜇)𝑞−(1−𝛼)𝑠𝑞
2𝛼 , 𝐷𝑚*

= 𝛼+𝜇+(1−𝛼)𝑠−𝑘𝑞
4(1−𝑥)𝛼 ,

and 𝜋𝑚*

𝑚 =[(𝛼+𝜇)𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2]2
8(1−𝑥)𝛼𝑞 − 1

2ℎ𝜇2; (2) When 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , 𝑤𝑚*

= (2𝑥−1)𝛼𝑞+𝜇𝑞
𝛼 𝐷𝑚*

= 1, and 𝜋𝑚*

𝑚 =
(2𝑥− 1)𝛼𝑞 + 𝜇𝑞 + (1− 𝛼)𝑠𝑞 − 𝑘𝑞2 − 1

2ℎ𝜇2.

Third, by solving 𝜕2𝜋𝑚*
𝑚

𝜕𝜇2 , when 𝜇 < 𝑘𝑞 − (4𝑥− 3)𝛼 − (1− 𝛼)𝑠, the solution 𝜕2𝜋𝑚*
𝑚

𝜕𝜇2 = 𝑞−4(1−𝑥)𝛼ℎ
4(1−𝑥)𝛼 < 0 if

𝑞 < 4(1− 𝑥)𝛼ℎ. We discuss the ranges of 𝑞 in the following, and make sure that the constraint 𝑞 < 4(1− 𝑥)𝛼ℎ

is satisfied; When 𝜇 ≥ 𝑘𝑞− (4𝑥− 3)𝛼− (1− 𝛼)𝑠, the solution 𝜕2𝜋𝑐*
𝑠𝑐

𝜕𝜇2 = −ℎ < 0. The above results indicate that
𝜋𝑐*

𝑠𝑐 is a strictly concave function of 𝜇. Then, we derive the optimal showroom service 𝜇𝑚*
.

(1) When 𝜇 < 𝑘𝑞 − (4𝑥− 3)𝛼 − (1− 𝛼)𝑠, 𝜇𝑚*
= 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

4(1−𝑥)𝛼ℎ−𝑞 if 𝑞 < 4(1− 𝑥)𝛼ℎ and 𝑘 > (1−𝛼)𝑠+𝛼
4(1−𝛼)𝛼ℎ .

Considering 0 < 𝜇𝑚* ≤ 𝜇, we obtain that 𝑞 > [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 . As a result, if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 ,

𝜇𝑚*
= 𝑘𝑞 − (4𝑥− 3)𝛼 − (1− 𝛼)𝑠; if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜇𝑚*

= 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

4(1−𝑥)𝛼ℎ−𝑞 . Otherwise,
the manufacturer does not produce the product.

(2) When 𝜇 ≥ 𝑘𝑞 − (4𝑥− 3)𝛼 − (1− 𝛼)𝑠, 𝜇𝑚*
= 𝑞

ℎ . Similarly, if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 , 𝜇𝑚*

= 𝑞
ℎ ; if

[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤ (4𝑥−3)𝛼+(1−𝛼)𝑠+1

𝑘 , 𝜇𝑚*
= 𝑘𝑞 − (4𝑥− 3)𝛼− (1− 𝛼)𝑠. Otherwise, 𝜇𝑚*

= 1.

To sum up, the optimal solutions are obtained in Lemma 4.3. Proof ends. �

Lemma 4.3 illustrates the equilibrium of the showroom service decision, the wholesale price, and the retail
price based on product quality in the MO strategy. Similar to the CO strategy, the trends of the showroom
service are also different with low and high production cost coefficients. According to Lemma 4.3, we obtain
Proposition 4.4 in the following.

Proposition 4.4. In the MO strategy, the optimal showroom service may decrease with the increase
of product quality when the production cost coefficient is high. Formally, when 𝑘 > (1−𝛼)𝑠+𝛼

4(1−𝛼)𝛼ℎ , if
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Figure 3. The optimal showroom service in the MO strategy. (a) When 𝑘 is low. (b) When 𝑘
is high.

max
{︁

[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 ,

⌢
𝑞

𝑚}︁
< 𝑞 ≤ 𝛼+(1−𝛼)𝑠

𝑘 , 𝜕𝜇𝑚*

𝜕𝑞 < 0, where ⌢
𝑞

𝑚

is the smaller solution of 𝑘𝑞2 +
4(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0.

Proof. According to Lemma 4.3, when 𝑘 > (1−𝛼)𝑠+𝛼
4(1−𝛼)𝛼ℎ , if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , let 𝜕𝜇𝑚*

𝜕𝑞 =
𝑘𝑞2+4(1−𝑥)𝛼ℎ[𝛼+(1−𝛼)𝑠−2𝑘𝑞]

[4(1−𝑥)𝛼ℎ−𝑞]2
= 0 and we obtain the equation 𝑘𝑞2 + 4(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0. We

find that ∆ > 0, and denote the equation has two roots: ⌢
𝑞

𝑚

and ⌣
𝑞

𝑚 (︁
0 <

⌢
𝑞

𝑚

<
⌣
𝑞

𝑚)︁
. When 𝑞 ∈

(︁
⌢
𝑞

𝑚

,
⌣
𝑞

𝑚)︁
,

𝜕𝜇𝑐*

𝜕𝑞 < 0. Therefore, when max
{︁

[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 ,

⌢
𝑞

𝑚}︁
< 𝑞 ≤ 𝛼+(1−𝛼)𝑠

𝑘 , 𝜇𝑚*
= 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

4(1−𝑥)𝛼ℎ−𝑞 is a monotoni-

cally decreasing function, where ⌢
𝑞

𝑚

is the smaller solution of 𝑘𝑞2 + 4(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0. Proof
ends. �

Comparing with Lemmas 4.1 and 4.3, we find that the trends of the showroom service in the MO strategy
are similar to that in the CO strategy. As shown in Figure 3, when the production cost coefficient is low, the
optimal showroom service increases along with product quality. When the production cost coefficient is high,
the optimal showroom service increases firstly and then decreases with product quality.

