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1. Introduction

Since the onset of the industrial era in human civilization, the manufacturing domain has undergone swift advancement,
providing abundant products for mankind, yet concurrently aggravating resource depletion, environmental degradation, and
climatic shifts. Hence, the sustainable progression of human society necessitates enhancing the harmonious coexistence of the
manufacturing sector and the environment (Jayaram & Avittathur, 2015; Khan et al., 2021). The green economic model
characterized by low energy consumption, low pollution, and low emissions stands as an inevitable choice for fostering both
environmental preservation and human development in the present era (Pretty, 2013; Tang & Solangi, 2023). As the pivotal
facet of the green economic model, the circular economy has evolved into a crucial pathway for unraveling resource
constraints, addressing climate change, and cultivating novel focal points for economic growth (Schroder et al., 2020;
Kurniawan et al., 2024). Trade-in service for household consumer goods is a typical circular economy model. It not only
promotes the recycling of used products, driving the industry towards green and low-carbon transformation but also stimulates
consumers’ willingness to buy new products, thereby promoting consumption growth (Dou and Choi, 2021; Assurant, 2022).

According to statistics, about 65% of the global greenhouse gas emissions come from household consumption, so it is very
potential and urgent to reduce the carbon emissions of household consumption (Ivanova et al., 2020; Lian et al., 2024). Since
the 21st century, many enterprises have been implementing trade-in services to foster a circular economy and diminish carbon
emissions associated with household consumption. For example, in August 2013, Apple launched an iPhone trade-in program
in the U.S. market. In August 2015, Huawei initiated “The Green Action 2.0 Program”, a mobile phone trade-in and recycling
plan. In June 2018, Gree launched a trade-in service for household air conditioners. In May 2023, JD held “The Mid-Year 618
Shopping Festival”. In the first ten minutes alone, the transaction volume of home appliances and furnishings through the
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trade-in service surged by over 120% compared to the previous year. This not only contributed to carbon emission reduction
but also stimulated consumption growth (Wang & Yang, 2023). Moreover, according to a report released by Assurant, a record
high $ 4.3 billion was returned to U.S. consumers in 2023 through mobile device trade-in services, and more than half of the
top traded models are 5G devices turned in during the year (Assurant, 2024). Overall, in recent years, the trade-in service
market has shown sustained growth, with consumer demand for new products increasing significantly.

Indeed, the flourishing development of trade-in services is not only propelled by the ethos of green and low-carbon
consumption, but also associated with consumers’ emotional preferences and usage needs for new products (Bellezza et al.,
2017; Li et al., 2023). In the wake of recent strides in science and technology, the speed of product innovation has accelerated,
amplifying consumers’ perception of the devaluation of their own products (Okada, 2001; Jung et al., 2022). Consequently,
the willingness of consumers to exchange used products for new ones at an additional cost has increased. However, through
practical observation, it is noted that the current innovative products generally come with a higher price tag compared to the
previous products. The higher price of some new products might potentially dampen consumers’ enthusiasm for trade-in
(McCarthy, 2019). What’s more, technological innovation may also entail risks and potential losses for enterprises (Chen and
Ibhagui, 2019). That might be associated with the fact that technological innovation within a business is highly likely to trigger
alterations in its operations and elicit societal effects such as consumer responses (Simpson et al., 2006; Heidenreich &
Kraemer, 2015; Heidenreich et al., 2016). Therefore, in the practical realm of business operations, studying and answering the
following questions holds practical guiding significance for enterprises that are practicing trade-in services to implement
products upgrading and their market launch:

Ql. What are the effects of technological innovation strategies adopted by trade-in service providers on their operational
decision-making, organizational performance, and consumer purchasing behavior?

Q2. Does the trade-in service intervene in the effects of technological innovation?

Q3. Based on the above results, what strategic operational adjustments should enterprises adopt to mitigate the identified
negative effects?

Currently, research in this field is primarily bifurcated into two independent aspects: the research on trade-in service and the
research on technological innovation. In terms of the research on trade-in service, the primary focus lies within the realm of
market strategy analysis. For example, some studies explore optimal marketing strategies, pricing mechanisms, and repurchase
strategies for companies from different perspectives such as consumer heterogeneity (Li et al., 2022; Wang et al., 2023; Hu &
Tang, 2024), corporate competition (Zhao et al., 2021; Tang et al., 2023; Shi & Chen, 2023), remanufacture (Ma et al., 2020;
Wu et al., 2021) and warranty services (Cao et al., 2022; Vafaeinejad and Sajadieh, 2022). Undoubtedly, these studies greatly
contribute to the constructive advancement of product marketing strategies for trade-in enterprises. Nevertheless, a notable
insufficiency exists in terms of pertinent guidance pertaining to technological innovation decision and its effects on trade-in
enterprises. In addition, there is some research that delves into the problems between innovation technology and trade-in
service. Notably, Yang et al. (2023) analyze the influence of the manufacturer’s product innovation strategy on the retailer’s
trade-in decision and the decision to enter the secondary market. Hu et al. (2019) discuss the optimal price and trade-in rebate
of the innovation products considering strategic consumers and trade-in products within a time limit. While the above research
discusses the innovation of products, it fails to delve into the technological innovation decision undertaken by a trade-in
enterprise, and its effects on supply chain enterprises and consumers. Furthermore, taking into account the practical
implications of technology spillover effect on the operations of partner firm within a value chain (Isaksson et al., 2016; Zhou
et al., 2020), it will be more practical to examine the technological innovation decision of a trade-in enterprise and its effects
from supply chain perspective.

There exists a substantial body of research on technological innovation, with particular relevance to this article being the
examination of the technological innovation decision of enterprises and its effects on enterprises and consumers. In the
research on technological innovation decision making, Vish et al. (2019) analyze the investment anchor decision for various
objectives from investments in innovation to market coverage to profit. Dimakopoulou et al. (2023) examine the enterprise’s
eco-innovation decision and the joint impact of it and R&D collaboration on enterprise innovation efficiency. Liu et al. (2023)
discuss supply chain product innovation considering jointly held options under uncertain demand. While numerous studies
have delved into the technological innovation decision making of enterprises, regrettably, the effect of trade-in service is
overlooked in these scholarly endeavors. In the research on the effect of technological innovation on enterprises, some scholars
find that technological innovation has a significant positive effect on enterprise operation and economic performance (Ren et
al., 2022; Li et al., 2023). Conversely, other studies shed light on the potential risks associated with R&D and innovation,
which can introduce uncertainties that subsequently affect enterprise performance (Chen & Ibhagui, 2019; Leung et al., 2020).
Regarding research on effects of technological innovation on consumers, Jiang et al. (2022) discover that technological
innovation has a positive effect on consumers’ purchase intention by transmitting the social value, hedonic value and novelty
value of products. On the contrary, findings by Claudy et al. (2015), Heidenreich et al. (2016) and Joachim et al. (2018)
indicate that technological innovation can potentially elicit resistance among consumers. The research conducted by Fox and
Griffy (2023) reveals that social groups’ responses to innovation are influenced by various factors, including their cultural
beliefs, institutional values and the types of innovation. Regarding the effects of technological innovation on enterprises and
consumers, the disparity in existing research conclusions may stem from different inherent characteristics of the underlying
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circumstances, and taking different influence factors into consideration. Consequently, to obtain an instructive conclusion, it
becomes imperative to analyze the effects of technological innovation by comprehensively considering the fundamental
situation and characteristics of the research problem. The marketing under the trade in service has its uniqueness compared
with ordinary marketing. Primarily, its marketing is characterized by price discrimination (Agrawal et al., 2016). Within this
domain, the market consumers will naturally be segmented into two categories: new consumers and existing consumers. The
existing consumers have trade-in rebates through returning their used products when buying new products, whereas new
consumers do not, thereby naturally establishing a form of price discrimination (Ray et al., 2005; Li et al., 2022; Zhou et al.,
2022). Secondly, in its marketing process, existing consumers have unique buying behaviors. Existing consumers, owing to
their possession of used products, exhibit distinct preferences and behaviors when it comes to purchasing new products. Their
willingness to acquire new offerings differs from that of new consumers, as they take into account the depreciation status of
their used products before making a purchasing decision (Levinthal and Purohit, 1989; Zhao et al., 2021). This consideration
of the depreciation status is a crucial factor that influences their decision-making process. Hence, elucidating the technological
innovation decisions and its effects on enterprises and consumers in the context of trade-in proves arduous with the existing
research findings. In view of the characteristics of trade-in service, it is necessary to especially delve into the technological
innovation decision of trade-in enterprises and its precise effects on enterprises and consumers.

