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Abstract
This study considers a manufacturer–retailer–streamer supply chain, in which the 
retailer first purchases products from a manufacturer and then sells them to consum-
ers through a streamer. In the live streaming context, the retailer usually cooperates 
with the streamer by providing three different contracts: only a commission of the 
sale (OC), only a fixed fee (OF), and a commission of the sale and fixed fee (CF). 
Therefore, this study develops a theoretical model to investigate the effects of these 
three contracts on supply chain members’ optimal decisions and profits. The follow-
ing results were obtained: (1) the retailer prefers an OC contract with a high-ability 
streamer, and the manufacturer benefits from this contract. Additionally, the manu-
facturer, retailer, and high-ability streamer can achieve a win–win–win outcome in 
certain cases. Furthermore, the retailer is willing to sign an OC contract with a low-
ability streamer when the fixed fee of the OF contract is high. (2) The retailer prefers 
to cooperate with a low-ability streamer through an OF contract when the fixed fee 
is low. (3) The CF contract is the most profitable alternative for the retailer when the 
total commission rate is low and the fixed fee is medium.

Keywords Contract · Live streaming · Streamer · Pricing

1 Introduction

Due to rapid advances in digital technology, a growing number of consumers, espe-
cially young people, prefer online shopping. Given the recent COVID-19 outbreak, 
contactless online shopping has become increasingly popular. Numerous retailers 
invest heavily in online sales technology to make online shopping more convenient 
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and thereby attract more consumers. For example, several retailers employ profes-
sional salespeople to provide product information in online stores, thereby enhanc-
ing consumers’ awareness of products.1 A new online marketing method called live 
streaming has been developed recently. The associated shopping method has become 
prevalent and attracted several consumers and firms. In China, approximately 309 
million viewers were immersed in live streaming in June 2020—an increase of 
16.7% since March 2020. The user traffic in live streaming will be over 2.5 million 
on average by 2020 [2]. Numerous firms are scrambling to live streaming to pro-
mote their products, including Huawei, GREE, Xiaomi, and La Mer.2 Consequently, 
the live streaming transaction for one year was over 100 million RMB (US$15.4 
million) until March 31, 2021.3 Cooperation with professional streamers can create 
high sales records for firms and enhance the popularity of their brands. For example, 
Viya sold 10,000 Honey for Richora in the first 5 s during live streaming, and Austin 
Li sold 15,000 lipsticks in just 15 min during live streaming.4

However, firms cooperating with streamers to sell products through live streaming 
are not always successful. Occasionally, the firm’s profit from live streaming shop-
ping cannot offset the high cost of employing a streamer. For example, Zebra AI, an 
online education firm, invited Luo to live streaming with high pit fees (1.2 million 
RMB). However, Luo only brought in sales worth 529,200 yuan—less than half of 
the pit fees and far below the firm’s expectations [9]. A thermos brand spent 100,000 
yuan engaging Huang Shengyi to sell its products via live streaming,however, she 
only sold five thermoses, thus causing a major loss for the firm.5 Therefore, spend-
ing a high fixed fee to cooperate with a celebrity does not imply the success of live 
streaming. Successful live streaming shopping is determined by several factors, such 
as the streamer’s proficiency in sales skills, the number of prospective consum-
ers present during the live streaming, and, most importantly, the contract between 
firms and streamers. The contracts clarify the rights and obligations of retailers and 
streamers. Based on the contract agreement, retailers must pay streamers’ salaries, 
and streamers promise to help retailers promote and sell the latter’s products through 
live streaming. A reasonable contract can motivate the streamer to make efforts to 
sell products during live streaming. Therefore, an evident question arises: What kind 
of contract should the retailer choose? In this study, we predominantly aim to inves-
tigate this question.

In practice, retailers are likely to cooperate with the streamer through three dif-
ferent contracts: only a commission of the sale (OC), only a fixed fee (OF), and a 

1 Available at https:// blogs. brigh ton. ac. uk/ ellio tremi ngton creat ives/ 2017/ 05/ 09/ can- live- strea ming- incre 
ase- brand- aware ness- on- social- netwo rking- sites/ (Accessed 2021).
2 Available at https:// www. forbes. com/ sites/ laure nhall anan/ 2020/ 11/ 16/ live- strea ming- drives- 6- billi on- 
usd- in- sales- during- the- 1111- global- shopp ing- festi val/? sh= 5ffe7 5dd21 e5. (Accessed 2021).
3 Available at https:// www. busin esswi re. com/ news/ home/ 20210 42800 5413/ en/ Taobao- Live- Enric hes- 
its- Ecosy stem- to- Fuel- Furth er- Succe ss- for- Partn ers. (Accessed 2021).
4 Available at https:// vanta gedig ital. com. au/ ultim ate- guide- taobao- live- strea ming- 17- lesso ns- from- top-
5- strea mers/. (Accessed 2021).
5 Available at https:// china mktgi nsigh ts. com/ paying- 100k- rmb- to- sell-5- therm oses- how- to- avoid-a- celeb 
rity- lives tream- horror- story/. (Accessed 2021).

https://blogs.brighton.ac.uk/elliotremingtoncreatives/2017/05/09/can-live-streaming-increase-brand-awareness-on-social-networking-sites/
https://blogs.brighton.ac.uk/elliotremingtoncreatives/2017/05/09/can-live-streaming-increase-brand-awareness-on-social-networking-sites/
https://www.forbes.com/sites/laurenhallanan/2020/11/16/live-streaming-drives-6-billion-usd-in-sales-during-the-1111-global-shopping-festival/?sh=5ffe75dd21e5
https://www.forbes.com/sites/laurenhallanan/2020/11/16/live-streaming-drives-6-billion-usd-in-sales-during-the-1111-global-shopping-festival/?sh=5ffe75dd21e5
https://www.businesswire.com/news/home/20210428005413/en/Taobao-Live-Enriches-its-Ecosystem-to-Fuel-Further-Success-for-Partners
https://www.businesswire.com/news/home/20210428005413/en/Taobao-Live-Enriches-its-Ecosystem-to-Fuel-Further-Success-for-Partners
https://vantagedigital.com.au/ultimate-guide-taobao-live-streaming-17-lessons-from-top-5-streamers/
https://vantagedigital.com.au/ultimate-guide-taobao-live-streaming-17-lessons-from-top-5-streamers/
https://chinamktginsights.com/paying-100k-rmb-to-sell-5-thermoses-how-to-avoid-a-celebrity-livestream-horror-story/
https://chinamktginsights.com/paying-100k-rmb-to-sell-5-thermoses-how-to-avoid-a-celebrity-livestream-horror-story/
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commission of the sale and fixed fee (CF). Such contracts are widely used by retail-
ers. For example, (1) OC contract: A clothing merchant cooperated with Tiktok’s 
streamers through a pure commission.6 (2) OF contract: A massage equipment firm 
paid a pit fee of 500,000 yuan to invite Chen Xiaochun to sell its products in a live 
stream. (3) CF contract: A smart home merchant engaged Sydney to sell its prod-
ucts by paying a pit fee of 10,000 yuan and 20% commission.7 Different contracts 
have different incentives for the streamers. The OC contract motivates the streamer 
to sell products when the unit commission of sale is considerable; however, a high 
sales commission is detrimental to firms’ profits. By signing the OF contract with 
a streamer, the retailer must bear a fixed fee regardless of the sale of the products. 
Therefore, the CF contract is popular in that the firm need not bear a high fixed fee, 
and the unit commission of the sale also motivates the streamer to sell the products 
more aggressively. However, determining the proportion of the unit commission of 
sales and the fixed fee is a key problem for firms. Different contracts have differ-
ent effects on supply chain members’ decisions and profits. Therefore, the following 
research questions arise: What contract strategies should the retailer adopt, and how 
do these strategies affect the retailer’s decisions regarding product pricing? How 
much effort should streamers invest in live streaming? How do the total commission 
rates of sales and fixed fees affect retailers’ decisions?