The differences between the MO strategy and the CO strategy are as follows. When the production cost
coefficient is high, the manufacturer undertakes the total costs of product production and showroom operation
in the MO strategy, leading to free-riding of the e-retailer. Owing to the double marginal effect, the optimal
showroom service provided in the MO strategy is usually lower than that in the CO strategy. However, when the
production cost coefficient is low, contrary to common sense, the MO strategy may provide better showroom
service than the CO strategy, as illustrated in Corollary 4.5.

Corollary 4.5. When the production cost coefficient is low, the MO strategy may offer a higher service than
the CO strategy. Formally, when 𝑘 ≤ (1−𝛼)𝑠+𝛼

4(1−𝛼)𝛼ℎ , 𝜇𝑚* ≥ 𝜇𝑐* .

Proof. When 𝑘 ≤ (1−𝛼)𝑠+𝛼
4(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑚*
= 𝜇𝑐* ; if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 ,

𝜇𝑚* − 𝜇𝑐* = 𝑘𝑞− (4𝑥− 3)𝛼− (1− 𝛼)𝑠− 𝑞
ℎ > 0; if [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤ (4𝑥−3)𝛼+(1−𝛼)𝑠+1
𝑘 , 𝜇𝑚* − 𝜇𝑐* = 𝑘𝑞−

(4𝑥− 3)𝛼− (1− 𝛼)𝑠− [𝑘𝑞 − (2𝑥− 1)𝛼− (1− 𝛼)𝑠] = (1− 𝑥)𝛼 > 0; if (4𝑥−3)𝛼+(1−𝛼)𝑠+1
𝑘 < 𝑞 ≤ (2𝑥−1)𝛼+(1−𝛼)𝑠+1

𝑘 ,
𝜇𝑚* −𝜇𝑐* = 1− [𝑘𝑞 − (2𝑥− 1)𝛼− (1− 𝛼)𝑠] > 0; otherwise, 𝜇𝑚*

= 𝜇𝑐* . Therefore, 𝜇𝑚* ≥ 𝜇𝑐* . Proof ends. �

Corollary 4.5 diverges from conventional intuition that the CO strategy offers a better service. We find that
the MO strategy may offer a better service than the CO strategy when the production cost coefficient is low.
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The reason is that, when the manufacturer produces higher-quality products with the low production cost
coefficient, he has more incentive to improve showroom service to expand market share and maximize profits.
Consequently, when the production cost coefficient is low, the manufacturer should open the physical showroom
separately than jointly. When the production cost coefficient is high, the situation is quite the opposite. The
manufacturer should cooperate with the e-retailer to balance costs and benefits.

4.3. E-retailer operation (RO)

The RO strategy denotes that the e-retailer operates the physical showroom. In the RO strategy, the manufac-
turer’s profit is 𝜋𝑟

𝑚 =
[︀
𝛼
(︀
𝑤 − 𝑘𝑞2

)︀
+ (1− 𝛼)

(︀
𝑠𝑞 − 𝑘𝑞2

)︀]︀
𝐷 and the e-retailer’s profit is 𝜋𝑟

𝑟 = 𝛼(𝑝− 𝑤)𝐷− 1
2ℎ𝜇2.

Backward induction is used to solve the model. The equilibrium is shown in Lemma 4.6.

Lemma 4.6. In the RO strategy,

(1) when 𝑘 ≤ (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 , 𝑤𝑟* = 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , 𝑝𝑟* = 𝑥𝛼ℎ𝑞+𝑞2

𝛼ℎ , and 𝜇𝑟* = 𝑞
ℎ ; otherwise,

𝑤𝑟* = (2𝑥−1)𝛼𝑞+𝑞
𝛼 , 𝑝𝑟* = 𝑥𝛼𝑞+𝑞

𝛼 , 𝜇𝑟* = 1;

(2) when 𝑘 > (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 , 𝑤𝑟* = 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , 𝑝𝑟* = 𝑥𝛼ℎ𝑞+𝑞2

𝛼ℎ ,

and 𝜇𝑟* = 𝑞
ℎ ; if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝑤𝑟* = 𝛼𝑞+𝑘𝑞2−(1−𝛼)𝑠𝑞

2𝛼 , 𝑝𝑟* =
(1−𝑥)𝛼ℎ𝑘+(1−𝛼)𝑠−𝛼]𝑞2+(1−𝛼)𝛼ℎ[3𝛼−(1−𝛼)𝑠]𝑞−𝑘𝑞3

2𝛼[2(1−𝑥)𝛼ℎ−𝑞] , and 𝜇𝑟* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2[2(1−𝑥)𝛼ℎ−𝑞] ; otherwise, no product is produced.

Proof. In the RO strategy, the e-retailer’s profit is 𝜋𝑟
𝑟 = 𝛼(𝑝− 𝑤)𝐷 − 1

2ℎ𝜇2. By solving 𝜕𝜋𝑟
𝑟

𝜕𝑝 = 0, the best

responses of the e-retailer are obtained: (1) when 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , 𝑝𝑟* = (𝛼+𝜇)𝑞+𝛼𝑤

2𝛼 , 𝐷𝑟* = (𝛼+𝜇)𝑞−𝛼𝑤
2(1−𝑥)𝛼𝑞 , and

𝜋𝑟*

𝑟 = [(𝛼+𝜇)𝑞−𝛼𝑤]2

4(1−𝑥)𝛼𝑞 − 1
2ℎ𝜇2; (2) when 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 , 𝑝𝑟* = 𝑥𝛼𝑞+𝜇𝑞
𝛼 , and 𝜋𝑟*

𝑟 = (𝑥𝛼 + 𝜇)𝑞 − 𝛼𝑤 − 1
2ℎ𝜇2.

