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Abstract

With the development of internet, the online shopping mode has become more popular among consumers, and the
online direct selling becomes more common. Besides buying products from traditional stores, consumers could get
the product directly from the manufacturer online. In the dual channel setting, the competition becomes fiercer.
Retailer should focus more on the price decision and take suitable pricing strategy to increase its profit. In this paper,
consumer’s overconfidence behavior is incorporated into perishable products’ pricing decision in the partially
integrated dual channel setting. Through the analysis of consumer’s decision making process, this paper constructs
the model for partially integrated manufacturer and retailer under the mean and precision overconfidence scenarios,
conducts the optimal analysis, and analyzes the effect of consumer’s overconfidence level on the optimal wholesale,
retail and direct selling prices. We conclude that, no matter consumers are mean-overconfident or
precision-overconfident; there are optimal wholesale price, direct sale price and retail price. Business enterprises
should enhance their information collection capability and adopt some marketing measures to influence consumer’s
overconfidence level in order to increase the sales revenue.
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1. Introduction

With the development of Internet, the online shopping mode has become more popular among consumers, and the
online direct selling has become more common as well. Besides buying products from traditional stores, consumers
could get products directly from manufacturers online. For example, consumers could pay for the room at the hotel
online. They could also make reservations on the websites of hotels or travel agencies. As for the airline ticket
reservation, there are also two channels.

In the dual channel setting, the competition becomes fiercer. Retailers should focus more on the price decisions and
take suitable pricing strategies to increase their profit. Consumers are overconfident in their purchase decisions. For
example, they will have biased belief in their estimation. In consideration of overconfidence, what will be the
retailer’s optimal retail price and manufacturer’s optimal wholesale and direct sale price?

As for the previous studies, they are mainly about the pricing decision of manufacturers and retailers in the direct
sale and dual channel. Chiang (2003) studied the pricing problem in the dual-channel setting with consumer utility
theory. Dumrongsiri (2008) studied members’ pricing and ordering decision in the dual-channel supply chain. Yao
and Liu (2004) analyzed the Bertrand price competition model and Stackelberg competition model. Chen Yun (2008)
studied retailer’s pricing behavior with two-stage gaming model in the dual-channel setting. At the first stage,
retailers set the product price in the traditional and e-commerce channel, aiming to maximize the profit. At the
second stage, consumers decided whether and where to buy based on their valuations and prices. Zhong et al (2012)
present a model of an overconfident newsvendor who has both biased belief on mean and variance of demand. Wang
et al (2015) investigated the impact of the retailer’s overconfident behavior on supply chain performance. Chen et al
(2016) investigated how the manufacturer made the pricing and production decision simultaneously and provided
incentives to the sales agent so the agent worked hard to sell the product. They found that, as the level of
overconfidence increased, the sales agent’s efforts, the manufacturer’s pricing and production decisions, as well as
the expected profit deviate far away from the rational scenario.
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The difference between our research and these previous researches is that, we study the retailer’s pricing decision in
consideration of consumer overconfidence. Here, we assume that the retailers sell the perishable products in the
dual-channel setting. The partially integrated dual channel is chosen for analysis. In this structure, besides selling the
products to the retailer in the traditional channel, the manufacturer uses online selling channel as well. In
consideration of consumer overconfidence, what will be the perishable products’ pricing decision of the partially
integrated manufacturer and retailer? What will be the effect of overconfidence on the perishable products’ retail
price, wholesale price and direct sale price? Based on the setting of the overconfident consumers in Li et al (2016),
this study analyzes consumer’s decision making process under the mean and precision overconfidence scenarios. By
using the backward deduction, we analyze the retailer’s retail price, partially integrated manufacturer’s wholesale
price and direct sale price, and the effects of consumer’s overconfidence level on these optimal prices are given. Wu
& Hu (2018) incorporated retailers' overconfident behaviors into supply chain network dual channel equilibrium
model which included supply markets, distribution markets and retail markets and analyzed the impacts of favorable
and unfavorable market information on the order decision of overconfident retailers.

2. Model Setting

There is a dual-channel supply chain with one manufacturer, one retailer and consumers. Consumers could be
overconfident, or regular (without overconfidence). The selling channel structure is shown in Figure 1. Suppose the
selling period is single, the manufacturer and retailer both sell the perishable product in this period. Retailer’s selling
price in the traditional retail channel is p,., and the direct sale price of the manufacturer in the direct sale channel is
pq- The wholesale price and cost of the product is w and c respectively. For the retailer and manufacturer, the
handling cost of the leftover at the end of the selling period and the penalty cost of the stock-out are not considered.