This study considers a manufacturer-retailer-streamer supply chain to answer the 
aforementioned research questions. The retailer purchases products from a manufac-
turer and engages a streamer to sell products to viewers through live streaming. The 
retailer and streamer establish a cooperative relationship for live steaming through a 
contract. Specifically, the three common contracts mentioned above are considered: 
only a commission of the sale (OC), only a fixed fee (OF), a commission of the sale 
and a fixed fee (CF). First, we examine the equilibrium outcomes by analyzing dif-
ferent cooperative contracts. We then investigate the effects of cooperative contracts 
on supply chain members’ optimal decisions and profits. We further discuss the con-
ditions under which the retailer (streamer) should adopt (accept) a certain contract.

This study’s analysis provides significant managerial insights. First, under an OC 
contract, the retailer prefers raising the product price to obtain more profits. The 
retailer is willing to sign this contract with a high-ability streamer who can generate 
the largest product demand and, consequently, profits. Under this case, the manufac-
turer get a “free ride”; that is, the manufacturer can earn greater profits by increasing 
the wholesale price. Second, the retailer is willing (reluctant) to cooperate with a 
low-ability streamer when the fixed fee for the OF contract is low (high). The OF 
contract can drive the largest product demand for retailers and manufacturers for a 
low-ability streamer. Third, the CF contract is the most profitable alternative for the 
retailer when the total commission rate is low and the fixed fee is medium. Finally, 
the manufacturer, retailer, and high-ability streamer can achieve a win–win–win out-
come in the following case: The retailer cooperates with the high-ability streamer 

6 Wu, J., 2020. Businesses "hollowed out" by Sydney: they can’t earn, they can’t escape. https:// car. 
inotgo. com/ 2021/ 12/ 20211 22520 17199 064. html. (Accessed 2022).
7 Available at https:// lujuba. cc/ en/ 632400. html. (Accessed 2022).

https://car.inotgo.com/2021/12/202112252017199064.html
https://car.inotgo.com/2021/12/202112252017199064.html
https://lujuba.cc/en/632400.html
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through the OC contract, and the fixed fee of the OF contract is small. These mana-
gerial insights shed light on the problem of cooperative contracts between retailers 
and streamers.

Our contribution to the literature on live-stream sales is threefold. (1) The cur-
rent literature on e-commerce live streaming does not focus on the different coop-
erative contracts between streamers and retailers. Our study is the first to explicitly 
explore the issues of different cooperation contracts in e-commerce live streaming, 
thus filling the related research gap. (2) Our study considers three types of common 
contracts and examines the retailer’s contract selection decisions endogenously. We 
explore how the retailer chooses different contracts. (3) We study the influence of 
different cooperative contracts on a firm’s optimal pricing decisions and a streamer’s 
efforts. The conclusions derived from this study provide a decision-making refer-
ence for firms to implement e-commerce live streaming with “Internet celebrities”.

This paper is organized as follows: we analyze and summarize the literature 
related to live streaming and our paper’s contributions in Sect. 2. Section 3 describes 
the differences among the three contract models. In Sect. 4, we derive the equilib-
rium price strategies and explore the impacts of product demand and the optimal 
streamer’s effort on contract strategies. Finally, Sect. 5 summaries the optimal con-
tract strategy under certain conditions and concludes the paper. All relevant proofs 
are shown in Appendix.

2  Literature review

This study explores the effects of different contracts on channel members’ decisions 
and profits during live streaming. This study contributes to the literature on live 
streaming and supply chain contracts.

2.1  Live streaming

Live streaming, as a new and contactless retail strategy, has received consider-
able attention in academia. Most extant literature on live streaming has focused on 
empirical research. Examining shopping intentions and reasons stimulated by live 
streaming has been a key direction in this research area (e.g., [20, 29, 44]). Chen and 
Lin [6] conducted empirical research to explore audience motivation to participate 
in live streaming. Sun et al. [37], in their empirical analysis, highlighted the impor-
tance of live streaming in driving purchase intention and, thus, in increasing sales. 
Kim and Kim [21] developed an empirical model to explore the impact of e-sport 
watching motivation on the viewing experience. Chen et al. [7] empirically explored 
the factors influencing consumers’ shopping intentions to purchase products during 
live streaming, including expertise, similarity, and likeability. Addo et al. [8] found 
that social elements positively influence customer purchase intentions. Ma [31] uti-
lized a structural model to study how a live stream arouses consumers’ willingness 
to purchase.
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Another research direction empirically explores the interaction between viewers 
and streamers during live streaming (e.g., [35, 40]). Yu et al. [47] and Li et al. [22, 
23, 25] found that viewers’ participation in live streaming is positively related to 
them sending gifts to the streamers. Hu and Chaudhry [17] evaluated the importance 
of enhancing relational bonds in consumer engagement. Wongkitrungrueng et  al. 
[41] examined the optimal strategy for retailers to acquire and retain customers. Lu 
et  al. [30] studied the impact of the number of viewers on tipping revenue. Kang 
et al. [19] adopted a framework to show how interactivity affects consumer behavior.

Most aforementioned research has focused on shopping intention and live-stream 
interaction. Few studies have assessed optimal contracts between firms and stream-
ers using theoretical model analysis in the extant literature. The following two stud-
ies are related to our study: Wang et al. [39] studied whether a streamer should join 
a platform by considering two different salary mechanisms using a game model, 
wherein when a streamer joins a platform, equilibrium outcomes are derived. They 
showed that streamers at all ability levels would join the platform if the sharing 
rate and basic salary were high. They demonstrated a case wherein an increment in 
the sharing rate would increase the amount of effort that streamers exerted. Instead 
of emphasizing whether the streamer joins the platform, our study focuses on the 
contracts signed between retailers and streamers. More recently, Liu and Liu [28] 
explored the optimal decisions of platforms and streamers using differential game 
theory. They showed that setting a high sharing rate is harmful to a platform. They 
presented a subsidy mechanism under which streamers and the platform can achieve 
a win–win outcome. Liu and Liu [28] only considered a type of revenue-sharing 
mechanism with a sharing rate,in contrast, we study the case in which a retailer pro-
vides different contracts to the streamers by analyzing three scenarios. While the 
above two studies considered the contracts that streamers sign with the platform, we 
assume a case wherein streamers directly sign with the retailer.

2.2  Revenue‑sharing contracts

The revenue-sharing contract is considered an important factor in cooperation in 
the supply chain. The widespread literature on revenue-sharing contracts is closely 
related to our research. Cai et  al. [4] found that a revenue-sharing contract would 
make supply chain members competitive when comparing revenue-sharing and sup-
plier subsidy contracts. Song and Gao [36] investigated the role of revenue-sharing 
contracts in improving performance in a green supply chain. Heydari and Ghasemi 
[16] found that a revenue-sharing contract can create a win–win outcome when re-
manufacturing capacity is limited. Fatehi and Wagner [11] found that a revenue-
sharing contract is more suitable for crowdfunding than other financing models. 
Tsao and Lee [38] concluded that a revenue-sharing contract impacts manufactur-
ers and retailers when facing uncertain demand. Panja and Mondal [34] studied a 
two-layer green supply chain with a credit link demand. Liu et  al. [27] compared 
revenue-sharing and cost-sharing contracts to determine which contract improves 
product greenness. Additionally, a few studies have considered multiple periods [26, 
33], information sharing [43, 49], and dual channels [5, 42] under revenue-sharing 
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contracts. Several studies have examined carbon emissions under revenue-sharing 
contracts [3, 24, 45]. The aforementioned studies have examined the function of rev-
enue-sharing contracts in different contexts, while the problem of revenue-sharing 
contracts in a live streaming environment has not been investigated. Our study con-
siders the influence of revenue-sharing contracts on streamers’ efforts and pricing 
decisions of manufacturers and retailers, which expands the research on revenue-
sharing contracts.