(1) Case 1: 𝑤 < (2𝑥−1)𝛼𝑞+𝑞
𝛼 (𝜇 < 1).

When 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , 𝜇𝑟* = 𝛼(𝑞−𝑤)

2(1−𝑥)𝛼ℎ−𝑞 if 𝑤 < 𝑞 < 𝑤
2𝑥−1 . As 0 < 𝜇𝑟* < 𝜇 < 1, we find that, if

𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ < 𝑤 < (2𝑥−1)𝛼𝑞+𝑞

𝛼 , 𝜇𝑟* = 𝛼(𝑞−𝑤)
2(1−𝑥)𝛼ℎ−𝑞 , 𝑝𝑟* = 𝛼ℎ(1−𝑥)(𝑞+𝑤)−𝑤𝑞

2(1−𝑥)𝛼ℎ−𝑞 , and 𝐷𝑟* = 𝛼ℎ(𝑞−𝑤)
2(1−𝑥)𝛼ℎ𝑞−𝑞2 ; if

𝑤 ≤ 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , 𝜇𝑟* = 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 , 𝑝𝑟* = (1− 𝑥)𝑞 + 𝑤, and 𝐷𝑟* = 1. When 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , if 𝑤 ≤

𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , 𝜇𝑟* = 𝑞

ℎ , 𝑝𝑟* = 𝑞2+𝛼𝑥ℎ𝑞
𝛼ℎ , and 𝐷𝑟* = 1; if 𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ < 𝑤 < (2𝑥−1)𝛼𝑞+𝑞
𝛼 , 𝜇𝑟* = 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 ,
𝑝𝑟* = (1− 𝑥)𝑞 + 𝑤, and 𝐷𝑟* = 1.

(2) Case 2: 𝑤 ≥ (2𝑥−1)𝛼𝑞+𝑞
𝛼 (𝜇 ≥ 1).

When 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , 𝜇𝑟* = 𝛼(𝑞−𝑤)

2(1−𝑥)𝛼ℎ−𝑞 if 𝑤 < 𝑞 < 𝑤
2𝑥−1 . Considering 𝜇𝑟* < 1, we find that when

𝑤 > (1+𝛼)𝑞−2(1−𝑥)𝛼ℎ
𝛼 , 𝜇𝑟* = 𝛼(𝑞−𝑤)

2(1−𝑥)𝛼ℎ−𝑞 , 𝑝𝑟* = 𝛼ℎ(1−𝑥)(𝑞+𝑤)−𝑤𝑞
2(1−𝑥)𝛼ℎ−𝑞 , and 𝐷𝑟* = 𝛼ℎ(𝑞−𝑤)

2(1−𝑥)𝛼ℎ𝑞−𝑞2 . As 𝑞 < ℎ, we

obtain that when 𝑤 ≥ (2𝑥−1)𝛼𝑞+𝑞
𝛼 , 𝜇𝑟* = 𝛼(𝑞−𝑤)

2(1−𝑥)𝛼ℎ−𝑞 , 𝑝𝑟* = 𝛼ℎ(1−𝑥)(𝑞+𝑤)−𝑤𝑞
2(1−𝑥)𝛼ℎ−𝑞 , and 𝐷𝑟* = 𝛼ℎ(𝑞−𝑤)

2(1−𝑥)𝛼ℎ𝑞−𝑞2 .

When 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , 𝜇𝑟* = 1, 𝑝𝑟* = 𝛼ℎ(1−𝑥)(𝑞+𝑤)−𝑤𝑞

2(1−𝑥)𝛼ℎ−𝑞 , and 𝐷𝑟* = 𝛼ℎ(𝑞−𝑤)
2(1−𝑥)𝛼ℎ𝑞−𝑞2 .

To sum up, (1) when 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 ; if 𝑤 ≤ 𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ , 𝜇𝑟* = 𝑞
ℎ , 𝑝𝑟* = 𝑞2+𝛼𝑥ℎ𝑞

𝛼ℎ , and 𝐷𝑟* = 1; if 𝑤 >
𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ , 𝜇𝑟* = 𝛼(𝑞−𝑤)
2(1−𝑥)𝛼ℎ−𝑞 , 𝑝𝑟* = 𝛼ℎ(1−𝑥)(𝑞+𝑤)−𝑤𝑞

2(1−𝑥)𝛼ℎ−𝑞 , and 𝐷𝑟* = 𝛼ℎ(𝑞−𝑤)
2(1−𝑥)𝛼ℎ𝑞−𝑞2 . (2) When 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 , if

𝑤 ≤ 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , 𝜇𝑟* = 𝑞

ℎ , 𝑝𝑟* = 𝑞2+𝛼𝑥ℎ𝑞
𝛼ℎ , and 𝐷𝑟* = 1; if 𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ < 𝑤 < (2𝑥−1)𝛼𝑞+𝑞
𝛼 𝜇𝑟* = 𝛼𝑤−(2𝑥−1)𝛼𝑞

𝑞 ,

𝑝𝑟* = (1− 𝑥)𝑞 + 𝑤, and 𝐷𝑟* = 1; if 𝑤 ≥ (2𝑥−1)𝛼𝑞+𝑞
𝛼 𝜇𝑟* = 1, 𝑝𝑟* = 𝛼ℎ(1−𝑥)(𝑞+𝑤)−𝑤𝑞

2(1−𝑥)𝛼ℎ−𝑞 , and 𝐷𝑟* = 𝛼ℎ(𝑞−𝑤)
2(1−𝑥)𝛼ℎ𝑞−𝑞2 .

