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ABSTRACT 

 

With the flourishing of live streaming e-commerce, many brand manufacturers have sought to increase product 

sales and profits through live streaming. However, a high return rate, mainly caused by substandard product quality, 

is a thorny issue for the live e-commerce industry. In this study we develop game-theoretic models to explore the 

optimal cooperation strategies for a brand manufacturer and an influencer that improve profits and reduce the return 

rate by considering heterogeneous consumers’ purchase and return behaviour. We also conduct a sensitivity analysis 

on the proportion of followers and consumers’ sensitivity to product quality. In addition, we extend the models to 

explore other issues. We find that the cooperation between the influencer and brand manufacturer to improve 

product quality will lead to a lower return rate, and higher product quality, sales, and profits. Specifically, when the 

commission rate is relatively high and the percentage of the influencer’s quality investment is relatively low, both 

the brand manufacturer and influencer will gain more profits. When the influencer endogenously determines the 

quality of the product, quality cooperation increases the influencer’s profit but decreases the brand manufacturer’s 

profit. Long-term cooperation increases the influencer’s profit, while the impact on the brand manufacturer’s profit 

is influenced by the live streaming spillover effect. 

 

Keywords: Live streaming e-commerce; Heterogeneous consumers; Product returns; Quality cooperation; Game 

theory 

 

1. Introduction 

1.1. Background and motivation 

With the popularity of e-commerce and changes in consumption pattern, live streaming e-commerce has driven 

 
1 Cite: Cui, L., Li, X., Yan, K., & Cheng, T. C. E., (2024, May) How Should Brand Manufacturer Cooperate with 

Influencer in Live Streaming E-commerce? Journal of Electronic Commerce Research, 25(2).  
2 Corresponding author 
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a boom in the e-commerce economy as a new marketing mode (Zhang et al., 2020). According to iResearch, the 

market size of live streaming e-commerce in China reached 1.2 trillion yuan in 2020, and was estimated to rise to 

3.5 trillion yuan in 20223. Radically, live streaming is an original channel to create business value in which live 

streamers can vividly display products and respond to consumers’ questions in real time (Fan et al., 2022). In 

particular, the price advantage and the atmosphere of competition during live streaming effectively stimulate 

consumers’ desire to purchase (Liu et al., 2022). 

Seeing that the live streaming e-commerce industry possesses great market potential, many brand manufacturers 

are willing to cooperate with influencers that have the potential to endorse products. Typically, Internet celebrities or 

stars whose followers have built up trust in them and will be easily influenced by their attitude towards the brands 

they introduce have become first-choice influencers (De Veirman et al., 2017; Chia et al., 2021; Dhun & Dangi, 

2023). For instance, Austin Li, an Internet celebrity with more than 60 million followers achieved 71-million-yuan 

sales through live streaming e-commerce, which accounts for nearly half of the annual sales of Winona freeze-dried 

masks. Nailiang Jia, a star with a large number of followers, achieved 6-million-yuan sales of Ribecs’ mask in the 

live streaming room. When purchasing products in the live streaming room, followers may generate emotional 

identification with the influencer due to the attractiveness, novelty, and specialization of influencer-generated 

content, producing a higher value identification of the products that motivates them to buy the products (Farivar et 

al., 2022; Ye et al., 2021; Aksoy et al., 2023). Nevertheless, due to heterogeneous consumer purchasing behaviour, 

influencers cannot affect and generate emotional identification in all the consumers. Given the product 

characteristics, the non-followers that dislike the live streamers’ marketing way but like the products will evaluate 

the products based on price and quality and decide whether to purchase (Hua et al., 2021).  

Although live streaming e-commerce motivates consumers to buy products through price advantage and 

attractive marketing, it simultaneously gives rise to high return rates due to substandard product quality. The average 

return rate of traditional e-commerce is about 10 to 15 per cent, while the return rate of live streaming e-commerce 

is generally around 30 to 50 per cent4. After experiencing the product, the consumer will probably return it to the 

brand manufacturer if the product’s actual quality does not reach their expected level, which is shaped by the 

influencer’s introduction, online reviews, and previous shopping experience (Taleizadeh et al., 2021). Affected by 

the issue that Simba has sold fake cubicles through live streaming, many consumers made complaints about 

substandard product quality. Some influencers have realized the importance of product quality and put more effort 

into product selection, even participating in the product design, production, and testing processes to provide 

consumers with high quality-price-ratio products. For example, Austin Li has been deeply involved in the research 

and development of Florasis’ products and effectively monitored product quality, enabling Florasis to provide better 

cosmetic products and making Florasis rank among the top ten Chinese national cosmetics brands. 

The existing research on live streaming e-commerce mainly focuses on consumers’ purchase intention (Addo et 

al., 2021; Sun et al., 2020; Zheng et al., 2022), revenue management (Fan et al., 2022; Mao et al., 2022), and 

channel selection (Zhang et al., 2024). In addition to considering product price and the live streamer’s effort, we 

consider quality cooperation between the brand manufacturer and influencer. Moreover, we examine the cooperative 

strategies considering heterogeneous consumers and product returns, and provide insightful guidelines for the 

decision-maker. Our main research questions are as follows: 1) Under what conditions are the brand manufacturer 

and influencer profitable? 2) How does cooperation affect the marketing effort, return rate, and profits in the 

presence of heterogeneous customers? 3) How do the proportion of followers and quality investment affect the 

brand manufacturer and influencer’s optimal decisions?  

To address the above questions, we consider cooperation between a brand manufacturer that produces products 

and an influencer that promotes the products through live streaming. Due to uncertainty of product valuation, the 

consumers (followers and non-followers) will decide whether to return the product based on their actual utility after 

receiving and experiencing the product. Given the above considerations, we first develop a game-theoretic model in 

which the brand manufacturer makes quality investment alone. Then, we develop a quality cooperation model in 

which the influencer cooperates with the brand manufacturer to improve product quality and decrease the return rate. 

1.2. Main contributions and findings 

Our main findings are as follows: 1) The brand manufacturer and influencer can cooperate successfully when 

the return hassle cost, commission rate, and percentage of the influencer’s quality investment are relatively small 

with a reasonable blanket fee. 2) The brand manufacture can improve the product quality and sales, and reduce the 

return rate by cooperation. However, when the commission rate is relatively high and the percentage of the 

influencer’s quality investment is relatively low, the influencer would like to cooperate. 3) When consumers’ 

 
3 https://report.iresearch.cn/report/202109/3841.shtml 
4 https://wenku.so.com/d/404a5e2391f489abc2c12c6826cb35ef 
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sensitivity to product quality increases, the brand manufacturer tends to improve product quality. In addition, the 

brand manufacturer and influencer will gain more profits when the effects of quality investment on the demand and 

commission rate are relatively large. 4) Increasing the proportion of followers may prompt the influencer to improve 

the marketing effort to increase product sales. Moreover, the brand manufacturer and influencer will earn more 

profits when the potential market demand and commission rate are relatively large. 5) When the price is adjustable, 

the brand manufacturer can upgrade the product, and then raise its price and quality to gain more profit. 

We make four contributions in this study as follows: 1) We consider the impacts of heterogeneous consumer 

return behaviours and product quality on the brand manufacturer and influencer, deriving findings that guide 

managers to operate more efficiently, advancing existing research. 2) The brand manufacturer and influencer can 

decrease the product return rate by cooperation. However, whether the influencer can get more profit by cooperation 

mainly depends on the commission rate and percentage of the influencer’s quality investment. 3) We obtain the 

counter-intuitive finding that the profit of the influencer does not necessarily increase with the proportion of 

followers. 4) The brand manufacturer should improve the efficiency of quality investment when improving product 

quality. 

We organize the rest of the paper as follows: In Section 2 we review the literature to identify the research gap 

and position our paper. In Section 3 we introduce the research problem, discuss the assumptions, and formulate the 

models. In Section 4 we compare the two models and derive the equilibrium outcomes. In Section 5 we discuss the 

results of numerical studies to generate insights from the analytical findings. In Section 6 we extend the base model 

to consider three cases where price is a decision variable, expected quality is also a decision variable, and the long-

term cooperation is chosen in the second period respectively. Finally, in Section 7, we conclude the paper, discuss 

the managerial implications of the research findings, and suggest topics for future research. 

 

2. Literature review 

In recent years, live streaming e-commerce as a new marketing trend has developed rapidly and attracted much 

research attention. However, the research on live streaming e-commerce has not been widely studied. Based on 

existing studies, we aim to explore the optimal decisions considering heterogeneous consumers and return behaviour 

in live streaming e-commerce. Three streams of literature are closely related to our study, namely quality 

management, optimal decisions with heterogeneous consumers, and consumer returns in supply chains. 

2.1. Quality management 

A considerable body of research has considered quality as one of the key factors affecting market demand (Li & 

Chen, 2020; Liu et al., 2022; Ambilkar et al., 2022). In addition to deriving the quality decisions, we investigate how 

to improve product quality. Most researchers study quality improvement strategies through contract design. Zhang et 

al. (2019) found that the fixed fee contract can contribute to higher quality than the revenue sharing contract. Yoo 

and Cheong (2018) proposed two reward strategies with and without a target quality level to motivate the supplier’s 

quality improvement. Zhou et al. (2022) found that the manufacturer can be motivated to improve product quality 

through a cost-sharing contract where quality inspection is conducted upon receiving the final product. 

There are still no studies on quality improvement in the context of live streaming e-commerce. Similar to 

Chakraborty et al. (2019), we design a quality cooperation model to improve product quality where the influencer 

shares a proportion of the brand manufacturer’s quality investment. Differently, we consider the relationship 

between product quality and the return rate, and explore the impact of quality cooperation on the return rate. 

2.2. Optimal decisions with heterogeneous consumers 

In the literature on supply chain management, there are many studies on the optimal decisions of the supply 

chain considering heterogeneous consumers. Current studies mostly segment consumers based on their purchase 

behaviour (Chen et al., 2018; Bagherinejad et al., 2021; Xu et al., 2021; Zhang et al., 2022; Zhu et al., 2023) and 

product preference (Lv and Li, 2021; Meng et al., 2021a; Meng et al., 2021b; Sarkar & Bhadouriya, 2020). These 

studies mainly considered the impact of consumer purchase behaviour and product preference on the demand. 

Several studies typically construct the utility functions of heterogeneous consumers and investigate the impact of the 

proportion of a particular type of consumers on the decision variables and profit functions. Meng et al. (2021a) 

divided consumers into green consumers and non-green consumers based on their valuations of green products. 

They found that the green innovation effort level, environmental benefits, and economic benefits all increase as the 

proportion of green consumers increases. Sarkar and Bhadouriya (2020) classified consumers into ‘traditional’ 

consumers and ‘environmentally aware’ consumers considering their differences in product preference of green 

products and non-green products. They concluded that green quality increases but non-green quality decreases with 

the proportion of ‘environmentally aware’ consumers.  

Different from the above literature, we capture consumers’ different reactions to live streaming marketing in the 

context of live streaming e-commerce, and divide consumers into followers and non-followers. In addition, we 
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extend the research of Hua et al. (2021) and investigate the joint price, quality, and marketing level considering 

heterogeneous consumers in the context of live streaming e-commerce.  

2.3. Consumer returns in supply chains 

In the existing literature, most studies focus on the optimal return policy (Alaei et al., 2022; Cao & Choi, 2022; 

Li et al., 2019; Ren et al., 2021), among which some studies find that the supply chain members can benefit from a 

full return policy under some circumstances. Combined with the actual situation of live streaming e-commerce, we 

assume that the brand manufacturer provides a full return policy for consumers. The literature closest to this paper 

concerns supply chain decisions considering return rate or return volume. Many existing studies have captured the 

impact of a fixed return rate on supply chain decisions (Fan & Chen, 2020; Li & Liu, 2021; Liu et al., 2023; Radhi 

& Zhang, 2018; Zhang et al., 2021). Only a few studies construct a function of the return rate or return quantity 

affected by firms’ decisions, i.e., product price (Fan et al., 2022; Hu et al., 2019), refund price (Taleizadeh et al., 

2021; Taleizadeh et al., 2020), product quality (Taleizadeh et al., 2021; Taleizadeh et al., 2020), proposing discount 

(Sadeghi et al., 2019), return quality (Taleizadeh et al., 2021), retailer’s effort (Borenich et al., 2020), and live 

streaming service level (Fan et al., 2022). 

Different from the above literature, this study considers the impact of the product price, actual quality, and 

marketing level on the return rate. Furthermore, based on Wang et al. (2021), our paper constructs different return 

volume functions of two types of consumers from the perspective of consumer utility to study the impacts of 

different return behaviours of heterogeneous consumers on the optimal decisions.  

In summary, our work differs from the prior literature in two important ways. First, unlike previous studies on 

live streaming e-commerce, which consider one type of consumers, we classify consumers into followers and non-

followers based on whether they are influenced by the influencer’s marketing way, and examine the impact of the 

proportion of followers on the profits and return rate. Second, while previous studies have considered different 

factors of product returns, we consider the impacts of product price, quality, and influencer’s marketing effort on 

product returns simultaneously from the perspective of consumer utility. Hence, we contribute to the literature by 

producing findings regarding the interactions between product price, quality, marketing effort, heterogeneous 

consumers, and product returns. Table 1 summarizes the characteristics of studies that are closely related to our 

study. 

 

Table 1: Studies that are closely related to our research 

Study 
Product 

price 

Product 

quality 

Marketing 

effort 

Consumer 

utility 

Heterogeneous 

consumers 

Product 

returns 

Live streaming 

e-commerce 

Mao et al. 

