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Abstract:Abstract:Abstract:Abstract: Confronted with well-informed consumers, the firms have to take everything into consideration.

Through the classic game theory, pricing mechanism is discussed with different characteristics of consumer

behavior. The consumer population is heterogeneous along two dimensions: they may have an inclination

towards the obedience of the public and different degrees of patience. After introducing the price deviation

variables, we demonstrate that heterogeneity in both inclination and patience is important because they jointly

determine the structure of optimal pricing policies. The numerical example shows that the markdown degree, the

expected purchasing amount of consumers and the expected profits of the firm are increasing with the increase of

the proportion of counter-conformity consumers. And we also examine whether the discount rate of capital,

counter-conformity consumers and myopic consumers will have an impact on the sales. In particular, when the

discount rate and the proportion of the conformity customers are too high, the expected profits of the firm are

increasing mildly with the increase of the proportion of myopic customers. Therefore, the discount rate and

characteristics of consumer behavior should be considered together to maximize the revenue of firms.

KeywordKeywordKeywordKeywordssss:::: dynamic pricing; consumer behavior; game theory; revenue management

1.1.1.1. INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
In the field of sellers’ revenue, dynamic pricing is one of the most important methods to increase the profit

of sellers. Marn and Rosiello(1992) found that with typical cost structure adjusting the price of commodity by 2
or 3 percentage can contribute to more 35% of revenue[1]. However, dynamic pricing has never been applied
worldwide[2]. With the development of internet, much less cost would make it to change the pricing strategy. In
that way, the internet can provide sellers with an ideal pricing platform.

As consumers become increasingly sophisticated, pricing is most difficult for sellers. With highly
transparent information updated in the internet, consumers can easily foresee the forward strategy of sellers,
which would make the “ Cat-Mouse” game[3] between sellers and consumers more complicated. Based on this,
Lazear(1986) divided the consumers into two types[4], observers instant buyers which share the same meaning of
strategic consumers and inpatient consumers[5]. It’s really common that consumers are becoming smarter and
smarter. For instance, a large amount of consumers would rather to buy apparels out of season, so as the
Americans. A research carried out by McWilliams and Zbaracki(2004) demonstrated that some strategic
consumers preferred to markdowns, such as electronics and industry goods, after Christmas day[6] [7]. And these
consumers were labeled as “devils” just as Brad Anderson(Best Buy Chief Executive Officer) said. Sellers
would be compelled to use the marginal price to attract more consumers while the whole profit falls down[8].
Assumed that the strategic consumers existed, Extant researches used two-period model to analyze the game[9]
[10], which proved that the second period price would lower than the price without patient consumers, for patient
consumers who always weighed what they got would wait enough time to win the game[11]. Through a family of
subgame perfect equilibria for the monopoly pricing game Nash equilibrium, Besanko and Winston made an
conclusion that sellers should put more weight on consumer strategic behavior which had great impact on
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sellers’ profit[12].
To some extent, above researches reflect the patience characteristics of consumers, but with the

development of network communities, consumer behavior would be more complicated for more information
filled in the internet, such as networks rating, the sales volume. Consumers in this situation may show
counter-conformity, conformity or non-conformity consumption characteristics, which will really make some
difference in vendor pricing and profit. Liu (2006) and Duan (2008) researched that the American movie ticket
sales will go up for the number of positive comments[13] [14]. Nowadays to meet consumer demand, in the
presentation area of commodity information the online sellers highlighted the markdown notices, comments on
quantity and sales information of products, such as Jingdong mall, Taobao. But whether this sort of measure will
improve the profit of enterprise still remains to be a question. Therefore three conditions need to be taken into
consideration. Firstly, non-conformity consumers make an decision free from product sales and the comments.
Secondly, when product sales volume is low, conformity consumers will easily change their attitude and
behavior in accordance with the public trend, reducing the firm's profit at the same time[15]. Thirdly, with the
advent of the era of personalized consumption, the non-conformity consumers who pursue high quality life, are
often unique and bold to attempt distinctive things[16], which means the sales are low, they will change their
consumption behavior or attitude to distinguish them from the mass, then they buy the products increasing the
sellers' profit. Even though these irrational effects can take place, the advanced information about the sellers
pricing would force consumers to be more rational to wait for a discount to maximize the consumer surplus[17].

