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Abstract

Abstract

The purpose of this study is to determine the pricing strategies in a dual-
channel supply chain with people’s non-hyper-rational behavioral patterns. This
study proposes four objectives: 1) analyze the optimal sales effort deployment
strategies in dual-channel supply chains; 2) model the overestimation in the
newsvendor game; 3) determine the optimal prices and insights for the dual-
channel supply chains with overconfident consumers; and 4) determine the optimal

prices and insights for the dual-channel supply chains with loss-averse consumers.

To fulfill the study objectives, this study first introduces the model of a dual-
channel supply chain and discuss the optimal sales efforts deployment problem. A
sales effort competition game is set up in the dual-channel supply chain between a
manufacturer and a retailer. Interestingly, the optimal sales effort and the profit of
the manufacturer and the retailer can be limited by the other’s efficiency of sales
effort. Next, the newsvendor game with the occurrence of overestimation is studied,
to explore the feature of overconfidence. The study shows that overestimation

leads to a demand steal effect, which reduces the competitor’s order quantity.

The issues of overconfidence and loss aversion are then studied in the dual-
channel supply chain in sequence. Overconfident consumers are modeled in the

first place. This study creates the model of overconfident consumers who are



Abstract

overprecise in their valuation of a product in the dual-channel supply chain by
assuming that the consumers choose the channel for buying to maximize their
utilities. As a result, the profit of the manufacturer and the retailer are reduced by
consumers’ overconfidence. Consumers can benefit from overconfidence because
lower prices are offered. Then, loss aversion in the dual-channel supply chain is
discussed. Products are generally classified into two categories based on their
preference utility point: 1) basic product which has a lower reference utility for
consumers and 2) luxury goods which have a higher reference utility for
consumers. The results encourage manufacturers of basic goods to engage in the
dual-channel strategy. However, manufacturers of luxury goods are not suggested
to adopt the dual-channel supply chain strategy because the demand for direct
channels(i.e. online channel) is negligible if consumers are loss-averse, and the
demand for the retail channel remains unchanged compared with the single retail

channel supply chain.

This study extends the literature on behavioral operations research regarding
the dual-channel supply chain. The models of non-hyper-rational behaviors in the
dual-channel supply chain are the main contributions of this research, such as the
model of the loss aversion of consumers and the model of overconfident
consumers. The pricing strategies of the manufacturer and the retailer facing loss-
averse consumers and overconfident consumers are presented. The impacts on the

profit of the manufacturer and the retailer are studied.
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1. Introduction

1. Introduction

In a traditional, indirect manner, manufacturers in different industries sell their
products to retailers who then sell these products to consumers. For example, in
France, Samsung, Apple, Huawei, etc. engage retailers, including Carrefour, Fnac,
Darty, and many others, to sell their mobile phone products. The rapid
development of the Internet has laid a solid foundation for manufacturers to
directly sell their products to consumers through their websites (Dan et al., 2012;
Ding et al., 2016). The manufacturers’ practices of selling products both directly
and indirectly has given rise to the concept of the dual-channel supply chain which
includes a direct channel and a retail channel. In the retail channel, the
manufacturer sells the products to the retailer at a wholesale price and the retailer
sells the product to the consumers at a retail price; whereas in the direct channel,
the manufacturer sells the products to the consumers at a direct price.
Manufacturers that are often cited as adopting dual-channels in product
distribution practices include Sony Electronics, Apple Computers, IBM, and Dell
and the retailers are Best Buy and Circuit City (Wang et al., 2016; Li et al., 2015;
Xu et al., 2014). As noted in (Ding et al., 2016), one of the important issues in
dual-channel supply chains is determining the prices properly so that the chain
members’ profits can be maximized. Recognizing the importance of such pricing
decisions, many authors have proposed different models for chain members to
establish the optimal pricing strategies (Ding et al., 2016; Fruchter and Tapiero;

2005; Martin-Herran and Taboubi, 2015; to name but a few).
1



1. Introduction

While in the available studies, the pricing models are developed by taking into
account the interactions between the different actors, including the consumers, and
their impacts on the chain members’ profits, they are underpinned by a common
assumption: product demand is created by consumers who do not have any
cognitive bias, thus valuing the products in a neutral way. In practice, humans’
decisions are easily affected by non-hyper-rational behavior patterns such as loss
aversion and overconfidence. Loss aversion indicates that people prefer avoiding
losses to acquiring gains. Overconfidence indicates that people tend to be more
confident in his or her judgments and estimations. Both loss aversion and
overconfidence have been observed in a variety of fields, e.g., business investment
decisions (Malmendier and Tate, 2005; Benartzi and Thaler, 1995), and trading practices

(Statman et al., 2006; Haigh and List, 2005).

Therefore, loss aversion and overconfidence can occur in the dual-channel
supply chain. The pricing strategy of dual-channel supply chain needs to be
revisited with the consideration of non-hyper-rational behavioral patterns, such as
loss aversion and overconfidence. Additionally, impacts of loss aversion and
overconfidence on the dual-channel supply chain are discussed. This pioneering
study explores the pricing strategy in the dual-channel supply chain with loss
aversion and overconfidence. It contributes to the development of behavioral

operations research in the dual-channel supply chain.



1. Introduction

In this chapter, the background of the behavioral operations research in the
dual-channel supply chain is introduced in Section 1.1. The research motivations
are described in Section 1.2. Research objectives are identified in Section 1.3.

Organization of the report is given in Section 1.4.
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1.1. Background

An increasing number of consumers have begun to shop online in the last two
decades, supported by the highly secure online payments from financial
institutions and low-cost delivery services provided by third-party logistics.
Recently, there is a new trend of people starting to shop online through mobile
devices due to the expansion of the Internet (Cameron et al., 2012). This has led
to the growth of business-to-consumer (B2C) e-commerce which has become an
important part of the retailing industry. On the one hand, the B2C e-commerce
sales worldwide reached 1,233 billion U.S. dollars in 2013. The global B2C e-
commerce sales are forecast to be 2,356 billion U.S. dollars in the next five years
(Statista.com, 2017b). On the other hand, B2C e-commerce sales as a percentage
of global gross domestic product (GDP) have steadily increased since 2009 and
reached 0.92% of global GDP in 2013. The figure is expected to rise continuously
to 1.61% in 2018 (Statista.com, 2017b). Therefore, online retailing is an important
topic that both managers and scholars cannot ignore. In this regard, many
manufacturers have adopted the dual-channel supply chain strategy, such as Nike
and IBM. Taking Nike as an example, although wholesales to retailers are still the
largest part of the company’s revenue, its sales from the direct channel accounted
for 23% of the total revenue in the fiscal year 2015, with a continuous and
significant increase of online sales. This indicates that a direct channel online has

the potential to be the main profit source for manufacturers.
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Once the dual-channel supply chain is adopted, it can benefit both the
manufacturer and the retailer. It has been pointed out that a direct channel online
provides better accessibility to products than the traditional retail channel (Coelho
et al., 2003), thus enabling the manufacturer to reach a larger number of potential
consumers. For the manufacturer, the direct channel online allows for a higher
profit margin than the retail channel (Chen et al., 2012). Additionally, more data
on the consumers can be collected from the website, in order to analyze their
purchase behaviors for the purpose of formulating marketing and production
strategies (Chiang et al., 2003). It has also been shown that the direct channel
online can protect manufacturers from revenue decrease due to demand dropping
through the retail channel (Stern et al., 1996). Wallace et al. (2004) stated that the
dual-channel structure contributes to the consumers’ loyalty to the product, while
the portfolio of services provided to the customers is enhanced. Consumers can
get benefit from the dual-channel supply chains, as detailed information about the
product is available online to support consumers’ decision-making in the retail
store. David and Adida (2015) analyzed a dual-channel supply chain model with
differentiated retailers. It has been shown that the manufacturer has an incentive
to have as many retailers as possible. The manufacturer can gain a profit even if

the retailer channel sets a lower price for the product than the direct channel.

However, retailers argue that their profits are reduced by “channel conflict”,
as part of the orders in the direct channel online are stolen from the traditional

retail channel (Chiang et al., 2003). Luo et al. (2016) stated that the direct channel

5



1. Introduction

online is taking a free ride on the pre-sales services from the retailer. Customers
can have free trials of products at the retailers’ stores, but they eventually purchase
the products on the direct channel online. Some powerful retailers have defended
themselves from this aggressively. For example, Home Depot, the largest retailer
for home improvement and construction products in the United States, informed
its suppliers to stop selling online; Otherwise, the partnership would be ended
(Brooker, 1999). To avoid “channel conflict,” some manufacturers like Levi’s
Strauss & Co have closed their direct channel online (Collett, 1999). At the same
time, some manufacturers have tried to persuade retailers that a different market
segment is targeted by the direct channel (Keenan, 1999). To avoid “channel
conflict”, SVSOUND provides their products under a brand “SVSOUND” to the

retailer while selling products branded as “SBS-01” online(Melewar et al., 2010).

Even though the issue of channel conflicts exists, the benefits of establishing
a direct channel online are modest at best (Chiang et al., 2003). Geyskens et al.
(2002) indicate that the direct channel online has a positive impact on a firm’s
stock, so that a lower stock level can be maintained. Additionally, they found that
a large firm with a few direct channels can outperform a small firm with more
direct channels based on financial performance. Scholars and company managers
have both realized it is a critical issue to discuss how to coordinate the direct
channel and the retail channel, in order to eliminate the channel conflict and

enhance the profits of both the manufacturer and the retailer. Overall, the
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collaboration of the dual-channel leads to challenges in term of marketing, pricing,

and inventory management.

In the previous research on the dual-channel supply chain, all of the
participants were assumed to be fully rational with regard to maximizing the
expected utility. However, it has been shown that decision makers can be impacted
by non-hyper-rational behavior patterns such as loss aversion and overconfidence.
Loss aversion indicates that a person prefers to avoid losses rather than to earn a
profit when making decisions under conditions of uncertainties. Kahneman and
Tversky (1979) illustrated the occurrence of loss aversion by an experiment that
let students choose between two options as shown in Figure 1.1. Option A gave
the student 2,500 with a probability of 0.33, or 2,400 with a probability of 0.66, or
0 with a probability of 0.01. Option B gave the student 2,400 for sure. The students
were informed of the outcomes of each option before making their choices. The
results showed that 82% of the students prefer Option B while Option A gave a

higher expected utility of 2,400.

A

QOutcome: 2,500 Prob: 0.33

B

Outcomes: 2,400 Prob: 1

Outcome: 2,400 Prob: 0.66
Qutcome: 0 Prob: 0.01

(Expect : 2,409) (Expect : 2400)

18% of students 82% of students

Figure 1.1 Loss aversion student experiment

7



1. Introduction

Kahneman and Tversky (1979) also introduced the prospect theory which
explained the decision maker’s loss-averse behavior mathematically. Since loss
aversion was introduced, it has been discussed in various fields, such as finance
(Benartzi and Thaler, 1993; Barberis et al., 1999; Meng, 2014), and industrial
organization (Készegi and Rabin, 2009a; Heidhues and Készegi, 2014). Based on
the discussions on loss aversion, behavioral operations research has been
developed, which is defined as “the study of potentially non-hyper-rational actors

in operational contexts” (Croson et al., 2013).

Besides, it has been found that some people tend to be overconfident in their
decision-making process. There are three kinds of overconfidence: (1)
overestimation where people overrate their performance in prediction; (2)
overprecision where people overrate the stability of their performance in
prediction; (3) overplacement where people overrate their performance compared
to the competitors in prediction. Grimes (2002) asked 253 students to estimate
their performance after taking a midterm examination in Macroeconomics(as
shown in Figure 1.2 (page 9)). The average expected score was 77.23, with a
standard deviation of 12.45%; while the real average performance was 70.31, with

a standard deviation of 15.08%.
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o0 000 { Predictions (overconfidence) i

—v Average: 7723
| Standard deviation: 12.45% |

maam

—> Average: 7031 ¢
A test of 253 students Standard deviation: 15.08% |

Figure 1.2 Student overconfidence experiment (adapted from Grimes (2002))

Overconfidence is found not only among students but also among the public.
For example, it has been shown that people tend to be overconfident in picking the
winner of a basketball game (Ronis and Yates, 1987). Overconfidence occurs in
ordinary people as well as in well-trained decision makers. Braun and Yaniv (1992)
found that overconfidence occurs in the economic forecasts made by experts.
Entrepreneurs showed an overconfidence bias in their business decision-making
processes (Busenitz and Barney, 1997). An analyst who experiences short-term
earnings predictions become overconfident in future earnings forecasting (Hilary
and Menzly, 2006). Compared with the results from the information acceleration
method to forecast the sales of Toyota Celica with the actual sales in 1991, it turns
out that the information acceleration model overestimated those sales by 10%
(Urban et al., 1996). Pope and Schweitzer (2011) analyzed 2.5 million putts in a
number of golf tournaments, and they found even the best players, such as Tiger

Woods, in their abilities in the game.
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It has been shown that the boom-and-bust effect of a new product can lead to
overestimations by newsvendors, wholesalers, and manufacturers in the growth
stage of the demand (Paich and Sterman, 1993). For example, in January 2016,
Apple, the largest smartphone company in the world, cut iPhone’s planned
production by 30% in the subsequent quarter (January 2016 to March 2016).
Therefore, non-hyper-rational behavior patterns, like loss aversion and
overconfidence, are widespread and easily affect the decision makers. As the dual-
channel supply chain is a strategy widely adopted in business, managers and
scholars should study the effects of human being’s non-hyper-rational behavior

patterns in the dual-channel supply chain.

In this research, the idea of behavioral operations research is introduced into
the dual-channel supply chain study. In the early stage of the research, This study
solves one dual-channel supply chain and one overconfidence problem to lay the
foundation of the research. In the first place, the sales effort deployment problem
in the dual channel supply chain is solved. The basic features of the dual-channel
supply channel can be explored in a discussion of the sales effort deployment
problem in the dual-channel supply chain. In the second place, overconfidence in
the dual-channel supply chain is discussed. A discussion of the overestimation of
the competing newsvendor game provides a basic understanding of the
overconfidence. In the main stage, overconfident consumers’ overprecise
valuation of the products is modeled in the dual-channel supply chain. The optimal

pricing strategy of the manufacturer and the retailer is studied. The impacts of
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overconfident consumers on the dual-channel supply chain are discussed. Then,
loss-averse consumers are modeled based on the prospect theory. The optimal
pricing strategy facing loss aversion consumers is determined. The impacts of the
loss-averse consumers on the profits of the manufacturer and the retailer are

discussed.

11



1. Introduction

1.2. Motivations of the research

There are two motivations behind this study of the non-hyper-rational

behavioral patterns in the dual-channel supply chain.

Firstly, consumers have been observed to have non-hyper-rational behavioral
patterns, like overconfidence and loss aversion, despite the wide range of empirical
results. Kalyanaram and Winer (1995) indicate that consumers use reference prices
in making decisions on their brand selection. For example, if the consumers have
formed reference prices, the effects of sales promotions will be greatly affected.
Consistent price promotions result in consumers having a lower reference price.
As a result, later promotions will not be as attractive to consumers and they will
feel the return to the “normal” price as a price increase. L0sS-averse consumers
who are more sensitive to “losses” are commonly observed as well. Consumers
are especially averse to paying the price when it exceeds their expectation of the
purchase price (Heidhues et al., 2008). Consumers have also been found to be
overconfident. DellaVigna and Malmendier (2006) indicate that consumers are
overconfident about their self-discipline with regards to attending the gym. Based
on a novel dataset from 7,752 members of U.S. health clubs over three years, they
found that the consumers could have saved 40% by choosing to pay-per-visit rate
instead of the monthly membership fee. Grubb and Osborne (2015) found that
consumers are overprecise about their cellular service demand. Using detailed data
of U.S. students’ cellular phone service usage from 2002 to 2004, they found that
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the deviation of consumers’ underestimation of their future usage of their cellular
phone was 62%. (Further empirical studies can be found in the literature review).
In summary, it can be concluded that consumers have a variety of non-hyper-

rational behavioral patterns.

Secondly, although individuals’ non-hyper-rational behavioral patterns have
been widely discussed in area of asset pricing(Daniel et al., 2001), inventory
models (Zhao and Lv, 2011), and the newsvendor game(Ren and Croson, 2013),
the study of non-hyper-rational behavioral patterns in the dual-channel supply
chain is still in the early stage. For example, Easley and Yang (2015) modeled
loss-averse investors in asset pricing. They found that loss aversion affects an
investor’s survival prospects mainly through its effects on the investor’s portfolio
holding. Ancarani et al. (2016) studied the overconfidence in the inventory
management of the supply chain via a series of experiments. They found that
overconfident inventory managers are less careful in the management of their
inventories, and this leads to more costs. Therefore, they suggested that
benchmarks should be provided to managers that allow them to assess their
performance correctly in relative terms. In the dual-channel supply chain, Ma et
al. (2016) analyzed the pricing and advertising competition in a dual-channel
supply chain with overconfident manufacturers. Since the dual-channel supply
chain strategy has been adopted in various industries, it leads to the question of
what is the pricing strategy when consumers are overconfident or loss-averse? This

is a great concern for the managers of manufacturers and retailers. While widely
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discussed in other fields, such as inventory management, non-hyper-rational

behavioral patterns in the dual-channel supply chain urgently need to be studied.

In summary, the motivations for this study of the non-hyper-rational
behavioral patterns in the dual-channel supply chain are driven by two reasons: (1)
non-hyper-rational behavioral patterns are widely observed, (2) studies of non-
hyper-rational behavioral patterns is in the early stage. In this study, we study the
behavior of overconfident and loss-averse consumers to analyze the effects on the
demands and pricing in the dual-channel supply chain. Useful managerial insights

are drawn based on these research findings.
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1.3. Objectives of the research

This study aims at studying the pricing strategy for the dual-channel when
there are participants with non-hyper-rational behavioral patterns such as
overconfidence and loss aversion. Furthermore, the impacts of customers’
behavior of overconfidence and loss aversion on the dual-channel supply chain are
discussed. To complete the research objective, two research stages have been
defined. In the first stage, this study explores the features of the dual-channel
supply chain and a typical non-hyper-rational behavioral pattern: overconfidence.
The second stage is the main stage of the research which discusses the dual-
channel supply chain with overconfident consumers and loss-averse consumers.

The relationship between the two stages is shown in Figure 1.3
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Future

research

1.1 Sales efforts in dual
channel supply chain

1.2 Overestimation in
competing newsvendor
game

2.1. Dual-channel supply
chain with overconfident
consumers

2.2 Dual-channel supply
chain with loss averse

3.1.  Other non-hyper-
rational behavioral patterns
in the dual-channel supply
chain

consumers

Figure 1.3 Two stages of the research

In the first stage of the research, the foundation is laid for understanding the
dual-channel supply chain and the issue of overconfidence. A sales efforts
deployment problem is discussed in the dual-channel supply chain. The first
objective is to determine the optimal sales effort deployment for both the
manufacturer and the retailer in a dual-channel supply chain. Besides, this study
tries to figure out the impacts of the sales efforts on the profits of the retail channel
and the direct channel (this study refer to sales effort as the activities of both the
manufacturer and the retailer to increase demand such as through advertisements).
The second objective is to discuss overconfidence in a competing newsvendor
game which is a classical operation research problem and is less complex than the
dual-channel supply chain. Additionally, the impact of the overestimated demand

in the newsvendor competitive game is analyzed.
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The second stage comprises the main part of this research. In this stage,
overconfidence and loss aversion are studied in the dual-channel supply chain
based on the foundation laid out in the first stage of this research. The third
objective is to examine the pricing strategy for the dual-channel supply chain with
overconfident consumers who have overprecise valuations of the product. The
impacts of the overconfident consumers on the profits of the manufacturers and
retailers are discussed. Then, the fourth objective is to determine the optimal prices
in the dual-channel supply chain with loss-averse consumers who are more
sensitive to “losses” than “gains”. The loss-averse consumers are modeled based
on the prospect theory (Kahneman and Tversky, 1979). While loss aversion is
reference point-dependent, the products are generally classified into two categories:
1) basic goods, which have a lower reference utility for consumers and 2) luxury
goods, which have a higher reference utility for the consumers. Therefore, the
optimal pricing strategy in dual-channel supply chains with regard to basic goods
and luxury goods should be determined. In addition, the impacts of loss aversion

on the dual-channel supply chain are analyzed.
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1.4. Research Scope

This research focuses on the dual-channel supply chain in the retail industry.
Under the body of knowledge for behavior operations research, it is generally
classified as cognitive psychology, social psychology, group dynamics and system
dynamics. This study focuses on cognitive psychology. Within cognitive
psychology, there are overconfidence, loss aversion, anchoring effect. This study
concentrates on overconfidence and loss aversion as those two aspects have been

widely observed in human behavior.
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1.5. Organization of the report

In Chapter 1, an introduction of behavioral operations research on the dual-
channel supply chain is introduced, as well as describing the background of the
research. Then, the research motivations for this study are described. The research

objectives were identified. Finally, the organization of the report is presented.

In Chapter 2, the literature related to dual-channel supply chains and to
behavioral operations research is reviewed. In the first place, the literature on dual-
channel supply chains is examined with respect to pricing, inventories, and the
channel coordination mechanism is reviewed. Secondly, the literature on
behavioral operations research is reviewed. This study first reviews the bodies of
knowledge of behavioral operations research. Then, loss aversion and
overconfidence as the most widespread cognitive biases are then examined. The
major empirical studies and mathematical models applied in loss aversion and
overconfidence are discussed. Finally, the research gaps of behavioral operations

research on the dual-channel supply chain are identified

In Chapter 3, the deployment of sales efforts in the dual-channel supply chain
is discussed. A sales effort competition game is set up in a dual channel distribution
between a manufacturer and a retailer. The demand under sales efforts is
determined based on the consumer's valuation, the consumers’ channel preference,
and the sales efforts. Then, the optimal sales effort deployment is studied based on

a game theory approach which allows the retailer and the manufacturer to
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maximize their profits. Then, this study analyzes the sales effort overlap and its

impacts on the dual-channel supply chain. Finally, a summary is provided.

In Chapter 4, overestimation in a competing newsvendor game is studied. We
introduce overestimation, which is one type of overconfidence, where people think
they have a better performance than they have. A model of an overestimating
newsvendor in the competing newsvendor game is created. In the first case, one
overestimating newsvendor in the competing newsvendor game is analyzed. In the
second, the competing newsvendor game with two overestimating newsvendors is

discussed. Finally, a summary is provided.

In Chapter 5, overconfident consumers, who are overprecise in their valuation
of a product, are modeled in the dual-channel supply chain. The demand in the
dual-channel supply chain with overconfident consumers is analyzed. The optimal
pricing strategy in a centralized dual-channel supply chain is first discussed. Then,
a decentralized dual-channel supply chain with loss-averse consumers using the
Stackelberg game theory is modeled. The optimal pricing strategy of the
manufacturer and the retailer is provided. Then, a numerical example is presented
to illustrate the findings. Finally, a summary of the dual-channel supply chain with

the overconfident consumers is provided.

In Chapter 6, this study discusses the dual-channel supply chain with loss-
averse consumers. loss-averse consumers are modeled based on the prospect

theory. The demand in the dual-channel supply chain with loss-averse consumers
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is analyzed. Then, the optimal pricing strategy of the decentralized dual-channel
supply chain with loss-averse consumers is determined. A numerical example is
presented to illustrate the findings. Finally, A summary of the dual-channel supply

chain with the loss-averse consumers is provided.