Therefore, due to the dearth of existing research and practical needs, this paper explores a two-tier supply chain with a supplier
and a manufacturer, focusing on two scenarios: the manufacturer implements technological innovation strategy and he does
not. It establishes respective decision making models for the trade-in supply chain and analyzes the optimal decision of
stakeholders in both cases. By comparing the decision changes, it investigates how technological innovation affects trade-in
enterprises’ operations and consumer purchasing attitude. Furthermore, it delves into the relationship between factor changes
and technological innovation’s effects, while proposing strategic mitigation measures for enterprises to address adverse effects.
This paper helps to understand the effects of technological innovation on trade-in marketing, enriches theory on the relation
between innovation and consumer choice, and adds to trade-in and tech innovation research.

2. Problem description

This study delves into a two-tier supply chain comprising a supplier and a manufacturer that implements a trade-in program
for consumers. Under this program, market consumers are bifurcated into two types: new consumers and existing consumers,
with the latter being eligible for additional discount when participating in the trade-in program. Furthermore, to gain greater
competitive advantage, the manufacturer intends to integrate technological innovation into its trade-in program. In order to
reveal the effects of technological innovation on supply chain decision making, consumer behavior, and societal welfare, this
study investigates two distinct scenarios:

I. No technological innovation strategy

In this scenario, the manufacturer does not engage in technological innovation strategy, so that there is no technological
innovation investment cost, and the supply chain system only involves the production and sale stage depicted as B3)-®) in

Fig. 1. Firstly, the supplier provides semi-finished products to the manufacturer at a wholesale price W . Then, the
manufacturer produces products with the original technology and provides them to market consumers at a direct selling price

p, . However, unlike the new consumers, the existing consumers can get a trade-in rebate p, by returning their used products

in the trade-in program. And the manufacturer can obtain a unit salvage value § of the used product by disposing of it in some
ways, such as selling and remanufacturing.

II. Technological innovation strategy

In this scenario, to strengthen its competitive position, the manufacturer adopts technological innovation strategy. This strategy
entails the supply chain system comprising two stages: (a) The technological innovation stage. It is shown as (1) and @) in
Fig. 1. The manufacturer invests in technological innovation ata cost Z , Z > 0, to develop advanced production capabilities
for new product offerings. Additionally, due to technological innovation spillover effect, its coefficient denoted as &, the

supplier’s production is influenced within the supply chain by the technological innovation emanating from the manufacturer.
(b) The production and sale stage. At this stage, the supply chain operation processes are similar to those in the prior scenario,

depicted as 3) - ® in Fig. 1. The supplier furnishes the manufacturer with semi-finished products, which are then

transformed into new products and marketed to consumers by the manufacturer. In addition, the existing consumers get the
trade-in rebate, and the manufacturer obtains the unit salvage value of used product. With a notable difference, the
manufacturer will adopt the innovative technology to produce new products.
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Fig. 1. Supply chain operation processes of research scenarios

Drawing inspiration from scholars such as Feng et al. (2019) and Xiao et al. (2020), the total market demand for new products
is set at 1, segmented into new consumers and existing consumers with used products. The market share of the existing
consumers is denoted as &, 0 < <1, while that of the new consumers is represented as 1 — ¢ . Furthermore, the new

consumers’ payment willingness is set as vV, which follows the uniform distribution in the range [0, 1]. Therefore, the utility
function for the new consumers purchasing new products is expressed as

U =v-p, 1)

As the new consumers will only purchase the products when their utility is greater than 0, we get the condition v > p, from

Eq. (1). For the existing consumers, their willingness to pay for new products may vary significantly due to their distinct
purchasing conditions, compared to the new consumers. The existing consumers, holding used products, will consider the
residual value of the existing products before purchasing new ones. The lower the residual value of used products, signifying
the greater wear and tear of used products, the stronger willingness of existing consumers to buy new products. Suppose that
the wear and tear of the used product into depreciation relative to the new generation product and define that the depreciation

degree of used product with the symbol 7, 0 <y <1 (Huang et al., 2023). Based on the consumer value perception principle,

it can be inferred that the existing consumers’ willingness to exchange the used products for new ones is the residual value of
used product, i.e., 7V . Therefore, the utility function for the existing consumers purchasing new products is expressed as

U,=yv—(p,-»p,) @)

Similar to the new consumers, we get another condition v > ( p.—D, ) / y from Eq. (2). According to the above conditions,

the purchasing probabilities of the new consumers and the existing consumers are 1— p, and 1- ( p,.—D, ) / Y , respectively.

To guarantee the study’s effectiveness, this paper narrowly confines its scope to the situation where both new and existing
consumers purchase new products. Thus, the purchasing probabilities of the two types of consumers both need to be greater

than zero, so there are constraints p, <1 and p, <y + p, . Besides, in line with the fundamental premise that manufacturers
gain from disposing of used products, the sum of the depreciated value of used products and the trade-in rebate should be less
than 1, i.e., ¥ + p, <. Additionally, the trade-in rebate p, must fulfill p, < p,.. Therefore, the total constraint condition is

p, <p, <y+ p, <1l.Based on the market share, the purchasing probabilities, the total constraint condition, and the demand
functions are

D,=(1-a)(1-p,)

D, :a(l—uj 3)
e

st. p,<p, <y+p,<l

The notations involved in this paper are shown in Table 1.
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Table 1
Model notations
Notations Meaning
I i =n,0,where 1 denotes the new consumers and 0 denotes the existing consumers
J J =S,m  where S denotes the supplier and 7 denotes the manufacturer
w The wholesale price of semi-manufactured product
D, The direct selling price of manufactured product
D, The trade-in rebate
Z The technological innovation investment cost
¢ The production cost of j
o The spillover coefficient of technological innovation
n The efficiency coefficient of technological innovation
a The market share of the existing consumers
Y The depreciation degree of used product
s The salvage value of used product
v The new consumers’ payment willingness
D, The demand of i
T, The profit of J
cr, The compensating variation of i
V. The consumer surplus of i
E The total consumer surplus
3. Model analysis

Based on the aforementioned two scenarios, this section develops corresponding game models. It delves into the optimal
decision making of enterprises participating in the trade-in supply chain. This analysis lays the groundwork for subsequent
discussions, encompassing alterations in business operations and consumer behavioral responses.

3.1. Model 1: no technological innovation strategy

Suppose the production cost of the supplier’s semi-finished product as ¢, and the production cost of the manufacturer’s

product as ¢, . We obtain the profit functions of the supplier and the manufacturer respectively, as shown below.

max 77, =(w—c,)(D, +D,) “)
max 7z, =(p, -w-c,)D, +(p, —p,—w—c, +s)D, (5)
According to the sequential rule of Stackelberg game, the supplier initially determines the optimal pricing to maximize its

own profit. Subsequently, the manufacturer responds to this pricing decision by formulating its own optimal decision
accordingly. Using Egs. (3)—(5) and applying the backward induction method, the following Theorem 1 can be obtained.

