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Abstract 

Overconfidence has been proven to be “one of the most consistent, powerful 
and wide spread cognitive biases”. In this paper, we develop a model in which 
a supplier selling to an overconfident retailer invests in acquiring market in-
formation. Overconfidence causes the retailer to overestimate the precision of 
his private information as well as his capacity to acquire information. Our 
work shows that overconfidence hurts the retailer’s profits, and may even 
eliminate the benefits of information. Instead, the supplier can benefit from 
the retailer’s overconfidence. We demonstrate that this bias with an endo-
genous information-acquisition effort can coordinate the supply chain to 
achieve its first-best benchmark. 
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1. Introduction 

Escalating levels of demand uncertainty, caused by globalization, outsourcing, 
shorter product lifecycles, and the proliferation of goods and categories, are a 
general phenomenon in the contemporary business environment. Information 
obtained from market research can reduce the uncertainty, and then becomes a 
key driver for improving supply chain performance. However, information ac-
quisition can be costly in terms of time, money, and human resources, which 
have frequently been recognized by both practitioners [1] and academics [2]. 
With the explosion in both the scope and volume of customer and market data, 
for example, companies need to use professional software programs, train 
in-house market research personnel, or hire outside consulting experts to ana-
lyze such data and obtain reliable market information. Therefore, an important 
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decision making problem in those situations is how much information should 
firms collect? A large research based on the models with rational firms gives the 
answers to this question. The investors (firms) should spend money and time 
acquiring information up to the point where the marginal benefit of doing so 
exceeds the marginal cost [3]-[8]. 

However, findings gathered from diverse disciplines, such as economic and 
finance and management have identified that individual cognitive bias can in-
fluence the decision-making process in complex and uncertain environments [9] 
[10]. Among various known psychological biases, overconfidence has been 
proven to be one of the most consistent, powerful, and widespread biases [11]. 
Apart from the field of psychology [12], this bias has also been observed in a 
wide range of fields from economics [13] to finance [14] to operations manage-
ment [15]. In addition, researchers have identified that the bias of overconfi-
dence is relevant to the pull-to-center and bullwhip problems in a managerial 
context [16] [17]. 

With respect to information acquisition, a large body of evidence from expe-
rimental research shows that many investors are overconfident when they make 
acquisition decisions [18]. Specifically, overconfident forecasters overestimate 
not only the value (precision) of the private signals [19] [20], but also the prod-
uctivity in their investment in information [21]. They invest resources in ac-
quiring information in spite of it being unclear that they can even achieve re-
turns that recoup these costs. As a result, they may attain poorer performance. 

Although information acquisition has been studied extensively in operations 
research/operations management, the existing model in literature has largely ig-
nored the cognitive bias (overconfidence in particular) of firms. Therefore, our 
research explores the consequences of overconfidence for information acquisi-
tion investment, aiming to establish whether this bias would eliminate the bene-
fits of information. To achieve this, we develop a behavior game model that in-
corporates the notion of overconfidence into the information acquisition model 
pioneered by Fu and Zhu [6], which has a single supplier selling to an overcon-
fident retailer that can acquire costly demand information. With overconfidence, 
the retailer overestimates the precision of his private information as well as his 
capacity to acquire information. Below we summarize our main results and in-
sights. 

First, we study how overconfidence causes the information acquisition level to 
deviate from the first-best benchmark. We find overconfidence can make the re-
tailer overinvest in information acquisition. Second, our analysis shows over-
confidence is harmful to the retailer, and excessive overconfidence may even 
eliminate the benefits of information. But the supplier can benefit from selling to 
a more biased retailer. Finally, we demonstrate overconfidence with endogens 
information acquisition can coordinate the supply chain if the total profit mar-
gin of a product is low. 

The rest of the paper is organized as follows. We introduce the model in Sec-
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tion 2. Section 3 derives the optimal decision in the integrated setting. Section 4 
provides the equilibrium analysis for the overconfident retailer in the decentra-
lized setting, and compares integrated case and decentralized case. Based on the 
analysis above, Section 5 analyzes whether channel coordination can be achieved 
by overconfidence. Section 6 concludes the paper. 

2. Model 

We consider a supply chain consisting of a supplier (she) and an over confident 
retailer (he). The supplier produces a product and sells it to the retailer, who 
faces a random demand, ( )2,D DD N µ σ , during a single selling season. The 
retailer has an opportunity to acquire a private signal x about the market condi-
tion. Assume that x D ε= + , where ε is independent of D with ( )20,N εε σ . 
Let ( )2 2 2 2

Dε εσ σ σ σ≡ + . From the conjugate property of the normal distribu-
tion, the posterior distribution of D for a given signal x is 

( )2,x xD x N µ σ                         (1) 

where ( )2 21x D xµ σ µ σ= + −  and 2 2 2
x Dσ σ σ= . 

