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Abstract

:

In practice, several e-commerce platforms offering online channels not only act as resellers but also serve as the marketplace. However, the existing literature rarely explores the impact of the offline service effort strategy with the showrooming effect on the platform’s optimal sales mode. Considering a supply chain consisting of a manufacturer and a platform, we examine the interplay between the manufacturer’s offline service effort strategy and the platform’s online sales modes. We derive conditions under which each of the four scenarios (adopting the service effort strategy under the agency or reselling modes, not adopting the service effort strategy under the agency or reselling modes) emerges in equilibrium. Our results show that the service effort strategy with the showrooming effect can induce the platform’s sales mode selection. Specifically, when the referral fee is low and the showrooming effect is moderate, the platform may choose the agency mode instead of the reselling mode, while when the referral fee is sufficiently high and the showrooming effect is moderate, the platform may adopt the reselling mode instead of the agency mode. Furthermore, when the competition intensity and showrooming effect are sufficiently small, the service effort strategy will be beneficial to the manufacturer and the platform, creating a win-win situation. When the competition intensity or showrooming effect is sufficiently large, the service effort strategy may cause a prisoner’s dilemma for the manufacturer and the platform. In addition, the supply chain consisting of a manufacturer, an offline store and an online platform is also studied in the extension section, and we find that our main results are valid.
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1. Introduction


Online retailing has experienced rapid growth in the past decade. According to Statista (2019), global online retail sales will reach $6.5 billion by 2023. In this trend, a growing number of consumers adopt online sales platforms such as Amazon and JD.com for shopping, and many manufacturers owning an offline channel start collaborating with these platforms to increase sales. In practice, these sales platforms could offer two sales modes to sell the products of manufacturers. One is the agency sales mode wherein the manufacturer needs to share a portion of the benefit with the platform. While the other is the reselling mode, under which the manufacturer wholesales products to the platform who then resells them to customers. The main difference between the two modes is who sets the retail price of the product [1].



While in reality, a large amount of evidence demonstrates that online retailing encroaches on the offline market due to convenience, which means that the popularity of online channels poses a challenge for traditional offline channels. In order to balance channel conflicts between online and offline channels and achieve the goal of profit maximization, some manufacturers choose to provide customers with additional customer services in traditional channels responding to the impact of online platforms [2]. For example, offline stores can stimulate demand by offering trial samples and educating consumers on how to use the product. Note that these sales efforts may not only increase sales offline but also affect the demand for online platforms because of the showrooming effect [3,4,5].



Considering the showrooming effect, the service effort strategy in offline channels may interact with the sales mode selection of online platforms. On one hand, service effort in offline channels always makes offline channels more attractive and then affects the competition between offline and online channels. On the other hand, the showrooming effect caused by the service may lead to a phenomenon in that consumers pay attention to target products in offline channels and shop online. Based on the above analysis, we could infer that in the presence of the showrooming effect, the service effort strategy and the sales mode selection are correlated. However, this relationship is ignored by the existing literature, although service effort strategy with showrooming effect and sales mode selection alone has attracted considerable research interest before.



Departing from the previous literature, we study the interplay between the service effort strategy with showrooming effect and sales mode selection. specifically, we attempt to fill this research gap by addressing the following problems. (1) Facing the sales mode selection of the online platform, should the manufacturer adopt service effort strategies in offline channels? (2) To cope with the adoption of service effort strategies offline, which sales model should be selected by the platform? (3) What factors influence the interaction between the service effort strategy and sales mode selection?



To conduct this study, we study a supply chain consisting of a manufacturer owning an offline physical store, and an online platform. The manufacturer sells its products through both the offline store and the online platform. The platform chooses to adopt either the agency-selling or reselling modes, whereas the manufacturer decides whether to adopt the offline service effort strategy. Thus, four possible scenarios are established in this paper. We further consider a supply chain including a manufacturer, an offline retailer, and an online platform in Section 6.



This paper makes several contributions as follows. First, to the best of our knowledge, our work is the first to examine the interaction between the service effort strategy and sales mode selection in the presence of the showrooming effect. In particular, this paper contributes to the platform’s sales mode selection literature by considering the service effort strategy with the showrooming effect. Second, this paper considers different operating costs offline and online and derives the equilibrium results, and finds that the cost differentiation has a certain impact on the equilibrium outcomes. Finally, several interesting results can be obtained in this paper. For example, the platform’s sales modes and the manufacturer’s service effort strategy influence each other and thus should be considered together.



The rest of this paper is organized as follows. Section 2 reviews the related literature. The model framework is described in Section 3. In Section 4, four scenarios are considered and we obtain the equilibrium outcomes of the four subgames. Section 5 analyzes and compares equilibrium prices and profits of four scenarios. In Section 6, we show one extension of the basic model. Section 7 presents the conclusion.




2. Literature Review


In the era of big data, an increasing number of scholars have studied supply chains from different perspectives [6,7,8,9,10,11]. Our work considers the impacts of the offline service effort strategy with the showrooming effect on the sales mode selection in an e-commerce supply chain. The relevant literature of this paper mainly includes three aspects: Service effort strategy, sales mode selection, and the showrooming effect.



