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Abstract: In the dual-channel retail industry, excessive enthusiasm in offline retailers’ 
services often extends beyond the customer’s “interpersonal distance zone”, leading to 
psychological discomfort for customers and a subsequent loss of demand. This situation 
can trap retailers in a dilemma known as the “service trap”. To address this issue, we in-
troduce the concept of the zone of service tolerance, which encompasses desired and 
adequate levels of service, into a dual-channel supply chain consisting of an online 
channel manufacturer and an offline retailer. We incorporate the zone of service tolerance 
into the demand function of the offline retailer and establish its profit function, a dynamic 
game theory to demonstrate the existence of a linkage mechanism between the optimal 
selling price and service level, providing the conditions for such a mechanism to exist. 
Additionally, we establish conditions for offline retailers to avoid over-servicing or un-
der-servicing and consider the impacts of these conditions, and we reveal the stability 
conditions of the offline retailers’ service decisions. Our findings indicate that both over- 
and under-servicing can lead to customer churn. For newly launched products, offline 
retailers risk losing customers by adopting a sales strategy focused on high profits and 
moderate sales (under-servicing). Similarly, for products nearing removal from the 
shelves, they risk losing customers by adopting a sales strategy focused on low profits 
and high sales (over-servicing). Furthermore, under certain ranges for the service sensi-
tivity factor, desired service, or adequate service, the optimal service provided by offline 
retailers remains robust regardless of the manufacturer’s optimal selling price. This 
greatly simplifies the offline retailer’s decision-making process regarding service levels, 
as they can directly focus on providing the desired service without factoring in the 
manufacturer’s pricing strategy. 

Keywords: zone of service tolerance; dual-channel system; pricing; desired service;  
adequate service 
 

1. Introduction 
The development of e-commerce has not only revolutionized the organizational 

structure and management approach of enterprises, as seen in the rise in platforms like 
Amazon and Alibaba but also transformed supply chain operations, particularly with 
innovations such as real-time tracking and automated warehouses. In recent years, an 
increasing number of manufacturers not only provide products and services through 
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traditional offline sales channels (e.g., offline retailers) but also establish online channels 
for product sales to expand their markets. For instance, companies in sectors such as 
computing (e.g., Apple, IBM, Cisco), cosmetics (e.g., Estee Lauder), sports goods (e.g., 
Nike), and electronics (e.g., Samsung, Sony) have increasingly adopted dual-channel 
sales models in their supply chains [1]. This trend has been further accelerated by the 
shift towards omni-channel retail strategies and the rise in direct-to-consumer (DTC) 
platforms, with many brands leveraging both online and offline channels to enhance 
customer reach and optimize sales. However, the rising promotion costs associated with 
pure e-commerce platforms have gradually eroded their price advantage. Consequently, 
the problem of channel conflict stemming from price considerations has been weakened, 
giving rise to a new round of competition centered on marketing and service [2]. Pricing 
strategies not only influence consumers’ purchasing decisions but also shape their ex-
pectations and experiences regarding service quality. At the same time, service quality 
can enhance consumer satisfaction and loyalty, thereby indirectly supporting the im-
plementation of pricing strategies. To gain a competitive advantage in a dual-channel 
environment, pricing and service strategies must be closely aligned, ensuring that the 
price and service quality across both channels complement each other and create a syn-
ergistic effect. Offline retailers possess significant advantages in providing services to 
customers when compared to online channels [3]. Offline retailers possess significant 
advantages in providing personalized services to customers, particularly regarding 
hands-on product experiences, immediate product availability, and the ability to engage 
with consumers face-to-face. Research indicates that customers exhibit a stronger pref-
erence for offline purchases due to the tangible experiences offered by brick-and-mortar 
retailers, which allow for direct interaction with products and a more immersive shop-
ping environment [4]. However, during the shopping process, customers tend to evalu-
ate the services they receive against their desired expectations. Expectations are shaped 
by various factors, including prior shopping experiences, marketing communications, 
social influences, and brand reputation. Advertising and promotional messages establish 
expectations regarding service quality, while past interactions with the brand or similar 
products influence customer anticipations concerning support, product performance, 
and convenience. If the actual service provided does not meet their expectations, cus-
tomers may become dissatisfied with the offline retailer and be inclined to abandon 
purchasing products through the offline channel. For instance, if a customer needs hard 
services (e.g., a lounge, an air-conditioned shopping environment, etc.) in the purchase 
process, and the offline retailer fails to provide them, a psychological disconnect and 
dissatisfaction may arise. This can negatively impact customer loyalty and result in a loss 
of demand [5]. Furthermore, offline retailers may become overly zealous in their service 
improvements, crossing the so-called “interpersonal distance zone” and potentially 
causing psychological discomfort for customers. This, in turn, reduces customer satisfac-
tion and ultimately causes a decline in demand. Such a situation pushes retailers into a 
“service trap,” where the psychological pressure on customers may lead them to aban-
don purchasing through offline channels. 

The following personal experience took place at an offline shop in Guiyang, China, 
where the author visited to purchase a mobile phone. As the author entered the shop, an 
enthusiastic staff member asked, “How can I help you?” providing personalized assis-
tance. The employee continuously recommended a specific phone, disregarding any po-
tential customer resentment towards their overzealous behavior, and persistently em-
phasized, “This phone is truly special for you! This offer ends today!” In contrast, when 
we entered another specialty store, the sales associates did not proactively greet us or 
attend to our needs, completely overlooking our presence. When we inquired about the 
products, the response from the sales associate was indifferent and lacked any substan-
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tive assistance, which led us to feel disregarded. Another example that exemplifies ex-
cessive service is Haidilao, a renowned Chinese restaurant chain. Despite its reputation 
for good service, the public has criticized Haidilao for going overboard. For instance, 
when a customer dines at Haidilao, more than five waiters may assist them when they 
attempt to use the restroom. In contrast, when dining at other restaurants, there are in-
stances where the wait staff fails to promptly clear the empty plates and cups from pre-
vious customers, leading to a sense of neglect. Additionally, when customers inquire 
about certain matters, the wait staff may lack patience or even exhibit an unwillingness to 
assist, which results in an unpleasant experience for the customers. 

The above demonstrates that both over-service and under-service can lead to cus-
tomer dissatisfaction. Therefore, studying the zone between under-service and 
over-service is crucial for retailers. These cases highlight the concept of the Zone of Tol-
erance in relation to the services provided by retailers [6]. The Zone of Tolerance com-
prises two service expectations or reference points, namely, desired service (DS) and 
adequate service (AS), as defined by Parasuraman et al. (1991) [7]. When a customer is in 
this zone of service tolerance, there is no negative utility to the customer, which leads to 
no loss of demand [8]. When the level of service provided by a retailer falls below AS, it is 
considered under-serviced, while exceeding DS is regarded as over-serviced. In order to 
avoid negatively impacting demand, retailers should aim to offer services within the 
zone of service tolerance. The previously mentioned under- and over-servicing situations 
essentially revolve around service expectations or reference points. When an offline re-
tailer provides a service that the customer does not accept or that interferes with their 
purchasing activity, the service does not generate value. Likewise, if the service offered 
by the offline retailer does not fulfill the customer’s requirements, it fails to create value 
as well. The zone of service tolerance explored in this study refers to the range between 
DS and AS. In a dual-channel supply chain, the offline retailer uniformly provides service 
to non-segmented customers, with AS serving as the lower limit and DS as the upper 
limit. If the actual service level is below the AS, the customer may feel left behind and 
dissatisfied. Conversely, if the actual service level surpasses DS, according to the law of 
diminishing marginal utility, the customer’s satisfaction decreases, and they become re-
sistant to the service. As a result, offline retailers can enhance customer satisfaction by 
offering service within the zone of service tolerance. 

The purpose of this paper is to examine the factors contributing to under-servicing 
and over-servicing and to explore the impact of the zone of service tolerance on pricing 
and service strategies within supply chains. Specifically, this research aims to address the 
following questions: 

(1) How do the pricing strategies employed by manufacturers influence the service de-
cisions of offline retailers? 

(2) Will the offline retailer provide services that surpass the desired service level or fall 
below the adequate service level, and what are the underlying reasons? 

(3) Is the optimal service level of the offline retailer resilient to the optimal pricing 
strategy of the manufacturer, and what are the conditions for this? 

