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[bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: _Hlk41658485][bookmark: _Hlk41658754][bookmark: _Hlk41658983][bookmark: OLE_LINK54][bookmark: OLE_LINK96]When consumers are uncertain about their choice of a product, the product innovation effort and the product demonstration level will significantly affect product sales. Under the impact of factors such as contract mode, channel competition, and product competition, the relationship between firms’ decisions on innovation effort and demonstration level will become more complicated. This study comprehensively models and analyzes the interaction between the manufacturer's product innovation effort and the retailer's product demonstration level in a dual-channel supply chain under either the agency contract mode or the wholesale contract mode. In our model, a manufacturer sells his innovative product through a retailer’s physical store under wholesale or agency contract mode, as well as his direct online channel. The results show that under two contract modes, the trend of the demonstration level is almost opposite. Moreover, the correlations between the innovation effort and the demonstration level decisions under the two contract modes are opposite. From the perspective of marketing strategy, when the potential market of the innovative product is not too small, the penetration strategy is preferred under the agency contract mode, whereas the skimming strategy is preferred under the wholesale contract mode. In certain conditions, two firms can achieve Pareto optimality by choosing the agency contract mode. Besides, we find that the consumer showrooming behavior makes two firms more likely to achieve Pareto optimality, while the manufacturer’s introduction of the online direct sales channel will not hurt the retailer, who can avoid the loss of profit by adjusting the product demonstration level decision.
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1. Introduction
In this paper, we investigate the interactions between the retailer’s product demonstration level decision and the manufacturer’s product innovation effort in dual-channel supply chain context under either wholesale or agency contract mode.
In practice, a manufacturer with a dual-channel supply chain needs to balance revenue from both channels, while a retailer selling multiple products needs to balance revenue from different products. Examples of such supply chain structure are common. Manufacturers may sign a wholesale contract or agency contract with a professional retailer to sell products in the retailer’s physical stores, where their products will be demonstrated. For example, large brick-and-mortar retailers, such as Gome, Suning, and Sephora, operate either wholesale or agency contracts with their upstream manufacturers (Shen et al., 2019). Meanwhile, under the E-commence environment, most manufacturers open an online direct sales channel as a supplement to the retail channels, like Apple, Haier, etc. Retailers may also sell their store brand products as a complement to their product line. According to the Private Label Manufacturers Association, store brands account for one-fifth products sold every day in the US[footnoteRef:1]. This phenomenon can be seen in examples such as Sephora, Watson, Wal-Mart, and Tesco (Jin et al., 2017). When a retailer sells a store brand product as alternatives, its relationship with the manufacturer is not only a buying and selling relationship but also a competitive relationship (Dhar & Hoch, 1997; Chai et al., 2020). Thus, competition between store brand product and innovative product, and competition between the physical channel and the online channel complicate the production and marketing decisions of the firms in the supply chain.  [1:  https://plma.com/storebrands/sbt02.html] 

