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Abstract: The retailer cannot often identify consumers’ preference for personalized and refined
services. This poses a lower service than the consumer expects, which will lead to a decline in
consumers’ satisfaction and loyalty. To cope with this problem, we consider a dual-channel supply
chain composed of a manufacturer who has the online channel and an offline retailer and introduce
the concept of underservice into the framework of pricing and service decision. The influence of
consumers’ service expectations and the sensitive coefficient of consumers’ perceptive service on
optimal decision-making were explored by optimization theory. First, the mathematical model of
profit functions of the offline retailer and the manufacturer was developed by taking into account the
service expectation respectively. Based on this, the Stackelberg game was adopted to prove that there
is a linkage mechanism between the optimal retail price and the optimal service level under certain
conditions. Second, we examined the conditions under which underservice occurs and the factors
that influence them. Finally, we explored the stability condition under which the offline retailer’s
optimal service level is against pricing. Results show that for newly launched products, the offline
retailer will take the risk of increased service costs to adopt a strategy of high profit and good sales as
a result of underservice. With regard to expiring products, it is impossible for the offline retailer to
provide a lower-than-expected service level. Therefore, the offline retailer will adopt a strategy of
small profits but quick turnover. In addition, the optimal service level of the offline retailer is stable
against the optimal retail price, which greatly simplifies the service decision of the offline retailer,
that is, the offline retailer does not need to consider the pricing strategy of the manufacturer and only
needs to offer a level of service equal to the consumers’ service expectation.

Keywords: mathematical modeling; underservice; dual-channel supply chain; pricing; service expectations

MSC: 90B05

1. Introduction

The development of new concepts and technologies such as “Internet +” and big
data has fundamentally changed the traditional retail distribution system, which allows
consumers to shop without time and space constraints and promotes the rapid development
of e-ecommerce [1]. For example, according to the European Commission in 2015, the
growth of the online platform turnover accounted for 55% and 30% of GDP growth in the
United States and Europe during 2001–2011, respectively [2]. In China, in 2020, Tmall’s
turnover on “Double Eleven” reached a record high of $75.37 billion. However, in recent
years, the promotion cost of the e-commerce platform has continued to rise, which has
led to its gradual loss of price advantage. As a result, the problem of channel conflict
caused by price gradually turns to the channel conflict caused by competition in marketing
and service [3]. Compared with online channels, offline retailers have distinct advantages
in serving consumers. For instance, offline retailers can provide consumers with retail
showrooms, shelf displays, trial samples, and excellent shopping guide services. In reality,
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consumers consider the perceived service level, that is, they compare the service level
they actually experience with their expected service level. If the actual service level is
lower than their expected service level, they will be dissatisfied with the offline retailer,
which may cause some consumers to abandon the purchases of offline channels. For
example, due to the improvement of consumption level and optimization of consumption
structure, in the process of purchasing electronic products, consumers need personalized
and refined services, but offline retailers do not offer such services, so consumers will
have dissatisfaction or even lose their loyalty to the product. Especially, in the era of more
and more transparent product prices, consumers are no longer as sensitive to product
prices as in the past but pay more attention to the service experience when purchasing
products. The purpose of offline retailers’ services is to improve consumer satisfaction
and loyalty, but when the services they provide are lower than what consumers expect, it
might reduce consumer satisfaction and loyalty and even “drive away” consumers. Hence,
investigating the impact of perceived service level on demand can help to improve the
service decision-making of offline retailers.

The purpose of this paper is to explore the causes of underservice and how underser-
vice affects pricing and service decisions. In particular, we are interested in investigating
the following research questions:

(1) How does the manufacturer’s pricing strategy affect the offline retailer’s service decisions?
(2) Does underservice occur in offline retail stores, and what are the reasons for it?
(3) Is the offline retailer’s optimal service level stable to the optimal retail price set by the

manufacturer, and what are the conditions for its stability?

To address the questions mentioned above, we consider a dual-channel supply chain
with a manufacturer who has the online channel and an offline retailer and incorporate the
concept of underservice into the framework of pricing and service decision of this dual-
channel supply chain. The influence of consumers’ service expectations and the sensitive
coefficient of consumers’ perceptive service on optimal decision-making is studied. First,
the service expectation is considered in the offline retailer’s demand function. The Stack-
elberg game is used to prove that under certain conditions, there is a linkage mechanism
between the optimal retail price and the optimal service level. Second, we examine the
conditions under which underservice and overservice occur and the factors that influence
them. Finally, we establish the conditions under which the offline retailer’s optimal service
level is stable.

