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Abstract: With the development of Internet technology, online shopping has become increasingly
popular. Owing to the improvement of living standards, the quality of e-service has become one
of the important criteria for online shopping, with online shopping consultation being one of the
key services. At the same time, the emergence of new technologies such as Artificial Intelligent (AI)
has allowed online retailers to increase the availability of non-human online shopping consultation
services. Therefore, this paper investigates the service decision problem between human and non-
human online shopping consultation services for online retailers in the online duopoly market. By
constructing a Hotelling improvement model and applying it in a new way, considering consumer
preferences for human services, this paper explores the impact of the optimal service level of human
online shopping consultation services and consumers’ sensitivity to the service level of human
services on online retailers’ pricing, service decisions, etc. Our research results show that consumers’
sensitivity to the service level of human online shopping consultation services has an impact on the
demand and profit of online retailers. In addition, human online shopping consultation services are
not always beneficial to the profitability. Furthermore, when two online retailers compete, the utility
of the non-human online retailer’s service to consumers can influence the service decisions of the
other online retailer.

Keywords: duopoly market; online retailers; human service; service decision making; service
sensitivity

1. Introduction

With the continuous advancement of Internet technology and new technologies such as
big data and Al the online retail industry has achieved rapid development, making online
shopping increasingly popular worldwide [1]. Consumers can shop online not only through
desktop computers at Amazon, Taobao, etc., but also through mobile phone applications [2].
At the same time, consumers are increasingly paying attention to the service and shopping
experience during the shopping process, while also paying attention to the price and quality
of the products. The service level will have an impact on the commodity demand [3], and
the service is gradually becoming an important factor affecting consumers’ purchasing
decisions [4,5]. In an increasingly competitive marketplace, retailers need to make decisions
not only about price and quality, but also about services. The services offered by online
retailers include product purchase services, consulting services, return and exchange
services and logistics services, among which online shopping consultation services are an
important part of consumers’ shopping experiences and their communication with online
retailers.

When consumers make an online purchase, they make a selection from numerous
merchants and products and learn about the products through information such as pictures,
text descriptions and videos of the products provided by the online retailer [6]. However,
there is uncertainty about the merchandise as the consumer cannot experience the product
or service before paying for it [7]. Therefore, the consumer will consider the product
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before making the final purchase decision, or they may experience some shopping-related
problems that need to be solved before placing an order [8]. As a result, online retailers
have taken steps to better address consumers’ shopping concerns, and they are increasingly
using online shopping consultation services in the form of online chats. For example,
online retailers on Taobao have added Al technology to their live chat service to provide
non-human online shopping advice, while online retailers such as Amazon have added
a ‘Customer questions & answers’ section (see Figure 1), both of which are non-human
services. In addition, some consumers may hope that retailers can provide more direct and
accurate human online shopping consultation services (also known as human services) to
solve their shopping problems.
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Figure 1. Non-human service for “Customer questions & answers” on Amazon.com.

Compared to non-human online shopping consultation services that utilize a chatbot or
other technologies, the main advantage of human online shopping consultation services is
that they can better and more flexibly solve consumers’ personal shopping-related problems.
As a human service is a form of real-time communication between a real person and a
consumer, it offers greater flexibility and autonomy and can compensate for the limited
resolution and information mismatch that exist in non-human services, thus increasing the
likelihood of consumers purchasing products. However, the provision of human online
shopping consultation services can create additional costs for online retailers and may be
more costly than non-human services. In addition, human online shopping consultation
services can be counterproductive. When the human service does not solve the problem
well for the consumer or requires the consumer to wait too long, the provision of this
human service can lead to consumer dissatisfaction and thus reduce the likelihood of the
consumer purchasing the product. At the same time, as living standards and consumption
levels increase, there is a preference for human services rather than non-human services.
Motivated by the above discussion and the emerging phenomenon of online retailing, our
research seeks to address the following interrelated questions: (1) How does the service
level of human online shopping consultation services affect consumers’ final purchase
decisions? (2) What are the impacts of consumers’ preferences for human services on online
retailers’ service decisions? (3) How does the online retailer adjust its service level in the
human online shopping consultation service? and (4) How should online retailers make
decisions about human services versus non-human services such as AI?
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In order to theoretically answer the above research questions, we adopt the classical
Hotelling model [9] from competitive market research and provide a new application
and relevance to the model by incorporating the characteristics of the online shopping
consultation services of online retailers. The purpose of this paper is to investigate the
service decision choices of online retailers between human online shopping consultation
services and non-manual online shopping consultation services, considering consumers’
preferences for human services. In particular, in an online duopoly market consisting of
two online retailers, we consider consumers’ preferences for human services and construct
a duopoly Hotelling competition game model. We study two online retailers that adopt
non-human services (NN), one online retailer adopting non-human services and another
adopting human services (NH) as two separate modes, and we set up stylized analytical
models. We first obtain the equilibrium results under the two modes, and we then carry
out sensitivity analysis and comparative analysis on the profits of the online retailers,
product prices, market demand and human service levels. Finally, some conclusions and
insights are drawn that are useful for online retailers” online shopping consultation service
decisions.

By analyzing the online retailer’s decisions regarding human services and non-human
services, we find that the decision to provide human services can make the online retailer
more competitive in the competitive market when the consumer has a preference for human
services. For online retailers that adopt human services there is indeed an optimal level
of human service that maximizes their profits. On the one hand, the provision of human
online shopping consultation services can attract consumers and increase the demand for
products among online retailers when consumers have a preference for human services. On
the other hand, the provision of human online shopping consultation services also imposes
a corresponding cost on the online retailer. Consumers’ sensitivity to human services can
have an impact on the service level of human services provided by online retailers, and the
service level of human services can also have an impact on the service decisions of online
retailers. In addition, the provision of services, whether human or non-human, affects the
pricing of products provided by online retailers. The provision of human services causes
online retailers to obtain greater demand, but also increases the costs of online retailing,
causing online retailers to raise the price of the products. There are also some interesting
counter-intuitive findings obtained from our research. When online retailers make human
and non-human service strategy choices, consumers’ sensitivity to the service level of
human services and the service level of human services affect the online retailer’s service
strategy choice. At the same time, the utility of one online retailer’s non-human service
by consumers can have an impact on another online retailer’s service decision. When the
utility brought to consumers by the non-human online retailer is greater than a certain
value, the other online retailer adopts the human service. When the utility brought to
consumers by this non-human online retailer is less than the specified value, it is better for
the other online retailer to adopt the non-human service.

The rest of the paper is organized as follows. In Section 2, we review the literature
related to this paper. In Section 3, we describe the research question, the relevant settings of
the model and the variables. In Section 4, we obtain the decision models under mode NN
and mode NH and present the equilibrium results of the models. In Section 5, we analyze
the performance of online retailers in a single mode, the comparison of two different modes
and the decision problem of human and non-human services among online retailers. In
Section 6, we provide our conclusions and contributions. Meanwhile, Appendix A contains
relevant proofs in the text.

