Superior Knowledge, Price Discrimination,

and Customer Inspection

Abstract

Firms in many industries may obtain superior knowledge of customer preferences,
whereas customers often need costly efforts to learn their match values. In this paper,
we examine the optimal pricing strategies for a firm with superior knowledge, when
customers can reduce information asymmetry by costly inspection. On the surface, it
seems that the firm can directly communicate a customer’s match value through per-
sonalized prices, thus there is no need for customers to expend inspection efforts. Con-
trary to this intuition, we find that personalized pricing cannot fully obviate customer
inspection. In equilibrium, the firm may trick low-preference customers into overpay-
ing, even when inspection costs are low. This opportunistic incentive arouses customer
suspicion, which then induces customer inspection that would be avoided if the firm
were not capable of personalized pricing. Since inspection cost raises a deadweight
loss in social welfare, public policies that prevent firms from price discriminating

against customers may benefit both firms and customers.
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1. Introduction

Customers are often uncertain about their personal match value of novel products or
credence services. For instance, gluten-free food is commonly considered as healthy
diets that reduce weight, yet studies show that such diets may also cause nutritional
deficiencies or even weight gain in a considerable number of people (Jones 2017).
Moreover, customers often lack the knowledge to fully assess their need for credence
goods (e.g., financial and legal services and auto-part repairs and replacements; for
example, novice drivers are often unsure about whether their vehicle requires an en-
gine crankcase flush). Additionally, in business-to-business markets, downstream
firms may be unsure about how to evaluate technology products due to either organ-
izational obstacles or market insensitivities. For example, Pang (2018) finds that U.S.

Air Force procurement departments commonly misevaluate medical equipment.

To accurately assess their match values, customers may inspect products be-
fore making a purchase decision. For example, health-conscious customers may seek
consultation at clinics to determine whether they can benefit from gluten-free diets;
drivers may consult an expert or read online reviews before deciding to purchase auto
repairs; and procurement departments may invest more on market research to achieve
better trades with suppliers. These efforts cost either time, labor, or money. Earlier
studies have investigated these costs theoretically, empirically, and experimentally
(Wathieu and Bertini 2007; Guo and Zhang 2012; Li et al. 2019; Cao and Zhang 2021).
We refer to the process whereby customers retrieve their match values through costly
efforts as customer inspection. This term is intended to be understood broadly and to
capture both external (e.g., information searching) and internal efforts (e.g., delibera-

tion) that customers expend to learn about their intrinsic preferences.

By contrast, firms may obtain accurate knowledge to identify customer prefer-
ences and price discriminate, thanks to their information advantages from industry
experiences and data analytics. For example, health food providers such as Unimeal
and Healthline ask targeted customers for information on their dining behavior, phys-

ical fitness, and health exam records, and analyze this data to customize meal plans



and offer tailored price discounts. Similarly, providers of credence goods can use tech-
nological know-how to better assess customer match values. In business-to-business
markets, a supplier that serves many clients may develop a deeper understanding of
its clients’ needs for the relevant products. In these situations, a firm may obtain supe-
rior knowledge to identify customers about their intrinsic match value before custom-

ers learn it from inspection.

In addition, the development of data analytics technologies and growth of data
vendor market have further increased the information disparity between firms and
customers. For instance, online dating platforms may use the demographic data col-
lected from their customers and behavior data purchased from data vendors (Heilweil
2020) to assess customer values. By comparing a customer’s information with the
pooled data of similar customers, dating sites can then better assess a customer’s suc-

cess rate of getting a match and offer them premium dating services at a tailored price.!

To the best of our knowledge, no prior research has examined the strategic in-
teractions between customer inspection and superior knowledge, even though both
are ubiquitous. To fill this gap, we study the personalized pricing strategy with supe-
rior knowledge when customers may engage in inspection. This analysis is not trivial.
On one hand, when a firm has superior knowledge of its customers” preferences, it
may signal this information via personalized pricing, which should reduce the cus-
tomers’ incentives for inspection efforts. On the other hand, firms’ superior knowledge
may induce customer suspicion of being subjected to higher degrees of exploitation
(Furman and Simcoe 2015; Xu and Dukes 2019; 2021). If a customer believes that the
firm is capable to identify her value with superior knowledge and steer her into over-
paying, she should have more incentives to reduce the information asymmetry by en-
gaging in inspection before purchase. Therefore, the impact of superior knowledge on

customer inspection is subject to a formal investigation.