Based on the above theory, manufacturer's pricing strategy and sales profit will be influenced by the
conformity and patience characteristics of consumers at the same time, so it would be particularly important to
integrate these two characteristics into pricing model, which has rarely been studied. The customer population is
heterogeneous along two dimensions: they may have an inclination towards the obedience of the public and
different degrees of patience. Therefore, consumers are divided into six types, and to describe the model more
clearly, the price deviation variables is introduced. Then following numerical experiment analyze the effect of
the proportion of each type of consumers on the sellers’ pricing strategies, sales, and profits separately in
monopoly situation. And final extension is made to analyze the influence of the discount rate on the firm's profit.

2.2.2.2. MODELMODELMODELMODEL
2.12.12.12.1 SymbolSymbolSymbolSymbol andandandand assumptionassumptionassumptionassumption

Products are available through two phases at given period in monopoly environment, assumed that there is
no shortage and by the end of the selling season, leftover units have zero profit. Consumers are infinitesimally
small and arrive at the same time. Each consumer demands a single unit product in the case that consumer’s
reservation value is higher than the price. The consumer population is heterogeneous along two dimensions:
they may have an inclination towards the obedience of the public and different degrees of patience. When
confronted with different sales of products, consumers may change their purchasing behavior, identified to be a
response for social pressure. The second dimension of heterogeneity is patience. Patient consumers with unique
personalities would delay purchasing to maximize individual utility, ascribed to be a response for personal
reasons. Therefore, these two dimensions have no correlation with each other. We shall refer to these six
consumer types, as patient-conformity-types, impatient-conformity-types, patient-non-conformity-types,
impatient-non-conformity-types, patient-counter-conformity-types, impatient-counter-conformity-types. We
assume that consumer types are unobservable to the seller, and that the composition is stationary over time.
Each type of consumers would have different effect on seller’s pricing and profits. The main symbols and
assumptions are used in the model as follows:
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(1) The reservation value of consumers is denoted byν (0 1)ν≤ ≤ , [0,1] uniform distributed;

(2) Seller’s pricing strategy is denoted by [ 1p , 2p ],separately referring to the price at first and second

period , with 2 10 1p p≤ ≤ ≤ ;

(3) The products’ unit cost is denoted by 0c c =（ ）;

(4) Consumer surplus 1pν − is on the behalf of profit consumers will get through purchasing behavior.

And capital will devalue with time pass by, so profit at second-period should be discounted at rate γ , with
0<γ <1;

(5) The aggregate demand of these consumers is N units, and denote the proportion of each customer type

using 1λ , 2λ , 3λ , 1θ , 2θ ,separately referring to counter-conformity consumers, conformity consumers,

non-conformity consumers, patient consumers, impatient consumers, with 1 2 3 1λ λ λ+ + = , 1 2 3 1λ λ λ+ + = ;

(6) When informed with other’s purchasing willingness or behavior, those who stay the same with others
we call conformity, those who take the opposite view to others we call counter-conformity [18], those who remain
unchanged we call non-conformity [19]. So during the selling season, the conformity, conformity consumers will

change purchase strategies, leading to different reservation values. Actually, we use price deviation variable (∆ )
to denote the positive or negative deviation of irrational reservation value which we can accurately predict in
advance. In the first period, relatively only a few people purchase new products, but at this point
counter-conformity consumers would tend to be irrational to buy products at high price with abnormal higher
reservation value. On the contrary, conformity consumers would rather delay buying for keep the same pace
with the majority. When it comes to the second period, these two types of consumers will do oppositely. Still,
the non-conformity consumers’ reservation will still stay the same till the end;

(7) Cumulative market demand of each type of consumers during the two period selling seasons is depicted
in table 1.