The first stream of related literature concerns the service effort strategy. The offline store’s service effort strategy, such as sales promotion, advertising, and exhibition halls, could affect consumer demand. For example, Ref. [12] shows that through promotional efforts, the retailer can increase demand. Many scholars have explored the impact of the service effort strategy on the supply chain from different perspectives [13,14,15,16,17,18,19,20,21,22,23,24,25]. For example, Ref. [26] shows that the uncertainty degree of sales effort elasticity has an outstanding influence on the effort decision. Ref. [27] shows that when the service effort strategy has a great influence, buyback and sales feedback mechanisms can effectively coordinate the supply chain. Ref. [18] discusses the influence of the showrooming effect on pricing and service effort strategy in a dual-channel supply chain and finds that firms can gain the most benefits from ex-post service effort strategy. Most of the above papers assume that the chain members trade under the traditional reselling mode, which is different from our work. We focus on the influence of service effort strategy on the sales mode selection of online platforms. In the related literature on service effort strategy, the study closest to our work is [28], which, depending on who invests in service effort and which mode should be chosen between wholesale price contract and consignment contract in the offline channel, examines four scenarios in a dual-channel supply chain without showrooming effect and discusses the best operating mode. However, our study focuses on the adoption of service effort strategies of the manufacturer when the online platform makes sales mode selection between the agency or reselling modes, and further takes the impact of the showrooming effect on the equilibrium outcomes into account.



This paper also relates to the studies of sales mode selection, which have drawn widespread attention in the literature [1,29,30,31,32,33,34,35,36,37,38,39]. Several studies consider the case where the manufacturer chooses sales mode on the platform. For example, Ref. [39] discusses the sales mode selection of the manufacturer when the platform introduces a private brand, and finds that the private brand has an important influence on the manufacturer’s choice of sales mode. Other studies consider that the sales platform chooses the sales mode. For example, Ref. [40] studies how the order cost and competition intensity affect the sales mode selection of the platform, and finds that when the cost and competition intensity are moderate, the mixed-mode is the first choice. Though many extant papers discuss sale mode selection from various perspectives, these papers ignore the fact that offline service efforts may affect the platform’s sales mode selection. In this regard, our paper contributes to sales mode literature by considering the impact of offline service effort with showrooming effect on the sales mode selection of platforms.



The third stream of literature is related to the showing effect in the retailing business. The existing papers focus on the competition between offline and online channels based on the behavior of consumer free-riding showrooms [3,41,42,43,44,45,46,47]. For example, Ref. [41] examines the impact of the showrooming effect on the competition between online and offline retailers, and find that the online retailer’s return policy could reduce the showrooming effect and the competition. Ref. [48] studies the influence of the demonstration informativeness on pricing decisions under showrooming behavior, and find that showrooming behavior benefits the manufacturer and hurts the online retailer. Ref. [49] studies the strategic role of in-store service based on the showrooming effect, and find that improving the in-store service is ineffective in countering the consumer’s showrooming behavior. Although many extant papers discuss the competition between online and offline channels under the showrooming effect, none of them studies the impact of the service effort strategy with the showrooming effect on the sale mode selection. However, our work focuses on how the showrooming effect affects the impact of the service effort strategy on the sale mode selection for the platform, and generates several interesting results.




3. Model Framework


This paper considers an e-commerce supply chain including a leading manufacturer (denoted as M) and an online sales platform (denoted as P). The manufacturer with an offline store sells its products through online and offline channels. In the offline channel, the manufacturer sells through his physical store, which is a common management practice. In the online channel, the manufacturer can sell his products through the agency mode or the reselling mode on the online platform. When the platform chooses the agency mode, the manufacturer should pay a unit referral fee r (  0 < r < 1  ) to the platform; when the platform chooses the reselling mode, the manufacturer sells his products to the platform at price   w 2  , and then the platform resells them to customers. To respond to the online channel and take advantage of the offline channel, the manufacturer decides whether to adopt the service effort strategy (SES) in the offline channel. Therefore, this paper considers four scenarios, namely, the manufacturer does not adopt the service effort strategy under the agency mode (NA), the manufacturer adopts the service effort strategy under the agency mode (EA), the manufacturer does not adopt the service effort strategy under the reselling mode (NR), the manufacturer adopts the service effort strategy under the reselling mode (ER).



To obtain the demand function, we refer to the existing literature [16,18,50]:


   d 1  = a Q −  p 1  + b  p 2  + e ,  



(1)






   d 2  =  ( 1 − a )  Q −  p 2  + b  p 1  + t e ,  



(2)




where   p 1   (  p 2  ) denotes the retail price of the offline (online) channel and Q represents the potential market size. The parameter a stands for the demand coefficient in the offline channel.   a Q   and   ( 1 − a ) Q   are the market demand in the offline and online channels, respectively. For simplicity, we assume that   Q = 1   [16,18]. Parameter b (  0 < b < 1  ) represents the price elasticity coefficient [36]. With the increase of b, the competition between the two channels becomes more intense. Parameter t (  t > 0  ) represents the sensitivity coefficient of online demand to unit service effort of the offline channel (i.e., the showrooming effect coefficient). Parameter e represents the service effort level in the offline channel. Note that the manufacturer does not adopt the service effort strategy when   e = 0  .



Following the literature [18,51], we assume that the cost of service effort equals to    e 2  2  . Moreover, in practice, the sales cost of the offline channel is higher than that of the online channel. Thus, normalizing the sales cost of the online channel to zero, we assume that the sales cost of the offline channel is c, which also denotes the difference between the sales cost of the offline channel and the sales cost of the online channel. Without loss of generality and for analytical convenience, we follow [18,33,39] to normalize the production cost to zero, which could preserve the fundamental qualitative results in the problem.



As shown in Figure 1, the overall game consists of four stages. In the first stage, the sales platform decides which sales mode to adopt. In the second stage, the manufacturer decides whether to adopt the service effort strategy. In this stage, if the manufacturer adopts the service effort strategy, he will set the effort level. In the third stage, the manufacturer determines the retail price of the offline channel and the retail (wholesale) price of the online channel. In the fourth stage, the sales platform decides the retail price of the online channel under the reselling mode. Moreover, by backward induction, we use Mathematica 12.0 for calculation, comparative analysis and plotting, and will finally obtain the equilibrium outcome for the whole game.




