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Abstract. This paper analyzes the choice behavior of strategic consumers and the impact of trade-
in on product pricing path, compares the equilibrium deviation between different pricing decision-
making methods, and discusses the optimal product pricing strategy under different situations. It is
found that strategic consumers tend to buy low quality products with lower price if the degree of
strategy is higher. The higher the level of quality investment, the stronger the willingness of
strategic consumers to buy new products. Compared with centralized decision-making,
decentralized decision-making is more conducive to the two enterprises to improve their own profit
level. The relevant conclusions of the research can provide forward-looking basis for enterprises in
the launch timing of new and old products, pricing decisions and trade-in strategies, which has
certain theoretical significance and practical value.
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1. Introduction

With the rapid development of science and technology, enterprises are constantly improving the
marketization speed of new products, and the differences between products of the same
consumption grade in quality, price and even marketing strategies are becoming less and less [1]. In
order to protect the existing market share and further tap the consumption potential, many
enterprises have adopted the strategy tool of "trade-in for new" to motivate consumers to purchase
and experience new products. Apple, millet and companies such as HUAWEIL for example, the
club's official website opened to old change new channels, by to help consumers evaluate the
product to determine its price deduction, if consumers choose to old change new, so pay only after
the deduction of the price of the new product can be completed the purchase process, greatly
improves the consumer's buying experience, then achieve the purpose of mining market demand.
However, in the context of e-commerce, product-related information is increasingly public. In order
to improve their own utility in the process of purchase, consumers tend to compare the price and
quality of similar products with the known information. Such consumers are generally called
strategic consumers in the field of operation management [2]. Although studies have shown that
differentiation strategy can effectively alleviate the adverse impact of strategic consumers' delayed
purchase on enterprise product operation [3], how can enterprises adjust the quality and price of
products sold to strategic consumers to encourage consumers to trade in old products for new ones?
What kind of pricing method is more suitable for enterprises to adopt the old for new strategy?
These are the practical problems that enterprises need to solve.

The trade-in model has excellent performance in product sales, resource reuse, environmental
governance and other aspects [4-6], which has been regarded by some enterprises as a necessary
operation means to achieve long-term market development. Therefore, many scholars have
incorporated it into the analysis framework of operation management to discuss relevant decisions
of enterprises. Although the above studies discussed the implementation conditions of the trade-in
strategy from the perspective of enterprises and consumers respectively, they ignored the situation
of strategic consumers in the market demand side. Unlike short-term consumer, strategic consumers
pay more attention to product quality and price in the process of shopping attributes such as factors
affect its utility, and the effectiveness of its focus is not only the current product price, on a sales or
the next issue of the product price, and competitors' products prices are strategic consumers weigh
the own effectiveness is an important part [7-12]. A potential condition of the trade-in strategy is
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that the consumers who hold the old products can buy the new products, and there is a certain
difference between the old and new products [13,14]. Obviously, under the condition of trade-in,
strategic consumers who hold old products will decide whether to trade in or not, depending on
whether the new products can bring greater utility to them, which will have an important impact on
the market demand estimation of enterprises and the price adjustment strategy of new and old
products.

In the case of strategic consumers on the market demand side, the new products sold by the
enterprise in the second stage will be considered. By analyzing the strategic consumer behavior and
introducing the old for new strategy into the demand function, the dynamic pricing decision model
is established. By analyzing the optimal product price path, this paper discusses the influence of
the main parameters on corporate profits and pricing model selection, and tries to answer the
relevant questions mentioned above.

2. Model

Strategic Consumers. It is assumed that strategic consumers in the market do not have the
situation of repeated purchase, that is, each consumer can only buy one unit of product at most. This
assumption has been widely used in relevant researches in the field of strategic consumer behavior
operation, and its scientificity has been verified by many scholars [15]. In the second stage, strategic
consumers are more sensitive to product price due to the higher quality of the new product. After
the end of this stage, all consumers can purchase a unit of product, that is, consumer surplus is not
less than zero. In addition, it is assumed that the cost variation of consumer search and waiting time
caused by purchase is not considered in the purchase process. Accordingly, the number of strategic
consumers in the market can be U, and the valuation of the required productsis v, and follows [0,
v"]the uniform distribution.