To study the above problems, the zone of service tolerance is incorporated into the 
pricing and service decision research framework of a dual-channel supply chain con-
sisting of an online channel manufacturer and an offline retailer, and the influence 
mechanism of customer service expectation and the perceived service quality sensitivity 
coefficient on the optimal decision of a dual-channel supply chain is explored. Firstly, the 
zone of service tolerance is included in the demand function of offline retailers. On this 
basis, the game theory is used to demonstrate the conditions for the existence of a linkage 
mechanism between the manufacturer’s optimal selling price and the service level of 
offline retailers. Secondly, the conditions of offline retailer services in the zone of service 
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tolerance and the factors that affect them are analyzed. Finally, the stability conditions of 
optimal service level decisions of offline retailers are established. 

Our paper presents three contributions to the study of service and pricing strategies 
within a dual-channel supply chain context. First, in contrast to prior studies, this paper 
incorporates the concept of the desired service within the zone of service tolerance and 
analyzes the reduction in demand caused by over-servicing. We also examine the impact 
of customer service expectations and the service sensitivity coefficient on pricing and 
service decisions. Second, we establish a linkage between the manufacturer’s optimal 
sales price and the service level provided by the offline retailer, given that the price 
cross-elasticity between channels is within a specific range. Next, we demonstrate the 
existence of under-service or over-service, analyzing the sales strategies adopted by 
offline retailers for products at different lifecycle stages and exploring the underlying 
reasons for these strategies. Finally, we find that, when the over-service sensitivity co-
efficient and either the desired service level or the adequate service level fall within a 
certain range, the offline retailer’s optimal service level remains stable relative to the 
manufacturer’s optimal sales price. This finding significantly simplifies offline retailers’ 
decision-making process in determining the optimal service level. 

The structure of this paper is outlined below. The following section provides a re-
view of the related literature. Section 3 outlines the problem formulation and assump-
tions. The mathematical models that were developed are presented in Section 4. Numer-
ical results and sensitivity analyses are described in Section 5, and, in Section 6, we con-
clude our findings and suggest management insights and possible future research. 

2. Literature Review 
Since this paper deals with service quality and dual-channel supply chain decisions, 

the relevant literature is divided into two parts, namely, service quality and dual-channel 
pricing and service. 

2.1. Service Quality 

Service quality refers to a comparison between the customer’s service expectations 
and the actual service quality. Gronroos, a Finnish-Swedish professor of economics, was 
one of the first to introduce this concept. He argued that, when the actual service quality 
is higher than the service expectations, the customer’s perceived service quality is good, 
and, conversely, the customer will be dissatisfied [9]. He also believes that custom-
er-perceived service quality consists of three components: technical quality, functional 
quality, and company image. For example, technical quality refers to the accuracy and 
efficiency of the service provided, such as a hotel’s ability to ensure a smooth check-in 
process. Functional quality involves the interpersonal aspects of service, such as the 
friendliness and professionalism of staff at a restaurant. Lastly, company image encom-
passes the overall perception of the brand, like the trustworthiness and reputation of a 
luxury brand. He also distinguishes between perceived service quality and the quality of 
tangible products, emphasizing that service quality is more about the customer’s expe-
rience than the physical attributes of a product. Parasuraman et al. (1985,1991) [7,10] 
further suggested on the basis of Gronroos’ research [9] that customers form their own 
service expectations based on their previous shopping experiences, which are divided 
into DS (desired service) and AS (adequate service). The area between DS and AS is 
called the customer’s zone of service tolerance. When the service level is below the 
threshold AS, demand increases as the service level rises. This effect can be attributed to 
two opposing mechanisms. On the one hand, the increase in service level directly boosts 
demand, representing a positive effect. On the other hand, the improvement in service 
level reduces the negative utility perceived by customers, which also leads to an increase 
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in demand, reflecting a negative effect. When the service level exceeds DS, the impact on 
demand becomes more complex. Depending on the relative magnitudes of these two 
effects, it may either increase or decrease. Specifically, the positive effect tends to increase 
demand, whereas the negative effect, resulting from an increase in customer negative 
utility, leads to a reduction in demand. When the service level is between AS and DS, the 
negative effect becomes negligible, and the positive effect dominates, increasing demand. 
DS is a service that satisfies the customer entirely, while AS is a service that does not 
annoy the customer. Chen (2014) [6] also developed a service quality evaluation model 
based on the zone of service tolerance in order to investigate how to improve the service 
level of hotels, enabling hotel managers to gain a competitive advantage. Chi et al. (2007) 
[11] believed that there are three types of service expectations that influence the customer 
satisfaction and evaluation of services, namely, focal-object expectations, other-object 
expectations and self-based expectations. Although previous studies have concentrated 
on the factors affecting service quality, some researchers have explored how the combi-
nation of actual service from offline retailers and customer service expectations shape 
purchasing decisions. Ghobadian et al. (1994) [12] found that service quality actually 
affects the repurchase intentions of existing and potential customers. Pratminingsih et al. 
(2018) [13] explored the impact of experiential marketing and service quality on con-
sumer satisfaction and loyalty in ethnic restaurants, stating that, if visitors are dissatisfied 
with the service provided by the restaurant, it can have a negative impact on reducing 
loyalty to the restaurant and that developing experiential marketing programs and 
providing excellent service quality can provide solutions for increasing customer loyalty. 
Öztürk (2015) [14] also found that high customer loyalty can lead to them buying more 
products or bringing in more customers. Conversely, it can “drive away” customers and 
even take away other potential customers. That is to say, when offline retailers fail to 
provide a service that meets the needs of their customers, customers become dissatisfied, 
which in turn reduces their loyalty and leads to lower demand. Oliveira et al. (2023) [15] 
contemplates customers’ expectations about service guarantees in an e-commerce plat-
form, relating them to attitudes and behavioral intentions. Veas-González et al. (2024) 
[16] investigated the fact that service quality is one of the key factors affecting customer 
satisfaction and customer loyalty in the fast food industry. Bunga et al. (2023) [17] found 
that service quality has a positive direct and indirect effect on customer trust, which in 
turn affects customer satisfaction. Golalizadeh et al. (2023) [18] showed that online per-
ceived service quality affects customers’ purchase intentions as well as impulse buying 
behavior. 

Most of these above-mentioned studies have shown that service level positively 
affects customers’ purchasing behavior [10]. However, can offline retailers necessarily 
increase customer satisfaction, loyalty, and product demand when they are bent on 
providing high-quality service levels? Lee and Hur (2019) [19] then argued that high 
service levels can have both positive and negative effects on customers’ purchasing be-
havior. If offline retailers continually raise service levels in an attempt to enhance service, 
they may end up over-servicing, which could create a sense of psychological pressure for 
customers, leading to a decrease in customer satisfaction and ultimately resulting in a 
“service trap”. Tosun et al. (2015) [20] found through their analysis of tourism services 
that the way services are provided will have a huge impact on customer satisfaction, and 
an inappropriate service approach can lead to a decrease in customer satisfaction and can 
even have a negative effect. Polas et al. (2022) [21], in their study of restaurant service, 
also found that improvements in service quality did not significantly increase customer 
satisfaction and significantly discouraged secondary purchases. This is because overly 
enthusiastic service invades part of the customer’s privacy and leads to customer disgust. 
The above literature suggests that over-servicing can lead to a decline in customer satis-



Systems 2025, 13, 93 6 of 25 
 

 

faction, ultimately resulting in a “service trap”. Service expectations are shaped by the 
promotion and promise of the product. Providing a service that is not in line with prom-
ises can affect customer satisfaction and thus affect long-term customer demand. 
Balinado et al. (2021) [22] assessed the service quality of after-sales service in the auto-
motive industry, highlighting that, when after-sales service fails to meet customer ex-
pectations, customer loyalty and demand may be significantly affected. This indicates 
the critical importance of ensuring consistency between service delivery and promises in 
maintaining customer satisfaction and fostering long-term demand. Park et al. (2020) [23] 
examined how the quality of airline service attributes influences overall satisfaction and 
proposed that the quality of attributes has heterogeneous effects on satisfaction or dis-
satisfaction. Mehta et al. (2023) [24] assessed customer satisfaction through sentiment 
analysis and the theme modeling of customer reviews of hospitality services provided by 
hotels in various continents from January to September 2020. Li et al. (2024) [25] found 
that over-service can intensify consumers’ service stress and negatively affect satisfaction 
and willingness to revisit. 