(2022) 
*   *   * 

Fan et al. 

(2022) 
*  * *  * * 

Liu et al. 

(2022) 
*  *   * * 

Zhang et al. 

(2022) 
*  *   * * 

Meng et al. 

(2021b) 
* *   *   

Hua et al. 

(2021) 
*  * * *   

Sarkar and 

Bhadouriya 

(2020) 

* *   *   

Taleizadeh et 

al. (2020) 
* *    *  

Wang et al. 

(2021) 
*   *  *  

Chakraborty 

et al. (2019) 
* *      

This study * * * * * * * 
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3.  Models 

3.1. Problem description 

In this study, we consider that the brand manufacturer cooperates with influencer to sell products to consumers 

(followers and non-followers) through live streaming. During live streaming, consumers decide whether to buy a 

product based on product price, quality, and the influencer’s marketing effort. Then, consumers will decide whether 

to keep the product considering the difference between actual quality and expected quality of the product. The 

decision-making process of consumers is shown in Figure 1. 

 

Sellers

Brand manufacturer

Influencer

Buyers

Followers

Non-followers

Buy

Leave

Buy

Leave

Keep

Return

Keep

Return

 
 

Figure 1: The decision tree of followers and non-followers 

 

There are two scenarios for the cooperation between the brand manufacturer and influencer: without quality 

cooperation, i.e., Scenario 1, and with quality cooperation, i.e., Scenario 2. Under Scenario 1, the brand 

manufacturer is responsible for producing, packing, storing, and finally delivering products to consumers that 

purchase the products shown in the live streaming room, which is similar to Scenario 2. Moreover, the brand 

manufacturer determines the product quality level and bears the cost of production, inventory, transport, and the 

extra quality investment. In addition, the influencer focuses on formulating the live streaming scheme, e.g., selecting 

the live streaming means and creating attractive content. Hence, the influencer contributes the marketing effort and 

bears the related costs. Specifically, under Scenario 1, the brand manufacturer is solely responsible for product 

quality, while the influencer is responsible for selling products as a seller. For instance, L’Oreal, a well-established 

beauty brand with an experienced R&D team, enlists the service of Wangyu Luo, an influencer in the beauty 

industry, to promote and sell their new products through live streaming. By comparison, the influencer can assist the 

brand manufacturer in enhancing product quality by sharing a certain proportion of the quality investment under 

Scenario 2. For example, Brother Yang’s live team establishes quality assessment standards and implements 

multiple testing processes for products sourced from the brand manufacturer. This approach enables the brand 

manufacturer to enhance quality testing and provide suggestions for quality improvement. 

3.2. Assumptions and notations 

To develop the game-theoretic model, we introduce the assumptions as follows: 

Revenue distribution. If the brand manufacturer and influencer sign a cooperation contract, the brand 

manufacturer must pay a fixed “blanket fee” 𝐹 to the influencer before selling products in the live streaming room. 

The influencer will get a proportional commission 𝜌𝑝 for each unit of product sold, where 𝑝 denotes the product 

price and 𝜌 denotes the commission rate. In general, the commission rate depending on the category of the product 

is in the range between 20% and 50%, and the fixed advertising fee relevant to the number of live streamers’ fans is 

at least tens of thousands5. In this study we assume that 𝜌 and 𝐹 are exogenously given. In addition, according to 

Heydari et al. (2022), we consider the case of a constant product price, which is in line with the actual situation of 

live e-commerce. For example, famous cosmetics brands such as Florasis and PerfectDiary have made the promise 

to influencers to keep their product prices unchanged after the live broadcast for a long time. 

Consumers. Consumers decide whether to purchase products in the live streaming room through two routes. 

The first route is product-centred, whereby consumers make purchase decisions based on the features of the products, 

e.g., quality and price. The second route is social-interaction centred, whereby consumers may be sensitive to the 

marketing effort and will gain emotional value when purchasing products in the live streaming room (Lu & Chen, 

2021; Mohammad et al., 2020). In this study, considering customers’ different attitudes towards the influencer’s 

 
5 https://report.iresearch.cn/report/202006/3606.shtml 
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marketing effort, we classify consumers into two categories: followers and non-followers. We assume that the 

proportion of followers is 𝜃 (0 < 𝜃 < 1), so the proportion of non-followers is 1 − 𝜃. The non-followers’ purchase 

decision is influenced by the direct (product-related) factors, i.e., the price and quality of the product, while the 

followers’ purchasing decision is also affected by indirect (non-product-related) factors, i.e., the marketing effort.  

Market demand. We apply the consumer choice model (Lin et al., 2020; Fu et al., 2020; Chen & Chen, 2016) 

to reflect consumers’ purchasing behaviour. Let 𝑈𝑙  and 𝑈𝑜  denote the expected utility of followers and non-

followers, respectively. Given that consumers have different preferences for each product, we assume that the 

consumers’ overall valuation of the product ν is uniformly distributed on the line segment between (0,1) (He et al., 

2021). According to Ü lkü and Gürler (2018), the return hassle cost refers to the expenses of freight, time, anger or 

disappointment incurred by a consumer who chooses to return a product. When consumers watch a live stream, they 

often find it challenging to accurately assess the actual value of the product, leaving them uncertain about whether to 

return the product or keep it. Particularly for products that are inconvenient to move, such as furniture or home 

appliances, returns will incur higher return hassle costs. In order to avoid the unnecessary return behaviour triggered 

by impulse consumption, consumers tend to consider the return hassle cost of returning products when purchasing 

them, thus reducing the possibility of return. Consistent with Ertekin and Agrawal (2021), the return hassle cost can 

reduce consumers’ expected utility. Meanwhile, the marketing effort 𝑒  can generate emotional value 𝜇𝑒 among 

followers, which can increase their expected utility. Furthermore, it is often considered that the price 𝑝 generates 

negative utility, and the expected quality 𝑄  generates positive utility. Specifically, 𝑄  refers to consumers’ 

expectation of product quality based on the live streamer’s description of the product and previous consumer 

experience. Thus, the expected utility of the followers and non-followers are 𝑈𝑙 = ν − 𝛼𝑝 + 𝜆𝑄 + 𝜇𝑒 − 𝑟 and 𝑈𝑜 =
ν − 𝛼𝑝 + 𝜆𝑄 − 𝑟, respectively, where 𝛼 is consumers’ sensitivity to product price, 𝜆 is consumers’ sensitivity to 

product quality, and 𝜇 is consumers’ sensitivity to marketing. During the live streaming, consumers will purchase 

the product only if the customer surplus is positive (Webster & Mitra 2007). Therefore, the total market demand of 

the product is 

𝐷 = 𝜃𝐴∫ 𝑑𝜈
1

𝛼𝑝−𝜇𝑒−𝜆𝑄+𝑟
+ (1 − 𝜃)𝐴 ∫ 𝑑𝜈

1

𝛼𝑝−𝜆𝑄+𝑟
= 𝐴(1 − 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑄 − 𝑟),                    (1) 

where 𝐴 represents the total market size. 

Consumer returns. For online shopping, customers cannot touch and feel the real product when deciding 

whether to buy (Luo & Sun, 2016). Accordingly, the uncertainty of the product cannot be completely eliminated 

even if the affordance of live streaming e-commerce is more prominent than traditional e-commerce (Hübner et al., 

2016; Sun et al., 2020). Generally, there is always a difference between the actual quality 𝑞 and the expected quality 

𝑄 of the product. In addition, Mukhopadhyay and Setaputra (2007) found that product quality influences the amount 

of return directly. When the actual quality level gets closer to or even exceeds the expected quality level, the 

probability of return will decrease. Moreover, due to the long delivery time, customers’ perceived value would 

reduce when they receive the product, which is a typical psychological phenomenon when making intertemporal 

choices called preference reversal or inconsistency that can give rise to return behaviour (Hardisty & Pfeffer, 2017; 

Wang et al., 2021). Following Loewenstein (1988), we denote 𝜏𝜈 as the perceived value when customers receive the 

product, where the time discount factor 𝜏 is a constant in the range (0,1). Therefore, the actual utility of the followers 

and non-followers are 𝑈𝑙
′ = 𝜏𝜈 − 𝛼𝑝 + 𝜆𝑞 + 𝜇𝑒 and 𝑈𝑜

′ = 𝜏𝜈 − 𝛼𝑝 + 𝜆𝑞 when consumers receive the product. We 

assume that the returned products would not influence secondary sales (Zhao et al., 2018), which means the brand 

manufacturer could resell them to other consumers at their original prices. Customers will return the product when 

the actual utility is negative, and the negative utility of keeping the product is greater than returning the product, i.e., 

𝑈𝑖
′ < −𝑟. Therefore, the total amount of return is 

𝑅 = 𝜃𝐴∫ 𝑑𝜈
𝛼𝑝−𝜇𝑒−𝜆𝑞−𝑟

𝜏
𝛼𝑝−𝜇𝑒−𝜆𝑄+𝑟

+ (1 − 𝜃)𝐴 ∫ 𝑑𝜈
𝛼𝑝−𝜆𝑞−𝑟

𝜏
𝛼𝑝−𝜆𝑄+𝑟

= 𝐴(
𝛼𝑝−𝜃𝜇𝑒−𝜆𝑞−𝑟

𝜏
− 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑄 − 𝑟).            (2) 

Cost structure. We assume that the brand manufacturer bears the unit production cost 𝑐0 and the unit handling 

cost of the returned product 𝑐1. The brand manufacturer could repackage, storage and transport, or not reprocess the 

returned products (Wang et al., 2021). Thus, we assume that the unit production cost of the product is much greater 

than the unit handling cost of the returned product, i.e., 𝑐0 ≫ 𝑐1. Also, the brand manufacturer and the influencer 

will make quality and marketing investments to promote the product. We assume that the actual quality of the 

product is 𝑞 (𝑞 > 0), which will lead to the cost as 𝜎𝑞2 (Ghosh & Shah, 2015; Heydari et al., 2021). Following 

Heydari et al. (2021), we let σ be the quality investment coefficient, which is the inverse function of production 

efficiency for the brand manufacturer. Similarly, we denote the marketing investment as 𝜉𝑒2 , where 𝜉  is the 

marketing investment coefficient.  

Given the above description and assumptions, we summarize in Table 2 the basic parameters and variables of 

this study. 
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Table 2: Parameters and variables used in this study 

Notation Description 

Parameter  

𝐴 Potential maximum demand 

ν 
The overall valuation of the product, which is uniformly 

distributed over an interval [0,1] 
𝛼 Consumers’ sensitivity to product price 

𝜇 Consumers’ sensitivity to marketing 

𝜆 Consumers’ sensitivity to product quality 

𝜏 Time discount factor, 0 < 𝜏 < 1 

𝜃 The percentage of followers, 0 < 𝜃 < 1 

𝑟 The return hassle cost 

𝑄 The expected quality of the product 

𝐹 Blanket fee 

𝜌 Commission rate, 0 < 𝜌 < 1 

𝑐0 The unit production cost of the product 

𝑐1 The unit handling cost of the returned product 

𝜎 The coefficient of quality investment  

𝜉 The coefficient of marketing investment  

𝑝 The product price  

𝜙 The percentage of the influencer’s quality investment 

Decision variable  

𝑞 The actual quality  

𝑒 The marketing effort  

Derived functions  

Π𝑀  Profit of the brand manufacturer 

Π𝐿  Profit of the influencer 

 

3.3. Model setup 

Based on Scenario 1 and Scenario 2 in Section 3.1. Problem description, we intend to formulate the model 

without quality cooperation (Model N) and the model with quality cooperation (Model Y). Under Models N and Y, 

the brand manufacturer M first determines the product quality, then the influencer L determines the marketing effort 

level. We use backward induction to solve the Stackelberg game between the brand manufacturer (leader) and 

influencer (follower). We provide the expressions for the threshold values of all the propositions in the Appendix. 

Due to the fact that live streaming is periodic, the products purchased and kept by consumers can be counted as 

sales for a specific live streaming session. However, if the products are returned, the brand manufacturer will inspect 

their quality and then resell them in the next period. Consequently, returned products are not counted as sales for this 

period. In China, brand manufacturers offer consumers the no-reason full return policy within seven days to 

stimulate consumer demand. Once consumers receive the products, they can choose to either “confirm receipt” if 

they are highly satisfied or wait for the e-commerce platform to automatically “confirm receipt” on their behalf, 

which signifies a successful transaction. Otherwise, consumers can initiate a return request on the platform and send 

the product back to the brand manufacturer under the no-reason full return policy. After the brand manufacturer 

receives the product and verifies the relevant information, the refund will be returned to the consumer, which 

represents a failing transaction. Therefore, the actual sales is 𝐷 − 𝑅 . In Model Y, the influencer will bear a 

proportion of the cost of quality improvement 𝜙 (0 < 𝜙 < 1), in addition to bearing the full cost of the marketing 

investment. Thus, the profits of the brand manufacturer and influencer under Model Y are as follows:  

Π𝑀
𝑌 = ((1 − 𝜌)𝑝 − 𝑐0)(𝐷 − 𝑅) − 𝑐1𝑅 − (1 − 𝜙)𝜎𝑞

2 − 𝐹,                                        (3) 

                 Π𝐿
𝑌 = 𝜌𝑝(𝐷 − 𝑅) − 𝜉𝑒2 − 𝜙𝜎𝑞2 + 𝐹.                                                      (4) 

Theorem 1. The optimal solutions under Model Y are 

𝑞𝑌∗ =
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏(1−𝜙)
 and 𝑒𝑌∗ =

𝐴𝜃𝜇𝜌𝑝

2𝜉𝜏
. 