With the changing environment and advances in technologies, manufacturers are forced to invest in innovative products to maintain their competitive edge. This paper focuses on product innovation, such as the introduction of new features, which could add value to products and meet consumers’ preferences (Boleslavsky et al., 2017; Jiang et al., 2017). The manufacturers need to determine how much innovation efforts that they should invest in the innovative product under different contract modes. From the consumers’ perspective, they may have higher valuations for innovative products, but they may also think that some innovations are not suitable for their preferences. However, they are often uncertain about the attributes of innovative products before evaluating or consuming them. Thus, on the one hand, the innovation level of the manufacturer’s products can increase consumers’ valuation; on the other hand, the product promotion methods such as product demonstration can reveal the attribute information of the innovative products and influence consumers’ purchase decisions. Lal and Sarvary (1999) divided the product attributes into digital attributes and non-digital attributes. They indicated that digital attributes could be communicated on the online channel easily, while non-digital attributes have to be revealed by physical inspection of the product. Therefore, the manufacturer may free ride the retailer by using the demonstration service of the retailer to improve the revenue of the innovative product in the physical channel. In addition, since the manufacturer generates revenue from both online and physical channels, he may boost the innovation effort and thus get a free ride by the offline retailer. This leads to the phenomenon of two-way free-ride effect. Besides, the contract mode between the manufacturer and the retailer may have a significant impact on two firms’ decisions.
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK44][bookmark: OLE_LINK38][bookmark: OLE_LINK43]A physical retailer may increase consumers’ understanding of the innovative product through in-store product demonstration methods such as offering samples, trials, and return policies (Boleslavsky et al., 2017). Many studies have shown that revealing product attribute information to consumers via production demonstration is conducive to increasing selling prices and demands (Johnson & Myatt, 2006; Bernstein et al., 2009). However, other studies argue that revealing product information may be harmful to firms. For example, Heiman and Muller (1996) stated that consumers may find that the new product is unsuitable for them through product demonstration and thus give up the purchase. There also exists an emerging stream of literature that discusses the bidirectional impacts of new product demonstration (Chen & Xie, 2008; Kuksov & Lin, 2010; Boleslavsky et al., 2017). Thus, product demonstration may have a positive effect on the sale of the innovative product by increasing consumers’ valuation of the innovative product; but it may have a negative effect by revealing the mismatch between the innovation and the consumers’ preference that may cause consumers to turn to buy an alternative product. Physical retailers who resell innovative products need to choose the optimal in-store demonstration strategies under different contract modes. This paper considers a physical retailer demonstrates and resells a manufacturer’s innovative product, and also produces and sells her store brand product as an alternative product.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK53]We consider consumers who care about both the valuation and suitability of the innovative product. For example, suppose a consumer wants to buy a facial cleanser. She learns that Lancôme had launched a new facial cleanser and may be suitable for her (i.e., meets her needs.) If she prefers shopping online, then she may choose to buy from Lancôme’s online store directly. Otherwise, she may want to go to Sephora and experience an in-store demonstration service if she prefers shopping offline. In Sephora, the consumer tries the sample of Lancôme’s new facial cleanser. If she believes the smell and the efficacy are indeed suitable for her, she may purchase it. But if she finds that the cleanser is unsuitable for her skin, she will give up purchasing and may turn to buy Sephora’s store brand facial cleanser as an alternative. This phenomenon is very common in the fields like clothing, food, and cosmetics. Some studies have used Bayesian updating to model the impact of product demonstration on consumers (Boleslavsky et al., 2017; Gao & Su, 2017). In line with them, this paper uses the same approach to describe consumer utilities under the impact of product demonstration.
[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK7][bookmark: OLE_LINK35][bookmark: OLE_LINK56][bookmark: OLE_LINK57]This work attempts to comprehensively model and analyze the interactions between the manufacturer’s product innovation effort decision and the retailer’s product demonstration decision under two contract modes. We use game theory methods to build mathematical models. In the field of Economics and Management, game theory has been proven to be a suitable method for solving the optimal decisions of multiple members. Under the framework of game theory, when the behaviors of multiple decision-makers in the system interact, each decision-maker infers the decisions that other decision-makers may make based on the information one has, and makes one’s own optimal decisions accordingly. Specifically, we set up a game between a manufacturer (he) who produces an innovative product and a retailer (she) who owns an established store brand product. The manufacturer distributes his product through the retailer’s physical store under either agency contract mode or wholesale contract mode. He also sells the innovative product through his direct online channel. The manufacturer decides the innovation effort to be committed on his product, and the retailer decides the in-store demonstration level of the innovative product. Besides, we consider two dimensions of consumer heterogeneity: the channel preferences and the true preferences on the innovation product. As for the channel preferences, O-type consumers prefer the online channel, while P-type consumers prefer to visit the physical store. As for the true preferences on the innovation product, high- and low-type consumers are regarded as consumers who feel suitable and unsuitable for the innovation product after consuming, respectively.
We aim to examine the following questions:
(1) What are the optimal innovation and demonstration decisions of the innovative product under the agency contract mode or the wholesale contract mode, and how should the firms balance their markets (online and offline markets for the manufacturer, markets of innovative and alternative products for the retailer)?
(2) Under the firms’ optimal strategies, in what situations should the manufacturer and the retailer adopt the agency contract mode or the wholesale contract mode? 
(3) Whether and when will the firms achieve Pareto optimality? 
(4) What impacts do the costs (both innovation cost and demonstration cost) and the commission rate have on the Pareto optimality if it exists? What impact do the consumer showrooming behavior and channel structure have on the optimal outcomes?
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]The main contributions of this paper include:
(i) Our study shows that the wholesale price eases the two-way free-ride effect when the proportion of the high-type consumers is large. Both firms are more willing to commit higher level of effort on innovation and demonstration. Besides, the trend of the demonstration level is almost opposite under the two contract modes. When the potential market of the innovative product is not too small, two players will choose opposite marketing strategies under different contract modes: penetration strategy under the agency contract mode and skimming strategy under the wholesale contract mode.
(ii) The retailer is better off under the wholesale contract mode only when the proportion of the high-type consumers is small and the proportion of P-type consumers is medium. The manufacturer is better off under the wholesale contract mode when the proportion of the high-type consumers is not large and the proportion of the P-type consumers is not medium.
(iii) When the proportion of high-type consumers is small, two firms will achieve Pareto optimality by choosing the agency contract mode if the proportion of P-type consumers is medium or extremely small. When the proportion of high-type consumers is large, the two firms will always achieve Pareto optimality. When the proportion of the high-type consumers is large, a higher commission rate or lower unit costs of innovation or demonstration will generally reduce the case of Pareto optimality.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76](iv) The showrooming behavior makes the two firms more likely to achieve Pareto optimality by choosing the agency contract mode. As for the impact of the channel structure, intuitively, the manufacturer may infringe the interests of the retailer by opening a direct sales channel. But our results show that because of the product demonstration level decision, neither firm will be worse off in the dual-channel scenario compared with the single-channel scenario.
The rest of this paper is organized as follows. We provide a literature review in Section 2. In Section 3, we describe the problem. In Section 4, we present the models under two contract modes respectively and analyze the equilibrium solutions to the models. In Section 5, we compare the optimal decisions and profits under the two contract modes and examine how the system parameters affect the contract preferences of the firms. Finally, we draw conclusions in Section 6. All proofs of the propositions are given in the Appendix.
2. Literature review
Three streams of research using game theory methods are closely related to this study: the product innovation decision, the effect of product demonstration, and the comparisons of manufacturer-retailer contract modes.
2.1 Product innovation under supply chain structure
The first stream explicitly considers firms’ product quality innovation in the context of the marketing channel. Most of the literature in this stream focus on oligopoly or duopoly market structure, considering factors such as innovation uncertainty, imitative innovation, cooperative innovation (Klastorin et al., 2016; Jiang & Shi, 2018; Hao et al., 2019). Some studies address product quality innovative strategies in the supply chains with upstream and downstream firms. Lin et al. (2014) studied the situation in a platform market where two firms make decisions about the innovation rate, and the platform decides two-sided fees for both firms and buyers. The innovation rate determines the probability of successful invention and market entry, as well as the quality of the products. Ge et al. (2014) investigated cooperative innovation behavior between upstream and downstream firms under a wholesale contract, in which the upstream firm invests in the components, and the downstream firm invests in the final products. Yin et al. (2015) considers a monopolistic firm that sells two successive generations of a product over two sale periods, and analyzed the firm's trade-in program on the demand and pricing-decision of two-generation products. Zhang et al. (2019b) investigated a Stackelberg game between a manufacturer and a retailer considering environment-conscious consumers. The manufacturer decides to produce a brown or green product and bears the green innovative cost if the green product is chosen. Gernert et al. (2020) investigated the subcontracting decisions on an innovative product project in a supply chain structure consisting of a manufacturer and two upstream suppliers.
Some researchers have incorporated marketing efforts when considering product innovation. Xiao and Xu (2012) studied the problem of product innovation decisions, including upstream and downstream firms. The marketing effort of the downstream marketer is more focused on directly expanding market volume than demonstrating product information to consumers. Song et al. (2017) integrated firms’ innovation and advertising decisions in a single marketing channel. They did not consider the impact of different contract modes on firms’ decisions, nor  the negative effects of the marketing efforts.
2.2 The effect of product demonstration
The second relevant research stream explicitly addresses the decision or effect of product demonstration. Firms use various product demonstration methods, such as advertising, return policies, product samples, trials, and product reviews, to increase consumers’ awareness of the product and thus reduce the product uncertainty. Much attention has been attracted on this topic in the recent years.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Some studies have investigated the demonstration decisions under monopolist markets. Bagwell and Riordan (1991) studied how a firm demonstrates the quality information of a new product through pricing. Che (1996) built a model that includes the return policies provided by a monopolist firm, and consumers could choose whether to return after they bought the products. Gardete (2013) considered a firm that allows consumers to acquire product information through advertising. Wang and Özkan-Seely (2018) considered the situation that a monopolist firm offers a free trial period as a means of demonstration to allow consumers to experience the new product before making their purchase decision. 
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]Several studies have focused on product demonstration in supply chains. Chaab and Rasti-Barzoki (2016) considered local advertising and global advertising as means of product demonstration and the manufacturer and the retailer in the supply chain can adopt cooperative advertising. Jena et al. (2017) considered a closed-loop supply chain in which a manufacturer and a retailer adopt joint advertising as a means to demonstrate the product and encourage consumers to return used items for remanufacturing. Hao and Tan (2018) investigated the incentives of a supplier and a retailer to demonstrate the information of the product and allow consumers to learn about their product valuation. Shi et al. (2019) studied the effect of channel structure and advertising authority on advertising content when consumers are uncertain about product match and retail price. Li et al. (2020) studied the effect of in-store product demonstration on consumer showrooming behavior in a dual-channel supply chain consisting of an online retailer and a manufacturer that owns an offline direct sales store. Based on the research of product demonstration decision-making in the dual-channel supply chains, this paper considers the analysis of the impacts of supply chain contract modes and product competition. Moreover, we assume that the product innovation efforts and the product demonstration level are both endogenous decisions.
Other literature studies the effect of product demonstration between competitive firms. Kuksov and Xie (2010) and Kwark et al. (2017) considered product information provided by two competitive firms that allow consumers to publish product reviews online. Boleslavsky et al. (2017) introduced product demonstration into a pricing competition model, in which the demonstration of the innovative product will increase the expected valuation of those consumers who receive favorable impressions of the innovative product. Hong et al. (2018) considered a model of two manufacturers, in which consumers learn the valuation information of the green product according to the greenness degree of the green product and the reference effect between two products. Piccolo and Pignataro (2018) considered the problem in which duopoly firms take product trial policy as a means of product demonstration. 
2.3 Comparisons of contract modes in supply chain
The third stream concerns the contractual relationship between upstream and downstream firms in supply chains. Many researchers have considered various contract modes, especially wholesale contract mode and agency contract mode. Among them, some studies have focused on the influences of production and distribution factors between firms. Cachon and Lariviere (2005) compared agency contract mode with wholesale contract mode along with other modes. They showed that the agency contract mode can better coordinate a supply chain with retailers competing in quantities. Hagiu and Wright (2015) analyzed the differences between the wholesale and the agency contract modes in the situation when the supplier may have more demand information than the retailer. Abhishek et al. (2016) showed that an e-tailer will choose the agency contract mode if the electronic channel cannibalizes the demand in the traditional channel. Otherwise, it will choose the wholesale contract mode. Tian et al. (2018) investigated the influences of different proportional fees based on the product category on the firms’ preferences for agency contract mode or wholesale contract mode.
Other studies examined the impacts of marketing factors on firms and consumers. Kwark et al. (2017) compared the effects of fitness information disclosure between the agency contract mode and the wholesale contract mode under the influence of third-party information. Hao and Tan (2018) investigated a retailer’s and a supplier’s incentive to facilitate information disclosure to consumers under agency contract mode and wholesale contract mode. Liu et al. (2020) built a model that included a manufacturer and an online platform considering the impact of data-driven marketing and compared the platform’s preferences for agency or wholesale contract mode. Johnson (2020) considered a supply chain structure with a supplier and two retail platforms. The result showed that when one of the retail platforms can lock in consumers, the retail prices and profits of the rival retail platform are higher under the agency contract mode than that under the wholesale contract mode.
2.4 Research contribution 
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]To sum up, few of the existing studies on product innovation under supply chain structure have considered the impact of innovation and demonstration efforts on valuation or suitability of consumers, nor have they considered product innovation and demonstration efforts in the context of different contract modes or dual-channel supply chains. However, when incorporating the issue of product innovation between upstream and downstream firms in the dual-channel supply chains, there are not only horizontal competitive relationships (competition between established product and innovative product, and competition between the physical channel and the online channel) but also a buying and selling vertical relationship between firms. The combination of these factors makes the decisions of product innovation and demonstration effort more complicated. The literature on the comparisons of contract modes mainly focused on the impact of inter-firm factors such as order quantity, uncertain or asymmetric demand information, and product category, or factors between firms and consumers such as information disclosure and consumer locking in. Few have investigated the interactions between the contract modes and the production and marketing processes. We extend this stream of research by modeling the interactive effects of innovation effort and demonstration level on the production and marketing processes. 
As for the effect of product demonstration, our study is closely related to Boleslavsky et al. (2017). We use the method in Boleslavsky et al. (2017) to update the consumers’ valuation of the innovative product through the demonstration in the physical store, which has also been referenced by the literature such as Gao and Su (2017) and Li et al. (2020). The difference is that Boleslavsky et al. (2017) only discussed the influence of demonstration informativeness, without considering the innovation effort as a strategic decision. To better understand the role of two firms with an innovative product in the production and sale processes, our study combines the influences of the manufacturer’s innovation effort and the retailer’s in-store demonstration level. Besides, Boleslavsky et al. (2017) considered a pricing competition between duopoly and compared two kinds of sequences, while our study examines the impacts of different contract modes on upstream and downstream firms in a dual-channel supply chain. The supply chain structure in our model is similar to that in Chiang et al. (2003). But they did not consider the impact of product demonstration. Their results indicated that the profit of the manufacturer could be improved due to a direct sales channel augmented, while the retailer may be worse off. However, our results show that the retailer can use the product demonstration level decision to improve her profit.
3. Problem statement
3.1 Supply chain structure and product innovation