Theorem 1. Under no technological innovation strategy, the optimal decision making for the supplier and the manufacturer

. . . % * *
to achieve maximum profits is " and ( p.s D, ) as

w =[as+y+1(c, —cm)]/Zr
pr*:[2r+as+7+r(cs+cm)]/4r 6)

p, =(l+s-7)/2

In the Eq. (6), there exists symbolic expression 7=@+y —ay . And elsewhere in the paper, 7 stands for the same content as

here.
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Proof. See Appendix A.

Based on the optimal decision making above, the optimal demand of the new consumers and the existing consumers can be
got as

D,f:(l—a)[Zr—}/—as—r(cS+cm)]/4z' ™
D’ =a[s(ZT—a)+}/(21—1)—z'(cx+cm)]/4;/1 ®)

The optimal profits of the supplier and the manufacturer can be got as

z' =[as+y-1(c, +c, ):|2/8}/7.' ©)
.1 2057/(1—05)[2(1—;/)2 —3s}+as(s+27/)(4r—3a) (10)
o

loyr +7 +1(c, +c )[r+27+2as+2a7(1—cs -c, )]

According to Theorem 1, Corollary 1 can be obtained.

Corollary 1. Under no technological innovation strategy, the optimal pricing p}_"= and " of the manufacturer and supplier

generally exhibit a consistent trend of change in response to variations of the factors. They increase with the increase of §
and 7, decrease with the increase of &, and are directly proportional to their own costs. However, their behavior diverges

when considering the costs of the other party. Specifically, pr* is directly proportional to c,, whereas " is inversely

proportional to ¢,, . The trade-in rebate po* isonly relatedto § and 7 . As S increases, it increases; however, as 7 increases,
it decreases.

Proof. The proof of Corollary 1 is straightforward by analyzing the first-order derivatives of each decision making with
respect to each influencing factor, and is omitted.

From Corollary 1, some interesting conjectures can be derived:

(a) To ensure a competitive price in the market, compared to the supplier, the manufacturer may display a more pronounced
inclination to collaborate with the supplier in strategies aimed at reducing production costs for both parties. Conversely, the
supplier may try to encroach on the additional benefits from the cooperative cost reduction by raising wholesale price.

(b) The increased depreciation of the used products will push up pricing at various stages of the supply chain, and diminish
the trade-in rebates for the existing consumers. Consequently, compared to the new consumers, the existing customers will
suffer from double influence. To mitigate this, under the trade-in policy, they may make every effort to maintain and preserve
their used products to sustain a relatively newer condition. In addition, since an increase in the market share of the existing
consumers can lead to lower prices, the existing consumers would prefer the traded-in products to be mainstream rather than
novel and rare.

Conclusion 1. Under no technological innovation strategy, to lower the retail price, the manufacturer should concentrate on
reducing its own production cost. If a collaborative effort is pursued to cut costs with the supplier, it’s crucial to guard against
the risk of the supplier subsequently increasing the wholesale price. This hazard can be avoided through contracts, agreements,
and other mechanisms to regulate the supplier’s actions. To augment consumer satisfaction, the manufacturer could
contemplate incorporating product maintenance services or training items into the spectrum of consumer service provisions,
such as initiating a dedicated maintenance avenue, organizing complimentary product maintenance seminars. To stimulate
consumer enthusiasm and participation in trade-in programs, the manufacturer should conduct market research on the market
share of various products. Based on this, he can implement a trade-in policy, targeting popular products with a substantial
market share among the existing customers.

3.2 Model 2: technological innovation strategy

Assuming the adoption of innovative technology, the production cost of the manufacturer is expected to decrease by Ac,
satisfying Ac > 0 . Affected by technological innovation spillover, the reduction in the production cost of the supplier will be
OAc , where O is the spillover coefficient of technological innovation, satisfying 0< 6 <1 . Consequently, under

technological innovation strategy, the actual production costs will be ¢, =c¢, —Ac and ¢, =c¢, — Ac , respectively.
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1
Referring to the research by Biancardi and Villani (2018), we assume that there exists a function relation Z = EUACZ between

the technological innovation investment cost and the production cost, where 7/ is the efficiency coefficient of technological
innovation, satisfying 77 > 0. The smaller value for the parameter 77 indicates the higher innovation efficiency. From the

function relation, we can get Ac =/2Z/n . Therefore, the production costs can vary as

¢, =c, —~2Z/n (11)
¢, =c,—6\2Z/n
Thus, we obtain the profit functions of the supplier and the manufacturer as
max 7, =[w—(cx—5 ZZ/U)J(Dn+D0) (12)

max 7, =[p, —w—(cm —WHD” +[pr -w—p, +s—(cm —WHDH -Z (13)

Applying the backward induction method, solve the optimal pricing of the manufacturer and supplier in the production and
sale stage first. Then determine the optimal technological innovation investment cost decision of the manufacturer in the
technological innovation stage. According to Equations (3), (12) and (13), Theorem 2 is obtained by applying the backward
induction method.

Theorem 2. Under technological innovation strategy, aiming to achieve maximum profits, the two participants in the supply
chain formulate their decision making as

s n(1+6) [asty-7(c, +¢,)] .
2[8W—r(1+5ﬂ2
ye|sa’ - (1-a) [+ (1+6)[ 57(c,r~as—y)-a’c,]
| P2are, (1+8)(1-1)—4ny[z(c, —¢,)—as 7] (15
e[ sny-z(1+06) ]
. dny[as+yre(2+¢ +e, )]-r(1+8) (astr+7)
’ z{gny-r(ua)z] (16)

b, = (1+s —7)/2
Proof. See Appendix A.

According to the optimal decision making and Eq. (3), the optimal demand of the new consumer and the existing consumer
can be deduced as

[)"*:(l—a)[477}/(cS+cm)+a(1+5)2(1—7—s)J (17
2[ 8y (146 |
b o 477a;/[2(1+7/+s)—(cs +c, )]+a[;/(1—r)—s(a+z’)](1+5)2

’ 2;/[877}/—r(1+5)1

(18)

Based on the demand function in Eq. (17), and considering the physical meaning that customer demand must be positive in
actual business operations, we introduce the constraint condition 87y — r(l +0 )2 > 0 to ensure the rationality of the solution.

All subsequent discussions will be conducted under this constraint. Similarly, the optimal profits of the two participants in the
supply chain can be got as
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A= 8'y[as+7-2(c, +c,) (19)
T|:877}/—T(1+5)2:|2
8777/(1—0{)[05(1—7/)2 +s2J+277(cS +c, )2 [az (1+ 7/)2 +}/(2T—)/):|
—277[2a7s(3 —4r) 2t (y +as)(c, +¢, ) —a’s® —72]—0:(1 +5)
[z’(1—05+057)+s(2—s)(a2 —r)—2sy2(1—a2)+4}/s(z'—a2ﬂ

4r[8777/ —T(l + 5)2]
Then we can derive Corollary 2 and Corollary 3.

(20)

7’2\':

m

Corollary 2. Under technological innovation strategy, the decision of trade-in rebate 13: offered to the existing consumer by
the manufacturer is similar to the situation described in Corollary 1, depending only on § and 7 . However, the specific
variations in Z* and fyr* with changes in technological innovation factors ( i.e. d and 77 ), cost factors ( i.e. ¢, and c,, ),
and trade-in factors (i.e. & and 7 ) are as follows:

(1) z* increases with & and decreases with 77. p " decreases with § and increases with 77 in the situation of 7 e (O,Z),
and the relationships of them are inverse in the situation of 7 (Z, 1].