Manufacturer

A 4

Retailer

Pa

Pr

A 4 \ 4

Overconfident consumers

Figure 1. The partially integrated dual-channel selling structure

There are two different forms of overconfidence, which are mean overconfidence and precision overconfidence
(Croson et al, 2008). Products sold online are not touchable before the delivery, so the valuation for them in the
online channel is different from that in the traditional retail channel. In the dual channel setting, consumer
overconfidence is shown not only in the product valuation, but also in the acceptable level of the channel. Now we
analyze the consumer purchase process under the mean and precision overconfidence, and construct the profit
models.

2.1 Profit Model Under Mean Overconfidence Scenario

Regular consumer’s valuation on the product in the retailer channel is set as V, with the mean u,,, variance u,. We
set Vyu as the mean-overconfident consumer’s valuation on the product in the traditional retail channel. The
overconfidence level is p, where 0 < p < 1. Based on overconfidence definition in Croson et al (2008), we have
the formulation:

Vou=V+p

Regular consumer’s valuation of the product in the traditional retail channel is set as V. According to Liang and
Huang (1998), his valuation of the product in direct sale channel is nV, where n is consumer’s acceptance level of
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the direct sale channel. Here, 0 < n < 1. Overconfident consumer will overestimate his acceptance level of the
channel. Mean-overconfident consumer’s acceptance level of the direct sale channel is set as 1yy,. Here noy =n +
p.

We assume that the consumer is risk neutral and has at most one unit demand of the product. Regular consumer’s
valuation of the product follows the uniform distribution on [0,1]. The market capacity is standardized to be 1. By
simple calculation, we could get that mean-overconfident consumer’s valuation of the product follows the uniform
distribution on [p, 1 + p], with the probability density function k,(v) = 1.

In the selling period, mean-overconfident consumers compare utilities on two channels, and then they will decide
whether to buy and where to buy. For the overconfident consumers, the utility from buying in the traditional retail
channel is Vyy — prm, the utility from buying in the direct sale channel is 1oy Vou — Pam- In the case of Vyy, —
Prm = NomVom — Pam, CONsumers are more willing to buy in the traditional retail channel. In the selling period, the
number of mean-overconfident consumers who buy from the direct sale channel is:

Prm—Pdm
1-nom Prm — Pam Pam
Qom = ko(v) dy = Do —Pdm _ Bdm
oM Pdm ¢ 1 —nom Nom
Nom

The number of mean-overconfident consumers who buy from the traditional retail channel is:

1+p —
Prm Pam
QRM jprm_pdrn 0 (U) v + P 1-— Nom
1-nom

So, the expected profit of the retailer is:
Mry = Qrat Prm — Wim)
The expected profit of the partially integrated manufacturer is:
Ipy = QruWm — ¢) + Qo (Pam — €)
Here pym,Pam and wy,, refer to the perishable product’s retail price, direct sale price and wholesale price
respectively under mean overconfidence scenario.
2.2 Profit Model Under Precision Overconfidence Scenario

Similar to the analysis of mean-overconfident consumer’s purchase process, 1 —y is set as the overconfidence level
of precision-overconfident consumer, where 0 <y < 1. Precision-overconfident consumer’s valuation of the
product in the traditional retail channel is:

Vov =vV + (1 =¥
The precision-overconfident consumer’s acceptance level of the direct sale channel is:

Nov =vn+ (1 =y,
For the precision-overconfident consumer, the utility from buying in the traditional retail channel is V,, — p,,, the
utility from buying in the direct sale channel is 1, Vo, — pay- In the case of Vo, — 9y = 1ovVor — Paw, CONSUMeErs

are more willing to buy in the traditional retail channel. The number of precision-overconfident consumers who buy
from direct sale channel is:

Prv—DPdv

1-nov 1 Prv = Pav  Pav
o= [T g 0yt = (2
Vb g0 Y\ 1=Toy oy

The number of precision-overconfident consumers who buy from the traditional retail channel is:

5 1/1+y pw—D
2 TV dv
Qry = g (v)dv———( - )
RV (0] 2 1—10y

Prv—Pdv
1-nov

So, the expected profit of the retailer is:
Iry = Qry(Pry — wWy)
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The expected profit of the partially integrated manufacturer is:

Ipy = Qrv (W, — ¢) + Qpy (Pay — ©)
Where p,,,par and w, refer to the perishable product’s retail price, direct sale price and wholesale price
respectively under precision overconfidence scenario.

3. The Optimal Decisions

The partially integrated manufacturer and the retailer in the traditional retail channel get the optimal price decision
through gaming. The gaming sequence is: the partially integrated manufacturer decides the wholesale price w firstly,
then the partially integrated manufacturer and retailer make their price decisions for each channel simultaneously.
Now we use the backward deduction to analyze the optimal price decisions under two overconfidence scenarios.