! While most dating sites charge a uniform price for standard dating services (e.g., browsing
the profiles of candidates), many also charge personalized prices for premium private dating
services at a tailored price. See https://www.jiemian.com/article/6365738.html (in Chinese) for
an example.
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Itis also unclear whether price discrimination can sustain an equilibrium when
customer inspection is possible. With uniform pricing, a firm may offer either a trans-
gressive price to induce customer inspection or a regressive price to induce no-brainer
purchases (Wathieu and Bertini 2007). With personalized pricing, however, a firm pre-
fers offering the transgressive price only to the identified higher-value customers.
Therefore, anyone who receives a regressive price may update their belief and thus
refrain from making a no-brainer purchase. Furthermore, conventional wisdom holds
that a firm’s superior knowledge facilitates price discrimination and thus helps expand
the market. However, it is a priori unclear if this effect is beneficial when customers are
suspicious of being overly exploited by superior knowledge. If customers choose to
inspect more frequently in response to personalized pricing, then social welfare suffers

a deadweight loss.

This paper builds a game-theoretic model to examine how firms with superior
knowledge price their products or services under customer inspection. We consider a
market in which a monopolistic firm sells a product or service to customers whose
match value for that product is either high or low: this value is observed by the firm
(e.g., through data analytics) but is not immediately known by customers. Neverthe-
less, customers can pay an inspection cost to find out their true preference for the firm’s
product. The firm tailors its price offer to each customer according to her preference,
and the customer, upon observing the price, makes her inspection and purchasing de-
cisions. Using this setting, we examine the firm’s optimal pricing strategies and the
customers’ strategic inspection decisions and evaluate how the magnitude of the in-
spection cost may affect the firm, the customers, and social welfare. We also examine
how a firm should manage customer inspections and improve profits and whether
public policies that regulate price discrimination and protect customer welfare may

holistically benefit all parties.

Specifically, we address the following research questions that are relevant to
firms” use of superior information for price discrimination. First, how should a firm
exploit its superior knowledge to tailor its price offers to customers who can find out

their preferences through costly inspections? For example, can the firm fully exploit
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customer surplus through first-degree price discrimination? Second, upon observing
a personalized price, will a customer trust the firm and make a no-brainer purchase of
its product, or is she more likely to inspect the product first and make a more informed
purchasing decision later? Third, how does the cost of inspection affect the firm and
its customers? Does price discrimination always benefit the firm at the customers” ex-
pense? Should policymakers regulate price discrimination and/or data collection to
protect customers and social welfare and, if so, how would such regulation affect firms?
Fourth, how can a firm manage customer inspections and improve profits through

decisions other than pricing?

Our findings shed light on the implications of customer inspection on firms
with superior knowledge. First, while the firm can always implement first-degree
price discrimination when the inspection cost is nil, it can never do so under a positive
inspection cost. This result arises because, when the firm honestly charges customers
their match value for a product, all customers will make a no-brainer purchase, giving
the firm an incentive to deviate and charge low-preference customers a high price to
trick them into overpaying for its product. In equilibrium, when inspection costs are
not overly high, the firm always charges high-preference customers a high price while
randomizing its price offer to low-preference customers — i.e., it sometimes charges
her an honest low price and, at other times, offers her a high price to trick her into
overpaying for the product. Rational customers should account for the firm’s oppor-
tunistic incentives when making their inspection and purchasing decisions. Specifi-
cally, upon observing a low price, a customer knows for certain that she is a low-pref-
erence customer and makes a no-brainer purchase; meanwhile, upon observing a high
price, she becomes uncertain of her customer type and randomizes between inspecting
and making an informed purchase decision and making a no-brainer purchase. Only
when inspection costs are high, the firm offers all customers a uniform price, and all
customers make a no-brainer purchase. To our best knowledge, the novel role of the

randomized price discrimination in customer inspection is not seen in earlier literature.

Second, we show that the inspection cost has non-monotone effects on a firm’s

profit; that is, the firm’s profit is maximized when inspection is either costless or
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excessively expensive. When the inspection cost is zero, the firm can implement first-
degree price discrimination to extract maximum value from its customers. When the
cost is too high to afford for them, inspection is not a viable option for customers, and
the firm can extract customer value by charging all customers a uniform price that
equals their expected valuation. The firm’s profit is minimized when the inspection
cost is moderate, at which point price distortions become too severe. By contrast, un-
der personalized pricing, customer surplus is always zero (i.e., regardless of the in-
spection cost). Consequently, total social welfare is also non-monotone with the in-

spection cost.