Then, we obtain the equilibrium demands, return volumes, and profits of the brand manufacturer and influencer 

as follows: 

                      𝐷𝑌∗ =
𝐴(𝐴𝑝𝜃2𝜇2𝜌+2(1−𝑟−𝑝𝛼+𝑄𝜆)𝜉𝜏)

2𝜉𝜏
,                                                           (5) 
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              𝑅𝑌∗ =
𝐴(𝐴𝑝(𝜆2𝜉(1−𝜌)+𝜃2𝜇2𝜌𝜎(1−𝜙))−2𝜉𝜎𝜏(1−𝜙)(𝑟+𝑝𝛼−𝜏)−𝐴𝜆2𝜉(𝑐0−𝑐1))

2𝜉𝜎𝜏2(1−𝜙)
,                                 (6) 

Π𝑀
𝑌∗ =

𝐴(𝐴𝜆2𝜉𝐼1
2+2(1−𝜙(𝐴𝑝𝜃2𝜇2𝜌𝜎𝐼2−2𝜉𝜎𝜏(𝑟+𝑝𝛼−𝜏)𝐼1+2𝜉𝜎𝜏𝑐1(2𝑟−(1−𝑟−𝑝𝛼+𝑄𝜆)𝜏))))

4𝜉𝜎𝜏2(1−𝜙)
− 𝐹 ,                    (7) 

                  Π𝐿
𝑌∗ =

𝐴(𝐴𝜆2𝜉𝐼1𝐼3+𝜎𝑝𝜌(1−𝜙)
2(𝐴𝜃2𝜇2𝜌𝑝−4𝜉𝜏(𝑟+𝑝𝛼−𝜏)))

4𝜉𝜎𝜏2(1−𝜙)2
+ 𝐹,                                     (8) 

where 𝐼1 = 𝑝(1 − 𝜌) − 𝑐0 + 𝑐1, 𝐼2 = 𝑝(1 − 𝜌) − 𝑐0 + (1 − 𝜏)𝑐1and 𝐼3 = 𝑝(𝜌(2 − 𝜙) − 𝜙) + 𝜙𝑐0 − 𝜙𝑐1. 

Then, we find the optimal solution of Model N by substituting 𝜙 = 0 into the optimal solutions of Model Y. 

Theorem 2. The optimal solutions under the Model N are 

𝑞𝑁∗ =
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏
 and 𝑒𝑁∗ =

𝐴𝜃𝜇𝜌𝑝

2𝜉𝜏
. 

Substituting the optimal solutions into the demand function and return volume function, we obtain the 

equilibrium demand and return volume as follows: 

𝐷𝑁∗ =
𝐴(𝐴𝑝𝜃2𝜇2𝜌+2(1−𝑟−𝑝𝛼+𝑄𝜆)𝜉𝜏)

2𝜉𝜏
 ,                                                        (9) 

𝑅𝑁∗ =
𝐴(2𝜉𝜎𝜏(𝑝𝛼(1−𝜏)+𝑄𝜆𝜏−𝑟(1+𝜏))+𝐴𝜆2𝜉(𝑐0−𝑐1)−𝐴𝑝(𝜆

2𝜉(1−𝜌)+𝜃2𝜇2𝜌𝜎(1−𝜏)))

2𝜉𝜎𝜏2
.                      (10) 

It follows that the equilibrium profits of the brand manufacturer and influencer are 

          Π𝑀
𝑁∗ =

𝐴(𝐴𝜆2𝜉𝐼1
2+2𝐴𝑝𝜃2𝜇2𝜌𝜎𝐼2−4𝜉𝜎𝜏(𝑟+𝑝𝛼−𝜏)𝐼1+4𝜉𝜎𝜏𝑐1(2𝑟−(1−𝑟−𝑝𝛼+𝑄𝜆)𝜏))

4𝜉𝜎𝜏2
− 𝐹,                   (11) 

                Π𝐿
𝑁∗ =

𝐴𝑝𝜌(2𝐴𝜆2𝜉𝐼1+𝐴𝑝𝜃
2𝜇2𝜌𝜎−4𝜉𝜎𝜏(𝑟+𝑝𝛼−𝜏))

4𝜉𝜎𝜏2
+ 𝐹.                                               (12) 

Next, we conduct a feasibility analysis of the models to yield the following result. 

 

Proposition 1. When the brand manufacturer cooperates with the influencer to improve product quality, they 

can conduct live streaming successfully when 0 < 𝜌 <
𝑝−𝑐0+𝑐1

𝑝
 and 0 < 𝑟 <

𝐴𝑝𝜃2𝜇2𝜌+2(1−𝑝𝛼+𝑄𝜆)𝜉𝜏

2𝜉𝜏
. Moreover, the 

ranges of 𝐹 and 𝜙 relevant to 𝜌 are as follows: 

(1) When the commission rate is relatively small, i.e., 0 < 𝜌 ≤
𝑝−𝑐0+𝑐1

3𝑝
, we have 

① 𝐹1
^

< 𝐹 < 𝐹3
^

 and 0 ≤ 𝜙 < 𝜙1, 

② 𝐹 > 𝐹3
^

 and 𝜙3 < 𝜙 < 𝜙1. 

(2) When the commission rate is relatively large, i.e., 
𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 ≤

𝑝−𝑐0+𝑐1

𝑝
, we have 

① 𝐹2
^

< 𝐹 < 𝐹1
^

 and 𝜙2 < 𝜙 < 𝜙1, 

② 𝐹1
^

< 𝐹 < 𝐹3
^

 and 0 ≤ 𝜙 < 𝜙1, 

③ 𝐹 > 𝐹3
^

 and 𝜙3 < 𝜙 < 𝜙1. 

 

Whether the brand manufacturer and influencer are profitable mainly depends on the commission rate, blanket 

fee, return hassle cost, and the percentage of the influencer’s quality investment. Specifically, when the commission 

rate and return hassle cost are relatively low, and the blanket fee and the percentage of the influencer’s quality 

investment are within a reasonable range, both parties are profitable. If the commission rate is relatively large, the 

brand manufacturer’s revenue can hardly cover the high cost, so yielding a negative profit. In addition, if consumers’ 

return hassle cost is higher than the maximum threshold, they will not purchase products. This is why some home 

appliance brands offer the free door-to-door return service. When the return hassle cost is relatively large, 

consumers’ utility to return the product is lower than their utility to keep it, so the return volume is zero. Therefore, 

managers should not only adjust the commission rate, blanket fee, and the percentage of the influencer’s quality 

investment reasonably to balance the profits of both parties, but also provide a superior return service as much as 

possible for consumers to reduce the return hassle cost. 

We also find that the blanket fee is related to the commission rate and the percentage of quality investment cost 

shared by the influencer. When the commission rate is relatively large, if the percentage of the influencer’s quality 

investment is relatively large, the increment of the influencer’s revenue driven by product quality improvement is 

larger than that of the quality investment cost, which gives rise to an increase in the profit of the influencer. So the 

adjustable range of the blanket fee becomes wider, which means the blanket fee can be minimized to reduce the 
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revenue gap between the brand manufacturer and influencer. Furthermore, when the commission rate is certain, and 

if the blanket fee is relatively large, the influencer should share more quality investment cost to control product 

quality, thus achieving the expected product sales. Therefore, the decision-maker should set a reasonable 

commission rate, blanket fee, and percentage of the influencer’s quality investment to strike a balance in profits 

when both the brand manufacturer and influencer are profitable. 

 

4. Analysis 

In this section we first analyze the equilibrium solutions to examine the impacts of consumers’ sensitivity to 

product quality, and the proportion of followers on the optimal decisions of the brand manufacture and influencer, as 

well as the profits of both parties. 

 

Proposition 2. With increasing consumers’ sensitivity to product quality, the quality and actual sales increase, 

and the marketing effort remains unchanged, while changes in the brand manufacturer’s and influencer’s profits are 

affected by the coefficient of quality investment and commission rate. 

(1) Model N: ① 
𝜕𝑒𝑁∗

𝜕𝜆
= 0; ② 

𝜕𝑞𝑁∗

𝜕𝜆
> 0; ③ 

𝜕(D𝑁∗−R𝑁∗)

𝜕𝜆
> 0; ④ 

𝜕∏𝐿
𝑁∗

𝜕𝜆
> 0; and ⑤ when 𝜎 <

𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)
2

2𝑄𝜏2𝑐1
, 

𝜕∏𝑀
𝑁∗

𝜕𝜆
>0; otherwise, 

𝜕∏𝑀
𝑁∗

𝜕𝜆
< 0. 

(2) Model Y: ① 
𝜕𝑒𝑌∗

𝜕𝜆
= 0; ② 

𝜕𝑞𝑌∗

𝜕𝜆
> 0; ③ 

𝜕(𝐷𝑌∗−𝑅𝑌∗)

𝜕𝜆
> 0; ④ when 𝜌 <

𝜙(𝑝−𝑐0+𝑐1)

𝑝(2−𝜙)
, 
𝜕∏𝐿

𝑌∗

𝜕𝜆
< 0; otherwise, 

𝜕∏𝐿
𝑌∗

𝜕𝜆
>

0; and ⑤ when 𝜎 <
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2

2𝑄𝜏2(1−𝜙)𝑐1
, 
𝜕∏𝑀

𝑌∗

𝜕𝜆
> 0; otherwise, 

𝜕∏𝑀
𝑌∗

𝜕𝜆
< 0. 

 

With increasing consumers’ sensitivity to product quality, improvement of product quality decreases the return 

volume, so the actual sales increase. Meanwhile, when the effect of quality investment is relatively low, if 

consumers’ sensitivity to product quality increases, the increment in the brand manufacturer’s revenue will be less 

than that in cost, which ultimately results in a decrease in the brand manufacturer’s profit. This indicates that when 

consumers become increasingly sensitive to product quality, the brand manufacturer should not only improve 

product quality, but also improve production efficiency as much as possible to gain more profit.  

As for the influencer, when the influencer does not participate in quality cooperation, improvement in product 

quality increases their revenue while their marketing investment cost remains unchanged, which increases their 

profit. If the influencer participates in quality cooperation, improvement in product quality raises the quality 

investment cost, so it is beneficial to the influencer when the commission rate is relatively large. From the above 

analysis, we see that when consumers’ sensitivity to product quality increases, offering the influencer a higher 

commission rate and reducing the coefficient of quality investment through production optimization is the best way 

to ensure that improving product quality would improve both parties’ profits. 

 

Proposition 3. With increasing proportion of followers, the marketing effort and actual sales increase, and 

quality keeps unchanged, while changes in the brand manufacturer’s and influencer’s profits are affected by the 

commission rate and potential market demand. 

(1)
𝜕𝑒𝑁∗

𝜕𝜃
> 0, 

𝜕𝑒𝑌∗

𝜕𝜃
> 0; (2)

𝜕𝑞𝑁∗

𝜕𝜃
= 0, 

𝜕𝑞𝑌∗

𝜕𝜃
= 0; (3) 

𝜕(𝐷𝑁∗−𝑅𝑁∗)

𝜕𝜃
> 0, 

𝜕(𝐷𝑌∗−𝑅𝑌∗)

𝜕𝜃
> 0; (4) when 𝐴 >0.5, 

𝜕∏𝐿
𝑁∗

𝜕𝜃
> 0 

and 
𝜕∏𝐿

𝑌∗

𝜕𝜃
> 0 ; otherwise, 

𝜕∏𝐿
𝑁∗

𝜕𝜃
< 0  and 

𝜕∏𝐿
𝑌∗

𝜕𝜃
< 0 ; and (5) when 𝜌 < 1 −

𝑐0−(1−𝜏)𝑐1

𝑝
, 
𝜕∏𝑀

𝑁∗

𝜕𝜃
> 0 , and 

𝜕∏𝑀
𝑌∗

𝜕𝜃
> 0 ; 

otherwise, 
𝜕∏𝑀

𝑁∗

𝜕𝜃
< 0 and 

𝜕∏𝑀
𝑌∗

𝜕𝜃
< 0. 

 

Whether the influencer participates in quality cooperation, both the marketing effort of the influencer and actual 

product sales increase with the proportion of followers, while product quality remains constant. When the proportion 

of followers increases, the influencer tends to increase their marketing effort to attract consumers to purchase, which 

can increase actual sales without additional quality investment. Hence, when the potential market demand is 

relatively large (small), the influencer’s profit increases (decreases). However, when the potential market demand is 

relatively small, the actual sales are similarly quite low. In the meantime, increasing the proportion of followers 

causes the increment of revenue to be lower than that of cost, so the influencer’s profit will decrease. Moreover, 

when the commission rate is relatively low, the brand manufacturer’s revenue increases and its cost decreases, 

which will bring an increase in the profit of the brand manufacturer with increasing proportion of followers. 

Conversely, the brand manufacturer’s profit declines. We can conclude that it is not necessarily more profitable for 
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the brand manufacturer to work with the influencer that has a large number of followers. The commission rate for 

the influencer cannot be too large, and the influencer should consider the match between their image and the product, 

so that a well-matched influencer means a larger potential demand for the product.  

Next, we compare the two models with and without quality cooperation to analyze whether the influencer 

should participate in quality investment. 

 

Proposition 4. Quality cooperation can improve product quality and actual sales, and decrease return volume 

and return rate, i.e., ① 𝑞𝑁∗ < 𝑞𝑌∗; ② 𝑅𝑁∗ > 𝑅𝑌∗; ③ 𝐷𝑁∗ − 𝑅𝑁∗ < 𝐷𝑌∗ − 𝑅𝑌∗; and ④ 
𝑅𝑁∗

𝐷𝑁∗
>

𝑅𝑌∗

𝐷𝑌∗
. 