Product. It is assumed that the unit production cost of products A and Bis ¢,> 0, and to make

the model more consistent with economic practice, it is assumed that the unit production cost of the
new product is not lower than that of products A and B, c¢,> ¢, > 0. The two enterprises will decide
the product quality input and sales price according to the actual demand, and both take the pursuit
of profit maximization as the action goal.

Scenario 1. The unit product quality input of the two enterprises in the first stage are ¢, and ¢,,
the price are p,, and p,, , and ¢, > q,> ¢q,, product A has relatively higher quality and price. In the
second stage, considering the quality loss caused by product advancement over time (i.e. relative to
new products, old products in use function and durability decreases over time), consumers' overall
evaluation of the product will also decline. At this point, the product price is respectively, and the
discount coefficient are p,and p,,. The higher the consumer's strategic degree is ae(0,1). In
addition, since product quality input is a key factor affecting consumers' purchase, enterprises
producing low-quality products have the motivation to narrow the difference between high-quality
products and high-quality products. It can be assumed 0 < a< ¢,/ q,< 1, that this means that the
smaller the quality difference between products, the lower the valuation loss of products in the
second phase. It reflects the view that high-quality products can alleviate the waiting behavior of
strategic consumers [16].

Situation 2. The first stage is similar to scenario 1. But in the second stage, the two companies
sell new products AN and BN to tap market demand. The price of the new product is p,, and p,,,
and the unit quality input is ¢,, and g, . This kind of product is mainly sold to consumers who have
not purchased the product in the first stage. In addition, consumers who have already purchased a
product in the first stage can exchange for a new product in the second stage based on the recovered
price and the recovered price spot. The recovery price are poand p,,.The profit that the two
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enterprises can obtain from recycling products is s [17], which meets the

conditions 0 < p,,, ps, < s . This indicates that the unit income obtained by the old product is not
less than the recycling price, which is the profitable condition for the enterprise under the trade-in
strategy.

3. The decision-making process of strategic consumers

Not selling new products. In this scenario, the products that stratjgzicﬂ %onsumerj =c%r‘1} choose in
the first stage include A and B, and the valuation function 4 a and B » . Where,
A/ <O, is the quality sensitivity coefficient of consumers on products A and B, is the function

of product quality input and production cost, and the expression are A=d.le, and'g =4;/c, .
This reflects that the degree of quality difference between products is the key factor affecting
consumers' evaluation of products, and the unit product quality input is not higher than the
production cost, that is, relative to the production cost, the higher the product quality input, the
higher the consumer's evaluation of products. In the second stage, products A and B will be sold at

discounted prices as time goes by, and the valuation function ‘;A: A and ‘}B: B, . The
consumer surplus functions at different stages

are Si =Vr Py S, =Virp o , Sy = /= Poand S’FV 5~ P respectively.

When strategic consumers purchase product A or product B in the first stage,

1 1 2 2 1 1 2 2
conditions > * = ™ {85:85.53) and "> max (S, 5% S} shall be met respectively. In the second stage,
consumers who have not purchased products in the early stage will purchase as long as the
consumer surplus is greater than zero. Otherwise, the waiting behavior in the previous stage is
meaningless. So if you buy product A or product B,

conditions §42 max {Sé’o} and Sj > max {Sj’o} are met, respectively. Enterprises determine the final
sales price based on the product selection of strategic consumers in different sales stages. When the
product quality is high and consumers have a high evaluation, the purchase behavior will be
triggered. According to relevant assumptions, the order of product purchase of consumers can be
known. The market share of strategic consumers purchasing different products in each stage is as
follows:
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V=P V= v
Selling new products. Strategic consumers value products Aand Bas « « gnd 5 » inthe

first stage. In the second stage, since the two enterprises sell new products AN and BN, depreciation

or valuation loss is

not considered, and the consumer valuation function is viE B, and Ve B, respectively.