From the above literature, it is clear that service expectations significantly impact 
customer loyalty and satisfaction, which in turn influences customer purchasing behav-
ior. Thus, evaluating how the service tolerance zone affects the demand in a dual-channel 
supply chain due to under-servicing and over-servicing can help manufacturers refine 
their pricing strategies and assist offline retailers in optimizing service decisions. 

While service quality directly influences customer satisfaction and loyalty, it also 
plays a critical role in shaping pricing decisions, as retailers must balance the costs of 
high-quality service with competitive pricing strategies to optimize both customer reten-
tion and profitability. 

2.2. Dual-Channel Service and Pricing 

In today’s rapidly evolving retail landscape, a growing body of research emphasizes 
the strategic importance of pricing and service decisions within dual-channel supply 
chains, as they play a critical role in optimizing both online and offline sales channels. In 
a dual-channel supply chain, customers take into account both price and service level 
when making purchasing decisions. Increasing numbers of researchers have explored 
service-related decision making in a dual-channel supply chain. Chen et al. (2012) [26] 
found that, when customers buy products, they are not only affected by channel prefer-
ences and prices but also by services. For example, a customer may choose to purchase a 
product online at a higher price if it comes with faster delivery options or superior cus-
tomer support. Based on this, Wu et al. (2004) [27] addressed the issue of competition in 
segmented markets, with findings indicating that offline retailers could gain extra profits 
by offering information services, even in situations involving free riding—where con-
sumers take advantage of services without paying for them. On the contrary, Shin (2007) 
[28] suggested that free riding may not necessarily harm offline retailers offering services, 
and the findings indicated that it could reduce the price competition among them. To 
reduce the influence of free riding, Xing and Liu (2012) [29] developed contracts for price 
matching and selective compensation rebates to coordinate the sales activities of offline 
retailers. Dan et al. (2012) [30] assessed how retail services and customer loyalty towards 
retail channels influence the pricing strategies of manufacturers and offline retailers. 
Zhang et al. (2019) [31] analyzed the impact of dual-channel cooperation on pricing by 
comparing the traditional dual channels, the business model based on platform channels, 
and the business model of dual-channel cooperation. Dai et al. (2023) [32] examined the 
pricing and service strategies of both restaurants and online platforms, taking their ser-
vice levels into account, and discovered that the optimal pricing strategy is influenced by 
customer sensitivity to service levels and the associated cost coefficients. Song et al. 
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(2020) [33] studied the influence of online purchase and offline pickup behavior on pric-
ing through the enterprise data of the cooperative mode of online purchase and offline 
pickup. Based on this, Jiang et al. (2020) [34] studied the equilibrium pricing problem 
under centralized and decentralized decision making and pointed out that the service 
level of offline retailers would affect their pricing strategies. Guo et al. (2020) [35] studied 
pricing and the retailers’ choice of delivery lead time in a dual-channel supply chain. 
Zhang et al. (2023) [36] investigated how advanced delivery and cross-channel returns 
impact the pricing decisions of retailers within a dual-channel supply chain. Xu et al. 
(2021) [37] examined the pricing and ordering decisions of retailers faced with online 
order overload and found that product pricing would remain unchanged or decrease 
after the retailer implemented the buy-online-and-pickup-in-store (BOPS) strategy. Also, 
Yang and Ji (2022) [38] considered the pricing of dual channels in the case of online 
purchases and offline returns. Wang et al. (2023) [39] studied the pricing and channel 
selection of dual channels with the framework theory of the game in consideration of 
transportation costs. 

As dual-channel differential pricing tends to increase the conflicts among channels, 
more and more enterprises, such as Suning and Uniqlo, choose non-differential pricing. 
Zhou et al. (2018) [40] explored the impact of “free riding” behavior on pricing/service 
strategies and the profits of two channels, examined both differentiated and undifferen-
tiated pricing scenarios, and concluded that undifferentiated pricing benefits offline re-
tailers more but has the opposite effect on manufacturers and the overall supply chain. Li 
et al. (2019) [41] focused on the problem of the timing of service provision; they examined 
three scenarios of service capabilities without considering service, ex-ant service, and 
ex-post service in a dual-channel supply chain, and the equilibrium result suggested that 
post-service had the best effect. Taleizadeh et al. (2019) [42] focused on decisions related 
to pricing, service, and quality levels in a two-tier supply chain where alternative prod-
ucts are available. Zhang et al. (2020) [43] examined the situation of a dual-channel sup-
ply chain network, where manufacturers provide services in both channels, while offline 
retailers only provide offline services, proving the existence of Nash equilibrium. Fan et 
al. (2022) [44] studied the optimal service decision problem under the two-store mode. 
Zhai et al. (2022) [45] explored how service investment and pricing decisions are affected 
by various power structures in the presence of demand disruptions. Zhang et al. (2022) 
[46] examined how pricing decisions can be used to balance service and return costs in a 
manufacturer’s dual-channel supply chain. Chen et al. (2024) [47] examined how offline 
channel preferences and service levels influence pricing decisions in a dual-channel 
supply chain. Lu et al. (2024) [48] explored the strategy for coordinating pricing and ser-
vice levels in a dual-channel pharmaceutical supply chain. Gu et al. (2023) [49] examined 
how offline in-sale services affect the performance of a dual-channel supply chain, com-
paring the impact of service quality on the profits of both retailers and manufacturers in 
cooperative and non-cooperative scenarios. Lin et al. (2023) [50] investigated a du-
al-channel service-only supply chain and analyzed its dynamic pricing in two consecu-
tive periods. Li et al. (2024) [51] examined the coordinated decision-making process re-
garding pricing and promotional strategies in the service collaboration between online 
and offline retailers and observed that higher levels of after-sales service make consum-
ers more sensitive to service quality. 

Despite its significance, the existing literature has yet to incorporate the zone of ser-
vice tolerance into the research framework for pricing and service decisions in a du-
al-channel supply chain, leaving a critical gap in understanding. The zone of service tol-
erance exerts a bidirectional influence mechanism on the pricing strategies of manufac-
turers and the service decisions of offline retailers. Only He et al. (2022) [5] considered AS 
under a dual-channel supply chain environment, but DS is not considered in this paper. 
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So, they did not take into account the real zone of service tolerance, which is also different 
from the essence of this paper. Therefore, this paper incorporates the effects of the dis-
crepancies between the actual service level and customer service expectation on product 
demand into the framework of pricing and service decisions in dual-channel supply 
chains and investigates the influence mechanism of the sensitivity coefficient of the zone 
of service tolerance and service expectation on the optimal decision making of members 
of the dual-channel supply chain in the case of customers’ “free-riding” behavior and 
service expectation. 

3. Problem Description and Assumptions 
In this paper, we consider a two-tier supply chain system consisting of a manufac-

turer opening an online channel and an offline retailer, as shown in Figure 1. This du-
al-channel structure is particularly significant as it captures the evolving dynamics be-
tween traditional retail and digital sales, providing insights into how each channel can 
influence pricing and service strategies. Customers can purchase products through two 
channels. It is assumed that customers who prioritize convenience and lower prices are 
more likely to choose online channels. However, customers may prefer the offline option 
due to factors such as immediate product availability or personalized service. The first is 
to purchase products directly from manufacturers through online channels. The selling 

price of this channel is mp , and the demand is denoted as mD . The second is to purchase 

through offline retailers. The sales price of this channel is rp , and the demand is de-

noted as rD . These two channels may serve distinct customer segments—online cus-

tomers may prioritize convenience and price, while offline customers may prefer 
in-person shopping for immediate availability or personalized service. However, there 
could be some overlap, especially among customers who value both online convenience 
and offline experiences. The manufacturer’s wholesale price is w . The manufacturer’s 
wholesale price serves as the basis for the pricing decisions of both the manufacturer and 
the retailer. The manufacturer sets the online channel price based on the wholesale price, 
while the retailer determines the offline retail price by applying a markup to the whole-
sale price. In order to guide customers to buy products, offline retailers provide 
face-to-face product introduction, consultation, and other services, whose service level is 
denoted as s. This service level includes not only pre-purchase assistance, such as 
product demonstrations and advice but also post-purchase services, such as after-sales 
support, returns, and customer care. The service cost function is expressed as 

2( ) / 2c s s= , as referred to in Dan et al. (2012) [30]. 

