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ABSTRACT

As a type of internet and business intelligence technology, recommender systems have been widely adopted by
store brands to improve brand competition and to affect consumers’ search behaviors in the e-commerce market.
This paper studies the effects of recommender systems and pricing strategies on the competition between store
brands and national brands and on consumers’ search behaviors. We develop game models without and with
recommender systems and analyze the equilibrium solutions under uniform pricing and differential pricing
strategies. The results show that the brand-preference consumers’ market share will affect the strategy choice of
recommendation system and differential pricing for the store brand. When the store brand is recommended, the
store brand should adopt the differential pricing strategy and the price of the store brand will exceed that of the
national brand. Furthermore, we also find that when the brand-preference consumers’ market share is low and
the reservation price difference is high, the store brand can gain the competitive advantage by improving
recommendation strength. In addition, a recommender system attracts consumers by converting their search

costs into the recommendation costs of the system.

1. Introduction

Store brands have often been introduced into the market by retailers
as competitive tools. After a hundred years of development, store brands
have grown into a 200 billion dollar market. In 2020, store brand sales
grew by 11.6%, which is a gain of $16.5 billion in volume over the
previous year. NielsenIQ reported that in 2020, 23% of the dollar sales of
all groceries were for store brand products. An increasing number of
online and offline retailers are launching store brands to cover more
product categories. In Costco, Walmart and Whole Foods, “Kirkland
Signature”, “Super Value” and “365 Daily Value” can be found. Amazon
owns over 120 store brands, which include food, health & households,
home & kitchen and clothing & jewellery products. In China, JD.com, an
online retailer, has launched its own brand “Dostyle” and sells electronic
products and daily necessities. Store brands can attract consumers
because of their affordable prices and good quality. They have gradually
changed from an inexpensive substitute to a widely accepted brand
category, and consumer loyalty to store brands has also appeared
(Seenivasan et al., 2016).
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Recommender systems are generally considered to benefit con-
sumers by recommending products they want, but many of them tend to
favor the interests of retailers (Xiao and Benbasat, 2007). On the one
hand, retailers hope to provide consumers with personalized product
recommendations to attract and retain customers. On the other hand,
retailers usually recommend certain products with specific characteris-
tics (e.g., high-profit products and products that need to be stockpiled)
to obtain excess profits or reduce losses (Xiao and Benbasat, 2015).
Therefore, the original function of recommender systems has become
distorted and the systems have become a tool to benefit retailers. More
than 35% of Amazon’s sales and over 60% of Netflix’s streaming traffic
come from recommendations (Hosanagar et al., 2014).

A recommender system will recommend supplementary products
after a consumer purchase. When the consumer visits the platform or
searches for products, the recommender system will recommend
competing products (Li et al., 2018). A store brand is a brand owned by
retailers to compete with a national brand, and recommendation ser-
vices are usually provided by retailers in the supply chain. Therefore, a
store brand can use a recommender system to expand its brand audience
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and can use its marketplace sales data to potentially gain an unfair
advantage over the national brand. Search results pages that are relevant
to Amazon’s store brands include the “Shop Our Brands” widget. The
widget advertises Amazon’s own brands regardless of the brand’s rele-
vant sales and reviews. As a retailer, Amazon changed its recommen-
dation algorithm to highlight Amazon’s own branded products, and it
uses its recommender system to increase product exposure. This has
aroused the concern of scholars and has prompted antitrust enforcement
investigations.

Conventional wisdom holds that store brand products are always
inferior in quality (Raju et al., 1995; Ru et al., 2015). The consumer
reservation price of store brand products is lower than that of national
brands. Lowering the prices of store brand products is also a common
pricing strategy for retailers. Price advantages are used to compensate
for the disadvantages of low product quality and attract consumers.
Therefore, pricing products separately in a recommender system may be
a better pricing strategy than uniform pricing. By setting different
product prices for different channels, the profit can be maximized. This
discriminatory pricing strategy has been studied extensively. In a brand
competition model with a recommender system, the pricing strategy
may lead to some unique results.

Motivated by the above actual situations, this paper contributes to
discussing the influence of introducing recommender systems to the
brand competitive market. In summary, this paper pursues answers to
the following questions.

(1) Which recommender system and pricing strategy should store
brands choose when facing competition from national brands? What
factors influence this strategy choice?

(2) What pricing strategy should store brands adopt after the intro-
duction of recommender system? Is it a uniform pricing strategy or
differential pricing strategy?

(3) Should store brands improve recommendation strength when
adopting recommender system and differential pricing strategy?
How do recommender systems affect consumer search behaviors?

To address these questions, we establish three game models to
compare the uniform pricing strategy and the differential pricing strat-
egy of a store brand. First, we consider a basic model without recom-
mender systems, in which the store brand does not adopt the
recommender system, the national brand is sold to brand-preference
consumers and the store brand is sold to price-preference consumers.
Next, we study a model with recommender systems, in which the store
brand adopts the recommender system to attract consumers from the
national brand market and the store brand also adopts a uniform pricing
strategy for these consumers. We also investigate a differential pricing
strategy in which the store brand is offered at different prices for con-
sumers in the store brand and national brand markets. By investigating
the introduction of recommender systems with different pricing strate-
gies, some insights are obtained and summarized below.

This paper finds that recommender systems have the following
functions in brand competition. First, in the competitive markets be-
tween store brands and national brands, a recommender system has
spillover effects in the two independent markets. Second, the store brand
independently prices its customers through the recommender system.
Compared with uniform pricing, differential pricing maintains the
continuity of the store brand strategy in the existing market. In this way,
the store brand can not only keep profits in the store brand market but
also expand profit sources to the national brand market to realize
differentiated pricing. Finally, the recommender system reduces the
friction cost between the product and the consumer. The search cost
originally paid by consumers is converted into the recommendation cost
of the store brand. However, adopting a recommender system may not
benefit all market participants, especially when the recommendation
cost is high.

Our analysis generates several interesting results and crucial
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managerial insights. First, the store brand and national brand markets
that are independent of each other and brand preferences are connected
through a recommender system. Recommender systems launched by
store brands always damage the profits of national brands. Under the
condition of moderate recommendation strength, a store brand can
benefit from the recommender system. When the recommendation
strength is strong, the store brand bears the cost of adopting the
recommender system, which decreases the profit of the store brand. As a
result, national brands do not want store brands to launch recommender
systems. A store brand can make more profit by introducing a recom-
mender system when the national brand’s market share is low and the
reservation price is medium. In addition, a differential pricing strategy
has stronger connections and spillover effects between the two markets.

Second, after a recommender system is adopted, the national brand
responds by lowering product prices to maintain profits. Store brands
can offer high prices for recommended products. In this situation, rec-
ommended products are still purchased by many consumers because the
search cost is transferred from consumers to the store brand. In addition,
there is a threshold for consumer search costs below which the price of
the recommended product offered by the store brand may not be higher
than the price of the product without a recommender system.

Third, recommender systems reduce the search efforts of consumers
for national brands. When the search cost is low, a store brand will offer
lower prices to price-preference consumers. With the increase in search
costs, store brands can charge extra fees for recommending system
channel products. There is also a threshold for the impact of search costs
on search efforts. When the search cost is low, brand-preference con-
sumers still mainly search for the national brand. With rising search
costs, these consumers turn to the products of store brands. Therefore,
the main function of a recommender system is to reduce consumers’
search costs. Under the condition of low search costs, most consumers
still choose the national brand. When the search costs are sufficiently
high, consumers will transfer their purchase to a store brand.