As the influencer’s quality investment activities, i.e., the process of production, design, and testing, can relieve 

the cost pressure of the brand manufacturer, product quality and actual sales will increase by influencer’s 

participating in quality cooperation. Thus, the brand manufacturer will have extra funds for product quality and 

provide higher-quality products for consumers. As the cost of quality investment increases, the influencer can 

maintain the same marketing effort level without investing more in product marketing to achieve a lower return rate 

and higher actual product sales. The results show that product quality rather than marketing effort is the key factor 

for brand development. Furthermore, a high order volume during live streaming does not represent high actual 

product sales. Hence, the brand manufacturer should focus more on the actual sales of products before cooperating 

with the influencer. However, if the quality of the product is low, the brand manufacturer will fail to improve the 

actual sales, and may also cause a high return rate that brings reverse logistics pressure to the supply chain. 

 

Proposition 5. Quality cooperation can improve the brand manufacturer’s profit. However, the change in the 

influencer’s profit is affected by the commission rate and percentage of the influencer’s quality investment as 

follows:  

① Π𝑀
𝑁∗ < Π𝑀

𝑌∗;  

②  When 0 < 𝜌 <
𝑝−𝑐0+𝑐1

3𝑝
, Π𝐿

𝑁∗ > Π𝐿
𝑌∗ ; when 

𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
, there are two situations: if 0 < 𝜙 <

𝑝(3𝜌−1)+𝑐0−𝑐1

2𝑝𝜌
, Π𝐿

𝑁∗ < Π𝐿
𝑌∗; if 

𝑝(3𝜌−1)+𝑐0−𝑐1

2𝑝𝜌
< 𝜙 < 1, Π𝐿

𝑁∗ > Π𝐿
𝑌∗. 

 

Under Model Y, the influencer’s cost-sharing of quality investment can reduce the brand manufacturer’s cost, so 

the brand manufacturer can put more effort in improving product quality to increase actual sales, so obtaining more 

profit. However, changes in the influencer’s profit are influenced by the commission rate and proportion of the 

influencer’s quality investment. Specifically, when the commission rate is relatively low, the increment of the 

influencer’s revenue arising from product quality improvement cannot make up for the loss of their quality 

investment cost, thus resulting in a decrease in the influencer’s profit. When the commission rate is relatively large, 

if the percentage of the influencer’s quality investment is relatively low, the increment of the influencer’s revenue is 

larger than that of the influencer’s cost, which will improve the influencer’s profit. Conversely, the influencer’s 

profit will decline. Therefore, when the commission rate is relatively large and the percentage of the influencer’s 

quality investment is relatively low, the influencer’s involvement in quality cooperation is beneficial to both parties. 

 

5. Numerical studies 

Since our models contain several parameters, it is difficult to analyze their impacts on the game outcomes 

analytically. So, we conduct numerical studies to show related changes. Based on the feasible conditions of the 

models, we set 𝐴=50, 𝛼=2, 𝜆=3, 𝜇=1, 𝜃=0.5, 𝑄=10, 𝑟=0.01, 𝜏=0.95, 𝑐0=1, 𝑐1=0.01, 𝜎=1, 𝜉=1, 𝐹=5000, 𝑝=5, and 

divide the range of 𝜌  into 0 < 𝜌 <
𝑝−𝑐0+𝑐1

3𝑝
 and 

𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
. Setting 𝜌=0.2 and 𝜌=0.4, we show the 

changes in profits in Figures 2 and 3. 
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𝜌=0.2                                                                                       𝜌=0.4 

Figure 2: Changes in profits when 𝜌=0.2 and 𝜌=0.4 

 

 
Figure 3: Change in profit after quality cooperation 

 

As shown in Figure 2, when the commission rate equals 0.4, the feasible range of the percentage of the 

influencer’s quality investment is larger. This indicates that when the commission rate is relatively large, the 

influencer’s decision-making about the percentage of the influencer’s quality investment will be more flexible. In 

addition, we also observe that the profit of the brand manufacturer gradually increases with the percentage of the 

influencer’s quality investment within the feasible range, while the changes in the influencer’s profit are related to 

the commission rate.  

Comparing the profits of the brand manufacturer and influencer in Figure 2, we conclude that when the 

commission rate is relatively low, the brand manufacturer’s profit is always higher than the influencer’s profit 

regardless of whether the influencer is involved in quality cooperation. In contrast, the brand manufacturer’s profit 

will be lower than the influencer’s profit if the influencer does not participate in quality cooperation. And yet, if the 

influencer participates in quality cooperation, there is a clear dividing point in the comparison of the brand 

manufacturer’s and influencer’s profits. Specifically, when the percentage of the influencer’s quality investment is 

less (larger) than the threshold (ϕ<0.54), the profit of the brand manufacturer is lower (higher) than that of the 

influencer. Form Figure 3, we conclude that the brand manufacturer will definitely gain more profit through quality 

cooperation. However, the influencer will be more willing to participate in quality cooperation when the commission 

rate is relatively large and the percentage of the influencer’s quality investment is relatively low. 
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6. Extended model 

6.1. Variable pricing 

In the above models, we mainly discuss the situation where the brand manufacturer and influencer sign an 

agreement to guarantee stability of the promotional price, i.e., the price remains unchanged. To extend our research 

and help managers make better decisions, we consider the situation where the price is variable. The manufacturer 

first determines the product price and quality, then the influencer determines the marketing effort. The profit 

functions of the brand manufacturer and influencer are similar to the main model. 

When the influencer does not participate in quality cooperation, the optimal decisions of the brand manufacturer 

and influencer are as follows: 

𝑝𝑁∗ =
−2𝜉(1−𝜌)𝜎𝜏2+𝐴𝜆2𝜉(1−𝜌)(𝑐0−𝑐1)+(𝜃

2𝜇2𝜌𝜎−2𝛼𝜉𝜎𝜏)(𝑐0−(1−𝜏)𝑐1)

(1−𝜌)(𝐴𝜆2𝜉(1−𝜌)+2𝜃2𝜇2𝜌𝜎−4𝛼𝜉𝜎𝜏)
, 

𝑞𝑁∗ =
𝐴𝜆(−2𝜉(1−𝜌)𝜏2−(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1+𝜏)𝑐1))

2𝜏(𝐴𝜆2𝜉(1−𝜌)+2𝜃2𝜇2𝜌𝜎−4𝛼𝜉𝜎𝜏)
, 

𝑒𝑁∗ =
𝐴𝜃𝜇𝜌(−2𝜉(1−𝜌)𝜎𝜏2+𝐴𝜆2𝜉(1−𝜌)(𝑐0−𝑐1)+(𝜃

2𝜇2𝜌𝜎−2𝛼𝜉𝜎𝜏)(𝑐0−(1−𝜏)𝑐1))

2𝜉𝜏(1−𝜌)(𝐴𝜆2𝜉(1−𝜌)+2𝜃2𝜇2𝜌𝜎−4𝛼𝜉𝜎𝜏)
. 

The optimal decisions when the influencer is involved in quality cooperation are as follows: 

𝑝𝑌∗ =
𝜆2𝜉(1−𝜌)(𝑐0−𝑐1)+𝜎(1−𝜙)(−2𝜉(1−𝜌)𝜏

2+(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1−𝜏)𝑐1))

(1−𝜌)(𝜆2𝜉(1−𝜌)+2𝜎(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(1−𝜙))
, 

𝑞𝑌∗ =
𝐴𝜆(−2𝜉(1−𝜌)𝜏2−(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1+𝜏)𝑐1))

2𝜏(𝜆2𝜉(1−𝜌)+2𝜎(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(1−𝜙))
, 

𝑒𝑌∗ =
𝐴𝜃𝜇𝜌(𝜎(1−𝜙)(−2𝜉(1−𝜌)𝜏2+(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1−𝜏)𝑐1))+𝐴𝜆

2𝜉(1−𝜌)(𝑐0−𝑐1))

2𝜉𝜏(1−𝜌)(𝜆2𝜉(1−𝜌)+2𝜎(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(1−𝜙))
. 

Given the complexity of the analysis, we conduct numerical studies to examine changes in the optimal decisions 

and profits after the influencer participates in quality cooperation. In the feasible range, we set the base values of the 

parameters as follows: 𝐴=10, 𝛼=0.7, 𝜆=0.4, 𝜇=0.4, 𝜃 ∈[0,1], 𝑄=20, 𝑟=0.01, 𝜏=0.95, 𝑐0=1, 𝑐1=0.01, 𝜎=0.5, 𝜉=1, 

𝜌=0.3 𝐹=3, and 𝜙=0.1. We present the results of the sensitivity and comparative analyses under the two models 

where we take the proportion of followers 𝜃 as an independent variable (see Figures 4-6). 

 

 
(a) Changes in price                                                (b) Changes in quality 

 
(c) Changes in marketing effort level 

Figure 4: Changes in decision variables with 𝜃 
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   (a) Changes in demand and actual sales                      (b) Changes in return volume and return rate 

Figure 5: Changes in demand, actual sales, return volume and return rate with 𝜃 

 

 
Figure 6: Changes in profits of the brand manufacturer and influencer with 𝜃 

 

From Figures 4 and 5, we conclude that the price, quality, marketing effort and actual sales all increase when 

the influencer participates in quality cooperation, and the return rate decreases. Since the price increases with quality 

improvement, the influencer needs to increase the marketing effort to let consumers know the difference in the 

product before and after quality improvement, which helps mitigate consumers’ concern about product quality and 

dissatisfaction with increasing product price. Furthermore, quality cooperation does not necessarily increase the 

product demand, but increases actual sales. From Figure 6, we also find that quality cooperation can improve the 

profits of the brand manufacturer and influencer, and is more beneficial to the influencer. 

6.2. Variable expected quality 

Due to the uncertainty of product quality, the expected quality of a product normally deviates from its actual 

quality. In Extended Model 2, we assume that 𝑄 = 𝑘𝑞, where 𝑘 denotes the deviation of the expected quality from 

the actual quality. 𝑘 > 1 indicates that the expected quality is higher than the actual quality, while 𝑘 < 1 indicates 

that the expected quality is lower than the actual quality. Substituting 𝑘 into Eqs (1) and (2), we find  

𝐷 = 𝐴(1 − 𝛼𝑝 + 𝑒𝜃𝜇 + 𝜆𝑘𝑞 − 𝑟),                                                               (13) 

𝑅 = 𝐴(
𝛼𝑝−𝜃𝜇𝑒−𝜆𝑞

𝜏
− 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑘𝑞 − 𝑟).                                                       (14) 

Then, substituting Eqs (13) and (14) into the profit functions Eqs (3) and (4), and using backward induction, we 

derive the optimal solutions under Model Y as follows: 

𝑝𝑌∗ =
𝐴𝜆2𝜉(−1+𝜌)(𝑐0−(1−𝑘𝜏)𝑐1)+𝜎(1−𝜙)(2𝜉(1−𝜌)𝜏

2−(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1−𝜏)𝑐1))

(1−𝜌)(2𝜎(2𝛼𝜉𝜏−𝜃2𝜇2𝜌)(1−𝜙)−𝐴𝜆2𝜉(1−𝜌))
, 

𝑞𝑌∗ =
𝐴𝜆(2𝜉(1−𝜌)𝜏2+(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0+(−1+(−1+2𝑘)𝜏)𝑐1))

2𝜏(2𝜎(2𝛼𝜉𝜏−𝜃2𝜇2𝜌)(1−𝜙)−𝐴𝜆2𝜉(1−𝜌))
, 
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𝑒𝑌∗ =
𝐴𝜃𝜇𝜌(𝐴𝜆2𝜉(−1+𝜌)(𝑐0+(−1+𝑘𝜏)𝑐1)+𝜎(−2𝜉(−1+𝜌)𝜏

2−(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0+(−1+𝜏)𝑐1)))

2𝜉𝜏(1−𝜌)(2𝜎(2𝛼𝜉𝜏−𝜃2𝜇2𝜌)(1−𝜙)−𝐴𝜆2𝜉(1−𝜌))
. 

Letting 𝜙=0, we find the optimal solutions under Model N as follows: 

𝑝𝑁∗ =
𝐴𝜆2𝜉(−1+𝜌)(𝑐0−(1−𝑘𝜏)𝑐1)+𝜎(2𝜉(1−𝜌)𝜏

2−(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1−𝜏)𝑐1))

(1−𝜌)(𝐴𝜆2𝜉(−1+𝜌)−2𝜃2𝜇2𝜌𝜎+4𝛼𝜉𝜎𝜏)
 , 

𝑞𝑁∗ =
𝐴𝜆(2𝜉(1−𝜌)𝜏2+(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0+(−1+(−1+2𝑘)𝜏)𝑐1))

2𝜏(𝐴𝜆2𝜉(−1+𝜌)−2𝜃2𝜇2𝜌𝜎+4𝛼𝜉𝜎𝜏)
, 

𝑒𝑁∗ =
𝐴𝜃𝜇𝜌(𝐴𝜆2𝜉(−1+𝜌)(𝑐0+(−1+𝑘𝜏)𝑐1)+𝜎(−2𝜉(−1+𝜌)𝜏

2−(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0+(−1+𝜏)𝑐1)))

2𝜉𝜏(1−𝜌)(𝐴𝜆2𝜉(−1+𝜌)−2𝜃2𝜇2𝜌𝜎+4𝛼𝜉𝜎𝜏)
. 