(2) 7" decreases with ¢, ¢, , and increases with S in the situation of 7 e (O,E) , but the relationships of them are inverse
in the situation of 7 e (Z,l] . f)r* increases with ¢, and c, , and the rate of changes of them are the same. Furthermore, f)r*
increases with S in the situation of 7 € (0, 41-_1) , and decreases with S in the situation of 7 e (4;1,1] .

(3) z* increases with @ when f; <1, and it increase with 7 when f, >1. p" increases with @ when f; >0, and

increases with 7 when f, > 0. Conversely, they are the opposite.

he ab here exi boli ions 7 =1 7, =25%7
In the above content, there exists symbolic expressions i ( I+ 5)2 , Do ctec
(1-7)(1+8) [87-(1+6) | [(1-a)(1+6) ~87 |[8nr 2 (1+5)' |

fl:[(l—}/)(q +c,)-s|[as+y-7(c, +Cm)]’ f.= [(1-a)(c, +c,)-1][as+y-7(c, +c, )T

sy +(1-) (ke +e,)~[sr+(1-p) Qas w20 )](1+ 6 2(1-7) 4nr - (1+5) |

’ 4777[as+7+z'(2+cs+cm)]—r(as+f+;/)(l+5)2 1[8777/—1(1+5)2J
_ dnlas+2y+(2r-a)(2+¢, +c, )]—[a+(1—a)(as+2r+27/)](l+§)2 ~ 8n(2r—a)—(1-a)(1+5)
) 47]7[0{S+7+2’(2+C§+Cm):|—2'(as+2'+7/)(1+5)2 7[8n7/—r(1+5)2]

Proof. The proof of Corollary 2 can be readily derived by taking the first-order partial derivative of z* with respect to each
influencing factor. Therefore, the detailed steps are omitted for brevity.

Ak

Corollary 3. As )" set by the supplier is an increasing function of Z , the relationships of " with all the factors such as &,
71 are consistent with the situation of 7z~ .

ow 1
Proof. It is straightforward to obtain £=5(1—5)>0 and confirm that W is proportional to Z , when

as+7+z’[cx —c,+J2Z/n (1—5)]

W= is given by the proof of Theorem 2.
2t
Based on Corollary 2 and 3, we observe the following particular phenomena:

(a) The trade-in rebate offered by the manufacturer is unaffected by the technological innovation decision and its related
factors. This indicates that the rebate amount remains consistent for the existing consumers, irrespective of whether the
manufacturer implements a technological innovation strategy or not.
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(b) The increase of technological innovation spillover will lead the manufacturer to invest more in technological innovation,
and also results in the manufacturer facing a higher wholesale price imposed by the supplier.

(c¢) The direct selling price is not solely influenced by the manufacturer’s own cost. Instead, it is jointly influenced by the costs
of all members in the supply chain with the same degree effect.

Conclusion 2. After implementing the technological innovation strategy, the manufacturer does not need to adjust the trade-
in rebate. This is helpful for stabilizing the market. However, since the direct selling price is influenced by the overall supply
chain cost, the manufacturer should actively collaborate with his supply chain partner to collectively reduce the costs, thereby
stabilizing or reducing the direct selling price. It is noteworthy that if the manufacturer intends to assist the supplier in cost
reduction through increased innovation spillover, he should be prepared for a higher technological innovation investment fund.
In addition, alternative approaches and channels such as joint procurement and collaborative production can be explored to
cut down the costs.

4. Decision comparison and effects analysis

In this section, we will delve into the decision making changes of supply chain participants and consumer reactions towards
technological innovation. The objective is to investigate the effects of technological innovation on trade-in marketing and
scrutinize the relationships between those effects and influencing factors. This endeavor aims to furnish valuable insights for
businesses and government practices.

4.1 Changes in enterprises’decision making and profits

Based on Theorem 1 and Theorem 3, we can infer the changes in the enterprises’ decision making after the implementation
of technological innovation, and get some corollaries and conclusions are as follows.

Corollary 4. After the implementation of technological innovation strategy, significant changes have occurred in the
manufacturer’s optimal decision making, manifesting as follows:

(1) The change in the direct selling price in the market is

al(e, +c, —s)
1-(1-a)(c, +cm)J
a(c, +c, —s)
1-(1-a)(c, +¢,)

. al(e, +c¢, —s)
>0’ if Yy e | ),1

-(1-a)(c, +c,

<0, if ye(O,

Ap,=p, = p, =0, if y =

(2) The trade-in rebate is unaffected by the technological innovation, aligning with the original decision, i.e.,
Apo :]50* _po;‘< :0

(3) Since Z=0 under no technological innovation strategy, the technological innovation investment cost consistently takes
the form of an increase, i.e., AZ=Z">0.

(1 +5)2 [as+7/—(a+;f—a7)(cs +c, )]
4 sny —z(1+06) |

8ny — 1(1 +0 )2 > (0 is known, it is straightforward to verify the point (1) in Corollary 4 with analysis of the positive and

Proof. According to Eq. (6) and Eq. (16), we get Ap, =- Since

negative value situation for as +y — (a+ ¥y — ay) (Cx +c, ) . The proof of points (2) and (3) is straightforward and is omitted.

Corollary 5. As AZ=7", the relationships between AZ and the influencing factors are the same to those described in
Corollary 2 with regard to z". And that for Ap, manifests as follows:

(1) Ap, decreases with ¢ and increases with 77 in the situation of 7 ¢ (O,Z) , but they are the opposite relationships in the

situation of 7 e (Z,l] .
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2n(e +e, =) 1, Ap, increases with

Q) If § <2 29[ (1-7)(e, +¢u) =] _1, Ap, increases with @ . And if § > 2
l-y—s l+as—s

7 . Conversely, they will be the opposite.

(3) Ap, always increase with ¢,, and c,, and always decreases with S.

Proof. The proof of Corollary 5 can be readily derived by taking the first-order partial derivative of Ap, with respect to each
influencing factor. Therefore, the detailed steps are omitted for brevity.

Combining Corollaries 4 and 5, two observations can be obtained:

(a) The technological innovation strategy does not necessarily lead to an increase in product price. But the direct selling price
generally changes. The manufacturer may implement price increase or decrease depending on specific circumstances. The
state of depreciation in existing consumers’ used products has a crucial effect on this. When the depreciation is high, the
technological innovation strategy may lead to price increase, while it may result in price decrease when the depreciation is
low.

(b) The magnitude of change in direct selling price is further influenced by influencing factors. Under certain conditions, a
rise in technological innovation spillover and improved innovation efficiency can intensify this change. Interestingly, when
the spillover of technological innovation is large, an increase in the market share of the existing consumers and accelerated
depreciation of used products tend to mitigate this change. Notably, the trade-in rebate is unaffected by the technological
innovation strategy, which further supports to the actions to be taken by the manufacturers mentioned in conclusion 2.

Corollary 6. After implementing the technological innovation strategy, the adjustment of the supplier’s wholesale price tends
a (Cs +c, — s)

1-(1-a)(c, +¢,)’
there exists 1" =y . In addition, the relationships between Aw and the influencing factors are as follows:

to differ significantly from that of the manufacturer’s direct selling price. The only similarity is that if y=

HIfre (851'_,, Z) , Aw increases with ¢, and it is opposite in other cases. If 7 (Z,l] , Aw increases with 77, and it is

opposite in other cases.

QIf 5> 2\/277 [(l _ y)(cs Cn ) _ S] —1, Aw increase with & . It is opposite in other cases. If § <2 M -1,

l-y—s l+as-s

Aw increases with 7 . It is opposite in other cases.

(3) Aw always decreases with ¢,, and c,, and always increases with S .