Thus, the contributions of our study are listed as follows. (1) Our
study contributes to filling the research gap of recommender systems
and brand competition, and providing management insights for store
brands and national brands. (2) We develop three game models to
consider an e-commerce brand competition problem, namely, the model
without recommender systems, the model with recommender systems
and uniform pricing, the model with recommender systems and differ-
ential pricing. By comparing the optimal solutions of these models, we
investigate how recommender systems and pricing strategies influence
brand competition. (3) We further examine how the recommendation
strength and different pricing strategies will influence the two types of
consumers’ search efforts, brands’ prices and profits. Our study con-
tributes to investigating the implications for the role of recommender
systems in brand competition.

The rest of this paper is organized as follows. Section 2 reviews the
related literature. Section 3 presents a problem description of this study.
In Section 4, we discuss the models without and with recommender
system, and then study the store brand’s uniform pricing and differential
pricing strategies. In Section 5, the equilibrium results of three models
are compared. Section 6 includes the numerical analysis. Section 7
provides two extensions of the models with recommender system. In
Section 8, we conclude the work and briefly summarize insights and
avenues for future research. All the proofs are provided in the Appendix.

2. Literature review

Our work is related to the three extant streams of literature: (i)
research on brand competition, (ii) recommender systems, and (iii)
marketing-operations interfaces. In addition, we will provide some
motivations and highlights of our study.
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2.1. Brand competition

One stream of literature that is relevant to our work pertains to store
brands competing with national brands. Many studies have analyzed the
effects of store brands on manufacturers and retailers. Conventional
wisdom holds that retailers will replace national brands with store
brands in order to make more profits, and the introduction of store
brands forces the manufacturer to lower the wholesale price and thus
decreases the manufacturer’s profit (Raju et al., 1995). Recent research
has provided a whole new perspective on store brands (Wang et al.,
2021). Ruetal. (2015) studied the effect of a store brand introduced by a
retailer on a national brand manufacturer in a retailer-led Stackelberg
game and found that a store brand may benefit the manufacturer, even
though the wholesale price of the national brand is reduced. Multiple
echelon supply chains with store brands and national brands have also
been studied recently. Cheng et al. (2021) investigated the strategic
interaction in a three-echelon supply chain with a store brand and its
corresponding impacts. Shi and Geng (2021) built a manufacturer-led
game model considering four types of scenarios based on whether the
retailer shares market information with the manufacturer and whether
the retailer introduces a store brand. In addition, the quality of a store
brand and its influence on promotion and advertising strategies have
also been discussed by scholars. Zhou et al. (2019) studied which brands
retailers choose to promote when selling store brands and national
brands. Karray and Martn-Herrn (2019) investigated whether manu-
facturers can use the timing of their pricing and advertising decisions to
benefit from or to deter store brand introductions. Further, Zhou et al.
(2020) studied the impact of infomediary’s online referral in the
competition between store brands and national brands. Zhang et al.
(2021) investigated the strategic interactions between manufacturer
encroachment and the retailer’s store brand quality.

All the aforementioned papers focus on the effect of store brand in-
troductions and other promotion strategies in the brand competition
problem. However, none of the above papers consider the impacts of
recommender systems and pricing strategies on brand competition and
consumer search. Our study differs from the existing literature by
exploring the change in market equilibrium after the introduction of a
recommender system, when the store brand occupies a larger market
share, and when there is no primary-secondary relationship between the
brands. Due to consumers’ long-standing impressions of store brand
products, consumers have lower reservation prices for store brand
products than national brand products.

2.2. Recommender systems

Recommender systems are widely used in online sales, which adds
new information channels and purchase channels for consumers.
Recommendation algorithms and recommender system designs in the
sales process are popular research topics [e.g.] (Bag et al., 2019; Scholz
et al., 2017). Chen et al. (2016) studied the multikernel support tensor
mechanism for data classification and cross-selling recommendations to
improve the customer repurchase rate. Geuens et al. (2018) established
arecommender system framework that can help e-commerce enterprises
choose the best recommendation algorithm. Hwangbo et al. (2018)
applied collaborative filtering to a real fashion product enterprise that
sells the same seasonal product online and offline. How a recommender
system interferes with sales processes and buying behaviors is also
widely discussed by empirical research. Dadouchi and Agard (2021)
studied how a recommender system can shift customers’ interest to
specific goods, thus improving vehicle utilization, reducing operating
costs and reducing delivery time. Baum and Spann (2014) used empir-
ical methods to study the impact of the interaction between consumers’
online reviews and recommender systems on consumers’ decision
making. Lee and Hosanagar (2021) studied the different effects of a
recommender system on different types of products. In addition, an
increasing number of scholars have studied the influence of
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recommender systems on operation management and marketing (Li
et al., 2019). Yang and Gao (2017) studied whether e-retailers recom-
mend two products at the same time when faced with competition from
two manufacturers. The market is divided into two segments in this
paper: traditional customers will not be affected by the recommender
system, while recommended customers will choose the recommended
products. Li et al. (2018) studied the effects of a recommender system on
retailers, manufacturers, consumer surplus and social welfare by
studying two competing manufacturers selling through a common
retailer. They study the retailer’s recommender system strategy and
recommendation accuracy when facing multiple product suppliers and
multiple consumer groups.

These previous papers, however, have not focused on the brand
competition problem with recommender systems and pricing strategies.
Our contribution to this study lies in our comprehensive analysis of three
game models (i.e., the model without recommender systems, model with
recommender systems and uniform pricing, model with recommender
systems and differential pricing) and the effects of the recommender
systems and pricing strategies on brand competition and consumer
search. To investigate the consumer search in brand competition, we
divides consumers into two types: brand-preference consumers and
price-preference consumers. Furthermore, we study the direct compe-
tition between two brands through the introduction of recommender
systems.

2.3. Marketing-operations interface

There is a growing body of literature on marketing-operations in-
terfaces. Marketing is a functional area that is primarily concerned with
the state of the market and is usually used to define what products or
services are to be offered on what channels and at what prices (Feng
et al.,, 2018; Feng et al., 2020). Facing fierce global competition and
rapid changes in marketing mechanisms, the operations group may find
that some aspirations are not realized. For this kind of conflict, scholars
have established various models to carry out relevant research. Mol-
lenkopf et al. (2011) studied the return management problem in the
marketing-operation interface and studied the return management
problem of a single home appliance manufacturer when dealing with its
retail customers. Lee (2014) explored the use of a Bayesian model to
solve inventory management problems when new marketing efforts are
made. Dockner and Fruchter (2014) studied the interactions of decen-
tralized marketing and assumed that the marketing department is
responsible for the price that influences the demand, and the operations
department is responsible for the production rate. Samuel Sale et al.
(2017) studied the optimal life cycle of products based on the perspec-
tive of the marketing-operation interface. By establishing a two-period
game model, Li et al. (2020) analyzed different discount pricing stra-
tegies of online coupons with strategic consumers.

Although existing literature examines the impact of online marketing
on operations management problem from multiple perspectives, none
has examined the impact of recommender systems on e-commerce brand
competition under different pricing strategies. Our study differs from the
papers cited above in three aspects. First, in our paper, we consider the
brand competition problem with recommender systems and consumer
search. Second, we analyze the competitiveness of store brands under
the uniform pricing strategy and differential pricing strategy. Third, we
examine the effects of recommender systems and pricing strategies on
brand competition and consumer search behaviors.