Next, we conduct numerical studies to compare the actual sales, return rates, and total supply chain profits of 

the two models when 𝑘 < 1 or 𝑘 > 1. Setting 𝐴=8, 𝛼=0.7, 𝜆=0.3, 𝜇=0.4, 𝜃=0.5, 𝑟=0.01, 𝜏=0.95, 𝑐0=1, 𝑐1=0.01, 𝜎=1, 

𝜉=1, 𝜌=0.3 𝐹=3, and 𝜙=0.3, we obtain the results shown in Figures 7 and 8. 

 

 
(a) Comparison of actual sales                                  (b) Comparison of return rate 

 
(c) Comparison of total supply chain profit 

Figure 7: Comparison of Model Y and Model N when 𝑘<1 

  



Journal of Electronic Commerce Research, VOL 25, NO 2, 2024 

 Page 135 

 
(a) Comparison of actual sales                     (b) Comparison of return rate 

 
(c) Comparison of total supply chain profit 

Figure 8: Comparison of Model Y and Model N when 𝑘>1 

 
From Figures 7 and 8, we see that whether or not the actual quality is higher than the expected quality, quality 

cooperation can increase the actual sales and total profit, but it does not necessarily reduce the return rate. In 

addition, from Figure 8(b), we conclude that when the actual quality is less than the expected quality by a relatively 

large margin, the brand manufacturer and influencer can effectively reduce product returns through quality 

cooperation. 

6.3. Joint effort of quality improvement 

In the basic model outlined in Section 3.3, the influencer indirectly affects product quality through quality cost 

sharing. However, in order to more intuitively reflect the impact of the influencer on product quality, we follow 

Zhou et al. (2022) by considering that both the brand manufacturer and influencer make efforts to improve product 

quality. In this extended model, the influencer’s quality effort directly affects product quality through their active 

involvement in product design and testing. For example, Oshiman, a domestic skincare brand, collaborates with 

Jiaqi Li based on fan data to create a water and milk set for launch in the live streaming room. As such, we assume 

that the product quality level 𝑞 is affected by the quality effort levels of the brand manufacturer and influencer 𝑞1 

and 𝑞2, i.e., 𝑞 = 𝑞1 + 𝑞2. Substituting 𝑞 = 𝑞1 + 𝑞2 into Eqs (1) and (2), we obtain the functions of demand and 

return volume as follows: 

𝐷 = 𝜃𝐴∫ 𝑑𝜈
1

𝛼𝑝−𝜇𝑒−𝜆𝑄+𝑟
+ (1 − 𝜃)𝐴 ∫ 𝑑𝜈

1

𝛼𝑝−𝜆𝑄+𝑟
= 𝐴(1 − 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑄 − 𝑟), 

𝑅 = 𝜃𝐴∫ 𝑑𝜈

𝛼𝑝−𝜇𝑒−𝜆(𝑞1+𝑞2)−𝑟
𝜏

𝛼𝑝−𝜇𝑒−𝜆𝑄+𝑟

+ (1 − 𝜃)𝐴∫ 𝑑𝜈

𝛼𝑝−𝜆(𝑞1+𝑞2)−𝑟
𝜏

𝛼𝑝−𝜆𝑄+𝑟

 

= 𝐴(
𝛼𝑝−𝜃𝜇𝑒−𝜆(𝑞1+𝑞2)−𝑟

𝜏
− 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑄 − 𝑟). 
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When the influencer participates in quality cooperation, the functions of the brand manufacturer‘s and 

influencer’s profits are as follows: 

𝛱𝑀
𝑌 = ((1 − 𝜌)𝑝 − 𝑐0)(𝐷 − 𝑅) − 𝑐1𝑅 − 𝜎𝑞1

2 − 𝐹, 
  𝛱𝐿

𝑌 = 𝜌𝑝(𝐷 − 𝑅) − 𝜉𝑒2 − 𝜎𝑞2
2 + 𝐹.  

The decision sequence of the model is as follows: First, the brand manufacturer and influencer simultaneously 

decide the quality effort levels 𝑞1 and 𝑞2, respectively; then, the influencer decides the marketing effort level 𝑒. We 

derive the optimal solution using backward induction as follows: 

𝑒𝑌∗ =
𝐴𝜃𝜇𝜌𝑝

2𝜉𝜏
, 𝑞1

𝑌∗ =
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏
, 𝑞2

𝑌∗ =
𝐴𝜆𝜌𝑝

2𝜎𝜏
. 

Substituting 𝑞 = 𝑞1 + 𝑞2 into Eqs (1) and (2), we derive the functions of demand and return volume as follows: 

𝐷𝑌∗ =
𝐴(𝐴𝑝𝜃2𝜇2𝜌+2(1−𝑟−𝑝𝛼+𝑄𝜆)𝜉𝜏)

2𝜉𝜏
, 

𝑅𝑌∗ =
𝐴(−𝐴𝑝(𝜆2𝜉+𝜃2𝜇2𝜌𝜎(1−𝜏))+2𝜉𝜎𝜏(𝑝𝛼(1−𝜏)+𝑄𝜆𝜏−𝑟(1+𝜏))+𝐴𝜆2𝜉(𝑐0−𝑐1))

2𝜉𝜎𝜏2
, 

𝛱𝑀
𝑌∗ =

𝐴(4𝜉𝜎𝜏𝐼5+𝐴𝑝𝜆
2𝜉𝐼4+2𝐴𝑝𝜃

2𝜇2𝜌𝜎𝐼2+𝐴𝜆
2𝜉𝐼6)

4𝜉𝜎𝜏2
− 𝐹, 

𝛱𝐿
𝑌∗ =

𝐴𝑝𝜌(𝐴𝑝(𝛽2𝜆2𝜉(2−𝜌)+𝜃2𝜇2𝜌𝜎)−4𝜉𝜎𝜏(𝑟+𝑝𝛼−𝜏)−2𝐴𝛽2𝜆2𝜉(𝑐0−𝑐1))

4𝜉𝜎𝜏2
+ 𝐹, 

where 𝐼4 = (1 + 𝜌)𝑝(1 − 𝜌) − 2𝑐0 + 2𝑐1 , 𝐼5 = (𝑟 + 𝑝𝛼 − 𝜏)(𝑝(−1 + 𝜌) + 𝑐0) + (𝑝𝛼(−1 + 𝜏) − 𝑄𝜆𝜏 + 𝑟(1 +
𝜏))𝑐1, and 𝐼6 = (𝑐0 − 𝑐1)

2. 

Next, we compare the model with quality cooperation and the model without quality cooperation to derive the 

following result. 

 

Proposition 6. In this extended model, quality cooperation can improve product quality and actual sales, and 

reduce return rate, i.e., 𝑞𝑁∗ < 𝑞𝑌∗ , 𝐷𝑁∗ − 𝑅𝑁∗ < 𝐷𝑌∗ − 𝑅𝑌∗ , and 
𝑅𝑁∗

𝐷𝑁∗
>
𝑅𝑌∗

𝐷𝑌∗
. Besides, quality cooperation can 

increase the influencer’s profit but decrease the brand manufacturer’s profit, i.e., 𝜋𝑀
𝑁∗ > 𝜋𝑀

𝑌∗ and 𝜋𝐿
𝑁∗ < 𝜋𝐿

𝑌∗. 

From Proposition 6, quality cooperation has several benefits, including improving product quality, increasing 

actual sales, and reducing return rate. These findings are consistent with Proposition 4. In addition, quality 

cooperation increases the influencer’s profit but decreases the brand manufacturer’s profit, which is inconsistent 

with Proposition 5 that “quality cooperation can increase profits for both parties involved”. This discrepancy 

indicates that when the influencer directly influences product quality, the brand manufacturer loses its independent 

decision-making power regarding product production, and research and development. The influencer’s ability to 

influence marketing and quality simultaneously gives them the incentive to pursue higher profits. Unfortunately, this 

pursuit of greater profits comes at the expense of the brand manufacturer’s profit. As a result, this cooperative 

strategy is not conducive to maintaining a stable cooperative relationship between the brand manufacturer and 

influencer. 

6.4. The long-term cooperation versus short-term cooperation 

Due to the increase in quality investment cost in the case of quality cooperation, the brand manufacturer may 

consider opening its own live streaming room to reduce cost after cooperating with the influencer. However, the 

brand manufacturer lacks live streaming e-commerce expertise, which runs the risk of unmarketable sales. Therefore, 

this section expands the model from a single sales period to two sales periods to explore whether the brand 

manufacturer and influencer should choose the long-term cooperation strategy, i.e. cooperate with each other in the 

second period. 

Under the two-period model, consumers’ demand function, return function, and profit function change as 

follows: 

Market demand. In the first period, the expected utility of consumers is the same as that in the single sales 

cycle, regardless of whether or not the two parties choose the long-term cooperation strategy. Therefore, the 

expected utility of the followers and non-followers are 𝑈𝑙1 = ν − 𝛼𝑝 + 𝜆𝑄 + 𝜇𝑒 − 𝑟 and 𝑈𝑜1 = ν − 𝛼𝑝 + 𝜆𝑄 − 𝑟, 

respectively. In the second period, if the brand manufacturer chooses to open its own live streaming room, i.e., the 

short-term cooperation strategy, the influencer’s marketing efforts in the first period will affect the sales in the 

second period, which means that live streaming e-commerce has a spillover effect 𝑏(0<𝑏<1). Therefore, under short-

term cooperation, the expected utility of the followers and non-followers in the second period are 𝑈𝑙2
𝑆 = 𝜈 − 𝛼𝑝 +

𝜆𝑞 + 𝑏𝜇𝑒 and 𝑈o2
𝑆 = 𝜈 − 𝛼𝑝 + 𝜆, respectively. Under long-term cooperation, the expected utility of the followers 

and non-followers in the second period are 𝑈l2
𝐿 = 𝜈 − 𝛼𝑝 + 𝜆𝑞 + 𝜇𝑒 and 𝑈o2

𝐿 = 𝜈 − 𝛼𝑝 + 𝜆𝑞, respectively. Based 

on the above analysis, consumers’ demand in the first period is 

𝐷1 = 𝜃𝐴 ∫ 𝑑𝜈
1

𝛼𝑝−𝜇𝑒−𝜆𝑄+𝑟
+ (1 − 𝜃)𝐴 ∫ 𝑑𝜈

1

𝛼𝑝−𝜆𝑄+𝑟
= 𝐴(1 − 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑄 − 𝑟).                     (15) 
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Under short-term cooperation, consumers’ demand in the second period is 

𝐷2
𝑠 = 𝜃𝐴 ∫ 1𝑑𝑣

1

𝛼𝑝−𝜆𝑞−𝑏𝜇𝑒
+ (1 − 𝜃)𝐴 ∫ 1𝑑𝑣

1

𝛼𝑝−𝜆𝑞
= 𝐴(1 − 𝛼𝑝 + 𝜆𝑞 + 𝜃𝑏𝜇𝑒).                        (16) 

Under long-term cooperation, consumers’ demand in the second period is 

𝐷2
𝐿 = 𝜃𝐴 ∫ 1 𝑑𝑣

1

𝛼𝑝−𝜆𝑞−𝜇𝑒
+ (1 − 𝜃)𝐴 ∫ 1𝑑𝑣

1

𝛼𝑝−𝜆𝑞
= 𝐴(1 − 𝛼𝑝 + 𝜆𝑞 + 𝜃𝜇𝑒).                         (17) 

Consumer returns. Consumers’ return behaviour is similarly affected by the long delivery time and return 

hassle cost. Therefore, the actual utility of the followers and non-followers in the first period are 𝑈𝑙1
′ = 𝜏𝜈 − 𝛼𝑝 +

𝜆𝑞 + 𝜇𝑒 and 𝑈𝑜1
′ = 𝜏𝜈 − 𝛼𝑝 + 𝜆𝑞, respectively. Under short-term cooperation, the actual utility of the followers and 

non-followers in the second period are 𝑈𝑙2
𝑆 ′ = 𝜏𝜈 − 𝛼𝑝 + 𝜆𝑞 + 𝑏𝜇𝑒 and 𝑈𝑜2

𝑆 ′ = 𝜏𝜈 − 𝛼𝑝 + 𝜆𝑞, respectively. Under 

long-term cooperation, the actual utility of the followers and non-followers in the second period are 𝑈𝑙2
𝐿 ′ = 𝜏𝜈 −

𝛼𝑝 + 𝜆𝑞 + 𝜇𝑒 and 𝑈𝑜2
𝐿 ′ = 𝜏𝜈 − 𝛼𝑝 + 𝜆𝑞, respectively. Based on the above analysis, the total amount of return in the 

first period is 

𝑅1 = 𝜃𝐴 ∫ 𝑑𝜈
𝛼𝑝−𝜇𝑒−𝜆𝑞−𝑟

𝜏
𝛼𝑝−𝜇𝑒−𝜆𝑄+𝑟

+ (1 − 𝜃)𝐴 ∫ 𝑑𝜈
𝛼𝑝−𝜆𝑞−𝑟

𝜏
𝛼𝑝−𝜆𝑄+𝑟

= 𝐴(
𝛼𝑝−𝜃𝜇𝑒−𝜆𝑞−𝑟

𝜏
− 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑄 − 𝑟).           (18) 