In Chapter 7, the conclusions of the study are revealed. The main findings of
the study of the behavioral dual-channel supply chain are addressed. The
contributions of the study are pointed out. The limitations of the study are
explained. Additionally, future studies in the area of behavioral operations

research are suggested.
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2. Literature Review
2.1. Introduction

In this section, the literature related to behavioral operations research in the
dual-channel supply channel is reviewed. There are two fields of literature that
need to be reviewed, the first of which is the dual-channel supply chain. With the
development of e-commerce, an increasing number of researchers and managers
are concerned about the impact of direct channels online. One the one hand, the
direct channel online from the manufacturer gives consumers more conveniences
to access products. On the other hand, the direct channel online affects the profits
of the traditional independent retailer. Pricing problems, inventory management,
and channel collaboration are typical topics in studies of the dual-channel supply
chain. The second field is behavioral operations research. In general operations
research, it is assumed that the participants in the analyzed systems, such as the
suppliers and retailers, are fully-rational decision makers whose decisions are not
affected by their cognition and surroundings. However, increasing numbers of
non-hyper-rational behavioral patterns have been found in empirical studies.
Therefore, the number of behavioral operations research studies that consider non-
hyper-rational behavioral patterns is rising. This leads to the necessity to revisit

typical operations research and to seek improvements.
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In Section 2.2, the methodology of the literature is introduced. In Section
2.3, the literature related to dual-channel supply chains is reviewed. It is focused
on the pricing problem, inventory management, and on the collaboration
mechanism of the dual-channel supply chain. In Section 2.4, The development of
behavioral operations research is reviewed. The major works on overconfidence

and loss aversion are examined. In Section 2.5, the research gap is addressed.
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2.2. Review methodology

This literature review aims at providing an overview of the dual-channel
supply chain and of behavioral operations research. The major works are
summarized and classified. Finally, the research gaps and research opportunities

are identified based on the review.

To fulfill the literature review objective, this review has followed the
framework of Jenner et al. (2004) for qualitative content research. There are four
major steps: 1) material collection; 2) descriptive analysis; 3) category selection;

4) material evaluation.

The literature review process was designed as shown is in Figure 2.1 (page
24). In the first step, databases are searched to obtain the possible papers related
to our topic. The databases this review used for this search was Science Direct by
Elsevier, Scopus, and SpringLink. As a compliment to the database, Google
Scholar was used to searching for related publications. In this case, almost all the
related papers were covered by these databases. To collect papers about dual-
channel supply chain and behavioral operations research, a conditional search
based on combinations of related keywords is conducted. The keywords were
“dual-channel”, “pricing”, “behavioral operations research”, “loss aversion”,
“overconfidence”, etc. In this stage, the materials were collected. Then, a quickly

checked the abstract of each paper is conducted to classify them according to their
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topic. Next, a detailed reading of the valuable papers was conducted. While

reading the main content of the papers, we adjusted the categories of the papers.

After all the related papers were classified, a well-structured literature review

was completed. Through this process, a total of 181 papers were reviewed.

=
-

Figure 2.1 Flow chart of the literature review
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2.3. Dual-channel supply chain

With highly secure online payments supported by financial institutions and
low-cost delivery services provided by third-party logistics, an increasing number
of consumers are beginning to shop online. This has led to the fact that B2C e-

commerce has grown into an important part of the retail industry.

Retailers argue that their profits are being reduced by “channel conflict” and
that orders on the direct channel should be placed through the traditional retail
channel. Therefore, scholars have examined the pricing and inventory strategy
under the dual-channel supply chain to identify any conflicts of interest between
the retailer and the manufacturer. The direct channel and retail channel involve a

competition of pricing and inventory.

At the same time, researchers have suggested many forms of mechanism to
achieve coordination between the retailer and the manufacturer, and the benefits

of the direct channel online are discussed.

In this section, the scope of the research involving dual-channel supply chains
is presented. the literature is classified into two categories: competition and
coordination. Figure 2.2 (page 26) illustrates the review structure of the dual-
channel supply chains. In terms of the channel competitions, we have reviewed the
work discussing the pricing-only model in the dual-channel supply chain and the
pricing model with other variables, such as the retailer services and delivery time
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(a detailed discussion is provided in the sections below). Besides, the inventory
policies in the dual-channel supply chains are reviewed. In terms of the channel
coordination, we have reviewed the major works on coordination mechanism
designs such as pricing schemes and profit-sharing contracts. Finally, the

additional benefits of the direct channel online are reviewed.

Dual-Channel Supply Chain

Channel Channel
competition Coordination

Pricing only model Coordination
mechanism

Pricing with other

variables Additional benefit
— of the direct channel
online
Inventory
management

Figure 2.2 Review structure of the dual-channel supply chain
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2.3.1. Channel competing in dual-channel supply chains

The pricing and inventory management of a product under a dual-channel
supply chain are a critical issue for both the manufacturer and retailer. It should be
pointed out that the retail channel has a low level of efficiency in pricing which
leads to a higher price and a lower demand due to double marginalization
(Spengler, 1950) where the existence of the retailer and the higher marginal cost
of the product leads to a higher product price and a lower total profit. Jeuland and
Shugan (1983) indicate that the vertically-integrated channel is the optimal option
for achieving the maximum profits. Nevertheless, the direct channel can be more
efficient in regard to pricing without double marginalization. Based on the nature
of dual-channel supply chains, a Stackelberg game is commonly modeled with the
manufacturer and the retailer. The manufacturer is the Stackelberg leader, who sets
the direct price and the wholesale price in the first place. Then the retailer
determines the retail price based on the direct price and wholesale price. With
respect to the principle of no arbitrage, it is common for that the wholesale price
to be lower than the direct channel price. Otherwise, the retailer would prefer to
purchase the products through the direct channel instead of buying them wholesale.
Interestingly, the actions of Stackelberg followers should be modeled in the first

place when solving the Stackelberg game.
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2.3.1.1. Pricing only model of the dual-channel supply

chain

Much research supports the notion that applying the same price across all
channels is the optimal pricing strategy. Chiang et al. (2003) modeled the demand
of each channel by assuming that the consumers are rational with regard to their
channel preference when choosing the channel to maximize the expected utility.
They indicated that the optimal prices of the product in the retail channel and the
direct channel online should be the same, while the retail channel loses consumers
to the direct channel online. Fruchter and Tapiero (2005) assumed the
heterogeneous consumers who have a lower valuation of the product online than
the retail channel in store due to the impossibility of a physical inspection of the
product. Studying the pricing problem at the infinite time horizon without a
discount, they found that the optimal pricing strategy should set the same price in
the retail channel and the direct channel. Cattani et al. (2006) analyzed a special
case in which the retailer had strong bargaining power so that the manufacturer
could only set the wholesale price, but the price of the direct channel followed the
retail price set by the retailer. Martin-Herran and Taboubi (2015) investigated the
pricing strategy of dual-channel supply chains under a dynamic approach. They
considered the carry-over effect which is based on Adaption Level theory (Helson,
1964) which implies that a previous price will affect the consumers’ judgment.
They found that there is a time interval where a dual-channel supply chain with an

independent retailer performs better than a dual-channel supply chain with the
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retail channel controlled by a manufacturer. Moon et al. (2010) provided a
computational answer for the dynamic pricing and inventory in dual-channel
supply chains. Yao and Liu (2005) studied the pricing strategy under a Stackelberg
game setting, with the pricing under a Bertrand game setting. They modeled the
demand with respect to the consumer utility and channel preference. It was shown
that in both the Stackelberg game and the Bertrand game, the dual-channel leads
to cost-effective retail services. Apart from the Stackelberg game, Huang and
Swaminathan (2009) compared four different pricing strategies in the dual-channel:
1) the direct channel price follows the retail price; 2) set the direct channel price
to maximize the manufacturer profit; 3) set the same price across channels; and 4)
maximize total profit as the retailer and the manufacturer are integrated. They
concluded that the optimal direct channel price should be less than the retail
channel price. Yan (2008a) extended the dual-channel study to a multi-channel
study with online direct channels in the Bertrand competition and Stackelberg
competition. It has been proved that a low-high pricing policy is the optimal
strategy when online channels have an equal or lower marginal cost for the product.
Ding et al. (2016) considered a hierarchical pricing process in the order of the
wholesale price, the retail price and the direct channel price. This shows that the

equal price and the price-matching strategy may be the optimal approach.

Since in the above research it is assumed that the manufacturer and the
retailer shared the demand information, Yue and Liu (2006) examined the value

of such information sharing in dual-channel supply chains. They concluded that
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the manufacturer can always be better off from sharing while the retailer only
benefits from the sharing if the manufacturer’s demand information is sufficient.
Yan and Ghose (2010) further studied the impact of forecast information sharing
of consumers’ willingness to pay. This study showed that the retailer can gain more
than the manufacturer by sharing information within a market with a high level of
volatility. Zhou et al. (2011) have shown that the discriminate prices strategy is an
effective tool in the information-sharing mechanism. Cao et al. (2013) modeled
asymmetric cost information in dual-channel supply chains. They designed a
wholesale contract to reach an equilibrium, where a higher retailer’s cost leads to
a higher wholesale price. By comparing asymmetric and symmetric costs, they

also determined the value of the cost information.

Lietal. (2014b) studied the pricing strategies of the dual-channel supply chain
of small and medium-sized enterprises. He et al. (2014) modeled the wholesale
price to the retailer under exogenous and endogenous order transshipments since
consumers searching is commonly assumed when stock out happens. As the
concern for the environment is rising, the pricing and green policy in dual-channel
supply chains has been discussed. Li et al. (2016) showed that the manufacturer
would adopt a dual-channel supply chain when the green costs are at a critical level.
Surprisingly, they found the retail channel price in a centralized green dual-
channel to be higher than the retail channel price in a decentralized green dual-
channel supply chain. Saha (2016) first modeled a three-echelon dual-channel

supply chain, which showed that the optimal retail price is always larger than when
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there is a retail channel only. The inconsistent prices between the direct channel
and the retail channel can generate more profit than a consistent price across
channels. Soleimani (2016) determined the optimal pricing strategy when some of

the variables are fuzzy.
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2.3.1.2. Pricing model with other decision variables

To further analyze the issue of pricing in dual-channel supply chains, scholars
have considered additional factors such as sales efforts, retail services, and demand
disruptions. Tsay and Agrawal (2004) further analyzed a dual-channel supply
chain with the assumption that the demand of each channel is in proportion to the
total demand that was affected by the sales effort in each channel. They indicated
that the manufacturer and the retailer could increase their profits by reducing the
wholesale price. Dumrongsiri et al. (2008) drew the same conclusion by studying
utility of consumers who are sensitive to the service quality. Yan and Pei (2009)
studied retail service in the dual-channel pricing model. They found that
competition in the services leads to better retail services which benefit the retailer
with a lower wholesale price and a larger sales volume. Dan et al. (2012) further
analyzed the retail services in decentralized and centralized dual-channel supply
chains. They showed that a centralized dual-channel supply chain should have
better retail services and higher prices. Li and Li (2016) further analyzed the
pricing with retail services with respect to the retailer’s fairness concerns. It has
been found that the efficiency of dual-channel supply chains decreases with the
fairness concerns of the retailer and the increasing consumer loyalty to the retailer.
With respect to the retail services in the dual-channel supply chain, Hu and Li
(2012) applied a model with an unknown demand distribution, which showed that
the retailer services and profits should increase with the demand means. Yan and

Ghose (2010) suggested a computational approach for the pricing strategy in a
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dual-channel supply chain where remanufactured products can be sold in both
direct and retail channels. Hua et al. (2010) introduced the lead time of delivery as
a decision variable in the dual-channel supply chain. In the decentralized dual-
channel supply chain, the shorter the lead time of delivery, the higher the price in
the direct channel and lower the price in the retail channel. Later on, Xu et al.
(2012) reached a similar conclusion by taking lead time as a decision variable that
delivery time should slow down due to competition between the direct channel
online and the retail channel. Tsao and Su (2012) established a dual-channel
pricing model with different warranty lengths. Huang et al. (2012) brought demand
disruption into the dual-channel supply chain, which leads to penalties due to a
deviation. Prices should be raised when a demand disruption occurs. Additionally,
it shows that the central decision maker can benefit from the demand disruption.
Panda et al. (2015) studied the pricing of a dual-channel supply chain regarding
replenishment policies. It is assumed that the unit cost of the product is decreased

continuously.

Since risk-neutral agents were always assumed in the prior research, Li et al.
(2014a) introduced a risk-averse retailer in a dual-channel supply chain where the
manufacturer remained risk neutral. It turned out that the retail price and the order
guantity decrease as the retailer raise its aversion to risk. All the studies above
discussed a single product sold in a dual-channel supply chain. However, it shows
that the manufacturer always has a product line combined with various products.

Rodriguez and Aydin (2015) analyzed the case where the retailer has to determine
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a subset of products to sell while all products of the manufacturer are available
online. They found the retail price and the direct price should follow the “equal
effective margin”. Ma et al. (2013) analyzed a closed-loop dual-channel supply
chain with a government consumption-subsidy to consumers. It was shown that
government subsidies contribute to the expansion of the closed-loop dual-channel
supply chain. Due to the limited storage of the manufacturer, Xiao and Shi (2016)
argued that the supply priority within the retailer channel and the direct channel is
an important issue. They found that the supply in the retailer should take
precedence if there is a low surplus in the retail channel. The additional variables
considered in the pricing of a dual-channel supply chain are summarized in Table

2.1 below.

Table 2.1 Additional variables modeled in pricing of a dual-channel supply chain

Additional variables Paper

Dumrongsiri et al. (2008)

i Yan and Pei (2009)
Service
Dan et al. (2012)
Li and Li (2016)
Unknown demand distribution Hu and Li (2012)
Remanufactured products Yan and Ghose (2010)

Hua et al. (2010)
Xu et al. (2012)
Tsao and Su (2012)

Lead time of delivery

Warranty lengths

Demand disruption
Replenishment policies
A risk-averse retailer
Subset of products

Government consumption-subsidy

Supply priority

Huang et al. (2012)

Panda et al. (2015)

Lietal. (2014a)

Rodriguez and Aydin (2015)
Ma et al. (2013)

Xiao and Shi (2016)
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2.3.1.3. Inventory management in dual-channel supply

chains

The other challenge to be addressed in dual-channel supply chains is inventory
management. When a direct channel online is introduced, the product demand
structure is changed. Therefore, the inventory allocation strategy should be
redesigned to connect with the inventory and to balance the inventory levels in the
retailer’s warehouse and the manufacturer’s warehouse. Additionally, inventory
management is a key element of the order fulfillment capacity of the manufacturer
and the retailer. A well-maintained stock level leads to satisfying demand and
lower operation cost. When the manufacturer establishes a direct channel online,
a two-echelon dual-channel supply chain is generally modeled while the upper
echelon is the warehouse of the manufacturer and the lower echelon is the storage

of the retailer.

Previously, the multi-echelon inventory problem was studied under the
assumption that no relationship exists among echelons (Clark and Scarf, 1960).
Based on this assumption, scholars tried to minimize the backorder (Sherbrooke,
1968), determined the optimal lots size and safety stock (Grahovac and
Chakravarty, 2001), and considered a repairable system (Diaz and Fu, 1997). Two-
echelon dual-channel supply chains contribute to the study of which two-echelon
inventory systems are interacted with by consumers’ searching when stockout

occurs. Chiang and Monahan (2005) first modeled the two-echelon dual-channel
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supply chain and found that it is a dominant strategy when compared to the retail-
only and direct channel-only strategies, where the total demand is split between
each channel linearly due to the channel preference. This research only provided a
primary result because it applied assumptions of a one-for-one inventory
replenishment policy and allowed for backorders. Lee and Wu (2006) discussed
the inventory replenishment policies in a two-echelon supply chain with respect to
the bullwhip effect in the supply chain. They introduced a statistical process
control replenishment policy by setting an upper control limit and lower control
limit. Their simulations showed that the statistical process control replenishment
policy outperforms the traditional event-triggered policy and time-triggered policy.
Mitra (2009) developed a two-echelon inventory management model with returns
in a deterministic model and a stochastic model. To formulate a general inventory
policy, different holding costs at the different echelons and setup costs were
considered. Yao et al. (2009) studied three different inventory policies:
decentralized inventory management, Stackelberg inventory management and
outsourcing of inventory management to a third party. It should be pointed out that
outsourced orders of direct channels are better even if the saved cost per unit is
less than the unit fee. Chiang (2010) modeled stock out-based inventory
management in the context of a dual-channel supply chain. He showed that the
channel efficiency is reduced with a low level of double marginalization due to
channel competition. Then, the setup of production and delivery was considered
in the two-echelon dual-channel supply chain (Takahashi et al., 2011), in which
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the production begins when the inventory drops to a minimum level. Takahashi et
al. (2011) showed that the higher the consumer preference for the direct channel,
the lower the total cost. Later on, Parvini et al. (2014) further extended the two-
echelon dual-channel supply chain with the return rate which is dependent on the
demand. The dynamic programming approach was applied to solve the problem.
It showed that managing a depot for returns to the retailer is more important for
cost reduction. Carrillo et al. (2014) studied the stocking decisions under dual-
channel supply chains regarding environmental issues. Yu et al. (2015) proposed
the optimal warehouse management procedures in dual-channel supply chains

when an incentive policy for deteriorating items is applied.
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2.3.2.Channel conflict and coordination

While most managers and scholars acknowledge channel conflict, some
scholars argue that “channel conflict” does not always occur. Rhee and Park (2000)
stated that the dual-channel supply chain is an optimal strategy for both
manufacturers and retailers when consumers share a similar valuation of the
products through different channels. In Rhee’s model, products in the retail
channels give higher value to consumers due to the retailer services with no
channel preference in the model. Chiang and Monahan (2005) state that the dual-
channel structure is preferred by the manufacturer and the retailer if consumers’
channel preference is in a certain range. However, Tsay and Agrawal (2004)
analyzed the sales efforts in dual-channel supply chains and argued that dual-
channel supply chains are always not preferred by the manufacturer. Cai (2010)
further compared the dual-channel structure with different channel structures,
finding that a dual-channel can benefit the manufacturer more than the direct
channel online-only strategy. According to the literature above, it can be
concluded that a dual-channel supply chain is always optimal for the manufacturer.
However, the retailer would prefer a dual-channel supply chain in limited
situations. Therefore, this leads to the question of how to coordinate the retail
channel and the direct channel online to provide profits for both the manufacturer

and the retailer.
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2.3.2.1. Coordination with the mechanism design

Since the dual-channel supply chains can only provide benefits for
manufacturers and retailers in limited situations, scholars have tried to design a
mechanism to coordinate the dual-channels with a common sense approach.
Boyaci (2005) established a model with an independent manufacturer and a retail
channel with respect to inventory management under a stochastic demand system.
Frustratingly, he found that the simplest mechanisms such as buy-back contracts
and the price-only contracts cannot coordinate the profits of the manufacturer and
the retailer. Although a penalty contract, where a unit penalty is applied for every
unsatisfied demand can achieve coordination, since unsatisfied demand is difficult
to be observed, the penalty contract is almost impossible to be practiced in business.
In order to eliminate the channel conflict and achieve coordination in the
decentralized dual-channel supply chain, some mechanisms have been developed.
The profit-sharing contract between the retailer and the manufacturer has been
discussed most. Yan (2008b) proposed a profit-sharing contract which makes
manufacturers and retailers split the profit increase by the dual-channel structure.
Chen et al. (2012) stated that a contract for the arrangement of the wholesale price
between the manufacturer and the retail and the direct channel price can only
benefit the retailer but not the manufacturer. However, implementing a two-part
tariff or a profit-sharing agreement leads to a win-win situation. A two-part tariff
contract sets the wholesale price to be equal to the unit production cost. Meanwhile,

lump sum fees will be charged to the retailer. The profit sharing arrangement
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allows the retailer and the manufacturer to set channel-wide linear sharing to
achieve the coordination. Cai (2010) proposed a pricing strategy with a revenue
sharing contract for the profit increase to reach both the manufacturer and the
retailer. It should be pointed out that Cai’s pricing strategy set the price of the retail
channel higher than the price in the direct channel. Chiang (2010) coordinated the
inventory competition in the dual-channel supply chain with stock-out substitution
using a linear contract. At the same time, the revenue will be shared in the same
proportions. Ryan et al. (2013) discussed a minimum retail price constrained
revenue sharing contract where the revenue of the retail channel will be shared due
to the minimum retail price the manufacturer offers to the retailer and a gain/loss
sharing contract, which would allow the manufacturer to have a share in the gains
and losses of the retailer. of the retailer. They found that when the retailer own a
large share of the market, the manufacturer could apply these contracts to
formulate a pricing strategy. Cao (2014) first modeled the demand disruption of
both channels in the coordination of the dual-channel supply chain. He introduced
a revenue-sharing contract with a wholesale price arrangement for coordination. It
has been shown that the higher the disruption, the higher the wholesale price will
be. He also calculated the value of the demand disruption information. Shang and
Yang (2015) further analyzed the factors of risk preference and negotiation power
in the coordination of the dual-channel supply chains. They designed a profit-
sharing contract to redistribute the extra profit in the dual-channel supply chain.
Panda et al. (2015) considered replenishment policies, and the proposed a profit-
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sharing contract and adjusted the wholesale price to achieve the coordination.

Other than profit-sharing contract, there are other mechanisms such as pricing
discount contracts and tariff contracts will be reviewed in the following part. Cai
et al. (2009) introduced price discount contracts and pricing schemes to reduce
channel conflict, which would benefit the retailer and manufacturer through the
retail channel. It assumes two types of consumer in the market: retailer loyal and
brand loyal. Additionally, they discussed the situation where the retailer is
powerful enough to be the Stackelberg leader. They concluded that the retailer may
not have the advantages of the manufacturer. Xu et al. (2014) proposed a two-way
sharing contract to eliminate the channel conflict in the dual-channel supply chains
with risk-averse players. This two-way sharing contract allows the manufacturer
to obtain a fraction of profit from the retailer channel and the retailer to receive a
partial profit from the direct channel to achieve the channel coordination. Huang
etal. (2013) modeled the production cost disruptions in dual-channel supply chains.
It has been shown that production plans of the dual-channel will be impacted by a
product disruption only when a certain threshold is exceeded. Zhang et al. (2015)
figured out a method to handle both the demand disruption and a production cost
disruption, which is a modified two-part tariff contract where a moderate lump
sum fee is charged to achieve the coordination of the dual-channel supply chain.
In most cases, only the lump sum fee charged to the retailer needs adjustment to
coordinate the dual-channel supply chain. Besides, they found a contract

adjustment benefit zone where the manufacturer and the retailer can gain by an
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adjustment of the contract when the demand increases or production cost drops. Li
et al. (2014b) designed a retailer transshipment dual-channel model and stated that
transshipment with a designed price can achieve channel coordination.. Li et al.
(2016a) modeled a green dual-channel supply chain which also applied a two-part
tariff contract. In this case, the lump sum fee should fall into a range between the
upper limit and lower limit to coordinate the manufacturer and the retailer. Luo et
al. (2016) further analyzed the free-riding effect within the dual-channel supply
chains, which is not necessarily harmful to the retailer. An interesting finding
suggests that an increased free riding leads to a lower price disparity in the dual-
channel supply chain. Then Luo designed a three-part tariff contract based on the
orders and the service level, to achieve a win-win situation. This contract
encourages the retailer to enhance its service level and eases the price competition
in the dual-channel. Since a three-echelon dual-channel supply chain was proposed,
a combined downward direct channel discount contract is designed for
coordination (Saha, 2016). The mechanism above has the contract involved, but
Pei and Yan (2015) suggested using a supportive retail services strategy which
would let the manufacturer offer financial support to the retail services. They found
that the manufacturer would like to invest more in the supportive retail services if
the product is more compatible with the online channel. Liao et al. (2015)
considered a dual-channel hotel distribution system with hotel rooms available
both online and offline. It found that the commission override model is effective
for improving a hotel’s profit. The commission override model is the combination
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of awholesale contract and a consignment contract. In a summary, the mechanisms

for channel coordination are grouped in Table 2.2

Table 2.2 Mechanism for channel coordination

Mechanism Paper

Profit sharing contract

Price discount contracts

Linear contract

Two-way sharing contract

Transshipment with a designed price

Two-part tariff

Three-part tariff contract

Supportive retail services strategy
Combination of a wholesale contract and a
consignment contract.
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2.4. Behavioral operations research

In the literature reviewed above, there is an embedded assumption of rational
behavior as (1) selecting the preference with higher value; (2) making conscious,
cognitive, and deliberate decisions; (3) making decisions with full information,
and can discriminate useful information; and (4) optimizing the benefits when
compared with the payoff (Simon, 1986). However, an increasing number of
observations of non-hyper-rational behaviors are reported, such as overconfidence
and loss aversion. In the last few decades, scholars engaged in behavioral
operations research have taken human being’s non-hyper-rational behaviors into
consideration. Croson et al. (2013) define behavioral operations as “the study of
potentially non-hyper-rational actors in operational contexts”. There are two
major tasks in behavioral operations research: 1) identifying the non-hyper-
rational behavioral patterns that exist in human judgment and decision-making in
operational contexts through surveys or empirical studies; 2) modeling non-hyper-
rational behavioral patterns in the operations to improve work outcomes, such as
profit and productivity. In this chapter, we provide a brief introduction of the

contributing domains of in behavioral operations research.