2.4. A summary of differences from the previous literature

From the above literature review, we can see that the existing studies
examining brand competition issues mainly focus on the impacts of
store-brand introduction and most studies only investigate the intro-
duction of store brand in the e-commerce supply chain. Furthermore, the
review of the related literature suggests that the impact of recommender
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systems on the online marketing is becoming an important topic for
recent operations management research. However, there are very few
studies that bring recommender systems and consumer search into
brand competition. Moreover, there are very few studies that discuss the
uniform pricing strategy and differential pricing strategy to investigate
the competition between national brands and store brands. To fill the
gap, we consider an e-commerce brand competition problem with
recommender systems and consumer search. The main difference be-
tween this paper and the previous literature is listed in Table 1. In
summary, our study sheds light on the store brand’s strategy choice
while considering recommendation system and differential pricing. In
addition, we further examine how the recommender systems and
different pricing strategies will influence the competition between na-
tional brands and store brands. We describe our problem and model
setting in the following section.

3. Problem description

Consider an e-commerce brand competition problem where a na-
tional brand and a store brand sell differentiated but partially substi-
tutable products in two separate markets online. Consumers in the two
markets are loyal to national brands and store brands. We refer to these
two types of consumers as brand-preference consumers and price-
preference consumers, i.e., brand-preference consumers are loyal to

Table 1
A summary of main literature.

Recommender
systems

Consumer
search

Paper Brand
competition

Marketing-
operations
interface

Raju et al. 4
(1995)

Ru et al. v v
(2015)

Zhou et al. v v
(2019)

Zhang et al. v 4
(2021)

Cheng et al. v v
(2021)

Shi and Geng v v
(2021)

Lammers v
(2014)

Chen et al. v
(2016)

Geuens et al. v
(2018)

Baum and v v
Spann
(2014)

Dadouchi and v v
Agard
(2021)

Yang and Gao v v
(2017)

Lietal. (2018) 4

Lietal. (2019) v

Mollenkopf
etal. (2011)

Dockner and v
Fruchter
(2014)

Samuel Sale v
et al. (2017)

Feng et al. v
(2020)

Zhou et al. v v
(2015)

Zhou et al. v v v
(2020)

Our work v v v v

SSS
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the national brand, and price-preference consumers are loyal to the store
brand. Price-preference consumers have lower reservation prices for
store brands, while brand-preference consumers have higher reservation
prices for these two brands. Because of good product design and pro-
duction, the national brand has high brand reputation and brand value.
However, the store brands are seen as acceptable substitutes for con-
sumers rather than desirable brands (Cunningham et al., 1982; Mol-
lenkopfetal., 2011; Alan et al., 2019). Also, Ru et al., 2015; Cheng et al.,
2021 and Shi and Geng, 2021 found that though the store brand’s
quality is almost equal to the national brand’s, consumers prefer the
national brand and are willing to pay a higher price. Therefore, such
brand-preference consumers loyal to the national brand have higher
reservation prices. The price-preference consumers loyal to the store
brand are more willing to pay lower prices, and they have lower reser-
vation prices. If the store brand does not adopt a recommender system,
brand-preference consumers are only willing to search for and buy the
national brand’s products and price-preference consumers are only
willing to search for and buy the store brand’s products (Zhou et al.,
2015; Zhou et al., 2020). If the store brand adopts a recommender sys-
tem to recommend their products to consumers, both the price-
preference and the brand-preference consumers will search for and
purchase the store brand. This is because recommender systems have
network externality and accessibility to enhance the efficiency of con-
sumer search and provide more sales opportunities for the store brand.
For instance, many of Amazon’s store brands, such as Solimo, Amazon
Essentials and Amazon Basics, use ‘Your Recommendations’ and ‘Best
Seller’ recommender systems to attract more consumers to click on and
browse their products. The frequent appearance of store brand products
in the recommender system also makes it easier for price-preference
consumers to obtain the products. In this case, both types of con-
sumers will change their search behaviors due to the introduction of the
recommender system.

The size of the whole market is normalized to 1; a fraction (1) of
consumers are brand-preference consumers, who have a higher reser-
vation price p for the two brands. A fraction (1 —1) of consumers are
price-preference consumers and have a lower reservation price p for the
store brand. Assume the reservation price of the price-preference con-
sumers is lower than that of the brand-preference consumer, but the
difference between the two prices is not adequately large, that is
P <P < 3p. According to a technical report 2021 from the Nielsen, store
brands need to raise the quality of their products to increase their power
to compete with national brands. The product quality of the store brand
is not significantly different from that of the national brand, and prod-
ucts with similar quality cannot be completely replaced by national
brands (Cunningham et al., 1982). According to a technical report 2018
from the Nielsen, more than half of consumers feel that store brand
products are becoming more expensive and that the reservation price
difference between store brands and national brands is becoming less
pronounced. Define parameter § = %, which is denoted as the reserva-
tion price difference between p and p. We further assume that the brands
procure their products from an exogenous provider who is not strategic
and that the product cost is not considered (Raju et al., 1995; Ru et al.,
2015).

Suppose that consumers are rational and derive utility from pur-
chasing a national brand’s or store brand’s product and disutility from
the effort of searching for a product. To maximize his/her utility, the
consumer makes his/her choice of search effort e and decides whether to
purchase a product from the national brand or the store brand. Generally
speaking, this form of modeling is prevalent in the existing patterns of
consumer search models (Lammers, 2014; Zhou et al., 2015; Li et al.,
2020). The consumer often has two choices, one is to continue search-
ing, i.e., the consumer would compare the current product with the best
previous product and choose a better one as a reserved product; alter-
natively, the consumer can stop searching and buy the reserved product.
The objective of the consumer is to find an optimal search effort
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maximizing the benefit from the search. The advantage of modeling
endogenous search effort is that it allows for the possibility of finding the
desired product is increasing in the constant search, with matching of
products and preferences also increasing in the optimal search, a feature
that turns out to be empirically relevant. Due to the market friction, the

consumer’s search effort e incurs a convex cost %, where 0 < k<1 rep-
resents the cost coefficient of consumer search. Although online search
and shopping provides convenience for consumers, consumers still need
to spend some time to make purchasing decisions due to the information
overload and information asymmetry (Zhou et al., 2020). Typically, this
quadratic cost function is an increasing function of the consumer’s
search effort with increasing margin. Similar assumption can be found in
some recent literature (Lammers, 2014; Zhou et al., 2015; Yao and Liu,
2005). In addition, we do not consider the secondary market caused by
the price difference between the two brands.

The behaviour, mentality and purchasing decisions of consumers are
interfered by the personalized recommendations of the recommender
system (Yang and Gao, 2017). The recommender system takes the store
brand as the recommendation focus and changes the recommendation
strategy to attract brand-preference consumers. Consumers need to
strike a balance between actively searching for national brands and
accepting recommendations from store brands. Although most previous
research mainly assume that such recommendation technologies are
designed to benefit consumers and focuses on the positive impact of
recommender systems on consumers’ decision quality and decision
effort (Xiao and Benbasat, 2007; Xiao and Benbasat, 2015), store brands
often control recommendation algorithms to guide consumers to buy
recommended products depending on the cost and benefit of the
recommender system. When the store brand adopts a recommender
system to recommend their products to consumers, we assume that the
recommendation strength is a>1, which affects the utility of recom-
mended brand-preference and price-preference consumers. In fact,
higher recommendation strength can attract consumers’ attentions and
increase consumers’ search. This recommendation strength can be
implemented by the recommender system using personalized intelligent
algorithms, such as utility-based recommendations (Bag et al., 2019; Li
et al., 2019), cross-selling recommendations (Chen et al., 2016; Ghoshal
et al., 2021), collaborative filtering-based recommendations (Geuens
et al., 2018) and so on. Since the higher recommendation strength leads
to higher costs, we assume that the cost of using this recommender

system is "’T"’z, where 0 < ¢<1 represents the cost coefficient of recom-
mendation. Similar to some literature (Yao and Liu, 2005; Li et al., 2019;
Bag et al., 2019; Ghoshal et al., 2021), this quadratic cost form implies
that the recommendation strength is positively correlated with the cost
of using recommender system due to the law of diminishing marginal
profit. That is to say, as the recommendation strength is increasing, the
marginal cost of recommendation is also increasing. Therefore, an in-
crease in the marginal cost of recommendation will decrease the mar-
ginal profit. This is in line with the law of diminishing marginal profit.