Third, given the manufacturer’s profit 𝜋𝑟
𝑚 =

[︀
𝛼
(︀
𝑤 − 𝑘𝑞2

)︀
+ (1− 𝛼)

(︀
𝑠𝑞 − 𝑘𝑞2

)︀]︀
𝐷, we firstly obtain 𝜕2𝜋𝑟

𝑚

𝜕𝑤 =
−2𝛼ℎ

2(1−𝑥)𝛼ℎ𝑞−𝑞2 < 0 when 𝐷𝑟* = 𝛼ℎ(𝑞−𝑤)
2(1−𝑥)𝛼ℎ𝑞−𝑞2 , which reveals that 𝜋𝑟

𝑚 is a strictly concave function of 𝑤. When
𝐷𝑟* = 1, 𝜋𝑟

𝑚 is an increasing function. Then we find the optimal wholesale price 𝑤𝑟* .
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(1) When 𝜇 < 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , if 𝑤 ≤ 𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ , 𝑤𝑟* = 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , 𝜇𝑟* = 𝑞

ℎ , if 𝑤 > 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ

𝑤𝑟* = 𝛼𝑞+𝑘𝑞2−(1−𝛼)𝑠𝑞
2𝛼 , 𝜇𝑟* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2[2(1−𝑥)𝛼ℎ−𝑞] only exist when 𝑘 > (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ and 𝑞 ≤ 𝛼+(1−𝛼)𝑠

𝑘 . As
𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2[2(1−𝑥)𝛼ℎ−𝑞] ≥ 𝑞
ℎ , we find that when 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 , 𝑤𝑟* = 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , 𝜇𝑟* = 𝑞

ℎ ; when
[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝑤𝑟* = 𝛼𝑞+𝑘𝑞2−(1−𝛼)𝑠𝑞

2𝛼 , 𝜇𝑟* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2[2(1−𝑥)𝛼ℎ−𝑞] . Otherwise, 𝜇𝑟* = 0.

(2) When 𝜇 ≥ 𝛼𝑤−(2𝑥−1)𝛼𝑞
𝑞 , if 𝑤 ≤ 𝑞2+(2𝑥−1)𝛼ℎ𝑞

𝛼ℎ , 𝑤𝑟* = 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ , and 𝜇𝑟* = 𝑞

ℎ ; if 𝑞2+(2𝑥−1)𝛼ℎ𝑞
𝛼ℎ < 𝑤 <

(2𝑥−1)𝛼𝑞+𝑞
𝛼 , 𝑤𝑟* = (2𝑥−1)𝛼𝑞+𝑞

𝛼 , and 𝜇𝑟* = 1; if 𝑤 ≥ (2𝑥−1)𝛼𝑞+𝑞
𝛼 , 𝑤𝑟* = 𝑘𝑞2+(𝛼+1)𝑞−(1−𝛼)𝑠𝑞

2𝛼 , and 𝜇𝑟* = 1.

In conclusion, the optimal solutions are obtained. Proof ends. �

Lemma 4.6 shows the equilibrium of the wholesale price and retail price in the RO strategy and illustrates
the relationship between the optimal service decision and product quality. Compared with the CO strategy, it’s
worth noting that the optimal showroom service reaches the maximum value sharply when the product quality
is high and the production cost coefficient is low. When the production cost coefficient is high, the RO strategy
shows similar trends with the CO strategy. The optimal showroom service increases first and then decreases
with product quality, as shown in Proposition 4.7.

Proposition 4.7. In the RO strategy, the optimal showroom service may decrease with the increase
of product quality when the production cost coefficient is high. Formally, when 𝑘 > (1−𝛼)𝑠+𝛼

2(1−𝛼)𝛼ℎ , if

max
{︁

[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 ,

⌢
𝑞
}︁

< 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜕𝜇𝑟*

𝜕𝑞 < 0.

Proof. According to Lemma 4.6, when 𝑘 > (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ , if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , let 𝜕𝜇𝑟*

𝜕𝑞 =
𝑘𝑞2+2(1−𝑥)𝛼ℎ[𝛼+(1−𝛼)𝑠−2𝑘𝑞]

2[2(1−𝑥)𝛼ℎ−𝑞]2
= 0, and we obtain the equation 𝑘𝑞2 + 2(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0. We

find that this equation is the same as the equation in Proposition 4.2. So they has identical two roots: ⌢
𝑞 and ⌣

𝑞

(0 <
⌢
𝑞 <

⌣
𝑞 ). Therefore, when max

{︁
[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 ,
⌢
𝑞
}︁

< 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜇𝑟* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2(1−𝑥)𝛼ℎ−𝑞 is a monoton-

ically decreasing function, where ⌢
𝑞 is the smaller solution of 𝑘𝑞2 + 2(1− 𝑥)𝛼ℎ[𝛼 + (1− 𝛼)𝑠− 2𝑘𝑞] = 0. Proof

ends. �

According to Lemma 4.6 and Proposition 4.7, Figure 4 illustrates the trends of optimal showroom service
in the RO strategy. When the production cost coefficient is high, the trends of the showroom service in the
RO strategy are similar to that in the CO and RO strategies. However, when the production cost coefficient is
low, the optimal showroom service reaches the maximum sharply with product quality. The reason is that the
e-retailer does not need to undertake the salvage loss of return products according to the assumption of a full
refund policy. Hence, the e-retailer tends to adopt the best showroom service to encourage consumer purchase
behaviors to gain more marginal profit.

Comparing with the CO strategy, we find that the RO strategy may offer a better service than the CO
strategy when the production cost coefficient is low, but the CO strategy is better when the production cost
coefficient is high. Therefore, when production cost is low, the e-retailer should open the physical showroom
separately than jointly. When production cost is high, the e-retailer should cooperate with the manufacturer.

4.4. Equilibrium analysis

4.4.1. Service decision

The service decisions in three strategies are discussed in this section, as illustrated in Figure 5. CO, MO, and
RO represent the optimal showroom service in the CO, MO, and RO strategies, respectively. In order to analyze
the showroom service comprehensively, the production cost coefficient is divided into two parts: the low 𝑘 case
and the high 𝑘 case. We analyze the service decision from two perspectives of product quality and operation
strategy in the following.
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Figure 4. The optimal showroom service in the RO strategy. (a) When 𝑘 is low. (b) When 𝑘
is high.