Manufacturer

Consumer

Offline retailer

mDmp

rDsrp

w
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Figure 1. A dual-channel supply chain. 

Xiong et al. (2018) [52] found that offline retailers tried to establish a reciprocal rela-
tionship with customers by providing services to them. On the one hand, the presence of 
reciprocal anxiety makes it possible for retailers to over-serve their customers, so there 
are counter-productive consequences, such as the reconsideration of product purchases, 
reduced customer satisfaction, and reluctance to actively engage in word-of-mouth 
communication for offline retailers. On the one hand, the presence of reciprocal anxiety 
makes it possible for retailers to over-serve their customers, so there may be coun-
ter-productive consequences, such as the reconsideration of product purchases, reduced 
customer satisfaction, and reluctance to actively engage in word-of-mouth communica-
tion for offline retailers. The offline retailer offering more than DS to customers can lead 
to a drop in demand in the offline channel. On the other hand, when the offline retailer 
offers lower than AS to customers, it can also lead to a drop in demand in the offline 

channel. The zone of service tolerance is denoted as [ ]1 2,e e , 1e  is the AS, and 2e  is 

the DS. When the service provided is above or below this interval threshold, it will result 
in a reduction in demand. Based on the demand function for dual-channel systems de-
veloped by Dan and Xu et al. (2012) [30], the demand functions for the offline retailer and 
the manufacturer are established separately as follows: 

0 1 2(1 ) ( ) ( )r r r m uD p p s e s s eρ β λ δ δ+ += − + + − − − − −  (1)

(1 )m m d rD p p sρ β λ= − − + +  (2)

Equations (1) and (2) represent the demand functions for the offline retailer and 
manufacturer online channels, respectively. ρ  is the market share held by the offline 
retailer in the offline channel. Since online and offline sales are assumed to be homoge-

neous products, it is assumed that r mp p p= = . ( , )i i r mβ =  is the cross-price elas-

ticity coefficient between channels, 0 1iβ< < . We also assume that r mβ β β= = . λ  

is the coefficient of “free riding”. 0 0(0 1)δ δ≤ ≤  and (0 1)u uδ δ≤ ≤  represent the un-

der-service sensitivity coefficient and over-service sensitivity coefficient, respectively. 

Referring to Ho et al. (2010) [53], the demand loss caused by under-service is 0( )e sδ +−

; the demand loss caused by over-service is ( )u s eδ +− , where max( , 0)x x+ = . Gener-

ally speaking, since customers are more familiar with the daily necessities that they often 
buy, they have a higher sensitivity coefficient to the excessive service of such products. 
For electronic products with low purchase frequency (such as mobile phones and digital 
cameras), the over-service sensitivity coefficient is low. 

4. Model Construction and Analysis 
Firstly, the profit functions of the offline retailer and the manufacturer are estab-

lished, respectively, according to their demand functions, as shown in Equations (3) and 
(4). These profit functions are critical as they provide the foundation for analyzing the 
pricing and service strategies of each party, allowing for a deeper understanding of how 
both entities maximize their profits within the dual-channel supply chain framework. 

2
0 1 2( )( (1 ) ( ) ( ) ) / 2r up w p p s e s s e sρ β λ δ δ+ +Π = − − + + − − − − − −  (3)
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0 1 2( (1 ) ( ) ( ) ) ((1 ) )m uw p p s e s s e p p p sρ β λ δ δ ρ β λ+ +Π = − + + − − − − − + − − + +  (4)

From Equation (3), 0 1 2( )( (1 ) ( ) ( ) )up w p p s e s s eρ β λ δ δ+ +− − + + − − − − −
 

represents the profit made by the offline retailer when selling products, and 2 / 2s  
represents the service cost for the offline retailer. From Equation (4), 

0 1 2( (1 ) ( ) ( ) )uw p p s e s s eρ β λ δ δ+ +− + + − − − − − represents the profit generated by 

the manufacturer selling products to the offline retailer at wholesale price w , and 
((1 ) )p p p sρ β λ− − + +  represents the profit generated by the manufacturer from 

selling directly to the customers at selling price p . Since the manufacturer is in a strong 
position, the manufacturer sets the selling price p. This assumption is based on the 
manufacturer’s control over production and supply, as well as its ability to influence 
market pricing through brand reputation, economies of scale, and established relation-
ships with retailers. In many industries, particularly in sectors with dominant manufac-
turers or when there is a clear market leader, manufacturers typically hold greater power 
in price-setting. This has been observed in industries such as electronics and consumer 
goods, where manufacturers drive pricing strategies. According to this price, the offline 
retailer determines the optimal service level s  to maximize its profit. The retailer’s de-
cision is constrained by the budget available for service provision, the competitive land-
scape, and the required service quality to attract customers without exceeding cost lim-
its. The optimal level of service can be determined by solving Equations (3) and (4) using 
the optimization method, and the following proposition is obtained. 

Proposition 1. For a given selling price, the optimal service provided by the retailer is shown as 
Equations (5) and (6). This result demonstrates the retailer’s optimal service strategy, indicating 
how the service level is influenced by the pricing decision and its impact on maximizing profita-
bility within the context of the retail environment. 

(1) If 
0 1uδ λ≤ < −

, 

1
0

0

1 1
1

0

1 2

2 2
2

2

(1 )( )
1

1 1

(1 )( )
1 1

1 1

(1 )( )
1

u

u
u

ep w p w

e ee p w

e es p w p w

e ee p w

ep w w p

λ δ
λ δ

λ δ λ

λ
λ λ

λ λ δ

λ δ
λ δ

 − + − < + − +
 ≤ < + − + −
= − − ≤ < +

− −


≤ < + − − −


− − − + ≤ − −

 (5)

(2) If 1 1uλ δ− ≤ ≤ , 
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1
0

0

1 1
1

0

1 2

2
2

(1 )( )
1

1 1

(1 )( )
1 1

1

ep w p w

e ee p w
s

e ep w p w

ee p

λ δ
λ δ

λ δ λ

λ
λ λ

λ

 − + − < + − +
 ≤ < + − + −= 
 − − ≤ < + − −

 ≤
 −

 (6)

Proof of Proposition 1. The optimal service effort level is substituted into Equation (4) to 

solve for the optimal selling price. If 1 0/ (1 )p w e λ δ< + − + , convert (4) into the fol-

lowing optimization problem: 

{ }0 1( (1 ) ( )) ((1 ) )
p

max w p p s e s p p p sρ β λ δ ρ β λ− + + − − − + − − + +  

0

1

0

( )(1 )
. .    

1

s p w
s t ep w

λ δ

λ δ

= − − +

 < + − +

 

Introducing the generalized Lagrange Multiplier 
*γ , let the K-T point be 

*p , and 
thus obtain its K-T condition as follows: 

*

*
1 0

*

( ) 0
( / (1 ) ) 0

0

f p
w e p

γ
γ λ δ
γ

 + =
 + − + − =
 ≥

∇ 
 

The optimal selling prices and optimal service level can be expressed as 

V

1
1 VІІ

01

1 VІІ

1
ew e e

p
p e e

λ δ
 + < − += 
 ≥

, 
V

1 1 VІІ
1

1 VІІ

e e e
s

s e e

<= 
≥

 

To ensure that 
V

0p ≥  holds, conditions 

0 01 (1 ) (1 )(1 2 + ) 0w wρ β λ δ λ δ− − − + − + − ≥  and 01 (1 ) 0β λ λ δ− − − + >  need 

to be satisfied, while conditions 0 01 3(1 ) (1 )(1 ) 0w wρ β δ λ δ− − − + + − + ≥  and 

01 (1 ) 0β λ λ δ− − − + >  need to be satisfied to ensure that Vs  holds. Therefore, the 
price cross-elasticity coefficient between channels β  satisfies 

0 0 0(1 (1 )(1 ) ) /3 1 1 (1 )w wρ δ λ δ β λ λ δ− − + + − + + ≤ < − − + . Other cases can be 

analogous to this method. □ 
Proposition 1 shows that, when the manufacturer sets a fixed selling price, an in-

crease in the manufacturer’s price may encourage offline retailers to provide a level of 
service surpassing their DS, particularly when the sensitivity to over-service is low. 
Conversely, when the over-service sensitivity coefficient is large, the customer’s aversion 
to over-service is too high, and the over-servicing provided by offline retailers not only 
increases the service cost but also leads to customer dissatisfaction and reduced demand 
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regardless of whether the under-service sensitivity coefficient is small or large. When the 
manufacturer’s pricing is low, offline retailers will provide services that are lower than 
AS for customers due to the cost of service. On the whole, as the manufacturer’s pricing 
increases, the level of service that offline retailers choose to provide will also increase in 
order to earn greater profits. In addition, offline retailers are robust to the manufacturer’s 
optimal pricing when they set the optimal service level. 