Third, in contrast to Xu and Dukes (2021) that suggest that superior knowledge
benefits a price-discriminating firm, we show that, when customer inspection is pos-
sible, a firm does not necessarily benefit from its superior knowledge, even if obtaining
this knowledge has no direct cost to the firm. This implies that, regulations banning
data collection and/or price discrimination may actually benefit firms, which contra-
dicts with the claims that such restriction from the existing legislation serves only the
consumers (Oxera 2017). The intuition for this result is as follows. Superior knowledge
gives a firm an opportunistic incentive to trick low-preference customers into over-
paying for its product. In anticipation of the firm’s opportunistic behavior, rational
customers have suspicion of overpaying a high price and therefore choose to inspect.
Therefore, the firm must distort its prices down to compensate for customer inspection.
Under certain circumstances, this price distortion becomes so severe that the firm is
worse off with superior knowledge and price discrimination. By contrast, if public pol-
icies ban price discrimination, customers need not worry about the firm’s information
abuse, which alleviate the firm’s burden of price distortion. Therefore, regulations re-
stricting price discrimination may ultimately benefit the firms. As average customer
surpluses are also improved by reducing costly efforts of inspection (which are
deadweight losses), such regulations may lead to a “win-win” outcome in which both

the firm and customers are strictly better off.

Lastly, we discuss alternative tactics that a firm may employ to alleviate cus-

tomer suspicion and thus improve profits. In an extension of our basic model that only
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considers pricing decisions, we find that the firm may benefit from downward dis-
torting its product quality and offering an inferior product, even if increasing quality
is costless. This is because an inferior product has higher quality-adjusted inspection

cost, which may further deter customers from inspection.
2. Related Literature

This paper contributes to the growing literature on pricing strategies when firms ac-
quire information about their customers’ willingness to pay for a product or service.
For example, firms frequently use information technologies to collect data on custom-
ers’ purchase histories, identify past and new customers, and condition their price of-
fers accordingly — this practice is known as behavior-based pricing (Fudenberg and Vil-
las-Boas 2006). Acquisti and Varian (2005) consider a monopolistic firm selling a re-
peat-purchase product to customers over two periods. They find that, under behavior-
based pricing, the firm will offer a higher price to repeat customers and a lower price
to new customers in the second period. As a result, forward-looking customers are
reluctant to buy in the first period, forcing the firm to reduce its first-period price to
encourage customers into making an initial purchase. This ratchet effect hurts the firm,
thus leaving it worse off when employing behavior-based pricing. Investigating a
competitive market, Fudenberg and Tirole (2000) use a two-period model in which
two firms, in the second period, distinguish between past customers and customers
who bought from each’s competitor and charge these two groups different prices.
More specifically, firms charge repeat customers a higher price than what is offered to
new customers. They show that, as each firm tries to poach its rival’s customers, be-
havior-based pricing leads to an intense price competition in the second period, which
leaves both firms worse off than if they had used uniform pricing. By contrast, other
studies have found that behavior-based pricing may improve firm profits under cer-
tain circumstances, such as when the market comprises of both loyal customers and
switchers (Chen and Zhang 2009), when customers’ preferences change over time and
their demands are heterogeneous (Shin and Sudhir 2010), when customers are hetero-

geneous in their costs to serve (Shin et al. 2012), when customers are fairness-minded



(Li and Jain 2016), when customers are ex-ante uncertain about a product’s value (Jing

2016), or when firms are vertically differentiated (Rhee and Thomadsen 2017).

