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T he phenomenon of copycats is common in a wide range of industries. Recently, to indicate product authenticity and
combat copycats, many brand name companies (BNCs) have started selling products through retailers. These BNCs

deploy a scalable protocol that is integrated into a permissioned blockchain technology (PBT) platform. We examine how
PBT combats copycats in the supply chain and how it benefits BNCs. Although PBT implementation helps novice cus-
tomers identify product authenticity and the real quality of products, that is, to take advantage of a quality disclosure effect,
we show that, if and only if the number of novice customers is large enough, then selling through a PBT retailer can effec-
tively combat copycats. Thus, PBT increases the profit of the BNC, consumer surplus, social welfare, and reduces the
profit of a copycat. Moreover, conventional wisdom tells us that PBT ensures supply chain transparency and motivates a
firm to improve its product quality. However, the BNC reduces the quality of its products when using PBT, because an
improvement in product quality is not profitable if consumers can distinguish between genuine and imitation products.
Furthermore, we extend the model by considering the case where the BNC itself implements PBT. Without the double
marginalization effect, even if the number of novice customers is small, blockchain technology may exist in the market (the
BNC self-implements). In addition, if the unit production cost of a genuine product is large enough, social welfare
increases when production cost increases.
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1. Introduction

1.1. Background and Motivation
Copycats are a common phenomenon in a wide range
of industries (e.g., fashion, electronic items, and vehi-
cles). Copycats mimic the incumbent’s design and
quickly produce similar products. For example, many
fast fashion brands mimic the product designs of
designer brands by applying the quick response
approach (Eytan 2017). In the electronics industry, the
e-cigarette brand Juul is confronted with many copy-
cats in the market (Becker 2019). In the food industry,
coffee traders copy the packaging design of Blue
Mountain coffee to deceive consumers (Taylor 2020).
In general, imitation products have the following
main characteristics:

• Imitation products have a high degree of similarity.
Copycats mimic a brand name company’s
(BNC) product and pretend that their product

is the genuine article. Product quality cannot
be judged at the time of purchase. However,
novice consumers who have limited product
knowledge will be deceived by copycats. A
copycat steals the brand value of a genuine
product from a BNC (Gao et al. 2017b).

• A copycat is a follower in the market. A BNC, as
the incumbent, sells a new product first. A
copycat then follows to develop and sell a sim-
ilar product (Qian 2014). The copycat will
intentionally offer a lower price than the BNC
to gain the market share of novice consumers
who cannot use the price signal to judge the
quality of the product.

• The quality of an imitation product is lower than
that of a genuine product. Copycats cannot reach
the quality standard of a genuine product in a
short time (Cho et al. 2015). Consumers know
that a genuine product has better quality than
the imitation. If consumers do not know the
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true quality of a product, then they will have a
common prior belief about the likelihood that a
product is genuine or an imitation (Feng and
Xie 2012).

• Not all consumers can identify imitation products.
Novice and expert consumers coexist in the
market. Despite a difference in quality, an imi-
tation product can only be identified by expert
consumers, but not by novice consumers,
because identification requires “knowledge”
(Qian 2014). The number of experts and
novices depends on how familiar a customer is
with a product. When a newly designed pro-
duct is launched, the number of novice con-
sumers will be large. For example, Juul
launched its new e-cigarette in 2016 and had to
“fight” many copycats that sold imitation prod-
ucts to numerous novice consumers (Becker
2019). If a product is widely accepted by con-
sumers, then the market will be composed of a
large number of expert consumers. For exam-
ple, the BYD version of the Toyota Corolla can
be recognized by most Chinese consumers who
are expert consumers, because they have seen
the real Corolla for years.

Brand name companies want to combat the entry of
copycats, because it threatens a loss of market share
(Li and Kumar 2018, Luo et al. 2011). However, so far,
efforts to combat copycats have not been effective.
Traditional technologies, such as barcodes and RFID
tags, can be duplicated and printed on imitation prod-
ucts. As a result, consumers may not fully trust qual-
ity information processed by traditional technologies.
Copycats are increasingly rampant due to sophisti-
cated imitations that consumers cannot recognize
(Pun and DeYong 2017). On the one hand, expert con-
sumers can distinguish between genuine and imita-
tion products. They intentionally buy imitation
products because they cannot afford or are not willing
to pay the price of genuine products. On the other
hand, novice consumers have limited product knowl-
edge. They may buy imitation products unintention-
ally because they cannot distinguish between
imitation and genuine products by the difference of
prices. According to a survey conducted by the global
market research firm MarkMonitor, 31% of novice
consumers unintentionally purchase imitation prod-
ucts, mainly in the clothing and electrical goods sec-
tors (MarkMonitor 2017).
New technologies, such as blockchain technology,

are key drivers that change the business environment
(Babich and Hilary 2020, Choi 2019, Guha and Kumar
2018, Hastig and Sodhi 2020, Niu et al. 2019, Whitaker
and Kräussl 2020). Gartner estimates that BNCs’
products with a value of US$5 billion will contain

blockchain technology by 2023, and this number will
continue to increase over the next decade (Dimitrov
2019). Many BNCs have started selling products
through retailers like Amazon, Walmart, and Alibaba,
which deploy a scalable protocol integrated into a
permissioned blockchain technology (PBT) platform
accessible only to those with authorization (Chen
2019, Masters 2019). A PBT has properties of both
public and private blockchain. Public blockchain pro-
vides an access to people who are willing to join and
participate in the activities of the blockchain network
(e.g., public services), whereas private blockchain
allows only selected entry of verified participants
who can override, edit, or delete the necessary entries
on the blockchain (e.g., bank). The PBT provides par-
ticipants specific functions such as read, access, and
write information on the blockchain. For example,
firms producing a product may use PBT that also
takes care of supply chain activities such as manufac-
turing, logistics, and retailing. The process informa-
tion in terms of manufacturing, logistics, and retailing
can be edited by supply chain members in the PBT.
Consumers can learn supply chain information
through PBT. Therefore, PBT is specifically designed
for companies that want to provide visible supply
chain information to consumers, suppliers, vendors,
and distributors in the supply chain (Chang et al.
2018) and to combat copycats (Pun et al. 2021).
Recently, PBT has been implemented in many

industries, such as the fashion and food industries.
Using PBT to combat copycats is becoming increas-
ingly common. For example, Walmart collaborated
with IBM to develop PBT for many food suppliers
(e.g., Nestlé, Dole Food, and Driscoll’s). Such PBT cre-
ates a transparent supply chain and identifies product
quality (Jagati 2019). Consumers can scan the QR code
on the packaging. PBT is a good solution for a trace-
ability system in the food sector because of its focus
on trust, immutability, and transparency. Alibaba
now asks fashion brands to upload their designs and
content to the PBT system as proof of originality, and
the system will automatically detect similar products
to determine if they are copycats (Chen 2019). Identi-
fied copycats are removed from the platform. Humble
Marketplace sells luxury fashion products incorpo-
rated with blockchain technology. Customers could
verify the authenticity of products through scanning a
digital signature QR code from the blockchain tech-
nology system (DeAcetis 2021). Amazon is currently
helping Nestlé’s new coffee brand “Chain of Origin”
to develop blockchain technology that shows infor-
mation about in which small farm the beans were
planted, where they were roasted, and when and how
beans were made (Castillo and Schifrin 2020). Hence,
with PBT, consumers can know information such as
who the designer of a product is, which factory
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produces the product, when the product is produced,
where the product is sold, and what materials were
used in the product. Technologies that collect and
share information (e.g., RFID) currently exist. The
main differences between blockchain and such exist-
ing technologies are data encryption and record vali-
dation. Consumers trust PBT because the quality data
are unique and cannot be modified or altered by an
individual (Babich and Hilary 2020). PBT provides a
unique “certificate” to consumers who then know that
a product is authentic. Nobody can duplicate infor-
mation in the PBT system. Thus, PBT can realize the
quality disclosure effect.