Note that the main results derived under these quadratic cost forms
of consumer search and using a recommender system are robust and
they continue to hold under other cost forms. On the one hand, the
changes in cost forms of using the recommendation system have no ef-
fect on optimal search efforts and prices. This is because the derivative of

the recommendation cost "’7‘12 with respect to the search effort or price is
zero for the utility or profit maximization. This implies that the
recommendation cost is constant, regardless of search efforts and prices.
Therefore, the recommendation cost has no effect on the role of
recommendation system. On the other hand, although the change of
search cost function has influence on the decision making, the results
under different search cost functions is robust. Without loss of gener-
ality, we consider the general convex function of search cost is c(e) (i.e.,
c'(e) > 0 and c”(e) > 0). This convex cost structure can be attributed to
diminishing returns from search effort e of decreasing information
asymmetry. Our studies in the appendix show that the main results
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derived are robust and continue to hold under a general function of
search cost.

To facilitate the expression of the models, we denote the subscripts
M,N,m and n as the national brand, the store brand, the brand-
preference consumers and the price-preference consumers, respec-
tively. In the following section, we consider the three game models.
First, we study the model without recommender systems as a bench-
mark, which is denoted by the superscript o. Second, we study the model
with recommender systems and uniform pricing, which is denoted by
the superscript r. Third, we study the model with recommender systems
and differential pricing, which is denoted by the superscript d.

4. The models
4.1. The model without recommender systems

This subsection mainly discusses a basic model where the store brand
does not introduce the recommender system. The model of the brand
market competition problem without recommender systems can be
structured as Fig. 1.

For analytical tractability, we follow the existing literature and as-
sume that the marginal cost of production is zero for the two brands
(Rajuetal., 1995; Alan et al., 2019). The national brand and store brand
first determine their selling prices p9, and p, to maximize their profits,
respectively. Then, the brand-preference consumer and the price-
preference consumer spend search efforts e?, and e to search for the
national brand and the store brand, respectively. We formulate the de-
mand functions DY, = 1ey and DY = (1 — 1)ely, where y represents the
conversion rate from search to purchase. Thus, the profit functions of the
national brand and store brand are as follows,

I, = pi, D, &)

I, = pyD @

Consumers are heterogeneous in their reservation prices of two
brands. The utility of brand-preference consumers can be presented as

2
k(e
U =e,(p—pl) — (2'") . 3)
and the utility of price-preference consumers can be presented as
2
k(e
v=ap-r) -0 “

By analyzing both brands’ profit functions and both consumers’
utility functions, the optimal prices and search efforts in the model
without recommender systems are described in Lemma 1.

Lemma 1. In the model without recommender systems, the optimal search
efforts, prices and brands’ profits are given by

=P g _ P o P o P
m 2]{, n 2kspm - 2717,1 - 2,
Dn 1
> Brand-pref;
: rand-preference
National Brand Search effort e;, p
Consumers
12 12
Price-preference
Store Brand } > p
Search effort € Consumers

Fig. 1. Structure of the model without recommender systems.
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‘ A
m; = TPt =

_ r(1=4) ,
4k '

a L

To ensure that the brands’ demands are not negative, %gksl. From
the results of Lemma 1, we can see that both brands benefit from the
increase in consumer reservation price. Furthermore, there is a linear
relationship between the profit and market share of the two brands. This
proves once again that the two markets are independent of each other,
and both brands have independent decision-making power in both
markets.

Observation 1. In the market of brand-preference consumers, as p
increases, the optimal search effort e% and price p{ increase. Similar
results can be found in the market of price-preference consumers.

Because consumers have different preferences, the two brands do not
sell across markets, and the optimal solutions of the two markets are
independent. Market share 4 does not affect the decision of the two
brands. Observation (1) shows that consumers’ search efforts are driven
by consumer surplus and influenced by reservation price and selling
price. The importance of maintaining product valuation becomes
apparent. In the case of maximizing profit, product valuation directly
affects the optimal decision of the product price. Maintaining product
quality and conducting promotional activities directly affect the product
price.

Observation 2. As the two brands’ prices increase, optimal con-

, e e

sumers’ search efforts decrease, i.e., ofT"' = % = —} < 0. As the reser-
m n

vation prices increase, optimal consumers’ search efforts increase, i.e.,

dedr _ dey' 7L>0

» T op 2% .

The product price and reservation price of the two brands have
negative and positive effects on the search efforts of consumers. Since
the search cost and product price directly affect consumers’ utility, it can
be observed that there is a positive correlation between the consumer
search for products and consumers’ utility. Observation (2) indicates
that when both consumers have lower reservation prices for the two
brands, their search efforts will also be lower. The conclusion is obvious.
As the reservation prices decrease, consumers will be less willingness to
buy products. Therefore, an decrease in the willingness to buy two
brands will reduce consumers’ search efforts.

Observation 3. In the model without recommender systems, as f in-
creases, the consumer’s optimal search effort for the store brand in-
creases, and the store brand’s optimal price increases. The price-
preference consumer’s optimal utility and the store brand’s optimal
profit also increase with f.

From this observation, we find the reservation price difference will
positively affect the price-preference consumer’s optimal search effort
and utility, and also positively affect the store brand’s optimal price and
profit. However, the brand-preference consumer’s optimal search effort
and utility are not affected by the reservation price difference, and an
increase in the reservation price difference does not also affect the na-
tional brand’s optimal price and profit. This implies that the search
effort for the store brand will increase as the price-preference con-
sumers’ reservation price increases. Moreover, the store brand can raise
the product price to obtain more profits.

4.2. The model with recommender systems and uniform pricing

In this subsection, we consider the model in which the store brand
adopts recommender systems and a uniform pricing strategy to enter the
national brand market. In this model, the store brand would attract
brand-preference consumers to compete with the national brand
through the recommender system and sell its products to both brand-
preference consumers and price-preference consumers at the same
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price p;. In addition, the national brand still only sells its products to
brand-preference consumers at price p),. Then, the brand-preference
consumer spends search efforts e, and 1 —e], to search the national
brand and the store brand, respectively. The price-preference consumer
spends search effort €], to search the store brand. For a more intuitive
explanation, the structure of the model with recommender systems and
uniform pricing is shown in Fig. 2.

The use of the recommender system expands the consumer seg-
mentation of the store brand and makes the store brand no longer
limited to the market of price-preference consumers. The demand
functions are D) =AeLy,Dl, =ai(l—e)y and D) = a(l-— ey,
respectively. Therefore, the profit functions of national brand and store
brand are given as

I, = pl, D, ®)

2

= (07,07 -5 ®)

A store brand recommends its own brand products to all consumers
through the recommender system. Brand-preference consumers can not
only buy national brand products but also access store brand products
through the recommender system. Under the influence of recommender
systems and product homogenization, brand-preference consumers’
store brand reservation price is the same as that of the national brand.
The utility functions of the two types of consumers are given as follows:

e ials— )1~ )
Um = Em(p 7pm) + (1 - Em) [a(p 7pn)] 777 )

2
) k(e
Uy =ea(p-p,) f%. ®

By analyzing the optimal strategies of consumers and brands, we
obtain the optimal search efforts and prices, and investigate the effects
of recommender systems on the search efforts, the sales price and profit
of brands. Therefore, the corresponding optimal solutions are shown as
follows.