3.1 The Optimal Price Under Mean Overconfidence Scenario
In this section, we analyze the optimal price decision of mean-overconfident consumers.
From the above analysis, we get:

Prm — Pdm

HRM=<1+p— )(prm—wm)

1—nom

Prm — pdm) (prm — Pam pdm)
I1 =(1 _ — _—_— —
DM ( + p 1-— Nom (Wm C) + 1— Nom Nom (pdm C)

The first derivative of Iz, with respectto p,,,, and I, t0 ps, are both setas 0, and then we have:

0llgy _ 20rm — Wi — L+ Nom — P+ PNom — Pam

=0
aprm Nom — 1
Ollpy  —NomWm + NomC + 2Pam — € — NomPrm _ 0
OPam Nom (Mom — 1)
By solving the above equations, we get:
_ —2wm—Wmn—wmp—2+21]+2p7]+2p2+c1]+cp—c
Prm = ye— ()
_ —3wm77—3wmp+20n+26p—26+pn—7]—p+n2+p7]2+2p2n+p3
Pam = —4+n+p (2)

By substituting (1) and (2) into I, taking the first derivative of Iy with respect to w,, and setting it as 0:
0llpy _ p° +2p°n + p® — 2wy,p + 2pn +8p + pn® + cp + cn — 16wy, — 2wy +8c +1n> +8
ow,, (4 +n+p)? -

Then we get:

0

p3+2p°n+p2+2om+8p+pn*+cp+cn+8c+n?+8
w,, =
m 2(0+n+8)
3.2 The Optimal Price Decision in Precision Overconfidence Scenario

In this section, we analyze the optimal price decision of precision-overconfident consumers.
From the above analysis, we get:

=1(1+y_prv_pdv)(p —W)
RV Y 2 1_770‘/ v v

1<1 tY Dro _pdv) 1 Prv = Pav  Pav

== - (w—c)+—(—— )( —¢)
v y\ 2 1—noy Y Y\1—=noyr Nov Pav

The first derivative of I, with respectto p,,, IIp, t0 pg, are both setas 0, and then we have:

Ollgy _ 4Py — 2wy — 1 + 1oy — ¥ + ¥Tov — 2Pay

=0
0Py 2y(Moy — 1)
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o,y _ “NovWy + NovC + 2Pay — € — NovPrv

=0
Pav YNov(Moy — 1)
By solving the above equations, we get:
Dry = LY Wity —Cmwyyn—y—2wy Uy +Yn+eyn—wytin+cun+y 21—y y? @3)
i —44YN+ iy —HnY —44yn+pn—tyy

p _—éwwn—wan+6wvuny+4cyn+4cun—4cuny—4c—y2n—yn+yznz+2ynun+y3n2—2y3nun—un+u%—u%y2+uny2—u%y+u%y3 @)
av 2(=4+yn+un—pny) 2(=4+yn+pn—pny)

By substituting (3) and (4) into 1y, taking the first derivative of II,, with respectto w, and setting it as O:
Olpy _ =2y3nuy + iy +v3n* +y*n? — udy? + 2ynu, — 4w,yn + 2cyn

2
owy 2y(—4+ v+ 1y — 1yy)
N Awypyy — 2cpyy — iy + 8y + 16¢ — 32w, + 2cp, + 8 + i — dwypy, 0

2
2y(=4+yn + 1y — 1yy)
Then we get:
=2y gy YNt yPn? — iy + 2y,
4(yn — wyy + 8+ py)
2cyn — 2cpyy — piy + 8y + 16¢ + 2cpy, + 8 + i

4(yn — ppy + 8+ )
Summarizing the above analysis, we get the following results.

(1) When consumers are mean-overconfident:
The wholesale price of the perishable product for the partially integrated manufacturer is:

p3+2pn+p?>+2om+8p+pn®+cp+cn+8c+n?+8
2(p+1n+8)

The direct sale price is:

—3Wp ] —3Wyp + 2cn + 2cp — 2c+ pn—n — p + 0% + pn? + 2p?n + p3
—4+n+p

The retailer’s retail price is:
—2Wp — W) —Wpp — 2+ 20+ 2pn + 2p2 +cn+cp—¢
—4+n+p
Where w,, is the perishable product’s wholesale price under the mean overconfidence scenario.