Where, g?’g (0.1 respectively are the quality sensitivity coefficients of consumers for new
products, and are functions of  quality and production cost, with

expressions fi=awle, and B=m /<, respectively. The consumer surplus functions at different
1 _ _ —
stages are 4 =Vip o SY=VEp o S V5P nand 5S¢ =VEP respectively.
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. . T - sho S' > 50
According to the assumptions, conditions =~ 4 max { B } and” 5= " { a’ } must be met to
trigger strategic consumers to purchase products in the first stage. In the second stage, strategic

. LSV > sY.0 sV > sY.0
consumers need to satisfy conditi~ * max { ? } ons and”? = "% { 4 } to purchase products. It

is worth noting that in the first stage, consumers who have already purchased products can
exchange them for new products at the corresponding recovery price, so the evaluation functions of

consumers participating in the trade-in strategy for new products
are " PV P and VEBRHED o respectively. Accordingly, the consumer surplus functions

are Si=V'7P v and sv . Therefore, conditions must be met to trigger

strategic consumers to trade in old ones for new ones. According to the above analysis, it can be
concluded that the market shares of strategic consumers in purchasing and exchanging products at
various stages are as follows:
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4. The optimal price path for the product

Scenario 1. The product optimal pricing mechanism of enterprises is to enable strategic
consumers with high valuation to purchase products at the highest price in the corresponding sales
stage so as to maximize profits. According to Formula (1), the expected profit function of the two
enterprises at different stages are as follows:

{ﬂh :DIA(pAl_C‘ ;ﬂlB:DlE(Pm—C‘);ﬂzﬁDz(P AZ_C\);HZ‘_BDZ(p BZ_C») (3)
By constructing KKT condition, the first order condition of expected profit function is used to
solve the optimal product price under decentralized decision and centralized decision conditions

respectively. The optimal price under decentralized decision can be obtained as follows:
P R Ly 94 (208 +¢%).p*“: 90 —B+AR
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The optimal price under centralized decision are as follows:
| gvi+c? gv+c? ogv*t+c? agv*+c?
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Scenario 2. In this case, the products of the two companies are sold out in the first phase and they
plan to launch new products in the second phase. Strategic consumers who purchased the products
in the first phase can exchange their old ones for new ones in the second phase. When determining
the optimal product price of an enterprise, the optimal product price can be determined according to
the expected profit of the two sales periods, and then the optimal recovery price can be solved by
combining the expected profit function under the trade-in condition. According to Formula (2), the
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expected profit function of the two enterprises selling products A and B in the first phase and
products AN and BN in the second phase is as follows:

{ﬂlm:Dlm(p Al —C») ;7ZJ"B=D1”€P B1 —C») T =DA§(P AN —C;)QﬂNB =DA§(P BN —Cr) (6)

Further, based on relevant assumptions, the expected profit function of the two enterprises when
they adopt the trade-in is determined as follows:

{ﬂln - p (p a TCFS—p AO) ;ﬂzzs'n:Dz’;(P Bv —Cn t S_PBO) (7)

According to the second-order condition of Equation (7), it can be known that this equation is a
strictly concave function of the recovery price, and has a maximum value. The first order condition
of expected profit function can be used to solve the optimal product price. The optimal price of
finished products and the optimal recovery price under decentralized decision are as follows:
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V=05(4,~4s) | 72q 7q W, S50 g wdm) 79k 79 W H2 19 Similarly, the optimal
product price and optimal recovery price under centralized decision can be obtained as follows:
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5. Numerical analysis

The influence of discount coefficient on pricing mode of enterprises. Based on relevant
U=100"=20,c =10g =8, =7

coefficient is*€ (0> 0.875) , and the pricing decision-making mode of enterprises can be discussed
by describing the relationship between discount coefficient and total expected profit.

assumptions, can be made. It can be known that the domain of discount
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Figure 1. The effect of discount Figure 2. The effect of discount
coefficient on enterprise expected profit coefficient on enterprise expected profit
under decentralized decision making. under centralized decision making.
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According to Figure 1 and Figure 2, under the decentralized decision, with the increase of the

discount coefficie he total expected profit of the two enterprises decrgases;;- and the
condition S S 8875 is met. The Pelationsﬁip between the total expelg:l‘zed profit iseﬁ 5 . This
A

B

indicates that the lower the strategic degree of strategic consumers is, the higher the profit of
enterprise A will be, whereas the profit difference between the two enterprises will be reduced.