This paper makes two contributions to the field of service and pricing decisions
in dual-channel supply chain. First, different from previous studies on dual-channel
supply chain pricing and service decision, which consider linear demand growth due
to service and free riding due to positive service externalities, the pricing and service
strategy in this paper consider demand reduction due to underservice and free riding
due to positive service externalities respectively. We also study the impact of consumers’
service expectation and the sensitive coefficient of consumers’ perceptive service on pricing
and service decisions. Second, we prove the existence of underservice and propose some
reasons for such underservice. Finally, we find that when the sensitivity coefficient of
perceived service level and service expectation are in a certain range, the offline retailer’s
optimal service level is stable to the optimal retail price set by the manufacturer, which
greatly simplifies the decision-making of the offline retailer’s service level. In other words,
under the condition that the offline retailer understand consumers’ service expectations,
(s)he can directly provide the service level expected by consumers without considering the
manufacturer’s pricing strategy.

The remainder of this paper is organized as follows. In the next section, we provide a
review of related literature. The problem formulation and assumptions are presented in
Section 3. Section 4 represents the formulated mathematical models. Numerical results and
sensitivity analyses are represented in Section 5, and in Section 6, we conclude our findings
and suggest possible future research.
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2. Literature Review

The reason for consumer dissatisfaction is that offline retailers fail to identify con-
sumers’ preference for personalized and refined services, thus failing to meet consumers’
service demand and causing a psychological gap to consumers, which might lead to the
decline of consumers satisfaction and loyalty and thus the loss of demand. In fact, this is a
study of service expectations or service reference points [4]. When the service provided
by offline retailers is lower than the service expectation of consumers for various reasons,
that is, the actual service fails to meet the service demand of consumers, underservice will
occur. Hence, we define the service studied in this paper. In dual-channel retailing, since
consumer segmentation is unclear, offline retailers adopt a single service mode, which
cannot accurately identify the service demand consumers, and the service level provided
to consumers is lower than consumers’ service expectations, which might cause a psy-
chological gap among consumers. For example, the salesman fails to respond promptly
to consumers’ questions about products. Wu et al. identified the factors that contribute
to service expectation, perceived service level, and consumer satisfaction in the food and
beverage industry [5]. Chi et al. believe that there are three kinds of service expectations,
which are focal-object expectation, other-object expectation, and self-based expectation.
The actual service provided by offline retailers and service expectation jointly determine
customers’ purchasing behavior [6]. Most previous studies have shown that service level
has a positive impact on consumers’ purchasing behavior [7]. However, some scholars are
skeptical about this. Ghobadian et al. found that perceived service level would affect the
repurchase intention of existing and potential consumers [8]. In addition, market research
shows that consumers who are dissatisfied with a service will reveal their experience to
three other people. Hence, it can be concluded that underservice might reduce potential
demand. Özkan et al. pointed out that consumers perceived service quality and satisfaction
can significantly affect their loyalty to banks [9]. In the context of hotels, Mohammed
studied the relationship among consumer perceived value, consumer satisfaction, and con-
sumer loyalty by using structural equation modelling, and the results show that consumer
satisfaction has a direct positive impact on consumer loyalty [10]. Öztürk demonstrated
that higher consumer loyalty can encourage consumers to buy more products or bring
in more consumers to offline retailers, while the opposite can “drive away” consumers
and even take away other potential consumers [11]. Hence, when offline retailers fail to
offer services that meet consumers’ demand, consumers will feel dissatisfied, which will
reduce consumers’ loyalty to products, resulting in demand loss [10]. An important aspect
of service expectation is the formation of expectation. Ho proposed that the formation of
service expectation often has a certain reference [12]. Motivated by this, Zhao et al. consid-
ered the reference effect that risk-averse consumers need to consider in pricing, and gave
three pricing strategies [13]. Zhao et al. investigated the single and combined influences of
reference effect (RE) and quick replenishment (QR) policy on the customers’ purchasing
behaviors, the retailer’s optimal decisions, and the total profit of two periods [14].

Another stream of study is the pricing and service decision of a dual-channel supply
chain. In a dual-channel supply chain, since consumers consider not only the retail price
but also the service level when purchasing products, an increasing number of scholars have
investigated service decision-making. In fact, consumers are not only influenced by channel
preference and price, but also by service level. Due to development of online channels,
consumers can not only enjoy the services provided by offline channels, but also buy
cheaper and more varieties of products through online channels, which leads to the decline
of offline demand and the increase of service costs of offline retailers. Wu et al. considered
the competition in the differentiated market, and the results show that in the case of “free
riding”, offline retailers can obtain additional profits through information services [15]. In
contrast to Wu et al., Shin believed that “free riding” is not always detrimental to offline
retailers that offer their services, and the results suggest that “free riding” can reduce price
competition between the two channels [16]. To reduce the impact of “free riding”, Xing and
Liu designed price matching and selective compensate rebate contracts to coordinate offline
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retailers [17]. Dan et al. evaluated the influence of retail services and consumer loyalty
to channels on pricing behavior of manufacturers and offline retailers [18]. In addition,
Sarkar and Pal investigated the impact of retail service on pricing policies and profits in
a dual-channel supply chain, considering four different return strategies [19]. Guo et al.
investigated the impacts of the parameters related to pre-sales service and delivery lead
time on the pricing/service/lead-time strategies and performance of the supply chain
under centralized and decentralized settings [20]. Yi et al. took consumer value into
account in the dual-channel supply chain and constructed a single unified pricing for the
direct selling channel and online retail platform distribution channel, and discussed each
pricing model in decentralized and centralized scenarios respectively [21].