Note that σ is a measure of the signal’s precision in predicting in market con-
dition. The larger the value of σ, the less information the signal has about the 
market condition. If 1σ = , the posterior distribution of the market condition is 
identical to its prior distribution; i.e., the signal contains no useful information. 
On the other hand, as 0σ → , the signal reveals the exact value of the market 
condition. 

The precision of acquired information depends on the retailer’s investment in 
information acquisition. We assume the retailer incurs a cost of v  for obtaining 
a signal that has a precision 

( ) kv
k v

σ ≡
+

.                          (2) 

From (2), the precision function is decreasing and convex in v  and that zero 
investment generates no information, i.e., 

0
v
σ∂
<

∂
, 

2

2 0
v
σ∂

>
∂

 and ( )0 1σ = . 

The parameter k measures the capability of acquiring information. Given the 
investment v , the retailer with a smaller value of k can acquire the more accu-
rate signal. 

Because of overconfidence, however, the retailer not only overestimates the 
precision of her information but also the capability to acquire information [21]. 
We assume that the retailer’s subjective precision has the following functional 
form: 

( ) ( )
( )

1
,

1
k

v
k v

α
β α

α
−

=
− +

,                      (3) 

where her level of overconfidence is given by the parameter [ ]0,1α ∈ . The case
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0α =  represents the benchmark of rationality, and the overconfident retailer 
has 0η > . Given the investment v , the retailer believes the precision of x to be 
( ) ( ) ( ), 0,v v vβ α β σ< =  and the updated demand distribution is 

( )( )2 2 2 21 ,D DD x N xβ µ β σ β+ − . 

Because there is a tradeoff between the cost of acquiring this information and 
the benefit obtained from using this information, the overconfident retailer first 
needs to decide investment level v . After acquiring forecasts, the retailer up-
dates her knowledge of the demand, determines the order quantity, q, to be 
placed with the supplier, and makes a payment according to the wholesale price 
contract w > c. The supplier then produces an exact amount of q units, which 
costs his c·q, and delivers them to the retailer. Finally, demand occurs and is 
filled from the stocked inventory as much as possible, during which the unit 
selling price is p > w. Without loss of generality, we assume a zero penalty cost 
and zero salvage value, so the overage cost is the cost of procurement, and the 
underage cost is the loss of profit. 

3. Unbiased Integrated System 

To better understand the effect of overconfidence on information acquisition 
investment, we first consider a benchmark case in which the supplier and the 
retailer are owned by an unbiased central decision maker. The central decision 
maker first decides on the information-acquisition level, then determines the 
optimal production quantity given the forecast x. We solve the problem back-
wards. 

Given v  and x, the central decision maker determines q to maximize 
( )min ,D xpE D q cq− . Let ( )φ ⋅  and ( )Φ ⋅  be the probability density function 

(pdf) and the cumulative density function (cdf) of the standard normal distribu-
tion, respectively. From Porteus [22], we obtain the optimal value of q as 

( )I I
x Dq z vµ σ σ= + , where 1I p cz

p
−  −

= Φ  
 

. Furthermore, we can show 

( ) ( ) ( )( ) ( ) ( )2 2min , 1I I I
D DD xpE D q cq p c x p z vσ µ σ σ φ σ− = − + − − . 

By [ ] DE x µ= , the central decision maker chooses investment level v  to 
maximizes the expected profit 

( ) ( ) ( ) ( )I I
D Dv p c p z v vπ µ σ φ σ= − − − .              (4) 

The second and third term of Equation (4) represents the demand-uncertainty 
cost and the cost of acquiring information, respectively. The demand-uncertainty 
cost decreases due to the improvement in information’s precision. Hence, the 
optimal investment level is determined by the tradeoff between the second term 
and third one, which is 

( ) ( ),  if  

0,               Otherwise

I I
I k z k k z

v
 Λ − < Λ= 


                (5) 
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where ( ) ( )Dpσ φΛ ⋅ = ⋅ . 
As is clear from (5), the central planner invests in acquiring information only 

when ( )Ik z< Λ . In other words, if the capability to acquire information is too 
poor, it is optimal not to acquire any information at all. Further, ( )IzΛ  is in-
creasing in p and increasing in c for ( )0, 2c p∈  and decreasing in c for 

( )2,c p p∈  (Fu and Zhu 2010). When the price p is high, the cost c is mod-
erate (close to 2p ), and the underlying demand is volatile ( Dσ  is large), 
therefore, larger investments are required in the acquisition of demand informa-
tion. 