Lemma 2. In the model with recommender systems and uniform pricing,
the optimal search efforts and prices are given by

L (=2 -Ap+1—-Nap+ik , (1—a)ip+(2+2)ap -2k
e = — , =

" (4 — Ak R (4 — Dk
w (1—a)2-2)p+ (1 —Aap+ Ik

pm - 472 l

. (a=1)p+2(1 = Aap + 22k

Pn = 4 —Aa

To ensure that the brands’ demands are not negative, p > p/,.p > p},

p>pp,, the parameters need to satisfy the constraints
Ph 4
. Brand-preference
National Brand Search effort €}, p
Consumers
¢
P, ot 1
T Pri .
rice-prererence
Store Brand P
Search effort e; Consumers

Fig. 2. Structure of the model with recommender systems and uniform pricing.
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a>max Fp)i2 . From Lemma 2, we can easily find that £ 0p >0,

re
dej,

del’
> 0 and »

- > 0. This implies that an increase in the reser-
vation prices p and p will increase the brand-preference and price-
preference consumers’ search efforts in the model with recommender

systems and uniform pricing. We also derive from Lemma 2 that % >0,
(,p,

and umforrn pricing, thls result shows that as the reservation price p
increases, the national brand’s optimal price increases, while the store
brand’s optimal price decreases. As the reservation price p increases,
both brands’ optimal prices increase. After the introduction of the
recommender system, cross influences between the two brand markets
begin to appear. The brand-preference consumer’s reservation price not
only positively affects the national brand’s optimal price, but also
negatively affects the store brand’s optimal price. This is because an
increase in the brand-preference consumer’s reservation price will in-
crease the willingness to buy the national brand. In order to attract more
brand-preference consumers through the recommender system, the
store brand reduce the optimal price when brand-preference consumers
raise their reservation prices.

Observation 4. In the model with recommender systems and uniform
pricing, the optimal search efforts, all brands’ prices and the store
brand’s profit increase in the reservation prices difference /3, the national
brand’s profit first increases and then decreases in the reservation prices
difference p.

The increase in price-preference consumers’ reservation prices for
store brand products is not only beneficial to the store brand but also
spills over to the national brand. However, the higher reservation prices
of price-preference consumers can not make the national brand more
profitable. As the reservation price difference increases, the store brand
increases the product price and decreases the relative competitiveness of
the store brand among brand-preference consumers. Furthermore, the
national brand takes advantage of the competitive advantage and raises
prices to gain more profits.

Observation 5. In the model with recommender systems and uniform
pricing, as the reservation price difference $ increases,

(a)The brand-preference consumer’s utility first decreases and then

increases when p < k < Pleti-2) ““ 2. The brand-preference consumer’s

utility decreases when blati-2) "H 2 <k<1.

(b) The price- preference consumer’s utility first decreases and then
increases when P < k < BEetD 2‘”1). The price-preference consumer’s

utility decreases when P%ﬂ) <k<1.

Observations 4 and 5 indicate that both national brands and store
brands can benefit from an increase in consumers’ reservation prices for
store brands. However, the increase in reservation price gives consumers
more motivation to search for the store brand, and the search cost is
higher, which harms consumer utility. When the search cost is low,
consumers can benefit from search behavior.

Proposition 1. Consumers’ search efforts 1 —e}, and e}, for store brands
increase with recommendation strength a, while consumers’ search efforts el
for national brands decrease with recommendation strength a.

Proposition 1 indicates that the store brand will attract brand-
preference consumers; thus, it will compete with the national brand
through recommender systems. With the increase in recommendation
strength, brand-preference consumers will reduce their search efforts for
national brands and choose to buy through online channels to obtain
more utility. The recommender system is applicable not only to brand-
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preference consumers. Because of the recommender system, con-
sumers with price preferences will also increase their purchases of the
store brand.

Proposition 2.  Both the store brand and national brand’s prices p}, and p},,
decrease in the recommendation strength a.

As Proposition 2 shows, an increase in recommendation strength
causes a decrease in the store brand’s price p) because the national
brand responds by lowering product prices in the face of brand
competition. In addition, the store brand also reduces the price by
considering the price-preference consumers’ search costs. Although the
recommender system is adopted, the major profit source of the store
brand is the market of price-preference consumers. The use of a
recommender system increases the search costs of price-preference
consumers. Therefore, the store brand compensates consumers for
their losses by reducing prices.

4.3. The model with recommender systems and differential pricing

In this subsection, we consider the model in which the store brand
adopts recommender systems and a differential pricing strategy to enter
the national brand market. In this model, the national brand determines
the price pd, and the store brand provides the price pg for the price-
preference consumers and the price pfe for the brand-preference con-
sumers who purchase through the recommender system. Then, the
brand-preference consumer spends search efforts el and 1 —eg, to search
for the national brand and the store brand, respectively. The price-
preference consumer spends search effort e? to search for the store
brand. The structure of the model with recommender systems and dif-
ferential pricing is shown in Fig. 3.

Furthermore, we formulate the demand functions D% = edy, D4 =
ai(1 —ed)y and DI = a(1 — A)ely, respectively. Therefore, the profit
functions of the two brands can be formulated as

Iy, = pi Dl 9

2
d d ind _ P
n prcD +anu _T' (10)

Brand-preference consumers can now choose between national
brands and store brands. The store brand offers different prices for the
two types of consumers to maximize profit. The utility functions of the

two types of consumers are presented as follows:

k(et)?
(1 - &)a(p - 1) -5 ay

U, =en(p =)+

k(ed)?
vl = ela(p - pt) - (62") . a2

By analyzing both brands’ profit functions and both consumers’
utility functions, the optimal search efforts and prices in the model with
recommender systems and differential pricing are described in Lemma

A
P o Brandoore.
i rand-preference
National Brand i
Search effort e, Consumers
1-4
= .
Pn, »| Price-preference
Store Brand [ p
Search effort e;’ Consumers

Fig. 3. Structure of the model with recommender systems and differen-
tial pricing.
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3.
Lemma 3. In the model with recommender systems and differential pricing,
the optimal search efforts and prices are given by ed = %, e = ;%
=gt b~ cen

Note that the parameters should be in the range

max{Zk % }<a<1 + l’:j. The following observation examines the effects

of the reservation price difference on the optimal search efforts, utilities,
prices and profits.

Observation 6. In the model with recommender systems and differ-
ential pricing, as the reservation price difference increases, the price-
preference consumer’s optimal search effort and utility increase, and
the store brand’s optimal price and profit also increase.

In the model with recommender systems and differential pricing, an
increase in the reservation price difference will increase the price-
preference consumer’s optimal search effort and utility, and increase
the store brand’s optimal price and profit. In addition, the brand-
preference consumer’s optimal search effort and utility and the na-
tional brand’s optimal price and profit are not affected by the reserva-
tion price difference. The results show that the reservation price of price-
preference consumers increases, which is good for the store brand. The
differential pricing strategy brings mutual independence to the two
markets. Under the differential pricing strategy, the unilateral change in
price-preference consumers only affects the store brand’s price decision
and their search efforts but does not affect the national brand’s price
decision and the brand-preference consumers’ search efforts. Therefore,
the store brand has realized price discrimination in two markets. Prop-
ositions 3 and 4 examine the effects of recommendation strength a on
the optimal prices and search efforts.