[bookmark: OLE_LINK64][bookmark: OLE_LINK67][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: MTBlankEqn][bookmark: OLE_LINK87][bookmark: OLE_LINK88]We model a market of two firms with two substitutive products, an established store brand product  provided by a traditional retailer (she) and an innovative product  produced by a manufacturer (he). The manufacturer sells his innovative product M through the retailer in her physical store. That is, the retailer sells products  and  in her offline store at prices  and . Meanwhile, the manufacturer opens an online store to sell his innovative product  at price . In this paper, the relationship between the manufacturer and the retailer for distributing product  is represented by either the agency contract mode or the wholesale contract mode. In the agency contract mode, the retailer charges the manufacturer a fraction  of the revenue by selling the innovative product  in the physical store. In the wholesale contract mode, the manufacturer charges the retailer a wholesale price  per unit for the innovative product  to be sold in the retailer’s store. The structures of the supply chains are shown in Figure 1. The main notations used in this paper are summarized in the Appendix.











The market consists of one unit mass of consumers who are familiar with the established product  but uncertain about their true preferences on the innovative product . According to the Private Label Manufacturers Association, more than 90% of polled consumers felt familiar with store brands, and 83% of them purchased store brand products on a regular basis[footnoteRef:2]. Therefore, the store brand product  is defined as an established product that consumers are generally familiar with. To promote the innovative product , the retailer will offer the in-store product demonstration to introduce the new product to consumers. We assume that the quality of product  is denoted as , which is known to consumers (Boleslavsky et al., 2017). The quality of the new product  is represented by , which is related to the innovation level of the product (Chenavaz, 2012). Here  represents the innovation effort committed by the manufacturer. Without loss of generality, we suppose  is normalized to . [2:  https://plma.com/storebrands/sbt02.html] 

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]This supply chain structure is common in practice. For instance, manufacturers such as Lancôme, Givenchy, and Loewe sell their items through beauty chain retailer Sephora and their online stores. Besides, Sephora sells more than 450 items under her store brand.[footnoteRef:3] A similar phenomenon can be seen in examples such as Watson, Wal-Mart, and Tesco (Jin et al., 2017). [3:  https://www.sephora.cn/brand/sephoracollection-1/] 
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(a) agency contract mode          (b) wholesale contract mode
Figure 1. The structures of the supply chain under different contract modes

3.2 Consumer heterogeneity

[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]In this paper, we consider two dimensions of consumer heterogeneity in our modeling framework, i.e., the channel preferences and the true preferences on product .




As for the channel preferences, we assume that consumers are divided into two categories: O-type and P-type consumers. O-type consumers prefer purchasing online directly, and P-type consumers prefer going to the offline store to experience the product and then decide whether to buy it. We assume that the percentage of P-type consumers is , and the remaining  are O-type consumers (Cai et al., 2009; Wang et al., 2016; Zhang et al., 2019a). It means that the potential market shares for physical and online channels are  and , respectively.












[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK70][bookmark: OLE_LINK71]As for the true preferences on product , consumers have two kinds of true preferences on the innovative feature of . Some consumers (referred to as high-type consumers) may feel  the innovation suitable after consuming it. Other consumers (referred to as low-type consumers) may find the innovation unsuitable. The probability of a consumer being high-type is , and the probability of a consumer being low-type is . The high-type and low-type consumers are denoted by  and , respectively. Similar to Boleslavsky et al. (2017), we assume that the true valuation of high-type consumers is equal to its quality , and the true valuation of low-type consumers is . Consumers can only confirm their true valuations after fully evaluating or consuming the innovative product. Before evaluating or consuming the innovative product, all consumers do not know whether they are high- or low-type, only know that the probabilities are  and , respectively. That is, before going to the physical store, all consumers are supposed to be potential high-type (Boleslavsky et al., 2017; Gao & Su, 2017). This assumption is reasonable because only consumers who consider themselves being high-type can be potential consumers. Thus, both high- and low-type consumers share the same prior expected valuation of the product , i.e., .
[bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK19][bookmark: OLE_LINK20]To sum up, two dimensions of consumer heterogeneity are shown in Figure 2(a). Consumers know their channel preferences before the shopping decision. But they do not know their true preferences on product M before they physically evaluate it through the in-store demonstration or consume the product M. Figure 2(b) shows the consumer’s shopping decision. The demands and the expected valuations are represented by blue and red formulas, respectively.
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(a) Two dimensions of consumer heterogeneity        (b) shopping decisions and valuations on M
Figure 2. consumer heterogeneities and shopping decisions

3.3 Product demonstration












[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Next, we elaborate on the effect of product demonstration. The retailer provides product demonstration in her physical store that allows consumers to evaluate the innovative product. The product demonstration can help consumers understand the suitability of product M to a certain extent. That is, the in-store demonstration will let some consumers identify the mismatch between their true preference and the innovation, i.e., the demonstration screens out some of the low-type consumers, while others remained to be potential high-type. The low-type consumers who find the innovation product unsuitable will give up purchasing , and other consumers will increase their expected valuation after experiencing the product demonstration and choose to buy . Thus, following Boleslavsky et al. (2017) and Gao and Su (2017), we assume that the impact of in-store product demonstration is modeled as a binary random signal  from which consumers draw either a “suitable” (i.e., ) or “unsuitable” (i.e., ) impression, corresponding to their realized perceptions and valuation about the product. With the product demonstration, a low-type consumer draws an unsuitable impression with conditional probability  and draws a suitable impression with conditional probability . Besides, a high-type consumer will always receive signal of “suitable” (Boleslavsky et al., 2017). This implies that the probabilities that a low-type and a high-type consumer receive a signal  are  and , respectively. Therefore,  can be interpreted as the demonstration level of product (Boleslavsky et al., 2017; Gao & Su, 2017).