As differentiated pricing between online and offline channels tends to increase conflicts
between channels, an increasing number of companies, such as Suning and Uniqlo, choose
undifferentiated pricing. Hence, Zhou et al. studied the influence of “free riding” on
pricing, service, and profit of the two channels when differentiated and undifferentiated
pricing were used respectively. Their results indicate that undifferentiated pricing is more
favorable to offline retailers, but the opposite to manufacturers and the whole supply
chain [22]. In addition, Li et al. studied the timing of service provision and considered
three cases in a dual-channel supply chain, including no service, pre-service, and post-
service. The result shows that post-service has the best effect [23]. Taleizadeh et al. studied
pricing, service, and quality level decision-making in a two-echelon supply chain where
products have substitutions [24]. Widodo et al. mentioned the advanced concept of the
product-service system and investigated pricing strategies when considering additional
services [25]. Their results show that, compared with offline channels, additional services
can help online channels make more profits. Sun et al. studied the influence of the reference
effect of official prices on pricing in a dual-channel supply chain [26].

The above literature does not consider the impact of service expectation on pricing and
service decision in the dual-channel supply chain. Service expectation and the resulting
underservice may affect offline retailers’ service decisions, which in turn directly affect
consumer satisfaction, and thus affect the product demand of the two channels. Ma et al.
is the only study about service expectation in the dual-channel supply chain [27]. They
take the reciprocal altruism of supply chain members, the quality of consumers, and the
reference effect of service level into account in a supply chain with a manufacturer and a
retailer with online and offline channels. Meanwhile, the internal dynamics of operation
mode were considered, and the continuous dynamic theory of Behrman adopted. The
quality strategy of the manufacturer, the service strategy of the retailer, and the performance
of supply chain under decentralized, centralized and reciprocal altruistic scenarios were
analyzed and compared. However, they did not consider the impact of “free riding” on
decisions. Hence, in this paper, the effect of the difference between actual service level
and consumer service expectation on product demand is incorporated into pricing and
service decision in a dual-channel supply chain. We investigate the effects of the perceived
service level sensitivity coefficient and service expectation on the optimal decision-making
of dual-channel supply chain members when consumers have “free-riding” behavior and
service expectation.

3. Problem Formulation and Assumptions

We consider a two-echelon supply chain, similar to Barman et al., with a manufacturer
who wants to build up an online channel and an offline retailer, where this manufacturer
can sell its products offline through retailers as well as the online channel [28]. On the
one hand, the manufacturer sells its products to the offline retailer at a wholesale price w
agreed in advance through long-term contracts. Then, the offline retailer sells products to
consumers at a unit price pr. On the other hand, the manufacturer can sell its products
directly to consumers online at an online price pm per unit. Because of the difference
between the online channel and offline channel, it is difficult for consumers to evaluate
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product quality and service through online channels. The structure of this dual-channel
supply chain is shown in Figure 1.
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We assume that the retailer provides product introduction and after-sales services
in the offline channel, while the online channel does not provide these services. The
service effort cost function of the offline channel is defined as c(s) = s2/2. Gronroos
found that consumers compare the expected service level with the actual service level
they experience when buying products [29]. If the actual service level is lower than the
expected, they would be dissatisfied with the offline retailer (i.e., giving up on buying the
product, reducing satisfaction, and unwillingness to generate positive word of mouth for
the offline retailer). Hence, if the service level provided by the offline retailers is lower than
consumers’ expectations, the demand will decline. According to the dual-channel demand
function constructed by Dan et al. [18], we can define the following demand functions of
the offline retailer and the manufacturer respectively.

Dr = ρ− pr + βr pm + (1− λ)s− δ(e− s)+ (1)

Dm = (1− ρ)− pm + βd pr + λs (2)

Formula (1) and (2) represent the demand function of the retailer’s offline channel
and the manufacturer’s online channel respectively. In addition to the retail price of the
two channels, the demand of the offline channel is also affected by the level of service
effort, and the demand of the online channel will also be passively affected by the level
of service effort provided by the offline retailer. ρ represents the market share obtained
by the offline channel. βi (i = r, m, 0 < βi < 1) is the cross-price elasticity coefficient
between the two channels. λ is the coefficient in that the online channel is affected by the
service provided by the offline channel. e represents consumers’ expectation of the offline
service level. If the actual service level of the offline channel is lower than consumers’
expectation, the demand of the offline channel will decrease. Hence, with the concept of
reference effect function proposed by Ho et al. [30], we denote the demand loss caused by
lower consumers’ perceptive service level as δ(e− s)+, where δ is the sensitive coefficient of
consumers’ perceived service level and (e− s)+ = max(e− s, 0). We show all the notations
and their meanings in Table 1.
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Table 1. List of notations.