In recent years, both the number and diversity of papers in the field of behavioral
operations have been increased Loch and Wu (2007) surveyed the research
methodologies and summarized operation problems in behavioral operations
research. The research methods involved in behavioral operations research are
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field case studies, controlled experiments, survey methods, math modeling, and
simulation. Loch and Wu (2007) classified behavioral operations problems into
two groups: (1) individual decision-making biases, such as prospect theory and
regret theory; and (2) social preferences, such as decisions influenced by emotions
and group identity. Then they proposed the cultural studies in behavioral

operations research as a potential future research area.

Bendoly et al. (2010) further provided a theoretical foundation of behavioral
operations research. They summarized the four bodies of knowledge that are
related to behavioral operations: cognitive psychology, social psychology, group

dynamics, and system dynamics as shown in Figure 2.3 (page 46).
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Bodies of knowledge for behavioral operations research

Cognitive
Psychology

— Overconfidence

—— Lossaversion

— Anchoring Effect

Social
Psychology

Group
Dynamics

Goal-setting Theory

Groupthink

System
Dynamics

Feedback and
Confrol Theory

|| Misperceptions of

Feedback Structure

Blame in Groups

| | Misperception of

Feedback dynamics

Figure 2.3 Bodies of knowledge for behavioral operations research

Interdependence

Cognitive psychology focuses on the individual decision-making processes

that deviate systematically. Bendoly et al. (2010) further classified these

systematic deviations into two groups: heuristics and biases. Heuristics involve the

rule of thumb that people use to make decisions, which occurs during the process

of decision-making. Overconfidence is a typical heuristic trait. Biases are the

observed deviations in decision-making which describe the outcomes of the

decisions. Loss aversion is one of the typical biases. Most heuristics and biases are

identified through experiments and empirical studies.

Social psychology is related to the organizational psychology research that

studies how individuals’ motivation is affected by the settings of the organization.
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The individual’s efforts, persistence, and planning are impacted by motivations
consciously or unconsciously. In turn, the motivation is affected by the person’s
mindset, the feedback they receive and interaction with the people around. The
following part gives a brief introduction of the theories developed based on goals,
feedback, and interdependence. Latham and Locke (1991) introduced goal setting
theory that the goal of the individual in a task has a profound effect on the
performance of the individual. Sevier (1992) found that the lack of a clear goal
leads to failure in a JIT (Just-in-Time) project implementation. The feedback and
control theory suggests the people use the feedback they have received to regulate
their behavior (Campion and Lord, 1982). The interdependence theory focuses on
how an individual’s motivation is impacted by the performance and efforts of

his/her co-workers.

While cognitive psychology and social psychology focus on the individual’s
decision-making, group dynamics investigates how individuals jointly make
decisions as a group. “Groupthink™ and “blame” are typical group dynamics issues
that have been discussed in operations research. Groupthink is defined as “a mode
of thinking that people engage in when they are deeply involved in a cohesive in-
group when the members” (Janis, 1982). Therefore, groupthink requires the
members to share a strong “we feeling”. The blame in groups indicates that
individuals tend to blame others for poor outcomes (Bendoly and Swink, 2007).
Weber et al. (2001) indicate that the subjects in larger groups blame the leader

more frequently, as has been revealed in experiments.
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System dynamics involve studies of the system-level decisions that deviate
from the normal and the designs of mechanisms to improve them (Bendoly et al.,
2010). Therefore, system dynamics often focus on a higher level than individual
and group behaviors. The feedback process is one of the main topics in system
dynamics. Misperceptions of feedback in a structure is an error in the system
dynamics, in that people will apply deficient mental models, which change the
structure and behavior of the system, to guide their decisions. For example, Dana
Jr and Petruzzi (2001) show that when newsvendors provide feedback to
consumers of product availability, the newsvendors should maintain a higher
inventory level. Misperceptions of feedback dynamics are another error in system
dynamics in that people can realize the feedback structure in the system but are
not capable of recognizing its impact. For example, it is difficult for people to
estimate exponential growth when the growth rate and the forecast horizons are

large (Wagenaar and Sagaria, 1975).

The main objective of this study is to determine and analyze the pricing strategy
of the dual-channel supply chain with loss-averse or overconfident consumers.
Therefore, the literature related to overconfidence, loss aversion, and the

anchoring effect shall be reviewed in detail in the following parts of this study.

49



2. Literature Review

2.4.1.0verconfidence

The phenomenon of “overconfidence” was first discovered in1969 (Alpert and
Raiffa, 1982). However, Russo and Schoemaker (1992) contributed to drawing
scholars’ attention after he proved that managers tend to be overconfident. Russo
and Schoemaker (1992) asked managers to provide a confidence range for its
estimations for ten general-knowledge questions. Most managers have a
confidence level of above 90%. However, on average, managers make correct
estimations only five out of 10 times. In other words, they are overconfident about

the correctness of their estimations.

Then, some studies investigated the relationship between overconfidence and
individuals’ characteristics, such as gender and age. Kovalchik et al. (2005)
compared the overconfidence level of elderly individuals (average age 82) and
younger individuals (average age 20). It demonstrated that the elderly are less
overconfident than the youth. Van Loon et al. (2017) monitored the learning of
children ranging from age 7 to 12. Interesting, the trend of overconfidence is
declining with age when the child is studying difficult concepts. Barber and Odean
(2001) analyzed transactions over 35,000 securities household accounts. It showed
that men are more overconfident than women. Huang and Kisgen (2013) supported
that men are more overconfident than women and that women execute fewer
acquisitions and issue fewer debts than men. Lundeberg et al. (2000) investigated

551 postsecondary students from 25 universities in five countries. The results
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showed that individuals’ overconfidence level is related to their country and

culture.

It has been found that overconfidence can affect decision-making in a variety
of fields. It has been shown that individuals tend to be overconfident in the success
rate of entry into a new business (Camerer and Lovallo, 1999). Zacharakis and
Shepherd (2001) indicated that 49 out of 51 participating venture capitalists were
overconfident in the investment decision-making process, overrating the
likelihood of success of the project. Croson et al. (2008) indicated that the
newsvendor tends to be overprecise in its demand forecast. They experimentally
showed that overpreciseness could explain one-third of the order mistakes in
Schweitzer and Cachon’s (2000) research. Schweitzer and Cachon (2000) drew
attention to the decision bias in the newsvendor game by experiments which
showed that students, as participants, tend to order more low-profit margin
products and less high-profit margin products. The phenomenon found by
Schweitzer and Cachon (2000) is called the “pull to center” effect. Bolton et al.
(2012) came to the same conclusion by setting the managers as experiment
participants. Malmendier and Tate (2005) analyzed 477 large publicly traded U.S.
firms in the years of 1980 to 1994. They found CEOs likely to be overconfident
and result in corporate investment distortion. Malmendier et al. (2007) indicated
that managers of firms, who tend to be confident, believe that their firms are
undervalued and external financings are overpriced. Goel and Thakor (2008)

indicated that the board prefers to promote overconfident executives to CEO.
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Gervais and Odean (2001) found that traders are learning to be overconfident in
the process of knowing its ability to earn. Based on this, Chuang and Susmel (2011)
compared individual and institutional investors. It turns out that individual
investors are more overconfident because they are more aggressive and tend to
invest in risky securities. Hirshleifer et al. (2012) showed the positive side of
overconfidence. They analyzed the preference of CEOs in public listed firms from
1993 to 2003. The CEOs of innovative industries, who have more confidence,
would invest more in research and development projects, leading to highly

innovative successful cases.

Since overconfidence can affect decision-making in a variety of industries,
many studies have modeled overconfidence and analyzed the impacts. Burnside et
al. (2011) modeled the overconfident investor and found that overconfidence can
be an explanation for the premium puzzle. Ren and Croson (2013) used an
overconfident bias model to explain the “pull-to-center effect” observed by
Schweitzer and Cachon (2000). Li et al. (2016b) introduced overconfident
participants into the competing newsvendor game. They introduced the model of
the overconfident newsvendor who has an overconfident demand distribution D

defined as:

D: aqu+(l-a)X (2.1)
where X is the random distribution of the newsvendor, u isthe mean of the

random distribution, E(X)=x , and « is the parameter that measures
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overconfidence, « €[0,1] . If a =0, the newsvendor is not overconfident.
Demand though by the newsvendor is not affected by overconfidence, D= X . If
a =1, the newsvendor is extremely overconfident, and the newsvendor thinks the

demand is constant, D= u=E(X).

Based on this model, Li et al. (2016b) showed that overconfidence can
positively increase competing newsvendor profit. Ma et al. (2016) studied
overconfident manufacturers in a dual-channel supply chain structure with two
manufacturers. It is a simplified dual-channel supply chain that has two
independent manufacturers. Wang et al. (2015) investigated the ordering strategy
and disposing of the policies of overconfident retailers. It shows that a retailer’s
profit is not always reduced by overconfidence. Herweg and Miller (2016)
modeled overconfident buyers in the used goods market where buyers have limited
information about the quality of the product. The outcomes showed that

overconfident buyers can prevent adverse selection.
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2.4.2.1.0ss aversion

Samuelson (1963) first illustrated “loss aversion” by reporting that his
colleague refused a bet that would have a half chance to win $200 and a half chance
to lose $100. Kahneman and Tversky (1979) explained “loss aversion” by
introducing the “prospect theory”. According to the prospect theory, a concave
weighting function should be multiplied by unbiased utility regarding the reference
point, and a convex weighting function should be multiplied by the unbiased utility.
Készegi and Rabin (2006) explored the setting of the reference point in the
prospect theory. They assumed the reference point is determined by the
environment which is an individual’s rational expectations according to

observations of past outcomes.

Therefore, the expected utility based on prospect theory should be:
U:Z”( pV(X) (2.2)
i=1

whereU is the expected utility of the decision maker, x; are the outcomes that
could happen in the future, and p, are the possibilities of the outcomes X; .
Therefore, 7(p,)is the weighting function of the utility of the outcomesv(x,) . A
typical utility function based on prospect theory is shown in Figure 2.4 (page 54).
It passes through the reference point. The outcomes above the reference point are

recognized as gains, and the outcomes below the reference point are recognized as
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losses. Additionally, the curve for losses is steeper than gains suggesting that losses

outweigh gains.

Utility

loss Reference point Gain

Figure 2.4 A typical utility function based on the prospect theory

There are numbers of experiments exploring loss aversion in a variety of fields.
Thaler et al. (1997) experimentally investigated the effect of loss aversion on risk
taking. They indicated that loss-averse investors prefer to take risks while their
investments are reviewed less often. Odean (1998) monitored the records for
10,000 accounts. It was found that investors strongly prefer realized gains to
realized losses. Genesove and Mayer (2001) analyzed housing market data from
Boston. They found that sellers had shown evidence of loss aversion which can
explain the positive correlation between price and volume in real estate markets.
Schmidt and Traub (2002) tested the preference conditions for loss aversion and
found female subjects to have a higher chance of being loss-averse than males.

Based on 50,000 customers’ insurance data, Sydnor (2010) found that customers
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are loss-averse in that customers are willing to buy a plan with low deductibles
where the cost is significantly higher than its value. Dimmock and Kouwenberg
(2010) collected survey data for household portfolios. They found that higher loss
aversion leads to the lower direct holding of securities. Loss aversion promotes

indirect holding such as mutual funds.

Loss aversion has been modeled and discussed in many industries. Barberis
and Huang (2008) studied a one-period asset pricing problem considered by loss-
averse investors. They indicated that positively skewed securities would be
overpriced while negatively skewed securities would be underpriced. Készegi and
Rabin (2009b) developed a dynamics model for consumption planning with loss-
averse individuals. It showed that loss-averse individuals overconsume early if the
news resonates more with current consumption. Shi and Xiao (2008) modeled two
loss-averse retailers in a supply chain. Buyback contracts and markdown-price
contracts are designed to coordinate retailers. Heidhues and Kdszegi (2014)
discussed the pricing strategy of a rational retailer facing loss-averse consumers.

They indicated that loss aversion could have positive effects on the retailer.

The newsvendor game, as a classical problem for supply chain management,
has been widely discussed with the consideration of loss aversion. Wang and
Webster (2009) indicated that there is a larger optimal order in the loss-averse
newsvendor problem. Then, Wang (2010) extended loss aversion to the

newsvendor game and found the “loss-averse effect” can decrease the total order

56



2. Literature Review

quantity. Long and Nasiry (2014) modeled loss aversion with a positive reference
point and explained the inconsistent derivation from the optimal order found by
Schweitzer and Cachon (2000). Liu et al. (2013a) further analyzed the loss-averse
newsvendor game with product substitution. However, in the dual-channel supply
chain, we only found that Nicolau (2013) discussed reference point-dependent loss
aversion in the dual-channel in respect of tourism packages in a multinomial logit
model. It has been found that consumers tend to be loss-averse in the direct channel

online.
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2.4.3.Anchoring effect

The anchoring effect is one of the most common cognitive heuristics. Tversky
and Kahneman (1974) described the anchoring effect as the disproportionate
influence on decision-makers to make judgments that are biased toward an initially
presented value (the “anchor”). It suggests that people tend to rely on the first
acquired information to process the subsequent decisions. Blankenship et al. (2008)
illustrated the anchoring effect through an experiment. They invited 53 students
and divided them into two groups. For the first group, they gave students a material
which mentions the age of 48(the anchor). For the second group, age 23 (the
anchor) was mentioned in the material. Then, they asked the students the age of
Neil Armstrong when he walked on the moon. In the results, the first group gave
answers around the age of 45. The second group of students gave answers near the

age of 25 as shown in Figure 2.5.

__________________________________________________________________

Age of 48 |
(The anchor) !

1 . k)
1 First group’s answers
1

______________________________ T

How old was Neil Armstrong
when he walked on the moon?

1 Second group’s answers
1

i Age of 23
+ (The anchor)

Figure 2.5 The anchoring effect experiment by Blankenship et al. (2008)
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The anchoring effect has been observed in many fields. Mussweiler (2001)
illustrated the juridical decision makings can be affected by the anchoring effect.
He found that sentience which is demanded by the attorney or prosecutor or
recommended by a probation officer is likely to be an anchor and the results can
be influenced by these anchors. Ariely et al. (2003) found that consumers’
valuations of products are anchored even if full information is provided. However,
the anchor for consumers seems to be arbitrary. Sometimes, the social security
number can be the anchor. Northcraft and Neale (1987) found that the anchor
effect exists in the appraised value of real estate. Their experiments indicated that
the appraised value deviates from the actual value by around 10% when an anchor
Is provided to real estate agents. Critcher and Gilovich (2008) experimentally
showed that: (1) people’s estimation of the performance of an athlete can be
anchored by the number on his jersey; (2) the sales forecast of the domestic market
can be anchored by the product’s model number; (3) the estimation of spending in
a restaurant can be anchored by the number in the name of the restaurant. Besides,
the anchoring effect has been observed in many domains, such as general
knowledge (McElroy and Dowd, 2007; Mussweiler and Englich, 2005) and

negotiation (Mussweiler and Englich, 2005)

While observations of the anchoring effect are increasing, explanations of the
anchor effect are needed. Tversky and Kahneman (1974) hold the view that people
make their final estimation based on the adjustment of the provided initial value.

The initial value serves as the reference point for the adjustment. The anchoring
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effect occurs when insufficient adjustment is made. However, the existence of the
adjustment process is doubted in the anchoring effect. It has been demonstrated
that the anchoring effect influences the decision maker in a subliminal manner
(Mussweiler and Englich, 2005). The other explanation of the anchoring effect is
“confirmatory hypothesis testing” (Chapman and Johnson, 1999; Mussweiler and
Strack, 1999; Wegener et al., 2010). It suggests that the provided initial
information is activated information in the decision-making process. The decision
maker subconsciously thinks that the anchor value is a plausible answer. Then, the
hypothesis that the anchor value and similar values of the anchor value are the
correct answer is tested in the mind. Therefore, the anchoring effect is an

information activation process.

From the explanations of the anchoring effect, it can be seen that the anchoring
effect is very difficult to be mathematically modeled. Therefore, most anchoring
effect research used experiments or data analysis. Wansink et al. (1998) studied
the impacts of consumers’ purchase quantity decisions with the anchoring effect.
They modeled consumers whose default anchor is low (quantity of one or two)
with insufficient upward adjustment. Then, field experiments on supermarket
consumers were conducted. They found that consumers’ quantity decisions can be
influenced by the “suggestion”, such as justified stockpiling and anchor-based
promotions. Campbell and Sharpe (2009) analyzed the anchoring effect in
monthly-released financial data. They found that professional forecasts are

impacted by the anchoring effect based on the previous values released. Bokhari
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and Geltner (2011) analyzed the anchoring effect and loss aversion in U.S.
commercial real estate using sales data in the year from 2001 to 2009. They found
that the anchoring effect has larger effects on the transaction price of real estate
than loss aversion does. Park et al. (2011) studied the anchoring effect in the
pricing strategy of new products. Consumers are anchored by the price of the
existing product. The result suggests that new product prices will be higher than

the profit-maximizing price of the fully-rational model.
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2.5. Research gap

From the review of the dual-channel supply chain, it can be shown that most
papers on the dual-channel supply chain focus on the pricing and coordination of
channels. There are few studies focused on the marketing and sales efforts in the
dual-channel supply chain. However, marketing is a critical issue in business. Both
manufacturers and retailers invest a lot in their sales efforts. Liu et al. (2013b)
determined the co-op advertising model in dual-channel supply chains where the
manufacturer and the retailer share the total advertising fee linearly. This strategy
IS not easy to be put into practice due to the independence of the retail channel and
the direct channel online. Therefore, the sales effort deployment problem in the
decentralized dual-channel supply chain is urged to be solved. To fulfill this
research gap, sales efforts deployment in the dual-channel supply chains is studied
in the first stage of research. This study aims at identifying optimal sales effort

deployment in dual-channel supply chains.

In the research of sales efforts in the dual-channel supply chain, we realized
that the “economic man” who maximizes the expected profit is a foundation
assumption of the research. However, according to the literature review, it has been
found an increasing number of papers reporting the non-hyper-rational behaviors
of decision makers, such as loss aversion and overconfidence. At the same time,
there are also increasing numbers of studies that discuss the impact of the non-

hyper-rational behaviors of decision makers in economics, finance, corporate
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management, and supply chains. However, behavioral operations research about
the dual-channel supply chain is still in the early stage. There is a limited number
of studies investigating the impacts of the non-hyper-rational behaviors on the
dual-channel supply chain. We only found that Ma et al. (2016) studied
overconfident manufacturers in a dual-channel supply chain structure with two
manufacturers. Because dual-channel supply chains are widely adopted in business,
it is important to study the non-hyper-rational behaviors in dual-channel supply
and provide useful insights to managers. To fulfill this research gap, overconfident
consumers and loss-averse consumers in the dual channel supply chain is modeled
and discussed in the second stage. Additionally, current studies on the anchoring
effect in mainly focus on empirical analysis, while the anchoring effect is difficult
to be mathematically modeled in the supply chain. This research gap will be

fulfilled in future research.
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3. Sales Efforts Deployment in a
Decentralized Dual-Channel Supply
Chain

As discussed in the literature review, there are arguments for “channel conflict”
between the retail channel and direct channel. It has been stated that the direct
channel online can increase the cooperative profit in the price setting game among
manufacturers and individual retailers (Chiang et al., 2003). At the same time, the
dual-channel distribution strategy has been widely accepted by firms of various
industries. However, the sales operation of the manufacturer and the retailer is
facing challenges posed by the dual-channel supply chain. This study aims at
determining the optimal sales effort deployment for both the manufacturer and the
retailer in a dual-channel distribution. Besides we try to figure out the impact of
sales efforts on the profit of the retail channel and direct channel. We refer to sales
effort as the activities of both the manufacturer and the retailer to increase demand
such as via advertisements. We formulate this problem in two stages. In the first
stage, we determine the demand of each channel by assuming rational consumers
who try to maximize their utility in the purchasing process. Then, the retailer and
the manufacturer deploy their optimal sales efforts according to the demand and
the response of each other. Additionally, we assume that the price of a product is

fixed and consistent in both the retail channel and the direct channel online.

This chapter is organized as follows. In Section 3.1, the consumers’ valuation
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under the sales efforts of the manufacturer and retailer is modeled. In Section 3.2,
we introduce “consumers’ channel preference”. In Section 3.3, we analyze the
demand of the dual-channel supply chain under sales efforts and consumers’
channel preference. In Section 3.4, we determine the optimal sales efforts
deployment dual-channel supply chain. Additionally, a discussion of the optimal
sales efforts is provided. In Section 3.5, a numerical example is presented. Finally,

in Section 3.6, a summary is provided.
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3.1. Sales effort on consumers’ valuation

In this part, we introduce the consumers’ valuation of the product and how
sales effort impact on it. We assume that each consumer has a heterogeneous
valuation (v) of the product. The distribution function of valuation (n(v)) indicates
the number of consumers who share the specific valuation v. We define the

distribution with the following properties: n(v) isa continuous function such that:

v=0,n(v) =0 (3.1
v =o00,n(0) =0 (3.2)
Any veR, n(v) =0 (3.3)

Let N(v) = fovn(u)du , indicates the number of consumers who have a
valuation between [0, v]. Additionally, we normalized the market size to one.