[bookmark: OLE_LINK25][bookmark: OLE_LINK26]According to the Bayes’ rule, the probabilities of consumers who feel suitable and unsuitable after evaluating the product through in-store demonstration become  and , respectively. For P-type consumers, before going to the physical store, their prior expected valuation of the innovative product is . After they go to the physical store, they receive the signal  or , and update their perceptions through the in-store demonstration. Thus, the posterior expected valuation of consumers with suitable impressions become . Other consumers with unsuitable impressions will update their valuation to  as the product  does not meet their preferences.














[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Thus, as shown in Figure 2(b), P-type consumers who draw suitable impressions will buy  offline at price  with posterior expected valuation , and others who draw unsuitable impressions will turn to buy  offline at price  with expected valuation . Besides, all O-type consumers will buy  online at price  with prior expected valuation . Therefore, the demands of the innovative product  in the online store and the physical store and the alternative product  in the physical store are ,  and , respectively.




Besides, we focus on the impacts of product innovation effort and demonstration level on consumers’ valuation and firms’ profits. Therefore, we explicitly consider the innovation and demonstration costs (Lin et al., 2014; Iyer & Soberman, 2016). Without loss of generality, the production costs of both firms are normalized to zero. The cost of product innovation is , where  represents the unit innovation cost, and the cost of product demonstration is , in which  represents the unit demonstration cost (Lin & Saggi, 2002; Li & Ni, 2018; Li et al., 2019a).
4. Models

[bookmark: OLE_LINK74][bookmark: OLE_LINK77][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this section, we will establish the game theoretical models and solve the optimal decisions problems under the agency and wholesale contract modes. These two contract modes have been widely used in practice and compared in many relevant studies(Cachon & Lariviere, 2005; Hagiu & Wright, 2015; Kwark et al., 2017; Hao & Tan, 2018; Johnson, 2020). We use superscript  to denote either agency or wholesale contract mode.
4.1 Agency contract mode










Under the agency contract mode, the manufacturer determines the innovation effort, the prices of the innovative product  in the physical channel and online channel, i.e., , , and , while the retailer sets the price of the store brand product  and the in-store demonstration level, i.e.,  and . Meanwhile, the retailer charges the manufacturer a fraction  of the revenue by selling the innovative product  in the physical store. Thus,  is referred to the commission rate. Existing studies have pointed out that in practice, the commission rate is usually exogenous, and its range is generally not higher than 25% (Cachon et al., 2017; Tian et al., 2018; Li et al., 2019b). 
The profits for the retailer and the manufacturer are as follows:

,									(1)

.								(2)




The sequence the events is assumed as follows. Firstly, the manufacturer, as the Stackelberg leader, decides the innovation effort  and produces the innovative product . Secondly, the retailer, as a follower, observes the innovation effort and sets the in-store demonstration level  for the innovative product . Thirdly, both firms set the prices of their own products simultaneously to extract the maximum profit from the consumers. Finally, consumers collect information about product attributes and make purchase decisions based on their valuations and preferences.
4.2 Wholesale contract mode







Under the wholesale contract mode, the manufacturer sets a wholesale price  per unit for the innovative product  to be sold in the retailer’s store and also sets the price  for the innovative product on the online channel. The retailer decides the prices for both the in-store product  and the innovative product  in the physical store, i.e.,  and . The profits for the retailer and the manufacturer are as follows:

,								(3)

.									(4)





The sequence of the events is as follows. In the first stage, the manufacturer, as the Stackelberg leader, decides the innovation effort  and the wholesale price , and then produces the innovative product . In the second stage, the retailer, as the follower, sets the in-store demonstration level  of the innovative product  after observing the innovation effort and the wholesale price. Thirdly, both firms set the prices in their own stores simultaneously. Finally, consumers collect information and make purchase decisions.
4.3 Equilibrium solutions














[bookmark: _Hlk40558640]We solve these game models using the backward induction approach. The equilibrium solutions under two contract modes are summarized in the Appendix. The retailer’s optimal demonstration strategies divided by consumer heterogeneities under different contract modes are illustrated in Figure 3. As shown in Figure 3, the horizontal axis is the proportion of the high-type consumers (i.e. ), and the vertical axis is the proportion of the P-type consumers (i.e. ). Recall that  represents the unit demonstration cost and  represents the proportion of the P-type consumers that have access to in-store demonstration services. Thus, we define  as the demonstration efficiency. The indifference curves for the regions in Figure 3 are expressed as follows: :  if ; :  if ; :  if .
[image: ]
(a) Agency contract mode                  (b) Wholesale contract mode
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 3. the retailer’s optimal demonstration strategies divided by consumer heterogeneities




We have the following results regarding the retailer’s optimal demonstration strategy. The partially hidden strategy means the retailer hides part of the product information, making some low-type consumers fail to know their true preferences. The fully revealed strategy means the retailer maximizes the demonstration level to 1 so that all consumers know their true preferences. The reveal & ceded strategy means the retailer maximizes the demonstration level to 1 and has the manufacturer ceded the profit to her. Hereafter, we refer to strategies in Regions , , and  as fully revealed, partially hidden, and reveal & ceded, respectively.
[bookmark: _Hlk39521584][bookmark: OLE_LINK1]Proposition 1. The optimal demonstration strategies of the innovative product under different contract modes are characterized in Figure 3:


(1) Under the agency contract mode, the information of the innovative product is fully revealed in Region  and partially hidden in Region .




(2) Under the wholesale contract mode, the information of the innovative product is fully revealed in Regions  and , and partially hidden in Region . Besides, the retailer has the manufacturer ceded the profit to her in Region .
The proof is referred in the Appendix. 














According to the equilibrium solutions under the agency contract mode, there are two strategies for the retailer: fully revealed in region  and partially hidden in region . In region , the percentage of P-type consumers is large, and the percentage of high-type consumers is low. The retailer will choose to reveal the information about the innovative product fully. In region , for the manufacturer, as the proportion of the high-type consumers increases, the higher innovation effort will lead to the higher revenue. For the retailer, there is a trade-off between the positive and negative effects of product demonstration. Because  increases with  and  decreases with , while  increases with  and . Therefore, as the proportion  of high-type consumers increases, the share of the established product is decreasing. Most of the revenue from the demonstration of the innovative product belongs to the manufacturer (i.e., , which is often higher than 75%), which cannot make up for the retailer’s losses caused by the cannibalization effect on the established product . As the proportion of low-type consumers decreases, the retailer will become less and less motivated to demonstrate the innovative product. Besides, the manufacturer has the incentive to increase the innovation effort, so the retailer with a lower demonstration level can sell the innovative product at a higher price without reducing the market share of the established product remarkably.