Under short-term cooperation, the total amount of return in the second period is 

𝑅2
𝑠 = 𝜃𝐴∫ 1𝑑𝑣

𝛼𝑝−𝜆𝑞−𝑏𝜇𝑒−𝑟

𝜏
𝛼𝑝−𝜆𝑞−𝑏𝜇𝑒

+ (1 − 𝜃)𝐴 ∫ 1𝑑𝑣
𝛼𝑝−𝜆𝑞−𝑟

𝜏
𝛼𝑝−𝜆𝑞

= 𝐴(
𝛼𝑝−𝜃𝑏𝜇𝑒−𝜆𝑞−𝑟

𝜏
− 𝛼𝑝 + 𝜃𝑏𝜇𝑒 + 𝜆𝑞).         (19) 

Under long-term cooperation, the total amount of return in the second period is 

𝑅2
𝐿 = 𝜃𝐴∫ 1𝑑𝑣

𝛼𝑝−𝜆𝑞−𝜇𝑒−𝑟

𝜏
𝛼𝑝−𝜆𝑞−𝜇𝑒

+ (1 − 𝜃)𝐴 ∫ 1𝑑𝑣
𝛼𝑝−𝜆𝑞−𝑟

𝜏
𝛼𝑝−𝜆𝑞

= 𝐴(
𝛼𝑝−𝜃𝜇𝑒−𝜆𝑞−𝑟

𝜏
− 𝛼𝑝 + 𝜃𝜇𝑒 + 𝜆𝑞).             (20) 

 

Supply Chain Profit. In the first period, the brand manufacturer and influencer bear the quality investment cost 

incurred from the research and design of new products. In the second period, the brand manufacturer only bears the 

production cost and return handling cost, and the influencer only bears the marketing investment cost. Therefore, 

under short-term cooperation, the profits of the brand manufacturer and influencer in the first period are 

𝛱M1
𝑆𝑌 = ((1 − 𝜌)𝑝 − 𝑐0)(𝐷1 − 𝑅1) − 𝑐1𝑅1 − (1 − 𝜙)𝜎𝑞

2 − 𝐹,                                     (21) 

𝛱L1
𝑆𝑌 = 𝜌𝑝(𝐷1 − 𝑅1) − 𝜉𝑒

2 − 𝜙𝜎𝑞2 + 𝐹.                                              (22) 

The profits for the brand manufacturer and influencer in the second period are 

𝛱M2
𝑆𝑌 = (𝑝 − 𝑐0)(𝐷2

𝑠 − 𝑅2
𝑠) − 𝑐1𝑅2

𝑠.                                                    (23) 

The total profits for the brand manufacturer and influencer are 

 𝛱𝑀
𝑆𝑌 = 𝛱M1

𝑆𝑌 +𝛱M2
𝑆𝑌 = ((1 − 𝜌)𝑝 − 𝑐0)(𝐷1 − 𝑅1) + (𝑝 − 𝑐0)(𝐷2

𝑠 − 𝑅2
𝑠) 

−𝑐1(𝑅2
𝑠 + 𝑅1) − (1 − 𝜙)𝜎𝑞

2 − 𝐹,                                                     (24) 

𝛱𝐿
𝑆𝑌 = 𝛱L1

𝑆𝑌 = 𝜌𝑝(𝐷1 − 𝑅1) − 𝜉𝑒
2 − 𝜙𝜎𝑞2 + 𝐹.                                           (25) 

Under long-term cooperation, the profits for the brand manufacturer and influencer in the first period are 

𝛱M1
𝐿𝑌 = ((1 − 𝜌)𝑝 − 𝑐0)(𝐷1 − 𝑅1) − 𝑐1𝑅1 − (1 − 𝜙)𝜎𝑞

2 − 𝐹,                                 (26) 

𝛱L1
𝐿𝑌 = 𝜌𝑝(𝐷1 − 𝑅1) − 𝜉𝑒

2 − 𝜙𝜎𝑞2 + 𝐹.                                                  (27) 

The profits for the brand manufacturer and influencer in the second period are 

𝛱𝑀2
𝐿𝑌 = ((1 − 𝜌)𝑝 − 𝑐0)(𝐷2

𝐿 − 𝑅2
𝐿) − 𝑐1𝑅2

𝐿 − 𝐹,                                                  (28) 

𝛱𝐿2
𝐿𝑌 = 𝜌𝑝(𝐷2

𝐿 − 𝑅2
𝐿) − 𝜉𝑒2 + 𝐹.                                                                 (29) 

The total profits of the brand manufacturer and influencer are 

𝛱𝑀
𝐿𝑌 = 𝛱M1

𝐿𝑌 + 𝛱M2
𝐿𝑌 = ((1 − 𝜌)𝑝 − 𝑐0)(𝐷1 − 𝑅1 + 𝐷2

𝐿 − 𝑅2
𝐿) 

−𝑐1(𝑅1 + 𝑅2
𝐿) − (1 − 𝜙)𝜎𝑞2 − 2𝐹,                                           (30) 

𝛱𝐿
𝐿𝑌 = 𝛱L1

𝐿𝑌 = 𝜌𝑝(𝐷1 − 𝑅1 + 𝐷2
𝐿 − 𝑅2

𝐿) − 𝜉𝑒2 − 𝜙𝜎𝑞2 + 2𝐹.                                      (31) 

Using backward induction, we find the optimal solutions under short-term cooperation as 

𝑝𝑆𝑌∗ =
(
2𝐴𝜆2𝜉(2−𝜌)𝜏(𝑐0−(2−𝜏)𝑐1)−2𝜎𝜏(1−𝜙)(2𝜉(2−𝜌)𝜏(𝑟+𝜏)

+(2𝛼𝜉𝜏−𝐴𝜃2𝜇2𝜌)𝑐0−(−1+𝜏)(𝐴(1+𝑏)𝜃
2𝜇2𝜌−4𝛼𝜉𝜏)𝑐1)

)

2𝜏(𝐴𝜆2𝜉(2−𝜌)2+2𝜎(1−𝜙)(𝐴𝜃2𝜇2(1+𝑏−𝜌)𝜌−2𝛼𝜉(2−𝜌)𝜏))
, 

𝑞𝑆𝑌∗ =
(
𝐴𝜆(2𝜉(2−𝜌)2𝜏(𝑟+𝜏)+(𝐴𝜃2𝜇2(2𝑏−𝜌)𝜌−2𝛼𝜉(2−𝜌)𝜏)𝑐0
+(4𝛼𝜉(2−𝜌)𝜏+𝐴𝜃2𝜇2𝜌(−2+3𝜌−𝑏(2+𝜌)−(1−𝑏)𝜌𝜏))𝑐1)

)

−2𝜏(𝐴𝜆2𝜉(2−𝜌)2+2𝜎(1−𝜙)(𝐴𝜃2𝜇2(1+𝑏−𝜌)𝜌−2𝛼𝜉(2−𝜌)𝜏))
, 

𝑒𝑆𝑌∗ =
𝐴𝜃𝜇𝜌(

2𝐴𝜆2𝜉(2−𝜌)𝜏(𝑐0−(2−𝜏)𝑐1)−2𝜎𝜏(1−𝜙)(2𝜉(2−𝜌)𝜏(𝑟+𝜏)

+(2𝛼𝜉𝜏−𝐴𝜃2𝜇2𝜌)𝑐0+(1−𝜏)(𝐴(1+𝑏)𝜃
2𝜇2𝜌−4𝛼𝜉𝜏)𝑐1)

)

4𝜉𝜏2(𝐴𝜆2𝜉(2−𝜌)2+2𝐴𝜃2𝜇2(1+𝑏−𝜌)𝜌𝜎−4𝛼𝜉(2−𝜌)𝜎𝜏)
, 

and the optimal solutions under long-term cooperation as 

𝑝𝐿𝑌∗ =
(
2𝐴𝜆2𝜉(1−𝜌)𝜏(2𝑐0−(2−𝜏)𝑐1)−2𝜎𝜏(1−𝜙)(2𝜉(1−𝜌)𝜏(𝑟+𝜏)

−(𝐴𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1−𝜏)𝑐1))
)

4(1−𝜌)𝜏(𝐴𝜆2𝜉(1−𝜌)+𝜎(𝐴𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(1−𝜙))
, 
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𝑞𝐿𝑌∗ =
𝐴𝜆(−2𝜉(1−𝜌)𝜏(𝑟+𝜏)−(𝐴𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−𝑐1))

2𝜏(𝐴𝜆2𝜉(1−𝜌)+𝜎(𝐴𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(1−𝜙))
, 

𝑒𝐿𝑌∗ =
𝐴𝜃𝜇𝜌(

2𝐴𝜆2𝜉(1−𝜌)𝜏(2𝑐0−(2−𝜏)𝑐1)−2𝜎𝜏(1−𝜙)(2𝜉(1−𝜌)𝜏(𝑟+𝜏)

−(𝐴𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(𝑐0−(1−𝜏)𝑐1))
)

4𝜉(1−𝜌)𝜏2(𝐴𝜆2𝜉(1−𝜌)+𝜎(𝐴𝜃2𝜇2𝜌−2𝛼𝜉𝜏)(1−𝜙))
. 

Next, we conduct numerical studies to compare the optimal decisions, return rates, actual sales, and profits of 

short-term cooperation and long-term cooperation. Setting 𝐴=20, 𝛼=1.5, 𝜆=1, 𝜇=0.5, 𝜃=0.5, 𝑄=10, 𝑟=0.01, 𝜏=0.95, 

𝑐0=1, 𝑐1=0.01, 𝜎=1, 𝜉=1, 𝐹=3, 𝜌=0.3, 𝑏=0.3, and 𝜙 ∈[0,1], we obtain the results shown in Figures 9 and 10. 

 

   
(a) Comparison of quality-price ratio                               (b) Comparison of marketing level  

Figure 9: Comparison of the optimal decisions 

 
(a) Comparison of actual sales                                         (b) Comparison of return rate 

Figure 10: Comparison of actual sales and return rate 

 

From Figure 9, we see that the price, quality level, and influencer’s marketing level are higher under long-term 

cooperation than under short-term cooperation. Besides, under long-term cooperation, the brand manufacturer can 

provide higher quality-price-ratio products. From Figure 10, we see that long-term cooperation can effectively 

increase the actual sales of the product and reduce the return rate. This also shows that long-term cooperation is 

conducive to increasing brand awareness and promoting product upgrading. 

In addition, we set 𝑏 = 0.3, 0.6 to compare the brand manufacturer’s and influencer’s profits, as well as the 

difference of supply chain profit respectively. We find that long-term cooperation increases the influencer’s profit, 

while the change in the brand manufacturer’s profit is related to the live streaming spillover effect. When the 

spillover effect is larger, the brand manufacturer’s profit under long-term cooperation is smaller than that under 

short-term cooperation. However, when the spillover effect is smaller, with increasing proportion of the influencer’s 

quality investment, the brand manufacturer’s profit under long-term cooperation is gradually close to that under 
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short-term cooperation, or even lower than that under short-term cooperation. From the perspective of the supply 

chain, the long-term cooperation strategy can improve the supply chain profit when the influencer participates in 

quality cooperation. In addition, when the spillover effect is larger, the profit gap between short-term cooperation 

and long-term cooperation is smaller. 

 

7. Conclusion, managerial insights and future research  

7.1. Concluding remarks 

Live streaming as a new channel to sell products has promoted consumers to purchase products with the 

advantage of the discounted price and attractive marketing ways. However, due to product quality uncertainty of 

online shopping, the substandard product quality, i.e., the actual quality of the product does not reach the expected 

quality, may cause consumers’ return behaviour. To reduce return rate, some influencers have cooperated with brand 

manufacturers in product quality to improve product quality. However, how the cooperation between the influencer 

and the brand manufacturer can be successful is an interesting problem to research. We hence develop a game-

theoretic model and analyze the impact of cooperation on the optimal decisions of influencer and brand manufacture. 

We intend to expand the research on live streaming e-commerce and provide relevant managerial insights to guide 

the managers to pursue cooperation more smoothly. 

7.2. Managerial insights and implications 

We generate some important managerial insights and implications as follows: 

7.2.1 Effect of quality cooperation 

In our study we explore the importance and effect of quality cooperation. We discuss the implications of our 

research findings as follows: 

(i) Factors that affect quality cooperation: The success of quality cooperation mainly depends on the return 

hassle cost, commission rate, blanket fee, and percentage of the influencer’s quality investment. The influencer 

should not set a relatively high commission rate and blanket fee, while the brand manufacturer should provide a 

convenient return service to reduce consumers’ return hassle cost. Moreover, the percentage of the influencer’s 

quality investment should not be excessive large. Otherwise, the brand manufacturer and influencer cannot engage 

in quality cooperation smoothly.  

(ii) Impacts of quality cooperation on actual sales and return rate: When the influencer participates in 

quality cooperation, the product quality and actual sales increase, and the return rate decreases, but the demand for 

the product may decrease. Hence, the actual sales of the product should be regarded as a reference basis when 

signing a cooperation contract. In reality, to secure the brand manufacturer’s interest, some influencers make 

minimum sales commitments. In addition, it is not a long-term solution to attract flows through a variety of 

marketing strategies in live streaming e-commerce. For brand manufacturers and influencers, focusing on product 

quality is the most effective way to address the issue of a high return rate. 

(iii) Impacts of quality cooperation on the profits of the brand manufacturer and influencer: When the 

influencer participates in a quality cooperation in a cost sharing way, quality cooperation can increase the profits of 

both the brand manufacturer and influencer if the percentage of the influencer’s quality investment and commission 

rate are in proper ranges. However, when the influencer directly affects the product quality level through their own 

quality effort, quality cooperation can only increase the influencer’s profit. This indicates that if the influencer is 

involved in the production and design of the product and directly affects the product quality level, the influencer will 

gradually be in a dominant role in the live streaming e-commerce industry, which will be detrimental to the 

development of the brand manufacturer in the live streaming e-commerce channel. 