1.2. Core Research Questions and Contributions
We examine how the use of a PBT retailer helps a
BNC combat a copycat and how it affects the BNC
(i.e., incumbent) in the supply chain. We consider two
distribution strategies: (i) without the PBT retailer, the
BNC and the copycat sell their products directly to
consumers (direct selling); and (ii) with PBT, the BNC
sells through the PBT retailer, whereas the copycat
sells directly to consumers (mixed selling).
We answer the following research questions (RQs):

RQ 1: Under what conditions can selling through
a PBT retailer be an effective anti-copycat solution
(i.e., increase the profit of BNCs, reduce the profit
of copycats, and improve consumer surplus and
social welfare)?
RQ 2: How does PBT affect the choice of distribu-
tion strategies for a BNC?
RQ 3: What are the optimal pricing and quality
strategies for a BNC with PBT?

We provide new perspectives on the effectiveness
of combating copycats under the use of PBT. If and
only if the number of novice consumers is large
enough, then selling through a PBT retailer can be an
effective anti-copycat solution (i.e., it increases the
profit of the BNC, reduces the profit of the copycat,
and improves consumer surplus and social welfare).
This result first implies that selling through a PBT
retailer is recommended for newly developed prod-
ucts (of which a large group of consumers have no
product quality knowledge) but not for mature prod-
ucts (with a large group of “knowledgeable” con-
sumers). Second, if the number of novice consumers
is large enough, then consumer surplus can increase,
as some of consumers who were deceived by the
copycat will know the quality of a product from the
PBT and thus gain more surpluses. This result differs
from that of the economics literature, where direct
selling eliminates double marginalization and better
satisfies consumers (Chipty 2001). In our paper, if the
number of novice consumers is large enough, then

consumer surplus under direct selling is worse
because the surplus improvement by using PBT
exceeds the loss caused by double marginalization. In
addition, by extending the model to consider PBT
self-implementation, without the double marginaliza-
tion effect, due to the quality disclosure effect of PBT,
even if the number of novice consumers is small, PBT
can still exist in the market. However, the BNC itself
should implement it and sell its genuine product
directly to consumers.
Our paper contributes to the literature on pricing

strategies in terms of various channel choices when
using PBT. Compared with the distribution strategy
of selling a product directly to consumers without
PBT, if the number of novice consumers is large
(small) enough, then using a PBT retailer to sell a gen-
uine product only encourages the BNC to lower (in-
crease) its price. When the number of novice
consumers is large enough, a low price will be offered
to attract novice consumers and motivate them to buy
the genuine product from the PBT retailer. However,
when the number of novice consumers is small
enough, the BNC will not sell through the PBT retailer
because it wants to avoid the double marginalization
effect in the supply chain.
Furthermore, our paper highlights the effects of

genuine product quality choice in the presence of a
copycat. Surprisingly, the implementation of PBT
decreases the quality of the genuine product in the
presence of a copycat. This result is not consistent
with conventional wisdom, which suggests that PBT
ensures supply chain transparency and encourages
firms to improve product quality. Previous research
(e.g., Gao et al. 2017b) also finds that a BNC should
improve its product quality to combat copycats. With-
out PBT, this strategy can be a good advice because
the leading quality strategy encourages consumers to
buy genuine products. However, an improvement in
product quality is costly. With PBT, improving pro-
duct quality may not be a wise decision, because PBT
has been effective in helping consumers identify pro-
duct quality.

1.3. Paper Organization
The rest of this study is organized as follows. In sec-
tion 2, we review the relevant literature. In sections 3
and 4, we present the basic model and identify the
value of selling through a PBT retailer. In section 5,
we look at the endogenous quality. In section 6, we
extend the model by considering the self-
implementation, social status, privacy concern of
blockchain technology, unit production cost of the
genuine product, and marginal cost of implementing
blockchain technology. In section 7, we conclude the
paper and discuss important implications. All proofs
can be found in the Online Supplementary Appendix.
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2. Literature Review

2.1. Effects of the Entry of a Copycat
The concept of “copycat” is a widespread phe-
nomenon in many industries and widely discussed in
the literature on operations management. A copycat
product is similar to counterfeits in terms of product
imitation (Gao et al. 2017a). Grossman and Shapiro’s
(1988a, 1988b) studies are among the early works that
developed equilibrium models for BNCs and low-
quality counterfeit products with the risk of confisca-
tion. Qian et al. (2015) consider a scenario where a
deceptive counterfeiter sells products to consumers
who cannot tell the difference between counterfeits
and authentic products when their prices and per-
ceived quality are the same.
Customers consider that product quality includes

observable quality (e.g., brand name and appearance)
and experiential quality (functionality). The former
refers to dimensions that are observable to expert con-
sumers at the time of purchase, whereas the latter
refers to dimensions that are based on experience,
which are unknown for expert consumers before the
time of purchase. Consequently, they obtain different
scenarios of the decision when an authentic firm
should improve observable or experiential quality.
Our paper focuses on examining observable qualities,
which are observed by experts but unknown to
novices at the time of purchase.
Gao et al. (2017a) investigate the effects of the entry

of a copycat on the incumbent’s decision and identify
the optimal time for a copycat’s entry. Gao et al.
(2017b) evaluate the effect of copycats in luxury retail
in terms of status effect. They find that a high level of
product quality can discourage a copycat from enter-
ing the market, and that the entry of a copycat does not
always improve consumer surplus and social welfare.
Pun and DeYong (2017) investigate the effect of a copy-
cat’s entry. They assume that the quality of a copycat
and that of authentic products is known to consumers.
They find that a BNC will lower its product quality in
the presence of a copycat. Our paper is similar to that
of Gao et al. (2017a, 2017b) and Pun and DeYong
(2017) in that we examine the effects of the entry of a
copycat. However, we investigate how the use of PBT
as anti-copycat technology combats copycats.

2.2. Current Strategies of Combating Copycats
Anti-copycat (anti-counterfeiting) solutions are
important tools to prevent copycats (counterfeiters).
To combat the entry of counterfeits, traditional anti-
counterfeiting solutions include pricing signals and
quality improvement. Qian (2014) evaluates a pricing
signaling strategy to deter counterfeits. The author
finds that, if the quality of a counterfeit is below a cer-
tain threshold, then the BNC can increase its price to

increase its own profit and reduce that of the counter-
feiter. Cho et al. (2015) investigate the effects of coun-
terfeits on the supply chain performance. They use
quality improvement and pricing strategies to combat
counterfeits. We also examine ways to combat copy-
cats. We propose the use of PBT, the disruptive new
technology, to combat copycats. Qian (2014) and Cho
et al. (2015) find that an improvement in product
quality can combat counterfeits, but our results are
different because blockchain is completely reliable for
consumers who wish to identify copycats.
Gao (2018) examines how overt anti-counterfeiting