[bookmark: OLE_LINK2]Under the wholesale contract mode, the retailer chooses one of the following three demonstration strategies: the information of the product is partially hidden (region ), the information of the product is fully revealed (region ), and the information of the product is fully revealed and the retailer has the manufacturer ceded the profit to her (region ). Because of the influence of the wholesale price, when the retailer chooses to reveal the information fully, she may get a cession of profit from the manufacturer by forcing the manufacturer to reduce the wholesale price. In region , because the proportion of the high-type consumers is low, the manufacturer has less incentive to increase innovation effort. Therefore, the expected valuation of the innovative product is not particularly high, so the retailer will choose to partially hide the information of the innovative product to control cost. In regions  and , on the one hand, the increase in the share of consumers who feel  the innovative product suitable provides the incentive for the manufacturer to innovate. The retailer, on the other hand, will choose to reveal the innovative product fully. Thus, the retailer’s initiative reduces. The manufacturer can adjust the wholesale price to maximize his benefit. If the wholesale price is too high, resulting in the retailer losing the gains, she will choose to withdraw from the market, which may also hurt the manufacturer. Therefore, the retailer may get a cession of profit from the manufacturer by forcing the manufacturer to reduce the wholesale price.



Specifically, an excessive demonstration cost may lead to negative profit for the retailer, and she may exit the market. To keep the retailer in the supply chain and continue demonstrating the product for him, the manufacturer may reduce the wholesale price to a certain extent to ensure that the retailer's profit remains at zero. This kind of cession of profit from the manufacturer is feasible when the demonstration cost is not particularly high. But when the cost of the demonstration level is too high (i.e., when demonstration efficiency ), the manufacturer's loss of providing a lower wholesale price will exceed the benefit brought by the retailer with the demonstration. Then the manufacturer will terminate the supply chain relationship with the retail. We define  as the lower bound for the retailer staying in the supply chain. Based on the above analysis, the feasible regions under the agency and wholesale contract modes are given in Figure 3. Thus, to avoid trivial cases, the following comparisons are limited within the regions, which are feasible under two contracts, i.e., regions above the line .






Corollary 1. Under the wholesale contract mode, in regions  and , the wholesale price  increases with . In region , there exits  such that:



(1) When ,  is decreasing in .



(2) When ,  is decreasing first and then increasing in .



(3) when ,  is increasing in .
The proof is given in the Appendix. 






[bookmark: OLE_LINK78][bookmark: OLE_LINK79]In regions  and , the demand and price of the innovative product in the offline store increase with . Since  is small, the market of the established product will not be cannibalized excessively. Therefore, it is profitable for the retailer to demonstrate and sell the innovative product, and this part of profits increases with . For the manufacturer, as  increases, he can increase the wholesale price accordingly.












[bookmark: OLE_LINK80][bookmark: OLE_LINK81]In region , the retailer has the manufacturer ceded the profit to her. The increase in wholesale prices is affected by the proportion of the P-type consumers and the cost of innovation. When the cost of innovation  and the proportion of the P-type consumers  are both relatively large, the wholesale price decreases with the proportion of the high-type consumers . When the cost of innovation  is small () or large (), and the proportion of the P-type consumers  is not large, the wholesale price decreases first and then increases with . When the cost of innovation  is small and the proportion of the P-type consumers  is relatively large, the wholesale price increases with . It is essentially affected by the need for the manufacturer to balance the market size distribution between two channels and the innovation costs. On the one hand, when the potential market of the physical store is relatively large, the manufacturer will pay more attention to the benefit brought to him by the physical channel, so he has a greater incentive to reduce the wholesale price to the retailer. On the other hand, a lower innovation cost allows the manufacturer to have a greater incentive to innovate his product so that it can be sold at a higher retail price, and correspondingly the manufacturer can gain more by setting a higher wholesale price.

Corollary 2. As the unit demonstration cost  increases, the regions will change as follows (see Figure 4):





(1) Under the agency contract mode, when the demonstration efficiency ,  region  shrinks and region  expands; when , there exists only one region .










(2) Under the wholesale contract mode: when , region  shrinks and region  expands; when , region  and region  expand whereas region  shrinks; when , region  shrinks and region  expands.
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Figure 4.  Equilibrium outcomes under the influence of 

The proof is referred to the Appendix. 


[bookmark: OLE_LINK82][bookmark: OLE_LINK83]Under the agency contract mode, since the revenue share is fixed, the two firms use product innovation and demonstration to take each other’s free rides. Hereafter, we refer to this effect as the two-way free-ride effect. Intuitively, the higher the cost borne by the firm is, the more unfavorable to the firm himself/herself is. Therefore, the retailer will choose to fully reveal the information only when the demonstration efficiency , and the higher the unit demonstration cost , the less willing the retailer is to demonstrate the innovative product.


Under the wholesale contract mode, when the unit demonstration cost  increases, to reduce the negative impact of demonstration cost on the profit, the retailer may lower the demonstration level and reduce total demonstration cost, or offer a full demonstration and get a cession of profit from the manufacturer. When the proportion of the P-type consumer increases, the demonstration efficiency  increases, and the retailer becomes more willing to demonstrate the innovative product. The full revealing of the innovative product helps divide the market, allowing consumers to understand their true preferences for the innovative product so that some consumers will turn to buy incumbent products. At the same time, the fully revealing product information will also help to increase the valuation of consumers who like innovative products, thereby charging a higher price. Therefore, the retailer will be more inclined to fully demonstrate innovative products when she has a large potential market. Besides, as unit demonstration cost increases, the situation in which the manufacturer needs to provide a wholesale price reduction is more likely to occur. Because the higher demonstration cost the retailer bears, the higher the price passed on to the manufacturer through cession.
5. Contract modes comparison
5.1 Decisions comparison
Firstly, Figure 5 is obtained by overlaying the two figures in Figure 3. Under both contract modes, the information of the innovative product is partially hidden in region I and fully revealed in region III. In region II, the demonstration strategy of partially hidden is chosen under the agency contract mode, and fully revealed is chosen under the wholesale contract mode.
Next, we compare the properties of the demonstration level, the innovation effort, and the retail price of the innovative product in the physical store under two contract modes.

Proposition 2. Through comparing the demonstration level  under two contract modes, we have:









[bookmark: OLE_LINK29][bookmark: OLE_LINK30](1) Under the agency contract mode,  equals 1 in region  and is decreasing with  in region . Under the wholesale contract mode,  is increasing with  in region  and equals 1 in regions  and .


(2)  is always higher than or equal to .
The proofs are given in the Appendix.
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Figure 5. The comparison of the equilibrium solutions under two contract modes



From proposition 2, if the demonstration efficiency is high (), the physical store accounts for a larger market share. Under the wholesale contract mode, as the manufacturer uses the wholesale price to capture the retailer's profit of selling the innovative product, the retailer will always choose to fully reveal the information to screen out consumers who feel unsuitable. Thus, the retailer will make more profit by giving her store brand product a more significant market share. Under the agency contract mode, the increase of the price offsets the reduction of the demand brought about by the demonstration. The benefits brought by the demonstration of the innovative product are reflected in the trade-offs between the increase of the established product market and the cost of the demonstration. Besides, the share of the firms’ profits is fixed, so the retailer has an incentive to adjust the demonstration level according to the innovation level. If the innovation level is low, the retailer will fully reveal the information to increase the price of the innovative product (region III). However, if the innovation level is already high, the retailer will choose to free-ride by reducing the demonstration level even the demonstration efficiency is high (the area above the dashed-line  in region II).