Figure 5. The optimal showroom service in the three strategies. (a) When 𝑘 is low. (b) When
𝑘 is high.

From the perspective of product quality, when product quality is low, the optimal showroom service is
positively related to product quality and negatively relevant to showroom cost coefficient, and it is independent
with the production cost coefficient. Meanwhile, the three strategies provide the same showroom service in this
scenario, because the total profit in the whole market is higher than that in the partial market when product
quality is low. Hence, the whole market is selected as the target market. However, when product quality is high,
the showroom service trends rely on production cost. Comparing the optimal showroom services between the
low and high 𝑘 cases, the summary is described in Corollary 4.8.

Corollary 4.8. When the product quality is high, the high production cost coefficient restrains the showroom
service in the three strategies.

Proof. In the CO strategy, when [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠

𝑘 , 𝜇𝑐* = 𝑘𝑞 − (2𝑥− 1)𝛼 − (1− 𝛼)𝑠 if 𝑘 ≤
(1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ ; 𝜇𝑐* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2(1−𝑥)𝛼ℎ−𝑞 if 𝑘 > (1−𝛼)𝑠+𝛼
2(1−𝛼)𝛼ℎ . By solving 𝑘𝑞 − (2𝑥− 1)𝛼 − (1− 𝛼)𝑠 − 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2(1−𝑥)𝛼ℎ−𝑞 >
0, we find that the optimal showroom service with the low production cost coefficient is higher than that
with the high production cost coefficient. Also, the same findings are obtained in the MO and RO strategies.
Proof ends. �
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According to Corollary 4.8, we find that the optimal showroom service in the low 𝑘 case is better than that
in the high 𝑘 case when product quality is high. In the low 𝑘 case, the manufacturer produces a high-quality
product with a low production cost coefficient, such as luxury products. The enterprises are motivated to operate
the physical showroom and encourage consumer purchase behaviors, thus expanding market coverage. However,
in the high 𝑘 case, the optimal showroom service decreases with the high-quality product. The reason is that
the promotion effect of showroom service decreases and the enterprises prefer to reduce the showroom service
cost to maximize marginal profits.

Besides, from the perspective of operation strategy, we compared the showroom service decision among the
three strategies. The conclusion is summarized in Corollary 4.9.

Corollary 4.9. (1) When the production cost coefficient is low, the MO and the RO strategies may offer the
better showroom service than the CO strategy. Formally, 𝜇𝑚* ≥ 𝜇𝑐* and 𝜇𝑟* ≥ 𝜇𝑐* .

(2) When the production cost coefficient is high, the CO strategy may offer the better showroom service than
the MO and the RO strategies. Formally, 𝜇𝑐* ≥ 𝜇𝑟* ≥ 𝜇𝑚*

.

Proof. (1) When 𝑘 ≤ (1−𝛼)𝑠+𝛼
4(1−𝛼)𝛼ℎ , according to Corollary 4.5, we find that 𝜇𝑚* ≥ 𝜇𝑐* . Then we compare 𝜇𝑐* and

𝜇𝑟* . If 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 , 𝜇𝑐* = 𝜇𝑟* = 𝑞

ℎ ; If 𝑞 > [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 , 𝜇𝑐* ≤ 𝜇𝑟* = 1. To sum up, 𝜇𝑚* ≥ 𝜇𝑐*

and 𝜇𝑟* ≥ 𝜇𝑐* .
(2) When 𝑘 > (1−𝛼)𝑠+𝛼

2(1−𝛼)𝛼ℎ , if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 , 𝜇𝑐* = 𝜇𝑚*

= 𝜇𝑟* = 𝑞
ℎ ; if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 < 𝑞 ≤
[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 , 𝜇𝑐* = 𝜇𝑟* > 𝜇𝑚*
; if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜇𝑐* > 𝜇𝑟* > 𝜇𝑚*

.
To sum up, 𝜇𝑐* ≥ 𝜇𝑟* ≥ 𝜇𝑚*

. Proof ends. �

Corollary 4.9 compares the optimal showroom service among the three strategies. According to the conven-
tional intuition, the decentralized channel cannot provide better service than the centralized channel because of
the double marginal effect. However, we find that the decentralized channel (the MO and RO strategies) may
offer a better showroom service when the production cost coefficient is low. In particular, when the product
quality is medium, the MO and RO strategies may provide better showroom service. However, when the produc-
tion cost coefficient is high, the CO strategy may coordinate the service cost-sharing between the manufacturer
and the e-retailer, thus reducing the risks and improving marginal profits. Hence, the CO strategy shows more
advantages than the MO and RO strategies with high production cost coefficient.

4.4.2. Price decision

In this section, we analyze the price decision to show the optimal pricing path in the three strategies. Figure 6
demonstrates the optimal wholesale price and Figure 7 illustrates the optimal retail price in the low and high
𝑘 cases, respectively.

According to Figures 6 and 7, the optimal wholesale prices and the optimal retail price increase along with
the showroom service. Moreover, when the production cost coefficient is low, the optimal retail prices in the MO
and RO strategies may become higher than that in the CO strategy with medium-quality products. Therefore,
in the low 𝑘 case, the enterprise should focus more on medium product quality if he (she) operates the physical
showroom independently.

Nevertheless, the results are different in the high 𝑘 case. The MO and RO strategies may provide a lower
retail price than the CO strategy when the production cost coefficient is high. Therefore, enterprises in the chain
should cooperate to open physical showrooms. Meanwhile, compared with the RO strategy, the MO strategy
may be higher in the optimal wholesale price, but lower in the optimal retail price. In the MO strategy, in
view of total costs of production and showroom operation, the manufacturer prefers to raise the wholesale price
and ensure his profit, so the optimal wholesale price in the MO strategy may be higher than that in the RO
strategy. Similarly, the e-retailer prefers to increase the retail price to balance costs and benefits in the RO
strategy. Thus, the RO strategy may offer a higher optimal retail price than that in the MO strategy.
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Figure 6. The optimal wholesale price in the three strategies. (a) When 𝑘 is low. (b) When 𝑘
is high.