2.3  Difference between our work and existing literature

Our study differs from the aforementioned studies in the following four respects. (1) 
Extant studies associated with live-stream selling have empirically focused on shop-
ping intention and live-stream interaction; our study considers the optimal contracts 
between firms and streamers through theoretical model analysis. (2) Our study is 
the first to explicitly explore the issues of different types of contracts in e-commerce 
live streaming. (3) Most extant research has concentrated on improving supply chain 
performance by only a type of revenue-sharing contract; however, our study com-
pares different cooperation contracts and analyzes their impact on the firm’s live-
stream strategies.

3  Models

We consider a manufacturer-retailer-streamer supply chain, in which the retailer 
purchases products at wholesale price w from the manufacturer and then engages 
a streamer to sell the products to the viewers at unit price p through live stream-
ing. For simplicity, the retailer employs only one streamer, and every individual 
viewer during live streaming buys at most one product. Additionally, the marginal 
production cost is assumed to be constant and zero—a commonly held assumption 
in related studies (e.g., [10, 18, 22, 23, 32, 46]). In this study, we examine three 
different contracts—OC, OF, and CF—between the retailer and streamer; thereaf-
ter, we use subscripts m , r, and s to denote the manufacturer, retailer, and streamer, 
respectively.

All the notations in this paper are summarized in Table 1.
The decision sequence for our model is shown in Fig. 1. First, the retailer decides 

which contract (OC, OF, or CF) to sign with the streamer. Second, the manufacturer 
decides the wholesale price w . Third, the retailer sets the product retail price p , and 
the streamer decides their effort e during live streaming. Finally, the viewer evalu-
ates the product during live streaming and decides whether to buy it. The wholesale 
price w , streamer effort e , and live streaming price p are decision variables, whereas 
the others are exogenous.

In our model, viewers are heterogeneous regarding product valuation v , and v is 
distributed uniformly over [0, 1], which can also be found in previous studies [14, 
43]. Streamers’ attractiveness, interaction, effort, and expertise can increase viewers’ 
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willingness to buy [12, 28, 44]. Thus, the utility function of viewers purchasing a 
product during live streaming is denoted as:

where b denotes the sensitivity coefficient of the streamer’s effort (b > 0) and be rep-
resents the improvement in viewers’ utility due to streamers’ live-streaming efforts. 
If u > 0 , viewers will purchase the product in live streaming; otherwise, they will 
not place an order. From the utility function of viewers, we derive the demand func-
tion of products in live streaming:

(1)u = v − p + be

(2)d = 1 − (p − be)

Table 1  Summary of notations

Notation Description

v Viewers’ valuation of a product
e Streamer’s effort
p Product price
w Wholesale price
S Gifts(tips)
s Efficiency of the streamer receiving gifts from viewers (s > 0)

cs Streamer’s effort cost
c Cost coefficient for the streamer’s effort, ( c > 0)
r The unit commission of sales
k Fixed fee, ( k > 0)
� A commission rate of fixed fee, � ∈ [0, 1]

� A commission rate of sale, � ∈ [0, 1]

b Sensitive coefficient of streamer’s effort
di Product demand in the contract i (i = OC, OF, CF)
�i
m

The profit of the manufacturer under the contract i (i = OC, OF, CF)
�i
r

The profit of the retailer under the contract i (i = OC, OF, CF)
�i
s

The profit of the streamer under the contract i (i = OC, OF, CF)

 The manufacturer 
determines wholesale 

price w

 The retailer sets the 
product retailer 

price p

The retailer signs a 
contract with the 

streamer

The consumers decide 
whether to buy during 

the live streaming

 The streamer 
decides his effort e

Fig. 1  Decision sequences
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Equation (2) shows that the streamer’s effort positively influences demand for the 
product in live streaming.

In our model, the streamer’s profits comprise two parts: salary and gifts (tip). 
On the one hand, after the streamer signs a contract with the retailer, the former 
obtains a salary from the latter. Based on the type of contract (OC, OF, or CF), the 
streamer’s salary differs, including only the commission of the sale, fixed fee, and 
part commission of sale and fixed fee. During live streaming, viewers appreciate the 
streamer’s effort to sell products and, thus, buy and send virtual gifts to the streamer. 
For example, Dong Mingzhu, a Gree Electric Appliances chairwoman, received a 
tip of 3,407 million virtual currency (about 340,000 yuan) from viewers as a reward 
for a live-stream selling.8 Following Wang et al. [39], the profit of the streamer from 
gifts is presented as

where s (s > 0) represents the efficiency of the streamer receiving gifts (tips) from 
viewers. The efficiency s is determined by the streamer’s fame; that is, a famous 
streamer exhibits high efficiency. Further, e represents the streamer’s live streaming 
efforts. In our model, the streamer’s effort in live streaming incurs a cost:

Note that the cost follows a quadratic form commonly found in previous studies 
[13, 15]. Parameter c denotes the cost coefficient of the streamer’s effort and reflects 
the streamer’s ability [39]. The higher the streamer’s ability, the smaller the effort 
cost. The streamer’s ability is high when the c is less. Next, we study the channel 
members’ optimal decisions under the following three contracts: OC, OF, and CF.

3.1  OC contract

In the OC contract (model OC), the retailer offers only a unit commission of sale r 
as a salary to the streamer. Under this contract, the streamer receives a commission r 
from the retailer for each product sold through live streaming. In particular, the more 
streamers sell through live streaming, the more profits they will obtain. Thus, the 
streamer’s profits in model OC can be formulated as

In addition to the profit of the commission of the sale, the streamer’s total prof-
its include profits of the gifts (tips) and the cost of the streamer’s effort during live 
streaming. The profit function with respect to the retailer under the OC contract is.

(3)S = se.

(4)cs = ce2∕2.

(5)�OC
s

= (1 − p + be)r − ce2∕2 + se.

(6)�OC
r

= (1 − p + be)(p − w − r).

8 Available at https:// www. telle rrepo rt. com/ busin ess/ 2020- 04- 24- too- slow!- dong- mingz hu-s- first- show- 
of- live- broad cast- with-% 22slap% 22- was- defea ted- by- the- inter net. rJc2R KlY8. html (Accessed 2022).

https://www.tellerreport.com/business/2020-04-24-too-slow!-dong-mingzhu-s-first-show-of-live-broadcast-with-%22slap%22-was-defeated-by-the-internet.rJc2RKlY8.html
https://www.tellerreport.com/business/2020-04-24-too-slow!-dong-mingzhu-s-first-show-of-live-broadcast-with-%22slap%22-was-defeated-by-the-internet.rJc2RKlY8.html
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Note that w represents the wholesale price and r denotes the unit sale commis-
sion. The manufacturer’s profit function is given by

(7)�OC
m

= (1 − p + be)w.