(2) When consumers are precision-overconfident:
The wholesale price of the perishable product for the partially integrated manufacturer is:
=2y, + 15y? +v3n® +yin? — piy? + 2ynu, L Zeyn — 2epyy - gy + 8y + 16¢ + 2cuy, + 8 + 7

4(yn — myy + 8+ y) 4(yn — myy + 8+ 1)
The direct sale price of the perishable product is:

—6W, ¥ — 6Wyy + 6W Y + dcyn + depy — dopyy — 4c —yPn —yn
2(—4+yn + puy — uyy)
N Y20? + 2y, +v30® = 2v3nu, — wy + uh — wiy? + ppy? — pny + pry®
2(=4+yn+ py = 1)

The retailer’s retail price of the perishable product is:

—1 = Y + Wyltyy — € =Wy — ¥ — 2wy + iy + ¥ + cyn — wyly + cpy + 727 — ppy?
=4+ YN+ iy — iyY
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Where w, is the wholesale price of the perishable product under the precision overconfidence scenario?
4. Numerical Examples

In order to make the effect of consumer overconfidence level on these optimal prices clearer, numerical examples are
used for illustration.

(1) Mean overconfidence consumer

According to the setting of n in Liang and Huang (1998) and the relationship of the parameters, we set n = 0.8,
¢ = 2. In order to show the effect of consumer’s mean overconfidence level on the pricing decisions of retailer and
partially integrated manufacturer, the overconfidence level p is increased from 0 to 1 with an increment of 0.1.
Figures 2a), 2b) and 2c) show the effect of consumer’s mean overconfidence level on the optimal wholesale price,
the optimal direct sale price, and the optimal retail price respectively. From the figures, we could see that the optimal
wholesale and direct sale price increase with consumer overconfidence level. For the partially integrated
manufacturer, when the overconfidence level increases, manufacturer should increase its wholesale price and direct
sale price. For the retailer, when the overconfidence level is lower than a threshold, retailer could increase its retail
price when consumer overconfidence level increases; when the overconfidence level is higher than this threshold,
retailer should decrease its retail price when consumer overconfidence level increases.

2.2 T T T T T T T T T

1.4 r r r r r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

p

Figure 2a. The effect of consumer’s mean overconfidence level on the optimal wholesale price
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Figure 2b. The effect of consumer’s mean overconfidence level on the optimal direct sale price
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Figure 2c. The effect of consumer’s mean overconfidence level on the optimal retail price

(2) Precision overconfidence consumer

According to the relationship of the parameters, we set ¢ = 2, and n follows the uniform distribution on [0.5,1]. In
order to see the effect of precision overconfidence level on the pricing decisions of retailer and partially integrated
manufacturer, y is increased from 0 to 1 with an increment of 0.1. Figures 3a), 3b), and 3c) show the effect of
consumer’s precision overconfidence level on the optimal wholesale price, the optimal direct sale price, and the
optimal retail price respectively. From the figures, we could see that all the prices decrease when consumer
overconfidence level increases. For the partially integrated manufacturer and retailer, when the overconfidence level
increases, manufacturer and retailer should decrease their prices. This is different from the findings when consumers
are mean-overconfident. It is also shown that the optimal wholesale price is a bit higher than optimal direct sale price.
In reality, it might cause the retailer’s speculation behavior. Instead of “by wholesale” way, the retailer could buy
products directly from the direct sale channel and then resell them.
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Figure 3a. The effect of consumer’s precision overconfidence level on optimal wholesale price
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Figure 3b. The effect of consumer’s precision overconfidence level on optimal direct sale price
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Figure 3c. The effect of consumer’s precision overconfidence level on optimal retail price

5. Concluding Remarks

In the previous studies, Li et al (2016) analyzed the advance selling decisions with overconfident consumers, while
Wu & Hu (2018) analyzed the impacts of favorable and unfavorable market information on the order decision of
overconfident retailers. In consideration of consumer’s mean and precision overconfidence, this paper studies the
pricing decision of retailer and partially integrated manufacturer in the partially integrated dual channel. Findings
show that, no matter consumers are mean-overconfident or precision-overconfident, there are optimal wholesale
price, direct sale price and retail price. Numerical examples are used to illustrate the effect of consumer
overconfidence level on these optimal prices.

Dual-channel is very common in reality. Business enterprises should enhance the information collection capability.
For example, they can collect consumers’ historical data to classify consumers, and then enhance the competitive
advantage. Furthermore, they could adopt some marketing measures to influence consumer’s overconfidence level,
aiming at increasing the revenue.

In the market, retailers know the consumers’ demand and its trend better than others. With the improvement of
retailer’s capability, retailers could gain more negotiation power in the supply chain. Therefore, the retailer-leading
game in the dual-channel setting could be considered for the further study. In reality, there are some other dual
channel structures, like the vertically integrated dual channel, decentralized dual channel and horizontally integrated
channel. The effect of consumer’s overconfidence level on retailer and manufacturer’s pricing decisions in these
structures could be another extension for further studies.
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