4. Equilibrium Price and Service Effort Decisions


In this section, we consider the equilibrium solutions under four scenarios. The proofs are detailed in Appendix A.



4.1. Scenario NA


In scenario NA, the sales platform adopts the agency mode and the manufacturer does not choose the service effort strategy. The optimization problem can be expressed as:


   π  M   N A   =  ( a −  p 1  + b  p 2  )   (  p 1  − c )  +  ( 1 − a −  p 2  + b  p 1  )   ( 1 − r )   p 2  ,  



(3)






   π  P   N A   =  ( 1 − a −  p 2  + b  p 1  )  r  p 2  .  



(4)







In this scenario, the manufacturer decides the retail prices   p 1   and   p 2   at the same time. Lemma 1 can be obtained as follows.



Lemma 1.

In scenario NA, the equilibrium results are:


    p  1   N  A *    =   2 a + 2 b − 2 a b + 2 c − 2  b 2  c − 2 a r − 3 b r + 3 a b r − 2 c r +  b 2  c r + b  r 2  − a b  r 2    4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2    ,   








and


    p  2   N  A *    =   2 − 2 a + 2 a b − 2 r + 2 a r − a b r − b c r   4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2    .   













Lemma 1 shows that given a referral fee, if the competition intensity exceeds a threshold, the retail prices of two channels will decrease with the sales cost. However, when the competition intensity is small, as the sales cost increases, the offline retail price increases, but the online retail price decreases. Note that in the agency mode, the assumption   4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2  > 0   should be satisfied, which ensures that the profit functions are concave.




4.2. Scenario EA


In scenario EA, the sales platform adopts the agency mode and the manufacturer uses the service effort strategy. The optimization problem can be expressed as:


   π  M   E A   =  ( a −  p 1  + b  p 2  + e )   (  p 1  − c )  +  ( 1 − a −  p 2  + b  p 1  + t e )   ( 1 − r )   p 2  −   e 2  2  ,  



(5)






   π  P   E A   =  ( 1 − a −  p 2  + b  p 1  + t e )  r  p 2  .  



(6)







In this scenario, the manufacturer firstly decides the effort level e, and then decides the retail prices   p 1   and   p 2  . Lemma 2 can be obtained as follows.



Lemma 2.

In scenario EA, the equilibrium results are:


    p  1   E  A *    =       2 a + 2 b − 2 a b − 2  b 2  c − 2 a r − 3 b r + 3 a b r +  b 2  c r + b  r 2  − a b  r 2  + t − a t − 3 b c t       − 2 r t + 2 a r t + 4 b c r t +  r 2  t − a  r 2  t − b c  r 2  t − a  t 2  − c  t 2  + 2 a r  t 2  + 2 c r  t 2  − a  r 2   t 2  − c  r 2   t 2        2 − 4  b 2  − 2 r + 4  b 2  r −  b 2   r 2  − 4 b t + 6 b r t − 2 b  r 2  t − 2  t 2  + 4 r  t 2  − 2  r 2   t 2    ,   










    p  2   E  A *    =   a − 1 − 2 a b + b c + r − a r + a b r − a t + c t + a r t − c r t   4  b 2  − 2 + 2 r − 4  b 2  r +  b 2   r 2  + 4 b t − 6 b r t + 2 b  r 2  t + 2  t 2  − 4 r  t 2  + 2  r 2   t 2      








and


    e  E  A *    =    ( 1 − r )   ( 2 a b − 2 a − 2 b + 2 c − 2  b 2  c + b r − a b r +  b 2  c r − 2 t + 2 a t − 2 a b t + 2 r t − 2 a r t + a b r t + b c r t )    4  b 2  − 2 + 2 r − 4  b 2  r +  b 2   r 2  + 4 b t − 6 b r t + 2 b  r 2  t + 2  t 2  − 4 r  t 2  + 2  r 2   t 2    .   













Lemma 2 shows the equilibrium results of scenario EA. It is shown that when the showrooming effect is large enough (i.e.,   t >  1   1 − r     ), the manufacturer will increase its service effort level as the sales cost increases.




4.3. Scenario NR


In scenario NR, the sales platform adopts the reselling mode and the manufacturer does not use the service effort strategy. The optimization problem can be expressed as:


   π  M   N R   =  ( a −  p 1  + b  p 2  )   (  p 1  − c )  +  ( 1 − a −  p 2  + b  p 1  )   w 2  ,  



(7)






   π  P   N R   =  ( 1 − a −  p 2  + b  p 1  )   (  p 2  −  w 2  )  .  



(8)







In this scenario, the manufacturer first decides the prices   p 1   and   w 2  , and then the platform sets the retail price   p 2  . Lemma 3 can be obtained as follows.



Lemma 3.

In scenario NR, the equilibrium results are:


    p  1   N  R *    =   a + b − a b + c −  b 2  c   2 ( 1 − b ) ( 1 + b )   ,   










    p  2   N  R *    =   3 − 3 a + 2 a b −  b 2  + a  b 2  + b c −  b 3  c   4 ( 1 − b ) ( 1 + b )   ,   








and


    w  2   N  R *    =   1 − a + a b   2 ( 1 − b ) ( 1 + b )   .   













Lemma 3 implies that the sales cost has a positive relationship with the retail prices. As the sales cost of the offline channel increases, the retail price of the offline channel increases, and then the platform raises its online retail price to increase profit. Interestingly, the manufacturer’s wholesale price has nothing to do with the cost, but with the channel competition.




4.4. Scenario ER


In scenario ER, the sales platform adopts the reselling mode and the manufacturer adopts the service effort strategy. The optimization problem can be expressed as:


   π  M   E R   =  ( a −  p 1  + b  p 2  + e )   (  p 1  − c )  +  ( 1 − a −  p 2  + b  p 1  + t e )   w 2  −   e 2  2  ,  



(9)






   π  P   E R   =  ( 1 − a −  p 2  + b  p 1  + t e )   (  p 2  −  w 2  )  .  