2. Literature Review

This paper is related to three research streams: duopoly competition, online retailer,
and human services.
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2.1. Duopoly Competition

Duopoly competition has been widely examined in the literature. Moorthy [10] used
the model to study product quality and price competition between two duopoly firms and
stated that the equilibrium product strategy (EPS) of the firms is the result of two opposing
forces, one bringing the firms closer together and the other separating them. Singh et al. [11]
studied the impact of customer loyalty programs on corporate profitability and market
competitiveness in the Hotelling two-sided market. On the basis of the behavior-based
discrimination price model (BBPD), Lin et al. [12] introduced consumers’ concerns about
privacy and studied the price quality decision of the platform in bilateral competition.
Narayanan et al. [13] showed that the intensity of competition between two retailers would
have an impact on the manufacturer’s choice of contract. Armstrong [14] analyzed the
competition relationship in the two-sided market and pointed out that the determinants of
the equilibrium price include the size of cross-group externalities, the number of agents
joining the platform and the method of charging. Banerjee and Bandyopadhyay [15]
expanded on the cross-sectional impact of advertising on price in marketing research,
where consumer inertia is an important factor driving market outcomes in bilateral firms’
advertising price competition. Wan et al. [16] studied the optimal MTP strategy and pricing
decision of two competitive enterprises based on the Hotelling model, considering the
geographical location and selection behavior of consumers.

2.2. Online Retailer

Compared with traditional retail, online retail only has a short development history of
more than 20 years. However, given the importance of online retailing and its far-reaching
impact on everyday life, the relevant research has been continuously enriched. At present,
the research on online retailers mainly includes pricing decisions, service decisions and
online reviews. In terms of pricing decisions, Elmachtoub and Hamilton [17] studied the
opaque goods sold by many online retailers and revealed under which circumstances
opaque sales would be better than discriminatory pricing. Jiang and Guo [18] suggested
that when making pricing decisions, enterprises should carefully evaluate the market
conditions, such as how the real product valuation matches consumers’ opinions, whether
their products attract the mass market or a segment market, and how consumers attach im-
portance to products. Zhang et al. [19] considered the comparison of the optimal decisions
of online retailers in centralized and decentralized decision-making systems in a supply
chain composed of online retailers and transporters, and the online retailers were more
inclined to set lower prices in the decentralized decision-making system. Zhang et al. [20]
empirically studied the impact on the promotional strategy of offering price discounts for
the goods purchased by consumers on the long-term and short-term behavior of consumers
on the online retail platform. In terms of service decisions, relevant studies have focused on
online retailers’ return and exchange, logistics services, etc. Chen et al. [21] pointed out that
between online retailers’” online sales channels and traditional channels, the demand faced
by each channel depends on the service level of the channel and consumers’ evaluations of
the products and shopping experience. Luo et al. [22] studied the importance of product
uncertainty and retailer visibility in customers’ online purchase decisions, and they found
that high product uncertainty and low retailer visibility have negative effects on customer
satisfaction, while service quality could mitigate the negative effects of low retailer visibility
and high product uncertainty in online markets. Hu et al. [23] suggested that logistics
services affect online shoppers’ satisfaction, and they studied the internal mechanism of
customized logistics services affecting online shoppers’ satisfaction and the relationship
between them, affected by product types, through the application of expectation theory.
Taylor [24] studied the influence of the delay sensitivity and agency independence of the
on-demand service platform on the optimal single service price and wage of the platform.
In terms of online reviews, Mudambi and Schuff [25] developed a customer review use-
fulness model to investigate why customer reviews were helpful to consumers in making
purchase decisions, showing that the review depth and product type affected the perceived
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usefulness of reviews through an analysis of 1587 reviews for six products from Ama-
zon.com. Yang and Dong [26] noted that the question of how to stimulate consumers to
provide online customer reviews has become a key issue for online retailers, examining
optimal rebate strategies and product pricing strategies for online retailers in a two-period
setting. Lei et al. [27] introduced consumer preferences to reveal the relative impact of
average ratings on top ratings, and they found a swing effect of individual reviews. By
constructing a two-stage theoretical model, Liu et al. [28] examined the influence of initial
and additional reviews on the alternative pricing and decision-making behavior of online
retailers under different circumstances.

2.3. Human Services

With the rapid development of Internet technology, online marketing channels have be-
come a common tool with which enterprises provide services to customers [29].
Shunko et al. [30] pointed out that humans are not machines and studied the behav-
ioral impact of queue design on service time using empirical methods, considering the
visibility of the queue structure and queue length. Huang et al. [31] argued that it was
very important to understand the development and collaboration patterns between human
services. Through research, they revealed two main differences between network services
and human services: the provision and coordination capabilities of human services are not
static but are constantly growing, the collaboration of human services is more flexible, and
some skill collaboration patterns emerge through the service coordination of consumers.
Fan et al. [29] focused on the human online consultation services provided by doctors in
the online medical field, and they mainly studied the influence of the online consultation
service on the offline appointments of doctors. Sun et al. [8] noted through an empirical
study that a live chat service has a positive impact on merchandise sales conversion rates
and that the extent of this positive impact is related to seller and product characteristics.
Tran et al. [32] argued that consumers evaluate the service quality, regarding both services
provided by humans and those not provided by humans; Tran went on to examine dif-
ferences in consumer sentiment towards chatbots in the retail industry, and the impact of
chatbots on consumer sentiments and expectations of interactions with services related to
online human agents. McLean et al. [33] showed that the perceived usefulness of a live
chat assistant with a live person increases consumers’ willingness to buy. Tan et al. [34]
investigated the impact of human real-time chat services on consumer purchase decisions
in e-commerce and contributed to a conceptual framework of online trust through an
empirical analysis using data from Alibaba.

3. The Model
3.1. Model Setups

In this section, we build on the classic Hotelling model and apply it in a new way,
combining the logic of its construction with the research questions of this paper. The
development of e-commerce has allowed consumers to shop in new ways via computers,
mobile phones and other innovative methods. Instead of using the traditional walking
method when choosing a retailer from which to purchase a product, consumers can simply
find the appropriate online retailer and product and complete their purchase online. In the
online duopoly linear market consisting of consumers and two online retailers, the online
retailers rq and r; are located at the left endpoint 0 and right endpoint 1, respectively, and
the consumers are evenly distributed on the line interval of [0, 1], as shown in Figure 2. The
two online retailers at the two ends of the market sell homogeneous products at prices p;
and p; for online retailers rq and r,, respectively, while the purchase costs of the products
for the two online retailers are not considered. The distance between consumer x and the
two online retailers is the consumer’s online choice search cost (i.e., the cost of finding the
corresponding online retailer); the closer to the online retailer, the less time the consumer
spends searching for this retailer. Moreover, consumers can purchase a unit from online
retailers r1 and rp, where t is the unit time cost and t > 0. The initial utility of each consumer
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is V and is sufficiently large. U is the consumer’s utility when purchasing the goods from
online retailer 71, and U is the consumer’s utility when purchasing the goods from online
retailer 7.