Figure 7. The optimal retail price in the three strategies. (a) When 𝑘 is low. (b) When 𝑘 is high.

4.4.3. Operation strategy

In this section, we analyze the optimal showroom services in the CO, MO, and RO strategies. Comparing
the three strategies, the optimal operation strategy is described in Proposition 4.10.

Proposition 4.10. When the production cost coefficient is low,

(1) if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 , the MO strategy provides the optimal showroom service;

(2) if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 < 𝑞 ≤ (4𝑥−3)𝛼+(1−𝛼)𝑠+1

𝑘 , the RO strategy provides the optimal showroom service;

(3) if (4𝑥−3)𝛼+(1−𝛼)𝑠+1
𝑘 < 𝑞 ≤ (2𝑥−1)𝛼+(1−𝛼)𝑠+1

𝑘 , the RO and MO strategies provide the optimal showroom
service;

(4) otherwise, the three strategies provide the optimal showroom service.

When the production cost coefficient is high,

(1) if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 , the three strategies provide the optimal showroom service;

(2) if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 , the CO and RO strategies provide the optimal showroom
service;

(3) if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠

𝑘 , the CO strategy provides the optimal showroom service.
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Figure 8. The optimal operation strategy based on product quality. (a) When 𝑘 is low. (b)
When 𝑘 is high.

Proof. According to Lemmas 4.1, 4.3 and 4.6, when the production cost coefficient is low, we find that if 𝑞 ≤
[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑐* = 𝜇𝑚*
= 𝜇𝑟* = 𝑞

ℎ , which means that the three strategies provide the optimal showroom

service. If [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 , 𝜇𝑚*
> 𝜇𝑟* > 𝜇𝑐* , which means that the MO strategy

provides the optimal showroom service. If [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 < 𝑞 ≤ (4𝑥−3)𝛼+(1−𝛼)𝑠+1

𝑘 , 𝜇𝑟* > 𝜇𝑚*
> 𝜇𝑐* , which

means that the RO strategy provides the optimal showroom service. If (4𝑥−3)𝛼+(1−𝛼)𝑠+1
𝑘 < 𝑞 ≤ (2𝑥−1)𝛼+(1−𝛼)𝑠+1

𝑘 ,
𝜇𝑟* = 𝜇𝑚*

= 1 > 𝜇𝑐* , which means that the RO and MO strategies provide the optimal showroom service.
Otherwise, 𝜇𝑟* = 𝜇𝑚*

= 𝜇𝑐* = 1, revealing that the three strategies provide the same optimal showroom service.
When the production cost coefficient is high, if 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−1 , 𝜇𝑐* = 𝜇𝑚*
= 𝜇𝑟* = 𝑞

ℎ , which means that

the three strategies provide the same optimal showroom service. If [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 ,
𝜇𝑐* = 𝜇𝑟* > 𝜇𝑚*

, which means that the CO and RO strategies provide the optimal showroom service. If
[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 < 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜇𝑐* > 𝜇𝑟* > 𝜇𝑚*

, which means that the CO strategy provides the optimal
showroom service. Prood ends. �

Figure 8 visualizes Proposition 4.10, which illustrates the optimal operation strategy of physcial showrooms
considering both product quality and production cost coefficient. Owing to the low production cost, the manu-
facturer and the e-retailer are more motivated to open the physical showroom to expand market demand and
boost their margin profits, especially for medium-quality products. However, when the production cost coef-
ficient is high, the CO strategy is optimal within all ranges of product quality. The summary is described in
Corollary 4.11.

Corollary 4.11. When the production cost coefficient is low, the MO strategy is optimal if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 <

𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 , and the RO strategy is optimal if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ

ℎ𝑘−2 < 𝑞 ≤ (4𝑥−3)𝛼+(1−𝛼)𝑠+1
𝑘 . However,

when the production cost coefficient is high, the CO strategy is optimal within all ranges of product quality.

Proof. According to Proposition 4.10, when the production cost coefficient is low, if [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 < 𝑞 ≤

[(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 , 𝜇𝑚*

> 𝜇𝑟* > 𝜇𝑐* , which means that only the MO strategy provides the optimal showroom

service. If [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 < 𝑞 ≤ (4𝑥−3)𝛼+(1−𝛼)𝑠+1

𝑘 , 𝜇𝑟* > 𝜇𝑚*
> 𝜇𝑐* , which means that only the RO strategy

provides the optimal showroom service. When the production cost coefficient is high, 𝜇𝑐* ≥ 𝜇𝑟* ≥ 𝜇𝑚*
, which

means that the CO strategy is optimal within all ranges of product quality. Proof ends. �

Based on Corollary 4.11, when the production cost coefficient is high, the CO strategy provides the optimal
showroom service within all ranges of product quality because of the double marginal effect, which is consistent
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Figure 9. The optimal quality based on production cost coefficient.

with the traditional result. However, when the production cost coefficient is low, we find that the MO and
RO strategies may provide a better service than the CO strategy, especially when product quality is mediate.
Therefore, we conclude that the enterprise should open the physical showroom separately than jointly when the
production cost coefficient is low, and simultaneously pay more attention to medium-quality products. When
the production cost coefficient is high, the enterprises in the supply chain should cooperate to balance costs and
benefits.

5. Endogenous quality

To solve the above model, we recall Lemmas 4.1, 4.3, and 4.6 to analyze the optimal product quality and
service decision in three strategies. According to the equilibrium, we firstly confirm the model’s robustness. When
product quality is endogenous, all the conclusions in this paper are valid. Further, we study the relationship
between product quality and operation strategy. Previous works show that the CO strategy offers higher product
quality than the MO and RO strategies owing to the double marginal effect. In contrast to the above conclusion,
we find that product quality may be higher in the RO strategy when the production cost coefficient is moderate,
as illustrated in Corollary 5.1.