Proposition 3. The increase in recommendation strength a increases the
price for brand-preference consumers who buy through the recommender
system, but it has no effect on the price of store brand sold to price-preference
consumers. The increasing recommendation strength of recommender systems
reduces the price of national brands for brand-preference consumers.

Proposition 3 shows that in the model with recommender systems
and differential pricing, when the store brand increases the recom-
mendation strength, the national brand still reduces the price to main-
tain market shares and profit, and the store brand raises the price for
brand-preference consumers to obtain more profit. However, for price-
preference consumers, the store brand’s price does not change with
the recommendation strength. This implies that the store brand should
raise the price for brand-preference consumers, and not change the price
for price-preference consumers while improving the recommendation
strength of recommender system. The national brand should reduce the
price in response to competition from the store brand that increases
recommendation strength.

Proposition 4. The optimal search effort of the price-preference consumer
increases with recommendation strength a, while the optimal search effort of
the brand-preference consumer decreases with recommendation strength a.

Recall that in the model with recommender systems and uniform
pricing, as the recommendation strength increases, the search efforts of
both types of consumers will be reduced. However, in the model with
recommender systems and differential pricing, as the recommendation
strength increases, the search efforts of the brand-preference consumers
will decrease for national brands, and they will choose to purchase
through the recommender system. The search efforts of price-preference
consumers will increase for the store brand; that is, price-preference
consumers are more enthusiastic about buying the store brand.

Corollary 1. In the model with recommender systems and differential
3ap+2(1 a)p

pricing, when < k < 1, the price of store brand sold to brand-
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preference consumers is higher than that sold to price-preference con-
sumers, i.e., p& > pd.

Corollary 1 demonstrates that when consumers’ search costs are
high, brand-preference consumers transfer to the store brand through
the recommender system. By shifting to the store brand, the consumer’s
search cost can be transferred to the recommendation cost of the
recommender system. The store brand can offer higher prices to an
increasing number of consumers to capture spillover profits.

5. Comparisons of the optimal results

In this section, we compare the optimal results of the three models.
By investigating the optimal search efforts, prices and profits under the
three models, we make conclusions about the role of recommender
systems in the brand competition problem.

Proposition 5. In the model without recommender systems and the model
with recommender systems and differential pricing, price-preference con-

sumers can purchase the store brand at the same price, i.e., p3* = p%* = %. In
the model with recommender systems and uniform pricing, the optimal price
(1-a)ap+2a(4-1)p-2ki

of store brand is pl* = T3

In the model with recommender systems and uniform pricing, the
store brand needs to consider the impact on both markets when making
price decisions. In the model with recommender systems and differential
pricing, the store brand can decide the optimal price in the market of
price-preference consumers according to the search effort of consumers.
The store brand’s differential pricing strategy in both markets can bring
strategic flexibility to the store brand and achieve optimal decision-
making results in each market.

6. When
3(1p+2(1 a)

3ap+2(1-a)p

Proposition 0<k< i Pel <e <e, and

d < e < eo. When Pk <1,¢, < el < e and e, < ed < e,

Proposition 6 indicates that in the model without recommender
systems, consumers have to put in more search effort when the coeffi-
cient of the search cost is sufficiently low. When the store brand adopts
the recommender system and the coefficient of the search cost is suffi-
ciently low, the differential pricing strategy is beneficial for consumers.
At this point, consumers’ search efforts are lowest. When the coefficient
of the search cost is sufficiently high, the advantages of the differential
pricing strategy are no longer obvious for consumers. At this point,
consumers’ search efforts under the uniform pricing strategy are lowest.
This is because the high coefficient of the search cost discourages con-
sumers from making the efforts to search for the two brands. Further-
more, the uniform pricing strategy can reduce consumers’ search efforts.
In addition, it is clear that an increase in the coefficient of the search cost

decreases the brand-preference consumers’ search efforts €2, e/, and ed.

7. When M,pgj <py<py and
*. When

<k<1pm<pm <p% and py* =

0<k<
3ap+2(l u)

Proposition
P <Py <py =D}
Py <Py <p%-

Proposition 7 demonstrates that consumers’ search costs have a
significant impact on the price decisions of the two brands. When the
coefficient of the search cost is low, the prices of the two products using
the recommender system will be lower than those without the recom-
mender system, even if there is a recommendation cost to use the
recommender system. As the coefficient of the search cost increases, the
prices of both brands increase.

Propositions 6 and 7 show that the reason why a recommender
system can attract consumers is that it transfers the search costs of
consumers. When the search cost of consumers is very low, the store
brand needs to reduce the price through the recommendation system to
attract consumers. When the search cost of consumers increases, the
store brand can also attract consumers at a higher price because
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consumers can ignore the search cost and benefit from the recommender
system only by purchasing products through the recommender system.
To further study the effects of consumer search cost on recommendation
strength, we study the store brand’s decision on recommendation
strength in Extension 7.2.

6. Sensitivity analysis and strategy choice

To study the two brands’ optimal decisions and strategy choices, this
section analyzes the influence of the parameters on the consumers’ and
brands’ optimal decisions through numerical examples. First, we
examine the effects of the parameters on the search efforts and prices
under the three models. Next, we analyze the impact of the recom-
mendation strength and market share on brand profitability. Finally, we
show the profit sources of the store brand in different models and study
the strategic choices for the two brands. Without loss of generality, we
set the basic parameter values as @ =1.2,A=05,p=1,p =08k =1,
¢ = 0.3 and y = 1, following some literature (Cunningham et al., 1982;
Li et al., 2019; Zhou et al., 2020) which numerically illustrated the
reservation prices of brand loyal consumers and recommendation
strength. Obviously, these parameter settings are assumed to ensure that
the two brands are all profitable. Note that we have also tried other
settings in numerical analysis and find that this does not change our
conclusions in the numerical examples.

6.1. Sensitivity analysis of the search efforts and prices

First, we analyze the effects of recommendation strength, the coef-
ficient of the search cost, and the percentage of brand-preference con-
sumers in terms of search efforts. Notice that 1<a<2 and 0.5<k<1 in the
following numerical analysis because the parameters have to satisfy

constraints max{%}?,l}gasl +%‘ and ’%sksl. Obviously, these con-

straints ensure that the two brands are all profitable.

In Fig. 4, we compare the consumers’ search efforts for brands with
respect to a under the three models. Fig. 4(a) shows that the consumers’
search for the national brand is inhibited by the recommender system.
As the recommendation strength increases, the utility of consumers
purchasing through the recommender system increases. Therefore,
consumers are increasingly switching to the store brand. The increasing
tendency of consumers’ search efforts for the store brand is shown in
Fig. 4(b).

Fig. 5 shows how the search efforts vary with the coefficient of the
search cost k. As the search cost increases, consumers adjust their brand
selection and buy products from the channel of the recommender sys-
tem. In addition, we found that brand-preference consumers always
search for store brands over other products. Through the use of the
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(a) Search efforts for the national brand
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recommender system, the store brand is favored by brand-preference
consumers, who become the main profit source for the store brand.
This conclusion is illustrated by numerical examples in the following
subsection. From Fig. 5(b), we observe that the search effort of con-
sumers under the differential pricing strategy is more likely to be
affected by the search cost compared with that under the uniform

pricing strategy (i.e., % > ,3(16;;5;))_ This indicates that the brand
competition caused by the uniform pricing strategy is more intense and
that the differential pricing strategy alleviates the competition between
national brands and store brands in the market of brand-preference
consumers. When k is sufficiently low, national brands are dominate
in the market of brand-preference consumers. However, when k con-
tinues to increase, the national brands lose their dominant position, and
store brands are more sought after.