Consumer
0 1

M

. . X . .
Online retailerr, Online retailerr,

Figure 2. Online duopoly market.

The two online retailers sell products to consumers and also provide some online
shopping consultation services for consumers in the process of purchasing products. Mean-
while, the online retailer r; provides the set non-human online shopping consultation
service (referred to as the non-human service), while the online retailer , can make a
choice between the non-human and human online shopping consultation service (referred
to as the human service). The non-human online shopping consultation service provides
answers to some common consumer questions, and it is simple and fast. However, it
suffers from unclear answers and possible mismatch between answers and consumers’
shopping questions. On the consumer side, the utility obtained by consumers from the
non-human services provided by online retailers r; and r; is v1 and v, respectively, and
both are greater than 0. Alternatively, online retailer r, can choose to provide a human
online shopping consultation service—that is, to communicate with the consumer and
answer their questions in real time through customer service agents. In addition, the service
level of the human online shopping consultation service provided by online retailer r; is
e (e > 0). When e is larger, it means that the service level of the human online shopping
consultation service provided by online retailer r; is higher, and it provides assistance to
solve the related shopping problems of consumers. When ¢ is smaller, it means that the
service level of the human online shopping consultation service provided by online retailer
19 is lower and provides consumers with less assistance. Therefore, the service level e of
the human service provided by online retailer r; also reflects the utility that the consumer
obtains from this human service. The higher the level of human service e, the greater the
utility perceived by the consumer. Furthermore, the service level sensitivity of consumers
to the human service provided by online retailer ; is f and § > 0, which also reflects the
degree of consumer preference for the human service. Compared with non-human services,
when human services perform one-to-many consulting services, there will be problems
such as delayed replies. As a result, consumers incur waiting costs w for human services
provided by online retailer r,. The structure of the whole supply chain is shown in Figure 3.
When online retailer rp provides a human online shopping consultation service, the service
cost is %kez, where k is the human service cost coefficient and k > 0. In addition, we assume
in this paper that g% < 4kt.
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Figure 3. Supply chain structure.

3.2. Notations Description

The variables involved in this paper and their definitions are shown in Table 1.

Table 1. Definition of the notations.

Notations Definition
Vv Initial utility of consumers
U, U Consumers’ utility obtained from purchasing products at online retailers rq and r
P, P2 Product price of online retailers rq and r
D1, Dy Demand of online retailers r{ and r;
t Unit time cost

Consumers’ utility obtained from the non-human services provided by online

o1, %2 retailers rq and r;
e Service level of online retailer p’s human online shopping consultation service
w Consumer waiting cost in human service of online retailer r,
B Consumers’ sensitivity to human service level of online retailer r,
k Human service cost coefficient of online retailer r,
NN, NH Supers.cript, regpectiyely, online retailer.rl and rp are both r.lon-hu.man services fmd
the online retailer r; is non-human services and online retailer 7, is human services
01, 702 Profit of online retailers r; and o

4. Discussion

In this market, online retailers r; and r, compete with each other. Online retailer rq
adopts a non-human service, while online retailer r, adopts two different service strategies,
either a human or non-human service. Therefore, in this paper, we consider the NN and
NH modes for analysis. In addition, * as a superscript represents the optimal result, the
superscripts NN and NH denote the two different modes, and the subscript i(i = 1,2)
represents the online retailer ;. Moreover, the game model and equilibrium results are
presented in this section.

4.1. Mode NN: Online Retailers rq and rp Are Both Non-Human Services

In mode NN, consumers x buy a product from online retailer 71, and the utility that
they obtain is U; = V — p; — tx + v;. Consumers x buy a product from online retailer
rp, and the utility that they obtain is U, = V — p, — t(1 — x) + vp. By making the two
utilities equal, we obtain the indifferent point X = %W Consumers located in
[0, X) will purchase a product from the online retailer r;, while consumers located in (X, 1]
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will purchase a product from the online retailer ;. Both online retailers have non-empty
market shares if, and only if, X € [0, 1]]. Therefore, the demands for the two retailers are:

= po—p1t+or—v+t

Dy = o 1
D2:1_§:p1_p2+02_01+t @)
2t
Thus, the profits of online retailers r and r; are:
—p1+u—uvy+t
m = p (P22 2t1 20) ®)
—p2+ovy—v+t
= pp (P P22 LT )

2t

4.2. Mode NH: Online Retailer r1 Is a Non-Human Service, Online Retailer ro Is a Human Service

In mode NH, consumers x buy a product from online retailer r{, and the utility that
they obtain is U; = V — p; — tx 4 v;. Consumers x buy a product from online retailer r,,

and the utility that they obtainis Uy = V — pp — (1 — x) + pe — w. Similarly, the indifferent
(Be—w)+v1+t
2

point ¥ = P27P1— is obtained by equating the two utilities. Consumers located
in [0, %) will purchase a product from the online retailer 1, while consumers located in (¥, 1]
will purchase a product from the online retailer r,. Both online retailers have non-empty
market shares if and only if X € [0, 1]. Therefore, the demands for online retailers r; and

o are:
D—x=Przp-(Pe-wtott (5)
2t
Dzzl_yzm—pz—i-(ﬁe—w)—i-t—vl ©)
2t
Thus, the profits of online retailers r and r; are:
—p1—Pe+w+ov+t
m = p (2P E 7)
—pr+Be—w—v]+t 1
m = p(PT TRt Ny (®)

4.3. Equilibrium Results

The corresponding equilibrium results for online retailers r; and r; are obtained based
on the underlying models for the two modes above. The equilibrium results for the two
different modes are shown in Table 2. Meanwhile, in this paper, 0 < D}, D; < 1, so we
assume that the relevant parameters considered should satisfy the following conditions:
—3t < vy — vy <3t w+0v; <3tand B2 < k(3t +w + 7).
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Table 2. Equilibrium results of online retailers under two modes.