(10)







In this scenario, the manufacturer first decides the effort level e, and then sets the prices   p 1   and   w 2  . Finally, the platform sets the retail price   p 2  . Lemma 4 can be obtained as follows.



Lemma 4.

In scenario ER, the equilibrium results are:


    p  1   E  R *    =   4 a b − 4 a − 4 b + 4  b 2  c − t + a t + 7 b c t + a  t 2  + c  t 2  + 2  b 2  c  t 2    2 ( 4  b 2  − 2 + 4 b t +  t 2  +  b 2   t 2  )   ,   










    w  2   E  R *    =   2 a − 2 − 4 a b + 2 b c − 2 a t + b t − a b t + 2 c t +  b 2  c t − a b  t 2  + b c  t 2    2 ( 4  b 2  − 2 + 4 b t +  t 2  +  b 2   t 2  )   ,   










    p  2   E  R *    =   3 − 3 a + 4 a b − 2  b 2  + 2 a  b 2  − b c − 2  b 3  c + 3 a t − 2 b t + 2 a b t − 3 c t − 2  b 2  c t + 2 a b  t 2  − 2 b c  t 2    2 ( 2 − 4  b 2  − 4 b t −  t 2  −  b 2   t 2  )   ,   








and


    e  E  R *    =   2 a b − 2 a − 2 b + 2 c − 2  b 2  c − t + a t − 2 a b t −  b 2  t + a  b 2  t + b c t −  b 3  c t   4  b 2  − 2 + 4 b t +  t 2  +  b 2   t 2    .   













Lemma 4 shows that the market demand of the offline channel and the sales cost have a certain impact on the manufacturer’s effort level. As the parameter a increases, the effort level will improve. When the competition and the showrooming effect are not large enough, the service effort level decreases with the sales cost.





5. Comparative Analysis


Having analyzed the equilibrium price and service effort decisions of four subgames, we next examine the impact of service effort strategy on firms’ profits and further derive the equilibrium outcomes of the whole game. Before we proceed, we present the impact of the service effort strategy on the equilibrium prices.



Proposition 1.

(1) When the platform adopts the agency mode, if   t <  t 1    and   b <  b 1    |   t = 0    ,    p 1  E A *   >  p 1  N A *    ,    p 2  E A *   >  p 2  N A *    ; otherwise,    p 1  N A *   >  p 1  E A *    ,    p 2  N A *   >  p 2  E A *    . (2) When the platform adopts the reselling mode, if   t <  t 2    and   b <  b 2    |   t = 0    ,    p 1  E R *   >  p 1  N R *    ,    p 2  E R *   >  p 2  N R *    ,    w 2  E R *   >  w 2  N R *    ; otherwise,    p 1  N R *   >  p 1  E R *    ,    p 2  N R *   >  p 2  E R *    ,    w 2  N R *   >  w 2  E R *    .





Proposition 1 shows that regardless of sales modes, when the channel competition and the showrooming effect are relatively small, the service effort strategy will increase the retail and wholesale prices; otherwise, the service effort strategy will reduce the wholesale price and retail prices. Intuitively, when the channel competition and the showrooming effect are small, the service effort strategy could effectively improve offline demand but have little impact on online demand. In this situation, adopting the service effort strategy could raise the sales cost of the offline channel, and thus the manufacturer will increase the retail price in the offline channel and the online retail price will also be improved due to the competition. However, when the showrooming effect or the channel competition coefficient is large, the competition between online and offline is fierce. At this time, the service effort strategy will further strengthen the competition, and finally, reduce the wholesale and retail prices (see Figure 2).



Next, by comparing the profits of the manufacturer in different scenarios, we find that the adoption of service effort strategy depends on the competition intensity and the showrooming effect, which is summarized in the following proposition.



Proposition 2.

(1) when   t < m i n {  t 1  ,  t 2  }   and   b < m i n {  b 1  ,  b 2  }  , the manufacturer always chooses the service effort strategy. (2) If   t > m a x {  t 1  ,  t 2  }   and   b > m a x {  b 1  ,  b 2  }  , the manufacturer will not adopt the service effort strategy. (3) When   m i n  {  t 1  ,  t 2  }  < t < m a x  {  t 1  ,  t 2  }    and   m i n  {  b 1  ,  b 2  }  < b < m a x  {  b 1  ,  b 2  }   , the adoption of the service effort strategy depends on the sales mode.





Proposition 2 shows the manufacturer’s service effort strategy. Regardless of sales modes, when the competition intensity and showrooming effect are relatively small, the manufacturer will always choose the service effort strategy; when the competition intensity or showrooming effect is relatively large, the manufacturer will not adopt the service effort strategy. This result is in line with our intuitive sense. Furthermore, interestingly, it is shown that when the competition intensity or showrooming effect is moderate, the manufacturer’s service effort strategy is influenced by sales modes. Specifically, when the competition intensity is low and the showrooming effect utility is sufficiently large, the manufacturer will adopt the service effort strategy in the reselling mode but will not adopt the service effort strategy in the agency mode; when the competition intensity is sufficiently large and the showrooming effect is relatively small, the manufacturer will not adopt the service effort strategy in the reselling mode but will adopt the service effort strategy in the agency mode. From Proposition 2, we can infer that the manufacturer should consider not only the competition intensity and showrooming effect but also the platform’s sales mode selection when choosing the service effort strategy.



Proposition 3.