TableTableTableTable 1111 CCCCumulativeumulativeumulativeumulative marketmarketmarketmarket demanddemanddemanddemand ofofofof eacheacheacheach typetypetypetype ofofofof consumersconsumersconsumersconsumers

Counter-conformity

（ 1λ ）
conformity（ 2λ ）

Non-conformity（

3λ ）

Impatient（ 1θ ） 11
κα 12

κα 13
κα

patient（ 2θ ） 21
κα 22

κα 23
κα

accumulation（

ij
j

κα∑ ） 1
κα 2

κα 3
κα

ij
κα denotes the proportion of each type of consumers’ cumulative market demand during κ period; ij

κν is the
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critical point of reservation value during κ period;
2 3

1 1

k
k ij

i j
α

= =

Μ =∑∑ denotes the whole marketing demand during κ

period.（ , 1, 2; 1, 2,3i k j= = ）

1.21.21.21.2 ModelModelModelModel analysisanalysisanalysisanalysis
Definition (critical appraisal): in the consumer set who produce the purchasing behavior, there is the lowest

reservation value of consumers, which we define as the critical appraisal of consumer set. According to this
definition, the willingness to pay is greater than the critical appraisal of the consumers, then purchasing behavior
must happen. If the distribution of certain known consumer groups’ value and critical appraisal is known to us,
we will be able to tell the actual consumers’ quantity.

Therefore, to some extent, critical appraisal expresses the market characteristics of specific consumer set in
response to enterprise pricing strategy. Based on the above assumptions and definition, all kinds of consumers’
purchase plan and market demand expression is as follows:

(1) During the first period, the counter-conformity consumers would rather to produce purchasing behavior
to show up personality irrationally with reservation value increased to ν + ∆ . Therefore, if the commodity

valueν + ∆ is equal or greater than 1p , purchasing behavior will happen, namely critical appraisal is denoted

by 1
11 1pν = −∆ , the proportion of purchasing quantity is ( )1

11 1 1 11 pα θ λ= − + ∆ . However, during the

second period, the willingness of the counter-conformity consumers will be weaken for plenty of people jump
into the market, so the reservation value is lowered to ν − ∆ , that is to say critical appraisal is denoted by

2
11 2pν = + ∆ , the expected purchasing quantities proportion is ( )2

11 1 1 1 2 2p pα θ λ= − − ∆ .

(2) The conformity-impatient consumers at the first period will lower their rational reservation value to
ν − ∆ for lack of confidence, and purchasing intention will be weaken at the same time. Therefore, critical

appraisal 1
12 1pν = + ∆ , the proportion of expected purchasing quantities ( )1

12 1 2 11 pα θ λ= − −∆ . As the

consumers accumulate at the second period, conformity-impatient consumers would add the price deviation

variable to the reservation value, which can be denoted afresh byν + ∆ . So critical appraisal 2
12 2pν = + ∆ , the

proportion of expected purchasing quantities 2
12 1 2 1 2( 2 )p pα θ λ= − + ∆ ;

(3) non-conformity-impatient consumers adhere to the rational reservation value all the time, so at the first

period the critical appraisal 1
13 1pν = , the proportion of expected purchasing quantity 1

13 1 3 1(1 )pα θ λ= − .

When it comes to second period, consumers are willing to purchase if and only if the reservation value is greater

than 2p , namely critical appraisal 2
13 2pν = , the proportion of expected purchasing

quantities 2
13 1 3 1 2( )p pα θ λ= − ;

(4) As the first point states, the counter-conformity consumers would have enough irrational motivation to
purchase with reservation value increased toν + ∆ . With no opportunity to show up their personality at second
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period, counter-conformity consumers’ reservation value will be lowered toν − ∆ . Strategic consumers would
compare the purchasing strategy back and forth to maximize their own utility. So if the condition

1 2( ) [ ( )]p pν γ ν− −∆ ≥ − + ∆ ， 2 0pν −∆ − > can be separately satisfied at the first and second period,

purchasing behavior would occur. In addition, critical appraisal is respectively 1 1 2
21

(1 )
1

p pγ γ
ν

γ
−∆ + −

=
−

，

2
21 2pν = + ∆ , the proportion of expected purchasing quantities 1 1 2

21 2 1
(1 )[1 ]
1

p pγ γ
α θ λ

γ
−∆ + −

= −
−

，

2 1 2
21 2 1 2

(1 )[ ( )]
1 1
p p pγ γ

α θ λ
γ γ

− +
= − ∆ − + ∆

− −
, respectively;