When the manufacturer sets a lower price, i.e., when 1 0/ (1 )p w e λ δ< + − +  is 

satisfied, its price compensation mechanism fails to offset the rise in service costs caused 
by the reduced price, leading offline retailers to offer services that fall below the AS of 
customers, which leads to its lower demand but also lower service costs to compensate 
for the loss caused by demand. Thus, from Equations (5) and (6), we obtain the result 

that, when 1 0/ (1 )p w e λ δ< + − + , the offline retailer will consider the under-service to 

reduce the service cost in order to obtain greater profit. 

When the sales price satisfies 1 0 1/ (1 ) / (1 )w e p w eλ δ λ+ − + ≤ < + − , for offline 

retailers, manufacturer pricing is low. Although increasing the service level raises its 
service cost, it can also lead to an increase in product demand and reduce the negative 
externality of under-service. Therefore, offline retailers will opt to deliver customers with 
the service level of the AS, which not only mitigates the negative impacts of un-
der-service but also reduces their service costs. 

When the sales price satisfies 1 2/ (1 ) / (1 )w e p w eλ λ+ − ≤ < + − , for offline re-

tailers, the manufacturer’s pricing in this range can compensate for the service cost, and 
improving the service level to a certain extent can also improve the product demand. 
However, due to the negative externality of over-service, exceeding the DS of customers 
leads to profit loss, and the pricing in this range cannot be compensated. Therefore, 
offline retailers will choose to increase service levels as sales prices change but will not 
under-service and over-service. 

When the sales price satisfies 2 2/ (1 ) / (1 )uw e p w eλ λ δ+ − ≤ < + − − , for offline 

retailers, the manufacturer determines this range of pricing. Although the manufacturer’s 
pricing is high, offline retailers should improve the service level, due to the negative ex-
ternality of over-service, which would not only make the product demand decline, but 
also increase the cost of services. In this range of over-service, loss cannot be compen-
sated. Therefore, offline retailers will choose to provide the service level of DS of cus-
tomers to avoid over-service. 

With the increase in the sales price, when the sales price meets 

2 / (1 )uw e pλ δ+ − − ≤ , if the over-service sensitivity coefficient is small, offline retailers 

will provide over-service. The reason is that, when the sensitivity coefficient for 
over-service is relatively low, even if the service level provided by offline retailers sur-
passes customers’ service expectations, the over-service has a minimal effect on reducing 
product demand and is more than offset by the revenue generated from higher prices. As 
a result, as the sales price increases, offline retailers will still provide a higher service 
level and will exceed the DS of customers. However, when the over-service sensitivity 
coefficient is large, and the service level provided by offline retailers exceeds the DS of 
customers, the demand for products will be drastically reduced, and the reduction in 
demand cannot be compensated by the revenue brought by the increase in price. There-
fore, when the over-service sensitivity coefficient is large, offline retailers will not 
over-service but only provide a service level equal to the DS of customers. 
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Proposition 2. When the condition 0( 1) /3 1 1 (1 )wρ β λ λ δ− − + ≤ < − − +  is satisfied, 

there is the optimal selling price and service level as shown in Equations (7) and (8), respectively. 

(1) If 0 1uδ λ≤ < − , 
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= = =
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 ≤

 (7)

(2) If 1 1uλ δ− ≤ ≤ , 

ІV

2 ІІІІІ

2
ІІІ 2 ІV

ІІІ І 2 ІV

1
ІV 1 V
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1
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p e e
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P e e e
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 <

 + ≤ <
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2 2 ІV

ІІІ 1 2 ІV

1 ІV 1 VІІ

V VІІ 1

e e e

s e e e
s

e e e e

s e e

<
 = ==  < <
 ≤

 (8)

where 
ІІ

(1 )(1 3(1 ) (1 )(1 ) )
2(1 (1 ))

u u u

u

w we s λ δ ρ β δ λ δ
β λ λ δ

− − − − − + − − −= =
− − − −  

ІІ
(1 )(1 3(1 ) )
2(1 ) (1 )u

we λ ρ β
β λ λ δ

− − − −=
− − − −

, ІІІ
(1 )(1 3(1 ) )

2(1 ) (1 )
we λ ρ β

β λ λ
− − − −=

− − −
, 

ІІІІV
(1 )(1 3(1 ) (1 ) )

2(1 (1 ))
w we s λ ρ β λ

β λ λ
− − − − + −= =

− − −
, V

(1 3(1 ) )
2(1 ) (1 )

we ρ β
β λ λ

− − −=
− − −

, 

VІ
0

(1 3(1 ) )
2(1 ) (1 )

we ρ β
β λ λ δ

− − −=
− − − +

,

0 0 0
VVІІ

0

(1 )(1 3(1 ) (1 )(1 ) )
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w we s λ δ ρ β δ λ δ
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І
1 (1 ) (1 )(1 2 )

2(1 (1 ))
u u

u

w wp ρ β λ− δ λ− δ
β λ λ− δ

− − − + − −=
− − −

, 2
ІІ

1 (1 )
2(1 )

w ep ρ β λ
β

− − − +=
−

, 

ІІІ
1 (1 ) (1 )(1 2 )

2(1 (1 ))
w wp ρ β λ λ

β λ λ
− − − + − −=

− − −
, 1

ІV
1 (1 )

2(1 )
w ep ρ β λ

β
− − − +=

−
, 

0 0
V

0

1 (1 ) (1 )(1 2 )
2(1 (1 ))
w wp ρ β λ δ λ δ

β λ λ δ
− − − + − + − +=

− − − +
. 

Proof of Proposition 2. Refer to the proof method of Proposition 1. □ 

Proposition 2 indicates that, when the price cross-elasticity coefficient between channels 
is within a certain range, an optimal selling price and service level can be determined, 
with a linkage mechanism connecting the optimal selling price to the service level. When 
the price cross-elasticity coefficient is below this region, the degree of substitution be-
tween the two channels is low, the mutual influence diminishes, and the service exter-
nality provided by offline retailers is reduced. Since the prices of the two channels are the 
same and the services no longer have an externality, there is no longer an optimal level of 
service. When the price cross-elasticity coefficient is higher than this region, the degree of 
substitution between the two channels is higher, and the mechanism of selling price in-
fluence on demand is weakened, making the pricing mechanism ineffective. In the ex-
treme case, when the two channels are fully substituted, i.e., 1β = , the selling price no 
longer affects the demand for the product. 

Additionally, from Equations (7) and (8), it can be obtained that the optimal selling 
price and optimal service level increase with the increase in the customer service toler-
ance domain threshold. The higher the customer service tolerance domain threshold, the 
higher the customer’s demand for the service level. Equations (1) and (2) indicate a sub-
stitution relationship between the product price and service quality for consumers in the 
zone of service tolerance. Hence, manufacturers induce offline retailers to improve their 
service level by increasing pricing in order to sell more products and thus gain more 
customers. As shown above, despite the manufacturer and offline retailer being distinct 
decision makers, a linkage mechanism exists between the optimal selling price and ser-
vice level. That is, a higher price is inevitably associated with a higher service level, and 
vice versa. Moreover, when customers demand higher service levels, the manufacturer 
will not blindly raise the service level, as its compensation system is inadequate to cover 
the additional service costs incurred by the offline retailer. 

Corollary 1. Offline retailers will provide over-service when the over-service sensitivity coefficient 

uδ satisfies (0 1 )u uδ δ λ≤ < − , and the DS of customers 2e  satisfies 2 Іe e< ; offline re-

tailers will under-service when the AS of customers 1e  satisfies VІІ 1e e< , independent of the 
under-service sensitivity coefficient 0δ . 