By comparing the profits of the platform under the four scenarios, we obtain the following equilibrium results. (1) If   t <  t 1    and   b < m i n {  b 1  ,  b 3  }  ,    π P  E A *   >  π P  N A *    ; otherwise,    π P  E A *   <  π P  N A *    . (2) If   t <  t 2    and   b < m i n {  b 2  ,  b 4  }  ,    π P  E R *   >  π P  N R *    ; otherwise,    π P  E R *   <  π P  N R *    .





Figure 3 further illustrates the impacts of the manufacturer’s service effort strategy on the platform’s profits. Conventional wisdom might suggest that sales efforts in offline channels will reduce online demand and therefore decrease the profit of the platform. However, one interesting result shows that regardless of sales modes, the platform may benefit from the service effort strategy in offline channels. Specifically, when competition intensity or showrooming effect is large, the manufacturer’s service effort strategy will further increase the competition between offline and offline products, thus damaging the platform’s profit. However, when competition intensity and showrooming effect are small, the manufacturer’s service effort strategy has little impact on competition but increases online sales due to the showrooming effect, and therefore the platform gain more.



Furthermore, combining Propositions 2 and 3, we find that when competition intensity and showrooming effect are sufficiently small, the service effort strategy could increase the profits of the manufacturer and platform at the same time, leading to a win-win situation. However, when the competition intensity or the showrooming effect is sufficiently large, the service effort strategy makes them fall into a lose-lose situation. Next, we will explore the impact of service effort strategy on the profit of the entire supply chain, which is summarized in the following proposition.



Proposition 4.

By comparing the profits of the whole supply chain (SC) under the four scenarios, we obtain the following equilibrium results. (1) When the platform adopts the agency mode, if   t <  t 1    and   b < m i n {  b 1  ,  b 5  }  ,    π  S C   E A *   >  π  S C   N A *    ; otherwise,    π  S C   E A *   <  π  S C   N A *    . (2) When the platform adopts the reselling mode, if   t <  t 2    and   b < m i n {  b 2  ,  b 6  }  ,    π  S C   E R *   >  π  S C   N R *    ; otherwise,    π  S C   N R *   >  π  S C   E R *    .





Figure 4 further illustrates the impacts of the manufacturer’s service effort strategy on the profits of the whole supply chain. When competition intensity and showrooming effect are sufficiently small, the service effort strategy could increase the profit of the whole supply chain; When competition intensity or showrooming effect is sufficiently large, the service effort strategy could hurt the profit of the whole supply chain; otherwise, the supply chain’s profit is affected by the sales mode. Therefore, in order to increase the profits of the whole supply chain, we should fully consider the interaction between the service effort strategy of the manufacturer and the sales mode selection of the platform.



To find the equilibrium solution to the whole game, we use backward induction to solve this question. By comparing the profits of the platform under different scenarios, we get the equilibrium solution of the whole game, as shown in Proposition 5.



Proposition 5.

(1) when   t < m i n {  t 1  ,  t 2  }   and   b < m i n {  b 1  ,  b 2  }  , if    F 1  > 0  , scenario EA is the equilibrium outcome; if    F 1  < 0  , scenario ER is the equilibrium outcome. (2) when   t > m a x {  t 1  ,  t 2  }   and   b > m a x {  b 1  ,  b 2  }  , if    F 2  > 0  , scenario NA is the equilibrium outcome; if    F 2  < 0  , scenario NR is the equilibrium outcome. (3) When   m i n  {  t 1  ,  t 2  }  < t < m a x  {  t 1  ,  t 2  }    and   m i n  {  b 1  ,  b 2  }  < b < m a x  {  b 1  ,  b 2  }   , the equilibrium outcome depends on the combined effect of the demand coefficient, the referral fees, and the sales cost.





Proposition 5 shows the equilibrium outcome of the whole game. When the competition intensity and the showrooming effect are relatively small, the manufacturer will always adopt the service effort strategy, and the platform’s sales mode selection is affected by the platform’s referral fee and sales cost; when the competition intensity or the showrooming effect is relatively large, the manufacturer will not adopt the service effort strategy, and the sales mode selection of the platform is affected by the referral fee; otherwise, the equilibrium result is affected by the combined effect of these parameters. The underlying logic of the game result is the change of the competition effect caused by the showrooming effect and the double marginalization effect. Note that there is no fixed equilibrium result when competition intensity and showrooming effect are moderate. At this time, the equilibrium result depends on the demand coefficient, the referral fees, and the sales cost.



Furthermore, we employ a numerical study to analyze the impact of the referral fees on equilibrium results. Setting   a = 0.5 , c = 0.1  , we can obtain the equilibrium outcome of the whole game, which is shown in Figure 5. When the platform’s referral fee is small and the manufacturer adopts the service effort strategy, if the competitive intensity coefficient or the showrooming effect is moderate, the platform will adopt the agency mode; otherwise, the platform will prefer the reselling mode. When the platform’s referral fee is high and the manufacturer adopts the service effort strategy, if the competition intensity is high or the showroom effect is moderate, the platform will adopt the reselling mode; otherwise, the platform will prefer the agency mode. In addition, we find that with the increase of the fee r, the manufacturer favors to adopt the service effort strategy, and the platform prefers to adopt agency mode.




6. Extension


This part considers an extension of the base model by assuming that the manufacturer and the offline store operate separately. Following [28], we also consider the manufacturer (the store) can make a decision regarding the adoption of service effort strategy. By using the standard method in the baseline model, we can get the equilibrium result and find the proposition below.



Proposition 6.

The main results are robust when the manufacturer and the offline store operate separately.





Proposition 6 states that when the manufacturer and the store do not cooperate, our main results remain qualitatively unchanged. Specifically, offline service effort may benefit the manufacturer, offline store, and the online platform at the same time, which creates a win-win-win situation. When the showrooming effect or channel competition is sufficiently large, neither the manufacturer nor the offline store will adopt the service effort strategy. In addition, the manufacturer’s service effort strategy can induce the sales mode selection of the platform. These findings provide useful insights for the platform (manufacturer) in making decisions regarding sales mode selection (service effort strategy).