Online Retailer Equilibrium Results Mode NN Mode NH
* 3t+v1—0) 2t (Bkt+koy +kw—p?)
P1 3 —
* 3t+v1—0 k(3t+w+v,)—p?
7‘1 D} Sttty ( 6kt—ﬁ12) B
it (3t+v;—02)* 2t[k(3t+v1+w)f/52}z
18t (6kt—ﬁ2)2
% 3t+vp,—1v1 2t(3kt—kvy —kw)
P2 3 T eh—p
DX 3+ -0y k(3t—w—oy)
2 6t 6ki—p?
1] et o B(Bt—v1—w)
6kt—p?
7-[>2‘< (Bt+v—v1)* k(3t—v1—w) (4tk—ﬁ2)
18t 2(6kt—p2)°
Proof see Appendix A.
orNN omiNN oy NN om3NN
Corollary 1. In mode NN, o > 0, 30, < 0, %%— <0, oy > 0

Corollary 1 shows that, in mode NN, the optimal profit of online retailer 1 increases
as the utility v; that consumers obtain from the non-human services that they provide
increases, and it decreases as the utility v, that consumers obtain from the non-human
services provided by online retailer r, increases. The optimal profit of online retailer r;
increases as the utility v, that consumers obtain from the non-human services that they
provide increases, and it decreases as the utility v; that consumers obtain from the non-
human services provided by online retailer r; increases. This illustrates how the utility to
consumers of the non-human online shopping consultation service provided by an online
retailer can have an impact on their own profits and the profits of other online retailers.
The provision of such non-human shopping consultation services can increase the online
retailer’s market competitiveness. In the online shopping process, the better the experience
of the non-human online shopping consultation service provided by online retailer r; to
consumers, the more consumers will be inclined to purchase its product, so as to obtain
more profits. However, this will also have a negative impact on online retailer r; and
lead to a decrease in its profit. In addition, the same is true when online retailer r; offers
non-human online shopping consultation services.

Corollary 2. The sensitivity of p;N" and DINH(i = 1,2) to parameters B and k for online
retailers is:

P} *NH aD*NH P} *NH aD*NH

(i) palik>0, 1— >0 palﬁ <o, alﬁ <0
) *NH aD*NH P} *NH aD*NH

(i) ’Jgk <0, “2—<0; pgﬁ >0, 82[3 >0

Proof of Corollary 2 see Appendix A.

Corollary 2 shows that in mode NH, the optimal price and demand of the online
retailer rq increase as the cost coefficient k increases, and the optimal price and market share
of the online retailer r, decrease as the cost coefficient k increases. When the service level is
fixed, the cost coefficient k of online retailer r decreases, and the cost of providing human
online shopping consultation services will decrease. Online retailer r; is more willing
to increase the provision of such services, so as to attract more consumers and increase
its market demand. At the same time, after obtaining a greater market demand through
human services, online retailer r, will tend to increase the price of its products and thus
gain higher profits. In the case of online retailer 1, which is inferior to online retailer r;
in terms of service, the increase in demand from online retailer 7, leads to a decrease in



J. Theor. Appl. Electron. Commer. Res. 2022, 17 1800

demand from online retailer rq, which in turn will resort to lower prices to maintain its
market position and a certain market share.

The optimal price and demand of online retailer 7; decrease with the increase in
human service level sensitivity 8, while the optimal price and demand of online retailer rp
increase with the increase in human service level sensitivity f. The higher the sensitivity
of consumers” human service level, the more sensitive consumers are to the human service,
and they are more inclined to choose the online retailer r. As a result, online retailer r,
gains a higher market share and maximizes its profits by increasing the price of its products.
In this scenario, due to the decrease in the market share of online retailer 1, online retailer
r1 will still maintain a certain competitiveness in the market by lowering the price of its

product.

*NH *NH
Proposition 1. We obtain 875%1 < 0, anazT < 0. When 0 < B < V2kt, we can know
or;NH NH

9B > 0; when 2kt < B < 2vkt, we can know ana;ﬁ < 0.

Proof of Proposition 1 see Appendix A.

Proposition 1 shows that in mode NH, the optimal profit of online retailer , decreases
as the consumer waiting cost w increases, and it decreases as the utility v; obtained by
the consumer from the non-human services of online retailer 7| increases. This shows that
both the consumer waiting cost w and the utility v; obtained by the consumer from the
online retailer r; have an impact on the profit of online retailer r;. Either an increase in
consumer waiting cost w, an increase in utility v1, or both, will have a negative impact on
online retailer r;, causing consumers to choose to buy products from online retailer 77, thus
reducing the demand and profits for online retailer ;. On the one hand, this is because
an increase in consumer waiting cost w can lead to a poorer experience for consumers
using human services. On the other hand, it is because the greater utility v; gained by
consumers from the non-human services of online retailer rq will lead to a greater demand
for online retailer v1. In other words, online retailer 7 is able to solve consumers’ shopping
problems by providing non-human services such as a Q&A column and Al online shopping
consultation.

Meanwhile, when 8 € (O, \/@) , the optimal profit of online retailer r; increases as

the consumer’s human service level sensitivity  increases, and when 8 € [\/ 2kt, 2~/ kt) ,

the optimal profit of online retailer , decreases as the consumer’s human service level
sensitivity B increases. If online retailer rp provides human online shopping consultation
services and the service level of this service is certain, the profit of online retailer r, increases
when the consumer’s human service level sensitivity p is in the smaller interval, and a
larger value for the consumer’s human service level sensitivity § indicates the consumer’s
preference for human services. In addition, when the consumer’s human service level
sensitivity f is in the larger interval, the consumer’s preference for human services is in a
higher range. When the service level is fixed, the human service level provided by online
retailer 7, is less able to match the consumer’s sensitivity 8. Therefore, in the larger interval
of B, the more the human service level sensitivity  increases, the more difficult it is for the
online retailer r; to match the consumer’s service sensitivity 8, and the more the provision
of this human service will lead to consumer dissatisfaction, which in turn will lead to a
reduced demand and lower profits for the online retailer r;.

5. Analysis of Service Strategy Selection
5.1. Comparative Analysis of Two Online Retailers in Mode NN

Proposition 2. In mode NN, when 0 < Av < 3t, we have pENN > p’{NN, D;NN > DTNN
and HENN > HTNN; when —3t < Av < 0, we have pENN < pi‘NN, D;NN < DTNN and

7T§NN < ni‘NN. Here, Av = v, — v7.
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In mode NN, the condition 0 < Av < 3t ensures that consumers obtain more utility
from online retailer 7, than from online retailer r1, and the difference in utility between
the two is less than 3t. This suggests that online retailer r, provides a better non-human
online shopping consultation service and a better service experience for consumers than
online retailer r1. Therefore, online retailer 7, can attract more consumers and gain a larger
market share through the non-human service that it provides. In the case of attracting more
consumers through this non-human service, online retailer r, can increase the price of its
products and thus earn greater profits.

The condition —3¢ < Av < 0 ensures that the utility obtained from online retailer rq is
greater than that obtained from online retailer rp, and the difference in utility between the
two is greater than —3¢. This shows that compared with online retailer 7,, online retailer rq
provides a better non-human online shopping consultation service and provides a better
service experience to consumers. Therefore, online retailer r{ can attract more consumers
and gain a larger market share through the non-human services that it provides. In such
a scenario, online retailer r; can increase the price of its products and thus earn greater
profits.