Table 2  Optimal wholesale 
price, retail price, and streamer’s 
effort under model OC, OF, CF

Model Optimal wholesale price, 
retail price, and streamer’s 
effort

OC wOC∗ =
b2r+bs−cr+c

2c

pOC∗ =
(r+3)c+3b2r+3bs

4c

eOC∗ =
br+s

c

OF wOF∗ =
bs+c

2c

pOF∗ =
3bs+3c

4c

eOF∗ =
s

c

CF wCF∗ =
r(b2−c)�+bs+c

2c

pCF∗ =
(r�+3)c+3b2�r+3bs

4c

eCF∗ =
b�r+s

c

Table 3  Optimal demand and 
profit of manufacturer, retailer, 
and streamer under model OC, 
OF, and CF

Model Optimal demand and profit of the manufacturer, 
retailer, and streamer

OC dOC =
b2r+bs−cr+c

4c

�OC∗
m

=
(b2r+bs−cr+c)

2

8c2

�OC∗
r

=
(b2r+bs−cr+c)

2

16c2

�OC∗
s

=
(−b2−c)r2+(bs+c)r+2s2

4c

OF dOF =
bs+c

4c

�OF∗
m

=
(bs+c)2

8c2

�OF∗
r

=
(−16k+1)c2+2bcs+b2s2

16c2

�OF∗
s

= k +
s2

2c

CF dCF =
r(b2−c)�+bs+c

4c

�CF∗
m

=
(r(b2−c)�+bs+c)

2

8c2

�CF∗
r

=
(�2r2−16�k−2r�+1)c2−2b(r�−1)(b�r+s)c+b2(b�r+s)2

16c2

�CF∗
s

=
−r2(b2+c)�2+r(bs+c)�+4�kc+2s2

4c



 Y. He et al.

1 3

By resolving Eqs. (5)–(7), we obtain the optimal wholesale price, retail price, 
and streamer effort under the OC contract, as shown in Table 2. The profits of 
the manufacturer, retailer, and streamer in Model OC are presented in Table 3.

3.2  Model OF

In the OF contract (model OF), the retailer only provides a fixed fee k to the streamer 
as his salary. The streamer promises to help the retailer promote and sell products 
through live streaming. An OF contract is generally used to cooperate with a famous 
streamer, who can help the retailer and manufacturer clear inventory and enhance 
the popularity of products in live streaming, thus benefitting the retailer. Thereafter, 
the streamer’s profits under model OF is given by:

Similarly, in addition to the fixed fee k , the streamer’s total profits include the 
profit of the gifts (tips) and the cost of the streamer’s effort. The retailer’s profit is:

Then, the profit function regarding the manufacturer is represented as:

The optimal wholesale price, retail price, and the streamer’s effort in the OF 
model are presented in Table 2. The product demand and profits of the manufac-
turer, retailer, and streamer are shown in Table 3.

3.3  Model CF

In the CF contract (model CF), the retailer not only shares a commission of sale �r 
with the streamer but also offers a fixed fee �k to the streamer. The streamer’s total 
profits in this scenario comprise the fixed fee �k , the unit commission of sale �r 
and gifts(tips). The CF contract is commonly used in practice because the variety of 
streamers’ profits can enhance their motivation for live streaming. The unit commis-
sion of sale �r indicates that the streamer may gain greater profit from product sales 
through their efforts. The streamer receives a fixed fee �k as part of their salary. 
Hence, we can formulate the profits of the streamer, which are given by:

The profits function of the manufacturer and retailer are as follows:

and

(8)�OF
s

= k − ce2∕2 + se.

(9)�OF
r

= (1 − p + be)(p − w) − k.

(10)�OF
m

= (1 − p + be)w.

(11)�CF
s

= (1 − p + be)�r + �k − ce2∕2 + se.

(12)�CF
r

= (1 − p + be)(p − w − �r) − �k.
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By resolving Eqs. (11)–(13), respectively, we can derive the optimal wholesale 
price, retail price, and streamer effort, respectively, which are shown in Table  2; 
consequently, we obtain the optimal profit of the manufacturer, retailer, and streamer 
under the CF model, which is also presented in Table 3.

4  Analysis

This section examines the effects of the different contracts (OC, OF, and CF) on the 
optimal wholesale price, retail price, streamer effort, and product demand and then 
examine the optimal contract strategy for supply chain members.

Proposition 1 The streamer’s optimal effort, retail price, and wholesale price under 
different contracts meet the following properties:

 (i) eOF∗ < eCF∗ < eOC∗;
 (ii) pOF∗ < pCF∗ < pOC∗;
 (iii) i f  c < b2 ,  we  have  wOF∗ < wCF∗ < wOC∗;  i f  c > b2 ,  we  have 

wOF∗ > wCF∗ > wOC∗.

Proposition 1(i) shows that the streamer’s optimal effort under an OC contract is 
the largest and that under an OF contract is the smallest. This can be explained as 
follows: Under the OC contract, the streamer receives a commission of sale r when 
they sell one product through live streaming. The more products they sell, the more 
commission they receive. The commission of sale r can stimulate the streamer to 
exert greater effort during live streaming. Therefore, the streamer’s optimal effort 
under the OC contract is the largest.

Proposition 1(ii) shows the same relationship as Proposition 1(i) for the optimal 
product price. The product price under the OC contract is higher than the other con-
tracts. Specifically, the retailer prefers increasing the product price as the streamer’s 
effort increases. Hence, the retailer may increase the product price due to the pres-
ence of an OC contract.

Proposition 1(iii) indicates that if the streamer’s effort cost ( c ) is sufficiently 
small, that is, c < b2 , the wholesale price under the OC contract is the largest 
among these contracts. Combining the results of Proposition 1(i)–(iii), we find that 
the streamer’s optimal effort under the OC contract is the largest. A high-ability 
streamer can persuade more viewers to buy products during live streaming. Thus, 
the manufacturer tends to offer a high wholesale price when the retailer cooper-
ates with a high-ability streamer through the OC contract. However, the result is 
the opposite when the retailer cooperates with a low-ability streamer. Specifically, 

(13)�CF
m

= (1 − p + be)w.
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a low-ability streamer cannot persuade more viewers to buy products during live 
streaming, even if the streamer’s optimal effort under the OC contract is the largest.

Different cooperative contracts also have different influences on product demand 
in live streaming. Therefore, we compare product demand under different contracts 
and obtain Proposition 2.

Proposition 2 The product demand under different contracts exhibits the following 
relationship:

 (i) if c < b2, we have DOF∗ < DCF∗ < DOC∗;
 (ii) if c > b2, we have DOF∗ > DCF∗ > DOC∗.

Proposition 2(i) shows that product demand is the largest when the retailer 
signs an OC contract with a high-ability streamer. Product demand is also the 
largest for an OF contract with a low-ability streamer. This is because an OC con-
tract can stimulate high-ability streamers exert maximal efforts to sell products, 
and high-ability streamers can persuade more viewers to buy products through 
their proficient sales skills. Proposition 2(ii) indicates that the sale of products 
under the OC contracts is smallest when the streamer’s ability is low. Although 
the OC contract can stimulate low-ability streamers to try their best to sell prod-
ucts, low-ability streamers cannot persuade more viewers to buy products. Thus, 
the opposite result is obtained.

Propositions 1 and 2 indicate the effects of different contracts (OC, OF, and 
CF) on the optimal wholesale price, retail price, the streamer’s effort, and product 
demand. Then, we examine the retailer’s optimal contract strategy in Proposition 3.

Proposition 3 The optimal contract strategy for the retailer by comparing the retail-
er’s profit under the different contracts satisfies the following relationship:

 (i) When c < b2, we have 𝜋OC
r

> 𝜋CF
r

> 𝜋OF
r

.
 (ii) When c > b2 and 𝛼 + 𝛽 > 1, we have 𝜋CF

r
< max(𝜋OF

r
,𝜋OC

r
). Furthermore, 

𝜋OC
r

> 𝜋OF
r

, if k > kOF−OR; otherwise, 𝜋OF
r

> 𝜋OC
r

.
 (iii) When c > b2 and 𝛼 + 𝛽 < 1,
   (a)  if k > kCF−OC, 𝜋OC

r
> max(𝜋CF

r
,𝜋OF

r
).