7. Discussion and Conclusions


In this paper, we investigate the impact of service effort strategy with showrooming effect on the platform’s sales mode selection, which has been ignored in the literature. More specifically, we consider an e-commerce supply chain consisting of an online sales platform and a leading manufacturer who operates an offline store. The manufacturer sells products through both the offline store and the platform. The platform decides which sales mode to adopt, while the manufacturer decides whether to adopt the service effort strategy in the offline channel. Thus, four scenarios are considered in this paper. In addition, we further study the case where the manufacturer sells products to the offline store who then resells them to customers (i.e., manufacturer and offline store are not integrated) in the extension section.



Consumers nowadays search for goods in offline stores before buying them online, which leads to offline stores becoming showrooms for online platforms. One might imagine that the showrooming effect is favored by online platforms [2,52,53]. For example, Ref. [44] show that the free riding (the showrooming effect) can benefit both online retailers and platforms. However, we find that when the showrooming effect is sufficiently high, the service effort strategy with the showrooming effect may hurt both the offline manufacturer and the online platform.



Generally speaking, when the referral fee of the e-commerce platform is low, the platform prefers to adopt the reselling mode rather than the agency mode, which has been shown in much literature [1,35,39]. However, our results suggest that when the referral fee is low and the showrooming effect is moderate, the platform may adopt the agency mode instead of the reselling mode. Therefore, the platform should fully consider the sales service strategy and the showrooming effect when choosing the sales mode.



The main conclusions are summarized as follows. First, when the showrooming effect or channel competition is sufficiently large, the manufacturer will not adopt the service effort strategy in offline channels. However, when both the showrooming effect and channel competition are sufficiently small, the manufacturer chooses to adopt service effort strategy, which may lead to a win-win situation for the manufacturer and platform. Second, considering the showrooming effect, offline service effort strategies benefit the platform and the entire supply chain due to increased demand. Third, we obtain the equilibrium result of the game, which shows that service effort strategy has an important influence on the choice of the platform’s sales modes. For example, when the referral fee and channel competition are small, the manufacturer’s service effort strategy may induce the platform to adopt the agency mode due to the showrooming effect and competition effect. Moreover, we also extend the basic mode to the case where the manufacturer and offline store are not integrated, and find that our main results are valid. Therefore, the platforms (manufacturers) should consider the offline service effort strategy (sales mode selection) when considering sales mode selection (service effort strategy).



Based on the analysis above, several managerial insights could be obtained. First, the offline service effort strategy with the showrooming effect could induce the platform to choose a suitable sales format. Therefore, e-commerce platforms need to fully consider the showrooming effect and the offline sales service effort strategy when making decisions regarding sales modes. Second, when manufacturers make service effort strategy decisions, their service level is affected by the demand coefficient in the offline channel. As the demand increases, the manufacturer should set a higher service level. Third, when the competition between two channels or the showrooming effect is sufficiently high, the manufacturer may not engage in service efforts because his efforts may make the competition more intense, which hurts the profits of the manufacturer and the retailer. When the competition coefficient and the showrooming effect are sufficiently low, the manufacturer may make service efforts to increase online and offline demand. These results could provide some guidance for the manufacturer (or offline retailer) to make decisions regarding the service effort strategy.



This paper can be extended in several ways. First, our study assumes that the production cost equals to zero, and could be extended to consider the impact of production cost on equilibrium outcomes. Second, this paper only considers the case of one manufacturer in the supply chain, so we can consider the case of multiple competing manufacturers. Third, several technological methods such as blockchain may affect the impact of the service effort strategy on the sales mode selection, which could also be considered in the future. Finally, in our main model, the referral fee of the agency channel is exogenous and could be considered as a decision variable in future research.
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Appendix A


Proof of Lemma 1.

Using the Equation (3), the Hessian matrix   H 1   of   π  M   N A    to   p 1   and   p 2   is


      H 1  =      − 2     b ( 2 − r )       b ( 2 − r )     2 ( r − 1 )      .     



(A1)







Thus,    |   H 1   | = 4 − 4   b 2  − 4 r + 4  b 2  r −  b 2   r 2    and      ∂ 2   π  M   N A     ∂  p 1 2    = − 2 < 0  . We assume that   4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2  > 0  , so   π  M   N A    is strictly concave in   p 1   and   p 2  . Then from     ∂  π  M   N A     ∂  p 1    = 0   and     ∂  π  M   N A     ∂  p 2    = 0  , we get    p  1   N  A *    =   2 a + 2 b − 2 a b + 2 c − 2  b 2  c − 2 a r − 3 b r + 3 a b r − 2 c r +  b 2  c r + b  r 2  − a b  r 2    4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2     , and    p  2   N  A *    =   2 − 2 a + 2 a b − 2 r + 2 a r − a b r − b c r   4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2     .  □





Proof of Lemma 2.

Using the Equation (5), the Hessian matrix   H 2   of   π  M   E A    to   p 1   and   p 2   is


      H 2  =      − 2     b ( 2 − r )       b ( 2 − r )     2 ( r − 1 )      .     