[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK89]If the demonstration efficiency is medium (), when  is small (region I), the manufacturer does not need to bear the cost of the demonstration, and the negative effect brought by the product demonstration (that is, demand reduction) is not significant. Therefore, he always hopes that the retailer can increase the demonstration level and thus increase the retail price. The manufacturer can set a lower wholesale price to encourage the retailer to demonstrate more information about the innovative product. Then, the retailer can obtain a higher revenue share of selling the innovative product under the wholesale mode than under the agency mode. As a result, she is more motivated and capable of revealing more information. When  is larger (the area below the dashed-line  in region II), under the wholesale contract mode, the manufacturer surrenders part of the profits to the retailer by adjusting the wholesale price. To further segment her market and increase the price of the innovative product, the retailer chooses to fully reveal the information of the innovative product. Under the agency contract mode, the retailer decides the demonstration level only based on the trade-offs between the market growth of the established product and the demonstration cost of the innovative product, which results in the demonstration level decreasing with .

[bookmark: OLE_LINK3]Proposition 3. Through comparing the innovation effort  under two contract modes, we have:


(1) The innovation effort  under either contract mode increases with .


[bookmark: OLE_LINK27][bookmark: OLE_LINK28](2)  in region I, otherwise .
The proofs are given in the Appendix.
From Proposition 3, we can conclude that as the proportion of the high-type consumers increases, increasing the innovation effort is conducive to achieving a higher price. The increase of market shares and unit selling price will thereby result in higher profits. Thus, when the proportion of the high-type consumer increases, the manufacturer is always motivated to increase the innovation effort.




[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK47][bookmark: OLE_LINK48]When the proportion of the high-type consumers is relatively low, the innovation effort under the agency contract mode is higher; otherwise, when the proportion of the high-type consumers is relatively high, the innovation effort under the wholesale contract mode is higher. Because when  and  are small (region I), the demonstration level under the wholesale contract mode is higher than that under the agency contract mode, and the manufacturer can get higher profits by free-riding without committing a higher innovation effort. When  or  is large (regions II and III), the retailer’s initiative of demonstration under the wholesale contract mode decreases, and the manufacturer can set a higher wholesale price. Therefore, the increase in profits allows the manufacturer to have more capabilities and a higher willingness to increase the innovative effort.
[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK55]To sum up, compared with the fixed-share method of the agency contract mode, under the wholesale contract mode, the existence of wholesale price eases the two-side free-ride effect when the proportion of the high-type consumers is large. Both firms are more willing to put in a higher level of efforts on innovation and demonstration.


Proposition 4. The retail price of the innovative product in the physical store under the wholesale contract mode is always higher than that under the agency contract mode, except in region I when , where .
The proof is given in the Appendix.




[bookmark: OLE_LINK94][bookmark: OLE_LINK95]In regions II and III in Figure 5, the retail price of the innovative product in the physical store under the wholesale contract mode is higher than that under the agency contract mode. This is because the wholesale contract mode has a higher innovation effort and demonstration level, and the retailer can charge a higher prices to the consumers who feel suitability of the innovative product. Interestingly, in Region I, the contract mode with a higher product price does not necessarily have a higher level of innovation. The following two situations may occur in region I. When , which is illustrated in Figure 6 using Region I-2, the retailer sets a higher retail price of the innovative product under the agency contract mode. Because the innovation effort under the agency contract mode is higher, it compensates the influence of the low demonstration level. However, when , which is illustrated in Figure 6 using Region I-1,  is higher than . Because the innovation effort under the agency contract mode is not high enough to make up for the decrease of the demonstration level.
[bookmark: _Hlk41507751][bookmark: _Hlk40552519][bookmark: _Hlk40272617]Figure 6 summarizes the comparison results of Propositions 2, 3, and 4. Especially, region II lays out two kinds of selling strategies that often appear in practice. That is, penetration strategy and skimming strategy (Spann et al., 2015).
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Figure 6.  Selling strategies of the innovative product under different contract mode

Under the agency contract mode, the penetration strategy is preferred, which involves charging a low price and reach a wide fraction of the market. Thus, while the manufacturer increases his innovation effort, the retailer partially hides the information of the innovative product. Therefore, she expands the demand in the physical store with a lower demonstration level and a lower retail price to achieve lower unit profit and higher sales. Under the wholesale contract mode, the skimming strategy is preferred, in which firms skim surplus from consumers by exploiting the low price-sensitivity of innovators. Thus, the retailer maximizes the demonstration level to fully reveal the information of the innovative product. Therefore, all low-type consumers are screened out, while all high-type consumers are targeted. In the meantime, the manufacturer passively innovates, does not care much about the market segment of the direct channel. He will free ride the retailer of making a vigorous demonstration to the market segment of the offline channel and earn a more significant segment profit.
5.2 Profits comparison











[bookmark: OLE_LINK97][bookmark: OLE_LINK98]The profit of the manufacturer is affected by both online and offline channels, while the profit of the retailer is affected by both the innovative product and the established product. It makes the impact of contract modes on profits more complicated under such a problem that considers channel structure and product categories simultaneously. We next compare the profits under the two contract modes. Let  and . The curves  and ,  are the indifference points defined by  and . Recall that curves , , and  are the indifference points of the equilibrium solutions, and line  is the lower bound for the retailer staying in the market.
Proposition 5. Compare the profits under two contract modes (see, Figure 7), we have:
(1) the retailer prefers the wholesale contract mode only in region R3; otherwise, she prefers the agency contract mode;
(2) the manufacturer prefers the wholesale contract mode in regions R1, R4, R5, and R7; otherwise, he prefers the agency contract mode.
The proof is given in the Appendix.
[image: ]
→W mode or →A mode means a firm prefers wholesale contract mode or agency contract mode, respectively.
Figure 7. Comparison of profits under two contract modes




For the retailer, in regions R1, R2, and R3, she prefers the partially hidden strategy under both contract modes. In regions R1 and R2, the potential market of the innovative product in the physical retail channel is relatively small. This means the retailer needs to reduce her investment in demonstrating the innovative product. It is because that the demonstration level under the agency contract mode is lower than that under the wholesale contract mode. Therefore, in this case, the agency contract mode is conducive to reducing the retailer’s demonstration investment in the innovative product. Meanwhile, because  is small, the innovation effort is higher under the agency contract mode, and a lower retail price with a lower demonstration level increases the sales of the innovative product in the physical store. Therefore, the agency contract mode is more favorable for the retailer. In region R3, compared with regions R1 and R2, the P-type consumers account for a relatively large proportion (i.e., ), and the potential market of the innovative product in the physical store is large. Besides, the manufacturer reduces the incentive to innovate because he needs to share a broader market with the retailer. Thus, under the wholesale contract mode, the wholesale price decreases with , that is, the manufacturer will reduce the wholesale price to encourage the retailer to put more effort to demonstrate the innovative product. The retailer is also willing to make more demonstration effort for the larger potential market. Therefore, the higher demonstration level under the wholesale price contract leads to a higher retail price of the innovative product, and the lower wholesale price means that the retailer can gain more profit from the sales of the innovative product. Therefore, the wholesale price contract is more favorable to the retailer.

In regions R4, R5, R6, and R7, the retailer always prefers the agency contract mode. It is because that the potential market of the innovative product is large, which makes the innovative product very profitable. Under the agency contract mode, the retailer does not need to pay much demonstration cost to obtain a fixed share. Under the wholesale contract mode, the retailer will not only have to bear a higher cost for fully demonstrating the product but will also be charged with a higher wholesale price by the manufacturer. When  is large, the manufacturer will surrender part of the profit to the retailer under the wholesale contract mode, but it is only enough to maintain her basic operation.