Figure 4 illustrates the effect of the difference in utility of non-human services Av
between two online retailers, where t = 0.6. Among them, Figure 4a reflects the price
changes of the two online retailers, Figure 4b reflects the demand changes of the two online
retailers, and Figure 4c reflects the profit changes of the two online retailers. It can be seen
from the graphs that the point at which the relationship between the magnitude of the price,
demand and profit of online retailers ; and r; is altered is always Av = 0. In a situation
where both online retailers compete by adopting non-human services, the utility obtained
by consumers from the non-human online shopping consultation services provided by
online retailers will have an impact on the price, demand and profit of online retailers.
When the non-human online shopping consultation service provided by an online retailer
brings more utility to consumers than that of another online retailer, the higher utility will
attract more consumers and increase the online retailer’s market share, allowing it to take
advantage of the service to increase its prices and thus profits.
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(a)The effect of Av on price

(b) The effect of Av on demand (c) The effect of Av on profit

Figure 4. The effect of Av on price, demand and profit for two online retailers in mode NN.

5.2. Comparative Analysis of Two Online Retailers in Mode NH

Proposition 3. In mode NH, the magnitude relationship between p3Nt and piNH

that between D3NH and DiNH for different cases of w + vy, as shown in Table 3.

is the same as

Proof of Proposition 3 see Appendix A.
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Table 3. Comparison of price and demand for two online retailers in mode NH.

Relationship between Relationship between

wrol p p; and p} D3 and D]
0 2k(w+vl)} p*NH < p*NH D*NH < D*NH
O<wHov <t (©, 2 1 2 1
' (V2k(@ +01), VKGE+w+01)] psNt > piN ;N > DNt
t<w+ov <2 (0, v/2k(w + v1)] pytt < pitH DN < DyNH
( Zk(erZ)l),Z\/E] pENH > p»{NH Dz*NH > DTNH
2t <w+ov; <3t (0, v/2k(w + 1) ] piNH < pxNH D3NH < psNH

Proof see Appendix A.

For online retailer 75, changes in waiting cost w and utility v; will have an impact on
it. An increase in waiting cost w, utility v1, or both, will have a negative impact on online
retailer 7. In Proposition 3, w + v; is divided into three different intervals of low, medium
and high, namely (0,f), (f,2t) and (2¢t,3t). Proposition 3 shows that in two different
scenarios, 0 < w4+ vy < tand t < w + v; < 2t, consumer sensitivity to the human service
level of online retailers r; is divided into two intervals. When § is in the smaller interval,
both the price and demand of online retailer r, are smaller than the price and demand of
online retailer 71; when f is in the larger interval, both the price and demand of online
retailer r, are larger than the price and demand of online retailer ;. In the scenario where
2t < w+v1 < 3t and B takes values in the range (0, \/2k(w + v1)], the price and demand
of online retailer r, are both smaller than the price and demand of online retailer ;. In the
scenario where w + v; is in a high interval, a higher waiting cost w will cause consumers to
be dissatisfied with the human service of online retailer r;, and higher utility v; will cause
consumers to have a better shopping experience with online retailer r;, which will lead
to a reduction in demand for online retailer r,. Therefore, in the case of adopting human
services, online retailer 7, will remain competitive in the market by reducing its prices.

When t = 0.6, k = 2 and w + v; = {0.2,0.8,1.4}, Figure 5a,b shows how the price
and demand of the two online retailers change with consumers” human service sensitivity
B, respectively. In both graphs in Figure 5, the price and demand of online retailer r4
decrease with the increase in the consumer’s human service sensitivity p, while the price
and demand of online retailer 7, increase with the increase in the consumer’s human service
sensitivity B. As w + v; increases, the price and demand of online retailer r; increases
and the price and demand of online retailer r, decreases. Thus, the trend in price and
demand for online retailer r; is the same as the trend in w and v, and the trend in price
and demand for online retailer r; is the opposite of the trend in w and v;. In addition, when
both w 4 v; and B are large, the price and demand of online retailers 7, and 7, change more
slowly; when w + v; and 8 are small, the price and demand of online retailers r; and rp
change more steeply. When consumers are sensitive to human services, lower waiting costs
indicate that online retailer ; is more timely and efficient in resolving consumer-related
shopping enquiries, and the lower perceived utility obtained by consumers at online retailer
r1 indicates a poorer non-human service experience for online retailer 1, both of which
together indicate a higher level of service for online retailer r,. For online retailer r, a
higher level of human service can attract more consumers and increase its market share, as
well as increasing the price of its products, thus allowing it to earn higher profits.

5.3. Sensitivity Analysis of the Service Level e* of Human Service

Proposition 4. When the online retailer ry provides human online shopping consultation services,
de* de* de*
wecanknoww <0, Jo; < 0, B > 0.
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Figure 5. Price and demand comparison between two online retailers in mode NH.

Proof of Proposition 4 see Appendix A.

Proposition 4 shows that the human service level of online retailer r, decreases as the
consumer’s waiting cost w and the utility v; obtained by the consumer at online retailer
r1 increase. Moreover, the level of human service at online retailer r, increases as the
consumer’s sensitivity f to the service level of human service at online retailer r, increases.
The increase in consumers’ waiting costs indicates that consumers incur more costs, such
as waiting time, when they participate in a shopping consultation at online retailer r;,
and that the human online shopping consultation service provided by online retailer 7,
does not address consumers’ relevant shopping enquiries well, thus indicating that the
service level of the human service is decreasing. At the same time, the increase in the
utility v; obtained by consumers at online retailer r; indicates that the non-human online
shopping consultation service provided by online retailer r1 has resulted in higher utility
for consumers. Compared with the service provided by online retailer 1, the service level
of human service provided by online retailer r; is relatively low. Furthermore, when the
sensitivity B of consumers to this human online shopping consultation service is increased,
online retailers can improve their service level, which can improve the shopping experience
of consumers and create a greater demand.

The three graphs in Figure 6 illustrate how the service level of the human online
shopping consultation service for online retailer r, varies with the waiting cost w, consumer
human service sensitivity f and the utility v; obtained by consumers at online retailer ;.
In this case, the parameters are set as follows: (a) t = 0.6, k =2,v; = 0.2, = {1,1.5,2};
(b)t=06,k=2,w=02p={1,152}()t=0.6,k=2,0v; =02, w={0206,1}. As
seen in Figure 6a,b, the service level of the human online shopping consultation service of
online retailer r, decreases as the waiting cost w and the utility v; obtained by consumers
at online retailer 71 increase. The increase in waiting cost indicates that the greater the cost
in terms of time spent by consumers in the online shopping consultation process, the lower
the service level of the human service provided by online retailer r,. The increase in the
utility obtained by consumers at online retailer r| indicates that the greater the perceived
utility at online retailer 7; when the sensitivity of human services is fixed, the lower the
service level of human services provided by online retailer . Meanwhile, as consumers’
human service sensitivity increases, the waiting cost w and the service level ¢* decrease
less with each increase in consumers’ utility v; at online retailer ;.
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Figure 6. Variation in online retailer human service levels in mode NH with relevant parameters.