technologies (OACTs) combat the entry of counterfeit-
ers and illegitimate producers into the pharmaceutical
industry. The results show that the implementation of
OACTs can increase the sales of counterfeit products.
Yao and Zhu (2019) evaluate how anti-counterfeiting
technologies, such as certificates of authenticity and
packaging, combat the entry of counterfeit products.
They consider that anti-counterfeiting technologies
are not perfect, which means that consumers will still
be deceived by fake products even if anti-
counterfeiting technologies are used. They examine
the effect of deceptive counterfeiters and propose that
if counterfeit products are detected by authorities,
then the firm should pay a penalty.
Unlike Yao and Zhu (2019), we consider that a firm

that produces genuine products uses PBT to prevent
and combat the entry of a copycat. PBT helps con-
sumers distinguish between imitation and genuine
products. Sun et al. (2020) examine how an online
platform invests in measures that reduce counterfeits.
They find that a platform should make the maximum
effort to combat the counterfeiter when the unit cost
of the genuine product is sufficiently low, because
with an increase in cost, the authentic firm will be less
willing to invest in the selling effort. Consequently,
the platform will be less willing to invest in the fight
against the counterfeiter. In our paper, we examine
the effects of distribution strategies on the fight
against copycats. We consider two distribution strate-
gies: mixed selling and direct selling.

2.3. The Use of Blockchain Technology
Using PBT improves supply chain transparency in
terms of originality, materials, and production (Wang
et al. 2021, Whitaker and Kräussl 2020). Babich and
Hilary (2020) define the value of blockchain technol-
ogy adoption in operations management. They argue
that blockchain technology can provide visibility and
information validation in supply chains and create a
highly secure and transparent business environment.
In this study, we apply the advantages of blockchain
technology to combat copycats. This solution of com-
bating copycats is unique and cannot be fully
replaced by conventional technology, because
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consumers fully trust the information of blockchain
but do not fully trust conventional technologies.
Chod et al. (2020) evaluate the impacts of supply

chain transparency through blockchain adoption.
They find that blockchain technology can provide a
favorable financing solution at low signaling costs.
Cui et al. (2019) explore how transparency affects sup-
ply chain performance in parallel and serial supply
chains. They find that, regardless of the supply chain
structure, supply chain transparency can improve
quality. The transparency in the parallel and serial
supply chain can improve a buyer’s cash flow and
reduce the impacts of moral hazard. Therefore, trans-
parency is an important argument in favor of using
blockchain, because the profits of a supplier and a
buyer can be improved in supply chains. Cai et al.
(2020) examine how the use of blockchain technology
eliminates moral hazard risk in supply chains.
In this study, we focus on examining the impact of

PBT on combating copycats in various distribution
strategies (i.e., direct selling and mixed selling). Pun
et al. (2021) study how deceptive counterfeits can be
eliminated by using blockchain technology. They find
that the application of blockchain technology is effec-
tive in reducing post-purchase regrets and improving
social welfare. Our paper is different from Pun et al.
(2021) from three perspectives. First, they examine a
market made up of one blockchain-based manufac-
turer and one copycat, but we study the effects of hav-
ing a copycat in a supply chain consisting of one
manufacturer, one copycat, and one PBT retailer. Our
analyses outline the value of blockchain technology on
different supply chain structures and identify under
which supply chain structure, blockchain technology is
preferable to adopt to combat copycats. Moreover, Pun
et al. (2021) consider one type of customer, that is,
novices. We follow Qian (2014) and consider that con-
sumers can be subdivided into novices and experts.
Experts can determine product quality, but novices
cannot. The portion of consumer type will significantly
influence the effectiveness of blockchain. In addition,
in Pun et al. (2021), the major trade-off is between

privacy concerns and the quality disclosure effect.
Given that we consider the problem in a supply chain
context, our major trade-off is between double
marginalization and quality disclosure. In the
extended model, we also examine the impacts of pri-
vacy concerns. A BNC should implement PBT when
the quality disclosure effect dominates the double
marginalization and privacy concern effects.
Table 1 summarizes the positioning of this study in

the literature.

3. The Model

We consider an incumbent BNC that sells its genuine
product to consumers and a copycat that follows the
BNC by selling its imitation product on the same mar-
ket. The copycat copies the genuine product and pre-
tends that it is the genuine article. Product quality
cannot be judged at the time of purchase. However,
consumers know that the genuine product has better
quality than the imitation one. If consumers do not
know the true quality of the product, then they will
have a common prior belief about the likelihood that
a product is genuine or an imitation (Feng and Xie
2012). Similar to the BNC, the copycat may have a
brand, which may or may not be similar to the gen-
uine product. Copycats have four features. First, imi-
tation products have a high degree of similarity.
Second, a copycat is a follower in the market. Third,
the quality of an imitation product is lower than that
of a genuine product. Fourth, not all consumers can
identify imitation products. We classify consumers
into two groups. One group is composed of experts
who can classify which product is genuine and which
one is not. The other group is composed of novices
who cannot classify products. Despite a difference in
quality, an imitation product can only be identified by
expert consumers, but not by novice consumers,
because identification requires “knowledge” (Qian
2014).
The selling price of product i is pi, with i∈ fb, cg.

Here, i ¼ b and i ¼ c denote the genuine product of

Table 1 Positioning of this Study in the Literature

Paper
Impacts of copycat/

counterfeit
Supply
chain

Use of
blockchain

Welfare
analysis

Grossman and Shapiro (1988a, 1988b), Qian et al.
(2015), Gao et al. (2017a, 2017b), Qian (2014) and Gao (2018)

✓ ✓

Pun and DeYong (2017) and Sun et al. (2020) ✓
Cho et al. (2015) ✓ ✓ ✓
Yao and Zhu (2019) ✓
Babich and Hilary (2020), Cui et al. (2019), Cai et al.
(2020) and Wang et al. (2021)

✓ ✓

Chod et al. (2020) ✓
Pun et al. (2021) ✓ ✓ ✓
Our paper ✓ ✓ ✓ ✓
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the BNC and the imitation product of the copycat,
respectively. We assume that the unit cost of produc-
tion is zero (we consider the case where the produc-
tion cost is not zero in section 6, and the main results
where the production cost is zero remain valid when
the production cost is non-zero). The quality of pro-
duct i is qi.
We assume that the quality level of the genuine

product is higher than that of the imitation product,
that is, qb > qc, because copycats imitate genuine prod-
ucts, but cannot spontaneously reach their exact qual-
ity standard. Let qc ¼ αqb, with α ∈ ð0, 1Þ, where α
captures a fraction of the brand value in the quality of
the genuine product (Cho et al. 2015). In the basic
model, we assume that the product quality of the gen-
uine product is exogenous, because for some prod-
ucts, product quality cannot be easily changed in a
short time. We extend the model to examine endoge-
nous quality in section 5.
When consumers decide to purchase the product,

the perceived quality toward the product will be
formed in terms of consumer types. Without PBT,
consumers may not know the true quality of the prod-
uct. Thus, customers’ perception of the quality of pro-
duct i, ϕi, may differ from its real quality qi. Following
Qian et al. (2015), we consider two types of consumers
in the market. The first type of consumers is novices
who cannot distinguish between genuine and imitation
products due to their limited product knowledge.
These consumers have a common prior belief about
the likelihood that a product is genuine or an imitation.
Following Hertzendorf (1993) and Feng and Xie (2012),
we assume that the prior belief of novice consumers on
the probability that the product is genuine is γ, with
γ ∈ ð0, 1Þ. Without PBT, the level of quality perceived
by novice consumers (a fraction λ of the total number
of consumers) is ϕi ¼ γqb þ ð1� γÞqc. The second type
of consumers is experts (a fraction 1� λ of the total
number of consumers) who know the exact product
quality at the time of purchase. The level of quality
perceived by expert consumers is ϕi ¼ qi.
To combat the copycat, the BNC can sell its product