Therefore, N(v) is a monotonically increasing function such that:
v=0,Nw) =0 (3.4)
v=0,N(0) =1 (3.5)

In this research, we measure sales effort in proportion to the increasing
demand. For instance, if the original demand is D, the demand will increase to
(1 + s)D while a sales effort s is put on the market. We define the distribution

of the consumer’s valuation under sales effort (s) as (n'(v)), such that:
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n'(v) =n()(1+sq + 5, — S *S3) (3.6)

where: s, is the sales effort from the retail channel

sg4 1s the sales effort from the direct channel

S¢ = Sq + Sr — 5,84, 1s the overall sales effort on the market, where s, * s4
is the overlap between the sales efforts from the retail channel and the direct
channel (s, N s,). Figure 3.1 shows the overall sales effort on the market in a dual-
channel supply chain. It illustrates the overall sales effort distribution under sales
efforts from both the direct channel and retail channel. For example, when sales
effort from the retail channel is 0.18 and the sales efforts from the direct channel

is 0.15, the total sales efforts of the dual-channel supply chain to consumers is 0.3.
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Figure 3.1 Overall sales efforts on the market
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3.2. Customer’s channel preference

In this part, we define the customer’s channel preference between the direct
channel online and the traditional retail channel as 6. Let 1 to be the neutral value
of the customer’s channel preference. In this case, 6 = 1 means that consumers
can buy the product either in the retail channel or online direct channel. 6 > 1,
means that consumers prefer the direct channel over the retail channel. 6 <1

indicates that consumers prefer the retail channel over the direct channel.

Although shopping online has been widely accepted by consumers for its
convenience, consumers may still prefer the retail channel over the direct channel
(8 < 1). Kacen et al. (2013) conducted a survey and showed that the mean
channel preference range from 0.8 to 0.92 for durable and nondurable goods.
Consumers prefer to buy the products through the traditional retail channel due to

the low service quality in the direct channel online (Devaraj et al., 2002).

Based on consumers’ channel preference, the consumer’s expected value of
the product is Gv in the direct channel online while the expected value of the
product is v in the retail channel. Due to consumers’ preference of channels, there

is a valuation deviation between the retail and direct channels, v (1 — 0).
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3.3. The demand for the direct channel and the retail

channel

In the dual-channel supply chain, we assume that a consistent price of the product
is fixed as p in both the direct and retail channel. AnthemMarketingSolutions
(2015) released a semi-annual report of online and offline pricing of consumer
goods, which included a number of regularly, purchased categories. It showed that
71 % of reviewed items have the same price across the retail channel and the online
direct channel. Moreover, 88% of Hardware/Home Improvement items had the

same price both offline and online.

When a customer purchases a product in a retail channel, consumers not only
consider product price p but also the channel access cost. For instance, when a
customer decides to buy a product from a retail store, it involves traveling and time
costs. If a customer intends to buy a product via the direct channel, it involves the
delivery fee and the time spent waiting for delivery. We define the access cost of
the direct channel as c4, and access cost of the retail channel as c,.. As the direct
channel on the Internet is much more convenient to access, we assume that the

access cost of the retail channel is larger than for the direct channel, ¢, > c,.

According to the assumptions above, the utility of customers m. issetwhen

they purchase through a direct channel or retail channel as:

. { v—p—c,, if purchased from retail channel (3.7)
¢ |0v —p — ¢y, if purchased from direct channel '
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We assume that all the consumers try to maximize their utility in the purchase
process. If the product cannot provide positive utility to the consumer, the
consumer will walk away. Otherwise, the customer will choose the channel which
gives larger utility to the consumer in the transaction. For consumers whose
product valuation meets the condition, v—p —c, =0 (v = p + ¢,), they will
consider buying the product from the retail channel. We define the minimum
valuation required for purchase via the retail channel, v", as the sum of the price
and access cost of the retail channel, v" = p + ¢,.. Similarly, the minimum
valuation for purchasing via the direct channel is v¢, which should be the sum of
the price of the product and the access cost of the direct channel over the channel
preference, v = (p +c4)/0. When both channels have positive utility for a
consumer, he or she will choose the channel with the larger utility. Then, the
breakeven valuation (v™%) for channel selection is the valuation with the same
utility by both channels, v—p —c, = 0v—p —c,;. Therefore, we have a
breakeven valuation value v"® = %. When 6 > 1, consumers who have a
valuation larger than v™® will select the direct channel (online sales).
Correspondingly, for 6 < 1, consumers who have a valuation larger than v"¢,

will select the retail channel.

When 8 > 1, it can be shown that the value of v"® is smaller than zero,

d — p+cg

< V" = p + c;. There will always be v <0< v? < v". In this

and v
case, consumers, whose valuation is larger than v will buy the product via the

direct channel online. Other consumers whose valuation is smaller than v% will
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walk away without any transaction. Intuitively, sales effort from the retail channel

is zero while demand of the retail channel (D,) is zero.

When 6 < 1, there is a relationship between the minimum purchase
valuations v% < v < v"%[1]. In this case, consumers whose valuation is larger
than v"® will buy the product via the retail channel. Then, we consider the case
v" < v?® under @ < 1. Following the same proof as above, it can be shown that:
v < v" < v%. Consumers, whose valuation is larger than v", will buy the

product via the retail channel.

In summary, demand in the direct and retail channels under different

consumers’ channel preferences is:

(1= NEEDH)(A +s4) if6>1
o= OV (55) N (B v, s s <0<

. p+cg

0 lf 0 < m
(3.8)

0 if6>1
D, = (1- N(C;:;d))(l + 5.+ Sg— S4S;) if —Z:iﬁ <f6<1

(1= N+ )L+ 5, + 5q — Sasr ) if 0 <P

(3.9)

where ¢, > c,4is assumed.

(UWhen 8 <1, thereis v¢ < v".If v¢ < v", then v¢ — v™ < 0, which implies 8 > Z:Z‘i. The
T

Crt+cCq
1-6

CrtcCqg

-(p+c)> —pvea (»+c.)=p+ ¢, — (p +¢,) = 0. Therefore, v% <

por

product of v™% —v" is

v < prd
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3.4. Sales effort deployment in the dual-channel supply
chain

In this part, a decentralized dual-channel supply chain is modeled. The price
of a product is p in both the retail channel and the direct channel (online). The
average cost of the product is ¢ for the manufacturer. The manufacturer offers a
wholesale price w to the retailer for every product. Since the retailer is
independent of the manufacturer, a sale effort setting game between the
manufacturer and the retailer is formed. The objective of the manufacturer and the
retailer is to maximize their profits by deploying sales effort independently. We
assume that the manufacturer and the retailer share common knowledge about the
demand of both the direct channel online and the retail channel. The structure of

the model is shown in Figure 3.2 (page 72).

Corresponding to the sales effort either from the retail channel and the direct
channel online, there are the costs of sales effort. We assume that the cost of the
sales effort is linear to the quadratic of the sales effort. There have been many
previous research studies related to retailing with a similar cost structure (Lau et
al., 2010); (Iyer, 1998). We define sales effort cost as Cg such that: C; = ns?/2
where s is the sales effort, and n is the cost of the sales effort. Let n,, and n4

be the costs of the squared sales effort in the retail and direct channels.
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Manufacturer

Retailer Direct

Wholesale Channel Channel

price w

Sales effort ST‘

Retail price p Direct price p

Sales effort s,

Demand( D,, Dg) (based on utility)

Figure 3.2 Structure of a decentralized dual-channel supply chain

Then, the profit of the retailer can be modeled as the revenue through the

retail channel minus the sales effort cost of the retail channel:

7, = (p — w)D, — 2E (3.10)

2

The profit of the manufacturer is the overall revenue from the direct channel
and wholesale from the retail channel minus the sales effort cost of the direct

channel:

2
Ty = (w—c)Dﬁ(p—c)Dr% (3.11)
According to the demand function above and the utility of the manufacturer

and the retailer, the optimal sales effort can be determined by game theory in the

following scenarios. The optimal sales efforts under three different types of
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channel preference are tabulated in Table 3.1 (The proof of uniqueness and
existence is provided in Appendix 1). From Table 3.1, it can be found that (a)
When consumers only choose the direct channel, & > 1, the optimal sales effort

by the manufacturer increases with the revenue of the direct channel,

(p—oc) (1 - N (pzcd)), decreasing with the cost of the sales effort of the direct

channel, n,4. (b)When consumers choose both the direct channel and the retail

p+cq

channel for purchasing, 1> 6 >—*=,
ptcr

the optimal sales efforts by the
manufacturer and the retailer decrease with the cost of the sales efforts of both

direct channel and retailers, n; and n,. (¢) When consumers only choose the

retailer channel for purchasing, % > 6 > 0, then the optimal sales effort of the

retailer increases with the cost of the sales effort of manufacturers. At the same

time, the optimal sales effort of the manufacturers decreases with the cost of the
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sales effort of the retailers.

Furthermore, several propositions are presented below:

Proposition 3.1 When consumers prefer a direct channel (online store)
rather than a retail channel, the optimal sales effort increase with the preference

of the direct channel, with an upper boundary of (p —¢)/n4.

Proof:

As consumers only purchase via the direct channel, the optimal sales effort

of the manufacturers is

. -o(-nEEdy)
Sd = nd 0 (312)

Table 3.1 The optimal sales effort strategy to maximize profit under different channel preference 0

Channel 60>1 1>0>p+cd p+cd>0>0
Preference 8 p+c p+ec
Marginal value 1>v" > vd 1>v™>p" > p? v >yt > pd
relationship
Sales effort of 0 A+ m)l —nyl ab —nga
retail channel s; I+ m)l+ngn, ab —ngny
Sales effort of k/na d+m)d-n,) ab —n,b
direct channel sj (I +m)l +ngny ab —nany
Sales effort 0 (+m-n)U+m=n)l  (ab=nqa)ab—1,b)
overlap (A +m)l+ngny)? (n — nany)?
Sa * Sr

k=({p-c) (1 —N (p;#)) : Profit of the manufacturer in direct channel without sales effortif 6 > 1

l=(w—c)(1— N(%)) : Profit of the manufacturer in retail channel without sales effortif 1 > 6 > Z:Z‘i

m={p-co)(N(Z4)-N preg ) Profit of the manufacturer in direct channel without sales effortif 1 > 6 > preg
1-60 ] ptecr

a={@—-w)(1—-N(p+c,)) :Profit of the manufacturer in retail channel without sales effort if 'I:—Cc" >60>0

b= (w—-c)(1 —N(p+c,)) :Profit of the manufacturer in retail channel without sales effort if P 59> 0

per

p+cq cr—Cq
: vrd &

where ¢, > ¢4 V" =p+c,vi= -
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*

. 0 . .
Consider ﬁ = —1 < 0 and the fact that N(v) is a monotonically
6
. . . sy . .
increasing function, api‘i - is always less than zero. Therefore, the optimal sales
[

. . . as;
effort increases with the preference of the direct channel ( Sed > 0). In the other

d
words, even if all consumers choose the direct channel, the sales department of the
manufacturer should have more sales activity while the consumers’ preference for

the direct channel is increasing. There is an upper boundary of sales effort of the

manufacturer given as:

p+c
)

lim s3 = Jim @I NTE D _ o _ oy /my (3.13)

f—-c0 () Na

Assume that manufacturers make the optimal sales effort on the market, and
the contributed profit (CP) should be the revenue increased by the sales activities
minus the cost of the sales effort. Therefore, manufacturers’ contributed profit (CP)

by the sales effort is shown below, when all consumers choose the direct channel:

CP = m,,(with sales ef forts) — m,,(without sales efforts)

_ (r-o2a-n(Ee

2nq

Y 05m - -N (222 s (3.14)

This shows that the contributed profit of the manufacturer is half of the

increased revenue from the sales effort when the optimal sales effort is made.

Proposition 3.2 /n the dual-channel supply chain, the retailer’s profit could
be limited by the sales effort cost of the manufacturer. The manufacturer’s profit is

limited by the cost of the sales effort of the retailer.
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Proof:

The optimal sales efforts of the manufacturer and the retailer can be presented

in the following form:

* __ (I+m-ng)l
St = Wemt+nan, (3.15)
v _ (+m)I-ny)
Sd = Urm)itnan, (3.16)

From the equations above, the optimal sales effort of the retail channel, s;
will be less than zero while the cost of the sales effort by direct channel 7, is
larger than the total profit that manufacturer gained from the retail channel and the
direct channel without sales effort, [ + m. At the same time, the optimal sales
effort from the direct channel sj will be a negative value when the cost of the
sales effort by retail channel 5, is larger than the manufacturer’s profit from the
retail channel without sales effort I. However, the sales effort can only be larger or
equal to zero. In this case, no sales effort will be expected from the retail channel
or the direct channel. Therefore, the retailer’s profit and the manufacturer’s profit
cannot be maximized to its potential maximum due to the low efficiency of the
sales effort of the other channel. We define the threshold sales effort of the direct

channel and retail channel as:
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qi=1l+m (3.17)
=1 (3.18)

Where: 1= (w—c)(1— N(Z=2))

m =@ =W () -V ()

In order to avoid a negative optimal sales effort, it is suggested that the
manufacturer and the retailer collaborate with each other to keep the cost of the

sales effort at a low level.

Proposition 3.3 When customers only buy a product via the retail channel,
the optimal sales efforts by the manufacturer and the retailer are the same in

reaching the potential maximum profits.
Proof:

When only the retail channel has the demand, the optimal sales efforts from

the manufacturer and the retailer are:

ab-n,b

Sd = ab—T]dT]r (319)
st = 2b1de (3.20)

ab-nqnr

Where a=((p—w)(1—-N(p+c,))
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b=(w—-c)A=N(+c))

Since the profit of the manufacturer and the retailer increase with the optimal
sales effort, we try to maximize the optimal sales effort with respect to the cost of
the sales effort of the manufacturer and the retailer that managed by operation of
the manufacturer and the retailer. The following equations show the optimal

condition of the costs of sales effort.

dsgy

o = Mr(@b —mrb)(ab —nan;)™* = 0 (3.21)
Jsy -
or = Nla(ab = 1ga)(ab = ngny) 7% = 0 (3:22)

It should be noted that the following equation must hold in order to meet the

optimal condition above.

Nr(w—c) =n4(p —w) (3.23)

It is important for the retailer and the manufacturer to maintain the cost based
on the retail price, wholesale price and average cost. If we consider the Equation
(3.21) and (3.22) according to Equation (3.23), it is indicated that the optimal sales

effort from the retailer is equal to the optimal effort from the manufacturer:

sy =st (3.24)
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3.5. Numerical example

In this section, a numerical example of sales effort deployment is
demonstrated. We assume that consumers’ valuation distribution is a standard
lognormal distribution with a total of 10,000 consumers. The lognormal
distribution is the distribution Y=In(X), where X is a standard normal distribution.
The probability distribution function and cumulative distribution fit our
assumption about the consumer valuation distribution (Equations (3.1), (3.2), (3.3),
(3.4) and (3.5)). The price of a product is set as US$5 in both the direct channel
online and the retail channel. The manufacturer offers a wholesale price of US$4.5
to the partner retailer. The manufacturer’s average cost of the product is US$4. For
the consumers, the accessing cost of the retail channel is US$0.6 while the access
cost of the direct channel (online store) is US$0.1. At the same time, the retailer’s

sales effort rate is 0.1 while the rate of sales effort’ cost of the manufacturer is 0.2.

According to the model introduced above, we can have a breakeven channel
preference between the retail channel the direct channel of z;_ccd =0.91. We
T

present the optimal sales efforts and corresponding demand and profits under

different channel preferences in Table 3.2, as follows:
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Table 3.2 Example of sales effort deployment in different channels preferences

channel- 1.1 0.95 0.8
preference (Direct channel only) (Both channels) (Retail channel only)
Sy 0 0.29 0.19
S3 2.65 0.1 0.92
S, * Sy 0 0.029 0.17
without with without with without with
sales sales effort sales effort sales effort sales effort sales effort
effort
D, 0 0 2337 3181(36%)* 4527 8745(93%)"
D, 5315 19442(265%)* 2366 3220(36%)* 0 0
T, 0 0 1168.5 1548(32%)" 2264 4354(92%)"
m, of R 0 0 1168.5 1590(36%)* 2264 4362(93%)"
m,, of D 5315 12378(133%)" 2366 3211(36%)* 0 -838
m,, total 5315 12378(133%)*  3535.5 4801(36%)" 2264 3534(56%)"

“m,, of R” is the manufacturer’s profit from the retail channel
“m,, of D” is the manufacturer’s profit from the direct channel online

*shows the difference between the value before the sales effort and after the sales effort in percentage

While the direct channel dominates the market due to high consumer
preference (6 = 1.1), it shows that a large sales effort from the manufacturer (2.65)
is needed to reach the optimal profit, which also shows that the potential market
size 1s huge. The product sold through the direct channel has increased by 265%
to 19,442 units compared to sales of 5,312 units without sales effort. This leads to
a profit of US$12,378 which is more than twice the profit without sales effort.
When all consumers choose the direct channel, Figure 3.3 (page 81) shows the
optimal sales effort from the manufacturer in relation to the consumers’ preference.
At the same time, the increasing rate slows down with consumers’ channel
preference. According to Proposition 1, the upper boundary of sales effort is(p —
¢)/nq which tends towards a value of 5. It can be found that when a consumer’s
channel preference is relatively low, taking the value of 2, the optimal sales effort
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increases with channel preference at a high ratio. In this scenario, the manufacturer
can increase its profit by enhancing the consumer’s channel preference. If
consumers have a channel preference of 0.95, there would be a win-win situation
for the manufacturer and retailer. For the retailer, the demand of the retail channel
increases by 36% with sales effort of 0.29. At the same time, the retailer’s overall
profit reaches US$1,548, an increase of 32%. Surprisingly, the demand for the
direct channel and the manufacturer’s profit increase by 36% with only a sales
effort of 0.1. The manufacturer benefits from the sales activities of the retailer.
However, based on Proposition 2, the threshold cost of the sales effort of the direct
channel is 0.353 which is larger than the current direct channel’s cost of the sales
effort. At the same time, the threshold cost of the sales effort of the retail channel
Is 0.117 which is larger than the current cost of the retail channel. This guarantees

that both channels can make sales efforts on the market in the optimal situation.
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Figure 3.3 The optimal sales effort respects to consumers’ channel preference
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Furthermore, we analyze the optimal sales efforts and profits of the retailer

and the manufacturer while the retailer’s cost of sales effort is rising as shown in

Figure 3.4. It indicates that once the retailer’s cost of sales effort exceeds the

threshold rate 7., the optimal sales effort of the direct channel will reduce to zero.

Meanwhile, the corresponding sales effort of the retailer and overall sales effort

will drop to a low level. This also illustrates that the profits of the manufacturer

and the retailer decrease with the retailer’s cost of sales effort. Once the retailer’s

cost of sales effort reaches the threshold value 7,-, both the retailer and the

manufacturer suffer profit losses where the manufacturer loses more. Therefore, it

Is important for the manufacturer and the retailer to ensure that each other has a

cost of sales effort which is lower than the threshold. Otherwise, both the

manufacturer and the retailer will suffer profit loss.
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Under the condition of consumers having a low preference for the direct
channel such as 0.8 (i.e. customers prefer the direct channel), compared with the
profit of both channels without sales efforts, the profit of the retailer increases by
US$2,090. In the view of the manufacturer, although the sales activities in the
direct channel only lead to costs of US$838 in the direct channel, it finally
increases the profit of the manufacturer by US$3543 due to sales rise in the retailer
channel. This indicates that the direct channel can be a useful marketing channel
while all consumers purchase via the retailer channel. According to Proposition 3,
It we adjust the costs of the sales effort based on Equation (3.19) and Equation
(3.20), then n,. = n4 = 0.226. Correspondingly, the optimal sales efforts by the
manufacturer and the retailer are the same with a value of 0.5. In this case, the
optimal profit of the manufacturer and the retailer will increase to US$5,003. In
this case, the increased cost of sales efforts of the manufacturer and the retailer
leads to a profit rise for both parties. This demonstrates the fact that it is important

for the manufacturer and retailer to maintain their efficiencies of sales effort.
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3.6. Summary

The purpose of this study is to determine the optimal sale effort deployment
under the dual-channel supply chain, which combines a traditional brick and
mortar retail channel from the partner retailer and a direct channel from the
manufacturer. A sales effort competition game is set up in the dual-channel supply
chain between the manufacturer and the retailer. Demand under sales efforts is
determined based on the consumer valuation, consumer’s channel preference, and
sales efforts. Then, the optimal sales effort deployment is studied with a game
theory approach, which allows the retailer and the manufacturer to maximize their
profit. Consumers’ channel preference is a key parameter of the demand
assignment in the dual-channel supply chain. Interestingly, the optimal sales effort
and the profit of the manufacturer and the retailer can be limited by the other’s
sales effort efficiency. The finding suggests that the manufacturer and the retailer
should collaborate to enhance the efficiency of their sales efforts. It also shows
that the manufacturer can utilize the direct channel as an important marketing
channel even though no profit is acquired through the direct channel. This research
contributes to a better understanding of the demand in the dual-channel supply
chain under sales efforts. Additionally, the research results provide a useful
framework for sales efforts deployment under different consumers’ channel

preferences in the dual-channel supply chain.
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4. Overestimation in a Competing

Newsvendors Game

In this chapter, we try to analyze the second type of confidence,
overestimation in the newsvendor game. Since Arrow et al. (1951) first introduced
the newsvendor problem in 1951, it has become an important and fundamental
problem in operations research. The study on the overconfidence in a competing
newsvendor game can lay foundation on the study of overconfidence in a dual-
channel supply chain. In its original setting, a single newsvendor has to decide the
optimal order under a known demand probability distribution with the cost of the
order and the penalty of stock-out. The newsvendor is assumed to maximize his
expected profit by trading off the losses of stock-out and leftover. The newsvendor
model contributes to the inventory management in the fashion and sport goods
industries, as well as the retailing of the manufactured products (Gallego and Moon,
1993). With the development of game theory, it is possible to analyze the
equilibrium decision-making between multiple players. In 1988, Polar first
introduced the competition between two players in the newsvendor game with the
independent demand of each newsvendor (Parlar, 1988). In Polar’s setting, each
player’s product is a substitute for the other’s with a known substitute rate when
stocking out. Polar proved the existence and uniqueness of the Nash equilibrium

in the competitive newsvendor game. Lippman and McCardle (1997) extended the
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newsvendor game to the competition between two newsvendors while demand is

split from the total demand.

In this chapter, we define the “overestimating newsvendor” as the person who
solely overestimating his/her demand information. The demand for the
newsvendors, who overestimate the demand, follows the Poisson process. The
overestimating newsvendor has a demand forecast with a higher mean value. In
the first case, we discuss the competing newsvendor game with only one
newsvendor overestimating the demand. Then, the second case of two
newsvendors making overestimates is further analyzed. The results show that
overestimation leads to a lower price and it can steal demand from the other

newsvendor.

This chapter is organized as follows. In Section 4.1, overestimated demand is
analyzed. In Section 4.2, we analyze the inventory strategy for competing
newsvendors with only one overestimating newsvendor. In Section 4.3, we discuss
inventory strategy while both newsvendors make overestimates. In Section 4.4, we

summarize the findings and draw conclusions from the study.
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4.1. Demand Overestimation

The traditional newsvendor problem has been well studied. It describes the
inventory competition between two independent newsvendors. In the competitive
newsvendor game setting, there are two independent newsvendors selling a
homogeneous product to consumers. Newsvendor i sets the product price as r;
with an average cost c;. In a single period, the random demand for the product for
newsvendor i, D;, follows a known distribution with a cumulative distribution
function (CDF) F;(+) and a probability density function (PDF) f;(*). The CDF of
demand F;(-) is assumed to be continuously differentiable, invertible, and
increasing. The product has no salvage value left at the end of the period. At the
same time, there is no penalty cost for the unsatisfied demand due to limited
inventory. However, the unsatisfied demand of newsvendor i will be transferred
to the other newsvendor. The newsvendors have to determine an order quantity to
maximize their expected profit at the beginning of the period. Based on the first-

order condition, the best response of the newsvendor i to maximize profits in

(Ti_c") where

Ti

respect to the newsvendor j’s action is B;(Q;) = Fz:ii(u,-—o,-f

Z% s the critical fractile. Therefore, the equilibrium orders (Q;,Q;) are the

ri

orders meeting the best response function.