Symbol Description

w Wholesale price for the offline retailer (CNY/unit)
pr Offline selling price (CNY/unit)
pm Online selling price (CNY/unit)
s Offline service level

c(s) The cost-of-service level at s (CNY)
Dr Demand of the offline channel (units)
Dm Demand of the online channel (units)
ρ The market share obtained by the offline channel, 0 < ρ < 1
βi The cross-price elasticity coefficient. (i = r, m, 0 < βi < 1)

λ
The coefficient that the online channel is affected by the service provided by the offline

channel, 0 < λ < 1
e Consumers’ service expectations
δ The sensitive coefficient of consumers’ perceived service level

Πr Retailer’s profit (CNY)
Πm Manufacturer’s profit (CNY)

To obtain the main results, we propose the following assumptions.

Assumption 1. Since online and offline products are the same in quality, it is assumed that online
and offline retail price are the same (i.e., pr = pm = p). In fact, to avoid conflicts between the
two channels, many companies, such as Suning, Uniqlo, OPPO, and VIVO, set the same retail
prices online and offline. Tsay and Agrawai (2004) made a detailed study of this problem [31]. In a
survey, Ernst pointed out that two-thirds of dual-channel companies use undifferentiated pricing
strategy [32]. Although online and offline prices are the same, differences between the two channels
still exist. Hence, online consumers may appear to have “free ride” behavior. For example, for
products such as computers, televisions and refrigerators, consumers usually go to the retailer to
check the quality of the products before buying them. However, they will buy such products online if
the offline retailer does not provide delivery services.

Assumption 2. The cross-price elasticity coefficients between the two channels are the same (i.e.,
βr = βm = β). A similar assumption is made in Yan and Zhou et al., which does not alter the
nature of the results [22,33].

Assumption 3. There is information symmetry between the manufacturer and the offline retailer,
and they are both risk-neutral.

Assumption 4. The production cost of the manufacturer is zero.

Motivated by the problem descriptions and assumptions above, in the next section,
we set up the profit function of the offline retailer and manufacturer respectively and solve
the model.

4. Model Analysis

In order to study the impact of offline retailers’ insufficient service to consumers on the
supply chain, we establish the following profit functions according to the demand function
of the offline retailers and the manufacturer.

The profit function of the offline retailer:

Πr = (p− w)
[
ρ− p + βp + (1− λ)s− δ(e− s)+

]
− s2

2
(3)

The profit function of the manufacturer:

Πm = w
[
ρ− p + βp + (1− λ)s− δ(e− s)+

]
+ p[(1− ρ)− p + βp + λs] (4)
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Since, in reality, the manufacturer is generally in a strong position, the manufacturer
can set the retail price p. Then, the offline retailer determines its level of service effort based
on the retail price set by the manufacturer to maximize its profit.

Taking the retail price as a constant and with Formula (3), it is easy to solve the
optimal service effort level of the offline retailer. Then, according to the optimal service
effort level and Formula (4), the optimal retail price can be obtained. Hence, we make the
following proposition.

Proposition 1. With the certain retail price p, the offline retailer’s optimal service effort level s∗

can be represented by the following Formula.

s∗ =


(p− w)(1− λ + δ) p < w + e

1−λ+δ

e w + e
1−λ+δ ≤ p < w + e

1−λ

(p− w)(1− λ) p ≥ w + e
1−λ

(5)

Proof. We first consider the case of e− s ≥ 0, and convert the Formula (3) into the following
optimization problem.

max
s

{
(p− w)

[
ρ− p + βp + (1− λ)s− δ(e− s)+

]
− s2

2

}
s.t. e− s ≥ 0.

by Kuhn–Tucker conditions (K–T conditions), we can get the optimal service effort level
as follow.

s∗ =

{
(p− w)(1− λ + δ) p < w + e

1−λ+δ

e p ≥ w + e
1−λ+δ

In other cases, the optimal solutions can be obtained in a similar way. Then, the
proposition follows immediately. �

Proposition 1 indicates that the offline retailer would provide lower-than-expected
service level to consumers if the retail price set by the manufacturer is relatively low
(i.e., p < w + e/(1− λ + δ)). In addition, the optimal service effort level of the offline
retailer is stable, that is, the offline retailer’s optimal service effort level remains unchanged
when the retail price set by the manufacturer is within a certain range. The reason for
such low service effort level is that the offline retailer provides lower service level than
consumers’ expectations, which has little impact on product demand and can reduce service
cost to make up for the loss of income caused by decreased demand. As the retail price
increases, the revenue of the retailer will increase. Since the retail price is still low, the
offline retailer has no incentive to improve the service level to obtain more profits.

In the case of w + e/(1− λ + δ) ≤ p < w + e/(1− λ), on the one hand, the increase
in the retail price will increase revenue; on the other hand, this increase will decrease the
demand of the offline retailer. While improving service levels will increase demand, it will
also raise service costs for the offline retailer. Hence, in this case, the offline retailer would
provide the same level of service that consumers expect.