through a PBT retailer. PBT is a unique technology
that reliably discloses quality. By using PBT, consumers
will trust that the product quality is reliably disclosed,
because the quality data stored by the BNC are unique and
cannot be modified or altered by an individual (Babich and
Hilary 2020). By contrast, consumers may not fully trust
quality information processed by traditional technologies,
such as barcodes and RFID tags, because they can be dupli-
cated and printed on imitation products. As all con-
sumers in the market can know the true quality of the
two products by using PBT, the level of quality per-
ceived by all consumers is ϕi ¼ qi. The implementa-

tion cost of PBT is F. The perceived quality of novice

and expert consumers with and without PBT is shown
in Table 2.
Consumers are heterogeneous in their willingness

to pay for quality. Without loss of generality, we
assume that the market size is normalized to one.
Each consumer purchases at most one unit of the pro-
duct, either from the BNC or the copycat. Given the
selling price, the utility received by a consumer from
purchasing product i is Ui ¼ vϕi � pi, where v is the

consumer’s preference for quality, which is assumed
to be uniformly distributed over ½0, 1�, and ϕi is the
aforementioned quality of the product perceived by
the consumer when purchasing the product. Con-
sumers can still purchase the imitation product if
their utility to buy this imitation product is positive
and greater than that of buying the genuine product.
The wholesale price and market demand of product

i are wi and Di, respectively. The profits of the BNC
and the copycat are πb and πc, respectively, and the
profit of the PBT retailer is Π. Consumer surplus is CS
and social welfare is SW. In addition, we add super-
script j to the notation to represent the equilibrium
outcomes, where j ( j∈ fN, Bg) is used for indicating
the case without PBT (N) and the case with PBT (B).
Table 3 summarizes the major notation used in this
paper.
The sequence of events is as follows. The BNC deci-

des whether or not to sell through the PBT retailer. If
the BNC does not sell through the PBT retailer (i.e.,
direct selling with no blockchain technology),

1. the BNC first determines the selling price of
the genuine product;

2. the copycat determines the selling price of the
imitation product on the basis of the BNC’s
decision.

If the BNC sells through the PBT retailer (i.e., mixed
selling),

1. the BNC first determines the wholesale price of
the genuine product;

2. the PBT retailer determines the selling price of
the genuine product;

3. the copycat determines the selling price of the
imitation product on the basis of the BNC’s
decision.

Figure 1 shows the two distribution strategies.

Table 2 Consumers’ Perceived Quality with and without PBT

Consumer types Without PBT With PBT

Novice consumers ϕi ¼ γqb þ 1� γð Þqc ϕi ¼ qi
Expert consumers ϕi ¼ qi
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4. Combating the Copycat Using PBT

In this section, we perform an equilibrium analysis (a)
disregarding PBT and (b) under the use of PBT. On
the basis of the results, we evaluate the effects of
using PBT to combat the copycat and the benefits for
the BNC.

4.1. Selling the Genuine Product Directly
to Consumers
We consider that novice consumers cannot distin-
guish between imitations and genuine products, and
they form a common prior belief about the likelihood
that a product is genuine or an imitation. Then, the
selling prices essentially determine novice consumers’
decisions about buying imitations or genuine prod-
ucts. Consequently, the copycat as a follower will
offer a price that is lower than that of the genuine pro-
duct to extract a fraction of consumers from the mar-
ket. Then, a fraction λ of consumers will buy the
imitation product instead of the genuine product if

Uc ¼ v γqb þ 1� γð Þqc
� �� pc is positive. Thus, the

demand for the imitation product by novice con-

sumers is λ 1� pc
qb αþγ�αγð Þ

� �
. Note that novice con-

sumers do not know whether the purchased product
is an imitation or a genuine one. Thus, the price is an
encouragement for novice consumers to make the
purchase decision, rather than a signal that infers pro-
duct authenticity.
We consider that expert consumers will buy the

imitation product if and only if their utility when buy-
ing the imitation product is positive and greater than
that when buying the genuine product. We have
Uc ¼ vqc � pc and Ub ¼ vqb � pb. Expert consumers
who are indifferent about purchasing the genuine or

the imitation product have a valuation v ¼ pb�pc
qb 1�αð Þ.

Similarly, expert consumers who are indifferent about
purchasing the imitation product or nothing have a

valuation v ¼ pc
qbα
. Consequently, for this 1� λ fraction

of consumers, 1� λð Þ pb�pc
qb 1�αð Þ �

pc
qbα

� �
and

1� λð Þ 1� pb�pc
qb 1�αð Þ

� �
consumers choose the imitation

product and the genuine product, respectively. The
total demand for the imitation product and the gen-

uine product is Dc ¼ λ 1� pc
qb αþγ�αγð Þ

� �
þ 1� λð Þ

pb�pc
qb 1�αð Þ �

pc
qbα

� �
and Db ¼ 1� λð Þ 1� pb�pc

qb 1�αð Þ
� �

, respec-

tively.
The copycat and the BNC maximize their individ-

ual profit by offering optimal prices. The optimization
problems are as follows:
We use backward induction to obtain the equilib-

rium results in Appendix A.

Table 3 Major Notation Used in this Study

Notation Definition

qi The quality of product i, where i ¼ b and i ¼ c
denote the genuine product of the BNC and imitation
product of the copycat, respectively, and qb > qc

α A fraction of the brand value in the quality of the genuine
product, where qc ¼ αqb and α∈ ð0, 1Þ

ϕi Customers’ perception of the quality of product i
γ The prior belief of novice consumers on the probability

that the product is genuine, and γ ∈ ð0, 1Þ
λ The fraction of novice consumers
Ui The utility received by a consumer from purchasing product i
v The consumer’s preference for quality, which is uniformly

distributed over [0, 1]
wi The wholesale price of product i
pi The retail price of product i
Di The market demand for product i
F The implementation cost of PBT
πb The profit of the BNC
πc The profit of the copycat
Π The profit of the PBT retailer
CS Consumer surplus
SW Social welfare

Figure 1 Two Distribution Strategies (the numbers in the circle indi-
cate the sequence of the game in the corresponding distribu-
tion strategy)

max
pc

πc ¼ pcDc ¼ λ 1� pc
qb αþ γ � αγð Þ

� �
pc|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Profit from novices

þ 1� λð Þ pb � pc
qb 1� αð Þ �

pc
qbα

� �
pc|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

Profit from experts

and

max
pb

πb ¼ pbDb ¼ 1� λð Þ 1� pb � pc
qb 1� αð Þ

� �
pb
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4.2. Selling the Genuine Product through a PBT
Retailer
By selling the genuine product through a PBT retailer,
the BNC can reveal its true quality to consumers. All
consumers can distinguish between imitations and
genuine products. In this case, the market demand for
the imitation product and the genuine product is

Dc ¼ pb�pc
qb�qbα

� pc
qbα

and Db ¼ 1� pb�pc
qb�qbα

, respectively. The

BNC, the copycat, and the PBT retailer aim to maxi-
mize their individual profit by offering optimal
prices. The optimization problems are as follows:

max
wb

πb ¼ wbDb ¼ 1� pb � pc
qb � qbα

� �
wb,

max
pc

πc ¼ pcDc ¼ pb � pc
qb � qbα

� pc
qbα

� �
pc and

max
pb

Π ¼ pb � wb

� �
Db � F ¼ pb � wb

� �
1� pb � pc

qb � qbα

� �
� F:

In the retailer’s profit function, F is the PBT imple-
mentation cost. We model this cost as a lump sum
payment to the retailer. Alternatively, the cost of
using PBT can be modeled as a unit cost. Although
the unit cost of using PBT is covered by the retailer,
the effects of this cost are similar to those when the
production cost is not zero, because due to the double
marginalization effect, the retailer will transfer the cost
to the BNC (we show the case that the production cost
is non-zero and the case that the unit cost of using
PBT is non-zero in section 6). Using backward induc-
tion, we show the equilibrium results in Appendix A.
On the basis of the equilibrium results, we compare

the performance in terms of price, demand, profit,
consumer surplus, and social welfare for direct selling
without PBT and mixed selling with PBT in the fol-
lowing subsection.