(1 -6’ )[as +y—(aty—ay)(c, +c, )]
2[8777/—1'(1+5)2]
the proof of Corollary 4, Aw is the opposite of it. Therefore, it is straightforward to verify the difference and similarity

Proof. According to Equations (6) and (15), we get AW = . Compared with Ap_ in

between Aw and Ap, . In addition, the proof of the relationships between Aw and the influencing factors can be readily

derived by taking the first-order partial derivatives of Aw with respect to the influencing factors. Therefore, the detailed steps
are omitted for brevity.

Upon comparing Corollaries 4 to 6, two noteworthy findings emerge:

(a) After implementing the technological innovation strategy, the supplier will also implement price increase or decrease
depending on specific circumstances. However, his actions are significantly different from those of the manufacturer.
Specifically, the supplier tends to decrease the wholesale price when the depreciation of used products is high, whereas he
will increase it when the depreciation is low. This leads to an increase in unit benefit for the manufacturer in the former case,
and the opposite in the latter case.

(b) Although the relationships between the magnitude of change in the wholesale price and the influencing factors are
mathematically opposite to the situation of the direct selling price, the meanings embodied by them are consistent in practical
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terms. They all reflect a state of intensification or mitigation, as observed by analyzing their absolute values.

Conclusion 3. After implementing the technological innovation strategy, the supplier and manufacturer may choose to adjust
their prices upwards or downwards depending on the specific circumstances, yet their actions exhibit significant differences,
even diverge. This leads to extreme profit outcomes for both sides. While this reflects the optimal decision in the competitive
game between them, pursuing cooperation for Pareto improvement would be a better outcome for both sides. Additionally,
they should vigilantly monitor the magnitude of price changes and, if necessary, adopt reasonable measures such as modifying
packaging and introducing gradual price adjustments to alleviate consumers’ resistance caused by significant price fluctuations.

Continuing to observe changes in enterprises’ profits, the effects of implementing the technological innovation strategy on
enterprises’ profits can be assessed. Based on Theorem 1 and Theorem 3, the following corollaries and conclusions can be
derived.

Corollary 7. After implementing technological innovation strategy, the optimal profits of the supplier, the manufacturer, and
the whole supply chain will undergo corresponding changes, as shown in Table 2, where Az, = 7%: - 7[: , Am, =7 " - ﬂm* )

m
Ak Ak * *
A7Z=(7Z'S +7, )—(ﬂs + 7, )

Table 2
Profit changes

Category Az, Az, Am

Difference A A 4
Note. “+” means that the difference is greater than 0.

Proof. See Appendix A.

From Corollary 7, it can be inferred that implementing technological innovation strategy can lead to greater profits for all
members in the supply chain. Even though the supplier does not directly participate in technological innovation, he still
benefits from it. It can be surmised that, in practical application, the supplier, motivated by the allure of profit, would
vigorously encourage the manufacturer to engage in technological innovation and development to ride along, aiming to seek
greater benefit for him.

Corollary 8. According to Corollary 7, the profits of enterprises will increase. However, the magnitude of the increase varies
due to factors, as detailed in Table 3.

Table 3
Relationships between profit increase and influencing factors

profit increase and influencing factors

Conditions Az, Az, A7
5 77 Cj A 5 77 C,‘ A 5 77 C»,‘ S
r<1, 7 N N / / N N / / N N /
r>7, / N / N / N / N / N / N

Notes. j =s8,m . rz=(as + 7)/(Cs + cm) . “/”’means increase and “\ “means decrease.

Proof. The proof of Corollary 8 is straightforward by further analysis of the first-order derivatives of each profit increase with
respect to each influencing factor based on the proof of Corollary 7. Therefore, the detailed steps are omitted for brevity.

Based on Table 3, it can be observed that in terms of the relationships with various factors, Az, Az, and Az consistently
demonstrate alignment. But the effects differ by different factor. Az , Az, and Az are all positively correlated with &,
and negatively correlated with 77 . The relationships between them with ¢; are constrained by the relationship of size between
7 and Z , resulting in diametrically opposed outcomes. If 7 < Z, they exhibit a negative correlation, while if 7 > Z, they

show a positive correlation. Additionally, the relationships they have with § is in stark contrast to the one they have with ¢; ,

exhibiting an opposing pattern.

From Corollary 8, it is found that a consistent rise in the spillover coefficient of technological innovation invariably promotes
a sustained augmentation of the manufacturer’s profit. This indicates that the innovation spillover enables the manufacturer
to attain higher profit, serving as a beneficial factor for the manufacturer. On the contrary, an increase in the efficiency
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coefficient of technological innovation results in a decline in the manufacturer’s profit. Hence, regarding technological
innovation spillover and supplier free-riding, the manufacturer does not need to be overly concerned. Instead, he should focus
on how to improve the innovation efficiency, i.e., reducing the efficiency coefficient of technological innovation.

To more intuitively analyze the driving effect of the trade-in factors & and 7 on the changes in enterprises’ profits, without
loss of generality, we set ¢, =0.2, ¢, =0.4, s =0.05, § =0.03, and 7 =0.5. Under feasible solution conditions, we get

the relationships between Az, Az, and Az with @ and 7 respectively, as shown in Fig. 2 and Fig. 3.

o, [
W N 5
T

il
i EE g

. ST R T

oo o [l A, 0.03 .

Dot T TR
S ‘:“.\““‘!“"l‘l.! wistit]
= 0.025 .-

Am,

0.2
0 o

Fig. 2. The relationships between A7; with @, 7 Fig. 3. The relationships between Az with «, ¥

From Fig. 2 and Fig. 3, there are some observations:

(a) After implementing the technological innovation strategy, the supplier experiences a substantially larger profit increase
compared to the manufacturer, potentially motivating him to encourage the manufacturer to carrying out technological
innovation for free-riding.

(b) The profit increase for the supplier and the manufacturer show similar relationships with @ and 7 . They increase with
7 . When 7 is relatively small, they decrease with & . But when 7 is relatively large, they increase with @ . This occurs
because as the increase in the market share of the existing consumers reduces the market share of the new consumers, thereby
mitigating the growth in enterprises’ profits. However, when the depreciation of the used products is severe, the existing
consumers are more inclined to upgrade their products. In such situation, the increased market share of the existing consumers
offsets and even surpasses the profit losses resulting from the reduced market share of the new consumers.

(c) The profit increase of the whole supply chain follows the performance of the supplier and the manufacturer.

Conclusion 4. In the context of trade-in, further implementing the technological innovation strategy is a win-win plan for
both the supplier and the manufacturer. The anticipated surge in profit for the supplier will foster a profound interest in the
strategy. Consequently, the manufacturer should mobilize the enthusiasm of the supplier to engage in the strategy, fostering
collaborative innovation between both parties, thereby avoiding the risks resulting from independent technological innovation.
In addition, even though the supplier and manufacturer adopt different operation decision after implementing the strategy,
their profit changes and relationships with the influencing factors tend to be consistent. Therefore, they can collaborate to
investigate change trends of the influencing factors and mitigate some adverse effects from them.

4.2 Consumers’reactions

Consumers’ reactions to technological innovation is primarily reflected in their compensating variation, as well as changes in
demand and surpluses. The following will focus on exploring the effects of the strategy on consumers around the three aspects,
aiming to analyze the consumers’ responses.

Compensating variation, also known as income compensation change, is a method of measuring utility change from a
monetary perspective. It refers to the necessary income change (increase or decrease) that compensates consumers to return
to their original consumption state (i.e., the same utility as before). This income change exactly compensates for the effect of
price change on consumers. According to Eq. (1) and Eq. (2), we get the compensating variation of the two type consumers

regarding to an increase in the direct selling price after implementing the strategy (see Fig. 4). In the figure, CV, can be
calculated by CV, = U: — (};, and CV, is calculated by CV, = U: — l]: Moreover, as both the slopes are the same, there is
cv =Cv,.
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Fig. 4. The compensating variation (CV) of consumers

From Fig. 4, we extract two key contents. Firstly, upon the introduction of technological innovation, both the new consumers
and existing consumers experience identical change in compensation. This signifies that their gains or losses from transactions
are equivalent, bringing about a uniform reaction to technological innovation. Secondly, after implementing technological
innovation, if the manufacturer increases the direct selling price, both the two types of consumers must increase their income
to counterbalance the negative effect of it. This is prone to elicit consumer resistance, which may in turn hinder the sale of the
new products. Conversely, if the price is reduced, new sales are propitious to transaction gains for the consumers, triggering
a positive market response.