Corollary 5.1. When the production cost coefficient is moderate, the RO strategy may provide a higher product
quality than the CO strategy. Formally, when 2

ℎ < 𝑘 < (1−𝛼)𝑠+𝛼
2(1−𝑥)𝛼ℎ , 𝑞𝑟* > 𝑞𝑐* .

Proof. According to Lemma 4.1, when 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 , 𝜇𝑐* = 𝑞

ℎ . By optimizing the manufacturer’s profit

𝜋𝑐*

𝑚 = 1
2

[︀
(𝑥𝛼 + 𝜇)𝑞 + (1− 𝛼)𝑠𝑞 − 𝑘𝑞2 − 1

2ℎ𝜇2
]︀
, we first obtain 𝜕2𝜋𝑐*

𝑚

𝜕𝑞2 < 0 and then solve 𝜕𝜋𝑐*
𝑚

𝜕𝑞 = 0 to find that

when 𝑞 ≤ [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−1 , 𝑞𝑐* = [𝑥𝛼+(1−𝛼)𝑠]ℎ

2𝑘ℎ−1 , and 𝜇𝑐* = 𝑞
ℎ .

Similarly, we get the optimal product quality 𝑞𝑟* from Lemma 4.6. By optimizing the manufacturer’s profit

𝜋𝑟
𝑚 = 𝛼

(︀
𝑤 − 𝑘𝑞2

)︀
+ (1− 𝛼)

(︀
𝑠𝑞 − 𝑘𝑞2

)︀
, we firstly obtain 𝜕2𝜋𝑟*

𝑚

𝜕𝑞2 < 0 when 𝑘 > 2
ℎ and then solve 𝜕𝜋𝑟*

𝑚

𝜕𝑞 = 0 to find

that when 𝑞 ≤ [(4𝑥−3)𝛼+(1−𝛼)𝑠]ℎ
ℎ𝑘−2 , 𝑞𝑟* = [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ

2𝑘ℎ−2 , and 𝜇𝑟* = 𝑞
ℎ . Comparing the above two cases, we find

that when 2
ℎ < 𝑘 < (1−𝛼)𝑠+𝛼

2(1−𝑥)𝛼ℎ , 𝑞𝑟* − 𝑞𝑐* = [(2𝑥−1)𝛼+(1−𝛼)𝑠]ℎ
2𝑘ℎ−2 − [𝑥𝛼+(1−𝛼)𝑠]ℎ

2𝑘ℎ−1 > 0. Prood ends. �

Figure 9 visualizes Corollary 5.1 and shows the relationship between the optimal product quality and produc-
tion cost coefficient. Comparing the optimal product quality in the three strategies, the CO strategy provides
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optimal product quality among the three strategies when the production cost coefficient is relatively high. This
result is consistent with the previous work [26, 36]. However, when the production cost coefficient is moderate,
the RO strategy may provide higher product quality than the CO strategy. In this case, unlike the exogenous
product scenario, the endogenous quality allows the manufacturer to choose high-quality products to induce the
e-retailer to offer high showroom service to consumers. Therefore, when the e-retailer provides the showroom
service, the decentralized channel may produce a higher product quality than the centralized channel.

6. Extension

To further verify the model’s robustness, Section 6.1 discusses the high consumer heterogeneity. Then, the
impact of a partial refund policy is analyzed in Section 6.2.

6.1. Consumer heterogeneity

In this section, we discuss the scenario of high consumer heterogeneity, namely, 𝑥(𝑥 = 0). According to
Lemmas 4.1, 4.3, and 4.6, the results in MO strategy are based on the lower consumer heterogeneity 𝑥

(︀
𝑥 > 3

4

)︀
,

comparing with the assumption of 𝑥 > 1
2 in the RO strategy. As a consequence, the MO strategy is selected to

analyze the assumption of high consumer heterogeneity.
We recall the Lemmas 4.1 and 4.3. When consumer heterogeneity is high, only the partial market is covered.

Then we plug the 𝑥 = 0 into Lemmas 4.1 and 4.3, and obtain the optimal showroom service. The results are
described in the following. In the CO strategy, when 𝑞 ≤ 𝛼+(1−𝛼)𝑠

𝑘 , 𝜇𝑐* = 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

2𝛼ℎ−𝑞 ; Otherwise, 𝜇𝑐* = 0.

In the MO strategy, when 𝑞 ≤ 𝛼+(1−𝛼)𝑠
𝑘 , 𝜇𝑚*

= 𝛼𝑞+(1−𝛼)𝑠𝑞−𝑘𝑞2

4𝛼ℎ−𝑞 ; Otherwise, 𝜇𝑚*
= 0. Therefore, it is concluded

that when consumer heterogeneity is high, the CO strategy also offers a better showroom service than the RO
strategy.

When product quality is relatively low, the optimal showroom service increases; When the product quality
is relatively high, consumers are more sensitive to the product price, so enterprises tend to lower both the
showroom service and price. As a result, the optimal showroom service decreases with product quality. Owing
to the double marginal effect, the optimal showroom service in the decentralized channel is lower than that in the
centralized channel. Consequently, when consumer heterogeneity is high, the conclusion of optimal showroom
service is invariable.

6.2. Refund policy

In the model, we assume that the consumer’s return cost is 0. However, in reality, some e-retailers may provide
a partial refund for returned products. To capture this scenario, we extend our model to consider a partial refund
policy. Let 𝑟 stand for the refund and the consumer’s utility is described as: 𝑈(𝜃) = 𝛼(𝜃𝑞 − 𝑝)+(1− 𝛼)(𝑟 − 𝑝)+
𝜇𝑞. To simplify the above function, the consumer’s utility function is rewritten as 𝑈(𝜃) = 𝛼𝜃𝑞−𝑝+(1− 𝛼)𝑟+𝜇𝑞.
Given the assumption of 𝑥 > 3

4 , the demand function is 𝐷 = 1− 𝑝−𝜇𝑞−(1−𝛼)𝑟
𝛼𝑞 .