(5) At the first period the conformity-patient consumers will lower their rational reservation value toν − ∆ ,
but increase it irrationally to ν + ∆ at the second period. So purchasing behavior would occur when

1 2( ) [ ( )]p pν γ ν− + ∆ ≥ − −∆ ， 2 0pν + ∆ − > separately at the first and second period. Namely critical

appraisal 1 1 2
22

(1 )
1

p pγ γ
ν

γ
+ ∆ + −

=
−

，
2
22 2pν = −∆ ,the proportion of expected purchasing

quantities 1 1 2
22 2 2

(1 )[1 ]
1

p pγ γ
α θ λ

γ
+ ∆ + −

= −
−

，
2 1 2
22 2 2 2

(1 )[ ( )]
1 1
p p pγ γ

α θ λ
γ γ

− +
= + ∆ − −∆

− −

respectively;
(6) To maximize their utility, non-conformity-patient consumers with the ability to predict the pricing

strategy make rational purchasing plan, so non-conformity-patient consumers at the first and second stage

should meet the requirements respectively: 1 2( )p pν γ ν− ≥ − , 2 0pν − > , namely reservation value

1 1 2
23 1

p pγ
ν

γ
−

=
−

，
2
23 2pν = respectively. So the proportion of expected purchasing quantities of

non-conformity-patient consumers 1 1 2
23 2 3(1 )

1
p pγ

α θ λ
γ

−
= −

−
，

2 1 2
23 2 3 2( )

1
p p pγ

α θ λ
γ

−
= −

−
.

3.3.3.3. OPTIMALOPTIMALOPTIMALOPTIMALPOLICYPOLICYPOLICYPOLICY
Consumers’ purchasing behavior will always be influenced by the rational and irrational factors

simultaneously, so in order to maximize the profit sellers should consider these factors thoroughly. This section
is mainly to solve the basic model, so we can get the sellers’ optimal pricing strategy.

According to expected purchase quantities of various types of consumers, the sales at the first and second
period

2 3
1

1
1 1

ij
i j

N α
= =

Μ = ∑∑ ，
2 3

2
2

1 1
ij

i j
N α

= =

Μ = ∑∑ （1）

app:ds:simultaneously
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Pricing strategy ( )1 2,p p at the first period will contribute to the maximum of profit Ζ . But when the

condition of the first stage is given, sellers should change their pricing strategy 2p to maximize the second

stage’s profit 2Ζ .

When the pricing strategy ( )1 2,p p at the first period has been worked out, the expected profit can be

denoted by

1 1 2 2p pγΖ = Μ + Μ （2）

The expected profit at the second period can be denoted by

2 2 2pγΖ = Μ （3）

We all know that wise sellers would make the pricing strategy again to maximize the whole profit during

the selling season after the first period goes to the end. Naturally, at this point the terms 1p , 1
ijα are known, so

with the adjusted reservation value 1
ijν with 1,2; 1,2,3i j= = . To acquire the optimal pricing strategy, we

should compute the differential of formula (2), (3),as follows:

1 2
1 1 2

1 1

0p p
p p

γ
∂Μ ∂Μ

+Μ + =
∂ ∂

（4）

2
2 2

2

0p
p

γ γ
∂Μ

Μ + =
∂

（5）

The cumulative sales at the first period:

1Μ ( ) ( ) ( )1 2
1 1 1 2 2 1 2

1
1 1

1 1
p pN p N

γγ
θ λ λ θ λ λ

γ γ
+⎡ ⎤−

= − + ∆ − + − + ∆ −⎡ ⎤ ⎢ ⎥⎣ ⎦ − −⎣ ⎦
（6）

The cumulative sales at the second period:

2Μ ( ) ( )1 2
1 1 2 1 2 2 2 1 2

22
1 1
p pN p p N pγ

θ λ λ θ λ λ
γ γ

⎡ ⎤−
= − − ∆ − + − − ∆ −⎡ ⎤ ⎢ ⎥⎣ ⎦ − −⎣ ⎦

（7）

Combining formula (4),(5),(6),(7) with the case 2 11θ θ= − replacing other unknown parameters, finally

we get the optimal pricing strategy:

( ) ( ) ( ) ( )
( )( )