4. Decentralized System 

In this section, we analyze a decentralized setting where the firms make deci-
sions to maximize their own profits. Given the investment level v , the overcon-
fident retailer believe he would obtain the signal x with the precision ( )vβ . 
Similar to the analysis above, the biased order quantity is * *

x Dq zµ βσ= + , 

where * 1 p wz
p

−  −
= Φ  

 
. Given investment level v , the expected profit of the 

overconfident retailer is 

( ) ( ) ( ) ( )* *
D Dv p w p z v vπ µ σ φ β= − − − .              (6) 

Proposition 1 indicates how much the overconfident retailer invests in infor-
mation acquisition. 

Proposition 1. (a) The equilibrium investment level for the over confident 
retailer is 

( ) ( ) ( ) ( )
( )*

*
* 1 1 ,  if  

1
0,                                     otherwise

z
k z k kv α αα α

 Λ
 − Λ − − <=  −



         (7) 

(b) If 
( )*

4

z
k

Λ
> , ( )*v α  is first increasing for  

( ) ( )* *

max 1 ,0 ,1
4

z z

k k
α

  Λ Λ  ∈ − −     

 and then decreasing for 

( )*

1 ,1
4

z

k
α

 Λ
 ∈ −
 
 

. Otherwise, ( )*v α  decreases with [ ]0,1α ∈ . 

Proof: For (a), consider the profit function stated in (6). It can be verified that 

( )2 *

2

d
0

d
v

v
π

<  and 
( )*

0

d
0

d
v

v
v

π

=

> . Therefore, the optimal investment level *v  

is the solution to the first order condition, that is 
( )*d

0
d

v
v

π
= . For (b), the  

results directly follow from the (7). 
Proposition 1 summarizes the retailer’s investment bias in information acqui-
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sition. Similar to the first-best benchmark, if the capacity to acquire information 
turns out to be too poor, the biased retailer may end up gaining information 

from market research. Furthermore, the threshold value 
( )*

1

z

α

Λ

−
 increases with 

the overconfidence level α . It suggests that the retailer is increasingly con-
vinced that he should invest in acquiring information as he becomes more bi-
ased. 

In addition, the biased investment level is either decreasing or increasing in 
α  depending on the acquisition capacity k. If the retailer is already a good fo-
recaster, i.e., ( )* 4k z≤ Λ , improvement in overconfidence level makes him 
feel that he can obtain accurate enough information through less investment due 
to the (subjectively) stronger acquisition capacity. However, if the retailer has 
poor forecasting capabilities, i.e., ( )* 4k z> Λ , the equilibrium investment level 
is unimodal in the retailer’s overconfidence level. Specifically, the retailer with 

slight overconfidence (
( )*

1
4

z

k
α

Λ
< − ) still believes that he is not a good enough  

forecaster. In this situation, improvement in overconfidence level gives the re-
tailer the propensity to invest more in information acquisition. Instead, the  

excessively over confident retailer(
( )*

1
4

z

k
α

Λ
> − ) believes that he is a good  

forecaster, and then cuts the investment in information acquisition due to the 
(subjectively) stronger capacity. 

To explore the effect of overconfidence on firms’ incentives for acquiring in-
formation, we focus on the case where ( ) ( ){ }*min ,Ik z z< Λ Λ  in the following 
part. 

Lemma 1. For ( ) ( ){ }*min ,Ik z z< Λ Λ , we have: (a) If w p c> − , 
( )* 0 Iv vα = < ; (b) If w p c≤ − , ( )0o Iv vα = ≥ . The equation holds when

w p c= − . 
Proof: From (5) and (7), we need to compare ( )*zφ  and ( )Izφ . From Fu 

and Zhu (2010), the required results can be obtained. 
Lemma 1 shows that for the perfectly unbiased retailer ( 0α = ), the wholesale 

price plays a key role in determining how the investment level deviates from the 
first best. Ina case of the wholesale price is relatively low, the retailer can earn a 
larger profit. Therefore, the unbiased retailer would exert much effort on ac-
quiring demand information than that by a central decision maker. Similar ra-
tionale explains why an unbiased retailer invests less than a central planner when 
the wholesale price is low. 