   (b)  if kCF−OF < k < kCF−OR, 𝜋CF
r

> max(𝜋OF
r

,𝜋OC
r

).
   (c)  if k < kCF−OF, 𝜋OF

r
> max(𝜋CF

r
,𝜋OC

r
).

Note that kOF−OC, kCF−OC, kCF−OF are the fixed fee thresholds among model OC, OF, 
and CF for the retailer. kCF−OF =

((

r
(

b2 − c
)

� + 2bs + 2c
)

�
(

c − b2
)

r
)

∕16c2(1 − �) , 
kOF−OC =

((

b2r + 2bs − c(r − 2)
)(

c − b2
)

r
)

∕16c2, and k
CF−OC = (((−r� − r + 2)c+

(r(� + 1)b + 2s)b)(1 − �)
(

c − b2
)

r)∕16c2.
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Proposition 3(i) shows that if the streamer’s effort cost ( c ) is less than a thresh-
old, that is, b2 , the retailer’s profit under the OC contract is larger than that under 
other contracts. Specifically, high-ability streamers under the OC contract can 
generate the highest profit for the retailer. Combined with Propositions 1 and 2, 
we find that signing an OC contract can increase product price and demand. An 
increase in demand increases the retailer’s total profits. Therefore, the retailer is 
willing to sign an OC contract with a high-ability streamer.

The high cost of the streamer’s effort ( c ) implies that the streamer’s ability is 
relatively low. Therefore, Proposition 3(ii) indicates that if the total commission 
rate of sales and fixed fee ( � + � , hereafter, the total commission rate) is suffi-
ciently large, i.e., 𝛼 + 𝛽 > 1 , the retailer’s profit under the CF contract is invari-
ably less than that under the OC and OF contracts, indicating that the retailer 
is unwilling to sign the CF contract with a low-ability streamer when the total 
commission rate is relatively large. A low-ability streamer cannot persuade more 
viewers to buy products during live streaming, even if they sign a CF contract 
with a high total commission rate. The retailer also must bear the streamer’s high 
salary, which is detrimental for the retailer. As far as the OF and OC contracts 
are concerned, when the fixed fee is larger (smaller) than the threshold, that is, 
kOF−OC , the OC (OF) contract is beneficial for the retailer. Intuitively, the retailer 
signs the OF contract for a low-ability streamer when the fixed fee is large. Con-
sequently, the retailer can reduce costs and increase profits.

Proposition 3(iii) shows that the type of contracts signed by the retailer 
depends on the fixed fee when the total commission rate is less than one 
and the streamer’s ability is low. Signing the OC contract benefits the retailer 
when the fixed fee is high (i.e., k > kCF−OC ). If the fixed fee is medium, that is, 
kCF−OF < k < kCF−OC , the retailer’s profit under the CF contract is higher than that 
under the others. When the fixed fee is relatively low, i.e., k < kCF−OF , signing the 
OF contract is profitable for the retailer. The retailer may obtain less profit and 
even take greater risks if he offers a high fixed fee to a low-ability streamer and 
vice versa. The profit brought about by a low-ability streamer in live streaming 
cannot offset the expensive fixed fee. Thus, the retailer does not prefer to sign the 
OF contract with a low-ability streamer when the fixed fee is sufficiently high. 
Combining Propositions 2 and 3, we report an interesting finding: For a low-abil-
ity streamer, although product demand under the OF contract is the largest, the 
retailer’s profit is not the highest. In practice, some retailers participate in live 
streaming for increasing sales and enhancing their products’ popularity, not for 
earning short-term profits.

Proposition 3 describes the retailer’s optimal profit under different contracts 
and associated conditions. Next, we describe the streamer’s contract strategy in 
Proposition 4.

Proposition 4 The optimal contract strategy for the streamer by comparing the 
streamer’s profit under the different contracts has the following relationship:
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 (i) When 𝛼 + 𝛽 > 1, we have (a) if k > k
�

CF−OF
, 𝜋OF

s
> max(𝜋CF

s
,𝜋OC

s
).

(b) if k�

CF−OC
< k < k

�

CF−OF
,  𝜋CF

s
> max(𝜋OF

s
,𝜋OC

s
) (c) if k < k

�

CF−OC
, 

𝜋OC
s

> max(𝜋CF
s

,𝜋OF
s

).

 (ii) When 𝛼 + 𝛽 < 1, we have (a) if s > s1, 𝜋CF
s

< max(𝜋OF

s
,𝜋OC

s
). Furthermore, 

𝜋OC
s

> max(𝜋CF
s

,𝜋OF
s

), if k < k
�

OF−OC
; otherwise, 𝜋OF

s
> max(𝜋CF

s
,𝜋OC

s
). (b) 

if s < s1 And 0 < r < r2, 𝜋CF
s

< max(𝜋OF

s
,𝜋OC

s
); if s < s1, and r2 < r < 1, the 

result is the same as proposition 4(i), i.e., if k > k
�

CF−OF
, 𝜋OF

s
> max(𝜋CF

s
,𝜋OC

s
)

; if  k�

CF−OC
< k < k

�

CF−OF
,  𝜋CF

s
> max(𝜋OF

s
,𝜋OC

s
) and; if k < k

�

CF−OC
, 

𝜋OC
s

> max(𝜋CF
s

,𝜋OF
s

).

Note that k�

OF−OC
, k�

CF−OC
, k�

CF−OF
 are the fixed fee thresholds among model 

OC, OF, and CF for the streamer. k
�

OF−OC
= r

(

−b2r + bs − cr + c
)

∕(4c)

; k
�

CF−OC
= (� − 1)

(

(� + 1)
(

b2 + c
)

r − bs − c
)

r∕(4c�); 
k
�

CF−OF
= �r

(

r
(

b2 + c
)

� − bs − c
)

∕(4c(� − 1)) . s1 = (b2 + c)�2 − �c + b2(� − 1)∕

((� + � − 1)b), and r2 = (� + � − 1)(bs + c)∕((�2 + � − 1)(b2 + c)).

Proposition 4(i) implies that the streamer’s optimal contract strategy varies with 
the fixed fee when the total commission rate is higher than 1. More specifically, the 
CF contract is most profitable for the streamer only if the fixed fee is at an interme-
diate level—that is, k�

CF−OC
< k < k

�

CF−OF
 . When the fixed fee is at a high level, that 

is, k > k
�

CF−OF
 , the streamer will benefit the most from signing the OF contract. If 

the fixed fee is less than the threshold k�

CF−OR
 , the profit of the streamer under the 

OC contract is higher than that of the other contract types. Thus, the type of contract 
advantageous to the streamer depends on the value of the fixed fee; this point is 
intuitive and realistic. The streamer signs a contract with (without) a fixed fee when 
the fixed fee is high (low). Compared to Proposition 3(ii), when the total commis-
sion rate is larger than 1, the CF contract is unfavorable for the retailer under any 
condition. Meanwhile, the streamer signing the CF contract can earn more profits 
than other contracts if the fixed fee is at the intermediate level.