Conclusion 5. The reaction of the new consumers towards technological innovation is the same as that of the existing
consumers, unaffected by no rebate for purchasing. Upon a price hike, both the two types of consumers incur transaction
losses. Therefore, when the manufacturer decides to increase price, it will be better for him to additionally introduce a
transitional and unified shopping welfare policy for both the new and existing consumers in the early stage of the new product
launch. This policy could include allowances, rebates, or other benefits equal to the compensation change, enabling consumers
to sustain their previous consumption levels temporarily. It helps compensate for the consumer losses caused by the price
increase, alleviate consumer resistance to innovation, and smoothly pull through the difficulty of raising prices.

Corollary 9. After implementing the technological innovation strategy, the changes in demand of the two types of consumers

are shown in Table 4, where AD =D —D " and AD =D  —D . Moreover, we find AP, = L.
) ) o n n n AD, 'y (1 — a)
Table 4
Changes in demand of both types of consumers
Conditions AD, AD,
FEn + A
=1, 0 0
7 _ B
Notes. “+” means the difference is greater than 0. “~” means the difference is less than 0.

Proof. See Appendix A.
From Corollary 9, there are some findings:

(a) After implementing technological innovation, the increase or decrease in demand of product for both types of consumers
is influenced by the same conditions. Only when 7 < 7, , will the demand of both types of consumers increase and consumers
respond positively to technological innovation.

(b) By rearrangin, it can convert into /7/
b
y ging }/(1 0!)

. Thus from a comparative perspective, it can be deduced that the

changes in demand of both types of consumers are inherently linked to their respective original states, referring to the
situations they were in prior to the implementation of the technological innovation strategy. That is, the demand of the existing
consumers is influenced by @/y , and that of the new consumers is influenced by 1— & . Moreover, they both proportionally
fluctuate with the factors of these original states. Therefore, it indicates that, upon the introduction of technological innovation,
only the original states have an effect on the demand changes of consumers, reflecting the consumers’ reactions. Both types
of consumers themselves do not exhibit additional response to the technological innovation strategy. Therefore, both types of
consumers exhibit the same acceptance and reaction to the strategy in terms of their internal feelings. That further validates
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Conclusion 5.

(c) The comparison of the size between AD, and AD, hinges on @ and 7 . Therefore, for the manufacturer embarking on

technological innovation, the status importance of the two types of consumers is related to the original market share and the
depreciation level of used products.

Corollary 10. The relationships between AD, , AD, and influencing factors are exactly opposite to the situation of Ap, in
Corollary 5. Moreover, the proportion of the partial derivatives of AD_, AD, with respectto & is the same as that to 77, that
a

s, 7.
r(1-a)
Proof. The proof of Corollary 10 is straightforward by further analysis of the first-order derivatives of each demand change
with respect to each influencing factor based on the proof of Corollary 9. The detailed steps are omitted for brevity.
In Corollary 10, the changes in demand for both types of consumers are influenced by various factors in a manner
opposite to the situation of selling price. This aligns with the economic phenomenon where price and demand typically exhibit

a
an inverse relationship. Furthermore, based on m , it is evident that, from a comparative perspective, the growth rate

of demand resulting from technological innovation factors (i.e., & and 77) is related to the original states. This indicates that,
compared to the scenario of trade-in program with no technological innovation, the changes in demand will be influenced by
the trade-in factors (i.e., @ and 7 ) again, besides technological innovation factors. Therefore, it can be clearly that trade-in
will interact with technological innovation, giving rise to a compounded effect on consumers.

Conclusion 6. Implementing technological innovation does not necessarily have a positive market response. It may also lead
to consumer innovation resistance, a situation shaped by external conditions such as consumer market proportion and
depreciation state of used products. To alleviate this resistance, gain consumers’ support, and foster successful technological
innovation implementation, enterprises should undertake a thorough analysis of pertinent conditions beforehand. Furthermore,
while the nature of technological innovation is fundamentally similar for both types of consumers, the factors of trade-in and
technological innovation will interact to produce a compounded effect, magnifying the effects of technological innovation on
the consumers. This interaction will also affect the significance of both types of consumers in the implementation of
technological innovation. Therefore, before implementing technological innovation, the manufacturer should clearly identify
the primary consumer type they should serve, based on the consumer market share and depreciation of used products. Then
they can innovate and improve products according to the needs and preferences of these consumers, and align later sales,
advertising, and strategies accordingly.

The following will further analyze consumers’ reactions towards technological innovation from the perspective of consumer
surplus welfare.

Consumer surplus represents the difference between the maximum price a consumer is prepared to pay for a specific good or
service and the actual price they pay in the market.

Consumer surplus refers to the difference between the maximum price a consumer is willing to pay for a certain good and the
actual market price. According to the concept, combining Theorem 1 with Eq. (7) and Eq. (8), and applying the Newton-
Leibniz method, the consumer surpluses of the two types of consumers can be got under no technological innovation strategy
as

D™ (l—a)[2r—as—7—7(cs+cm)]2

.
V*z n *D* dD*— *D*: ” _ 21
" J‘O py( n ) n pl‘ n 2(1-&) 322-2 ( )
* . * . . . . % 2 2 _ B B B (22)
’ « 2a ’r
Similarly, under technological innovation strategy, the consumer surpluses can be got as
2 2

. D™ _(1—a)[4777/(cs+cm)+a(1_7_s)(1+5) ] .

" 2(1-a) 8[8ny—r(1+5)2]2
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Based on Egs. (21)—(24), we obtain Corollary 11 as follow.

Corollary 11. Only when r<Z, there are I}"*> v, I}o*> V" and E>E , where E=Vn*+ Vo* and E=I}n*+ .

o

Conversely, the opposite holds.
Proof. See Appendix A.

According to Corollary 11, both types of consumers will actively respond to the technological innovation strategy undertaken
by the enterprise only with certain conditions. This once again corroborates the consumer attitudes towards technological
innovation as discussed in Conclusion 6. Therefore, whether from the perspective of changes in demand or consumers’ welfare,
consumers consistently exhibit a conditional positive response to technological innovation.

Conclusion 7. While it is financially advantageous for enterprises to further implement technological innovation under a
trade-in program, such a move can trigger a decline in the consumer market if consumers resist such innovation, ultimately
having detrimental effects on long-term growth. Therefore, from a buyer-seller interest-balancing perspective, enterprises
should patiently await for the maturity of corresponding conditions and timing before implementing technological innovation,
as this approach is more acceptable to consumers.

To understand the relationships between total consumer surplus and technological innovation factors under technological
innovation strategy, relevant relationships are established under the feasible solution conditions and basic parameter settings,
as illustrated in Fig. 5 and Fig. 6.
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Fig. 5. The relationship between f and § when 7 =0.7 Fig. 6. The relationship between g and 77 when & =0.03

In Fig. 5 and Fig. 6, &' and 717" represent the critical points for feasible region. The dashed portions of the figures indicate the
absence of feasible solutions, which are not within the scope of the study. From the figures, two key insights emerge. Firstly,
the spillover coefficient of technological innovation has a positive effect on the total consumer surplus, suggesting that the
spillover of technological innovation consistently benefits consumers. This spillover is a positive factor for both enterprises
and consumers. Secondly, the efficiency coefficient of technological innovation negatively affects consumer surplus. That is
because a rise in this coefficient actually signifies a decrease in the enterprise’s innovation efficiency and an increase in
technological innovation investment cost. Thus it indirectly leads to a higher selling price, causing consumers to resist
innovation.