Proof of Corollary 1. From Equations (7) and (8), we can prove that 1 2s e≥  is satisfied 

when 0 1uδ λ≤ < −  and 2 Іe e< . Similarly, when VІІ 1e e< , V 1s e< is satisfied. □ 

Corollary 1 indicates that, when the over-service sensitivity coefficient is low, and 
the DS of customers is also low, offline retailers tend to offer over-service. This contra-
dicts our intuition. When the DS of customers is low, the effects of over-service outweigh 
those of under-service. Hence, as a result of the positive externality of service, when the 
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manufacturer’s price compensation mechanism can offset the profit loss incurred from 
service costs, offline retailers will moderately increase their service levels to achieve 
higher profits, assuming an exogenous wholesale price. Consequently, offline retailers 
are willing to provide higher service levels than the DS of customers at lower retailer 
prices. In practice, customers are more familiar with electronic products that are with-
drawn from the market, and their shopping habits make DS low. They do not expect 
service personnel to go beyond the “interpersonal distance zone”, resulting in unpleasant 
shopping. However, with the upgrading of electronic products, offline retailers will 
strongly recommend that customers buy electronic products that will be delisted at the 
risk of customer loss and adopt the strategy of small profits and quick sales to sell elec-
tronic products that will be delisted. Hence, offline retailers tend to provide services that 
are higher than the DS of customers. 

However, when the AS of customers is high, offline retailers will seek to enhance 
their service level, but they will not do so blindly. The reason is that, at very high cus-
tomer AS, the impact of under-service outweighs that of over-service. Offline retailers 
will try their best to provide customers with satisfactory service levels to reduce the im-
pact of under-service, and the rise in profits does not offset the increase in service costs, 
so offline retailers will not continue to improve the service levels to blindly meet cus-
tomer service needs. In effect, customers are unfamiliar with newly listed electronic 
products or daily necessities and often want retailers to provide more detailed and per-
sonalized services, often with higher AS and under-service, resulting in a psychological 
gap and unpleasant shopping. For instance, for newly launched products, the manufac-
turer’s pricing is higher, and offline retailers will provide customers with higher service 
levels but will not ignore the existence of service costs to blindly meet customer demand. 
By pursuing a strategy focused on high profitability and marketability for newly 
launched products, offline retailers risk losing customers. As a result, they are more likely 
to provide a service level lower than the AS of customers. 

So, for daily necessities that will be delisted, offline retailers will also provide 
over-service? And is under-service widespread for newly launched electronics or daily 
necessities? Corollary 2 gives the corresponding conclusion. 

Corollary 2. As the over-servicing sensitivity coefficient uδ  increases, the scope of 
over-servicing by offline retailers decreases. As the under-servicing sensitivity coefficient 0δ  
increases, the scope of under-servicing by offline retailers decreases. 

Proof of Corollary 2. The first-order derivative of Іe  with respect to uδ  yields 

І / 0ude dδ < ; the first-order derivative of VІІe  with respect to 0δ  yields 

VІІ 0/ 0de dδ > . □ 

Corollary 2 suggests that, with the increase in the over-service sensitivity coefficient
uδ , the scope of offline retailers to provide over-service becomes smaller until they do 

not provide over-service. The reason is that, as the over-service sensitivity coefficient 
rises, the demand for offline retailers’ products resulting from over-service gradually 

diminishes. When the over-service sensitivity coefficient reaches 1uδ λ= − , the product 

demand brought by the over-service will no longer grow, but, instead, service costs will 
rise. In practice, thanks to customers are more familiar with the daily necessities to be 
withdrawn from the market, they have their own purchase decisions and do not want 
excessive interference, so they are more averse to over-service. Then, providing 
over-service is more unfavorable, and they cannot achieve the purpose of small profits 
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and quick sales, so the scope of providing over-service is getting smaller and smaller un-
til it is not considered to provide over-service. 

As the sensitivity coefficient of under-service increases, the scope of under-service 
provided by offline retailers diminishes. The reason is that, with the rise in the un-
der-service sensitivity coefficient, the negative impact of under-service on the product 
demand of offline retailers becomes more significant. In effect, thanks to customers who 
have a low understanding of the newly launched products, especially electronic prod-
ucts, they need more personalized and more accurate services, so they are more averse to 
under-service. As a result, providing less than the service expectation is more unfavora-
ble and cannot achieve the purpose of profit and marketability. Thus, the scope of 
providing less than the service expectation is getting smaller and smaller. 

So, is it necessary to consider the zone of service tolerance, and what is the difference 
when it is not considered? Proposition 3 gives the corresponding conclusion. 

Proposition 3. When 2 ІVe e<
, 2 / (1 )NP w e λ> + −

 and 2Ns e>
 hold. When ІV 1e e<

, 

1 0/ (1 )Np w e λ δ< + − +
 and 1Ns e<

 hold. 

Proof of Proposition 3. When the zone of service tolerance is not considered, the optimal 
selling price and the optimal service level are, respectively: 

1 (1 ) (1 )(1 2 )
2(1 (1 ))N

w wp ρ β λ λ
β λ λ

− − − + − −=
− − −

, 
(1 )(1 3(1 ) (1 ) )

2(1 (1 ))N
w ws λ ρ− − β λ

β λ λ
− − + −=

− − −
 

So І VІІІNs s s s< = < , ІІІІ VNp p p p< = < . From Proposition 2, when 

І 2 ІІe e e≤ <
, we obtain 2 / (1 )N up w e λ δ> + − −

, 2Ns e>
. Similarly, within the range 

of ІІ 2 ІІІe e e≤ <
, we obtain ІІNp p>  and 2Ns e>

; within the range of ІІІ 2 ІVe e e≤ <
, 

we obtain 2 / (1 )Np w e λ> + −
 and 2Ns e>

; within the range of ІV 1 Ve e e< <
, we ob-

tain 1 / (1 )Np w e λ< + −
 and 1Ns e<

; within the range of V 1 VІe e e≤ <
, we obtain 

ІVNp p< and 1Ns e<
 ; within the range of VІ 1 VІІe e e≤ <

, we obtain 

1 0/ (1 )Np w e λ δ< + − +
 and 1Ns e<

. □ 

Proposition 3 indicates that, compared to the case where the customer service level 
reference effect is not considered, the optimal service and selling price are significantly 
lower when DS is low and significantly higher when AS is high. The reason is that, when 
the desired service level is low, offline retailers will provide a service level lower than 
what would occur without considering the reference effect of customer service levels. 
This is because the over-service not only increases service costs but also reduces demand 
due to over-servicing. On the other hand, manufacturers prefer offline retailers to offer a 
higher service level due to the positive externality of service. However, for electronic 
products that are about to be delisted, the manufacturer will reduce the selling price to 
encourage offline retailers to provide a higher service level while moderately increasing 
the price to offset the decline in product demand caused by over-service. When the ad-
equate service level is high, offline retailers will offer a service level greater than they 
would if the reference effect of customer service levels was not considered due to the 
decrease in their own demand caused by under-service. For manufacturers, when offline 
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retailers provide a higher service level, they also set a higher selling price to improve 
revenue. 

In effect, when a product is first launched, on the one hand, the customer’s expecta-
tion of minimum acceptable service is high; on the other hand, customers do not care 
about the selling price but place more emphasis on the service level. Blindly increasing 
the service level may improve product demand and mitigate the effects of under-service, 
but it is insufficient to offset the rise in service costs. As a result, the manufacturer would 
prefer to take the risk of losing customers by pursuing a profitable and marketable 
strategy. For example, the newly listed Huawei mobile phone is using this strategy; when 
it was just listed, its sales price was higher, and the service level was also higher. 

However, when the product is about to be delisted from the market, customers do 
not care about the service level and pay more attention to the price because they know 
more about the product and have lower service expectations. Hence, manufacturers and 
offline retailers will adopt lower selling prices and lower service levels. For instance, 
Huawei mobile phones to be delisted will adopt a thin profit and marketable strategy. 
When the products are delisted, their sales price and service level are reduced. Although 
offline retailers will offer a service level above the minimum acceptable service expecta-
tion, it remains significantly lower than what would be provided without considering 
customer service expectations. 