4.3. Value of Using PBT to Combat the Copycat
By comparing the equilibrium outcomes of sec-
tions 4.1 and 4.2, we obtain the following results.

PROPOSITION 1 [Effects of PBT implementation on
prices and demand]. If and only if the number of
novice consumers is large enough, then selling the genu-
ine product through a PBT retailer in the supply chain

(i) lowers the prices of genuine and imitation products;
(ii) increases the demand for the genuine product but

decreases the demand for the imitation product.

Without PBT, novice consumers will unintention-
ally buy the imitation product. The sale of the genuine
product through the PBT retailer allows novice consu-
mers to distinguish between imitation and genuine
products, that is, implementing PBT leads to a quality

disclosure effect. As a leader, the BNC first determines
the price of the genuine product. If the number of
novice consumers is large enough, then the BNC will
offer a low price to motivate them toward buying the
genuine product with PBT. Then the copycat will fol-
low and offer a lower price. If the number of novice
consumers is small, then the BNC will not sell
through the PBT retailer because of the double margin-
alization effect. The BNC will offer a high price to max-
imize its profit, and the copycat will follow
accordingly. The results of Proposition 1(ii) are intui-
tive because if PBT is used, then some novice consu-
mers will buy the genuine product rather than the
imitation product. Naturally, PBT implementation
will increase the demand for the genuine product but
decrease the demand for the imitation product. There-
fore, the number of novice consumers is an extremely
important factor to know the value of implementing
PBT when combating the copycat.

PROPOSITION 2 [Effects of PBT implementation on
supply chain performance and welfare].

(i) If and only if the number of novice consumers is
large enough, then PBT implementation
(a) increases the profit of the BNC but decreases

the profit of the copycat;
(b) increases consumer surplus.

(ii) If and only if the cost of implementing PBT is high

enough, that is, F>
q 28�α�11α2ð Þ

32 2�αð Þ2 � SWN, then PBT

implementation decreases social welfare.

Proposition 2(i)a indicates that the BNC benefits
from the implementation of PBT if the number of
novice consumers is large enough. The BNC uses PBT
to achieve a quality disclosure effect and motivates
novice consumers toward buying the genuine prod-
uct. However, if the number of novice consumers is
small, then selling through the PBT retailer is not
profitable for the BNC, because the loss due to the
double marginalization effect in the supply chain cannot
be compensated by the benefits of the quality disclosure
effect rendered by the use of PBT. The profit of the
copycat will decrease if novice consumers purchase
the genuine product with PBT.
Consumer surplus is influenced by the prices of

and demands for genuine and imitation products. If
the number of novice consumers is large enough, then
consumer surplus can be improved mainly because
some of the novice consumers deceived by the copy-
cat will know the quality of the product from PBT and
will therefore gain a high surplus. The economics lit-
erature shows that direct selling eliminates double
marginalization and satisfies consumers (Chipty
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2001). Our results differ from those in the economics
literature, because we find that the reduction of profit
due to the double marginalization effect and consumer
surplus can be compensated by the quality disclosure
effect of using PBT for a large number of novice con-
sumers. However, if the number of novice consumers
is large enough, then direct selling is less effective
because the benefits obtained from using PBT exceeds
the loss caused by double marginalization in a decen-
tralized supply chain.
Social welfare is defined as the sum of the profits of

the copycat and the BNC and consumer surplus.
Proposition 2(ii) indicates that, if PBT implementation
is too costly, then it will reduce social welfare. This
argument is intuitive. However, conditions must be
met to improve social welfare by implementing PBT
even if its implementation cost is negligible.

PROPOSITION 3 If the cost of implementing PBT is negli-
gible, that is, F ¼ 0, PBT implementation in the supply
chain improves social welfare if the number of novice con-
sumers is large enough and if the prior belief of novice
consumers on the probability that the product is genuine
is low enough.

Proposition 3 provides two conditions under which
PBT implementation in the supply chain improves
social welfare if the implementation cost is negligible.
The first condition is fundamental for the effective-
ness of PBT. The second condition, regarding the prior
belief of novice consumers on the probability that the pro-
duct is genuine, indicates the utility of consuming the
genuine product for novice consumers. A low level of
prior belief reduces novice consumers’ willingness to
buy the imitation product. This reduction leads to a
reduction of profit, which will be covered by the
increase in profit with PBT for the BNC.
Consumers’ knowledge of product quality is higher

if the duration of sales in the market is long. As a
result, during the entire product selling period, the
number of novice consumers is usually large in the
beginning and the number of expert consumers is
usually large when the product is well known in the
market, because consumer learning plays an impor-
tant role in product quality knowledge (Villas-Boas
2004). On the basis of the above result, we obtain the
following corollary.

COROLLARY 1 Selling through a PBT retailer is ideal for
the BNC when new products are launched, but not when
products have been on the market for a long time.

The BNC benefits from selling through a PBT retai-
ler when its product is new in the market, that is, the
number of novice consumers is large. By contrast, the
value of using PBT is reduced when the number of

novice consumers is small. When consumers are
familiar with the product, that is, the number of
expert consumers is large, the BNC should sell its pro-
duct directly to consumers. In the technology adop-
tion literature, the technology adoption curve is S-
shaped, that is, rapid adoption occurs after a long
slow initial period (Bessen 2002). This effect is mainly
due to the trade-off between adoption costs, consu-
mer acceptance, and productivity growth. Our results
are different from those of the technology adoption
literature. The BNC can benefit from PBT when the
product has only been released, but this adoption
should be avoided when the product is well known in
the market. With the increased familiarity of consu-
mers with the product, the quality disclosure effect of
using PBT is reduced. However, the loss of double
marginalization in the supply chain still occurs
because sales are made through the PBT retailer.

5. Endogenous Quality Decision

In the basic model, we assume that the quality level of
the genuine product is exogenous. For example,
Apple cannot simply change the quality of its iPhone
X in a short time. However, this assumption may not
be true for products in the food sector. A food sup-
plier can improve or reduce its product quality by
changing its sources of supply and packaging.
In this section, we consider the case where the qual-

ity of the genuine product can be improved or
reduced strategically. The quality of the genuine pro-
duct qb is determined by the BNC. Similar to Cho
et al. (2015), we set the unit cost of quality improve-

ment to 1
2 kq

2
b , with k> 0. The profits of the BNC with-

out and with PBT are πb pb, qb
� � ¼ pb � 1

2 kq
2
b

� �
Db and

πb wb, qb
� � ¼ wb � 1

2 kq
2
b

� �
Db, respectively.