The low total commission rate makes it difficult for the streamer to obtain more 
profits from the CF contract. Thus, Proposition 4(ii) indicates that the streamer 
would be reluctant to sign the CF contract with the retailer unless the unit com-
mission of sale r is relatively large, the fixed fee k is medium, and the efficiency of 
getting gifts s is relatively low. We explain this as follows: First, under the certain 
condition (the total commission rate is low), the streamer gains more profits from 
the CF contract when the unit commission of sale r is relatively small. An exces-
sively high fixed fee would increase the OF contract’s profit to a level higher than 
the CF contract’s profit. As mentioned earlier, famous streamers exhibit high effi-
ciency. Famous streamers prefer the OF contract to the CF contract. Therefore, the 
streamer gains the highest profit from the CF contract when the total commission 
rate is low, unless the condition is satisfied. Compared with Proposition 3, we find 
that the retailer and a high-ability streamer can achieve a win–win outcome. Specifi-
cally, the profits of the retailer and streamer are highest when the retailer cooperates 
with a high-ability streamer through the OC contract and the fixed fee of the OF 
contract is low. Further, product demand is also the highest.
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To explore how the different contracts between the streamer and retailer influence 
the manufacturer, we present Proposition 5.

Proposition 5 The manufacturer’s profit under the OC contract is the highest when 
c < b2; otherwise, the manufacturer’s profit under the OF contract is the high-
est. Furthermore, the manufacturer’s profit under the CF contract is always inter-
mediate. Specifically, if c < b2, we have 𝜋OC

m
> 𝜋CF

m
> 𝜋OF

m
; if c > b2, we have 

𝜋OC
m

< 𝜋CF
m

< 𝜋OF
m

.

As Proposition 5 shows, the OC contract is most profitable for the manufacturer 
when the streamer’s effort cost c is small (i.e., the streamer’s ability is high). With 
Propositions 1 and 2, we find that the manufacturer offers the highest wholesale 
price when the retailer cooperates with a high-ability (low-ability) streamer through 
an OC (OF) contract. Product demand under the OC (OF) contract is also the high-
est when the streamer’s ability is high (low). Therefore, the OF (OC) contract is 
most beneficial to the manufacturer when the streamer’s ability is high (low). Com-
bining Propositions 3, 4, and 5, we find that the manufacturer’s profit is the largest 
when the retailer and high-ability streamer achieve a win–win outcome.

5  Conclusions

This study considers a manufacturer-retailer-streamer supply chain, in which the 
retailer purchases products from a manufacturer and sells products cooperating a 
streamer through live streaming. In practice, the retailer is likely to cooperate with 
the streamer by signing one of three different contracts: a commission of the sale 
(OC), a fixed fee (OF), and a part commission of the sale and a fixed fee (CF). 
Therefore, this study develops a theoretical model to investigate the effects of these 
three contracts on supply chain members’ optimal decisions and profits. The main 
findings and insights are as follows.

Optimal decisions under the three contracts: First, we show that the streamer’s 
optimal effort under the OC contract is the largest and that under the OF contract is 
the smallest. This is because a sales commission can stimulate the streamer to exert 
greater effort during live streaming. Second, the product price under the OC contract 
is the highest compared with the other contracts. Specifically, the retailer prefers 
increasing the product price as the streamer’s effort increases. Third, the manufac-
turer offers a high wholesale price when the retailer cooperates with a high-abil-
ity streamer through the OC contract. However, the result is the opposite when the 
retailer cooperates with a low-ability streamer. This result possibly occurs because 
the manufacturer believes that a low-ability streamer cannot persuade more viewers 
to buy products during live streaming.

Effects of the three contracts: We reveal that: (1) the retailer is willing to sign 
the OC contract with a high-ability streamer, wherein the manufacturer can act as a 
“free rider.” In particular, when the fixed fee is small, the manufacturer, retailer, and 
high-ability streamer can achieve a win–win outcome through an OC contract. The 
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retailer is willing to sign an OC contract with a low-ability streamer when the fixed 
fee of the OF contract is high. (2) The retailer is willing (reluctant) to cooperate 
with a low-ability streamer through an OF contract when the fixed fee is low (high). 
When the fixed fee of the OF contract is low, the retailer need not bear the high costs 
of employing a streamer. (3) The retailer prefers the CF contract when the total com-
mission rate (i.e., � + � ) is small and the fixed fee (i.e., k ) is medium.

This study exhibits some limitations. First, solving the product return problem in 
live streaming requires further research in the future. Second, cooperating with sev-
eral streamers to promote products can be considered to examine the optimal con-
tract strategy, which can provide more interesting and valuable insights.

Appendix

Proof of equilibrium solutions in Table 2

Under model OC
The retailer’s profit under the OC contract is:

The first and second derivatives of �OC
r

 regarding pOC are 
d�OC

r

dpOC
= beOC + r + wOC − 2pOC + 1 and d

2�OC
r

dp2OC
= −2 , respectively.

Since d
2𝜋OC

r

dp2OC
= −2 < 0 , the retailer’s profit under the OC contract is concave in 

pOC.
The streamer’s profit under the OC contract is:

The first and second derivatives of �OC
s

 regarding eOC are d�
OC
s

deOC
= br − ceOC + s 

and d
2�OC

s

de2OC
= −c , respectively.

Since d
2𝜋OC

s

de2OC
= −c < 0 , the streamer’s profit under the OC contract is concave in 

eOC.
Thus, by solving d�

OC
r

dpOC
= 0 and d�

OC
s

deOC
= 0 simultaneously, we have:

Through backward induction, we substitute pOC and eOC into the man-
ufacturer’s profit—that is, �OC

m
= wOC(1 − pOC + beOC) . We have 

�OC
m

= wOC(b(br + s)∕c − (b2r + bs + cr + cwOC + c)∕2c + 1.

�OC
r

=
(

pOC − wOC − r
)

DOC

=
(

pOC − wOC − r
)(

1 − pOC + beOC
)

�OC
s

= r
(

1 − pOC + beOC
)

−
ceOC

2

2
+ seOC

eOC = (br + s)∕c

pOC = (b2r + bs + cr + cwOC + c)∕2c
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The first and second derivatives of �OC
m

 with respect to wOC are 
d�OC

m

dwOC
= b(br + s)∕c − (b2r + bs + cr + cwOC + c)∕2c + 1 − wOC∕2 and 

d2𝜋OC
m

dw2OC
= −1 < 0 , respectively.

Thus, by solving d�
OC
m

dwOC
= 0 , we have wOC∗ = (b2r + bs − cr + c)∕2c . Next, we sub-

stitute wOC∗ with pOC = (b2r + bs + cr + cwOC + c)∕2c . Thus, we obtain 
pOC∗ = (r + 3)c + 3b2r + 3bs∕4c.

Under model OF.
The retailer’s profit under the OF contract is:

The first and second derivatives of �OF
r

 regarding pOF are 
d�OF

r

dpOF
= beOF + wOF − 2pOF + 1 and d

2�OF
r

dp2OF
= −2 , respectively.

Since d
2𝜋OF

r

dp2OF
= −2 < 0 , the retailer’s profit under the OF contract is concave in pOF

.
The streamer’s profit under the OF contract is:

The first and second derivatives of �OF
s

 regarding eOF are d�
OF
s

deOF
= −ceOF + s and 

d2�OF
s

de2OF
= −c , respectively.

Since d
2𝜋OF

s

de2OF
= −c < 0 , the streamer’s profit under OF contract is concave in eOF.

Thus, by solving d�
OF
r

dpOF
= 0 and d�

OF
s

deOF
= 0 simultaneously, we have:

Using backward induction, we substitute pOF and eOF into the man-
ufacturer’s profit, that is, �OF

m
= wOF(1 − pOF + beOF) . We obtain 

�OF
m

= wOF
(

bs − cwOF + c
)

∕2c.
The first and second derivatives of �OF

m
 regarding wOF are 

d�OF
m

dwOF
= (bs − cwOF + c)∕2c − wOF∕2 and d

2𝜋OF
m

dw2OF
= −1 < 0 , respectively.