Firms may also go beyond behavior-based pricing to better recognize custom-
ers’ preferences and offer customized prices according to their willingness to pay, a
practice known as personalized pricing. Thisse and Vives (1988) first consider a scenario
in which two competing firms can offer customers personalized prices according to
their locations and show that personalized pricing intensifies the price competition,
eroding both firms’ profits; nonetheless, each firm cannot help but to implement per-
sonalized pricing, leading to a form of the prisoner’s dilemma. Chen et al. (2001) con-
sider a setting in which competing firms practice imperfect targeting technologies to
recognize their customers. They show that, with imperfect targeting, a firm improving
its targeting technologies not only benefits itself but also its rival. Chen and Iyer (2002)
show that, in a competitive market, symmetric firms may choose asymmetric levels of
customer addressability to soften market competition. Chen et al. (2017) study a case
in which firms target customers according to their real-time geo-location, and custom-
ers can travel across different locations to get better offers. They find that, compared
with traditional pricing, mobile geo-targeting can improve a firm’s profit. Hajithashemi
et al. (2020) analyze the impact of network effects on price personalization, and find
that in markets with network effects, personalized pricing may decrease demand and

profit.

The studies discussed thus far assume that customers privately know their
own preferences and that firms can reduce or eliminate their information disad-
vantage through data collection. Research also investigates scenarios where firms have
an information advantage over customers regarding their preferences. For example,
for credence goods such as financial and legal services, medical care, and auto-part
replacements, sellers are experts who know customers’ needs, whereas customers usu-
ally lack the necessary expertise to fully assess their needs. Wolinsky (1993) demon-
strates that in credence goods markets, cheating can be eliminated when customers
search for multiple opinions regarding the product or when experts have reputation

concerns. Fong (2005) provides a theory of cheating by an expert selling credence
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goods: he shows that cheating arises when customers suffer from the same problem to
different extents, or when some customers’ problems are costlier to solve. Jiang et al.
(2014) extend Fong's theory by considering two-dimensional information asymmetry
in which an expert privately observes both the customer’s type and her own type (eth-
ical or self-interested). They show that the provider’s pricing decision depends on the
customer’s inference about both dimensions of asymmetric information. Moreover,
Jing (2011) shows that when customers observe the quality of a product, within a cer-
tain range, a mixed-strategy equilibrium exists in which an informed firm selectively
cheats low-type customers by recommending an unnecessary high-type product to
them, and customers mix in their purchasing decisions when they are offered a high-
type product. Xu and Dukes (2019, 2021) consider a case in which firms have superior
knowledge of customer preferences through information aggregation. Their model as-
sumes a common environmental noise — which they call the “market state” — under
which customers receive noisy signals regarding their preferences. Consequently, only
some customers are informed of their match values. These two studies discuss firms’
pricing and price line design problems. While our research also assumes that the firm
has an information advantage over customers regarding their preferences, we extend
the literature by assuming that customers can discover their true match values through
costly inspection. Thus, upon observing a personalized price from a firm, a customer
decides not only whether to purchase, but also whether to inspect the product to find

out her true match value.

Furthermore, our research contributes to the literature on customer delibera-
tion — which refers to the costly cognitive process that customers must undergo to
find out their valuations for certain products. Most studies consider deliberation to be
independent from rational inferences such as signaling. Stigler (1966) illustrates that a
high price is more likely to induce customer inspection relative to a low price. Shugan
(1980) discusses the importance of modeling deliberation when studying marketing
decisions. Wathieu and Bertini (2007) formally analyze a firm’s pricing strategies in
the presence of a deliberation cost and, supporting their findings with experimental

evidence, argue that the firm may adopt either transgressive pricing to induce



customer deliberation or regressive pricing to prevent it. Li et al. (2019), on the other
hand, study firms” channel strategies when customers must incur a deliberation cost
to find their preferences and show that customer deliberation may reduce or even
eliminate the issue of double marginalization. Cao and Zhang (2021) develop a model
of demand forecasting based on customer deliberation and support their theory with
a large-scale field experiment. Guo and Wu (2012) and Guo (2016) study customer de-
liberation in the context of signaling, in which customers need to either infer the prod-
uct quality or rationalize their behavioral biases before spending costs on deliberation.
The key difference between our research and the foregoing studies is that, in the latter,
price has the dual function of affecting a customer’s purchase decision and swaying
her deliberation decisions. In our model, the price has three roles: In addition to the

dual roles, it signals a customer’s match value.