The BNC first maximizes its profit by determining
the level of quality. Then, depending on the corre-
sponding distribution strategy, other decisions will fol-
low accordingly. Using backward induction, we obtain
the equilibrium results presented in Appendix A.
With endogenous quality, the results of the effec-

tiveness of combating copycats are similar to those of
Propositions 1 and 2 (details are provided in the
Online Supplementary Appendix). In this section, we
focus on the effects of PBT implementation on pro-
duct quality.

PROPOSITION 4 [Effects of PBT implementation on
product quality]. The implementation of PBT decreases
the quality of the genuine product in the supply chain.

Conventional wisdom tells us that PBT ensures
supply chain transparency and that its implementa-
tion encourages a firm to improve product quality.
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Previous research (e.g., Cho et al. 2015, Gao et al.
2017b, Qian 2014) also shows that a BNC should
improve the quality of its products if it wants to com-
bat a copycat or counterfeiter, so that the profit of the
BNC will increase, whereas that of the copycat/coun-
terfeiter will decrease. Surprisingly, PBT implementa-
tion decreases the quality of the genuine product in
the presence of a copycat. Without PBT, quality
improvement may be the right choice because a
quality-leading strategy encourages consumers to
buy the genuine product. However, with PBT, novice
consumers can identify product authenticity and
know that the quality of the genuine product is super-
ior to that of the imitation; hence, quality improve-
ment may not be economical. Our analytical results
indicate that if a large number of consumers are
novices, then the BNC should sell its products at a
lower price and a lower quality through the PBT retai-
ler. If a large number of consumers are experts, then
the BNC should use the low-price and high-quality
strategy under direct selling.

6. Extensions

6.1. Extension 1: Blockchain Self-implementation
In the main model, we examine whether the BNC
should sell through a PBT retailer. In this extension,
we consider the scenario in which the BNC imple-
ments PBT itself and sells directly to consumers. In
practice, giant luxury fashion companies like Louis
Vuitton implement PBT to combat copycats (Newbold
2019). Similarly, the diamond brand De Beers incor-
porates PBT into its high-value diamonds to trace pro-
venance and authenticity (Castillo and Schifrin 2020).
In this case, the BNC first maximizes its profit

πb pb
� � ¼ pbDb � F ¼ 1� pb�pc

qb�qbα

� �
pb � F by optimally

setting its selling price pb. Here, the BNC takes PBT
implementation cost F. The copycat acts as a follower

and maximizes its profit πc pc
� � ¼ pcDc ¼

pb�pc
qb�qbα

� pc
qα

� �
pc by optimally setting its selling price pc.

Using backward induction, we derive the correspond-
ing equilibrium outcomes. Compared with the case
without PBT, we obtain the following results.

PROPOSITION 5 [Effects of blockchain self-
implementation]. The implementation of PBT by the
BNC itself

(i) lowers the prices of genuine and imitation products;
(ii) increases the demand for the genuine product but

decreases the demand for the imitation product;
(iii) decreases the profit of the BNC if and only if the

cost of implementing PBT is high enough, that is,

F>
qb 1�αð Þ
2 2�αð Þ � πNb , and decreases the profit of the

copycat;
(iv) increases consumer surplus if the number of novice

consumers is large enough or if the prior belief of
novice consumers on the probability that the pro-
duct is genuine is low enough;

(v) decreases social welfare if and only if the cost of
implementing PBT is high enough, that is,

F>
qb 12�9αþα2ð Þ

8 2�αð Þ2 � SWN.

Propositions 5(i) and (ii) indicate that implementing
PBT can reduce the prices of both products and can
increase the market demand of the BNC and decrease
that of the copycat. By using PBT, the BNC will offer a
lower price to attract novice consumers and motivate
them to buy the genuine product. The copycat will
follow the pricing strategy of the BNC. Unlike Propo-
sition 1, selling through the PBT retailer has the same
effect in terms of price and market demand for the
BNC and the copycat if the number of novice con-
sumers is large enough. When the number of novice
consumers is small, then selling through the PBT
retailer is not profitable for the BNC.
As the BNC implements PBT itself, the implementa-

tion cost is essential to affect the profit of the BNC
and social welfare. Intuitively, if the cost is high
enough, then implementing PBT is not profitable for
the BNC as it will reduce social welfare.

PROPOSITION 6 If the PBT implementation cost is negli-
gible, that is, F ¼ 0, then the implementation of PBT by
the BNC itself

(i) increases the profit of the BNC if and only if the
number of novice consumers is small enough;

(ii) increases social welfare if the number of novice con-
sumers is large enough or the prior belief of novice
consumers on the probability that the product is
genuine is low enough.

Surprisingly, if the PBT implementation cost is neg-
ligible, the results of PBT self-implemented by the
BNC are different from those of the main model. This
result is mainly due to the double marginalization effect
on the selling price when sales are made through the
PBT retailer. Nonetheless, this effect disappears when
PBT is implemented by the BNC itself. Specifically, in
the main model, we show that when PBT is imple-
mented by the retailer, it increases the profit of the
BNC if and only if the number of novice consumers is
large enough. In the main model, if the number of
novice consumers is large, then the selling price of the
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genuine product will be lower to encourage more con-
sumers to buy it, even if there is a greater effect on the
price due to double marginalization. The benefits of
increased market demand can offset the loss caused
by double marginalization. If the number of novice
consumers is small, then the double marginalization
effect of selling through the PBT retailer will drive up
the price, and the benefits of PBT will disappear.
Therefore, not using PBT when selling the genuine
product is more profitable.
Interestingly, in this extension, the implementation of

PBT by the BNC itself can increase the profit of the
BNC if and only if the number of novice consumers is
small enough, provided that the implementation cost is
negligible. The reasons are as follows: without the loss
of double marginalization, the BNC will always reduce
its selling price to attract consumers when implement-
ing PBT. If the number of novice consumers is small,
then the BNC will not use a very low price to attract
consumers. Thus, the implementation of PBT is benefi-
cial for the BNC. If the number of novice consumers is
large, then the BNCwill use a lower price to attract con-
sumers. However, the loss of profit cannot be offset by
the advantage of increased market demand.
The above result provides interesting and impor-

tant information on PBT implementation for the direct
selling distribution strategy. That is, if the cost of
implementing PBT is negligible and the number of
novice consumers is small, then the BNC should sell
its genuine product directly to consumers using PBT.
Conversely, if the number of novice consumers is
large enough, then the BNC should sell through a
PBT retailer.
Similar to Proposition 3, Proposition 6(ii) implies

that the implementation of PBT can increase social
welfare if the implementation cost is negligible. We
derive the following condition: a large number of
novice consumers imply that more consumers benefit
from PBT; and a low probability that the product is
initially considered genuine by novice consumers
implies that the profit obtained from these consumers
after the implementation of PBT is high.

6.2. Extension 2: Social Status of Having
the Genuine Product
Copycats are active in copying luxury goods (Gao et
al. 2017b). The use of luxury goods can increase the
social status of consumers (Chiu et al. 2018). Con-
sumers can benefit from an additional social effect
when they are known to have the genuine product
(i.e., positive social status of having the genuine pro-
duct). Social status is a major driver of the demand
for copycat luxury goods (Wilcox et al. 2009). In this
subsection, we examine whether PBT can effectively
combat the copycat through social status and how this
social status affects supply chain performance.