(A2)







Thus,    |   H 2   | = 4 − 4   b 2  − 4 r + 4  b 2  r −  b 2   r 2    and      ∂ 2   π  M   E A     ∂  p 1 2    = − 2 < 0  . We assume that   4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2  > 0  , so   π  M   E A    is strictly concave in   p 1   and   p 2  . Then from     ∂  π  M   E A     ∂  p 1    = 0   and     ∂  π  M   E A     ∂  p 2    = 0  , we get    p 1  =   2 a + 2 b − 2 a b + 2 c − 2  b 2  c + 2 e − 2 a r − 3 b r + 3 a b r − 2 c r +  b 2  c r − 2 e r + b  r 2  − a b  r 2  + 2 b e t − 3 b e r t + b e  r 2  t   4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2     , and    p 2  =   2 − 2 a + 2 a b + 2 b e − 2 r + 2 a r − a b r − b c r − b e r + 2 e t − 2 e r t   4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2     . Then from     ∂  π  M   E A     ∂ e   = 0  , we obtain    e  E  A *    =    ( 1 − r )   ( 2 a b − 2 a − 2 b + 2 c − 2  b 2  c + b r − a b r +  b 2  c r − 2 t + 2 a t − 2 a b t + 2 r t − 2 a r t + a b r t + b c r t )    4  b 2  − 2 + 2 r − 4  b 2  r +  b 2   r 2  + 4 b t − 6 b r t + 2 b  r 2  t + 2  t 2  − 4 r  t 2  + 2  r 2   t 2     . By substituting   e  E  A *     into   p 1   and   p 2  , we can get Lemma 2.  □





Proof of Lemma 3.

Using the Equation (8), we have      ∂ 2   π  P   N R     ∂  p 2 2    = − 2 < 0  , which indicates that   π  P   N R    is concave in   p 2  . Then from     ∂  π  P   N R     ∂  p 2    = 0  , we obtain    p 2  =   ( 1 − a + b  p 1  +  w 2  )  2   .



Using the Equation (7), the Hessian matrix   H 3   of   π  M   N R    to   p 1   and   w 2   is


      H 3  =      − 2 +  b 2     b     b    − 1      .     



(A3)







Because    |   H 3   | = 2  ( 1 − b )   ( 1 + b )  > 0    and      ∂ 2   π  M   N R     ∂  p 1 2    = − 2 +  b 2  < 0  ,   π  M   N R    is strictly concave in   p 1   and   w 2  . Then from     ∂  π  M   N R     ∂  p 1    = 0   and     ∂  π  M   N R     ∂  w 2    = 0  , we get    p  1   N  R *    =   a + b − a b + c −  b 2  c   2 ( 1 − b ) ( 1 + b )     and    w  2   N  R *    =   1 − a + a b   2 ( 1 − b ) ( 1 + b )    . By substituting   p  1   N  R *     and   w  2   N  R *     into   p 2  , we can get Lemma 3.  □





Proof of Lemma 4.

Using the Equation (10), we have      ∂ 2   π  P   E R     ∂  p 2 2    = − 2 < 0  , which indicates that   π  P   E R    is concave in   p 2  . Then from     ∂  π  P   E R     ∂  p 2    = 0  , we obtain    p 2  =   ( 1 − a + b  p 1  + e t +  w 2  )  2   .



Using the Equation (9), the Hessian matrix   H 4   of   π  M   E R    to   p 1   and   w 2   is


      H 4  =      − 2 +  b 2     b     b    − 1      .     



(A4)







Because    |   H 4   | = 2  ( 1 − b )   ( 1 + b )  > 0    and      ∂ 2   π  M   E R     ∂  p 1 2    = − 2 +  b 2  < 0  ,   π  M   E R    is strictly concave in   p 1   and   w 2  . Then from     ∂  π  M   E R     ∂  p 1    = 0   and     ∂  π  M   E R     ∂  w 2    = 0  , we get    p 1  =   a + b − a b + c −  b 2  c + e + b e t   2 ( 1 − b ) ( 1 + b )     and    w 2  =   1 − a + a b + b e + e t   2 ( 1 − b ) ( 1 + b )    . Then from     ∂  π  M   E R     ∂ e   = 0  , we obtain    e  E  R *    =   2 a + 2 b − 2 a b − 2 c + 2  b 2  c + t − a t + 2 a b t +  b 2  t − a  b 2  t − b c t +  b 3  c t   2 − 4  b 2  − 4 b t −  t 2  −  b 2   t 2     . By substituting   e  E  R *     into   p 1  ,   p 2   and   w 2  , we can get Lemma 4.  □






Appendix B


Proof of Proposition 1.

By comparison, we have:


   p 1  E A *   −  p 1  N A *   =   −   ( 1 − r )  2   ( b r t − 2 − 2 b t )   M 1    4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2    ;  



(A5)






   p 2  E A *   −  p 2  N A *   =   −  ( 1 − r )   ( b r − 2 b − 2 t + 2 r t )   M 1    4 − 4  b 2  − 4 r + 4  b 2  r −  b 2   r 2    ;  



(A6)






   p 1  E R *   −  p 1  N R *   =   −  ( 2 b + 3 t −  b 2  t )   M 2    2 ( 1 − b ) ( 1 + b )   ;  



(A7)






   p 2  E R *   −  p 2  N R *   =   −  ( 1 + b t )   M 2    4 ( 1 − b ) ( 1 + b )   ;  



(A8)






   w 2  E R *   −  w 2  N R *   =   −  ( b + t )   M 2    2 ( 1 − b ) ( 1 + b )   ,  



(A9)




where


   M 1  =   2 a b − 2 a − 2 b + 2 c − 2  b 2  c + b r − a b r +  b 2  c r − 2 t + 2 a t − 2 a b t + 2 r t − 2 a r t + a b r t + b c r t   4  b 2  − 2 + 2 r − 4  b 2  r +  b 2   r 2  + 4 b t − 6 b r t + 2 b  r 2  t + 2  t 2  − 4 r  t 2  + 2  r 2   t 2    ,  










   M 2  =   2 a + 2 b − 2 a b − 2 c + 2  b 2  c + t − a t + 2 a b t +  b 2  t − a  b 2  t − b c t +  b 3  c t   4  b 2  − 2 + 4 b t +  t 2  +  b 2   t 2    .  