Compared with the traditional competitive newsvendor game, newsvendors
are assumed to overestimate their demand. Given that the demand forecast by a

third-party institution D; is available for all newsvendors, newsvendor i holds
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the belief that it should have a higher demand D; which follows a CDF F;(-)
and PDFf;/(-). Let D/ be the overestimated demand, which follows the same
distribution as unbiased demand with a higher mean value. Suppose the
overestimated demand information is private. In this study, we let the forecast
demand for each newsvendor from the third-party institution follow an exponential
distribution with a mean of 1/ A;. The overestimated demand of newsvendor i
follows an exponential distribution with a mean of 1/ A;, where A; > A;. LetA); =

A; — A;. The overestimation level of newsvendor i is defined as OL; = A);/A;.
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4.2. One overestimating newsvendor

In the first place, we discuss the case where only one newsvendor
overestimates its demand, while the other newsvendor remains unbiased. Figure
4.1 shows the model structure when only one newsvendor overestimates his own
demand. Therefore, the overestimating newsvendor will determine its equilibrium
order by its own overestimated demand information and unbiased demand
information provided by a third party, while the other newsvendor only responds

to the third party’s provided objective demand information.

Order (J;

. Price 7 " Objective
Cost ¢; i\ ' demand
- b
Cost ¢; Order () Price T @

Objectlve
—) ‘ s

Figure 4.1 Model structure with only one overestimating newsvendor

Let newsvendor i’s order quantity be biased by overestimation of Q;y. The
payoff functions of overestimating newsvendor i and unbiased newsvendor j are

shown in Equations (4.1) and (4.2):
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7:(Qio, Qjo) = Ep (rmin (D] + (D; = Qo) Qo) — i)~ (4.2)

1;(Qi0, Qjo) = Ep(r; min(D; + (D; — Qi0)*, Qj0) — ¢;Qjo) (4.2)

According to the first-order condition, the Nash equilibrium of competitive

newsvendor’s order (Q;,, Q},) satisfies Equations (4.3) and (4.4):

J‘OQ;O ﬁl(x)EII(Q:o + Q;‘O _ x)dx = rlr;l(:l (43)

% FF Q] + Qf — x)dx = =4 (4.4)

Tj

There still exists a unique Nash equilibrium of the overestimated competitive
newsvendor game with only one overestimating newsvendor. The proof follows

the typical newsvendor game.

Proposition 4.1 Overestimation effect: the overestimating newsvendor can steal
demand from the unbiased newsvendor, but the overall supply of the product

increases.
Qio > Qi) Qj, <0Qj (4.5)

Q;o(1) <0 is proved in Appendix 2. Therefore, the change of
newsvendor i ’s equilibrium order should be positive ( Q;, —Q; ) =

Q{(Ai)|Qi(Qj)(—A7\i)>0. Meanwhile, the difference of newsvendor j ’s

equilibrium order is negative, (Qj, —Qj) = Qj(Q)lg;0)(Qi — Q) <0 .
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Considering that newsvendor j’s best response order is negatively correlated with
the order of newsvendor i, —1 < Q;(Qi)lg;p =0, the total supply of the
product by newsvendors increases, Qi, + Qj, — (@7 — Q;) = (Q;(Q)lg;ep +
1) * (Q;, — Q;) > 0. Figure 4.2 indicates the outcomes of one overestimating
newsvendor in the competing newsvendor game. The original Nash equilibrium
point A,(Q;, @), shifts to the new Nash equilibrium point B, (Qj,,Q;,)- The figure

indicates that Q; < Qjand Q; > Qj,

Ql A

e B Qi0(Q)
Qg*o \— -----------------
Qi QL(Q])
Q;(@:)
Qo 0 0 j'

Figure 4.2 Nash equilibrium with one overestimating newsvendor
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4.3. Two overestimating Newsvendors

Having studied one overestimating newsvendor, this section discusses the
situation with two newsvendors who overestimate their demand. Figure 4.3 shows
the model structure when both newsvendors overestimate their demand.
Newsvendor i has a cost of ¢, and sells products to consumers at a price ;.
Newsvendor i has an overestimated demand D, . At the same time, newsvendor
J hasacost c; and sells products to consumers at a price r;. Newsvendor ]
has an overestimated demand D,. The objective demand of newsvendor i and
newsvendor j are D; and D;. Newsvendor i and newsvendor j have to

determine their order quantity Q; and Q, to maximize their profits.

Order (Q;

i " Objective
Price r; e

D;
@Consumers
search
Price o

Order Q;
COSt C Objective |
q demand

Figure 4.3 Model structure with two overestimating newsvendors

\..

Under this setting, the payoff function of two overestimating newsvendors can

be modeled as follows:
7;(Qio, Qjo) = Ep (Ti min (Dl, + (D= Q)" Qio) - CiQio) (4.6)

93



4. Qverestimation in a Competing Newsvendors Game

Therefore, the Nash equilibrium of competitive overestimating newsvendors

(Qi5, Qj,) should satisfy:

fo g1 ’ * * i—Ci 90; (e
fon fi (X)Fj (Qio + Qjo - X)dX == ic AQ}Z = 5_211 IQj(Qi) * (_A/lf) = e (_Alj) (47)

r a(1-e~WitaQ e~*Qi)

Figure. 4.4 shows the movement of the Nash equilibrium. Since the two
players are stealing demand from each other according to Proposition 4.1, at most
one newsvendor experiences equilibrium order reduction. The equilibrium
(Qip, @j,) With overestimation may be located in region | where newsvendor j
has order decrease, in region Il where both newsvendors have order increase, or in

region 111 where newsvendor i has its equilibrium order reduced.

Q:

Q i D{Q}'&J

Qo
Q|

Q,(Q,)
Q.J'x Q ; u;

Q;

Figure 4.4 Nash equilibrium with both overestimating newsvendors

Proposition 4.2 When both newsvendors have the same unbiased demand

(A; = A; = @), overestimating newsvendor j’s equilibrium order decreases when
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their ratio of overestimation level is larger than a threshold value shown in
Equation (4.8). Besides, overestimating newsvendor j’s equilibrium order
decreases with newsvendor i ’s critical fractile (c;/p;) and increases with

newsvendor j s critical fractile (c;/pj).

oL, _ e™@i—1 %Qi_q
— 2 * + aQ*. = l (48)
OLJ' an- e%“i1

Proof. Denote [ as the right-hand side of Equation (4.8). Let AQ;; be the change

of equilibrium order of newsvendor j caused by newsvendor i’s overestimation.
Let AQj, be newsvendor j’s equilibrium order change due to newsvendor j’s

overestimation.

o _An) 2% _ () @™ o
AQj; = A, |Qi(Qj) * (—ANp) * 20; |Qi(Qj) = a(l_e—an+aQie—an)-(1_e_aQi+ane—aQi) (=A%) (49)
aQ; Qj(1-e~*%)
AQj, = a—lj lojc0 * (—24) = —a(l_eiaaimgje-aoi) - (—a%) (4.10)

The total change of newsvendor j °s equilibrium order is (AQj; + AQj; ).
Substitute Equations (4.9) and (4.10) into AQj; + AQ;, < 0: Take this boundary

condition with respect to Q;:

* * * aQ*' ! * [XQ*~ ¥
al (azQz‘e“Qi—ae“Qi+a) e“Ql<e 1—1)—aQ]-(Qj)*e J+e®Qi —1

207 @) (e“ Q}_l)z (4.11)
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With Q]’(Q]) < 0, the second term of Equation (4.11) is always larger than

zero, so we can only discuss the second term of the right-hand side.

(%imo(azQ}‘e“Q; —ae®Q 4+ o) = 0 (4.12)

a(azQ{‘e“Q;—aeaQ;+a) .

2Q;

a3Q;e >0 (4.13)

OL;
OL]'

Therefore, 9 —/0Q; > 0 always holds. With the relationships 9Q;/

d(-=" > 0 and E)Q;“/a(%) > 0, it can be determined that:
i J

<0 (4.14)

When both newsvendors have the same demand forecast by a third party,
Proposition 4.2 shows whether the equilibrium order reduction is dependent on the
ratio of overestimation levels. The newsvendor who has a higher critical fractile
has a lower obstacle for equilibrium order decreasing. With a lower critical fractile,
a lower overestimation level ratio is needed for reduced equilibrium order of the

other newsvendor.

As shown in Figure 4.4 (page 93), the model of two overestimating
competitive newsvendors could lead to both newsvendors increasing the supply.
When both newsvendors have the same demand forecast by a third party (A; =

A; = a), the condition of newsvendor j has a higher order increase than
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newsvendor j AQ; —AQ; > 0 is (4.15).

oL; aQ}lei“e_an'(l—e_“Q;)+QJ"-‘(1—e_“Q’lf)(l—e_an+aQ;e_“Q’lf)

- — — — (4.15)
OLj aQ}‘-‘Q;-“e_aQi<1—e aQJ')+Qf(1—e an)(l—e_“Qi+anf‘e an)

Denote the right-hand side of (4.15) as k. Since the expression of k is
complex but asymmetric, a case study is conducted to illustrate how the value of

k correlates with original equilibrium orders. The results are shown in Figure 4.5.
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Figure 4.5 The value of k in respect to order quantities

Figure 4.5 shows that the value of k increases with the ratio of the original
equilibrium order (Q;/Q;)- The newsvendor who has a larger original equilibrium

order still has an advantage in the overestimation effect. With the same
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overestimation level, the newsvendor who had a larger original equilibrium order
would have a larger equilibrium order increase than the newsvendor who has a
smaller equilibrium order. Additionally, if both newsvendors had the same original
equilibrium order value, the newsvendor with a larger overestimation level will

have more equilibrium order increase.
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4.4. Summary

This part of the study examines the impact of overestimation of demand on the
competitive newsvendor game. Firstly, Section 4.2 discusses the case where one
player overestimates his demand. The Nash equilibrium solution shows that the
biased newsvendor has a larger equilibrium order compared with the unbiased
competitive newsvendor. At the same time, the other unbiased newsvendor has a
lower equilibrium order quantity but the overall supply of the product by two
newsvendors increases. Then, let both newsvendors overestimate the demand. In
this case, it leads to two outcomes: 1) both newsvendors experience an equilibrium
order increase; and 2) one newsvendor experiences an order fall while the other
newsvendor’s order increases. It has been found that the boundary condition of the
newsvendor’s equilibrium order increases with its critical fractile and decreases
with the other newsvendor’s critical fractile. This indicates that the newsvendor
with a higher critical fractile is more likely to have an equilibrium order drop. In
both situations, the total product supply rises and it may also lead to losses for

overestimating newsvendors.
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5. Pricing Strategy of a Dual-Channel
Supply Chain with Overconfident
Consumers

Caused by cognitive bias, consumers tend to be overconfident and are
overprecise in their valuation of products, which directly affects product demand
and prices. Many manufacturers nowadays sell products to consumers not only
through retailers but also through the Internet, which leads to the formation of the
dual-channel supply chain. Determining the optimal wholesale, direct, and retail
prices present itself as one of the important issues in dual-channel supply chains.
In this study, we investigate the optimal pricing strategies of both a manufacturer
and retailer in a dual-channel supply chain with overconfident consumers. We first
introduce concepts of consumers’ overconfidence level and consumers’ channel
preference. Then, we develop a consumer utility function to model the demand.
We then characterize the manufacturer’s and the retailer’s pricing strategies in
centralized and decentralized dual-channel supply chains and derive closed-form
solutions to explore the impacts of consumers’ overconfidence on demand, and
chain members’ pricing decisions and profits. The results highlight that (1) the
decentralized dual-channel supply chain demand decreases along with the
increases of consumers’ overconfidence level; (2) the manufacturer and retailer
should set lower prices when consumers are overconfident; (3) the manufacturer

should set equal direct and retail prices in the decentralized dual-channel supply
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chain; and (4) the profits of the manufacturer and retailer are reduced due to
consumers’ overconfidence. Based on the numerical examples, we suggest several
approaches to reduce consumers’ overconfidence, e.g., providing better retail

services, in the hope of increasing the profits of the manufacturer and the retailer.

In Section 5.1, we analyze demand in the dual-channel supply chain when
consumers are overconfident. In Section 5.2, we determine the pricing strategy of
the centralized dual-channel supply chain. In Section 5.3, we analyze the pricing
strategy of the decentralized dual-channel supply chain. In Section 5.4, a numerical

example is presented. Finally, in Section 5.5, a summary is provided.
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5.1. Demand in the dual-channel supply chain

When consumers’ overconfidence is not considered in the pricing strategy of
a dual-channel supply chain (as in most of the available literature), modeling
demand is relatively easy. This is because, besides prices, the other main
consideration is the consumers’ channel preference. When overconfident
consumers are considered, demand modeling is not as straightforward as the
impact of their being overprecise in product valuation has to be taken into account.
In this regard, we introduce consumers’ overconfidence level in regard to

modeling demand.

Let v be a consumer’s valuation of a product. For simplicity, without losing
generality, all parameters are normalized in this study. We assume that consumers’
valuation follows a uniform distribution in [0, 1]. Therefore, unbiased consumers
perceive the product to be worth v in the retail channel. Consistent with the
literature (Chiang et al., 2003), consumers value the product from the direct
channel as @v, where @ is the channel preference between the direct and the
retail channels. In practice, consumers prefer the retail channel to the direct
channel for many products, e.g., kitchenware, apparel (Statista.com, 2017a). Thus,

we assume & <1.

Researchers, such as Grubb (2009), Ren and Croson (2013), and Li et al.
(2016), use a measure of overconfidence level, «, in modeling overconfident

participants. In this study, we thus adopt « in the modeling of an overconfident
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consumer’s biased valuation of the product, V,, as follows:

v, =aE(V)+(1-a)v (5.1)

where a € [0,1] is the measure of a consumer’s overconfidence level and E (V)

is the expectation of the unbiased distribution of consumers’ valuation and follows

a uniform distribution with a mean of 0.5. If « =0, the consumer is not biased
andv, =V. If «a =1, the consumer is extremely overconfident, and his valuation

equals the expectation of valuation distribution.

Let randd denote the retail channel and the direct channels and p is the
product’s price. The utility of an overconfident consumer is his valuation of the
product minus the product’s price:V, — p . Thus, the overconfident consumer’s
utilities, U, and U, from purchasing the product in the direct channel and the

retail channel are modeled as follows:

U =v,—p, =05a+1-a)v-p,

(5.2)
U, =6V, — py =050 + (1— )0V — p,

where p, and p, are the product’s prices in the retail channel and direct

channel, respectively. As we assume that the consumer’s valuation distribution is

uniformly distributed in [0,1], we use the mean expectation of 0.5 in modeling the

overconfident consumer’s utility. If U, >U, , overconfident consumers prefer the

retail channel over the direct channel.

In the channel selection mechanism, overconfident consumers try to maximize

their utilities when purchasing the product. They compare the utility of the direct
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channel with that of the retail channel and choose the channel contributing to a
larger positive utility. If both channels incur negative utilities, overconfident

consumers will walk away without buying products. The breakeven valuation for

P, a

- and that in the direct
l-a 2(1-a)

positive utilities in the retail channel, v,, , is

s P @
0l-a) 2(1-a)

channel online, Vv, i Consider the case, U, >U, : an

overconfident consumer who values the product higher than

V. = Pr — Py _
" 1-0)(1-a) 20-a)

prefers to purchase the product via the retail channel.

First, let v, <V, and further obtain Ps 9. In this case, V4 —V,, IS
P
op, - .
&>O. Therefore, when &<0, we obtain V,, <V, <V, . As
o(L-0)(1-a) P,

shown in Figure 5.1(a) (page 104), the demand of the direct channel, D,, is the

number of consumers whose product valuation falls in [v,,,v,y] and can be
modeled as jvm f (v)dv ; the demand of the retail channel, D, , is the cumulative
number of consumers whose product valuation falls in [v,,1] and can be

modeled as Ll f(v)dv.

Similarly, when &>6’ , We obtain v, <V, <V, . In this case,

P

overconfident consumers whose product valuation falls in [v,,,1] will purchase

the product via the retail channel, while others walk away. The demand of the retail

channel is .[Vl f (v)dv, and the demand in the direct channel is 0, as shown in Figure
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5.1 (b).
paf() a pdf(v) b
1 if p,/6-p, <0 1 if p,/6—-p, >0
1
D,
Vig Vi, Vg it v, v, Vi v
consumers' valuation consumers' valuation

Figure 5.1 Demand in the dual-channel supply chain

Based on the above analysis, the demand for the dual-channel supply chain is

stated below in the case of %‘i —p.=0o0r %‘1 —p, <0.

:1_ pr_pd + a
5. 1-0)1-a) 2(1-a) ,if&—prso
— pr_pd _ pd 0
T 1-0)1-a) 6(1-a) (5.3)
D, =1-—P < b
D: l1-a 2(1-a) if pr—?’so
D, =0
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5.2. The centralized dual-channel supply chain

Referring to the literature on pricing strategy, in the centralized dual-channel
supply chain, the manufacturer and the retailer are vertically integrated into the
retail channel. More specifically, the manufacturer owns the supply chain and sets
the direct price and the retail price simultaneously. The manufacturer produces the
product and distributes it to the retail channel at an average cost, c,. The product
distributed in the direct channel has an average cost, ¢,. We assume that ¢, >cC,
as the manufacturer pays less cost in running the direct channel. The product is
sold in the retail channel at p, and in the direct channel at p, . Figure 5.2 indicates

the structure of the centralized dual-channel supply chain.

Manufacturer

_ Direct
Retail
Channel
Channel Online
Retail price p, Direct price py

Overconfident consumers

Figure 5.2 Centralized dual-channel supply with overconfident consumers
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In the centralized supply chain, the profit of the manufacturer, z_, , is
D, (p, —-¢)+D,(ps —¢,) . We discuss below several cases where the

manufacturer can maximize his profit by setting the suitable retail price.

521 p,—py/6<0

When p, —p, /8 <0, the centralized supply chain is, in fact, an integrated

traditional single retail channel supply chain as there is no demand in the direct

channel. The manufacturer can maximize his profit based on the model below.

p a
- ¢
= 0P )(p, ) "
Py
st. —-— 0
o 7

Proposition 5.1. The optimal retail channel price is p, =112+¢, /12—al4

when the direct channel online has no positive sale.

The last term in p; : —a/4 indicates the impact of the consumer’s
overconfidence level on the retail price. The higher the consumer’s overconfidence

level is, the lower the retail price should be to maximize the manufacturer’s profit.
522 py/6-p <0

In the case: P, /@—Pp, <0, the direct channel has a positive demand. The

manufacturer can maximize his profit: 7, as follows:
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_1_ Pr — Py a _
Tem = (1 (1—0)(1—0() + 2(1_a))(pr Cl)
+( P~ Py Pe )(Py —C,) (5.5)

1-0)(1-a) 6(l-a)
st. p,/6-p, <0

Proposition 5.2. When p, /60— p, <0, and the cost of the product and

consumers’channel preference satisfy, 0C, —C, <0, the optimal pricing strategy is:
(p,,p))=@/12+¢c /12-alb,012+6c 12-ablb) (5.6)

Otherwise (6c,—¢, >0):
(p;,py)=@/2+c /2—al4,012-30c!4+c,]2) (5.7)

See proof in Appendix 3.

We summarize the manufacturer’s profit in the above two cases in the
centralized dual-channel supply in Table 5.1. The relevant information, e.g., retail,

direct prices, demand, is also provided.

108



5. Pricing Strategy of a Dual-Channel Supply Chain with Overconfident Consumers

Table 5.1 Manufacturer’s profit in the centralized dual-channel supply chain

p, /60—-p, <0
Pr — Py 16<0
fc,-c, <0 fc,—c, >0
Retail price 1/2+c /2-ald | 1/2+c/2-al4d 1/2+c,/2-afl4
Direct price 0 _02,% | 9i240c12-a0]4 6 _30a, ¢
2 4 2 2 4 2
Retail demand 1-¢, @ 1-c, o« - ¢, —C, +2(1—(9)—0(
21l-a) 4(l-a) 2l-a) 4(l-«) 2(1-9)(1-«) 4(l-a)
Direct demand . . ad+c,—c, 30a-2c
20-0)(1l-a) 46(-a)
Manufacturer ( 1-¢, «a ) ( 1-¢, «a ) (E_ af+c,—¢, )(1_C1_9_a)+
20—a) 4(1-a)'| 2(-a) 40-a) | 2 20-0)1-a) 2 4
*(1_(;1 _a) *(1_01 _a) ( abd+c, —cC, +36’a—202)(9—02 _30a)
profit 2 4 2 4 20-0)(l-a) 40(1-a) 2 4

Based on Table 5.1, we obtain Theorem 5.1 below:

Theorem 5.1. The optimal pricing strategy for the centralized dual-channel

supply chain with overconfident consumers is:

« | 124c/2-al4 if 6c, —c, <0
P 24 12-a014  if e, -c, >0

012+0c, 12-abl4 if 6c,—c, <0 (5.8)
Pe=18 _30a,% if 6c, —c, >0

2 4 2

As shown in Theorem 5.1, when the costs of the product and the consumer

channel preference satisfy the relationship 6c, >C, , the direct channel has

positive demand, i.e., D, >0 , thus being active.
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In Equation (5.8), as dp:yd /da <0, we can conclude that the overconfidence

of consumers leads to lower optimal prices in both channels. In addition, as

|dp, |=360/4>|dp; |=0/4,if6c,—c, >0 , consumers’ overconfidence has a

negative effect on the direct price when the direct channel has positive demand.

Further insights about the profit of the manufacturer in the centralized dual-
channel supply chain are discussed based on a numerical experiment. In this
experiment, we set the average cost of the product in the retail channel as ¢, =0.4.

The average cost of the product in the direct channel online, €, =0.35.