For the manufacturer, when the proportion of the high-type consumers is large, the higher the demonstration level, the greater the profitability. Therefore, the wholesale contract mode, which has a higher demonstration level, should be more beneficial to the manufacturer. Counter-intuitively, this is not always the case. Note that under the wholesale contract mode, the manufacturer needs to reduce the wholesale price to motivate the retailer to demonstrate his product. Thus, if the proportion of the P-type consumers is small (region R6), then the physical channel cannot bring much benefit to him. As a result, the fixed share under the agency contract mode becomes more beneficial to the manufacturer. Only when the P-type consumer accounts for a relatively large proportion (region R5), the physical channel can bring sufficient benefit to him. This makes him willing to lower the wholesale price in exchange for a higher level of product demonstration. In this case, the manufacturer is better off under the wholesale contract mode. Similarly, this explanation also applies to the situation when  is not large and  is large (regions R4 and R7).
When the proportion of the high-type consumers is relatively small, the innovation effort is low if the proportion of the P-type consumers is small (region R1). Then, the wholesale contract mode with a higher demonstration level and a higher retail price is more favorable to the manufacturer. This is because he does not need to put much effort to obtain higher profits from the physical channel. It is worth noting that when the proportion of the P-type consumers is relatively high (regions R2 and R3), the agency contract mode with higher innovation effort and lower demonstration level is more beneficial to the manufacturer. Because in such a case, the potential market for the physical channel is large, and the manufacturer is not able to make a high profit from the online channel. Therefore, he pays more attention to the physical channel and has a higher incentive to adopt more innovation efforts. Correspondingly, the retailer does not need to make too much demonstration effort.
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]In summary, in regions R2 and R6, both firms are better off under the agency contract mode. In regions R1, R3, R4, R5, and R7, the retailer and the manufacturer will choose the opposite contract modes. In other words, the two firms have the same preference of the contract mode and achieve Pareto optimality only in regions R2 and R6. 
6. Extensions
6.1 The impact of parameters



[bookmark: OLE_LINK99][bookmark: OLE_LINK102]Next, we carry out three computational experiments to analyze the impact of the commission rate , the unit innovation cost , and the unit demonstration cost  on the regions of Pareto optimality because these regions are of more interest from the supply chain management perspective.
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[bookmark: OLE_LINK45][bookmark: OLE_LINK46](a) impact of                (b) impact of                 (c) impact of 
Figure 8.  Impact of parameters on regions of Pareto optimality





[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: _Hlk40271675][bookmark: OLE_LINK49][bookmark: OLE_LINK50]As shown in Figure 8(a), when high-type consumers account for a small proportion, with the increase of the commission rate , the two firms need a higher proportion of the P-type consumers to achieve Pareto optimality. (see Region R2). Because the increase in commission rate makes the retailer prefer the agency contract mode, but will reduce the manufacturer’s willingness to choose the agency contract mode. Only when the proportion of the P-type consumers increases, which increases the potential market size of the physical channel, the two firms will agree on choosing the agency contract mode (both curves  and  rise). When the high-type consumers account for a large proportion, as the commission rate  increases, the situation that the two firms achieve Pareto optimality will become less likely (see Region R6). Because when the high-type consumers account for a large proportion, the retailer always prefers the agency contract mode, and the higher the commission rate, the better for her. However, for the manufacturer, the higher proportion of the high-type consumers means that he can obtain more significant profit from the direct online channel; and the larger the potential market for the physical channel, the more commission costs he must pay. Then, as the commission rate increases, he tends to choose the wholesale contract mode (the curves  moves downwards).




[bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107]As shown in Figure 8(b), in general, as the unit innovation cost  increases, the two firms need a higher proportion of the P-type consumers to achieve Pareto optimality. Because as the unit innovation cost increase, the manufacturer’s input-output ratio increases. When the proportion of high-type consumers is relatively small (see Region R2), the increase of the innovation cost will mainly reduce the manufacturer’s profit from the direct online channel. However, the retail channel is more complicated. The manufacturer can pass the cost on to the retailer by increasing the wholesale price. Therefore, in this case, the larger the potential market for the retail channel, the more likely the manufacturer will choose the wholesale contract mode (line  rises). Accordingly, the retailer needs a larger potential market to adopt the wholesale contract mode (line  rises). However, when the proportion of the high-type consumers is relatively large (see Region R6), it is difficult for the manufacturer to pass the cost on to the retailer by increasing the wholesale price. Not only that, but he also needs to keep the retailer in the market for product demonstration by lowering the wholesale price. Therefore, in this case, as the unit innovation cost increases, the manufacturer is more likely to choose the agency contract mode (line  rises).




[bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115]As shown in Figure 8(c), as the unit demonstration cost  increases, the two firms are more likely to achieve Pareto optimality when the proportion of the P-type consumers gets larger. In general, the optimal demonstration level under the wholesale contract mode is always higher than that under the agency contract mode. Accordingly, the retailer needs to bear a higher demonstration cost under the wholesale contract mode, and the manufacturer may also pass some costs on to her. Therefore, with the increase of the unit demonstration cost, the two firms are more likely to have a common preference for the agency contract mode. When the proportion of the high-value consumers is relatively small (see Region R2), the retailer’s willingness to demonstrate the innovative product increases with the proportion of the P-type consumer. The optimal demonstration level under the wholesale contract mode is always higher than that under the agency contract mode. Thus, if the unit demonstration cost increases, it is only when facing a larger potential market that the retailer is likely to lean towards the wholesale contract mode (line  rises). The demonstration level under the agency contract mode is lower than that under the wholesale contract mode. Therefore, for the manufacturer, if the potential market of the physical channel is relatively large, he will be inclined to the agency contract mode. Otherwise, he would prefer the wholesale contract mode. However, the higher the unit demonstration cost, the lower the retailer’s demonstration level. So, a larger potential market is needed to make the manufacturer choose the agency contract mode. When the high-type consumers account for a relatively large proportion (see Region R6), as the unit demonstration cost increases, the total revenue of the two products sold by the retailer will increase accordingly. Otherwise, she may withdraw from the supply chain because she cannot make ends meet. So, correspondingly, she needs a larger potential market (line  rises). As for the manufacturer, in this case, he needs to keep the retailer in the supply chain by reducing the wholesale price under the wholesale price mode. Therefore, the higher the retailer’s demonstration cost, the more compromises he needs to make. Thus, he is unwilling to choose the wholesale contract mode, unless the potential market for the retail channel is sufficiently large (line  rises).
6.2 The impact of showrooming behavior


[bookmark: OLE_LINK100][bookmark: OLE_LINK101]In the previous sections, we assumed that after consumers go to the offline store to get the product demonstration, if they still feel that product  is suitable, they will choose to buy  in the offline store directly. However, in practice, some consumers may choose to purchase products online after obtaining product demonstration services in offline stores. This consumer behavior is called showrooming behavior (Mehra et al., 2018; Li et al., 2020). According to ComScore, 36% of American consumers exhibited showrooming behavior[footnoteRef:4]. This section will extend our models by considering the consumer showrooming behavior. [4:  https://www.comscore.com] 






[bookmark: OLE_LINK120][bookmark: OLE_LINK121]We assume that after consumers obtain the product demonstration service in the offline store, among the consumers who still feel the suitability of product , there is a proportion  of consumers who engage in showrooming behavior, that is, switch to purchase product  online. Therefore, the demands of product M in the offline and online stores are  and , respectively. The profit functions of the two firms are the same as that in the previous sections.
The new models can be solved in the similar way to that in section 4. However, due to the complexity of the models, it is difficult to analyze analytically. Therefore, we carry out a numerical experiment to analyze the impact of consumers’ showrooming behavior.