In the CO strategy, the profit of the supply chain is 𝜋𝑐
𝑠𝑐 =

[︀
𝛼
(︀
𝑝− 𝑘𝑞2

)︀
+ (1− 𝛼)

(︀
𝑝− 𝑟 + 𝑠𝑞 − 𝑘𝑞2

)︀]︀
𝐷− 1

2ℎ𝜇2.

By solving 𝜕𝜋𝑐
𝑠𝑐

𝜕𝑝 = 0, the optimal retail price is 𝑝𝑐* = 𝑘𝑞2+(𝛼+𝜇)𝑞−(1−𝛼)𝑞
2𝛼 +(1− 𝛼)𝑟. Comparing with the optimal

retail price under the full refund, we find that the optimal retail price under the partial refund policy is lower.
Meanwhile, the negative impact of the partial refund policy on consumers is offset by the positive impact of
lowering the retail price. That is to say, if the enterprises adopt the partial refund policy, the negative impact
of the partial refund is also offset by appropriately lowering the retail price in the CO strategy. Therefore, the
supply chain may obtain the same profit by selecting a corresponding retail price. In the MO strategy, the profit
of the retailer is 𝜋𝑚

𝑟 = [𝛼(𝑝− 𝑤) + (1− 𝛼)(𝑝− 𝑟)]𝐷; In the RO strategy, the profit of the e-retailer is 𝜋𝑟
𝑟 =

[𝛼(𝑝− 𝑤) + (1− 𝛼)(𝑝− 𝑟)]𝐷 − 1
2ℎ𝜇2. By solving above models, we find that whether the manufacturer or the

e-retailer provides the showroom service, the optimal retail prices are same as 𝑝𝑚*
= 𝑝𝑟* = (𝛼+𝜇)𝑞+𝑤

2 +(1− 𝛼)𝑟.



3814 C. GUO ET AL.

As a result, we find that whether the assumption is a full refund policy or a partial refund policy, the results
of our model are valid because the disadvantages of the partial refund policy are offset by the advantages of
lowering the retail price. Consequently, when a partial refund policy is introduced, if the refund is high, the
e-retailer should adopt a relatively high retail price; Otherwise, a lower retail price may be a better option.

7. Conclusion

7.1. Theoretical implications

The convenience of information acquisition enables consumers to switch their purchase channels in a sophisti-
cated manner. To keep up with the diverse needs of consumers, the physical showroom is introduced to improve
the consumer experience. In this paper, we study the CO, MO, and RO strategies of the physical showroom under
e-commerce. Considering the production cost coefficient, we analyze the joint decision of the showroom service
and pricing based on product quality in the three operation strategies. Here are some interesting conclusions.

First, conventional wisdom suggests that the high-quality product should be offered a high service than the
low-quality product. Interestingly, we find that the optimal showroom service may descend with the increase
of product quality when the production cost coefficient is high. Besides, when the product quality is high, we
find that the optimal showroom service decision with the low production cost coefficient is higher than the high
production cost coefficient. In other words, the high production cost coefficient restrains the improvement of
optimal showroom service.

Second, the optimal operation strategy is analyzed in this paper. Our result reveals that enterprises should
consider both product quality and production cost before making the showroom service decision. When the
production cost coefficient is high, the MO and RO strategies may offer a better showroom service than the CO
strategy. However, when the production cost coefficient is high, the CO strategy offers a better showroom service
than the MO and RO strategies. Besides, medium-quality products should receive more attention regardless of
the production cost coefficient.

Third, in the scenario of endogenous product, the RO strategy may provide higher product quality than the
CO strategy when the production cost coefficient is moderate. The endogenous quality allows the manufacturer
to choose high-quality products to induce the e-retailer to offer high showroom service to consumers, thus
optimizing their profits. Therefore, when the e-retailer provides the showroom service, the decentralized channel
may produce higher product quality than the centralized channel.

7.2. Managerial implications

We hope that our results are valuable for firms adopting showroom strategies. There are two aspects of
managerial implications. For the manufacturer, he should open the physical showroom separately with the
low production cost coefficient. Although the manufacturer undertakes the operational cost of the physical
showroom, the physical showroom not only improves his profit, but also can effectively enhance the premium
capacity of brands, and thus enhance corporate reputation. When the production cost coefficient is high, the
manufacturer should cooperate with the e-retailer to balance costs and benefits, which can effectively reduce
the risk of assets to achieve a long-term cooperation strategy in the supply chain. Besides, we also analyze the
scenario of endogenous product quality. As production cost management is crucial for the manufacturer, some
specific measures are suggested to decrease cost and improve efficiency based on the concept of lean production,
for example, standardized production, process optimization, and technical innovation.

As for the e-retailer, when the production cost coefficient is low, the optimal operation strategy is also to
open the physical showroom independently. However, when the production cost coefficient is high, the optimal
operation strategy for the e-retailer is to cooperate with the manufacturer. In addition, when the e-retailer
provides showroom service, our results show that the manufacturer may produce higher product quality than
the centralized channel.
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7.3. Future research

This article provides several directions for future research. First, manufacturers produce various products of
different quality levels, and this paper only considers a single product in the market. Furthermore, we consider
the competitive products. Second, with the exception of paying attention to product quality, consumer purchase
decisions are also affected by some behavioral factors, such as reference effects and anticipated regret. Therefore,
considering consumers’ behavioral factors is also an important research direction of this paper. Third, future
studies can verify the conclusions of this paper from the perspective of empirical research.
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