0.092

0.09
0.088
0.086
0.084
0.082

0.08

Profit of the manufacturer

0.078

0.076
0 0.05 0.1 015 02 0.25

Overconfidence level @

Figure 5.3 Profit of the manufacturer in the centralized dual-channel supply chain

Figure 5.3 presents the profit of the manufacturer in the centralized dual-
channel supply chain with respect to consumers and overconfidence level. When
consumers have a channel preference of @=0.8, 6c,—¢, <0 is satisfied. In this
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case, the direct channel has no demand. The dual-channel strategy turns out to be
the same as the single channel case. The profit of the manufacturer decreases with
consumers’ overconfidence level. At the same time, when consumers have a
channel preference of € =0.9, the direct channel has positive demand. In this
case, the profit of the manufacturer still decreases with consumers’ overconfidence
level. This indicates that the manufacturer suffers losses due to consumers’
overconfidence. Comparing the profit of the manufacturer when only the retail
channel works (& =0.8), the profit of the manufacturer is higher when the direct
channel has positive demand (€ =0.9). This implies that the dual-channel strategy
can reduce the losses due to consumers’ overconfidence. Therefore, the direct

channel online is an effective tool to deal with overconfident consumers.
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5.3. The decentralized dual-channel supply chain

In practice, many manufacturers cooperate with independent retailers when
selling products, e.g., IBM and Best Buy, forming decentralized dual-channel
supply chains. Thus, we analyze pricing decisions in the decentralized dual-
channel supply chains. As shown in Figure 5.4, in the decentralized dual-channel

supply chain considered in this study, the manufacturer produces a single product

and distributes it in the retail channel at an average cost: ¢, and a wholesale price

perunit: @ . The retailer offers the product to overconfident consumers at a price:

P, . At the same time, the manufacturer directly sells the product to overconfident
consumers at a price: P, and an average cost: C,. Similarly, we assume that
C, > C,. In addition, the wholesale price is no larger than the direct channel price,

ie., o< p,. Alternatively, the retailer will purchase the product via the direct

Manufacturer

Wholesale Retail Direct
) Channel
price w Channel Onli
Set in stage-1 e
Retall store

Retail price p, Dir E:Ct price py
Set in stage-2 Set in stage-1

Overconfident consumers

Figure 5.4 Decentralized dual-channel supply chain with overconfident consumers
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channel, instead of buying the product at the wholesale price from the

manufacturer.

Consistent with the related studies (e.g., Chiang et al., 2003; Li et al., 2014),
we adopt the Stackelberg game theory to analyze the pricing decision making in
the decentralized dual-channel supply chain. In the Stackelberg game framework,
the manufacturer (the Stackelberg leader) and the retail (the Stackelberg follower)
make their pricing decisions in sequence. More specifically, the manufacturer first
sets the wholesale price: @ and the direct price: p, to maximize his total profit:
7, While taking the retailer’s reaction into account. His profit is computed as
follows: 7, =D,(w—c,)+D,(p,; —C,). By responding to the pricing decisions
of the manufacturer, the retailer sets the retail price: p,to maximize his profit:

7., ie, 7, =D, (p, —o).

r?
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5.3.1.Pricing strategy of the retailer

In analyzing the pricing strategy of the manufacturer, the retailer’s pricing

decision has to be studied first. With the demand (in Equations (5.3)), the retailer

determines the retail price in the way to maximize his profit: 7=, , ie.,

7, = D, (p, — ®). There are two cases. In the first case, p, > p, / @, while in the

second case, P, < p, /6.

When p, > p, /&, the retailer’s profit function is formulated as follows:

pr_pd + a

o =1-
1-9)(1l-a) 201-a)

)(p, — @) . According to the first-order condition,

we obtain the optimal retail price p, = (1-0+w+ p,)/ 2+ 1-6O)c . This retail
price is optimal only if the direct price and wholesale price set by the manufacturer

are in region S, :('as shown in Figure 5.5 (page 114))

S, ={<w, p)lo> 220, 120100+ pd} (5.9)

When p,<ps /@ , the retailer’s  profit  function  is

1- .. . .
7, =(1- P. F— )(p, —®) . Similarly, the optimal retail price can be
l-a 2(1-a)

obtained: p’ :“Tw—%. The corresponding direct price and wholesale price

from the manufacturer should be in region S, :(as shown in Figure 5.5 (page 114))

S, ={(e, pd)|w<2%+%—1,a)< P} (5.10)
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As shown in Figure 5.5, there is a region S; between S, and S, . The optimal

retail price in this regionis p; = %

y W = Pg
a)f w—zﬁ+——1
e 2
2—0
© = ——pg = (1~ 2a)(1 - 6)
t
n
k
m
Sy
S3
S1
Pa

Figure 5.5 Feasible region of wholesale price and direct price

2 _
s, ={(o, pd)|a)>%+%—1,a)< 2

0 Py —-0)-22(1-6), 0 < p,}
(5.11)

Figure 5.5 illustrates the feasible region of the manufacturer's decision
variables: wholesale price and direct price. According to the discussion above, the

optimal retail price strategy of the retailer is summarised in Theorem 5.2.
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Theorem 5.2. With overconfident consumers, the optimal retail price in
regard to the manufacturer’s decision of wholesale price, w, and the direct price,

p, , are:

1_9+++F’d+(1—e)a (@, p,) €S,

* l+o0o «

=177 (0. ps) €S, (5.12)
p
7(1 (w!pd)ESS

As shown in Equation (5.12), the effect of consumers’ overconfidence on the
retailer’s reaction to the manufacturer’s wholesale and direct prices depends on the
specific situations of the dual-channel supply chain. When both channels are active, thus
having positive demands and when the wholesale and direct prices are in the regionS, ,
the retail price increases along with the increase of consumer’s overconfidence level. If
only the retail channel is active and has positive demand (in this situation, the wholesale
price and direct price are in the region S,), the retail price decreases along with the
increase of consumer’s overconfidence level. Unlike the above two situations, at the
breakeven point for the positive direct channel demand (in this situation, the wholesale
price and direct price are in the region S;), the retail price is independent of the

consumer’s overconfidence level.
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5.3.2.Pricing strategy of the manufacturer

Given the retailer’s optimal pricing strategy, this study analyzes below how

the manufacturer can optimize his wholesale price @ and direct price p, .

When the manufacturer sets the wholesale price and direct price in S, the

demand of the dual-channel can be obtained based on Equation (5.3). With the
demand and wholesale and direct prices, the manufacturer can maximize his profit

as follows:

Max 7z =(1- L R0 N@-C¢)
2l-a) 21-0)(1l-«)

1-2a  00-Q2-0)p, .,
e T o) P C

st. —a)+¥ p, —(1-6)1+2a) <0

2) (5.13)

w-p; <0

Using Karush—Kuhn-Tucker conditions, proposition regarding the

manufacturer's optimal pricing strategy can be obtained.

Proposition 5.3. The optimal solution for the manufacturer in the regionS, is

at point “m”(in Figure 5.5).
(o p;):(§+6’a,g+ﬁa) (5.14)

As shown in Theorem 5.2, the direct channel is active and has positive demand
when the wholesale and direct prices are in the regionS, only. In the region S, ,
the retail channel is the only source for the manufacturer's profit. With the retail

price set by the retailer, the manufacturer's sub-optimal problem is formulated
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below.

w 3a
Max =(=- -C
i (2 2-a) aa—a) %
st. w—p, <0 (5.15)
to_a_ P

2 4 0

By solving Model (5.15) above, it can be obtained that the optimal wholesale

and direct prices for the manufacturer as follows:

Proposition 5.4. In the regionS,, the manufacturer’s optimal prices should

be set as the point “t” (in Figure 5.5).

1.6 a1
(@, p)=(C+ T

a
5 -9 (5.16)

As shown in Figure 5.5, the region S, provides the breakeven point for the
positive demand of the direct channel. Based on the retail price: p, = p, / €, the

manufacturer’s profit maximization model is formulated:

_n__ Pqg a .
Max 7z, =(1 o )+2(1_a))(a> c,)

2pd
7 +E_1 w<0 (5.17)

w—% Py +@-0)+2a(1-0)<0

St

-0+ py <0

Similarly, by applying the Karush—Kuhn-Tucker conditions, solve Model

(5.17) and obtain the solution for the manufacturer.
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&° - (2-0)c,

Proposition 5.5. In the regionS,, if a < 72 , the manufacturer’s

optimal prices should be set at point “k” (in Figure 5.5).

0+c, Oa 0+c Oa

B e A0 (5.18)

(@)= (- TS

Otherwise, point “n” (in Figure5.5) is optimal:

20-ab6 20-ab

@ P) =G5 0 22 =0)

) (5.19)

Appendix 4 provides the proofs of Propositions 5.3, 5.4, and 5.5. In summary,

2

there are four candidate points, “t”, “k”, “m”, and “n”, for the global profit

maximization of the manufacturer. As shown in Figure 4, the optimal point of the

region S,, “m”, is on the boundary of S ,. Therefore, only the optimal points of

region S, and region S,should be compared.

As “n” is on the boundary of S, , “t”, which is inside S, , it provides a higher
profit for the manufacturer. Thus, this study further compares =, (k)
corresponding to “k” and 7, (t) corresponding to “t” to determine the global
optimal point. The result is that when « <«, 7,,(K) > 7, (t) where the threshold
value, «, is defined as follows:

46 —20c, — 20 - 2(1— 6)c,A20
26% -6

a= (5.20)

According to the discussion above, the optimal pricing strategy of the
manufacturer can be found:
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Theorem 5.3. With overconfident consumers, the optimal direct channel price
should be equal to the optimal wholesale price. The optimal pricing strategy of the

manufacturer in the decentralized dual-channel supply chain is:

(‘9;‘31—‘97“,9;01—%“) ifa<a
GRS 1+¢, a 1l+¢ « - (5-2)
e TR
2 42 4

Table 2 summarizes the optimal pricing strategies of the manufacturer and the
retailer in the decentralized dual-channel supply chain. Also provided are the

relevant results, such as profits of the manufacturer and the retailer.

Table 5.2 Profit of the decentralized the dual-channel supply chain with overconfident consumers

Consumers’
Overconfidence _ _
a<a aza
level
. 0+c, Oo 1+¢ «a
Wholesale price > 2 = 2
. . 0+c, Oa 1+c, o
Direct price > n >
S 0+c, «a 3+c, 3a
Retail price 20 1 1 8
. f+c, 3o 3+¢C, Ta
— 1- 1
Retail demand 200-a) 4(l1-a) Ml-a) 8(l-a)
Direct demand 0 0
(172;1+C1)+4(13a X 3¢, Ta \l-c¢ a
Retailer profi S - + TR
etailer profit ((1_9)(9+C1)_(1_9)a) ( 10-a) 8(1_(1))( 2 8)
20 4
a- o+c 3a )
. 20l-a) 4(1l-a) 1— 3+¢ N Ta (l1-¢ a
Manufacturer profit (9—01_@) ( i-a) 8(1_(1))( 2 4)
2 4
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As shown in Table 5.2, both the direct price and the retail price decrease along
with the increase of the consumer’s overconfidence level. The managerial
implication is that in practice, the manufacturers and the retailers in dual-channel
supply chains should set lower direct prices and lower retail prices to

overconfident consumers to attract them.

Figure 5.6 shows the relationships between the retail price, direct price and
consumers’ overconfidence level. Below the threshold value, « , both the direct
and retail prices decrease along with the increase of the consumer’s
overconfidence level. Once the consumer’s overconfidence level reaches the
threshold value, the direct and retail prices jump to a higher level. This « price
jumping is caused by the marketing effect of the direct channel (see analysis
below). However, above the threshold value, the direct and retail prices decrease
again along with the increase of the consumer’s overconfidence level. To conclude,
in decentralized dual-channel supply chains, consumers benefit from their

overconfidence as lower direct prices and retail prices will be offered.
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Price

Retail price

Direct price
(Wholesale price)

o a
Consumers overconfidence level

Figure 5.6 Retail price and wholesale price with respect to overconfidence level

As shown in Table 5.2, the retail demand (i.e., demand of the retail channel)
increases along with the increase of the consumer’s confidence level in certain
conditions. When the consumer’s confidence level is below « and when @ > 2¢,
the retail demand increases. However, when the confidence level reaches « , the
retail demand drops to a lower level, as shown in Figure 5.7. When the confidence
level is larger than «, the retail demand increases again along with the increase
of the consumers’ confidence level. In regard to the direct demand (i.e., the
demand of the direct channel), it is always zero, as shown in Table 2. This finding
is consistent with that of Chiang et al. (2003): The direct channel has zero demand
and mainly functions as a marketing tool to increase the retail demand. Further,
the fact that when the confidence level reaches « , the retail demand drops,
indicates that the marketing effect of the direct channel diminishes when the

confidence level reaches a certain value.
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-~

Demand

retail demand

a a
Consumers overconfidence level

Figure 5.7 Demand of the manufacturer when 6 > 2c,

Along with the changes of the consumer’s confidence level and retail demand,
the manufacturer’s profit changes as well, as shown in Figure 5.8 (page 123).
When the consumer’s confidence level is lower than ¢« , the direct channel
functions as a marketing tool to stimulate retail demand. In this regard, the dual-
channel strategy still works. When the confidence level is larger than « , the
manufacturer’s profit is lower than his profit from a single retail channel strategy.
This is caused by the diminished marketing effect of the direct channel on the retail
demand. The figure also shows that the manufacturer’s profit from the single retail
channel strategy decreases along with the increase of the consumer’s confidence
level. These findings suggest that the consumer’s overconfidence level is a
negative force in the decentralized dual-channel supply chain as the
manufacturer’s profit decreases along with the increase of the level. Moreover,
when the consumer’s confidence level is higher than « , the single retail channel
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strategy can bring a higher profit to the manufacturer than the dual-channel
strategy. Thus, the manufacturer should adopt the single retail channel strategy for

selling his product when the potential consumers are too overconfident.

Jjj‘ﬂﬁf Manufacturer's profir

with the direct channel

Manvfacturer's profir

with a retail charmel

T e LT ]

a o

Consumers overconfidence level

Figure 5.8 The manufacturer’s profits from the dual-channel and single retail channel strategies

From the retailer’s viewpoint, the profit margin becomes narrower when
consumers become more overconfident. Although the demand increases (see
Figure 5.7), due to the decrease of the retail price (see Figure 5.6), the retailer’s
profit decreases along with the increase of the consumer’s overconfidence level,
as shown in Figure 5.9 (page 124). This finding may suggest an independent
retailer not to join the manufacturer’s supply chain, be it a dual-channel or a single

retail channel, if the potential consumers are overconfident.
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Figure 5.9 Profit of the retailer
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5.4. Numerical example

We carry out numerical examples to demonstrate the impacts of consumer’s
overconfidence and the application of the proposed models in obtaining the
optimal wholesale, direct, and retail prices in a dual-channel supply chain. In the
numerical examples for both the centralized and decentralized supply chains, the
costs for the manufacturer to distribute the product in the retail channel and in the
direct channel are $4.50 and $3.00, respectively. The consumer’s channel

preferences and the total number of consumers are 0.85 and 10,000, respectively.

In the centralized dual-channel supply chain, to show the effect of the changes
of the overconfidence levels on the prices, demand, and profits, this study used
different values of the overconfidence level in the calculation, including 0
(indicating the consumers are not overconfident), 0.1, 0.2, etc. Based on the
common data above, the condition: ¢, —C, >0 is satisfied. Therefore, the direct

channel is active and has demand. Based on Table 1, this study computes the prices,

demand, and profits. The results are provided in Table 5.3.

Table 5.3 Results for the centralized dual-channel supply chain

Centralized dual-channel supply chain

Overconfidence level 0 0.1 0.2

Retail price $7.25 $7.00 (-3.33%)* $6.75 (-6.66%)*
Direct price $6.50 $6.30 (-3.08%)* $6.10 (-6.18%)*
Retail demand 1,250 units | 1,111units (-11.1%)* 937 units (-25%)*
Direct demand 1,875 units 2,083units (11.1%)* 2,343 umits (25%)*
Manufacturer profit $10,000 $9,651 (-3.49%)* $9,371 (-6.29%)*

*Reduced percentage compared to no overconfidence case (i.e., the case: a =0)
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As shown in Table 5.3, both the retail price and the direct price decrease along
with the increase of consumers’ overconfidence level. In fact, they decrease
linearly. More specifically, each time the consumer’s overconfidence level
increases by 0.1, the retail price and the direct price decrease by $0.25 and $0.2,
respectively, as shown in the table. (Note: For illustrative simplicity, this study
provides in the table the results corresponding to the overconfidence levels of 0.1

and 0.2.)

Although lower retail prices are offered to overconfident consumers, the retail
demand decreases along with the increase of consumers’ overconfidence level.
When consumers are not overconfident, the retail demand is 1,250 units. It
decreases to 1,111 units when consumers’ overconfidence level increases to 0.1
and decreases to 937 units when consumers’ overconfidence level becomes 0.2.
On the contrary, the direct demand benefits from consumers’ overconfidence. As
shown in the table, the direct demand increases by 11.1% to 2,083 units when
consumers’ overconfidence level increases from 0 to 0.1. When consumers’
overconfidence level reaches 0.2, it increases to 2,343 units. In spite of the direct
demand increase, the profit of the manufacturer decreases along with the increase
of consumers’ overconfidence level. The profit of the manufacturer is $10,000
when consumers are not overconfident. It decreases to $9,651 and $9,371 when
consumers’ overconfidence level increases to 0.1 and 0.2, respectively. This is

caused by the decrease of both the retail and direct prices.
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To conclude, consumers’ overconfidence presents itself as a negative force in

relation to the manufacturer in a centralized dual-channel supply chain. Though

the direct demand increases, both the retail and direct prices are lower. These lower

prices reduce the manufacturer’s profit.

In the decentralized supply chain where the manufacturer and the retailer

make decisions independently, with the above common data, the threshold value

of the consumer’s overconfidence level is computed as 0.42 based on Equation

(5.20). Similarly, to show the effect of the changes of the overconfidence levels

on the prices, demand, and profits in the decentralized dual-channel supply chain,

This study use different values of the overconfidence level in the calculation,

including O (the consumers are not overconfident), 0.4, 0.45, etc. The results,

including optimal prices, demand, and profits obtained are shown in Table 5.4.

Table 5.4 Pricing and profits of the dual-channel supply chain with overconfident consumers

Decentralized dual-channel supply chain

Overconfidence level 0 0.4 0.45

Retail price $7.65 $6.65 (-13.1%)* $6.90 (-9.8%)*

Wholesale price $6.50 $5.65 (-13.1%)* $6.12 (-8.0%)*

Direct price $6.50 $5.65 (-13.1%)* $6.12 (-8.0%)*

Retail channel demand | 2,354 units | 2,255units  (-4.2%)* 1,477 units  (-37.3%)*
Direct channel demand 0 0 0

Retail profit $2,709 $2,255 (-16.7%)* $1,152 (-57.5%)*
Manufacturer profit $4,708 $2,593  (-45.0%)* $2,392  (-49.1%)*

*Percentage change compared to no overconfidence case( « =0)

As shown in Table 4, when the consumers are not overconfident (i.e., when
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a=0), the optimal prices are all higher than the two cases when

a =0.4and o =0.45 where the consumers are overconfident. (Note: For

illustrative simplicity, in the table, we provide the results corresponding to one
overconfidence level value of 0.4 which is below the threshold value of 0.42 and
one overconfidence level value of 0.45 which is above the threshold value.) This
confirms our further analysis: in the decentralized dual-channel supply chain, both
the manufacturer and the retailer need to offer a lower direct price and a lower
retail price to overconfident consumers. The direct demand is 0 in all three cases.
This demonstrates that the direct channel in the decentralized dual-channel supply
chain functions as a promotion tool to increase the retail demand. However, due to
the presence of consumers’ overconfidence, the retail demand in the latter two
cases is lower than the demand when consumers are not overconfident. With the
lower prices and lower demand, both the manufacturer and the retailer receive
lower profits in the latter two cases.

More specifically, in the case when « =4.0, which is lower than the
threshold value « = 0.42, the retail price drops to $6.65 by 13.1%. Similarly, the
direct and wholesale prices both decrease to $5.65. Although lower prices have

been offered to consumers, the retail demand still decreases by 4.2% to 2,255 units

as 0 <2c, is satisfied. Caused by the lower demand and prices, the retailer’s

profit decreases to $2,255 and the manufacturer’s profit decreases to $2,593. In
the case when « =4.5, which is above the threshold value « =0.42, all the
prices are higher than those in the case when « =4.0. This result confirms the
further analysis (see Figure 5.6 in subsection 5.3). As the marketing effect of the
direct online channel is reduced, the retail demand of 1,477 is much lower than in

the case when «a =4.0. Similarly, both the manufacturer and retailer receive
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lower profits in this case. To summarize, instead of gaining higher profits, both the
manufacturer and retailer suffer from the existence of consumers’ overconfidence.

In view of the above results and analysis, in practice, manufacturers and
retailers should try to reduce consumers’ overconfidence. Some approaches
suggested might include (1) providing more information about the products online
or in promotion activities, (2) displaying the products in the online channel using
cutting-edge information technologies, (3) providing better retail services in the
retail channel to prevent consumers’ overconfident valuation of the product in the

purchasing process.

In view of the above results and analysis, in practice, manufacturers and
retailers should try to reduce consumers’ overconfidence. Some approaches
suggested might include (1) providing more information about the products online
or in promotion activities, (2) displaying the products in the online channel using
cutting-edge information technologies, (3) providing better retail services in the
retail channel to prevent consumers overconfident valuation of the product in the

purchasing process.
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5.5. Summary

Recognizing the negative effects of human’s overconfidence in the decision
making processes in different fields, researchers started investigating the role and
effect that overconfidence has in decision-making. In this section, this study
analyzed how consumers’ overconfidence affects demand, prices, and profits in a
dual-channel supply chain by developing closed-form solutions and proposed

optimal pricing strategies for both the manufacturer and the retailer.

This study characterized the pricing problems in both centralized and
decentralized dual-channel supply chains with overconfident consumers. In the
analysis, this study modeled demand based on consumers’ utility and introduced a
concept of consumers’ overconfidence level. In the centralized dual-channel
supply chain, the manufacturer is the owner and sets retail and direct prices at the
same time, whilst in the decentralized supply chain, the manufacturer and the
retailer are two independent units and set their own prices. In both cases, the
objective is to maximize the profits of both the manufacturer and retailer.
Stackelberg game theory was adopted to analyze the pricing strategies in the

decentralized dual-channel supply chain.

Several interesting results were obtained. First, consumers’ overconfidence
affects demand, prices, and profits of chain members in a dual-channel supply
chain. Second, the direct channel has demand only in the centralized dual-channel

supply chain. It does not have demand in the decentralized dual-channel supply
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chain. However, it helps stimulate demand in the retail channel. Third, in the
decentralized dual-channel supply chain, the manufacturer should adopt a pricing
strategy where the direct price and the wholesale price should be equal. Fourth, in
both centralized and decentralized dual-channel supply chains, a lower direct price
and retail price should be set in response to consumers’ overconfidence. Fifth, the
profits of both the manufacturer and the retailer are reduced with the presence of
consumers’ overconfidence. Sixth, there exists a threshold value of consumers’
overconfidence level. Once the threshold value is reached, the direct channel will

not be active for stimulating demand in the retail channel.

To summarize, consumers’ overconfidence negatively affects demand, prices,
and profits in the dual-channel supply chains. In this regard, manufacturers and
retailers should reduce consumers’ overconfidence or avoid overconfident

consumers by, e.g., providing better retail services.

In this section, the dual-channel supply chain with overconfident consumers,
who are overprecise in the valuation of products, is studied. In the future,
consumers with more complex features should be considered, e.g., consumers who
tend to overestimate the valuation of products. As consumers nowadays are
becoming more and more environmentally concerned and prefer to buy green
products even at relatively higher prices, it is interesting to see how their
environmental consciousness coupled with overconfidence/overestimation affect

the pricing decision-making and chain members’ profits. Besides, both the retailer
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and the manufacturer can be overconfident. It seems like an interesting case when
consumers, the manufacturer, and the retailer are all overconfident. It is an

interesting question who can make profit gains in this case.
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6. Pricing Strategy in a Dual-Channel
Supply Chains with Loss-Averse

Consumers

This chapter introduces the idea of “loss aversion” in the study of the dual-
channel supply chain. Loss aversion, which indicates people’s preference to avoid
losses rather than earn a profit when making decisions under uncertainties, was
first considered by Kahneman and Tversky (1979) in experiments. While the
expected utility theory cannot explain loss aversion, the prospect theory has been
developed (Kahneman and Tversky, 1979). Since loss aversion was introduced, it
has been discussed in various fields, such as finance (Benartzi and Thaler, 1993;
Barberis et al., 1999; Meng, 2014) and industrial organizations (K6szegi and Rabin,
2009; Heidhues and Kdszegi, 2014). Based on the idea of loss aversion, behavioral
operations research has been introduced as “the study of potentially non-hyper-

rational actors in operational contexts” (Croson et al., 2013).