The results in Fig. 6 imply that the impact of the percentage of brand-
preference consumers in terms of the search efforts. In the model
without recommender systems and the model with recommender sys-
tems and differential pricing, the two markets are relatively indepen-
dent. When brands decide their optimal prices, they only need to
consider consumers’ search efforts and reservation prices and do not
need to consider the percentage of brand-preference consumers. Only
consumers’ search efforts under the uniform pricing strategy are
affected by the percentage of brand-preference consumers. Under the
uniform pricing strategy, the store brand needs to adjust the product
price according to the percentage of brand-preference consumers. This
adjustment in the uniform pricing strategy further affects consumers’
search efforts in the two markets. As a result, as the percentage of brand-
preference consumers increases, the search efforts of the two types of
consumers of store brands decrease.

As shown in Fig. 7, the use of a recommender system always drives
up the store brand’s price and lowers the national brand’s price. With
the increase in recommendation strength @, brand-preference consumers
shift from the national brand to the store brand, and the national brand
competes with the store brand by lowering its price. However, since the
recommendation costs increase with the recommendation strength, the
store brand also has to reduce its price. Under the uniform pricing
strategy, the store brand can no longer offer higher prices. Under the
differential pricing strategy, the store brand offers extremely high prices
through the recommender system to compensate for the recommenda-
tion cost. In this situation, the price-preference consumers face a channel
structure similar to that of the model without recommender systems.

Fig. 8 shows the impact of the search cost coefficient on the brands’
prices. The threshold mentioned in Proposition 5 can be observed in
Fig. 8. When search costs are not high, the store brand will offer lower
prices for the recommended products. As the consumer’s search cost
increases, the price of the store brand’s recommended product also
increases.
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(b) Search efforts for the store brand

Fig. 4. Consumers’ search efforts for brands regarding a.
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6.2. Analysis of brands’ profits and strategy choices

In this subsection, we first examine the effects of the percentage of
brand-preference consumers and the recommendation strength on the
brands’ profits. Then, we study the store brand’s profit sources and the
two brands’ strategy choices.

Fig. 9 shows that as the percentage of price-preference consumers
decreases, the store brand increases prices to maintain profits, which
reduces the search efforts of price-preference consumers. Brand-

10

preference consumers increase their search efforts for the national
brand, which in turn will raise the price of the products. The combina-
tion of price and demand enables the national brand to benefit from the
increase in the percentage of brand-preference consumers. Another
conclusion from Fig. 9 is that it is a better choice for the store brand to
adopt a recommender system when the percentage of brand-preference
consumers is high. When the percentage of price-preference consumers
is low, the store brand has enough potential market and can expand its
consumer group through the recommender system.
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Fig. 10 shows that the use of recommender systems always damages
the profits of national brands, and with the increase in recommendation
strength, the profits of national brands gradually decrease. For store
brands, the use of recommender systems increases their profits. How-
ever, a high degree of recommendation strength may hurt their profits
due to high recommendation costs. The store brand should adopt an
appropriate recommendation strength to not only meet the constraints
of nonnegative demand but also to enable the store brand to not pay
high recommendation costs. The following Fig. 11 shows the profit
sources and recommendation cost of the store brand in the models with
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recommender systems.

Fig. 11 shows that regardless of the differential pricing strategy or
uniform pricing strategy, the main source of profit for the store brand is
still the market of brand-preference consumers. While brand-preference
consumers bring in additional revenue for the store brand, the high
recommendation cost deters the use of the recommendation system. If
the recommendation strength is moderate, the recommender system can
increase the benefit of the brand-preference consumers and bring extra
profits to the store brand, and the recommendation cost is not too high.
In addition, we find that under the differential pricing strategy, the store
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Fig. 10. Brands’ optimal profits regarding a.
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Fig. 11. Store brand’s profit sources and recommendation cost regarding a.

brand is better off than that under the uniform pricing strategy in terms
of profit. Thus, the differential pricing strategy could be better for the
store brand than the uniform pricing strategy.

We use [, j] to represent the combinations of the national brand’s and
the store brand’s strategy choices, where i,j € [o,r,d]. Here, i denotes the
national brand’s optimal strategy and j denotes the store brand’s optimal
strategy. We explore the two brands’ strategy choices within different
parameter ranges, as described in Fig. 12.

Fig. 12 shows the strategy choices of the store brand and national
brand. For the national brand, it is preferred that the store brand does
not adopt a recommender system. For the store brand, it may adopt the
strategy of (1) not introducing a recommender system or (2) introducing
a recommender system with differential pricing. An interesting phe-
nomenon is that when the recommendation strength is high, the
recommender system will not be introduced by the store brand. This is
because high recommendation strength leads to high cost of using the
recommender system. Notice that the shaded area in Fig. 12 represents
the infeasible area that does not satisfy constraints, i.e., the range of
parameters does not ensure that the two brands are all profitable.

From Fig. 12(a), we find that when the recommendation strength is
not high and the reservation price difference is relatively high, the store
brand will adopt the recommender system to sell products to the brand-
preference consumers by the differential pricing strategy. Without loss
of generality, the brand-preference consumers’ market share 1 can be
chosen in the set {0.4,0.45,0.5}. Fig. 12(a) shows an increase in the
market share of brand-preference consumers will expand the range of
store brand’s strategy by introducing a recommender system with dif-
ferential pricing. From Fig. 12(b), we find that when the brand-

1 T T T T
—E&— \=0.5
—¥— \=0.45
0.8 — =04

021

(a) The impact of 8 and «

preference consumers’ market share is high, the store brand will adopt
the strategy of introducing a recommender system with differential
pricing. When the brand-preference consumers’ market share is low, the
store brand will adopt the strategy of not introducing a recommender
system regardless of whether the reservation price difference is high or
low. Without loss of generality, the recommendation strength a can be
chosen in the set {1,1.2,1.4}. We can observe in Fig. 12(b) that when the
reservation price difference is relatively high, an increase in the
recommendation strength will expand the range of store brand’s strat-
egy by introducing a recommender system with differential pricing. This
implies that when the brand-preference consumers’ market share is low
and the reservation price difference is high, the store brand can gain the
competitive advantage by improving recommendation strength.

7. Extension
7.1. Concurrent use of a recommended system

In this subsection, we study whether both brands can adopt recom-
mender systems to recommend products to both consumers. The
detailed calculation process is in the appendix. We use superscript Co to
indicate that the two brands use recommender systems concurrently.
The subscripts mre and nre indicate the prices decided by the store brand
and national brand in the recommender systems, respectively. In the
model where both brands use a recommender system, we found that
both brands adopt differential pricing strategies and that both brands
adopt uniform pricing strategies. The following shows the calculation
results of the model.

0.6 |

0.4

0.2

A

(b) The impact of 8 and A

Fig. 12. Strategic choices of two brands.
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Observation 7. If and only if the two groups of consumers are of the
same size (i.e., 2 = 1), the two brands will adopt recommender systems.
Price-preference consumers only purchase the national brand, while
brand-preference consumers only purchase the store brand.

When the two types of consumers have the same market size, the two
brands will adopt recommender systems. Purchasing recommended
products instead of preferred products reduces the search costs for
consumers. This happens when the two types of consumers have exactly
the same market size. The natural disadvantage of store brands due to
the influence and the inconsistency of production costs between the two
brands make this kind of market phenomenon unlikely to occur in re-
ality.