Thus, by solving d�
OF
m

dwOF
= 0 , we have wOF = (bs + c)∕2c . Next, we substitute wOF∗ 

into pOF = (bs + cwOF + c)∕2c . Thus, we can obtain pOF∗ = (3c + 3bs)∕4c.
Under model CF.
The retailer’s profit under the CF contract is:

�OF
r

=
(

pOF − wOF
)

DOF − k

=
(

pOF − wOF
)(

1 − pOF + beOF
)

− k

�OF
s

= k −
ceOF

2

2
+ seOF

eOF = s∕c

pOF = (bs + cwOF + c)∕2c
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The first and second derivatives of �CF
r

 regarding pCF are 
d�CF

r

dpCF
= beCF + �r + wCF − 2pCF + 1 and d

2�CF
r

dp2CF
= −2 , respectively.

Since d
2𝜋CF

r

dp2CF
= −2 < 0 , the retailer’s profit under the CF contract is concave in pCF

.
The streamer’s profit under the CF contract is:

The first and second derivatives of �CF
s

 regarding eCF are d�
CF
s

deCF
= b�r − ceOF + s 

and d
2�CF

s

de2CF
= −c , respectively.

Since d
2𝜋CF

s

de2CF
= −c < 0 , the streamer’s profit under the CF contract is concave in eCF.

Thus, by solving d�
CF
r

dpCF
= 0 and d�

CF
s

deCF
= 0 simultaneously, we have:

Using backward induction, we substitute pCF and eCF into the man-
ufacturer’s profit—that is, �CF

m
= wCF(1 − pCF + beCF) . We have 

�CF
m

= wCF(b(b�r + s)∕c − (b2�r + �cr + bs + cwCF + c)∕2c + 1.
The first and second derivatives of �CF

m
 for wCF are 

d�CF
m

dwCF
= b(b�r + s)∕c − (b2�r + �cr + bs + cwCF + c)∕2c + 1 − wCF∕2 and 

d2𝜋CF
m

dw2CF
= −1 < 0 , respectively.

Thus, by solving d�
CF
m

dwOF
= 0 , we obtain wCF = (r(b2 − c)� + bs + c)∕2c . Next, we 

substitute wCF∗ with pCF =
(

b2�r + �cr + bs + cwOF + c
)

∕2c . Thus, we obtain 
pCF∗ = (�r + 3)c + 3b2�r + 3bs)∕4c.

Proof of proposition 1

In accordance with the optimal streamer’s effort, we list the wholesale and product 
prices under different contracts in Table 2.

Since eCF∗ − eOF∗ = b𝛽r∕c > 0 and eOC∗ − eCF∗ = b(1 − 𝛽)r∕c > 0 , we can 
directly derive, eCF∗ > eOF∗ and eOC∗ > eCF∗ . Thus, eOF∗ < eCF∗ < eOC∗.

Since pCF∗ − pOF∗ = (c𝛽r + 3b2𝛽r)∕4c > 0 and pOC∗ − pCF∗ = (r(1 − �)

c + 3b2(1 − 𝛽)r)∕4c > 0 , we can directly derive, pCF∗ > pOF∗ and pOC∗ > pCF∗ . 
Therefore, pOF∗ < pCF∗ < pOC∗.

As before, considering wOF∗ − wCF∗ = r(c − b2)�∕2c , if c < b2 , we have 
wOF∗ − wCF∗ < 0 ; otherwise, wOF∗ − wCF∗ > 0.

�CF
r

=
(

pCF − wCF − �r
)

DCF − �k

=
(

pCF − wCF − �r
)(

1 − pCF + beCF
)

− �k

�CF
s

=
(

1 − pCF + beCF
)

�r + �k −
ceCF

2

2
+ seCF

eCF = (b�r + s)∕c

pCF =
(

b2�r + �cr + bs + cwOF + c
)

∕2c
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Considering wOF∗ − wOC∗ = r(c − b2)∕2c , if c < b2 , we have wOF∗ − wOC∗ < 0 ; 
otherwise, wOF∗ − wOC∗ > 0.

Considering wCF∗ − wOC∗ = r(1 − �)(c − b2)∕2c , if c < b2 , we have 
wCF∗ − wOC∗ < 0 ; otherwise, wCF∗ − wOC∗ > 0.

To summarize, given that c < b2 , we have wOF∗ < wCF∗ < wOC∗ ; otherwise, we 
have wOF∗ > wCF∗ > wOC∗.

Proof of proposition 2

Considering DOF∗ − DCF∗ = r(c − b2)�∕4c , if c < b2 , we have DOF∗ − DCF∗ < 0 ; 
otherwise, DOF∗ − DCF∗ > 0.

Considering DOF∗ − DOC∗ = r(c − b2)∕4c , if c < b2 , we have DOF∗ − DOC∗ < 0 ; 
otherwise, DOF∗ − DOC∗ > 0.

Considering DCF∗ − DOC∗ = r(1 − �)(c − b2)∕4c , if c < b2 , we have 
DCF∗ − DOC∗ < 0 ; otherwise, DCF∗ − DOC∗ > 0.

To summarize, given that c < b2 , we have DCF∗ < DCF∗ < DOC∗ ; otherwise, we 
have DCF∗ > DCF∗ > DOC∗.

Proof of proposition 3

Let kOF−OC denote the fixed-fee cut-off point for the retailer 
under OF and OC contracts. We set �OF∗

r
− �OC∗

r
= 0 to derive 

kOF−OC =
((

b2r + 2bs − c(r − 2)
)(

c − b2
)

r
)

∕16c2 . If k < kOF−OC , we have 
𝜋OF∗
r

> 𝜋OC∗
r

 ; otherwise, we have 𝜋OF∗
r

< 𝜋OC∗
r

.
Let kCF−OF denote the fixed fee cut-off point for the retailer 

under CF and OF contracts. We set �CF∗
r

− �OC∗
r

= 0 to derive 
kCF−OF =

((

r
(

b2 − c
)

� + 2bs + 2c
)

�
(

c − b2
)

r
)

∕16c2(1 − �) . If k > kCF−OF , we 
have 𝜋CF∗

r
> 𝜋OF∗

r
 ; otherwise, we have 𝜋CF∗

r
< 𝜋OF∗

r
.

Let kCF−OR denote the fixed-fee cut-off point for the retailer 
under CF and OC contracts. We set �CF∗

r
− �OC∗

r
= 0 to derive 

kCF−OC = (((−r� − r + 2)c + (r(� + 1)b + 2s)b)(1 − �)
(

c − b2
)

r)∕16c2 . If 
k < kCF−OC , we have 𝜋CF∗

r
> 𝜋OC∗

r
 ; otherwise, we have 𝜋CF∗

r
< 𝜋OC∗

r
.

When c < b2 , we have kOF−OC =
((

b2r + 2bs − c(r − 2)
)(

c − b2
)

r
)

∕16c2 < 0 , 
kCF−OF =

((

r
(

b2 − c
)

𝛽 + 2bs + 2c
)

𝛽
(

c − b2
)

r
)

∕16c2(1 − 𝛼) < 0 , and 
kCF−OC = (((−r𝛽 − r + 2)c + (r(𝛽 + 1)b + 2s)b)(1 − 𝛽)

(

c − b2
)

r)∕16c2 < 0 . Since 
the fixed fee is positive, we can derive ∀k > 0 > kOF−OC ∀k > 0 > kCF−OF And 
∀k > 0 > kCF−OR . Thus, when c < b2 , we can derive 𝜋OC∗

r
> 𝜋CF∗

r
> 𝜋OF∗

r
.