As seen in Figure 6¢, the service level of the human online shopping consultation
service of online retailer 7, increases with the increase in the consumer’s human service
sensitivity B. When the human service sensitivity p is low, the change in human service
level e* with service sensitivity § is small; when the human service sensitivity g is high, the
change in human service level e* with service sensitivity f is larger. In addition, when the
human service sensitivity B increases to a certain level, the continuous increase in human
service sensitivity B will lead to a large increase in the human service level e*. At the same
time, for a certain level of B, the reduction in the waiting cost has a promoting effect on the
improvement in the service level, and the improvement in the service level brought about
by the reduction in the waiting cost from 0.6 to 0.2 is greater than the improvement in the
service level brought about by the reduction in the waiting cost from 1 to 0.6.

5.4. Comparative Analysis of Profit in Mode NH for Two Online Retailers

Proposition 5. In mode NH, when 0 < /32 < By, we have nﬁNH < ni‘NH; when By < /32 < By,
we have ;N > 70iNH. The expressions of By and By are shown in the Appendix A.

Proof of Proposition 5 see Appendix A.

Proposition 5 shows that in mode NH, the profit of online retailer r, is smaller than
the profit of online retailer r; when the service level sensitivity B of consumers to human
services is small, while the profit of online retailer r; is larger than the profit of online
retailer r; when the service level sensitivity B of consumers to human services is larger. For
online retailer rp, which can adopt different service strategies, the greater the service level
sensitivity B of consumers to human services, the more beneficial it is for online retailer ;.
In the case of a greater consumer preference for human services, the provision of a human
online shopping consultation service can attract more consumers and increase the market
demand for online retailer 7, and then increase its profit.

Figure 7 illustrates how the profits of online retailers rq and r, in mode NH vary with
the service level sensitivity B of consumers to human services, respectively. Parameter
settings are as follows: t = 0.6, k = 2, w +v; = {0.2,0.4,0.6}. As seen in Figure 7a, the
profit of online retailer r; decreases with the increase in § and increases with the increase
in w + v1. In Figure 7b, we find that the profit of online retailer r, first increases and
then decreases with the increase in §, and it increases with the decrease in w + v;. At
the same time, the decrease in w + vy also renders the curve of online retailer r;’s profit
with B steeper, which means that the change in B has a greater impact on online retailer
ro’s profit. In addition, for online retailer ry, there exists a consumer service sensitivity
B = \/2.4 that maximizes its profit. When B < /2.4, online retailer r, increases with the
increase in B and the increase is small. When 8 > /2.4, the online retailer r, decreases
with the increase in  and the decrease is large. In other words, under a certain service
level of online retailer 75, when the consumer’s human service sensitivity g is high, the
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human online shopping consultation service provided by online retailer r, does not meet
the consumer’s requirements well, but instead causes the consumer’s dissatisfaction, which

in turn has an impact on their business sales and leads to a decline in their profits.
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Figure 7. Variation in profit with B for two online retailers in mode NH.
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Figure 8 shows how the profits of online retailers r; and rp vary with consumer service
sensitivity f in mode NH and how they compare to each other by placing their profits
together. The parameter settings are as follows: t = 0.6, k = 2, w 4+ v; = 0.2. As seenin
Figure 8, online retailers r; and r, compete in the same market and there is a consumer
sensitivity § = /B that causes the relationship between the magnitude of the profits of
the two online retailers to change. Meanwhile, when 0 < B < /By, the profit of online
retailer 1 is greater than that of online retailer r,. When /By < B < 2, the profit of online
retailer r, is greater than that of online retailer #;. Therefore, in mode NH, online retailer
15 does not consistently earn higher profits in this market by adopting a human online
shopping consultation service. The profits of both online retailers are affected by the service
level sensitivity 5 of consumers to human services, and changes in the sensitivity of human
service levels have a greater impact on the magnitude of changes in the profits of online
retailer r;.
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Figure 8. Comparison of the profits for two online retailers in mode NH.
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5.5. Optimal Service Strategy for Online Retailer 1o

Proposition 6. For the online retailer r1, when vy > V', we can know 7TTN H > HTNN ; when

vy < V5, we can know 7N < 70NN See the Appendix A for the expression of V7.

Proof of Proposition 6 see Appendix A.

Proposition 6 shows that online retailer ; obtains more profit in mode NH when the
utility to consumers from the non-human online shopping consultation service provided
by online retailer r; is greater than or equal to V;". When the utility to consumers from
the non-human online shopping consultation service provided by online retailer r is less
than V}", online retailer r; obtains more profit and the profits are greater in mode NN.
Either in mode NN or in mode NH, the online retailer ; provides a non-human online
shopping consultation service. Given all other conditions, online retailer 7; obtains more
profit in mode NH when the level of human service of online retailer r; is certain and v; is
larger. Therefore, when v is larger, online retailer r; would benefit more from providing
non-human services in mode NH; when v; is smaller, online retailer r; would benefit more
from providing non-human services in mode NN.

Proposition 7. For the online retailer vy, when vy > Vi**, we can know N;N H > ni‘N N. when
v < V¥, we can know m3NH < 3NN, See the Appendix A for the expression of Vi,

Proof of Proposition 7 see Appendix A.

Proposition 7 shows that online retailer , obtains more profit by offering human
online shopping consultation services when the utility to consumers from non-human
online shopping consultation services provided by online retailer r; is greater than or equal
to V. When the utility to consumers from non-human online shopping consultation
services provided by online retailer rq is less than V|, the profit obtained by online
retailer r from providing non-human online shopping consultation services is greater. In a
situation where consumers are sensitive to the service level of online retailer 7,’s human
service, the larger v, the more profit online retailer 7, can generate by differentiating its
decision to offer a human service. Hence, when v; is small, online retailer 7, would benefit
more from adopting non-human online shopping consultation services; when v, is large,
online retailer 7, would benefit more from adopting human online shopping consultation
services.

Figure 9 illustrates the profit comparison of online retailer r; in two different modes
and that of online retailer 7, in two different modes. It also illustrates how the profit of
the two online retailers varies with v;. The parameters are as follows: ¢t = 0.6, k = 1.5,
w =02, v; =04, § = 1.5. It can be seen from Figure 9 that the utility of v; to consumers
from online retailer 7;’s non-human online shopping consultation service has an impact on
the profits of both online retailers. For online retailer 1, when the utility v; obtained from
the non-human service provided by online retailer r; is small (that is, v; < V'), the profit
of online retailer r; in mode NN is greater than its profit in mode NH; when the utility v,
obtained by the consumer from the non-human service of online retailer rq is large (that is,
v1 > V), the profit of online retailer r; in mode NH is greater than its profit in mode NN.
For online retailer r,, when the utility v; obtained from the non-human service provided by
online retailer 1 is small (that is, v; < V[™*), the profit of online retailer , in mode NN is
greater than that in mode NH; when v, is large (that is, v; > V"), online retailer r, makes
more profit in mode NH than it does in mode NN.