In the case of a relatively high retail price (i.e., p ≥ w + e/(1− λ)), the offline retailer
will provide a higher level of service than consumers expect. Due to the high retail price,
providing a service level higher than consumer’s expectations will increase the service cost,
but at the same time increase the demand of the offline retailer. The revenue increase caused
by this increase in demand is greater than the revenue decrease caused by the increase in
service cost. Hence, by Formula (5), with the increase of the retail price, the offline retailer
will provide higher service levels than consumers expect in order to gain more profits.

Proposition 1 is based on the assumption that the retail price is an exogenous variable.
In order to further study the endogenous optimal pricing of the manufacturer, we have



Mathematics 2022, 10, 1002 8 of 15

to consider the optimal retail price and service level. Hence, we present proposition 2 as
follows.

Proposition 2. If the price cross elasticity coefficient β between channels is within a certain range
that (ρ− 1)/3w + 1 ≤ β < 1− λ(1− λ + δ) the optimal retail price p∗ and the optimal service
effort level of the offline retailer can be derived as follows.

p∗ =


pI e < e1
w + e

1−λ e1 ≤ e < e2
pII e2 ≤ e < e3
w + e

1−λ+δ e3 ≤ e < e4
pIII e4 ≤ e

, s∗ =


sI e < e1
e e1 ≤ e < e4

sIII e4 ≤ e
(6)

where e1 = sI = (1−λ)[1−ρ−3(1−β)w+(1−λ)w]
2[1−β−λ(1−λ)]

, e2 = [1−ρ−3(1−β)w]
2(1−β)−λ(1−λ)

, e3 = (1−λ)[1−ρ−3(1−β)w]
2(1−β)−λ(1−λ+δ)

,

e4 = sIII = (1−λ+δ)[1−ρ−3(1−β)w+(1+δ)(1−λ+δ)w]
2[1−β−λ(1−λ+δ)]

, pI = 1−ρ−(1−β)w+(1−λ)(1−2λ)w
2[1−β−λ(1−λ)]

,

pII =
1−ρ−(1−β)w+λe

2(1−β)
, pIII =

1−ρ−(1−β)w+(1−λ+δ)(1−2λ+δ)w
2[1−β−λ(1−λ)]

.

Proof. When p < w + e/(1− λ + δ), we can convert the Formula (4) into the following
optimization problem.

max
p
{w[ρ− p + βp + (1− λ)s− δ(e− s)] + p[(1− ρ)− p + βp + λs]}

s.t.
{

s = (p− w)(1− λ + δ)
p < w + e

1−λ+δ

.

By K–T conditions, the optimal retail price and service effort level can be derived
as follows.

p∗ =

{
pIII e4 ≤ e

w + e
1−λ+δ e4 > e

, s∗ =

{
sIII e4 ≤ e
e e4 > e

.

To guarantee that pIII =
1−ρ−(1−β)w+(1−λ+δ)(1−2λ+δ)w

2[1−β−λ(1−λ+δ)]
≥ 0, the following inequalities

should be satisfied.
1− ρ− (1− β)w + (1− λ + δ)(1− 2λ + δ)w ≥ 0, 1− β− λ(1− λ + δ) > 0. Hence,

the cross-price elasticity coefficient β between channels should satisfy the following inequality.

−[1− ρ− w + (1− λ + δ)(1− 2λ + δ)w]/w ≤ β < 1− λ(1− λ)

Other scenarios can be solved in the same way. Finally, the cross-price elasticity coefficient β
between channels should satisfy the inequality that (ρ− 1)/3w + 1 ≤ β < 1− λ(1− λ + δ). �

Proposition 2 demonstrates that the manufacturer and the offline retailer have the
optimal retail price and service level in the case of the Stackelberg game. The cross-price
elasticity coefficient represents the degree of substitutability of products between the two
channels. When β is large (i.e., β = 1 which indicates that the products of the two channels
are completely substitutable), the effect of retail price changes on demand will be weakened.
In contrast, when β is small, the two channels will degenerate into one channel, and the
impact of retail price changes on demand will also be weakened. In both extreme cases,
pricing is ineffective.

In addition, in Formula (6), with the increase of consumers’ service expectations, the
manufacturer does not decrease the optimal retail price and the offline retailer also does
not decrease the optimal service level. The reason is that with the increase of consumers’
expected service level, the manufacturer will gradually raise the retail price to gain more
profits, so that the offline retailer will also gradually improve its service level to increase
demand. For products like mobile phones, although the manufacturer and the offline re-
tailer belong to different decision-making bodies, there is a certain relationship between the



Mathematics 2022, 10, 1002 9 of 15

optimal retail price and the optimal service level, that is, a higher retail price is accompanied
by a higher service level, and vice versa.