When the discount coefficient meets the condition 0 < @< 0.4 | the profit of enterprise B is higher
than that of enterprise A, that is, when the difference in product quality is small, most strategic
consumers will choose to buy products with relatively low prices. Under centralized decision, the
discount coefficient has A negative effect on the total expected profit of enterprise B, but has no
effect on the total expected profit of enterprise A. This indicates that the level of strategic consumer
strategy in this decision-making mode has no influence on the profits of enterprises producing
high-quality products. Only when the level of strategic consumer strategy is high, enterprises
producing low-quality products can obtain profits. Obviously, this decision-making mode is
unstable.

The influence of new product quality input on enterprise pricing. Figure 3 and figure 4 depict the
relationship between new product quality input and expected profit of enterprise B.

T ; 7 7 7 ; ; i i i ;i i i ;i
* ¢ IT¥AN 2000 —‘ ¢ AN % PN - IPin I o

0L 4 * II*BN |
+ ——JT" A2
300 + —— [T*B2n H 1500
*

250 + 4

** 1000+
200 * 1 ]

= +

150 * e 1 500

+
E

iy
iy +*
+ +
R A
3

sl . . . . . .
" 4 5 [3 7.9 B 9 10 1

Figure 3. The effect of quality input of Figure 4. The effect of quality input of
new product of firm B on expected profit new product of enterprise B on expected
under decentralized decision making. profit under centralized decision.

Figure 3 and Figure 4 show that under decentralized decision making, the quality input of BN of
new product is positively correlated with its own product price and negatively correlated with profit.
Meanwhile, consumers who have bought old products can be encouraged to trade in old products
for new ones, thus improving the profit level. Under centralized decision making, the investment
level of new product quality can restrain the profit of competitive enterprises, but they will also be
in a dilemma of no profit. Especially when two enterprises launch new products to the market, the
strategy of trade-in for new is the main profit source of enterprises producing low-quality products.
This means that even if enterprise B gains some profits by implementing the new strategy, it is at
the expense of all profits of the enterprise in the second stage, so the centralized decision is not
applicable to enterprise B. In addition, according to the assumption of recovery price and unit
revenue of recovered products, the recovery price of enterprise A under centralized
decision-making mode is contrary to it, so it further proves that this decision-making mode is not
the first choice of enterprise A.

6. Conclusion

In scenario 1, the strategic degree of consumer strategy directly affects the profit gap between
competing enterprises. With the continuous narrowing of the quality investment difference, the
profit difference between the two enterprises becomes smaller and smaller. Under centralized
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decision-making, enterprises that produce low quality products improve quality investment, and
enterprises that produce high quality products can obtain relatively stable profits. However, the
profits of enterprises producing low-quality products are more sensitive to the strategic degree of
consumers, resulting in unstable pricing decision patterns.

In scenario 2, decentralized decision making method is helpful for low quality products
manufacturing enterprises in the second stage by scrappage obtain more profits, at the same time
improve the quality of investment no significant negative effects on the new product price, but to
promote the recycling price increases, in improving the quality of products at the same time, ensure
the overall profitability of enterprises. In the case of centralized decision-making, it is difficult for
enterprises producing low-quality products to make profits, and the recovery price of enterprises
producing high-quality products is higher than the unit revenue, resulting in negative profits under
the implementation of the old for new strategy, which deviates from the ultimate goal of enterprises.
Therefore, this decision-making method does not apply to both enterprises.