2 2 3 2 2
1 1 1 1 1 1 2*

1 2
1 1 1

2 5 2 9 2 5 3 3

1 6 6
p

θ γ θ γ θ γ θ γ γ θ γ γ λ λ

θ γ θ γ θ γ γ

− − + + + − + + + − ∆ −
=

− − − +
（8）

( ) ( )
( )

1 1 2*
2 2

1 1

1 3
6 6

p
γ θ γ γ λ λ
θ γ θ γ γ

− + + − ∆ −
=

− − +
（9）

Due to the fact that the pricing strategy ( )1 2,p p play the dominate role in the purchasing strategy of
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consumers, the pricing strategy can be an effective trigger to the consumers’ response. And we can easily find
out the profit of sellers is influenced by the proportion of various consumers.

4.4.4.4. NNNNUMERICALUMERICALUMERICALUMERICALSIMULATIONSIMULATIONSIMULATIONSIMULATION
The following simulation is made to analyze the effect of the proportion of counter-conformity consumers

and conformity consumers on the pricing strategy, sales and profits. In this section, non-conformity consumers
are so rational that we set their proportion as the constant.

With 1 30.5, 0.7, 0.5, 0.1, 1000Nθ γ λ= = = ∆ = = , figure1-3 shows:

0 0.1 0.2 0.3 0.4 0.5
0.1

0.15

0.2

0.25

0.3

0.35

 

 

λ1

the price at the
first period

the price at the
sceond period

the expected
markdown degree

FFFFigureigureigureigure 1111 thethethethe expectedexpectedexpectedexpected pricepricepriceprice againstagainstagainstagainst 1λ

1) The expected price against the proportion of counter-conformity consumers 1λ

Figure 1 shows that, with the increase of the proportion of counter-conformity, the price at first phase is
expected to rise mildly, while the price at the second phase is expected to fall rapidly. In the first stage, the
counter-conformity consumers who advocate the personality of consumption will enhance myopia consumers'
willingness to purchase, and transform the attitude of strategic consumers who may wait for promotion. Still,
some strategic consumers may delay buying hoping more welfare. So if sellers are eager to maximize revenue,
they should raise the price a bit to stimulate the intention to purchase at the first period. At the beginning of the
second selling season, sellers should greatly reduce the market price, which will cause the purchasing behavior
of the majority—counter-conformity consumers, to ensure that the gross profit is the largest. The conclusion of
the research is different from the extant researches. The extant researches only consider the patience of
consumers, in which case, the price at the second period of grows continually, the markdown reduces. But the
conformity characteristic does exist, and have great influence on consumers' purchasing decisions, which the
sellers should not ignore.

2) Various types of expected purchasing quantity against the proportion of counter-conformity consumers

1λ The proportion of counter-conformity consumers will affect the whole sales and the cumulative sales of

counter-conformity, conformity consumers to different extant. From the figure 2 we can see, with the increase

of 1λ , the expected purchasing quantities of non-conformity consumers increase gradually, while conformity

consumers’ purchasing quantities continuously reduce, and the total expected sales is declined faintly. In fact,
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non-conformity consumers’ purchasing quantities shows ascendant trend. For the purchasing quantities of

non-conformity consumers is merely determined by the price 2p , non-conformity consumers who have the

ability to pay will increase with the decline of the price at the second period. Figure 1 shows that, the bigger 1λ

is, the smaller 2p is. Therefore non-conformity consumers’ purchasing quantities will increase gradually with

the increase of 1λ . The conclusion of our research is different from the extant researches. Extant researches only

consider the patience of consumers, in which case, the overall expected sales greatly reduce with the
accumulation of strategic consumers. However, the counter-conformity characteristic will offset part of the
rationality of strategic consumers so as to improve the sales.