Observation 8. When both store brand and national brand adopt
recommender systems and differential pricing strategies, the consumers’
search decisions and pricing strategy are as follows: e’ = e$° = 1
Co _ Co _ k nCo _ pnCo _ 2k [Co _ (-64+8)k _ga® r1Co _ (64+2k _ga?
P =Py’ =35l =P =301 =15 51K = T~
When both the store brand and national brand adopt recommender
systems, reservation prices play no role in brands’ and consumers’ de-
cisions. The two markets produce symmetrical demands, search efforts
and prices. Consumers devote a small fraction (i.e., %) of their search
efforts to searching for the brands they are loyal to. Therefore, when
consumer and brand choices are independent from each other, the two
brands may choose to adopt minimal recommendation strengths.

7.2. Endogenous recommendation strength

In this section, to explore the optimal recommendation strength of
the store brand, we consider that the store brand decides the recom-
mendation strength « of the recommender system, and we use numerical
examples to show this result in the model with recommender systems
and differential pricing.

Fig. 13(a) shows that with the increase in the reservation price dif-
ference, the store brand should increase the recommendation strength.
We find that an increase in the reservation price difference promotes the
store brand’s motivation for using the recommender system, and the
increase in profit as the reservation price difference increases can also be
used by the store brand to recommend the product in the market of
brand-preference consumers. Fig. 13(b) shows that as the percentage of
brand-preference consumers increases, the store brand also needs to
invest in a higher recommendation strength to attract brand-preference
consumers. Therefore, the recommendation strength increases with the
percentage of brand-preference consumers. As shown in Fig. 13(c), as
the consumer’s search cost decreases, the store brand decreases the
recommendation strength. When the search cost is reduced, the role of
the recommender system is relatively weaker, and the store brand can
easily adapt to this change by adjusting the recommendation strength.
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8. Conclusion

In this paper, we explore the impact of recommender systems
introduced by a store brand under the background of the competition
between store brands and national brands. Specifically, we describe two
market segments, which are divided into brand-preference and price-
preference consumers, according to consumption search preferences
for national brands and store brands. By comparing the model without
recommender systems, the model with recommender systems and uni-
form pricing, and the model with recommender systems and differential
pricing, we further examine the effects of recommender systems and
pricing strategies on brand competition and consumer search efforts.
Our key findings can be summarized as follows. First, the national brand
is always damaged by the introduction of recommender systems. The
store brand uses the recommender system only when the recommen-
dation strength is moderate. A high recommendation strength brings
high recommendation costs to the store brand. Second, we also
demonstrate that the store brand has greater flexibility under the dif-
ferential pricing strategy by comparing the uniform pricing strategy
with the differential pricing strategy. Under the differential pricing
strategy, each market maintains decision-making independence and
obtains more profits. The uniform pricing strategy can expand the uni-
lateral utility of each market to the whole market, while the differential
pricing strategy can weaken the influence of search costs on the search
effort. Finally, the consumer’s search cost will be converted into the
recommendation cost of the store brand. In addition, we also show that
the store brand is more likely to offer a higher price than the national
brand.

The findings of our work have significant implications for store
brands and national brands. If the store brand adopt a recommender
system with the uniform pricing strategy, both the store brand and the
national brand should reduce the prices when the recommendation
strength is increasing. If the store brand adopt a recommender system
with the differential pricing strategy, the store brand should raise the
price for brand-preference consumers, and not change the price for
price-preference consumers while improving the recommendation
strength of recommender system. The national brand should reduce the
price to cope with competition from the store brand that increases
recommendation strength. Our results suggest that when the search cost
of consumers is very low, the store brand needs to reduce the price
through the recommendation system to attract consumers. When the
search cost of consumers increases, the store brand can also attract
consumers at a higher price. In addition, the store brand should adopt
the differential pricing strategy to obtain the competitive advantage.
When the brand-preference consumers’ market share is low, the store
brand should adopt the strategy of not introducing a recommender
system. When the brand-preference consumers’ market share is high, the
store brand should adopt the strategy of introducing a recommender
system with differential pricing. We also find that when the brand-
preference consumers’ market share is low and the reservation price

18 18
1.7 1.7
1.6 1.6
315 515

(a) The impact of 8

(b) The impact of A

(¢) The impact of k

Fig. 13. Endogenous recommendation strength regarding $, 1 and k.
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difference is high, the store brand can gain the competitive advantage by
improving recommendation strength.

The current research has certain limitations, and several future
research directions are still worth studying. First, we can incorporate the
competing recommender systems into the brand competition strategies
with consumer search. Considering the different recommendation
strengths of the two recommender systems is a future research direction.
Second, it is also interesting to study the dynamic decisions in the brand
competition problem with recommender systems.
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Without loss of generality, we consider the general convex function of search cost is c(e) (i.e., ¢ (¢) > 0 and c”(e) > 0). Taking the model without
recommender systems as an example, we rewrite the utilities of brand-preference consumers and price-preference consumers as

U, =rel,(p—py) —cle),

U, =ye, (E —pg) — c(eﬁ).

13

14

From the first-order conditions, we obtain the optimal search efforts e2; and e to satisfy the conditions ¢ (e2) = y(ﬁ - pﬁ[) and ¢ <eﬁ*) = y<1_) - pﬁ) ,

respectively. Differentiating e;; and e;" with respect to p;,, p5, p and p yields ‘;i'::

e _ v depy
= = o <Oand =

%

"Sp = 5 > 0. Thus, we find that the main

results derived under the general search cost function are robust and continue to hold.

Optimal profits of brands under the three models

The brands’ optimal profits derived from the three models are summarized as follows.

7%
M gy

y(l 7/1)32
==

((a(ﬁ71_7> +k7[7)/1+ (72;7+;_))a+2p)2/17

I, = ,
M (A —4) k '
((2,32 —8pp+ 8p2)a2 +4(—P+2k) (,7 - 2p)a +2(—Pp+2k) )ﬂzy
I, = - - ~
N 202 — 4) %k
. 8(1((131‘7 - Zgz)a +p(—p+2k) )/1}/ + 8p*a’y 0
' 24— 4%k 27
o (a+Dp+k)°ay
M 9% ’
2
) ((2,7 - 3p)a ak— 25) Ay ( — 18kg + 9p2y)a2
I, = — — .
N 36k + 36k
Proof of Lemma 1. For Eq. (3) and (4), use the first order condition to solve e, the equilibrium result is 3} = %,eg* = 1%. Substitute this result
into Eq. (1) and (2) and solve the joint ‘2;54 =0 and ‘gﬁv = 0 to obtain Lemma 1.
Proof of Lemma 2. Similar to the proof of Lemma 1, combine the first order conditions ’(’g =0and % = Oobtaine], = (b-r ;')7;(5 = ;‘),e;* = a@;p ",x).

Substitute this result into Eq. (7) and (8). Then maximize ITy, and ITy and K-T condition is used with constraintp > p}, and p > pj. Itis easy to prove that

oy,

this problem is a convex programming problem. Solve the joint 7% = 0 and

P22k 2%k 2k—p

obtained constraint condition is @ > max | = S S
(p-p)i-2’ (p-p)0-1)-p" %

Lemma 2.

oy,
o,

. Combined with the conclusion of Lemma 3, we get

= 0 to obtain Lemma 2. To simplify the analysis, we setp < p < 3p. The

2%—p

% < 0. Then, we obtain
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Proof of Lemma 3. The proof is similar to Lemma 2.
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