In this research, loss-averse consumer behavior is modeled in the dual-channel
supply chain. this study determines utility for consumers who are considered loss-
averse. Since loss aversion is reference point-dependent, the products are generally
classified into two categories: 1) basic product which has a lower reference utility
for consumers and 2) luxury goods which have a higher reference utility for

consumers. The demand of each channel is found out according to loss-averse
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consumers’ utility. The pricing strategies of the retailer and manufacturer are
determined based on demand forecasting. The effects of loss aversion on the profit

of the manufacturer and retailer are investigated.

The chapter is arranged as follows: Section 6.1 introduces consumers’
valuation model with loss aversion. Section 6.2 analyzes the demand for the dual-
channel supply chain. Section 6.3 illustrates the optimal pricing strategy in the
dual-channel supply chain and discusses the results. Section 6.4 presents the

findings by a numerical example. The conclusion is drawn in Section 6.5.
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6.1. Consumers’ valuation of products with loss

aversion

As consumers cannot physically examine a product before making a purchase,
they need to deal with larger uncertainty in the direct channel online. Therefore,
this study assumes that consumers’ valuation is more likely to be affected by loss
aversion online. In the following part, the model of consumers’ valuation of the
product in the retail channel is introduced. Then, this study develops a basic model
of loss-averse online consumers’ valuation. The demand for each channel is

forecast by comparing utilities in different channels.

It is assumed that consumers’ valuation of a product is heterogeneous and
uniformly distributed. Let the value that the product gives to the consumer bev.
For simplicity, this study normalizes consumers’ valuation to a uniform

distribution between 0 and 1.

The retailer sets the retail price as p, . The consumer who has a valuation of v
can obtain utility of u, =v—p,. Assuming that there is no other retailer and no
substitute for consumers, consumers who have positive utility in the transaction
will buy a product. Therefore, consumers who make a valuation of the product in

the interval [p,,1] will buy the product from the retailer, D, =1-p,
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Then, this study introduces loss-averse valuation of the product in the direct
channel online, as shown in Figure 6.1. Let the set price be p, and the utility that
consumers can obtain from the direct channel online isvV — p, . Since loss aversion
is reference-dependent, this study sets the reference position of consumers asa .
The reference point is essential for distinguishing between gains and losses where
the utility above a is a gain, and the utility belowais a loss. While loss-averse
consumers would like to avoid losses rather than obtain gains, this study gives a
lower weight to the utility above the reference point. Therefore, the cumulative

distribution of utility is bent at an angle 5 , where tan y = k as shown in Figure 6.1.

tany =k

----- original consumers' utility =——loss aversed consumers’ utility

Figure 6.1 Normalized loss-averse cumulative consumers’ valuation of a product
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The cumulative distribution function of the loss-averse direct channel online
consumers’ utility U, is determined. Reference point a indicates the
consumers’ position relative to the product. Higher Kk shows a deeper degree of
loss aversion.

V- p, ,ifv<a+p,

Uy =91-k 1-K 2k . (6.1)
vV— Py + a,ifv>a+p,
1+k  1+kK 1+k

The reference point indicates the utility that consumers expect from the
transaction. Reference points vary according to the features of the goods. This
study classifies products into luxury goods and basic goods. This study follows the
definition of the luxury product by Wiedmann et al. (2007), “the highest level of
prestigious brands encompassing several physical and psychological values”.
Consumers’ value perception of luxury goods has four dimensions: 1) financial
dimension; 2) functional dimension; 3) individual dimension; and 4) social
dimension (Wiedmann et al., 2007). This study defines basic products where most
buyers focus on their physical values. Consumers have a higher utility expectation
of luxury goods due to the additional psychological value on the social dimension.
The functional value is the main factor driving consumers to buy basic goods.
Based on the above observation, luxury goods have a higher reference point of loss

aversion and basic goods have a lower reference point of loss aversion.
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6.2. Demand for the dual-channel supply chain

The utilities of buying a product through different channels are given. This
study define consumers’ channel selection mechanism as follows: let consumers
maximize their utility by choosing the channel which provides higher utility. If
neither channel has positive utility, consumers walk away. When the consumer
perceives the same utility in two channels, consumers will remain in the retail
channel due to the conventional preference for the retail store. Comparisons of
utilities in the direct channel online and retail channel are shown in Figure 6.2
(page 139). If the retail price is less than the direct channel online price, P, < py,
all consumers are better off in the retail channel as shown in Figure 6.2(a). Demand
in the retail channel is 1— p, while no consumers choose the direct channel online.
Figure 6.2(b) shows the situation when the retail price equals the direct channel
online price. Regarding AB, there is no difference between consumers in the direct
channel online and the retail channel regarding purchases. It is assumed that they
would remain in the retail channel due to consumer loyalty in the segment AB
(consumers are used to purchasing via the retail channel and there is no incentive
for them to change). The same utility between direct channel online and retail
channel gives no incentive for consumers to purchase online. RegardingC_D, the
retail channel gives higher utility to consumers due to loss aversion in the direct
channel online. As a result, all consumers who have positive utility would place

orders in the retail channel.
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When the retail price is higher than the direct price, p, > p4, consumers who
give a relatively high valuation to a product will choose the direct channel online

where the loss aversion effect is larger than the price difference effect. According

to U and u, the breakeven pointCis 1k P, Lk p, +a. In Figure 6.2(c),

2k 2k

the length of AC’ represents demand in the direct channel online,

D, =%(pr—pd)+a. The length of C'D' indicates demand in the retail

channel, D, =1—a—% p,+% p, . However, when the breakeven point is
1+k 1-k Lo -
larger than 1, ETS P, o p, +a=1, the price difference cannot eliminate the

effect of loss aversion on consumers as shown in Figure 6.2(d). In this case, all

consumers are better off in the direct channel online through an online store,

D,=1-p,.

Figure 6.2 Utilities of consumers in the dual channel supply chain
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Therefore, according to different combinations of the direct channel online

price and the retail channel price, three regions of demand can be observed in

Figure 6.3.

In summary, demand functions with respect to the direct price and the retail

price are shown as follows:

0 .(Ps. P)ER
1+k 1-k

Dr: 1—a_7pr+7pd 7(pdlpr)€R2
1- pr ’(pd’pr)ERS
1-p, .(Pgs P R,
1+k

Dd: ?(pr_pd)_‘_a y(pd,pr)ERz
0 (Pg: P ER,

Wwhere : Ry = {(pd Py

1-k 2k
Pr>Py ,pr>Hpd +(l—a)H}, (62)

1-k 2k
Ry ={(py P, )|Pr>Py Pr<i ¢ Pd +(1—a)ﬂ}:

Ry ={(Pg. Pr)|Pr>Py}

—

(I-a,1-a)

2

0 P; 1
Figure 6.3 Regions of demand in respect to prices
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6.3. Pricing in the dual-channel supply chain

The Stackelberg dual-channel supply chain competition model was developed
for the case in which there is a monopolist manufacturer with an independent
retailer in the market (Figure 6.4). Assume that the manufacturer has opened an
online direct channel already. The manufacturer and the retailer independently
maximize profit by setting the prices. The overlap effect of prices across channels

IS ignored.

Manufacturer

Retailer Direct

Wholesal
oresate Channel Channel

price w

Retail store Loss-averse
Retail price p,. ‘

irect price py

Demand( D,, Dy)

Figure 6.4 Stackelberg dual-channel supply chain with loss aversion

Let the manufacturer set the cost of the product as c. Let the game move in

the following sequence. In the first place, the manufacturer, as the Stackelberg

leader, sets the wholesale price @, and the direct channel online price p,. Then,
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the retailer, as the Stackelberg follower, sets the retail channel price p, .
Assuming no arbitrage opportunity for the retailer, the wholesale price should be
less than or equal to the direct channel price, @ < p, . Otherwise, the retailer will
purchase the product via the direct channel online instead of through a wholesale

contract.

As discussed above, consumers tend to be loss-averse in the direct channel
online. The manufacturer offers a direct channel online price and wholesale price
to maximize its profit, 7z, =(p, —¢)D, +(@—-C)D, . Since demand is influenced

by the retail channel price, the manufacturer needs to forecast the retailer’s price.
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6.3.1.The retailers’ pricing problem

Only one variable is set by the retailer, which is the retail price p,, to
maximize its profit. In the following part, the optimal retail price p; is examined
region by region in R, R,, and R,. First, this study considers the situation where
all consumers choose the direct channel online, (py, p,) € R,. In this case, the
demand for the retail channel is O which leads to the nonprofit of the retailer
regardless of the retail channel price. No optimal retail price can be obtained. Since
the nonprofit situation is not preferred, the retailer, as a Stackelberg follower, can
always set a lower retail price to let (p,,p,) fall intoR,or R, and avoid this
scenario. Therefore, this case can be ignored in the Stackelberg dual-channel

supply chain. If (p,, p,) € R,, consumers can be divided into two channels, where

Dr=1—a—% pﬁ% p, . The corresponding optimal direct price of
p = 1-k P +W+L(l—a) is given by the first-order condition of the
"ToMak) 2 T 1k given by

retailer’s profit. In this case, the wholesale @ and the direct channel online price

p, should be in the region ;.

1+k 2k
w+
1+3k 1+3k

S;={(@, py)|@ < Py, (1-a)> py} (6.3)

When the optimal retail price is in the region R;, the direct channel online is
inefficient due to consumers’ loyalty to the retail channel, and the optimal retail
price follows p =(l+w)/2. The retailer will set this optimal price when the

wholesale price @ and direct channel online price p, are in the region S, .
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1+
S, ={(®, py)|@w< pdva< Pyt (6.4)

Apart fromS,and S, , there is a possible region . Points in the region S; are

on the boundary between R, and R, , where pf =p,

1+k 2k Itow
S;={(@, py)|o < pd’l+3k w+1+3k (1-a)< py ’T > Pt (6.5)

Figure 6.5 shows the retailer’s optimal price region S,,S,, ands,. According
to the discussion above, the optimal retail price strategy is aggregated by regions

as Theorem 6.1.

1
Pa

0.5

1+k 2k
= W+
1+3k 1+3k

(1-a)

Pz

Figure 6.5 Feasible prices region for the retailer
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Theorem 6.1 The optimal retailer’s pricing strategy given the manufacturer’s

settlement of wholesale price « and direct channel online price p, is

1-k w k
+—+—F01-3) (o S
2(1+K) Py 5 1+k( ) (@ pd)e 1
N 1+w
P, = > (@, py) €58, (6.6)
Py (o, pd)ESS

6.3.2.The manufacturer’s pricing problem

Since the Stackelberg leader acts in the first place, the manufacturer has to
determine the optimal pricing strategy of the wholesale price and the direct price
with respect to the retailer’s pricing strategy. There is an important constraint that
the wholesale price w should be no larger than the direct price p, . This guarantees

that the retailer won’t turn down the wholesale contract.

Following the logic above, the optimal strategy, (@, p,’) is analyzed region
by region from S, to S;. Inthe first place, the region S, is discussed, where the
direct price is relatively low. The retailer and the manufacturer share the total

demand as shown in Figure 6.2(a).

Proposition 6.1. In the regionS,, the optimal price is reference point a

independently shown as follows:
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(l-al-a) if a>1_7C
* @)= 6.7
(Py. @) 1+c 1l+c . 1-c .7
(=5 215 ifa<=—"
2 ' 2 2

Appendix 5 indicates the proof of Proposition 1 using the method of the
Lagrangian multiplier. It should be mentioned that the optimal direct price equals
the optimal retail price in both cases. The optimal prices are dependent on the

reference point.

It is interesting that the optimal prices lead to a lower profit margin of the
manufacturer when consumers have a high reference point.! As shown in Figure
6.5, the point (1—a,1—a) at the peak of the region, leads to no sales in the direct
channel online, with a corresponding optimal retail price p’: =1-—a. The demand
for the direct channel online should be zero when demand for the retail channel is

a . The demand for each channel is shown as follows:

3 a . -
—+=——— ifa<—
D, =1 %
0 if a>=—
6.8
1 a c . 1-c (6.8)
————— if a<—
-4 24 2
. 1-c
a if a>——
2
1-c
o 1-c l1-a 1_7 l1+c o 1-c
! Profit margin (if a>7 ) :T<T:—: profit margin (if aST )
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From the equation above, it can be concluded that the direct channel online is
efficient only if consumers’ reference point is relatively low, a <0.5—0.5¢c. While
both channels are efficient, demand in the direct channel online is always larger

than demand in the retail channel.

Then, the region S, is discussed, where p; = “TC . The direct channel online

is not efficient in this case. The dual-channel supply chain becomes a single retailer

supply chain, which is familiar to researchers. The manufacturer maximizes its

profit 7z, =(0.5-0.50)(w—-C) . By the first-order condition, the optimal

wholesale price is a)*:lJrTC and the corresponding retail price is pfz%c.

Therefore, the direct channel online price can be any price larger or equal to the
3+cC

retail price, p. >p ==

Finally, the region S, isstudied; 7, =(1-p,)(@—Cc), which shows that the

optimal strategy of the manufacturer is:

Proposition 6.2 In the region S, , the optimal prices of the manufacturer are:

(ps. )= G ) (6.9)

The proof of Proposition 6.2 is shown in Appendix 6.

In region S;, p; = p, =3%4C. It can be observed that while the constraint,

P, —0.50-0.5=0, is active, the optimal point is located on the boundary

between the regions S, and S, . Additionally, the optimal wholesale price and the
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optimal retail price in both regions are the same. It can be concluded that

(p, @)= (%+%,1+TC) is the optimal strategy in regions S,and S, .

However, the optimal point of S,,(1—a,1-a), is on the boundary of S,.

Therefore, the global optimal prices are (p;,a)*):(%+%,1+TC) when the

reference point is larger than the threshold a > 1_70 . When the reference point is

lower than the threshold a<l_7C , it can be shown that

: (1+c)” _ (L+c)’ : : :
7, (inS) = 2 > 3 =, (inS,and S,) using the demand function

above. This indicates that the global optimal point is (p;,®") :(HTC,HTC) if

a< 1_7(: Therefore, Theorem 6.2 can be concluded.

Theorem 6.2 The optimal pricing strategy of the manufacturer is dependent

on its reference point under the loss aversion of consumers:

3 ¢ l+c . 1-c
(pg. @) = (6.10)
1+c 1+c . 1-c
—,—/) if a<——
2 2 2

From the optimal strategy of the manufacturer, the direct channel online is
effective only if the reference point is lower than the threshold :L_TC The prices
for the wholesale contract and direct channel online are applied. Therefore, the
dual-channel supply chain is efficient for basic goods. However, for luxury goods,
the dual-channel supply chain is not suggested while all consumers will stick to

the retail channel due to loss aversion. Interestingly, the optimal wholesale price is
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fixed as ]'JFTC regardless of the reference point. Besides, the level of loss aversion

does not have an impact on the pricing by the manufacturer.

Obtained the optimal price of the retail price, wholesales price, and direct price,
the profit of the manufacturer and the retailer in the dual-channel supply chain is

presented as follows:

Table 6.1 The optimal strategy and outcome respect to the reference point

Retail channel
The Dual-channel supply chain
only
Product type Basic goods Luxury goods -
Reference point, a a< 1-c a> 1-c -
2 2
Optimal direct price, p; Lre % -
Optimal wholesale ori . 1+c l+c l+c
ptimal wholesale price, ® > > >
. L, k 3+c 3+c
Optimal retail price, 1+c)+——(1-a i °Tr
P PrICe: b 2k T 4 2 2
Demand in the direct
1+2a-c
T 0 -
channel online, D,
Demand in the retail
1-2a-c l1-c l1-c
4 4 4
channel, D,
Total demand, D, +D, 1-c i-c
2 4
Profit of the manufacturer,
0.25(1—c)? 0.125(1—c)? 0.125(1—c)?
”m
1+c+2k—2ka 1+c, 1-2a-c
Profit of the retailer, = ———)(— 0.125(1—c)? 0.125(1—c)?
: a2 -9 )
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From Table 6.1, following propositions can be summarised:

Proposition 6.3. For basic goods, equilibrium demand of the direct channel

online is larger than the retail channel,

D; :1+2:1—c 21—2:1—0 _ Dr*,

Proposition 3 implies that the direct channel online will be more important to
the manufacturer than the retail channel because the direct channel will contribute
larger sales volume in the future. Emarketer.com (2017) reported that e-commerce
sales accounted for 8.7 percent of global retail sales in 2016, with a growth rate of
17.6% and it is expected to reach 15.5% of global retail sales. One the one hand,
this conclusion explains the booming of direct channels online with loss aversion
of consumers. On the other hand, it encourages basic goods manufacturers to apply

a dual-channel strategy and deploy more resources on the direct channel online.

Proposition 6.4. For basic goods, the dual-channel strategy can reduce the
“double marginalization” effect to the manufacturer when consumers are loss-

averse:

. (basic goods) = 7 (iintegrated retail channel only) = 0.25(1—c)?,

“Double marginalization” is the phenomenon where the manufacturer and
retailer apply their markups in price in a vertical supply chain. This happens when

only a retail channel strategy is applied, and it will result in two deadweight losses.
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“Double marginalization” is well-known and commonly exists in various
industries. To handle “double marginalization”, vertical integration of the supply
chain is suggested to reduce one of the deadweights. The total profit of the
manufacturer is 0.25(1—-c)* when the supply chain is vertically integrated.
Proposition 6.4 suggests that the dual-channel strategy can effectively reduce the
effect of “double marginalization” to the manufacturer of basic goods. A direct
channel online plays a significant role to reduce the effect of “double

marginalization™:

Proposition 6.5. The dual-channel strategy is not beneficial for the
manufacturer and retailer of luxury products when there is no positive demand in
the direct channel and the retail channel is the only channel for loss-averse

consumers.

D, (luxury goods) =0
7, (Dual —chennel) = 7, (retail channel only)
7.,(Dual —chennel) = 7 (retail channel only)

Table 1 illustrates that the demand for a direct channel online for luxury goods
is zero. Compared with the case of the retail channel only, the dual-channel supply
chain for luxury goods has the same demand for the retail channel. At the same
time, profits of the manufacturer and retailer remain at the same level. Therefore,

the dual-channel strategy is not suitable for luxury goods because loss-averse

consumers avoid purchasing luxury goods from direct channels online.
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Proposition 6.6. Considering the loss-averse behavior of consumers, the
retailer’s revenues are reduced by the dual-channel strategy for both luxury goods

and basic goods.

In case 1: Basic Goods
n,(dual) < m,.(retail only)

In case 2: Luxury Goods

n,(dual) = m,.(retail only)

This indicates that the dual-channel strategy is not preferred by the retailer
regardless of product type. For basic goods, the dual channel benefits the
manufacturer by sacrificing the profit of the retailer, although overall, the total
profit of the manufacturer and retailer is increased. For luxury goods, the dual-
channel strategy lets the profit of the retailer remains the same as the retail
channel only strategy. Therefore, there is no motivation for the retailer to support
the direct channel established by the manufacturer when consumers are loss-

averse.
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6.4. Numerical example

In this section, a numerical example of the pricing of the dual-channel supply
chain is presented. The cost of the product,c, is $5.00. This study normalizes the
price from $0 to $10. Let consumers’ degree of loss aversion K =0.2. Then this
study discusses the optimal prices at different reference points of the utilitya=0.5,
for luxury goods such as a luxury handbag, anda=0, for basic goods such as
groceries. The threshold reference point is 0.4. Let the total number of consumers

be 1,000.

Table 6.2 Numerical example of the dual-channel supply chain with loss-averse consumer

Dual-channel supply chain | Retail channel | Integrated retail channel
only only
Basic
Luxury
oods
goods g
Reference point, a 0 0.5 - -
Optimal direct price,
$7.50 $8.75 - -
Pa
Optimal wholesale
$7.50 $7.50 $7.50 -
price, @
Optimal retail price,
$7.92 $8.75 $8.75 $7.50
P
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Demand in direct

125 units 0 - -
channel online, D,
Demand in retail

125units 125 units 125 units 250 units
channel, D,
Total demand,

250 units 125 units - -
D, +D,
Profit of the

$625.00 $312.50 $312.50 $625.00
manufacturer, z,,
Profit of the retailer,

$52.50 $156.25 $156.25 -

ﬂ’l’
Total profit, =z, +7x, $677.50 $468.75 $468.75 -

For basic goods with a reference point of zero, Table 6.2 illustrates that the
demand for the direct channel online is 125 units, which is the same as the demand
for 125 units in the retail channel. It shows that the direct channel online
contributes to half of the total sales volume. It fits the conclusion of Proposition 3
that the direct channel online will be more important than the retail channel for
basic goods manufacturers in the future. The higher the level of loss aversion, the
higher the sales volume will be in the direct channel online. Managers of basic
goods production firms should further develop direct channels to prepare for

higher sales volume in the future, such as improving the shopping experience and

delivery time.

manufacturers, USD625, is much higher than the profit of the retail channel,
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USD312.50. This supports the conclusion that the dual-channel strategy can

reduce the effect of “double marginalization™.

Through examining the data of luxury goods, Table 6.2 indicates that profit of
the manufacturer remains the same at USD312.50 with the retail channel only
strategy. At the same time, the retailer’s profit remains USD156.25. Therefore, the

dual-channel strategy provides no advantage for luxury goods.

Compare the profit of the retailer in three scenarios (in Table 6.2), it shows
that selling basic goods with the dual-channel strategy gives the lowest profit to
the retailer, which is USD52.50. At the same time, selling luxury goods with the
dual-channel strategy gives the same profit level of USD156.25 with the retail
channel strategy. Therefore, there is no motivation for the retailer to support the

dual-channel strategy.

The direct channel online is effective for basic goods. When the consumer’s
reference point of loss aversion is 0, the demand for the retail channel drops 50%
from 250 units to 125 units compared to an integrated supply chain. The reduced
amount of demand is transferred to the direct channel online, with the sales of 125
units. In this case, the profit of the manufacturer is USD625 which is the same as

the profit in the integrated retail-only supply chain.
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6.5. Summary

Since the previous research on the dual-channel supply chain was built on the
assumption that all involved parties aim to maximize their utility, what would
happen if consumers’ decision is biased by behavioral patterns such as loss
aversion? This research indicates the suitability and pricing strategy of the dual-
channel supply chain when consumers are loss-averse. It contributes to the
literature on the dual-channel supply chain with people’s non-hyper-rational
behavior patterns while most of the previous research only considered rational

participants.

In this research, manufacturers of basic goods are encouraged to deploy more
resources for the direct channel online. For example, a shorter delivery time, better

online website design, and more online marketing effort are required.