Proposition 4. When the over-service sensitivity coefficient uδ  satisfies 0 1uδ λ≤ < −  and

І 2 ІVe e e≤ < , or uδ  satisfies 1 1uλ δ− ≤ ≤  and 2 ІVe e< , the optimal service level of offline 

retailers has stability on the pricing of manufacturers. The offline retailer decides to offer a service 
level that matches the customer’s highest acceptable service expectation, independent of the man-
ufacturer’s pricing strategy. The smaller the over-service sensitivity coefficient is, the smaller the 
stability range is. 

When the customer’s minimum acceptable service expectation is ІV 1 VІІe e e≤ < , the opti-

mal service level of offline retailers remains stable relative to the manufacturer’s pricing. Regard-
less of the manufacturer’s pricing strategy, the offline retailer will choose to provide a service level 
equal to the customer’s minimum acceptable service expectation. 

Proof of Proposition 4. When 0 1uδ λ≤ < −  and І 2 ІVe e e≤ < , in the range of 

І 2 ІVe e e≤ < , offline retailers will choose to provide the highest level of service, that is 

2
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Taking the first-order derivative of Іe  with respect to uδ , we obtain 

1 / 0ude dδ < . Taking the first-order derivative of 2 / (1 )uw e λ δ+ − − , ІІp and 

2 / (1 )w e λ+ −  with respect to 2e , we obtain 

2 2 2 2 2ІІ( / (1 )) / ( / (1 )) / ( ) /ud w e de d w e de d p deλ δ λ+ − − > + − > . Other cases can be 

obtained in the same way. 

When the customer’s minimum acceptable service expectation is ІV 1 VІІe e e≤ ≤ , the 

first-order derivative with respect to 0δ  for VІІe  yields VІІ 0/ 0de dδ > . The 

first-order derivative with respect to 1e  for 1 0/ (1 )w e λ δ+ − + , ІVp  and 

1 0/ (1 )w e λ+ −  yields 

1 0 1 1 0 1 1ІV( / (1 )) / ( / (1 )) / ( ) /d w e de d w e de d p deλ λ δ+ − > + − + > . Thus, its optimal 

service level is stable compared to the manufacture’s optimal pricing. □ 

Proposition 4 indicates that the optimal service level of the offline retailer is stable 
compared to the manufacturer’s optimal selling price when the over-service sensitivity 
coefficient and the expectation of the highest acceptable service are within a certain 
range. The reason is that there are two effects when the service level provided by offline 
retailers is high: the rise in service costs and the loss of demand resulting from the service 
level surpassing the highest acceptable service expectation. The second effect will be very 
obvious, especially when the over-service sensitivity coefficient is large. Hence, due to 
the existence of the second effect, the manufacturer cannot compensate for the demand 
loss caused by the over-service through the compensation mechanism of setting a lower 
selling price, so offline retailers will only provide a service level equal to the highest ac-
ceptable service expectation. In contrast, the smaller the over-service sensitivity coeffi-
cient, the compensation mechanism of the manufacturer will easily compensate for the 
demand loss caused by the over-service of the offline retailer and, therefore, will exceed 
the highest acceptable service expectation. 

Alternatively, when the minimum acceptable service expectation falls within a spe-
cific range, the offline retailer’s optimal service level remains stable relative to the man-
ufacturer’s optimal selling price. The reason for this is that, when the minimum accepta-
ble service expectation is high, two effects arise from a lower service level provided by 
the offline retailer: a decrease in service costs and a demand loss due to under-service. As 
the service expectation increases, it becomes increasingly difficult for the manufacturer to 
offset the rise in service costs through a higher selling price compensation mechanism. As 
a result, offline retailers will only provide a service level equal to the service expectation. 
This continues until the minimum acceptable service expectation reaches a threshold, 
where the impact of the first effect grows larger than the second effect. At this point, the 
manufacturer’s compensation mechanism, through higher selling prices, can no longer 
offset the increased service costs incurred by the offline retailer’s higher service level. 
This finding may vary across industries, as sectors with different service dynamics and 
cost structures—such as luxury goods versus mass-market products—may experience 
different levels of effectiveness in the compensation mechanism and its impact on ser-
vice-level decisions. Therefore, offline retailers will provide a service level lower than the 
minimum acceptable service expectation, leading to the under-servicing of customers. 
This not only reduces customer satisfaction and loyalty but can also result in customer 
churn, ultimately affecting brand image and long-term sales performance. 

In practice, this significantly simplifies the service decisions for offline retailers, en-
abling them to leverage decision-making tools such as cost–benefit analysis, service level 
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optimization models, or dynamic pricing strategies to manage service levels and associ-
ated costs effectively. By understanding the service expectations of customer segments, 
retailers can directly offer the service level that customers expect without needing to 
consider the manufacturers’ selling prices. 

5. Numerical Analysis 
In this paper, the previous conclusions are further verified by numerical analysis, 

assuming the essential parameters: 0.6ρ = , 0.4β = , 0.3λ = , 0.1w= , [ ]0,1e = , 

0 0.4δ = . 0.6ρ = indicates that, when the total market share is 1, the offline retailer’s 

share in the offline channel is 0.6, meaning the offline channel accounts for a larger share 
than the online channel. 0.4β =  suggests that there is a price differential between the 
two channels, which could lead to consumer channel switching. In this case, the retailer 
might implement a differentiated pricing strategy to attract consumers. 0.3λ =  reflects 
a certain level of synergy between the two channels in the dual-channel supply chain. For 
instance, consumers may first experience products offline and then purchase them 
through the online channel. 0.1w=  represents the wholesale price set by the manu-

facturer. [ ]0,1e =  denotes a simplified model of the offline retailer’s service level, 

which is operational and helpful in analyzing how changes in service levels affect con-

sumer demand, pricing strategies, and other factors. 0 0.4δ =  indicates moderate 

consumer sensitivity to service deficiencies, meaning that a decrease in service level leads 
to a certain reduction in demand but not an extreme reaction. First, the situation when 

the over-service sensitivity coefficient uδ  is low is studied, let 0.3uδ = . Since [ ]0,1e =  
and uδ  represents the over-service sensitivity coefficient, a value of 0.3uδ =  indicates 
a relatively low sensitivity. The over-service sensitivity coefficient significantly influences 
the retailer’s decisions regarding service level selection, cost control, and pricing strategy. 
Based on the demand’s sensitivity to service, the retailer must find a balance between 
enhancing service levels and controlling costs in order to maximize competitiveness and 
profitability in the market. The relationship between the selling price, service level, and 
customer service expectations is shown in Figure 2. As customer service expectations 
change, both the sales price and service level adjust accordingly. As can be seen from 
Figure 2, when the over-service sensitivity coefficient is low, initially, as the customer’s 
desired service (DS) increases, both the manufacturer’s optimal selling price and the 
offline retailer’s optimal service level rise. As the DS increases beyond the threshold 

value (i.e., 2 1 ІVe e e= = ), offline retailers turn to focus on the AS of customers due to the 

negative externality effect of under-service outweighing the negative externality effect of 
over-service to prevent the demand loss from under-service, and, due to the existence of 
service cost, the offline retailer does not continuously raise both the price and service 
level. So, when the customer’s minimum acceptable service expectation rises, neither the 
price nor service levels will increase. 

As stated in Corollary 1, for electronic products with low customer service expecta-
tions prior to being delisted, manufacturers, leveraging the positive externality of ser-
vices, will lower prices and pass some of the benefits to offline retailers. This reduces the 
retailers’ reluctance to improve service levels due to associated costs, enabling them to 
provide service levels that exceed customer expectations. As shown in Proposition 4, the 
manufacturer’s optimal pricing has stability for the offline retailer’s optimal service level. 

In the range of ( )2 І ІV,e e e∈ , offline retailers will select a service level equal to the lowest 

acceptable service expectation, irrespective of the manufacturer’s pricing. Within
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( )1 ІV VІІ,e e e∈ , offline retailers will select a service level equal to the highest acceptable 

service expectation, irrespective of the pricing set by the manufacturer. 

 
Figure 2. Correlation of p  and s  with (0 1 )ue δ λ≤ < − . 