Conclusion 8. Innovation spillover, when augmented, bolsters consumer backing for technological innovation. Conversely, a
dip in innovation efficiency triggers consumer resistance to such innovation. Combining this with Corollary 8, the
manufacturer undertaking technological innovation ought to consistently boost innovation spillover, elevate the
comprehensive innovation capability of the supply chain, and pay attention to improving technological innovation efficiency
to gain greater support from diverse stakeholders.

5. Conclusion

In the context of manufacturers adopting a trade-in program, this paper undertakes a comparative analysis to examine
alterations in the operation decision and the profits for supply chain participants, and consumer reactions, after the
implementation of technological innovation. The aim is to explore the effects of enterprise’s technological innovation behavior
in the marketing of trade-in programs and investigate the relationships between the effect variations and influencing factors.
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The following are the main findings and managerial insights derived:

(1) Under the trade-in program, further implementing technological innovation is a win-win plan for the supplier and
manufacturer. Nevertheless, it may trigger consumer innovation resistance, leading to a contraction of the consumer market
and a decline in consumer surplus. Therefore, in practical business operations, enterprises should balance consumer experience,
corporate social responsibility, and their own profits to prudently determine the timing for implementing technological
Innovation.

(2) Both new and existing consumers exhibit the same level of acceptance and reaction towards technological innovation.
However, under technological innovation strategy, the original trade-in factors are amplified in their influence on consumer
purchases, creating a compounding effect through the synergistic interaction of the trade-in and technological innovation. This
ultimately shapes the positions of the two types of consumers in the implementation of the technological innovation strategy.
Therefore, a high degree of the depreciation of used products or a high market share of the existing consumers can highlight
the advantages of technological innovation. Enterprises should assess the specific circumstances of consumer market
proportion and the depreciation status of used products, clarify the importance of the consumer types, and accordingly conduct
targeted innovation research and development as well as marketing efforts.

(3) Under technological innovation strategy, innovation spillover and efficiency improvement in the supply chain are
beneficial to enterprises and consumers. In operation, manufacturers should actively cooperate with suppliers to
comprehensively promote the overall innovation of the supply chain.

This paper discusses the issue of technological innovation effects for enterprises in the context of trade-in programs, offering
valuable insights and guidance for relevant enterprises and governments. Future research may potentially delve deeper into
collaborative technological innovation among enterprises in the trade-in supply chain, or broaden the scope to encompass
multiple sales cycles, like taking two cycles as the research focus.

Acknowledgements

This research is supported by the Philosophy and Social Science Planning Project of Zhanjiang, China (Grant No. ZJ24QN03),
and the Project of Guangdong Coastal Economic Belt Development Research Center, Lingnan Normal University (Grant No.
20234L.06).

Declarations
Conflict of interest: there are no personal or financial conflicts of interest associated with this study.
References

Agrawal, V. V., Ferguson, M., & Souza, G. C. (2016). Trade-in rebates for price discrimination and product recovery. /EEE
Transactions on Engineering Management, 63(3), 326-339.

Bellezza, S., Ackerman, J. M., & Gino, F. (2017). “Be careless with that!” Availability of product upgrades increases cavalier
behavior toward possessions. Journal of Marketing Research, 54(5), 768-784.

Biancardi, M., & Villani, G. (2018). Sharing R&D investments in international environmental agreements with asymmetric
countries. Communications in Nonlinear Science and Numerical Simulation, 58, 249-261.

Cao, K., Su, Y., Han, G., & Choi, T. M. (2022). Is it wise to offer rebates for unused extended warranties under trade-in
programs in supply chains? Transportation Research Part E: Logistics and Transportation Review, 167, 102915.

Chen, Y., & Ibhagui, O. (2019). R&D-firm performance nexus: New evidence from NASDAQ listed firms. The North
American Journal of Economics and Finance, 50, 101009.

Claudy, M. C., Garcia, R., & O’Driscoll, A. (2015). Consumer resistance to innovation—a behavioral reasoning
perspective. Journal of the Academy of Marketing Science, 43(4), 528-544.

Dimakopoulou, A. G., Chatzistamoulou, N., Kounetas, K., & Tsekouras, K. (2023). Environmental innovation and R&D
collaborations: Firm decisions in the innovation efficiency context. The Journal of Technology Transfer, 48(4), 1176—1205.

Dou, G., & Choi, T. (2021). Does implementing trade-in and green technology together benefit the environment? European
Journal of Operational Research, 295(2), 517-533.

Feng, L., Li, Y., Xu, F., & Deng, Q. (2019). Optimal pricing and trade-in policies in a dual-channel supply chain when
considering market segmentation. International Journal of Production Research, 57(9), 2828-2846.

Fox, S., & Griffy, C. (2023). Technology perceptions, innovations and effects in society: Technology in Society
Briefing. Technology in Society, 74, 102303.

Heidenreich, S., & Kraemer, T. (2015). Passive innovation resistance: The curse of innovation? Investigating consequences
for innovative consumer behavior. Journal of Economic Psychology, 51, 134—151.

Heidenreich, S., Kraemer, T., & Handrich, M. (2016). Satisfied and unwilling: Exploring cognitive and situational resistance
to innovations. Journal of Business Research, 69(7), 2440-2447.

Hu, S., Ma, Z. J., & Sheu, J. B. (2019). Optimal prices and trade-in rebates for successive-generation products with strategic
consumers and limited trade-in duration. Transportation Research Part E: Logistics and Transportation Review, 124, 92—
107.



H. Le et al. /International Journal of Industrial Engineering Computations 17 (2026) 99

Hu, S., & Tang, Y. (2024). Impact of product sharing and heterogeneous consumers on manufacturers offering trade-in
programs. Omega, 122, 102949.

Huang, X. N., Atasu, A., Tereyagoglu, N., & Toktay, L. B. (2023). Lemons, trade-ins, and certified pre-owned
programs. Manufacturing & Service Operations Management, 25(2), 737-755.

Isaksson, O., Simeth, M., & Seifert, R. (2016). Knowledge spillovers in the supply chain: Evidence from the high tech
sectors. Research Policy, 45(3), 699—-706.

Ivanova, D., Barrett, J., Wiedenhofer, D., Macura, B., Callaghan, M., & Creutzig, F. (2020). Quantifying the potential for
climate change mitigation of consumption options. Environmental Research Letters, 15(9), 093001.

Jayaram, J., & Avittathur, B. (2015). Green supply chains: A perspective from an emerging economy. International Journal
of Production Economics, 164, 234-244.

Jiang, L., Zhao, M., Lin, H., & Yang, L. (2022). How do consumer innovation characteristics and consumption value shape
users’ willingness to buy innovative car safety seats? Sustainability, 15(1), 172.

Joachim, V., Spieth, P., & Heidenreich, S. (2018). Active innovation resistance: An empirical study on functional and
psychological barriers to innovation adoption in different contexts. Industrial Marketing Management, 71, 95-107.

Jung, W., Peck, J., Palmeira, M., & Kim, K. (2022). An unintended consequence of product upgrades: How upgrades can
make current consumers feel left behind. Journal of Marketing Research, 59(5), 1019-1039.

Khan, I., Hou, F., Le, H. P., & Ali, S. A. (2021). Do natural resources, urbanization, and value-adding manufacturing affect
environmental quality? Evidence from the top ten manufacturing countries. Resources Policy, 72, 102109.