0 0.1 0.2 0.3 0.4 0.5
0

50

100

150

200

250

λ1

 

 

the expected total profit

the expected profit at
the second period

the expected profit
at the first period
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3) The expected profit against the proportion of counter-conformity consumers 1λ

Seller’s profits are influenced by e proportion of counter-conformity consumers all the time period, as
shown in figure 3. Counter-conformity consumers in order to satisfy the needs of the individual character will
purchase even though the price is beyond the rational reservation value. Due to the increase of this kind of
consumers, the gross profit and profit at the first period will increase as well. In the second stage, the whole
consumers who stay in the market is less than before, and unique consumption idea makes counter-conformity
consumption consumers give up buying opportunities irrationally. So the second stage’s profit will greatly
decline with the proportion of counter-conformity consumers increasing. Therefore, consumers' conformity
characteristic will greatly affect the sales and profit, while the extant researches keep the view that the gross
profit will decrease gradually. Through the conclusion we make, sellers may not maximize their profit without
considering conformity characteristic, which inevitably causes the market prediction deviate from the actual
situation to a certain extent.

5.5.5.5. MODELMODELMODELMODELEXTENSIONEXTENSIONEXTENSIONEXTENSION
Pricing strategy is always influenced by several parameters, including the proportion of strategic

consumers and discount rate, which have mutual effect with other parameters. We set

3 0.5, 0.1, 1000Nλ = ∆ = = to analyze the effect of the discount rate, the proportion of conformity

consumers and impatient consumers on the total profit:
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Figure 4 displays the proportion of impatient consumers, the discount rate and the proportion of
counter-conformity consumers will work together to affect the total sales. As we can see from the graph, when
the discount rate is not very high, the increase of the proportion of impatient consumers and counter-conformity
consumers will result in the increase of total sales. Generally speaking, impatient consumers who only consider
the current profits, unable to predict the price trend, would immediately buy goods that can produce consumer
surplus. With the increase of the proportion of the counter-conformity consumers, more products at high price
will be consumed and profit goes up. When the strategic consumers take up the market, they may delay
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purchasing behavior for maximize their utility. If the discount rate is high enough, waiting is an effective
strategy for consumers with less risk, which will lead to a lower profit for sellers. However, from the figure 4 we
can also see the profit will increase at certain extent when the proportion of impatient consumers decreases and
the proportion of conformity consumers increases. The reason why this condition occurs is that the willingness
of purchasing is enhanced for more conformity consumers converge on the second period. Meanwhile, sellers
have no intention to reduce the price at the second period, which lets a fraction of consumers to flow into the
first period. Though the profit declines at the first period, total profit increases for the profit at the second period
offset the previous loss, which we can see from the figure 5.As for extant studies, consumers’ waiting
characteristics influence consumers’ behavior and the profit in a single direction. In fact, due to many factors
existing in the process of work out purchasing strategy, including conformity and patience characteristic, the
profit is not just fall or rise in such a simple way. Therefore, the manufacturer must consider the characteristics
of the consumers in a deep-going way, so as to make more reasonable pricing strategy and improve total profit.
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6.6.6.6. CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION
Network platform provides the ideal pricing condition for sellers, and offers more information about the

commodities for consumers timely. However, more irrational factors will affect the sellers’ pricing strategy and
profitability, making dynamic pricing even more complicated. So it is urgent to actualize the abstract irrational
factors. This paper divides the consumer population into six types along two dimensions: they may have an
inclination towards the obedience of the public and different degrees of patience. After introducing price
deviation variable referring to the deviation of consumers’ rational behavior, this paper suggests that the
markdown degree, the expected purchasing amount of consumers and the expected profits of the firm are
increasing with the increase of the proportion of counter-conformity consumers. And we also examine whether
the discount rate of capital, counter-conformity consumers and myopic consumers will have an impact on the
sales. In particular, when the discount rate and the proportion of the conformity consumers are too high, the
expected profits of the firm are increasing mildly with the increase of the proportion of myopic consumers.
Therefore, the discount rate and characteristics of consumer behavior should be considered together to maximize
the revenue of firms. The conclusions may have certain significance for pricing, and to maximize the profit,
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sellers should take the rational and irrational characteristics into consideration together.
Though the pricing model we build is well-considered about the counter-conformity, non-conformity and

conformity of consumers, other irrational factors will still affect the sellers’ pricing strategy, and the most
difficult question is how to qualify the abstract factors, which can be a further research. We assumed that the
consumers arrive at the same time, the aggregate consumers during the selling season remain unchanged with
amply supplement. Further researches can relax the conditions, for instance, the arrival of consumers can be a
continuous process (the Poisson distribution), and the supply is limited, products may be out of stock in the
second stage.
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