7.2.2 Impacts of consumers’ sensitivity to product quality 

We analyze the impacts of consumers’ sensitivity to product quality on the profits of the brand manufacturer 

and influencer under two situations. We summarize the managerial insights as follows: 

(i) Profit of the influencer: Increasing consumers’ sensitivity to product quality is not necessarily beneficial to 

the influencer. In the situation without quality cooperation, consumers’ sensitivity to product quality positively 

affects the influencer’s profit. However, changes in the profit of the influencer are related to the commission rate. 

Increasing consumers’ sensitivity to product quality will increase the influencer’s profit only when the commission 

rate is relatively high. For the influencer, if consumers become more sensitive to product quality, participating in 

quality cooperation and raising the commission rate can improve their profit. This indicates that increasing 

consumers’ requirements for product quality can force the influencer to pay more attention to product quality. The 

influencer should control the quality of the products that they introduce to maintain their good reputation and attract 

more consumers. 

(ii) Profit of the brand manufacturer: No matter which cooperation strategy is chosen, when the coefficient 

of quality investment is relatively low, increasing consumers’ sensitivity to product quality can lead to more profit 
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for the manufacturer. This requires the brand manufacturer to optimize its production process as much as possible, 

while focusing on improving product quality, thus increasing production efficiency and reducing production cost. 

7.2.3 Impacts of the proportion of followers 

Considering differences in consumers’ attitudes towards the influencer’s marketing way, we analyze the 

impacts of the proportion of followers on the profits of the brand manufacturer and influencer. The relevant 

conclusions and implications are as follows: 

(i) Profit of the influencer: When the potential market demand is relatively large and the commission rate is 

relatively low, the larger the proportion of followers is, the higher is the profit for the influencer. This means that the 

influencer with more followers does not necessarily have a greater ability to introduce products. Therefore, the 

influencer should choose products that well match their image and perform precise marketing for the products to 

achieve better performance. This explains why some stars fail to sell products through live streaming.  

(ii) Profit of the brand manufacturer: When the price is constant, increasing the proportion of followers will 

not affect product quality but will increase the return volume. If the commission rate is relatively high, the increment 

of the brand manufacturer’s revenue will be lower than that of its cost, thus leading to a lower profit. When the price 

is adjustable, increasing the proportion of followers can prompt the brand manufacturer to provide products with 

higher prices and quality, so improving the brand manufacturer’s profit. For the brand manufacturer, when the 

influencer’s followers increase, they could upgrade the products and provide high-value products for consumers. In 

addition, due to the increase in sales, the brand manufacturer could try to negotiate with the influencer to reduce the 

commission rate, thus maintaining its profit and promoting long-term cooperation between the two parties. 

7.2.4 Comparisons of long-term versus short-term cooperation 

Considering the brand manufacture may choose to opening its own live streaming room after cooperating with 

the influencer, we explore the choices of long-term versus short-term cooperation. We find the following managerial 

insights: 

(i) The effect of long-term cooperation: Long-term cooperation can promote product upgrading, increase 

product sales, and reduce the return rate, thus gathering more loyal consumers for the brand. Besides, long-term 

cooperation can improve the overall performance of the supply chain and promote high-quality development of live 

e-commerce. 

(ii) Choices between long-term and short-term cooperation: When the spillover effect is smaller, the brand 

manufacturer should choose short-term cooperation with the influencer for product credit endorsement in the first 

period. When the spillover effect is smaller, if the willingness of the influencer to participate in quality cooperation 

is relatively low, the brand manufacturer should choose long-term cooperation.  

7.3. Future studies 

All in all, there are some limitations in our model, which point to interesting directions for future research. First, 

we consider the brand manufacturer as the leader in the Stackelberg game, but some influencer may play a dominant 

role in the market. Thus, future research can take the influencer as the leader and compare the optimal decisions 

under different power structures of the players. Second, we mainly focus on a single live streaming channel in our 

study. Noting that the sales of the live streaming channel may impact the other channels’ sales, future research can 

extend our work by considering the multi-channel supply chain. Third, a three-party game including a brand 

manufacturer, an influencer, and an e-commerce platform is worth studying. Fourth, we assume that the time 

discount factor tau is a constant to simplify solution of the problems under study. However, assuming tau as a 

random variable can address more complex problems, which is another important topic for future research. Fifth, we 

assume that all the consumers will consider the return hassle cost. However, some consumers do not know if they 

will keep or return the product before receiving the product. Hence, future research may consider the return hassle 

cost as an expected value to produce more interesting results. Finally, the multi-period setting from the long-term 

decision-making perspective can be considered. 
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APPENDIX 

Proof of Theorem 1 

We need to first analyze the convexity of Π𝐿 through the first-order and second-order derivatives of Π𝐿 with 

respect to 𝑒. As 
𝜕2Π𝐿

𝑌

𝜕𝑒2
= −2𝜉 < 0, the influencer’s profit function is concave in the marketing effort and has a 

maximum value. To obtain the maximum marketing effort, we equate the first-order derivative of the influencer’s 

profit to 0, i.e., 
𝜕Π𝐿

𝑌

𝜕𝑒
= −2𝑒𝜉 +

𝐴𝑝𝜃𝜇𝜌

𝜏
= 0, yielding 

𝑒𝑌 =
𝐴𝜃𝜇𝜌𝑝

2𝜉𝜏
. 

Then, substituting 𝑒𝑌  into Eq. (3), as 
𝜕2Π𝑀

𝜕𝑞2
= −2𝜎 < 0 , we derive the optimal solutions of the brand 

manufacturer by solving the following equation 
𝜕Π𝑀

𝑌

𝜕𝑞
=
𝐴𝑝𝜆(1−𝜌)−2𝑞𝜎𝜏(1−𝜙)−𝐴𝜆(𝑐0−𝑐1)

𝜏
= 0. 

We then find the optimal solutions 𝑞𝑌∗ and 𝑒𝑌∗. 
 

Proof of Proposition 1 

𝑞𝑌∗, 𝑒𝑌∗, 𝐷𝑌∗, 𝑅𝑌∗, 𝐷𝑌∗ − 𝑅𝑌∗, Π𝑀
𝑌∗, and Π𝐿

𝑌∗ must be positive. Letting 𝐷𝑌∗ > 0 and 𝑞𝑌∗ > 0, we get 0 < 𝑟 < 𝑟2
^

 

and 0 < 𝜌 <
𝑝−𝑐0+𝑐1

𝑝
. Especially, when 𝑟1

^
< 𝑟 < 𝑟2

^
, 𝑅𝑌∗ = 0. Then, we find the feasible ranges for the profits by 

judging the monotonicity of the profits with respect to 𝜙. 
𝜕Π𝐿

𝑌∗

𝜕𝜙
=
𝐴2𝜆2(−𝑝(1−𝜌)+𝑐0−𝑐1)(𝑝(1−3𝜌)−𝑐0+𝑐1+𝜙(𝑝+𝑝𝜌−𝑐0+𝑐1))

4𝜎𝜏2(1−𝜙)3
, 

𝜕Π𝑀
𝑌∗

𝜕𝜙
=
𝐴2𝜆2(𝑝(1−𝜌)−𝑐0+𝑐1)

2

4𝜎𝜏2(1−𝜙)2
> 0, 

lim
𝜙→1

Π𝐿
𝑌∗ = −∞ , 

lim
𝜙→0

Π𝐿
𝑌∗ = 𝐹 +

𝐴(
𝑝(𝐴𝑝(2𝜆2𝜉(1−𝜌)𝜌+𝜃2𝜇2𝜌2𝜎)−4𝜉𝜌𝜎(𝑟+𝑝𝛼−𝜏)𝜏)

−2𝐴𝑝𝜆2𝜉𝜌(𝑐0−𝑐1)
)

4𝜉𝜎𝜏2
, 

lim
𝜙→1

Π𝑀
𝑌∗ = +∞ , 

lim
𝜙→0

Π𝑀
𝑌∗ = −𝐹 +

𝐴

(

 
 
(−𝑝(1−𝜌)+𝑐0)(

−𝐴𝑝𝜆2𝜉(1−𝜌)−2𝑝𝜃2𝜇2𝜌𝜎

+4(𝑟+𝑝𝛼)𝜉𝜎𝜏−4𝜉𝜎𝜏2+𝐴𝜆2𝜉𝑐0
)

−2(
−𝐴𝑝𝜆2𝜉(1−𝜌)−2𝜉𝜎𝜏(𝑟+𝑟𝜏−𝑄𝜆𝜏)

+𝑝𝜎(1−𝜏)(2𝛼𝜉𝜏−𝜃2𝜇2𝜌)+𝐴𝜆2𝜉𝑐0
)𝑐1+𝐴𝜆

2𝜉𝑐1
2

)

 
 

4𝜉𝜎𝜏2
. 

(1) Analysis of Π𝐿
𝑌∗: 

When 0 < 𝜌 <
𝑝−𝑐0+𝑐1

3𝑝
, 
𝜕Π𝐿

𝑌∗

𝜕𝜙
< 0.  

When 
𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
 and 𝜙 >

(3𝜌−1)+𝑐0−𝑐1

𝑝(1+𝜌)−𝑐0+𝑐1
, 
𝜕Π𝐿

𝑌∗

𝜕𝜙
< 0.  

When 
𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
 and 𝜙 <

(3𝜌−1)+𝑐0−𝑐1

𝑝(1+𝜌)−𝑐0+𝑐1
, 
𝜕Π𝐿

𝑌∗

𝜕𝜙
> 0.  

So, when 0 < 𝜌 <
𝑝−𝑐0+𝑐1

3𝑝
 and lim

𝜙→0
Π𝐿
𝑌∗ > 0, letting Π𝐿

𝑌∗ =
𝐵1𝜙

2+𝐵2𝜙+𝐵3

4𝜉𝜎𝜏2(1−𝜙)2
= 0, we get 𝜙1 =

−𝐵2+√𝐵2
2−4𝐵1𝐵3

2𝐵1
 and 

𝜙2 =
−𝐵2−√𝐵2

2−4𝐵1𝐵3

2𝐵1
. Thus, when 0 < 𝜌 <

𝑝−𝑐0+𝑐1

3𝑝
, 𝐹 > 𝐹1

^

, and 0 ≤ 𝜙 < 𝜙1, Π𝐿
𝑌∗ > 0. 

When 
𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
 and Π𝐿

𝑌∗ (𝜙 =
(3𝜌−1)+𝑐0−𝑐1

𝑝(1+𝜌)−𝑐0+𝑐1
) = 0, letting Π𝐿

𝑌∗ > 0, we get 𝐹 > 𝐹2
^

. Thus, when ① 

𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
, 𝐹 > 𝐹1

^

, and 0 ≤ 𝜙 < 𝜙1  or ②  
𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
, 𝐹2
^

< 𝐹 < 𝐹1
^

, and 𝜙2 < 𝜙 < 𝜙1 , 

Π𝐿
𝑌∗ > 0, so 𝐹1

^

> 𝐹2
^

. 

(2) Analysis of Π𝑀
𝑌∗: 

When lim
𝜙→0

Π𝑀
𝑌∗ > 0, i.e., 𝐹 < 𝐹3

^

, Π𝑀
𝑌∗ > 0. When lim

𝜙→0
Π𝑀
𝑌∗ < 0, i.e., 𝐹 > 𝐹3

^

, letting Π𝑀
𝑌∗ = 0, we get  
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𝜙3 =

(

−𝐴2𝑝2𝜆2𝜉(1−𝜌)2+4𝐹𝜉𝜎𝜏2−2𝐴𝑝(1−𝜌)𝜎(𝑝𝜃2𝜇2𝜌−2(𝑟+𝑝𝛼)𝜉𝜏+2𝜉𝜏2)

+𝐴(
+𝑐0(2𝐴𝑝𝜆

2𝜉(1−𝜌)+2𝑝𝜃2𝜇2𝜌𝜎+4(𝑟+𝑝𝛼)𝜉𝜎𝜏−4𝜉𝜎𝜏2+𝐴𝜆2𝜉𝑐0)

+2(−𝐴𝑝𝜆2𝜉(1−𝜌)−2𝜉𝜎𝜏(𝑟+𝑟𝜏−𝑄𝜆𝜏)+𝑝𝜎(1−𝜏)(2𝛼𝜉𝜏−𝜃2𝜇2𝜌)+𝐴𝜆2𝜉𝑐0)𝑐1−𝐴𝜆
2𝜉𝑐1

2)
)

2𝜎(
2𝐹𝜉𝜏2−𝐴(𝑝𝜃2𝜇2𝜌−2(𝑟+𝑝𝛼)𝜉𝜏+2𝜉𝜏2)(𝑝−𝑝𝜌−𝑐0)

−𝐴(2𝜉𝜏(𝑟+𝑟𝜏−𝑄𝜆𝜏)+𝑝(1−𝜏)(𝜃2𝜇2𝜌−2𝛼𝜉𝜏))𝑐1
)

. 