Kurniawan, T. A., Meidiana, C., Goh, H. H., Zhang, D., Othman, M. H. D., Aziz, F., Anouzla, A., Sarangi, P. K., Pasaribu, B.,
& Ali, 1. (2024). Unlocking synergies between waste management and climate change mitigation to accelerate
decarbonization through circular-economy digitalization in Indonesia. Sustainable Production and Consumption, 46, 522—
542.

Leung, W. S., Evans, K. P., & Mazouz, K. (2020). The R&D anomaly: Risk or mispricing? Journal of Banking & Finance,
115,105815.

Levinthal, D. A., & Purohit, D. (1989). Durable goods and product obsolescence. Marketing Science, 8(1), 35-56.

Li, B., Mousa, S., Reinoso, J. R. R., Alzoubi, H. M., Ali, A., & Hoang, A. (2023). The role of technology innovation, customer
retention and business continuity on firm performance after post-pandemic era in China’s SMEs. Economic Analysis and
Policy, 78, 1209-1220.

Li, X., Zuidwijk, R., de Koster, R., & Sethi, S. (2023). Time for upgrades? In time for consumers and
competition. International Journal of Production Economics, 256, 108724.

Li, Y., Wang, K., Xu, F., & Fan, C. (2022). Management of trade-in modes by recycling platforms based on consumer
heterogeneity. Transportation Research Part E: Logistics and Transportation Review, 162, 102721.

Lian, Y., Lin, X., Luo, H., Zhang, J., & Sun, X. (2024). Distribution characteristics and influencing factors of household
consumption carbon emissions in china from a spatial perspective. Journal of Environmental Management, 351, 119564.

Liu, F,, Tan, Y., Huang, X., Sarkar, S., & Zhang, X. (2023). Supply chain product innovation considering jointly held options
under uncertain demand. Computers & Industrial Engineering, 179, 109224.

Ma, P., Gong, Y., & Mirchandani, P. (2020). Trade-in for remanufactured products: Pricing with double reference
effects. International Journal of Production Economics, 230, 107800.

Okada, E. M. (2001). Trade-ins, mental accounting, and product replacement decisions. Journal of Consumer Research, 27(4),
433-446.

Pretty, J. (2013). The consumption of a finite planet: Well-being, convergence, divergence and the nascent green
economy. Environmental and Resource Economics, 55, 475-499.

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.

Ren, S., Yang, X., Hu, Y., & Chevallier, J. (2022). Emission trading, induced innovation and firm performance. Energy
Economics, 112, 106157.

Schréder, P., Lemille, A., & Desmond, P. (2020). Making the circular economy work for human development. Resources,
Conservation and Recycling, 156, 104686.

Shi, P, & Chen, X. (2023). Analysis on trade-in program of manufacturers competing with informal recycling
enterprises. Environmental Science and Pollution Research, 30(24), 66274—66290.

Simpson, P. M., Siguaw, J. A., & Enz, C. A. (2006). Innovation orientation outcomes: The good and the bad. Journal of
Business Research, 59(10-11), 1133—-1141.

Tang, D., & Solangi, Y. A. (2023). Fostering a sustainable energy future to combat climate change: EESG impacts of green
economy transitions. Processes, 11(5), 1548.

Tang, F., Dai, Y., Ma, Z., & Choi, T. (2023). Trade-in operations under retail competition: Effects of brand loyalty. Furopean
Journal of Operational Research, 310(1), 397-414.

Vafaeinejad, K., & Sajadieh, M. (2022). Trade-in price and base warranty length: A heuristic algorithm for concurrent
optimization. Computers & Industrial Engineering, 171, 108504.

Vish, K. V., Lee, J., Mnyshenko, O., & Shin, H. (2019). Inclusive innovation: Product innovation in technology supply
chains. Manufacturing & Service Operations Management, 21(2), 327-345.

Wang, Y., Zhou, L., & Wu, C. (2023). Optimal trade-in program for advance selling with strategic consumers
proportion. PLOS ONE, 18(1), ¢0273124.



100

Wu, L., Guo, Q., & Li, F. (2021). Optimal pricing and trade-in remanufacturing policies considering the secondary
market. INFOR: Information Systems and Operational Research, 59(4), 547-571.

Xiao, L., Wang, X. J., & Chin, K. S. (2020). Trade-in strategies in retail channel and dual-channel closed-loop supply chain
with remanufacturing. Transportation Research Part E: Logistics and Transportation Review, 136, 101898.

Yang, G., He, B., & Yuan, K. (2023). Optimal product rollover strategies for successive-generation products: The role of the
trade-in program and product characteristics. Computers & Industrial Engineering, 179, 109163.

Zhao, S., You, Z., & Zhu, Q. (2021). Quality choice for product recovery considering a trade-in program and third-party
remanufacturing competition. International Journal of Production Economics, 240, 108239.

Zhou, Q., Yuen, K. F., & Ye, Y. (2022). The effect of brand loyalty and loss aversion on competitive trade-in strategies. Total
Quality Management & Business Excellence, 33(9-10), 1084—1112.

Zhou, X., Yang, S., & Wang, G. (2020). Impacts of knowledge spillovers and cartelization on cooperative innovation decisions
with uncertain technology efficiency. Computers & Industrial Engineering, 143, 106395.

Online Sources:
Assurant. (2022, April  22). Earth  Day: Investing in our planet by embracing the circular
economy. https://www.assurant.com/news-insight/insights/culture-and-innovations/article/earth-day-circular-economy
Assurant. (2024, February 27). *Record high $4.3 billion returned to U.S. consumers through mobile trade-in programs in
2023*. https://www.assurant.com/newsroom-detail/2024/February/mobile-trade-in-programs-2023-trends

McCarthy, N. (2019, September 11). How the iPhone's price developed [Chart].
Statista. https://www.statista.com/chart/11067/how-the-iphones-price-developed/

Wang, Y., & Yang, V. (2023, June 1). JD.com's 618 Grand Promotion kicks off, record number of brands reach 100 million
yuan in sales within the first ten minutes. JD Corporate Blog. https://jdcorporateblog.com/jd-coms-618-grand-promotion-

kicks-off-record-number-of-brands-reach-100-million-yuan-in-sales-within-the-first-ten-minutes/

Appendix A. Proofs of theorems and corollaries

Proof of Theorem 1. Solve the optimal decision making problem using the backward induction method. Firstly, according to

2 2
0 T 0 - ra 24
. . . . w2 Wp,| [P F
Equation (5), we get Hessian matrix of 7, with respect to p. and p to be H=| " = . Then by
m r o 2 2 2a 2a
"m m 7 ’7
apopr 01702

4a(l-a)
4

obtaining the first-order principal matrix|H 1| = 2(1-a) - 27a <0 and the second-order principal matrix |H | = >0, itis

confirmed that 77, is a strictly joint convex function of p, and p, . Secondly, the first-order partial derivatives of 7, with

or 2a(p,-p )-a(wte, —s o 2(p,.—p |-(w+e, -s
respect to p, and p, are —=i+(1-a)(w,~2p,) (2, ")V (w+en=s) and (ﬁpm_w[ (7, 0)7( m
/ Yo

) l] respectively. Let =0 and
op, s . a,

or l+w+ce _ l+s

m — 1 — m
> 0, we obtain the results p = 2 and p, =

- . - I .
5— by solving them jointly. Substituting the above two results into

o

=0 and

—C, as+y—t\c,_ +w . . . 272'
Equation (4), we get 7 = (e sl )] and the second-order partial derivative o —(l—a)—%< 0. Let

s
2y aw2 w

Gl
I+s—y
2

1+w+cm
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Proof of Theorem 2. Solve the optimal decision making problem using the backward induction method. Firstly, analyze the
decision making process of the production and sale stage. Similar to the proof of Theorem 1, we get Hessian matrix of 7,
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