However, for the luxury goods manufacturer, the dual-channel online is not
suitable when there are loss-averse consumers. This fits the observations in real
life. Most top-tier luxury brands such as Louis Vuitton Malletier do not provide a
direct channel or online sales. Major luxury brands use the direct channel online
only as a marketing channel to present products. Deloitte (2017) reported that
luxury goods manufacturers have been focused on expanding their physical stores
in the past ten years. This study suggests that the luxury goods industry should

continue to focus on the retail channel as consumers are loss-averse.
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/. Conclusions

In this chapter, the conclusions of this study are established. In Section 7.1, a
summary of the study is provided based on the pricing strategies and insights that
were found in the chapters above, and the contribution of the study is discussed in
Section 7.2. Then, the limitations of this study and the future research areas are
identified in Section 7.3. These limitations could restrict the implications of the
pricing strategies and insights. The future research directions are provided in order

to extend the current knowledge with new and promising research topics.

158



7. Conclusions

7.1. Summary of the research

The dual-channel supply chain structure has been widely applied in business
operations and has become an important field of research. This study has extended

the literature on behavioral operations research in the dual-channel supply chain.

In the first stage of the study, the sales efforts deployment problem in the dual-
channel supply chain has been studied in order to explore the basic features of the
dual-channel supply chain. This study fulfilled the first research objective and
second research objectives in this stage. The first objective is to determine the
optimal sales effort deployment for both the manufacturer and the retailer in a dual-
channel supply chain. This study built a dual-channel supply chain model that had
a monopoly manufacturer. The manufacturer had both a retailer and a direct
channel online for its sales, where the retailer and the manufacturer deployed their
sales efforts independently. It has been found that the channel preference of the
consumers was the key parameter for the sales efforts deployment. Interestingly,
the optimal sales effort and the profit of the manufacturer and retailer can be
limited by the other party’s efficiency in the sales effort. This finding suggests that
the manufacturer and retailer should collaborate to enhance the efficiency of their
sales effort. It also shows that the manufacturer can utilize the direct channel as an
important marketing channel, even when no profit is obtained through the direct

channel.

In the latter part of the first stage of the study, the dual-channel model was
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extended in dual-channel operations research. This study explored the features of
overconfidence in the classical operations research problem of the competing
newsvendor game, where this study assumed that the newsvendor would
overestimate his demand and keep this overestimated information private. The
second research objective is fulfilled, which is to discuss overconfidence in a
competing newsvendor game which is a classical operation research problem and
is less complex than the dual-channel supply chain. It has been found that, if only
one newsvendor overestimates his demand, a biased newsvendor will place an
order that is higher than the optimal value. Then, when both newsvendors make
overestimations, there might be two outcomes: 1) both newsvendors experience an
equilibrium order increase; or 2) one newsvendor experiences a fall in orders while
the other newsvendor’s orders increase. It was found that the boundary conditions
of the newsvendor’s equilibrium order amount increase with its own critical
fractile and decreases with the other newsvendor’s critical fractile. This indicates
that the newsvendor with a higher critical fractile is more likely to have a drop in
the equilibrium order amount. However, in both situations, the overall product

supply rises, which may also lead to losses for the overestimating newsvendors.

In the second stage of the research, this study extended the literature on dual-
channel supply chains with overconfident consumers and loss-averse consumers
one by one. In this stage, third and fourth research objectives are fulfilled. The
third objective is to examine the pricing strategy for the dual-channel supply chain

with overconfident consumers who have overprecise valuations of the product.
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This study modeled overconfident consumers who are overprecise on the valuation
of'a product. The demand analysis considered the consumers’ channel preferences
in the dual-channel supply chain. The manufacturer and the retailer were indicated
in a Stackelberg game to set the prices and to maximize the profits (where the
manufacturer was the Stackelberg leader). It turned out that overconfidence can be
a positive force for the consumers, as a lower direct price and a lower retail price
will be offered to overconfident consumers. Therefore, the manufacturer and the

retailer both suffer losses when the consumers are overconfident.

In the later part of the second stage of research, the fourth research objective
is fulfilled. The fourth objective is to determine the optimal prices in the dual-
channel supply chain with loss-averse consumers who are more sensitive to “losses”
than “gains”. Since loss aversion is reference point-dependent, the products were
classified into two categories: 1) basic goods; and 2) luxury goods. For the basic
goods, only a physical value is expected by the consumers; but for luxury goods,
an additional psychological value is expected such as psychological satisfaction
and a social value. A Stackelberg game model was developed for the manufacturer
(the Stackelberg leader) and the retailer (the Stackelberg follower) in the dual-
channel supply chain. The results indicated that if there are loss-averse consumers,
the dual-channel strategy is best for the manufacturer who produces basic goods,
for which the consumers have a lower reference utility value for the loss aversion.
These results may explain the booming online sales of goods in the fashion

industry and for general merchandise among those who have a lower reference
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point for the product. The main benefit of a dual-channel strategy to the
manufacturer is that the effect of “double marginalization” is reduced. Furthermore,
it was shown that the direct channel will have a larger sales volume than the retail

channel.

In summary, this study first developed a dual-channel supply chain model and
determined the optimal sales efforts deployment strategy in the early stage of the
study. The results suggested that a collaboration is needed between the direct and
retail channels in order to maximize the profits for the manufacturer and retailer in
a dual-channel supply chain. Based on the model of the dual-channel supply chain
that has been developed, this study focused on the consumers’ non-hyper-rational
behavioral patterns in the main stage of the study. The optimal pricing strategy and
the impacts of overconfident consumers were discussed, where it was suggested
that a lower direct price and a lower retail price will be offered to overconfident
consumers, leading to losses for both manufacturers and retailers. For loss-averse
consumers, the traditional strategy of a retail channel only is recommended for
luxury goods, for which the consumers have a high reference utility value. On the
other hand, the dual-channel supply chain strategy is more suitable for basic goods,

for which the consumers have a low reference utility value.
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7.2. The contribution of the research

The contributions of this research consist of the following:

First, in this research study, a comprehensive and extensive literature review
of the dual-channel supply chain and of behavioral operations research is provided.
The dual-channel supply chain is an important topic for businesses and for research.
The issues of competition and coordination, which were summarized in the
literature review, contributed to identifying the potential future research direction.
The frameworks and major works on behavioral operations research were also
discussed. Since behavioral operations research is in the early stages and is
developing at a high pace, the review included in this study allows us to gain a
better understanding of the ideas involved in behavioral operations research. Based
on this review, the future research directions of behavior operations research can

be suggested.

Secondly, this study provides a new method for modeling the sales efforts in
the dual channel supply chain. The overlap of the sales efforts between the direct
channel and the retail channel were considered in the model, and the optimal sales
efforts based on the consumer behavior were determined. The study results will
provide a useful framework for the deployment of sales efforts under the consumer
preferences for different channels in the dual-channel distribution system. The
finding suggests that the manufacturer and the retailer should collaborate to

enhance the efficiency of their sales efforts. It also shows that the manufacturer
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can utilize the direct channel as an important marketing channel even though no
profit is acquired through the direct channel. This research contributes to a better
understanding of the demand in the dual-channel supply chain under sales efforts.
Additionally, the research results provide a useful framework for sales efforts

deployment under different consumers’ channel

Thirdly, this study contributes to behavioral operations research by
demonstrating the behavior of an overestimating newsvendor in the competitive
newsvendor game. In the study, an overestimated newsvendor model was
developed with an exponentially distributed demand. The Nash equilibrium
solution showed that the biased newsvendor had a larger equilibrium order amount
when compared with the unbiased competitive newsvendor. The relationship
between the boundary conditions and the newsvendor’s critical fractal was also

investigated.

Fourthly, this study provided a model of overconfident consumers in the dual-
channel supply chain, characterized by overconfident consumers who make
overprecise valuations of the product. The optimal pricing strategy indicated the
impact of overconfidence on the dual-channel supply chain. Several interesting
results were obtained. First, consumers’ overconfidence affects demand, prices,
and profits of chain members in a dual-channel supply chain. Second, the direct
channel has demand only in the centralized dual-channel supply chain. It does not
have demand in the decentralized dual-channel supply chain. However, it helps
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stimulate demand in the retail channel. Third, in the decentralized dual-channel
supply chain, the manufacturer should adopt a pricing strategy where the direct
price and the wholesale price should be equal. Fourth, in both centralized and
decentralized dual-channel supply chains, a lower direct price and retail price
should be set in response to consumers’ overconfidence. Fifth, the profits of both
the manufacturer and the retailer are reduced with the presence of consumers’
overconfidence. Sixth, there exists a threshold value of consumers’
overconfidence level. Once the threshold value is reached, the direct channel will

not be active for stimulating demand in the retail channel.

Fifth, this study developed a model that characterizes loss-averse consumers
in the dual-channel. Since loss aversion is reference point-dependent, this study
classified the goods based on their reference utility value as: 1) basic goods; and
2) luxury goods. As a result, the manufacturers of basic goods and luxury goods
can apply the corresponding pricing strategy, and managers can learn about the
effects of loss-averse consumers in the dual-channel supply chain. It has been
found that manufacturers of basic goods are encouraged to deploy more resources
for the direct channel online. For example, a shorter delivery time, better online
website design, and more online marketing effort are required. However, for the
luxury goods manufacturer, the dual-channel online is not suitable when there are
loss-averse consumers. This fits the observations in real life. Most top-tier luxury
brands such as Louis Vuitton Malletier do not provide a direct channel or online

sales. Major luxury brands use the direct channel online only as a marketing
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channel to present products. Deloitte (2017) reported that luxury goods
manufacturers have been focused on expanding their physical stores in the past ten
years. This study suggests that the luxury goods industry should continue to focus

on the retail channel as consumers are loss-averse

Lastly, since this study is a pioneering work in discussing non-hyper-rational
behaviors in the dual-channel supply chain, the models presented in this study
could inspire others undertaking future research in the area of behavioral

operations in dual-channel supply chains.
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7.3. Limitations and future research

In this study, this study made a number of assumptions when modeling the
behavioral operations research in the dual-channel supply chain. However, some
limitations have restricted the implications of this study and could be improved in

future research. These limitations and future research directions are as follows:

First, this study assumed that the consumers would have a uniform distribution,
for the purpose of simplicity. However, more complex and detailed distributions

could be adopted in future research, such as a normal distribution.

Secondly, study mainly discussed a decentralized dual-channel supply chain
where the manufacturer is the Stackelberg leader. However, there are some
powerful retailers that can negotiate with the manufacturer to set the wholesale

price, such as Walmart. In such cases, the retailer can be the Stackelberg leader.

Thirdly, this study only considered the factors of overconfidence and loss
aversion in consumers. Questions remain, such as: what if the managers of the
retailer and the manufacturer are biased? There is evidence supporting the
overconfidence and loss aversion of managers in the literature review; and
moreover, there could be more than one bias influencing the decision-making
process at the same time. There could also be a partial portion of consumers who
are overconfident and a portion of consumers who are loss-averse. In these cases,
the optimal pricing strategy should be reinvestigated.
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In addition, there are a larger number of non-hyperrational behavioral patterns
in existence, but only overconfidence and loss aversion were discussed in this
study. Future research could focus on modeling other non-hyper-rational

behavioral patterns, such as arching effect and mental accounting.

In the literature review, the anchoring effect was introduced as a non-hyper-
rational behavioral pattern. However, the current studies on the anchoring effect
are empirical studies. The mathematical modeling is lacking. In future research,

the anchoring effect will be modeled and analyzed.
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Appendix 1 The proof of uniqueness and existence of the

Results in Table 3.1

Considering the scenario that consumers prefer the direct channel to the retail
channel, the profit of the retailer is zero as there is no demand in the retail channel
according to the demand analysis above. The profit of the manufacturer can be set

as follows:

2

Ty, =((p—c) <1 —N(p-gcd>) (1+s,) — U;Sd

The maximum profit can be obtained by the first-order condition where the

first-order derivative of the profit with respect to the sales effort is zero (?Tm = 0)
d

(P—C)<1—N(p-;(:d>>—77d5d=0

Furthermore, the uniqueness of the optimal sales effort can be proved by the
second-order condition where the second-order derivative should always less than
2
zero. For the manufacturer, aa% = —1n4 < 0, uniqueness can be guaranteed since
d

the cost of the sales effort always has a positive value.
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When consumers prefer the retail channel and the preference is larger than

picd , there is demand in both the retail and direct channels. The profits for the

Cr

retailer and the profit of the manufacturer are listed below:

MrSt
2

Cr —Cq
;_9))(1+Sr+sd_sdsr)_

n, = (p— w)(1 - N(

Tm = (p = ©) (N(C{:Zd) —N(pzcd» (1 + s, +5a — Sasr)

2
cr—¢C S
+(w—c)<1—N(;_Hd)>(1+sr+sd—sdsr)— 77(;(1

Determination of the optimal sales effort follows the same approach

mentioned above. The first-order condition of equilibrium is shown below:

g::=(p_w)<1_N(C;:gd)>(1_sd)_ nrsr=0
= w-o (G - () a-s)

Cr — Cqg

+(w—c)<1—N(1_9>>(1—sr)— NgSq =0

The second-order condition of the profits of the manufacturer and the retailer

0%y 9%my
= — <
are 552 nqg <0 and 252

= — 1, < 0, which ensures the uniqueness of the

optimal sales effort.

Eventually, when customers prefer the retail channel over the direct channel

p+cq

Cr

(online sales), with a channel preference lower than , consumers only
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choose the retail channel. Although there is no demand in the direct channel, sales
effort in the direct channel could benefit the manufacturer by increasing demand
in the retail channel. The profit functions of the retailer and manufacturer are

shown as follows:

2
NS
T[r:(p_w)(l_N(p+Cr))(1+Sr+Sd_Sdsr)_ ;T
_ 1454
nm—(a)—c)(l—N(p+cr))(1+sr+sd—sdsr)— >

The first-order condition for equilibrium is:

o,

3s, - P-w)(D=N@+c))1—54)— 18 =0

o,

G5, p—w)(F-N@+c))(1—5)— 1454 =0
d

Following the same proof above, the uniqueness of optimal sales effort is

2 2
guaranteed, with the positive cost of the sales effort (aagzm =—ng <0 ,aa;? =
d T

_nr S 0).
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Appendix 2 Proof of Q;,(4;) < 0 in Proposition 4.1
If Ai == /11

9Bi(Q;) 20 ~2;(Qi+Q; 240 ~2:Q;
(’;—li] — Qie iQi Qie ](QL+Q]) = Qie lQl(l —e lQ]) >0

It also can be observed that aB"—ESj) =0 whenQ; =0.

If A; # A

9B:(Q;) _ 0ie~H 4 Y nlee) - Y neeae _ RO aaage
oA (A=) (A= %) A= 4

Letz = 28i(0;)

9k

When newsvendor j does order the product with

0 . . . -2jQi _ p—2iQ;
Zlp.eo = _ﬂe_liQi +/1719-1j0i _ /11 e~AiQi = /1] € e "
Q= A=A A — 4

— Q.e—liQi>
J (A= 4)’ (A= 2)’ A= L

>0

Assume newsvendor j order an infinite number of product:
Z|gj=e0 = Qie~%% >0

The change of the value of z is:

dz 0z

Q' 9Q;

Az = (

) - (AQ;,AQ))
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With —1 <%< 0, and AQ; <0 , consider the case where Q; Iis
]

increasing, and the value of Az satisfies the following equation:

i

A —

Az = (4Qi = =) (e7Hi% — e ML) (—AQy)
]

If 4, —4; <0 andQ; > ﬁ thenAz > 0.
i=4

If 1, —4;,<0,0Q; <

1 . . .
T Az <0. However, since lim z >0 , it can be
-

j Qj—o

concluded that Az > 0. Therefore Q;,(4;) < 0 always holds.
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Appendix 3 Proof of Proposition 5.2

The manufacturer’s profit can be obtained by solving the below model:

_ pr pd
Max 7z, =(1- -0 ) 2(1_ ))(pr c,)

Pr — Py
s S LY

st.  py/@-p, <0

In solving the model, first obtain the Karush—Kuhn—Tucker conditions as

follows:

U =(1- pr pd
= (ot ) o) (P

pr pd _ —
+((1 D) 9(1_ ))(pd C,)+A(Py /6-p,)
st.  A(py/6-p,)=0
2<0

Max

If the constraint p,/&—p, =0is true, we obtain the equations below.

aUcm —_ Pr—G +1— Pr — Py + a + Ps —C, _ 71—
o, (1-0(0-a) (1-0)(1-a) 20-a) 1-6)1-a)
aUcm _ P —G + Pr — Py _ Py _ Ps —C, +i_

o, @-0)(1-a) (1-6)(1-a) O(1-a) 601-O)(1-a) 6

Solving the equations above, we have optimal prices:

éc, —c¢,
T 01-0)(1-a)
p =1/2+c/2-al4
D =0/2+c012-all4
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It is optimal only when A <0, which is 6¢,—¢, <0

Therefore, iféc,—C, >0, the constraint P, /@ — p, <0is not active. In this

case, 1 =0.
U, =G PP @ L PTG
op, 1-9)(1l-a) 1-9)(1l-a) 20-a) (@-0)(1-a)
aUcm _ Pr =G + Pr — Py _ Py _ Ps —C,

opy - 1-9)(1l-a) (1-6)(1l-a) (l-a) 6(1-0)(1-a) B
Corresponding the optimal retail price and direct price:

p, =1/2+c /2-abl4,
0, =0/2-30a/4+c,/2
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Appendix 4 Proof of Proposition 5.3:

To solve optimal pricing in S, . The Karush-Kuhn-Tucker conditions are

L Po® 0, o)
20-a) 20-6)1-a) 2(1-a)  200-0)(1-a)

+ A (o— pd)+ﬁ?(—a)+% p, —(1-6)(1+2a))

max U, =(1-

st. A(-o+ % p, —(1-0)1+2a))=0

A(@—py)=0
A, A, <0

We let 4, =0in the first place, which implies @ — p; = 0is active. We have:

oY, _ 0—C Py 1 Py —C, _
ow 21-6)(1-«a) 1-9)(1-a) 21-o) 20-0)(1-«)
ou,, w—C N Oo-(2-0)ps, py  (2-6)p,—c, N 1-2«

o, (-0)1-a) 200-0)1-a) 61-a) 200-0)1-a) 20-a)

Cl _Cz

We have a value Ofﬂl = —l—m

< 0. Therefore, the optimal direct

channel price and wholesale price should be: (@’, p;) = (g +6Oa, g +6a)

Proof of Proposition 5.4:

In the regionS,, the objective function does not have a direct price involved.
Therefore, we can maximize the profit by setting the wholesale price directly. The
direct price is set on the boundary of the feasible region. The first-order condition

of optimization is:

87rm_1_ 1) N a  0-C _
dw 2 2(-a) 4l-a) 2(1-q)
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The optimal wholesale price is @ =1+%—%. The corresponding lowest

. ..o« 1 ¢ «a . . )
direct price is p; = 3 + El ik Therefore, we have optimal prices in the region:

Proof of Proposition 5.5:

Then, by analyzing the region S, , we have The Karush-Kuhn-Tucker

conditions:
_ 1 Bq a pd _
Max U, =(1 9(1—a)+2(1— ) —C)+ A (=L 2 1-0)+ 4,(-o+ py)
+/13(a)—% Py +(@-6)+2a(1-0))
sit. zl(%+%—1—w)=o
A(-o+py) =0
2-60
Ag(a)—Tpd+(1—6?)+2a(1—9))=0
2y g 2 <0

The objective function indicates that if both retail and direct channel prices
increase, it leads to higher manufacturer’s profit. Therefore, with the lower

boundary of a feasible solution, the constraint

a)—u Py +(1—0) +2a(1-0) < 0is redundant.

When both  constraints are active, the optimal point is

(0, py) = (‘9+C —e—a,ei——) At the same time, 4,4,>0 should be

4 2

satisfied. The first-order conditions are:
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oJ, Py
ow == 9(1— ) 2(1— )) A= 40
T 424,70

op, _9(1 a) 9

Input the optimal wholesale price and direct price into first order conditions.

(2-a) N Cc,+6a

We have 4, =1- 1-a)(2-0) 6(1-a)

<0 which should be satisfied. Otherwise,

only p;—@=0 isactive. In this case, we have first-order conditions:

oU p
m_ (1— d =
ow ( 6’(1 a) 2(1- 0!)) =0
oU
mo_ _ =0
Opy 9(1 05) i
The optimal pricing is:
(@, pg) =( , )

202-0)'2(2-0)
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Appendix 5 Proof of Proposition 6.1

@

By introducing P, = m p, + > + Tk

(1-a) in the demand function of

R,, we have:

1 1-k 1+k
D=-(1-a)+——p, ———
' 2( )t 2k DT

1 1+3k 1+k
D,==—(1+a)- +
e el el

Therefore, we have the profit of the manufacturer as:

1-k 1+k 1+3k 1+k
T _( (1-a)+ IPELTE w)(w- C)+( (1+a)- m o)(p; —¢)
) 1+k 2k
bject t > w d < + l1-a
subject to. Py =@ and p, <7 ot (1-a)

We transfer the objective function and constraints into matrix form as:

Max 7, :%XTQx+ch—dT

st. Ax<b
1+3k 1-k 1+a
- I 5 —C
where: X= Pe , Q= 4K Ak , C= 2 , d= ,
w 1+k _1+k l-a 0
4k 4k 2
-1 1 0
A=|  1+3k 11, b=
L —(1+a)
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143k 0
The eigenvalue of Q 4k Lok ; therefore, Q 1is negative
+
1+3k

definite.

The corresponding Lagrangian problem is:

Max =%XTQX+CTX—dT+,u(AX—b)

st. H(AX-b)=0,u<0

To maximize the objective function, we have:

1+3k 1 l1+a
_ = -1 1 e
2k 2k |[R], SR (N P
1 ltk|le]| |1 L 1-a
2K 2K 1+3 2
st. w(=py+w) =0
1+k 2k
— - 1-a))=0
Ho(Po = o @7 g 472
# <0
#, <0

In the first place, we assume #,=0. Therefore —py+@=0 is active. We

have (p;,@’)= (HTC,HTC) To guarantee this, the value of a should satisfy

1-c
a<—— .
2

Then, assume 4 <0, 1, <0,

1+k 2k

w— (1—a)=0 are active. We have
1+3k 1+3k

Therefore, —p, +w=0,p, —

an optimal solution at(py,w ) =(1-a,1-a).
180



8. Appendices

2k 1+ 3k
To guarantee . =(1-c—-2a)— <0, u,=(1-c—2a <0 , the value of
g #=( )1+ o <Ot ( ) ik
) l-c
a should satisfy a>7 .
If 14=0,p,- 1+k - 2K (1—a)=0 is active; however, in this case,
1+ 3k 1+ 3k
4 <0 cannot be guaranteed.
In conclusion, we have:
(l-al-a) if a>1C
(p;. ) = 2
l1+c 1+c . l1-c
(—,—/) if a<——
2 2 2
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Appendix 6 Proof of Proposition 6.2

In the region S,, we have p, = p,. Demand in the retail channel is 1- p;

while demand in the direct channel online is zero. 7, =(1-p,)(@-C),

1+k 2k
o+
1+3k 1+3k

+
constrained to @ < p, (1-a)< p, ,1760 > Py -

Applying the Lagrangian problem, we have:

01pd+c+_11 ] ﬂl_o
10w 2L KT

T2 143k ]| a4

(=py +@)=0

1+ka)+ 2k (1-a)) =0
1+3k 1+3k

Har My, 113 <0

Hs (- Py +

o 1 . .
We first assume that pd—E—§=O is active; we

(p;, @)= (g+%,1+70) . At the same time, 1, = C—;l <0 is satisfied.

Therefore, the optimal pricing strategy in S is:

. 3 ¢ l+c
1 = _+_!_
(pg, @) (4 2 2
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