Figure 9 shows the changes in the regions of Pareto optimality when  takes different values. According to section 5, when no consumer engages in showrooming behavior, as shown in Figure 9(a), the two firms in Region R2 and R6 have the same preference for the contract mode, i.e., the agency contract mode. When a proportion of consumers engage in showrooming behavior, as shown in Figure 9(b), a new Pareto optimality region RS emerges. That is, when the proportions of high-type consumers and P-type consumers (i.e.,  and ) are both medium, the showrooming behavior makes the two firms achieve Pareto optimality by choosing the agency contract mode. Further, as the proportion of consumers who engage in showrooming behavior continues to increase, Region RS expands, as shown in Figure 9(c). This may be explained by the fact that showrooming is a free-riding behavior for consumers. That is, consumers accept the retailer's product demonstration service in the offline store to obtain product information, but they do not purchase the product from the retailer. Because they purchase the product online at a lower price, the retailer and the manufacturer will suffer the loss of demand and the loss of unit revenue, respectively. Next, we focus on Region RS. Under the wholesale contract mode, when the retailer chooses to fully reveal the information of product , the showrooming behavior weakens the benefit of the product demonstration to the manufacturer. Moreover, the manufacturer has to pass part of the demonstration cost. However, under the agency contract mode, the retailer will choose to partially hide the information of product . Thus the damage to the interests of the firms from the showrooming behavior decreases. Therefore, with the increase of , the two firms will be more inclined to choose the agency contract mode.
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(a) when                   (b) when                (c) when    
Figure 9.  The impact of consumers’ showrooming behavior on regions of Pareto optimality
6.3 The impact of the direct sales channel
To further analyze the impact of product demonstration level, we compare the scenarios of supply chain structures with and without a direct sales channel.
We use a tilde symbol to indicate the scenario where the manufacturer does not open an online direct sales channel. Thus, the profits for the retailer and the manufacturer under the agency and wholesale contract modes are as follows:

,									(5)

,										(6)

,								(7)

.											(8)



The model can be solved similarly. Next we compare the profits in the scenarios of supply chain structures with and without an online direct sales channel. Let , where , .We can obtain Proposition 6.
Proposition 6. Compare the profits in the scenarios of supply chain structures with and without a direct sales channel, we have:



(1) if the innovative product is partially demonstrated, then , where  and ;




(2) if the innovative product is fully demonstrated, then , , and , where .
The proof is given in the Appendix.
The results show that under either contract mode, because of the product demonstration level decision, neither firm will be worse off in the dual-channel scenario. Specifically, under the agency contract mode, when the innovative product is partially or fully demonstrated, the profits of the two firms in the dual-channel scenario are both higher. While under the wholesale contract mode, when the innovative product is partially demonstrated, the profits of the two firms in the dual-channel scenario are both higher; when the innovative product is fully demonstrated, the retailer’s profit is the same in two scenarios, and the manufacturer’s profit is higher in the dual-channel scenario. Intuitively, the manufacturer may infringe the interests of the retailer by opening a direct sales channel. But our results show that, by incorporating the decision of the product demonstration level, the retailer can improve her profit to avoid the negative impact of the manufacturer’s introduction of an online direct sales channel. That is, the double marginalization effect is alleviated. Thus, two firms can reach Pareto optimality in the dual-channel situation.
7. Conclusions and managerial insights 
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]We consider a dual-channel supply chain consisting of a manufacturer (who produces an innovative product) and an offline retailer (who owns an established store brand product). The manufacturer sells his innovative product through the retailer’s physical store under either wholesale or agency contract mode. He also sells the product through his direct online channel. By explicitly considering the manufacturer’s innovation effort and the retailer’s demonstration level decisions, this work attempts to comprehensively model and analyze the interaction between the production and the sale processes of the innovative product when facing consumers with uncertain information under two contract modes respectively. As one of the most directly related and concerning phenomena, the impacts of innovation and demonstration costs on the firms’ optimal decisions and profits under two contract modes are analyzed and compared. Besides, our research also identifies how the consumer attributes and segmentations affect two firms’ decisions on product innovation and demonstration efforts.
[bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK6][bookmark: OLE_LINK10][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK129]We provide several managerial insights. First, we obtained and analyzed the equilibrium solutions of innovation and demonstration efforts under two different contract modes, respectively. When analyzing these two decisions, Kuksov and Lin (2010) pointed out that a firm with a high-quality product should always provide information to resolve consumer uncertainty. However, our research offers different conclusions when the contract modes between upstream and downstream firms are considered, and the innovation and demonstration levels are treated as endogenous continuous decision variables. We found that the manufacturer’s innovation effort increases with the proportion of the high-type consumers. Moreover, when the high-type consumers account for a smaller proportion, the innovation effort under the agency contract mode is higher; and when the high-type consumers account for a larger proportion, the innovation effort under the wholesale contract mode is higher. The demonstration level under the wholesale contract mode is always higher than or equal to that under the agency contract mode. Besides, it is interesting to note that, under both contract modes, the trend of the retailer’s product demonstration level with respect to the proportion of the high-type consumers is almost opposite. Under the agency contract mode, the demonstration level decreases with the proportion of the high-type consumers; the fully reveal strategy (i.e., the retailer maximizes the demonstration level so that all consumers know their true preferences) will be chosen only when the proportion of the high-type consumers is small, and the proportion of the P-type consumers is large. Under the wholesale contract mode, the partially hide strategy (i.e., the retailer hides part of the product information, making some low-type consumers failed to know their true preferences) will be chosen only when the proportions of high-type and P-type consumers are both small, and the demonstration level increases with the proportion of the high-type consumer. Otherwise, the fully reveal strategy will be preferred. This finding shows that the retailer’s decision on the level of product demonstration is not only depending on the manufacturer’s innovation effort and the market acceptance of the product, but also significantly influenced by the contract mode. Interestingly, the higher level of product innovation does not necessarily entail the retailer’s more willingness to demonstrate the innovative product. We find that, under the agency contract mode, when the level of innovation is high, the retailer is reluctant to demonstrate information about innovative products. Compared with the fixed-share method of the agency contract mode, under the wholesale contract mode, the wholesale price eases the two-side free-ride effect when the proportion of the high-type consumers is large. Both firms are more willing to put in a higher level of efforts on innovation and demonstration.
Comparing the pricing decisions under two contract modes, we have some more findings. Under the influence of the competition between two products and the competition between two channels, the choice of different contract modes may lead the firms to adopt different sales strategies for the innovative product. Especially when the potential market of the innovative product is not small, the penetration strategy is preferred under the agency contract mode, whereas the skimming strategy is preferred under the wholesale contract mode.
An interesting finding is that two firms may have the same contract mode preference and can achieve Pareto optimality under certain conditions. For example, when the potential market for the innovative product is small, they will have the same contract mode preferences if the proportion of the P-type consumers is medium or extremely small. If the proportion of the P-type consumers is large, the potential market for the innovative product required to make them prefer the same contract mode is relatively large. Besides, increasing the commission rate will generally reduce the case of Pareto optimality, while increasing the unit cost of product innovation or demonstration will increase the case of Pareto optimality. Moreover, when considering the impact of consumer showrooming behavior, we found that showrooming makes two firms more likely to achieve Pareto optimality by choosing the agency contract mode. When examining the channel encroachment, Chiang et al. (2003) indicated that the retailer may be worse off due to a direct sales channel augmented. However, our results show that the retailer can use the product demonstration level decision to improve her profit even when the online direct sales channel is introduced by the manufacturer. Thus, two firms can reach Pareto optimality.
In this paper, we assume the situations where information is symmetric between the manufacturer and the retailer. In practice, retailers may not have complete information about the innovative product, and manufacturers may not have much information about consumer preferences. A possible future research is to consider how the asymmetric information will affect firms’ strategies and profits when the innovation and demonstration levels are controllable under different contract modes.
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