Proposition 2. For ( ) ( ){ }*min ,Ik z z< Λ Λ , we have: 

(a) When w p c< − , there exists α̂  such that ( )* ˆ Iv vα = . Moreover, 
* Iv v>  for ( )ˆ0,α α∈  and * Iv v<  for ( )ˆ ,1α α∈ . 

(b) When w p c> − , ( )* Iv vα >  for some α  if 
( )*

4
I

z
k v

Λ
> ≥ . Other-
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wise, * Iv v<  for any ( )0,1α ∈ . 

Proof: The results directly follow from Lemma 1 and Proposition 1. 
Recall from Proposition 1 that the biased investment level is unimodal or de-

creasing in overconfidence level. When w p c< − , we have ( )* 0 Iv vα = >  as 
identified in Lemma 1. In this situation, therefore, the slightly overconfident re-
tailer under-invests in acquiring information, while the excessively overconfident 
retailer over-invests. On the other hand, under situations so that ( )* 0 Iv vα = <  

as identified in Lemma 1, coupled with an additional condition of 
( )*

4
I

z
k v

Λ
> ≥ , 

an increasing level of overconfidence pushes *v  closer to Iv , which results in 
the ultimate crossing of the value of first-best level. Otherwise, the retailer with 
any level of overconfidence would under-invest in information acquisition. 

We next investigate the impact of overconfidence on the performance of the 

members in the supply chain. Note that ( )* 0v α =  for any α when 
( )*

1

z
k

α

Λ
≥

−
, 

which is straightforward from Proposition 1. This means that the profit levels of 
supplier and retailer are independent of retailer’s overconfidence level when 

( )*

1

z
k

α

Λ
≥

−
. Therefore, we only consider the case of 

( )*

1

z
k

α

Λ
<

−
 in the following 

proposition. 
We first numerically show how overconfidence affects the retailers’ perfor-

mance through undertaking some numerical experiments. We use the following 
numerical values: 4p = , { }1.5,2,2.5,3w∈ , 3Dσ =  and 2k = . Figure 1(a), 
Figure 1(c), Figure 1(d) shows that an increasing level of overconfidence hurt 
the retailer’s profit. In Figure 1(b), the retailer’s profit increases with α for 

[ ]0.4,0.7α ∈ . However, the biased retailer’s profit is still smaller than the un-
biased one. In general, therefore, overconfidence hurts the retailer’s profit. In addi-
tion, excessive overconfidence may even eliminate the benefits of information. 
When w = 3, for example, the expected profit of the unbiased retailer without 
information acquisition can be expressed as ( ) ( )*N

D Dp w p zπ µ σ φ= − −  
(≈6.18668). It can be verified that the expected profit of retailer with information 
is smaller than the profit without information when 0.87α > . Therefore, exces-
sive overconfidence could eliminate the benefits of information. 

On the other hand, the supplier produces the exact quantity ordered by the 
retailer and receives an expected profit of 

( ) ( ) ( )
( )

* * *
*

1
S x D D

k
E w c q w c z

z

α
π µ σ

 −  = − = − +   Λ
 

.         (8) 

Proposition 3. The supplier benefits from the retailer’s overconfidence if and 

only if 
2
pw > . 

This proposition shows that overconfidence can be a positive effect on the 
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Figure 1. The effect of overconfidence on the retailer’s profit. 

 

supplier’s performance. When the wholesale price is relatively large, i.e., 
2
pw > , 

an increasing level of overconfidence boots the supplier’s profits. 

5. Channel Coordination 

Under rational player assumption, it is well known that a wholesale price con-
tract cannot coordinate a supply chain due to double marginalization. In this 
section, we examine whether channel coordination is feasible in the presence of 
overconfidence. For the first-best benchmark, the equilibrium expected order 
quantities are 

( ) ( ),   if 

,                 Otherwise

I I
D D II

x

I
D D

kz k z
zE q

z

µ σ

µ σ


+ < Λ  Λ=  


+

.            (9) 

In the decentralized system, the equilibrium expected order quantities under 
the wholesale price contract can be expressed as 
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( )
( )

( )*
*

* *

*

1
,   if 

1

,                   Otherwise

D D
x

D D

zk
z k

E q z

z

α
µ σ

α

µ σ

 Λ− + <  −= Λ 


+

.          (10) 

Proposition 4. When 
2
pc ≥ , there exists a level of overconfidence ( )** 0,1α ∈  

at which the supply chain can be coordinated under wholesale price contract. 
Proof: From (9) and (10), channel coordination can be achieved under 

wholesale price contract if and only if *I
x xE q E q   =     and ( )*Iv v α= . 