For c − b2 > 0 . To study the effects of the commission of sale r and fixed fee 
k on the retailer’s profit, we set kCF−OF − kCF−OC = 0 , kOF−OC − kCF−OF = 0 , 
and kCF−OC − kCF−OF = 0 , respectively. For any formula, we can obtain two 
roots for r—r0 = 0 and r1 = 2(� + � − 1)(bs + c)∕

((

�2 + � − 1
)(

c − b2
))

 . 
On the one hand, if 𝛽 + 𝛼 − 1 > 0 and 𝛽2 + 𝛼 − 1 > 0 , we have 
r1 > 1 . The second derivative of kRF−OF − kRF−OR with respect to r is 
𝜕2
(

kCF−OF − kCF−OC
)

∕𝜕r2 =
(

𝛽2 + 𝛼 − 1
)(

b2 − c
)2
∕
(

16𝛼c2(1 − 𝛼)
)

> 0 . We can 
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derive that kCF−OF > kCF−OC . 𝜋CF
r

> max(𝜋OF

r
,𝜋OC

r
) only if kCF−OF < k < kCF−OC . 

Any k cannot satisfy the range; therefore, we can derive 𝜋CF
r

< max(𝜋OF

r
,𝜋OC

r
).

On the other hand, we set 𝛽 + 𝛼 − 1 > 0 and 𝛽2 + 𝛼 − 1 < 0 to derive r1 < 0 and 
𝜕2
(

kCF−OF − kCF−OC
)

∕𝜕r2 =
(

𝛽2 + 𝛼 − 1
)(

b2 − c
)2
∕
(

16𝛼c2(1 − 𝛼)
)

< 0 ; we also 
derive 𝜋CF

r
< max(𝜋OF

r
,𝜋OC

r
) . Therefore, when c − b2 > 0 and 𝛽 + 𝛼 − 1 > 0 , we 

have 𝜋CF
r

< max(𝜋OF

r
,𝜋OC

r
).

If 𝛽 + 𝛼 − 1 < 0 and � ∈ (0, 1) , 𝛽2 + 𝛼 − 1 < 0 ; we have r1 > 1 
𝜕2
(

kCF−OC − kOF−OC
)

∕𝜕r2 =
(

𝛽2 + 𝛼 − 1
)(

b2 − c
)2
∕
(

16𝛼c2
)

< 0 ; we can derive 
that �OC

r
 outperforms both �CF

r
 and �OF

r
 , if k > kCF−OC . Similarly, propositions 1(iii), 

(b), and (c) can be proved.

Proof of proposition 4

Let k�

OF−OC
 denote the fixed fee cut-off point for the streamer under OF and OC con-

tracts. We set �OF∗
s

− �OC∗
s

= 0 to obtain k�

OF−OC
= r

(

−b2r + bs − cr + c
)

∕(4c) . If 
k > k

�

OF−OC
 , we have 𝜋OF∗

s
> 𝜋OC∗

s
 ; otherwise, we have 𝜋OF∗

s
< 𝜋OC∗

s
.

Let k
�

CF−OF
 denote the fixed fee cut-off point for the retailer 

under CF and OF contracts. We set �CF∗
s

− �OF∗
s

= 0 to obtain 
k
�

CF−OF
= �r

(

−r
(

b2 + c
)

� + bs + c
)

∕(4c(1 − �)) . If k < k
�

CF−OF
 , we have 

𝜋CF∗
s

> 𝜋OF∗
s

 ; otherwise, we have 𝜋CF∗
s

< 𝜋OF∗
s

.
Let k

�

CF−OC
 denote the fixed-fee cut-off point for the retailer 

under CF and OC contracts. We set �CF∗
s

− �OC∗
s

= 0 to obtain 
k
�

CF−OC
= (1 − �)r

(

−r
(

b2 + c
)

(� + 1) + bs + c
)

∕4c� . If k > k
�

CF−OC
 , we have 

𝜋CF∗
s

> 𝜋OC∗
s

 ; otherwise, we have 𝜋CF∗
s

< 𝜋OC∗
s

.
To study the effects of the commission of sale r and fixed fee k on the 

streamer’s profit, we set k
�

OF−OC
− k

�

CF−OC
= 0 ; k

�

OF−OC
− k

�

CF−OF
= 0 ; and 

k
�

CF−OC
− k

�

CF−OF
= 0 , respectively. For any formula, we can obtain two roots for r

—r0 = 0 and r2 = (� + � − 1)(bs + c)∕((�2 + � − 1)(b2 + c)) . For 𝛽 + 𝛼 − 1 > 0 and 
𝛽2 + 𝛼 − 1 > 0 , we have r2 > 0 . The second derivative of k�

CF−OC
− k

�

CF−OF
 with 

respect to r is 𝜕2
(

k
�

CF−OC
− k

�

CF−OF

)

∕𝜕r2 =
(

𝛽2 + 𝛼 − 1
)

(b2 + c)∕(4𝛼c(𝛼 − 1)) < 0 . 
Using the same method, the streamer’s profit relationship is that 𝜋OR

s
> (𝜋RF

s
,𝜋OF

s
) , 

if k < k
�

CF−OC
< k

�

OF−OC
 ; if k > k

�

CF−OF
 , 𝜋OF

s
> (𝜋CF

s
,𝜋OC

s
) ; if k�

CF−OC
< k < k

�

CF−OF
 , 

𝜋CF
s

> (𝜋OF
s

,𝜋OC
s

).
If 𝛽 + 𝛼 − 1 < 0 and � ∈ (0, 1) , 𝛽2 + 𝛼 − 1 < 0 . 

Under this condition, if r2 > 1 , i.e., s > s1 , we have 
𝜕2
(

k
�

CF−OC
− k

�

CF−OF

)

∕𝜕r2 =
(

𝛽2 + 𝛼 − 1
)

(b2 + c)∕(4𝛼c(𝛼 − 1)) > 0 . Conse-
quently, kCF−OF < kCF−OC , which cannot satisfy kCF−OC < k < kCF−OF . Hence, 
𝜋CF
r

< max(𝜋OF

r
,𝜋OC

r
) ; furthermore, against this background, if r2 < r < 1 

and 0 < r2 < 1 , i.e., 0 < s < s1 , we have the same result as proposition 2(i). If 
0 < r < r2 and 0 < r2 < 1 , we can derive kCF−OF < kCF−OC.
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Proof of proposition 5

Since �OF∗
m

− �OC∗
m

= (2bs + b2r + (2 − r)c)(c − b2)r∕8c2 , if c − b2 > 0 , we have 
𝜋OF∗
m

> 𝜋OC∗
m

 ; otherwise, 𝜋OF∗
m

< 𝜋OC∗
m

.
Since �OF∗

m
− �CF∗

m
= (2bs + b2r� + (2 − r�)c)(c − b2)r�∕8c2 , if c − b2 > 0 , we 

have 𝜋OF∗
m

> 𝜋CF∗
m

 ; otherwise, 𝜋OF∗
m

< 𝜋CF∗
m

.
Let �CF∗

m
− �OC∗

m
= (c − b2)r(1 − �)(2bs + b2r(� + 1) + (2 − r(� + 1))c)∕8c2 ; if 

c − b2 > 0 , we derive that 𝜋CF∗
m

> 𝜋OC∗
m

 ; otherwise, 𝜋CF∗
m

< 𝜋OC∗
m

.
Therefore, if c − b2 > 0 , we have 𝜋OF∗

m
> 𝜋CF∗

m
> 𝜋OC∗

m
 ; otherwise, 

𝜋OF∗
m

< 𝜋CF∗
m

< 𝜋OC∗
m

.
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