We denote s as the additional status utility of hav-
ing the genuine product, with s> 0. When ss is large,
the social status of consumers is high. We consider
that without PBT, the utility of expert consumers
includes social status when the genuine product is
purchased, but does not include it when the imitation
product is purchased, that is, Ub ¼ vqb � pb þ s and
Uc ¼ vqc � pc, respectively. Novice consumers have a
prior belief that the product is genuine, that is, γ, and
the expected additional status utility when purchas-
ing the genuine product for novice consumers is γs.
Thus, the utilities of novice consumers when buying
the genuine product and the imitation product

are Ub ¼ v γqb þ 1� γð Þqc
� �� pb þ γs and Uc ¼

v γqb þ 1� γð Þqc
� �� pc þ γs, respectively. With PBT,

consumer utilities when buying from the BNC and
the copycat are Ub ¼ vqb � pb þ s and Uc ¼ vqc � pc,
respectively. We use an approach similar to that of
our basic model to derive the equilibrium results. To
ensure that the demand for the copycat is non-

negative, we assume that s ≤ 2qb 1�αð Þ
2�α . To provide accu-

rate results, we use the same approach as in the main
model to examine exogenous quality.
In this subsection, we focus on the effects of social

status on the BNC with the possibility of using PBT.
The corresponding results in the main model hold
when considering social status. For more details, we
refer the reader to the Online Supplementary Appen-
dix. In addition, we examine the negative social effect
of having the imitation product with PBT in the
Online Supplementary Appendix. The corresponding
results in the main model hold.

PROPOSITION 7 [Social effect of having the genuine
product with PBT] Whether or not PBT is used, the
price and demand for the genuine product as well as the
profit of the BNC increase with s.

Proposition 7 is intuitive because consumers are
willing to pay more for high-status products, and the
demand for the genuine product increases with social
status. Consistent with Gao et al. (2017b), we call this
effect (the increase in price and demand for the genu-
ine product with higher social status) the status effect.
In the luxury industry, the status effect increases con-
sumers’ willingness to buy luxury products (Han et
al. 2010). Moreover, the profit of the BNC increases
with social status because the price and demand
increase with social status.
Figure 2 shows that social status can increase the

effects of PBT on the profit of the BNC. The difference
in profit for the BNC when using and not using PBT
increases with social status. We offer a new perspec-
tive on the status effect in the luxury industry on the
basis of PBT. When selling products with which
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consumers are familiar (i.e., the number of novice
consumers is small enough), the BNC should sell high
social impact products directly to consumers. Conver-
sely, when selling new products (i.e., the number of
novice consumers is large enough), the BNC should
sell high social impact products to consumers through
the PBT retailer.

6.3. Extension 3: Privacy Concern regarding
Blockchain Technology
Consumers may have privacy concerns about block-
chain technology (Pun et al. 2021). Consumers may
worry that their private information may be accessed
by firms adopting blockchain technology when they
purchase products from these firms. The information
may be leaked or abused by firms. The privacy con-
cern about blockchain technology can be considered
the cost of using blockchain for consumers. In this
subsection, we examine the effect of the privacy con-
cern on the implementation of blockchain technology.
We consider that the privacy concern about block-

chain technology is negative for consumers. We
denote t> 0 as the additional negative effect of the
privacy concern on consumers when purchasing the
genuine product from the retailer with PBT. When t is
large, the privacy concern of consumers is high. With
PBT, consumer utilities when buying from the BNC
are Ub ¼ vqb � pb � t. Other utilities are the same as
those in the main model. To ensure that the demand
for the genuine product with PBT is positive, we

assume that t<
2qb 1�αð Þ

2�α . In this subsection, we focus on

the effects of the privacy concern on the BNC with the
possibility of using PBT. The corresponding results in
the main model hold when considering the privacy
concern. For more details, we refer the reader to the
Online Supplementary Appendix.

PROPOSITION 8. [Privacy concern regarding block-
chain technology] (i) With PBT, the price of and
demand for the genuine product as well as the profit of
the BNC decrease with t; the price of and demand for the

imitation product as well as the profit of the copycat
increase with t; consumer surplus decreases with t, and
social welfare increases with t if and only if t is large
enough. (ii) Even with privacy concern, PBT implementa-
tion increases the profit of the BNC, if and only if the
number of novice consumers is large enough.

Proposition 8(i) shows that if the privacy concern is
significant (i.e., the cost of using blockchain for consu-
mers is large), the price of and demand for the genu-
ine product will be low, and the BNC will earn less.
Moreover, the copycat will offer a higher price, and
the demand for imitation products will also be
increased due to the increased price of the genuine
product. Thus, the copycat will earn more. These
results are intuitive, because the privacy concern will
lead to the disutility of buying the genuine product
from the firm with PBT. We call this effect the privacy
concern effect. Under the privacy concern effect, con-
sumer surplus will decrease because the prices of
both products have increased. Interestingly, social
welfare will increase in the privacy concern if the
privacy concern is significant. In this situation, the
increased profit of the copycat dominates the decrease
in other terms in social welfare. Proposition 8(ii)
shows that our results regarding the effects of the PBT
implementation on the BNC in the main model are
robust with the consideration of the privacy concern.
As indicated in Proposition 8, Figure 3 shows that

the privacy concern will decrease the effects of PBT
on the profit of the BNC. The implementation of PBT
is likely to be ineffective when the privacy concern is
significant. The difference in profit for the BNC when
using and not using PBT decreases with the privacy
concern. Whether the PBT should be implemented is
now interactively determined by the quality disclo-
sure effect, double marginalization effect, and the
privacy concern effect. The BNC should implement
the PBT when the quality disclosure effect dominates
the double marginalization and the privacy concern
effects.

6.4. Extension 4: Unit Production Cost of the
Genuine Product
In this extension, we consider the unit production cost
c (c> 0) of the genuine product, whereas the unit pro-
duction cost of the imitation product is normalized to
zero. Thus, we can assume that c is the cost difference
between the genuine product and the imitation prod-
uct. The profit functions of the BNC without and with

PBT become πb pb
� � ¼ pb � c

� �
Db and πb wbð Þ ¼

wb � cð ÞDb, respectively. To ensure that both the
demands for the genuine product without and with
PBT are positive, we assume that c<

min
qb α2þ2γ�3αγþα2γð Þ

2α ,
2qb 1�αð Þ

2�α

	 

.

Figure 2 Effect of s on the Profit of the BNC (α ¼ 0:3, γ ¼ 0:03,
qb ¼ 1, F ¼ 0) [Color figure can be viewed at
wileyonlinelibrary.com]
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PROPOSITION 9 [Unit production cost of the genuine
product]. Whether or not PBT is used, the price of the
genuine product increases with c, and the demand for the
genuine product and the profit of the BNC decrease with
c; the price of and demand for the imitation product as
well as the profit of the copycat increase with c; consumer
surplus decreases with c, and social welfare increases with
c if and only if c is large enough.