Therefore, we just need to consider the case of * 0Iz z< <  and *0 Iz z< < . 

When 
2
pc > , we have * 0Iz z< <  and ( ) ( )* Iz zΛ < Λ . In this situation, 

there are three cases to consider. That is 

Case (a): ( )Iz kΛ ≤ . There exists 
( )*

** 1 ,1
z

k
α

 Λ
 ∈ −
 
 

 such that 

( ) ( )
2

**
* *

1
Iz k

z z
α

 
= − 
Λ 

 

because 
2

* 1
Iz

z
 

< 
 

. Hence, *I
x xE q E q   =     when **α α= . 

Case (b): ( ) ( )* Iz k zΛ ≤ < Λ . There exists 
( )*

** 1 ,1
z

k
α

 Λ
 ∈ −
 
 

 such that 

( )
( ) ( )

2
*

* *
1

II zz
z z

α
Λ 

= − 
Λ 

 

because 
( )2

* 1
II zz

kz

Λ 
< < 

 
. Hence, *I

x xE q E q   =     when **α α= . 

Case (c): ( )*k z< Λ . There exists ( )** 0,1α ∈  such that 

( )
( ) ( )

2
**

* *
1

II zz
z z

α
Λ 

= − 
Λ 

 

because 
( )
( )

2

* *
1

II zz
z z

Λ 
< < 

Λ 
. Hence, *I

x xE q E q   =     when **α α= . 

Furthermore, it is easy to verify that the investment level can also be coordi-
nated in this situation. In general, the supply chain can achieve coordination in 

some certain level of overconfidence when 
2
pc > . 

When 
2
pw < , we have *0 Iz z< <  and ( ) ( )*Iz zΛ < Λ . In this situation, 

there are three cases to consider. That is 
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Case (a): ( )*z kΛ ≤ . There is no 
( )*

** 1 ,1
z

k
α

 Λ
 ∈ −
 
 

 such that 

( ) ( )
2

**
* *

1
Iz k

z z
α

 
= − 
Λ 

 

because 
2

* 1
Iz

z
 

> 
 

. Hence, we have *I
x xE q E q   ≠     for any α . 

Case (b): ( ) ( )*Iz k zΛ ≤ < Λ . There is no ( )** 0,1α ∈  such that 

( ) ( )
2

**
* *

1
Iz k

z z
α

 
= − 
Λ 

 

because 
( )

2

* *
1

Iz k
z z

 
> > 

Λ 
. Hence, we have *I

x xE q E q   ≠     for any α . 

Case (c): ( )Ik z< Λ . There is no ( )** 0,1α ∈  such that 

( )
( ) ( )

2
**

* *
1

II zz
z z

α
Λ 

= − 
Λ 

 

because 
( )
( )

2

* *
1

II zz
z z

Λ 
> > 

Λ 
. Hence, we have *I

x xE q E q   ≠     for any α . 

In general, the supply chain cannot achieve coordination when 
2
pw < .  

In contrast to the standard result of classic models, Proposition 4 indicates 

that when the total profit margin is low (i.e., 
2
pc > ), the supply chain can be 

achieved under the wholesale price contract. Thus, overconfidence is a bias that 
can offset the effect of vertical decentralization such that a supply chain is equiv-
alent to its centralized benchmark. In other words, wholesale price contracts can 
be an effective tool to coordinate the supply chain when the retailer is overcon-
fident. 

6. Conclusions 

To the best of our knowledge, the previous literature studies information acqui-
sition problems by assuming that decision makers are unboundedly rational. 
This work contributes to the emerging literature on behavioral operations man-
agement by considering a supply chain in which a supplier sells to a retailer, who 
is overconfident when he invests in acquiring information. Our analysis yields 
several interesting results. 

First, our work shows that overconfidence does not necessarily cut the in-
vestment in information acquisition. In some situations, overconfidence gives 
the retailer the propensity to invest more in information acquisition, and causes 
the retailer to overinvest in information acquisition. Second, we show that over-
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confidence hurts the retailer’s profits, and even eliminates the benefit of infor-
mation. However, this bias can have a positive effect on the supplier’s perfor-
mance. Finally, we demonstrate that overconfidence with endogenous informa-
tion acquisition can coordinate the supply chain. In presence of overconfidence, 
therefore, channel coordination can be achieved under the wholesale price con-
tract. 
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