However, is the offline retailer willing to offer a level of service that exceeds con-
sumers’ expectations? If so, what conditions should be met? What is the reason why it
provides a higher level of service than consumers expect? The answers can be found in the
following corollary.

Corollary 1. If e < e1, the offline retailer will provide a level of service that exceeds
consumers’ expectations.

Proof. From Formula (6), it is easy to verify that if e < e1, then sI > e is true. �

Corollary 1 indicates that when consumers’ expected service is low, the optimal
service level offered by the offline retailer may be higher than the expected service level of
consumers. Due to the positive externality of service, even if the manufacturer does not
induce the offline retailer to provide a higher service level, under the condition that the
wholesale price is exogenous, the offline retailer will moderately improve its service level
to gain more profits. As a result, the offline retailer will also be willing to offer a higher
level of service than consumers expect when the retail price is low. In practice, electronic
products that are about to become obsolete have such characteristics. Since consumers are
more familiar with the product that will become obsolete, their expected services related to
the product are low. Providing a higher level of service than consumers expect increases
demand, which in turn increases revenue. This increase in revenue is greater than the
increased cost of improving the service level. Therefore, with the risk of losing consumers,
the offline retailer will sell this kind of obsolete product using a strategy of low profits and
high volume.

Will the offline retailer offer a service level lower than consumers expect? If so,
what conditions need to be met? What are the internal reasons for the offline retailer
providing services that are lower than consumers’ expectations? The following corollary
gives the answer.

Corollary 2. If e4 ≤ e, the offline retailer will provide a lower level of service than consumers expect.

Proof. From Formula (6), it is easy to verify that if e4 < e, then sIII ≤ e is true. �

Corollary 2 indicates that when consumers’ expected service is high, the optimal
service level offered by the offline retailer may be lower than the expected service level
of consumers. This is not consistent with our intuition. Due to the positive externality of
service, in order to encourage the offline retailer to offer a higher service level, in the case
of exogenous wholesale price, the manufacturer will increase the retail price to improve the
revenue of the offline retailer.

However, the increase in revenue is less than the increase in costs needed to improve
service levels. Therefore, the offline retailer is reluctant to offer a level of service equal to or
higher than consumers expect when the retail price is high. In practice, new electronic prod-
ucts on the market have such characteristics. Hence, a high-margin strategy of appropriate
sales would be adopted by the offline retailer.

Does the offline retailer always offer lower-than-expected service to electronic products
that just hit the market? In other word, is the strategy of offering lower-than-expected
service universal? Corollary 3 answers this question.

Corollary 3. As the sensitive coefficient of consumers’ perceptive service level δ increases, the range
of offering lower-than-expected service becomes narrow.

Proof. Taking the first derivative of e4 with respect to δ, we obtain that de4/dδ > 0. The
corollary follows immediately. �
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Is it necessary to consider the scenario of underservice? How is the result different
from not considering underservice? We present the following proposition.

Proposition 3. If e1 ≤ e , the optimal service level provided by the offline retailer and the retail
price set by the manufacturer are higher than the service level and retail price without considering
underservice; otherwise, the optimal service level and retail price are equal to the corresponding
values without considering underservice.

Proof. Without considering the impact of underservice, the offline retailer’s profit function
can be derived by Formula (3).

Πr = (p− w)[ρ− p + βp + (1− λ)s]− s2

2
(7)

Formula (7) can be converted into the following optimization problem.

max
s

{
(p− w)[ρ− p + βp + (1− λ)s]− s2

2

}
(8)

Taking the first derivative of Formula (8) with respect to s, we can obtain the optimal
service effort level as follows.

sN = (p− w)(1− λ) (9)

Replace s in Formula (4) with sN, then the optimal retail price can be obtained immediately.

pN =
1− ρ− (1− β)w + (1− λ)(1− 2λ)w

2[1− β− λ(1− λ)]
(10)

Finally, replace p in Formula (9) with pN , we can derive the optimal service effort level.

sN =
(1− λ)[1− ρ− 3(1− β)w + (1− λ)w]

2[1− β− λ(1− λ)]
(11)

Hence, sN = sI < sIII, pN = pI < pIII. If e1 ≤ e ≤ e2, by Proposition 2,
pN < w + e/(1− λ), sN < e. Similarly, if e2 ≤ e < e3, pN < pII, sN < e and if e3 ≤ e < e4,
pN < w + e/(1− λ + δ), sN < e. This completes the proof. �

Proposition 3 shows that when consumers’ expected service is low, the optimal service
level and retail price considering the impact of underservice are equal to the optimal service
level and retail price without considering the impact of underservice. When consumers’
expected service is high, the optimal service and retail price considering the impact of
underservice are obviously higher than that without considering the impact of underservice.
The reason is that when consumers expect a high level of service, for the offline retailer,
overservice can not only increase demand, but also avoid the demand loss caused by
underservice. As a result, the offline retailer is willing to offer a higher level of service
than that when the impact of underservice is not taken into account. For the manufacturer,
due to the positive externality of service, the manufacturer expects the offline retailer to
provide as high a level of service as possible. As a result, to encourage the offline retailer to
offer a higher level of service, the manufacturer will raise the retail price to compensate
for the increase in service costs. When consumers expect a low level of service, the offline
would offer a lower level of service. On the one hand, its service level is not lower than
consumers’ expectations, on the other hand, there is no loss of demand due to underservice.
The offline retailer does not consider the constraints caused by consumers’ expected service
level. Hence, the retail price and the optimal service level are no longer constrained by
what consumers expect. As consumers’ expected service level increases, the manufacturer
would set a higher retail price to encourage the offline retailer to offer a higher service level
to avoid the demand loss caused by underservice. When consumers’ expected service level
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reaches a certain level, the offline retailer will not always improve his (her) service level to
meet consumers’ expectations, which may lead to underservice.

In practice, when a product has just been launched, on the one hand, consumers have
high service expectations, on the other hand, they pay more attention to the service offered
by the offline retailer than the retail price. However, the manufacturer and the offline
retailer will not only take consumers’ service expectations into account but will ignore
service costs when making decisions. Hence, the manufacturer and the offline retailer
prefer to risk losing consumers by adopting a profitable and marketable strategy.

Proposition 4. If e1 ≤ e < e4, the optimal service level of the offline retailer is stable relative to the
retail price, and the greater the sensitive coefficient of consumers’ perceptive service level, the greater
the range of service level stability.

Proof. When e1 ≤ e < e4, no matter what the retail price is, the offline retailer will choose
the service effort level equal to consumers’ service expectation, i.e.,

p∗ =


w + e

1−λ e1 ≤ e < e2
pII e2 ≤ e < e3

w + e
1−λ+δ e3 ≤ e < e4

, s∗ = e e1 ≤ e < e4

Take the first derivative of e4 respect to δ, then de4/dδ > 0, thus as δ increases, the
range of [e1, e4) becomes larger. �

Proposition 4 indicates that when consumers’ service expectation is within a certain
range, the offline retailer will always choose to offer the same service level as consumers’
service expectation. The reason is that when the offline retailer offers a relatively high
level of service, there will be two effects, one is the increase of service cost, the other is
underservice, which may lead to demand loss. When consumers’ service expectation is
low, in order to motivate the offline retailer to offer a higher level of service than consumers
expect, the manufacturer can set a high retail price to compensate for the cost increase
caused by improving the service level. With the increase of consumers’ service expecta-
tion, it becomes more and more difficult for the manufacturer to compensate for the cost
increase caused by improving the service level by setting a higher retail price, so that the
offline retailer is only willing to provide a service level equal to the consumers’ service
expectation. Once consumers’ service expectation reaches a threshold, it is impossible
for the manufacturer to compensate for the cost increase caused by the offline retailer’s
improvement of service level by setting a higher retail price, so that the offline retailer will
provide a lower service level than consumers’ service expectation. In practice, it greatly
simplifies the service decision for the offline retailer. With the knowledge of consumers’
service expectation, the offline retailer can directly provide the level of service consumers
expect regardless of the retail price.

5. Numerical Study

In this section, we carry out a numerical study to verify the results obtained above.
Assume that ρ = 0.6, β = 0.4, λ = 0.3, w = 0.1, e ∈ [0, 1]. We consider three different
sensitive coefficients of consumers’ perceived service level (δ1 = 0.2, δ2 = 0.5, δ3 = 0.8)
and classify products into three categories by these three coefficients. The first category
of products is those that must be consumed, and where people are less sensitive when
underservice occurs, such as bread and water. The second category is those everyday
items where people are moderately sensitive when underservice occurs, such as clothes
books. The third category is luxury products, where people are highly sensitive to being
underserved, such as luxury cars and designer watches. The relationship between the
optimal retail price and consumers’ service expectation as well as the relationship between
the optimal service and consumers’ service expectation is shown in Figure 2. Figure 2
demonstrates that regardless of the value of δ, the optimal retail price set by the manufac-
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turer and the optimal service level provided by the retailer increase as consumer service
expectation e rises. However, due to the existence of service cost, if e exceeds the threshold
e4, the optimal retail price and the optimal service level remain unchanged. In addition, if
e < e1, the optimal retail price and the optimal service level are constant, that is, the optimal
retail and the optimal service are equal to the corresponding values without considering
underservice (i.e., p = pN , s = sN). When e ∈ (e1, e4), the impact of underservice on the
optimal retail price and the optimal service level is obvious, which leads to a higher optimal
retail price and a higher optimal service level (i.e., p > pN , s > sN). No matter how the
optimal retail price changes, the offline retailer will choose the service level equal to the
expected service level of consumers, that is to say, the optimal service level is stable relative
to the optimal retail price, which is consistent with proposition 4.
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Although the general trend of the three categories of products is similar, there are
differences in the optimal retail price and the optimal service level for each category. For
the necessities (δ1 = 0.2), the threshold e1