Thus, when the platform adopts the agency mode, if    M 1  > 0  ,    p 1  E A *   >  p 1  N A *    ,    p 2  E A *   >  p 2  N A *    ; if    M 1  < 0  ,    p 1  N A *   >  p 1  E A *    ,    p 2  N A *   >  p 2  E A *    . When the P adopts the reselling mode, if    M 2  < 0  ,    p 1  E R *   >  p 1  N R *    ,    p 2  E R *   >  p 2  N R *    ,    w 2  E R *   >  w 2  N R *    ; if    M 2  > 0  ,    p 1  N R *   >  p 1  E R *    ,    p 2  N R *   >  p 2  E R *    ,    w 2  N R *   >  w 2  E R *    .



By simplification, we obtain the necessary and sufficient conditions for    M 1  > 0  :


  t <  t 1  =     4 − 4  b 2  − 12 r + 12  b 2  r + 12  r 2  − 13  b 2   r 2  − 4  r 3  + 6  b 2   r 3  −  b 2   r 4    − 2 b + 3 b r − b  r 2    2 ( 1 − 2 r +  r 2  )    








or


  b <  b 1  =       ( 2 − r )  2   ( 1 − r )   ( 2 −  t 2  + r  t 2  )    − 2 t + 3 r t −  r 2  t    ( 2 − r )  2   .  











The necessary and sufficient conditions for    M 2  < 0  :   t <  t 2  =     2 + 2  b 2  − 4  b 4    − 2 b   1 +  b 2      or   b <  b 2  =     8 + 2  t 2  −  t 4    − 2 t   4 +  t 2     .  □





Proof of Proposition 2.

Similar to the Proof of Proposition 1, the proof of Proposition 2 is omitted here.  □





Proof of Proposition 3.

Similar to the Proof of Proposition 1, the proof of Proposition 3 is omitted here. Note that there are two meaningful roots of the equation    π P  E A *   −  π P  N A *   = 0  , and we assume   b 3   is the lower one. From the equation    π P  E R *   −  π P  N R *   = 0  , we can get the only meaningful root   b 4  . Due to the complexity of expression, we put   b 3   and   b 4   in Figure 3 in the numerical study.  □





Proof of Proposition 4.

Similar to the Proof of Proposition 1, the proof of Proposition 4 is omitted here. Note that there are two meaningful roots of the equation    π S  E A *   C −  π S  N A *   C = 0  , and we assume   b 5   is the lower one.   b 6   can be obtained in the same way. Due to the complexity of expression, we omit these expressions.  □





Proof of Proposition 5.

Similar to the Proof of Proposition 1, the proof of Proposition 5 is omitted here. Note that    F 1  =  π P  E A *   −  π P  E R *    , and    F 2  =  π P  N A *   −  π P  N R *    .  □
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Figure 1. The game sequence. 
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Figure 2. The comparisons of retail prices (  a   =   0.5 ,   r   =   0.2 ,   c   =   0.1  ). (a) under the agency mode. (b) under the reselling mode. 
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Figure 3. The profit change of the platform (  a   =   0.5 ,   r   =   0.2 ,   c   =   0.1  ). (a) under the agency mode. (b) under the reselling mode. 
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Figure 4. The profit change of the whole supply chain (  a   =   0.5 ,   r   =   0.2 ,   c   =   0.1  ). (a) under the agency mode. (b) under the reselling mode. 
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Figure 5. The equilibrium outcomes (  a   =   0.5 ,   c   =   0.1  ). (a)   r = 0.2  . (b)   r = 0.6  . 






Figure 5. The equilibrium outcomes (  a   =   0.5 ,   c   =   0.1  ). (a)   r = 0.2  . (b)   r = 0.6  .



[image: Jtaer 17 00046 g005]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
08

10





nav.xhtml


  jtaer-17-00046


  
    		
      jtaer-17-00046
    


  




  





media/file2.png
Platform determines to Manufacturer sets p; and p> under the agency mode

choose which sales mode ( p1 and w2 under the reselling mode)

l l

Manufacturer determines whether to Platform sets p under the

adopt the sales effort strategy reselling mode

A 4





media/file5.jpg
)

03

ool

1
B
e <
sonfeasibe
egion —p-
b o &
B>t S
o
I R W e
. .
(@ (b)





media/file3.jpg
19

- 1)

PP E PR
e e
-
o
PR PR nonfeasile | P P
3 region PP
CRes T R LR
. .
(a) (b)

T





media/file1.jpg
Platfomm detemines to Mamufacturer sets pyandp; under the agency mode.
choose whichsalesmode (prand v nder the reselling mode)

Manufacturer detenuines whether o Pltfon sespruder the
adopt the saes efont srategy reseling mode.





media/file7.jpg
20y

1

- 1)

osf

ool

0

i

o o8

i





media/file10.png
20—

20—

(b)

0.8

1.0





media/file9.jpg
29

13]

03

ool

20,
NR
13} Na
NR
NA R - 10
o5
EA
o R
o7 or 06 o8 10 o0 o7 oi o6 o8
® »
(a) (b)





media/file0.png





media/file8.png
1.5

nonfeasible
region 4

A
ac

135
1.0

03

5,
%
L
"-.. %
™, . EER NE
",
" Tse = Tsc
£
L
%
%
%
.H". LY
-.H". LY
"'\..- "
"'\..- w
Ty
ER -
- &,
JI-SC :} JI- "'l.,\
Ty
.
,
Y
1 1 1 1 "\. 1

0.0

10





media/file6.png
2.0

= 1.0

0.0

1.5

0.3

nonfeasible
region

0.6

0.8

1.0

(b)

038