In the case of trade-in, improving the quality input level of new products under decentralized
decision-making can motivate strategic consumers to trade in old products to improve the profit
level, and restrain the sales price and profit of competitors' new products. Under centralized
decision to old change new become low quality products manufacturing enterprises the main profit
source, and it is difficult to through direct sales in the second stage of new product profit, and at the
same time because of the competitive enterprise back prices are relatively high, its by scrappage can
only get very low profits, so the two companies were not adopt centralized decision-making power.

Acknowledgments

This work was supported by the Fundamental Research Funds for the Central Universities of the
Ministry of Education of China, N0.3072021CFW0905, 3072021CFW0901.

References

[1] Zhang, T., Feng, X., & Wang, N. (2021). Manufacturer encroachment and product assortment under
vertical differentiation. European Journal of Operational Research, 293(1), 120-132.

[2] Elmaghraby, W., & Keskinocak, P. (2003). Dynamic pricing in the presence of inventory considerations:
Research overview, current practices, and future directions. Management science, 49(10),1287-1309.

[3] Parlaktiirk, A. K. (2012). The value of product variety when selling to strategic consumers.
Manufacturing & Service Operations Management, 14(3), 371-385.

[4] Ray, S., Boyaci, T., & Aras, N. (2005). Optimal prices and trade-in rebates for durable,
remanufacturable products. Manufacturing & Service Operations Management, 7(3), 208-228.

[5] Shi, T., Gu, W., Chhajed, D., & Petruzzi, N. C. (2016). Effects of remanufacturable product design on
market segmentation and the environment. Decision Sciences, 47(2), 298-332.

[6] Zhu, X., Wang, M., Chen, G., & Chen, X. (2016). The effect of implementing trade-in strategy on
duopoly competition. European Journal of Operational Research, 248(3), 856-868.

[7] Whang, S. (2015). Demand uncertainty and the Bayesian effect in markdown pricing with strategic
customers. Manufacturing & Service Operations Management, 17(2), 66-77.

[8] Wang, M., Ma, M., Yue, X., & Mukhopadhyay, S. (2016). A capacitated firm’s pricing strategies for
strategic consumers with different search costs. Annals of Operations Research, 240(2),731-760.

[9] Swinney, R. (2011). Selling to strategic consumers when product value is uncertain: The value of
matching supply and demand. Management Science, 57(10), 1737-1751.

[10] Bernstein, F., & Martinez-de-Albéniz, V. (2017). Dynamic product rotation in the presence of strategic
customers. Management Science, 63(7), 2092-2107.

[11] Levin, Y., McGill, J., & Nediak, M. (2009). Dynamic pricing in the presence of strategic consumers and
oligopolistic competition. Management science, 55(1), 32-46.

26



Advances in Education, Humanities and Social Science Research ICSECSD 2022

ISSN:2790-167X DOI: 10.56028/achssr.1.1.20

[12] Mersereau, A. J., & Zhang, D. (2012). Markdown pricing with unknown fraction of strategic customers.
Manufacturing & Service Operations Management, 14(3), 355-370.

[13] Ullah, M., & Sarkar, B. (2020). Recovery-channel selection in a hybrid manufacturing-remanufacturing
production model with RFID and product quality. International Journal of Production Economics, 219,
360-374.

[14] Rao, R. S., Narasimhan, O., & John, G. (2009). Understanding the role of trade-ins in durable goods
markets: Theory and evidence. Marketing Science, 28(5), 950-967.

[15] Yu, M., Debo, L., & Kapuscinski, R. (2016). Strategic waiting for consumer-generated quality
information: Dynamic pricing of new experience goods. Management Science, 62(2),410-435.

[16] Liu, Q., & Zhang, D. (2013). Dynamic pricing competition with strategic customers under vertical
product differentiation. Management Science, 59(1), 84-101.

[17] Huang, X., Gu, J. W., Ching, W. K., & Siu, T. K. (2014). Impact of secondary market on consumer
return policies and supply chain coordination. Omega, 45, 57-70.

27



	1.Introduction
	2.Model
	3.The decision-making process of strategic consumers
	4.The optimal price path for the product
	5.Numerical analysis
	6.Conclusion
	Acknowledgments
	References