In mode NN, both online retailers r; and r, adopt non-human online shopping consul-
tation services. When v; is constant and v; is large, the profit of online retailer r; is higher.
In other words, for consumers, the greater the utility of the service provided by whoever
operates in this mode, the more they will purchase products from this online retailer. In
mode NH, on the other hand, online retailers r; and r, adopt different service strategies,
which means service differentiation. Given a certain consumer service sensitivity 5, waiting
cost w and vy, a larger v; will have a greater impact on the profit of online retailer r, in
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mode NN, while it will have a smaller impact on the profit of online retailer r, in mode
NH. Therefore, online retailer r, can adjust its service decision according to the magnitude
of the utility v; that the non-human service of the online retailer 71 brings to the consumer.
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Figure 9. Profit comparison between two online retailers in two different modes.

6. Conclusions

With the development of online sales, online shopping has become an indispensable
part of consumers’ daily lives. At the same time, with the advancement of technology, new
technologies such as Al are being applied to non-human services. The improvement of
living standards has caused consumers to increasingly pay attention to e-services, and
online shopping consultation services are one of the most important elements. Therefore,
this paper investigates the service decision problem between human and non-human
online shopping consultation services of online retailers in an online duopoly market by
constructing a Hotelling improvement model, and the impact of consumers’ sensitivity
to the service level of human services on the pricing and service decisions of two online
retailers in this market is analyzed. Meanwhile, the relevant equilibrium results and
service decisions of the online retailers are also investigated in conjunction with numerical
simulation analysis. Our analysis yielded some important insights. First, the sensitivity
of consumers to the service level of human online shopping consultation services has an
impact on the demand and profitability of online retailers. On the one hand, the existence
of an optimal level of human online shopping consultation service maximizes the profits of
online retailers. On the other hand, the sensitivity of consumers to the service level of a
human online shopping consultation service has an impact on the service level, which in
turn affects the profit of the online retailer. Second, human online shopping consultation
services are not always profitable. When the sensitivity of consumers to the service level of
human online shopping consultation services is greater than a certain value, the decision
regarding whether to adopt a human online shopping consultation service can allow the
online retailer to obtain a favorable position within the market and obtain higher profits.
Third, the service level of human online shopping consultation services does have an
impact on consumers’ purchasing decisions. When consumers have high sensitivity to the
human online shopping consultation service within a certain range, an increase in the level
of such services by the online retailer can improve the consumer’s shopping experience and
the likelihood of an eventual purchase, thus generating more demand. Fourth, when two
online retailers are competing, the utility of the services of one online retailer that adopts
non-human services will affect the service decisions of the other online retailer. When the
online retailer adopting a non-human service brings greater utility to consumers, another
online retailer adopting a human service strategy will bring them greater profits.

Our analysis contributes to the literature in a number of ways. On the one hand, in
contrast to most of the current studies, our study considers consumers” human service
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level sensitivity and analyzes the decision-making problem of human online shopping
consultation services by constructing a theoretical model. On the other hand, our study
adds to the literature on online shopping consultation services. This study provides
managerial implications for online retailers. When two online retailers compete online in
the time at which consumers pay attention to services, the online retailer that adds a human
online shopping consultation service can indeed gain some advantages in the market. The
provision of a human online shopping consultation service can attract more consumers
and increase its market share. Furthermore, online retailers should take account of the
situation and adjust their service strategy to increase their investment in online shopping
consultation services when consumers are more focused on service, in order to increase
their competitiveness in the market. Finally, online retailers can improve their service
level in terms of human online shopping consultation services by increasing the number of
customer service staff in order to reduce the waiting time for consumer enquiries, and they
can train customer service staff to improve the quality of their services, which in turn will
improve consumers’ experiences and sense of satisfaction in the online shopping process
and enhance the market competitiveness of the online retailer.

There are still some limitations to this study. For example, we did not consider the
issue of product returns in online sales, which is a common problem in the sale of products.
Although human online shopping consultation services can provide consumers with better
solutions to related shopping problems, reduce unnecessary hassles, to some extent, resolve
the mismatch between answers and questions during the consumer shopping process, the
phenomenon of product returns will remain. Therefore, the question of how the provision
of human online shopping consultation services affects consumers’ product returns remains
unaddressed. In addition, we did not take into account the cost of products for online
retailers in our study. Moreover, consumer sensitivity to price is not covered in this paper,
and it may become more interesting to consider both consumer sensitivity to price and
sensitivity to service. These are several aspects that can be considered in future research.
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Appendix A

Proof of Equilibrium Results in mode NN. 771 is a concave function on p; and m; is a

concave function on p;. Combining the equations 9M — 0 and 3—7’2 =

Ip1
. Then, by inserting the equations

optimal price: piNN = W’%@ and p3NN = y%ﬁ

piNN and p;NN into Equation (1) and Equation (2), we have: DiNN = 3F0=% anq
D*NN o 3t+2}2701
2 = .

6t

0, we obtain the
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As 0 < D, D3 < 1, the following condition is to be satisfied: —3t < v; — v, < 3t. By

inserting piN N and p3NV into Equation (3) and Equation (4), We have the profits of online
2
retailers 1 and r;: NTN N — % and N*N N — %. O

Proof of Equilibrium Results in mode NH. With Equation (8), taking the derivatives of 71,
oMy _ Pzﬁ p2B

with respect to e, we obtain: 52 = — ke. With aa’ff =0, wehavee = % Thus, by insert-
ing e into Equation (7) and Equatlon (8), we have: m; = (pz —p1— % +w+v] + t) %
2
and 71 = (m — o+ 7"22]& —w—1v; + t) 52— %(gﬁf) . By taking the derivative of 7r; with
2
respect to p1 and 71, with respect to pa, we can get: 5 anl = 5 (pz —2p1 — pzzlg +w+ov+ t)

and anz = 5 (P1 2py + pzﬁ —w—v1+ t) - M. Then, by finding the second-order

4kt?
2
denvatwe of 711 with respect to p; and m, with respect to py, we obtain: ‘31% = -1
azﬂz _ _l ,B . 8271'1 . 827'[1 _ _l 827'[2
and = + 42+ By checking a2 We have: = i < 0. If e < 0, then

p* < 4kt. Combining the equations g% = 0 and 3% = 0, we obtain the optimal

. 2t (Bkt+koy +kw—p? 2t(3kt—koy —k 3t—0;—
price: piNH = ( 6kt1 7 P >, pyN = %Tw and e* = MTM. Then, by
inserting the equations pjN, psNH and e* into Equation (5) and Equation (6), we have:
NH _ k(3t+w+ovy)—p> NH _ k(Bt—w—1vy)
DN = 7(6“_512) and D} = ~—) 52)1 .