Proposition 9 shows the effects of the unit produc-
tion cost of the genuine product, which are similar to
the privacy concern effect. If the unit production cost
of the genuine product is large, then the price of the
genuine product will be increased; and then the
demand for the genuine product and the profit of the
BNC will decrease. As the follower, the copycat will
follow the pricing strategy of the genuine product to
increase the price of the imitation product. Despite
the increasing effect of the price of the imitation pro-
duct, the demand for the imitation product will be
also increased due to the increase in the price of the
genuine product. Obviously, the profit of the copycat
will be increased. In addition, consumer surplus will
naturally decrease because the prices of both products
have increased. Moreover, social welfare may be
increased in the unit production cost of the genuine
product. If the unit production cost of the genuine
product is large enough, then social welfare will be
increased when the unit production cost increases.
This result is because when the unit production cost
of the genuine product is large enough, the increasing
effect of the profit of the copycat dominates the
decreasing effects of consumer surplus and the profit
of the BNC (and the decreasing effect of the profit of
the retailer with PBT).
To further present the results with a positive unit

production cost of the genuine product, we conduct
extensive numerical tests and find that our basic
model is robust. The major insights for a positive
production cost of the genuine product are the same
as those of the basic model. We present the

following figures to evaluate the effects of the unit
production cost when the BNC uses PBT to combat
the copycat.
Figure 4 confirms the results of our basic model. If

the number of novice consumers is large enough, then
PBT implementation increases the profit of the BNC,
consumer surplus, and social welfare, and decreases
the profit of the copycat. This finding indicates that
the results of our basic model are robust. In addition,
compared with the zero production cost, the profit of
the BNC, consumer surplus, and social welfare
decreases with a positive production cost, whereas
the profit of the copycat increases. These results are
intuitive because a higher production cost for the gen-
uine product will make the product more expensive
and will reduce its market demand. Thus, consumers
and society are not inclined to buy expensive pro-
ducts.

6.5. Extension 5: Marginal Cost of Implementing
Blockchain Technology
In the main model, we consider a lump sum payment
for implementing blockchain technology to the retai-
ler, and assume that the unit cost of using PBT is neg-
ligible. In this extension, we consider a positive
marginal cost of using PBT to the retailer. Alterna-
tively, we can model the marginal cost as the unit cost
of using PBT to the BNC. In this case, the modeling of
the marginal cost of using PBT is the same as the unit
production cost of the genuine product with PBT in
section 6.4. To avoid redundancy, we only consider
the marginal cost to the retailer. Let cb denote the mar-
ginal cost of using PBT to the retailer. Then, the profit
function of the retailer with PBT becomes

Π pb
� � ¼ pb � wb � cb

� �
Db. To ensure that the demand

for the genuine product with PBT is positive, we

assume that cb <
2qb 1�αð Þ

2�α .

Taking the same approach in the main model, we
can derive the equilibrium outcomes with a positive
marginal cost. The expressions of the most outcomes
(e.g., wholesale price, demands, profits, consumer
surplus, and social welfare) with positive marginal
cost of using PBT are the same as those with privacy
concern regarding blockchain technology in sec-
tion 6.3, if we use the same notation for these two
extensions, that is, t ¼ cb. This is because the retailer
will transfer the marginal cost to the retail price,
which will affect the demands of both products. This
effect is similar to the privacy concern regarding
blockchain technology. As we have shown the effects
of the privacy concern on implementing PBT in sec-
tion 6.3, here, the corresponding results in the main
model hold when considering the positive marginal
cost. For more details, we refer readers to the Online
Supplementary Appendix.

Figure 3 Effect of t on the Profit of the BNC (α ¼ 0:3, γ ¼ 0:05,
qb ¼ 1, F ¼ 0) [Color figure can be viewed at
wileyonlinelibrary.com]
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7. Conclusions

We examine how the PBT retailer helps the BNC com-
bat copycats. The BNC is the leader and the copycat is
the follower. The BNC can sell its product directly to
consumers or through a PBT retailer. The PBT retailer
can also sell the imitation product on the market. Sell-
ing through the PBT retailer leads to a double marginal-
ization effect. We divide consumers into expert and
novice consumers in the market. Without PBT, expert
consumers know the true quality of the product, but
novice consumers do not. However, when using PBT,
all consumers in the market know the true quality of
the product. This difference means that using PBT has
a quality disclosure effect. We focus on the effects of sell-
ing through the PBT retailer to fight against the imita-
tion product by considering the trade-off between
double marginalization and the quality disclosure effect.
Moreover, we extend the model by considering

consumer learning, self-implementation, social status,
privacy concern, production cost, and marginal
implementation cost.
We could answer three research questions as fol-

lows. First, whether or not selling through a PBT retai-
ler can be an effective anti-copycat solution (i.e., it
increases the profit of the BNC and reduces the profit
of the copycat, and improves consumer surplus and
social welfare) depends on the number of novice con-
sumers. If the number of novice consumers is large
enough, then selling through a PBT retailer is an effec-
tive anti-copycat solution. This result provides
insights into supply chain management and identifies
when direct selling or mixed selling is effective to
combat copycats using blockchain. Second, adopting
PBT is ideal when launching new products, because
consumers are not familiar with products and the
number of novice consumers may be large. By con-
trast, it is not ideal when products have been on the

(a) Profit of the BNC with and without the production cost (b) Profit of the copycat with and without the production cost

(c) Consumer surplus with and without the production cost (d) Social welfare with and without the production cost

Figure 4 Profits of the BNC and the Copycat, Consumer surplus, and Social Welfare with and without the Unit Production Cost (α ¼ 0:5, γ ¼ 0:1,
qb ¼ 1, c ¼ 0:1, F ¼ 0) [Color figure can be viewed at wileyonlinelibrary.com]

Notes. (a) Profit of the BNC with and without the production cost. (b) Profit of the copycat with and without the production cost. (c) Consumer surplus
with and without the production cost. (d) Social welfare with and without the production cost.
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market for a long time, because consumers may be
familiar with the products and the number of expert
consumers may be large. However, PBT may exist in
the market even if the number of novice consumers is
small. With a small number of novice consumers, self-
implementation of PBT is preferable for BNCs. Third,
PBT induces a low (high) price of a genuine product
when the number of novice consumers is large (small)
enough. Surprisingly, implementing PBT decreases
the quality of a genuine product in the presence of a
copycat. This finding implies that improving product
quality may not be wise, because PBT is effective in
helping consumers identify product quality.
On the basis of our analytical results, we offer sev-

eral important recommendations for BNCs, including
how to sell through a PBT retailer, when to implement
PBT, and what to sell using PBT (see Table 4).
This study provides several directions, which can

be applicability areas, for future research. First, we
assume that novice consumers buy a product accord-
ing to their utility in terms of product quality and
price. Without PBT, product quality is identical to
genuine and imitation products according to the

perception of novice consumers. As a result, novice
consumers will always buy the cheaper product, that
is, the imitation product. In future research, it will be
interesting to assume that some novice consumers
know that an expensive product has a high probabil-
ity of being genuine. Thus, a fraction of novice con-
sumers will buy the genuine product even if its price
is high. Second, in our paper, we assume that using
PBT can help consumers determine the quality of a
product. PBT can be an effective marketing tool to
increase consumers’ willingness to buy a product.
Future research should explore the externalities of
blockchain use for consumers. Consumers may have
various preferences: some may like blockchain and
have an additional utility or willingness to pay when
purchasing a product with PBT (Gupta and
Çakanyıldırım 2016), but some may not like it. Third,
we assume that the market is made up of one BNC and
one copycat. Future research can examine the competi-
tion effect when various substitutable imitation prod-
ucts compete in the market (Gupta et al. 2020), for
example, a market made up of multiple copycats that
follow one BNC. Finally, exploring the impacts of mul-
tiple copycats on the optimal demand and how a BNC
sells through the PBT retailer to combat multiple copy-
cats will be interesting (Perera et al. 2020).
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