4 is relatively low. If underservice occurs then
(e > e1

4), the optimal price and the optimal service level are also low. This is because for
essential goods, the manufacturer cannot easily motivate the retailer to improve service
level by raising retail price, that is to say, the increase of service cost is greater than the
increase of profit caused by the increase of the retail price. For the everyday items and
luxury goods (δ2 = 0.5, δ3 = 0.8), the thresholds e2

4, e3
4 are relatively high, in other words,

underservice occurs (e > e2
4, e > e3

4) only when both the optimal retail price and the optimal
service level are high. This is because, for both everyday items and luxury items, the
manufacturer can easily incentivize the retailer to improve its service level by setting a
higher retail price before underservice occurs. The right side of Figure 2 clearly shows that
necessities have the highest probability of underservice, followed by everyday items, and
luxuries have the lowest probability of under service, which is consistent with corollary 3
and also our intuition.

6. Conclusions and Future Research

In dual-channel retailing, when offline retailers are unable to identify consumers’
preference for personalized and refined services, they may provide lower service levels
than consumers expect, which will lead to a decline in consumers’ satisfaction and loyalty,
resulting in demand loss. To study this problem, we considered a dual-channel supply chain
with a manufacturer who has the online channel and an offline retailer and incorporate the
concept of underservice into the framework of pricing and service decision of this dual-
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channel supply chain. The influence of consumers’ service expectations and the sensitive
coefficient of consumers’ perceptive service on optimal decision-making was studied. The
conclusions of this paper are as follows.

(1) when the cross-price elasticity coefficient between channels is within a certain range,
for mobile phones and other electronic products, there is a link between the man-
ufacturer’s optimal retail price and the offline retailer’s optimal service level. The
cross-price elasticity coefficient between channels ensures the retail price set by the
manufacturer can affect the offline retailer’s service decision. To encourage the offline
retailer to improve its service level, the manufacturer can raise the retail price to com-
pensate for the increase in service cost of the offline retailer. Therefore, higher retail
price leads to higher service level, and vice versa. It also provides some managerial
insight, that is, in a dual-channel supply chain where the upstream manufacturer
controls the online channel and the downstream retailer controls the offline channel,
the upstream manufacturer can encourage the downstream retailer to improve its
service level by setting an attractive retail price, and thus the upstream manufacturer
can obtain the benefit of the “free rider” in the online channel.

(2) for newly launched electronic products, the offline retailer may not offer sufficient
service and adopt a profitable and marketable strategy. Consumers are curious about
the newly launched products and hope to get personalized and refined services, which
makes their service expectations become higher. However, due to service costs, the
offline retailer may not blindly meet consumers and often provides lower service
levels than consumers expect. In contrast, it is possible for the offline retailer to
provide higher service than expected for electronic products that will be obsolete.
Consumers’ service expectations are low due to familiarity with outdated products.
The offline retailer can not only increase demand by providing a service level higher
than consumers’ service expectation, but also avoid the negative externalities caused
by underservice. Hence, for outdated electronic products, the offline retailer will
adopt a strategy of small profits but quick turnover. The management implication of
this result is that the service level provided by the downstream retailer offline has
a significant impact on product demand. Hence, the downstream retailer should
formulate corresponding sales strategies according to their service level to avoid
inventory shortage or surplus which might lead to the reduction of profits.

(3) when the sensitive coefficient of perceived service level and service expectation are
within a certain range, the optimal service level of the offline retailer is stable to
the optimal retail price the manufacture set, which greatly simplifies the service
decision of the offline retailer, that is, the offline retailer does not need to consider
the pricing strategy of the manufacturer and only needs to offer a level of service
equal to the consumers’ service expectation. This feature highlights an important
management insight, namely that it is worthy for the downstream retailer to study
consumers’ service expectations. Within a certain range, the optimal service level of
the downstream retailer is equal to the service expectation of consumers. There is no
need to consider the retail price set by the upstream manufacturer.

It should be pointed out that there are still some limitations of this paper as follows.

(1) A key assumption of this paper is that the offline retailer can accurately know con-
sumers’ service expectation level, which results in this paper having certain limitations.

(2) In this paper, we do not consider consumer segmentation and assume that there is
only one class of consumers whose service expectations are the same. However, in fact,
different consumers may have different service expectations for the same product.

(3) We only consider the demand loss due to underservice and assume that demand
increases with the level of service. However, in fact, too considerate a service or
overservice may cause consumers’ aversion, which will also lead to demand loss.

There are three directions for future research: First, the level of service expectation
of consumers needs to be made observable. It would be possible to design a mechanism
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in which the consumers’ service expectation level is automatically displayed. Second,
consumers with different service expectations and design different service strategies for
different consumers should be classified. Third, it is further considered that when the
service level provided by the offline retailer is higher than the expected service level, it
will also cause demand loss, thus resulting in the need to design more appropriate service
strategies for offline retailers.
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