As 0 < Dj,D; < 1, the following condition is to be satisfied:
{w+0v, <3t, B2 < k(3t +w +v1) }. By inserting p; N, psNH and e*NH into Equation (7)

_p2)?
and Equation (8), We have the profits of online retailers 1 and r,: 1}NH = 2t[k(3(t;{z;17;;(;)2 a

*NH k(St*’Ulfw)z(‘ltk*‘Bz)
)0
2(6kt—p2)

and 715

Proof of Corollary 2. In Mode NH, by taking the derivatives of p; with respect to k and 8

2
and taking the derivatives of D] with respect to k and B, we obtain: aa’; M

4

(6kt—p2)*
s _ _ 2tBP(3t—w—vy) . Ip] _ _Atk(3t—w-v) 9p5 _ 4Btk(3t—w-vy),k 9D] _ B2 (3t—w—v)
ok (6kt—pg2)> 7 9P (6kt—pg2)> 7 9B (6kt—pg2)> 7 ok (6kt—p2)* ’
oD; _ _ BPBt+w+vy) , 9D} _ _2Bk(3t—w-uvy) 9D; _ 2ﬁk(3t+w+v1)
ok (6kt—p2)*> ~ 9P (6kt—p2)> ~ 9P (6kt— 52) '
ap; ) ) ops oD5 oD}
When 3t — w — v > 0, we have: % >0, asz <0; aisl <0, 8732 >0, 5 >0, 522 <0;
aD; D3

T <0 % >0.0

Proof of Proposition 1. Taking the derivative of 773N with respect to v; and w, we have:
amNH_ k(3t—v1—w) (4tk—p?) amNH - k(3t—v1—w) (4tk—p?) o
avl = ) and —%,— = T . When 3t —v; —w > 0 and

*NH with

NH
4tk — B* > 0, we have: 8752

. o aanH ﬁk(3t 01—w)? (Ztk B?)
respect to B, after simplifying, we have —3 3 k2 .

When 3t — 91 —w > 0 and 6kt — 82 > 0, thus the magnitude of 2 ﬁ and 0 depends
on the magnitude of 2tk — 82 and 0. So when 2tk — g2 > 0, that is, 0 < ,B < V2kt, we have

anzﬁ > 0; when 2tk — B2 < 0, that is, 2kt < B < 2V/kt, we have ° < 0.0

ﬁ

Proof of Proposition 3. With price discrimination and demand discrimination, we have:

2 _ 2
= pyNH — prNH 2t (B> —2kw—2kv; ) _ pxNH NH _  B*—2kw—2kvy

w + vy S 3t and B> < k(Bt+w+01), we have: k(3t+w+1vy) — k2w +20v;) =
k(3t —w —v1) > 0. Then, we obtain: k(3t + w + v1) > k(2w + 2v7).



J. Theor. Appl. Electron. Commer. Res. 2022, 17 1810

When 0 < w+v; < t, with0 < B < /2k(w + v1), we have: p5 < pj and D; < D5;
with \/2k(w +v1) < B < /k(Bt+w+v1), we have: p; > p; and D; > Df. When
t <w+v <2t with0 < B < /2k(w+1v1), we have: p; < pj and D; < Dj; with
V2k(w +v1) < B < 2Vkt, we have: p5 > p; and D > D}. When 2t < w + v; < 3t, with
0<B< 2vkt, we have: p; < pjand D; < D7. [0

Proof of Proposition 4. Taking the derivative of ¢* with respect to w, v; and 8, we have:

et B et _ B 9ot (3t—w—vy)(6kt+p?) 2
. = G agl = G aE,S = ) . When 3t —w —v; > 0,6kt — 5~ >0

and 6kt + B2 > 0, we get: 55 < 0, 95 < Oand %5 > 0.0

Proof of Proposition 5. With price discrimination of 3N and 7yNH, after simplifying, we
— 4 _ 2 _ 212
have: n’szH — ni‘NH — ZHPT+k(15t—a)(t+a)p” —48atk ,and a = v1 + w. Where x = [32, we get

2(6kt—p2)?
f(x) = —4tx® + k(15t — a)(t + a)x — 48at’k>. When x = 0, we have: f(0) = —48at?k* < 0.
Taking the derivative of f(x) with respect to x, we obtain: f'(x) = —8tx + k(15t — a)(t + a).

Then, when f'(x) = 0, we have: x = mtfsiw. If f(x) = 0, we have:
a?k—14akt—15kt2 —k(a—3t)/ a2 —22at+25t2 a?k—14akt—15kt2+k(a—3t)V/ a2 —22at+25t2
X1 = — (8t ) , X = — (St ) , and

0 < x1 < xp. Where

(v1 + w)*k — 14(v1 + w)kt — 15k2 — k(v1 + w — 3t) \/(01 +w)? = 22(v1 + w)t 4 2512

Bi=x1=—
P 8t
5 (v1 4 w)*k — 14(v1 + w)kt — 15k + k(vy + w — 3t) \/(01 +w)? —22(vy + w)t + 252
= X — —
S 8t
0
Proof of Proposition 6. With price discrimination of 7{NH and 7}V, after simplify-
. 3612[k(3 — )~ (3t4v1—0y)? (6kt—p2)°
ing, we have: anH — ni‘NN _ 3ot [k(3t+01+w)—p?]"—( t+;’1 v2)° (6kt—p2) . We can show that
18t(6kt—p2)
mNH — eNN- >0, where 36t [k(3t + v1 + w) — ,32]2 — (3t + vy — vy)* (6kt — ,82)2 > 0.
Then, we have v; > 3t + v, — %. Where V}' = 3t + v, — th(z’;’i;w), when vy > V7,
anH > anN; when v < V¥, anH < anN. O
Proof of Proposition 7. With price discrimination of nE‘N H and 7T’2kN N after simplifying,
9tk(3t—0y —w)? (4tk—B2) — (3t+vy—v1 )2 (6kt—p2)*
we have: NENH—HE‘NN L) (4tk—p)—( t+202 o) (6Kt =) . When3t—v; —w >0,
18t(6kt—p2)
6kt — B2 > 0 and 3t + vy —v; > 0, if ;N — NN > 0, we have:
9tk (3t — v — w)* (4tk — B) — (3t + vy — v1)* (6kt — ,82)2 > 0. Thus, we obtain
> (3t-+0vy) (6kt—p%) —3(3t—w) tk(4tkf[32)' Where Vi — (3t-+0;) (6kt—p2) —3(3t—w) tk(4tk7132)’
6kt —p2—3/th(4tk—Pp?) 6kt —p2—3+/th(4tk—p?)
when vy > V¥, myNH > NN when vy < Vi*, ;N < NN [0
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