Thus, when 𝐹 > 𝐹3
^

 and 𝜙 > 𝜙3, Π𝑀
𝑌∗ > 0, where 

𝐹1
^

=
𝐴(𝑝(𝐴𝑝(2𝜆2𝜉(1−𝜌)𝜌−𝜃2𝜇2𝜌2𝜎)+4𝜉𝜌𝜎(𝑟+𝑝𝛼−𝜏)𝜏)+2𝐴𝑝𝜆2𝜉𝜌(𝑐0−𝑐1))

4𝜉𝜎𝜏2
, 

𝐹2
^

=
𝐴(𝑝(−𝐴𝑝(𝜆2𝜉(1+𝜌)2+4𝜃2𝜇2𝜌2𝜎)+16𝜉𝜌𝜎(𝑟+𝑝𝛼−𝜏)𝜏)+𝐴𝜆2𝜉(𝑐0−𝑐1)(2𝑝(1+𝜌)−𝑐0+𝑐1))

16𝜉𝜎𝜏2
, 

𝐹3
^

=
𝐴(

(−𝑝(1−𝜌)+𝑐0)(−𝐴𝑝𝜆
2𝜉(1−𝜌)−2𝑝𝜃2𝜇2𝜌𝜎+4(𝑟+𝑝𝛼)𝜉𝜎𝜏−4𝜉𝜎𝜏2+𝐴𝜆2𝜉𝑐0)

−2(−𝐴𝑝𝜆2𝜉(1−𝜌)−2𝜉𝜎𝜏(𝑟+𝑟𝜏−𝑄𝜆𝜏)+𝑝𝜎(−1+𝜏)(𝜃2𝜇2𝜌−2𝛼𝜉𝜏)+𝐴𝜆2𝜉𝑐0)𝑐1+𝐴𝜆
2𝜉𝑐1

2)

4𝜉𝜎𝜏2
, 

𝑟1
^
=
(−𝐴𝑝(𝜆2𝜉(1−𝜌)−𝜃2𝜇2𝜌𝜎(1−𝜏)(1−𝜙))+2𝜉𝜎𝜏(𝑝𝛼(1−𝜏)+𝑄𝜆𝜏)(1−𝜙)+𝐴𝜆2𝜉(𝑐0−𝑐1))

2𝜉𝜎𝜏(1+𝜏)(1−𝜙)
, 

𝑟2
^
=
𝐴𝑝𝜃2𝜇2𝜌+2(1−𝑝𝛼+𝑄𝜆)𝜉𝜏

2𝜉𝜏
. 

 

Proof of Proposition 2 

Sensitivity analysis of 𝜆 without quality cooperation: 
𝜕𝑒𝑁∗

𝜕𝜆
= 0, 

𝜕𝑞𝑁∗

𝜕𝜆
=
𝐴(𝑝−𝑝𝜌−𝑐0+𝑐1)

2𝜎𝜏(1−𝜙)
> 0, 

𝜕(𝐷𝑁∗−𝑅𝑁∗)

𝜕𝜆
=
𝐴2𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

𝜎𝜏2
> 0, 

𝜕Π𝐿
𝑁∗

𝜕𝜆
=
𝐴2𝑝𝜆𝜌(𝑝(1−𝜌)−𝑐0+𝑐1)

𝜎𝜏2
> 0, 

𝜕Π𝑀
𝑁∗

𝜕𝜆
=
𝐴(𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2−2𝑄𝜎𝜏2𝑐1)

2𝜎𝜏2
. 

When 𝐴𝜆(𝑝(1 − 𝜌) − 𝑐0 + 𝑐1)
2 − 2𝑄𝜎𝜏2𝑐1 > 0, i.e., 𝜎 <

𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)
2

2𝑄𝜏2𝑐1
 and 

𝜕Π𝑀
𝑁∗

𝜕𝜆
> 0; otherwise, 

𝜕Π𝑀
𝑁∗

𝜕𝜆
< 0. 

Sensitivity analysis of 𝜆 with quality cooperation: 
𝜕𝑒𝑌∗

𝜕𝜆
= 0, 

𝜕𝑞𝑌∗

𝜕𝜆
=
𝐴(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏
> 0, 

𝜕(𝐷𝑌∗−𝑅𝑌∗)

𝜕𝜆
=
𝐴2𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

𝜎𝜏2(1−𝜙)
> 0, 

𝜕Π𝐿
𝑌∗

𝜕𝜆
=
−𝐴2𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)(𝑝(𝜌(−2+𝜙)+𝜙)−𝜙𝑐0+𝜙𝑐1)

2𝜎𝜏2(1−𝜙)2
. 

When 𝑝(𝜌(−2 + 𝜙) + 𝜙) − 𝜙(𝑐0 − 𝑐1) > 0, i.e., 𝜌 <
𝜙(𝑝−𝑐0+𝑐1)

𝑝(2−𝜙)
 and 

𝜕Π𝐿
𝑌∗

𝜕𝜆
< 0; otherwise, 

𝜕Π𝐿
𝑌∗

𝜕𝜆
> 0.  

𝜕Π𝑀
𝑌∗

𝜕𝜆
=
𝐴(−𝐴𝜆(𝑝(1−𝜌)−𝑐0)

2−𝐴𝜆𝑐1
2+2(−𝐴𝑝𝜆(1−𝜌)+𝑄𝜎𝜏2(1−𝜙)+𝐴𝜆𝑐0)𝑐1)

2𝜎𝜏2(−1+𝜙)
. 

When −𝐴𝜆(𝑝(1 − 𝜌) − 𝑐0)
2 − 2(𝐴𝑝𝜆(1 − 𝜌) + 𝑄𝜎𝜏2(1 − 𝜙) + 𝐴𝜆𝑐0)𝑐1 − 𝐴𝜆𝑐1

2 > 0 , i.e., 𝜎 <
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2

2𝑄𝜏2(1−𝜙)𝑐1
,  
𝜕Π𝑀

𝑌∗

𝜕𝜆
> 0; otherwise, 

𝜕Π𝑀
𝑌∗

𝜕𝜆
< 0. 

 

Proof of Proposition 3 

Sensitivity analysis of 𝜃 without quality cooperation: 
𝜕𝑒𝑁∗

𝜕𝜃
=
𝜇𝜌𝑝

2𝜉𝜏
> 0, 

𝜕𝑞𝑁∗

𝜕𝜃
= 0, 

𝜕(𝐷𝑁∗−𝑅𝑁∗)

𝜕𝜃
=
𝐴𝑝𝜃𝜇2𝜌

𝜉𝜏2
> 0, 

𝜕Π𝐿
𝑁∗

𝜕𝜃
=
(2𝐴−1)𝑝2𝜃𝜇2𝜌2

2𝜉𝜏2
. 

When 𝐴 >0.5, 
𝜕Π𝐿

𝑁∗

𝜕𝜃
> 0; otherwise, 

𝜕Π𝐿
𝑁∗

𝜕𝜃
< 0. 
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𝜕Π𝑀
𝑁∗

𝜕𝜃
=
𝐴𝑝𝜃𝜇2𝜌(𝑝(1−𝜌)−𝑐0+(1−𝜏)𝑐1)

𝜉𝜏2
. 

When 𝑝(1 − 𝜌) − 𝑐0 + (1 − 𝜏)𝑐1 > 0, i.e., 𝜌 < 1 −
𝑐0−(1−𝜏)𝑐1

𝑝
 and 

𝜕Π𝑀
𝑁∗

𝜕𝜃
> 0; otherwise, 

𝜕Π𝑀
𝑁∗

𝜕𝜃
< 0. 

Sensitivity analysis of 𝜃 with quality cooperation is the same as the situation with quality cooperation. 

 

Proof of Proposition 4 

Comparison of quality: 

𝑞𝑁∗ − 𝑞𝑌∗ =
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏
−
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏(1−𝜙)
= −

𝐴𝜆𝜙(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏(1−𝜙)
< 0. 

Comparison of the marketing effort level: 

𝑒𝑁∗ − 𝑒𝑌∗ =
𝜃𝜇𝜌

2𝜉𝜏
𝑝 −

𝜃𝜇𝜌

2𝜉𝜏
𝑝 = 0. 

Comparison of demand: 

𝐷𝑁∗ − 𝐷𝑌∗ = 𝜃𝜇(𝑒𝑁∗ − 𝑒𝑌∗) = 0. 

Comparison of return volume: 

𝑅𝑁∗ − 𝑅𝑌∗ =
𝐴(𝜃𝜇(−1+𝜏)(𝑒𝑁∗−𝑒𝑌∗)−𝜆(𝑞𝑁∗−𝑞𝑌∗))

𝜏
=
−𝜆(𝑞𝑁∗−𝑞𝑌∗)

𝜏
> 0. 

Comparison of actual sales: 

(𝐷𝑁∗ − 𝑅𝑁∗) − (𝐷𝑌∗ − 𝑅𝑌∗) = (𝐷𝑁∗ − 𝐷𝑌∗) − (𝑅𝑁∗ − 𝑅𝑌∗) = −(𝑅𝑁∗ − 𝑅𝑌∗) < 0. 

Comparison of return rate: 
𝑅𝑁∗

𝐷𝑁∗
−
𝑅𝑌∗

𝐷𝑌∗
=
𝑅𝑁∗𝐷𝑌∗−𝐷𝑁∗𝑅𝑌∗

𝐷𝑁∗𝐷𝑌∗
=
𝑅𝑁∗(𝐷𝑌∗−𝑅𝑌∗)−(𝐷𝑁∗−𝑅𝑁∗)𝑅𝑌∗

𝐷𝑁∗𝐷𝑌∗
> 0. 

 

Proof of Proposition 5 

Comparison of the influencer’s profit: 

Π𝐿
𝑁∗ − Π𝐿

𝑌∗ =
𝐴2𝜆2𝜙(𝑝(1−𝜌)−𝑐0+𝑐1)(𝑝+𝑝𝜌(−3+2𝜙)−𝑐0+𝑐1)

4𝜎𝜏2(−1+𝜙)2
. 

When 0 < 𝜌 <
𝑝−𝑐0+𝑐1

3𝑝
, Π𝐿

𝑁∗ > Π𝐿
𝑌∗ . When 

𝑝−𝑐0+𝑐1

3𝑝
< 𝜌 <

𝑝−𝑐0+𝑐1

𝑝
, if 0 < 𝜙 <

𝑝(3𝜌−1)++𝑐0−𝑐1

2𝑝𝜌
, Π𝐿

𝑁∗ < Π𝐿
𝑌∗ ; 

otherwise, Π𝐿
𝑁∗ > Π𝐿

𝑌∗. 

Comparison of the brand manufacturer’s profit: 

Π𝑀
𝑁∗ − Π𝑀

𝑌∗ = −
𝐴2𝜆2𝜙(𝑝(1−𝜌)−𝑐0+𝑐1)

2

4𝜎𝜏2(1−𝜙)
< 0. 

 

Proof of Proposition 6 

𝑞1
𝑌∗ − 𝑞2

𝑌∗ =
𝐴𝛽𝜆(𝑝−𝑝𝜌−𝑐0+𝑐1)

2𝜎𝜏
−
𝐴𝑝𝛽𝜆𝜌

2𝜎𝜏
=
𝐴𝛽𝜆(𝑝−2𝑝𝜌−𝑐0+𝑐1)

2𝜎𝜏
  

𝑒𝑁∗ − 𝑒𝑌∗ =
𝜃𝜇𝜌

2𝜉𝜏
𝑝 −

𝜃𝜇𝜌

2𝜉𝜏
𝑝 = 0  

𝑞𝑁∗ − 𝑞𝑌∗ =
𝐴𝜆(𝑝(1−𝜌)−𝑐0+𝑐1)

2𝜎𝜏
− (

𝐴𝜆(𝑝−𝑝𝜌−𝑐0+𝑐1)

2𝜎𝜏
+
𝐴𝑝𝜆𝜌

2𝜎𝜏
) = −

𝐴𝑝𝜆𝜌

2𝜎𝜏
< 0  

𝐷𝑁∗ − 𝐷𝑌∗ = 𝜃𝜇(𝑒𝑁∗ − 𝑒𝑌∗) = 0  

𝑅𝑁∗ − 𝑅𝑌∗ =
𝐴(𝜃𝜇(−1+𝜏)(𝑒𝑁∗−𝑒𝑌∗)−𝜆(𝑞𝑁∗−𝑞𝑌∗))

𝜏
=
−𝜆(𝑞𝑁∗−𝑞𝑌∗)

𝜏
> 0  

(𝐷𝑁∗ − 𝑅𝑁∗) − (𝐷𝑌∗ − 𝑅𝑌∗) = (𝐷𝑁∗ − 𝐷𝑌∗) − (𝑅𝑁∗ − 𝑅𝑌∗) = −(𝑅𝑁∗ − 𝑅𝑌∗) < 0  
𝑅𝑁∗

𝐷𝑁∗
−
𝑅𝑌∗

𝐷𝑌∗
=
𝑅𝑁∗𝐷𝑌∗−𝐷𝑁∗𝑅𝑌∗

𝐷𝑁∗𝐷𝑌∗
=
𝑅𝑁∗𝐷𝑌∗−𝑅𝑁∗𝑅𝑌∗+𝑅𝑁∗𝑅𝑌∗−𝐷𝑁∗𝑅𝑌∗

𝐷𝑁∗𝐷𝑌∗
=
𝑅𝑁∗(𝐷𝑌∗−𝑅𝑌∗)−(𝐷𝑁∗−𝑅𝑁∗)𝑅𝑌∗

𝐷𝑁∗𝐷𝑌∗
> 0  

𝜋𝑀
𝑁∗ − 𝜋𝑀

𝑌∗ =
𝐴2𝑝𝜆2𝜌(𝑝−𝑝𝜌−𝑐0+𝑐1)

2𝜎𝜏2
> 0  

𝜋𝐿
𝑁∗ − 𝜋𝐿

𝑌∗ = −
𝐴2𝑝2𝜆2𝜌2

4𝜎𝜏2
< 0  

 