Secondly, in the situation when the over-service sensitivity coefficient uδ  is high is 

investigated, let 0.7uδ = . The relationship between selling price, service level, and cus-

tomer service expectation is shown in Figure 3. According to Figure 3, compared with 
Figure 2, offline retailers will not provide a higher service level than customer service 
expectations, and manufacturers will not reduce prices due to the higher sensitivity co-
efficient of over-service and the higher negative externality of over-service. The manu-
facturer’s optimal pricing also exhibits stability with respect to the offline retailer’s op-

timal service level. In the range of 2 ІV(0, )e e∈ , regardless of how the manufacturer sets 

the pricing, the offline retailer will choose a service level equal to the service expectation. 
And there is a wider range of service decision stability compared to Figure 2. 



Systems 2025, 13, 93 21 of 25 
 

 

 
Figure 3. Correlation of p  and s  with (1 1)ue λ δ− ≤ ≤ . 

From Figures 2 and 3, it can be found that the prices and services in the case of con-
sidering the zone of service tolerance are different from those in the case of not consid-
ering the zone of service tolerance. Considering the zone of service tolerance scenario, the 
price and service are lower than the non-consideration scenario due to the existence of 
customers’ service expectations, especially when customers buy delisted daily necessities 
and electronic products such as mobile phones, which have lower service expectations. 
And, if the price and service level are too high, more customers will be lost, and profits 
will be reduced. For the newly listed daily necessities and electronic products such as 
mobile phones, the service expectations are improved, and manufacturers and offline 
retailers can appropriately increase the price and service level to reduce the impact of 
under-service and increase profits. Hence, the price and service are higher than without 
consideration. 

6. Conclusions, Managerial Insights, and Future Research 
6.1. Conclusions 

In dual-channel retail, when the service provided is lower than AS (adequate ser-
vice), the utility of customer satisfaction is not achieved. However, with the increase in 
services, the actual service level is higher than the DS (desired service) due to the law of 
diminishing marginal utility, which instead reduces customer utility. This suggests that, 
beyond a certain point, additional service offerings may not enhance and could even de-
tract from customer satisfaction. Retailers should carefully balance service levels to avoid 
over-investment in services that offer diminishing returns, ensuring that service offerings 
are aligned with customer preferences and maximize overall value. That is, there is a 
zone of service tolerance for customers, which refers to the range between the DS (de-
sired service) and AS (adequate service) levels, within which customers consider the 
service to be acceptable. Existing research has not incorporated customers’ service tol-
erance domains into the pricing and service decision-making framework of dual-channel 
supply chains. Specifically, He et al. (2022) [Error! Reference source not found.] only 
investigated adequate service in the context of dual-channel supply chains without ad-
dressing the desired service. Therefore, this study aims to fill this gap by incorporating 
the desired service into the framework for further investigation. In response to this issue, 
this paper converts the zone of service tolerance into customer service expectations and 
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incorporates it into the pricing and service decision-making framework of a dual-channel 
supply chain consisting of an online-channel manufacturer and an offline retailer. This 
paper explores the influence mechanism of customer service expectations and service 
sensitivity coefficients on the optimal decisions of dual-channel supply chain members. 
The conclusions are as follows: 

(1) When the price cross-elasticity between channels is within a certain range, regard-
less of whether it is daily necessities or electronic products such as mobile phones, 
there exists a linkage mechanism between the manufacturer’s optimal sales price 
and the offline retailer’s service level. The price cross-elasticity between channels 
ensures that the manufacturer’s pricing mechanism influences the offline retailer’s 
service decisions. When the desired service level is low, the manufacturer, in order 
to encourage the offline retailer to improve service levels, will lower the sales price 
to compensate for the demand loss caused by the offline retailer’s over-service. 
Hence, lower selling prices lead to lower service levels, and vice versa when AS is 
higher. 

(2) For the electronic products to be delisted, offline retailers will likely provide 
over-service, and offline retailers will take on the risk of customer loss and adopt a 
small profit and quick sales strategy to sell products that are about to be delisted. 
Customers are more familiar with the products that are to be withdrawn from the 
market. Their shopping habits make the expectation of the highest acceptable service 
low. They do not expect service personnel to cross the “interpersonal distance zone,” 
which will make their shopping unpleasant. However, to upgrade the products, 
offline retailers strongly recommend customers buy the products that will be del-
isted and often provide a service level higher than the expectation of the highest 
acceptable service. 

(3) For newly listed electronic products or daily necessities, there is a possibility of un-
der-service provided by offline retailers. Offline retailers will take the risk of cus-
tomer loss and adopt a profitable and marketable strategy to sell newly listed elec-
tronic products. Customers are unfamiliar with the newly listed products, and their 
AS is high due to their shopping habits. They hope to receive more personalized and 
refined services. However, due to service costs, offline retailers will not blindly sat-
isfy customer needs and often provide service levels below customers’ expectations. 

(4) When the over-service sensitivity coefficient falls within a specific range of desired 
or adequate service, the optimal service level offered by offline retailers remains 
stable in relation to the manufacturer’s optimal selling price, which significantly 
simplifies the offline retailer’s optimal service level decision. In other words, when 
offline retailers are aware of customer expectations, they can directly deliver the 
desired service level without needing to factor in the manufacturer’s pricing strat-
egy. 

6.2. Managerial Insights 

Based on our theoretical exploration of the zone of service tolerance in dual-channel 
supply chains, our findings provide two key managerial insights into which strategies 
firms should adopt. 

First, optimize the linkage strategy between pricing and service levels. For example, 
in retail channels, Apple adjusts its pricing based on varying service experiences and 
customer demand. In flagship stores, Apple offers customized services, technical sup-
port, and superior customer experiences while maintaining higher product prices. This 
strategy ensures a match between high-priced products and high-quality services, en-
hancing consumer purchase intent and fostering customer loyalty. Firms should recog-
nize an important linkage between manufacturers’ pricing strategies and offline retailers’ 
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service levels. When the price cross-elasticity coefficient between channels is moderate, 
manufacturers can influence offline retailers’ service decisions by adjusting sales prices. 
When service demand is low, lowering the selling price to incentivize retailers to im-
prove service levels is an effective strategy. This linkage mechanism makes it necessary 
for firms to fully consider offline retailers’ service capabilities and customers’ service 
expectations when formulating pricing strategies, thus forming a complete set of market 
strategies to enhance overall customer satisfaction and market competitiveness. 

Second, the dynamic management of customer service expectations: For products at 
different life cycle stages (e.g., products that are about to be retired or have just been 
launched), firms must flexibly adjust their service strategies to meet customers’ expecta-
tions. This can be achieved through methods such as data analytics or customer surveys, 
which allow for the continuous monitoring and alignment of services with evolving 
customer needs, thus enhancing the effectiveness of the strategy. For products about to 
be retired from the market, customers’ expectations of service are low, so retailers must 
carefully balance service levels to avoid over-service that causes customer discomfort. 
For newly launched products, customers expect a higher level of service, and retailers 
should consider investing more in service to meet customer demand. Firms should reg-
ularly assess customers’ service tolerance for different products to dynamically adjust 
their service strategies to ensure that retailers’ service levels are in line with customers’ 
expectations, thereby enhancing customer loyalty and brand image. 

6.3. Future Research 

This paper only considers a supply chain system consisting of an offline retailer and 
a manufacturer with an online channel. Future research could extend this model to in-
clude online channels or multi-channel supply chains, exploring how the integration of 
digital platforms might influence pricing, service levels, and overall supply chain effi-
ciency. However, the sales platform is receiving more and more attention now, and fu-
ture research should consider the role of the sales platform. In addition, the specific cri-
teria of the DS or AS mentioned in this paper have not been clarified in different indus-
tries. Future empirical research could test this framework within specific sectors, such as 
the airline industry and FMCG (Fast-Moving Consumer Goods), to examine how service 
level criteria vary and how the framework can be adapted to the unique dynamics of 
each industry and provide more targeted guidance for theory and practice. Finally, the 
research of this paper mainly focuses on the competitive relationship between offline re-
tailers and manufacturers that open up online channels. Still, the cooperation between 
the two should not be ignored. Future research could explore the cooperative relation-
ship between offline retailers and manufacturers that open up online channels, especially 
how to establish an effective coordination mechanism to achieve a win–win situation. 
This could be approached through methodologies such as case studies or simulations, 
which would allow for a deeper understanding of the dynamics and challenges in these 
partnerships, providing valuable insights into effective collaboration strategies. 
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