The most related work to our model of customer inspection is Guo and Zhang
(2012). They consider a firm that sells products to customers who need costly deliber-
ation to learn about their marginal willingness to pay for quality. The firm has no ad-
ditional information about customer preferences beyond the prior distribution. They
show that the firm may price-discriminate against customers by offering them a menu
of vertically-differentiated products. Our model departs from Guo and Zhang (2012)
by assuming a different information structure: Firm has superior knowledge beyond
the prior distribution to identify each customer and thus can offer personalized price
to each customer, which may serve as a signal of customer preference. Therefore, the
mechanism of Guo and Zhang (2012) is a form of second-degree price discrimination,
whereas our model extends first-degree price discrimination. The distinction is not trivial
when the firm has superior knowledge. Specifically, product menu is a public infor-
mation observable by all customers, whereas personalized prices in our model is only
partially observed by the targeted customer. Because of the model differences, our re-
sults also differ from those of Guo and Zhang (2012). In Guo and Zhang (2012), when
the deliberation cost is low, the firm offers a product menu to customers, and all cus-
tomers deliberate and make an informed purchase decision. In equilibrium, no cus-

tomers overpay for their chosen product. In our model, however, when the inspection
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cost is low, the firm may offer a low-preference customer a high price, and upon re-
ceiving a high price, a customer makes a no-brainer purchase with a positive proba-
bility. Thus, in equilibrium, some low-preference customers overpay for the product,
i.e., they pay a price that is higher than their valuation. Finally, we show that the firm
can be worse off with price discrimination, which extends the classic framework
(Wathieu and Bertini 2007; Guo and Zhang 2012) of uniform pricing under consumer

deliberation.

Overall, we extend the literature by examining the interactions among superior

knowledge, personalized pricing, and customer inspection.

3. The Model

In this section, we introduce a stylized model of price discrimination with superior
knowledge against customers who can engage in inspection. The model consists of a
monopolistic firm selling a product or service to a continuum of customers of unit
measure. Inthe model, customers have heterogeneous match values v; with the firm’s
product, which are either high (h) or low (I). The prior probability of a high match
value is @. We refer to customers with high and low match values as high-preference
and low-preference customers, respectively, and use i € {H, L} to denote customer i’s
type.2 The firm’s unit production cost is normalized to 0.> Both the firm and customers

are risk-neutral and maximize their expected payoff.

Information Structure

We assume that, while customers know their expected match value v = ah +

(1 — a)l, they are ex ante uninformed about their idiosyncratic shock and hence do not

* Our model also admits alternative interpretations. For example, while we assume that there
is a continuum of customers in the markets, our model also applies to markets with one or a
few customers (e.g., credence goods and business-to-business markets): in the model, a lawyer
only serves a few potential clients with heterogeneous needs for consultation services. In this
case, each customer’s value for the firm’s product or service is high with probability a and low
with probability 1 — a.

3 Our basic model implicitly assumes that the two types of customers are equally costly to serve.
In the Online Appendix C, we generalize the model to consider the case in which these types
of customers have difference service costs, and show that our main results will continue to hold.
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know their type or their preference for the firm’s product beyond its prior distribution.
To resolve her preference uncertainty, a customer must exert investigation efforts such
as searching for product information, recalling past experiences, simulating potential
product usage scenarios and consulting an expert. Customer inspection is considered
independent of rational inferences. We capture the time, effort, and resources custom-

ers spent on inspection with an inspection cost ¢ > 0.

In contrast to the customers, the firm knows both its product characteristics and
the states and/or preferences of individual customers (e.g., through its expertise or by
using data analytics) and can determine the customers’ expected match value v and
their idiosyncratic shocks, and hence knows their match value with the product. We
assume that the marginal cost for the firm to profile individual customers is negligible.
The firm can then offer each customer a personalized price p; according to her match

value v; through tools such as targeted coupons.*
Timeline

The model unfolds in four stages. In Stage 1, nature draws each customer’s
match value v; € {h, [}, which is perfectly observed by the firm but not by the custom-
ers. In Stage 2, the firm offers each customer a personalized price p; according to her
preference (i.e., match value). The firm may randomize its price offers; in this case, it
chooses the probability distribution of its price offer, and we use y(p;, v;) = Pr[p;|v;]
to denote the price distribution. In Stage 3, upon observing the personalized price from
the firm, customer i decides whether to inspect to find out her true preference by in-
curring an inspection cost. If she does not incur this expense, she remains uninformed
about her preference. The inspection decision can be random, in which case the cus-
tomer chooses the probability of an inspection effort upon observing the price. In this
case, we use A(p;) to denote a customer’s inspection probability upon receiving a price

p;. In Stage 4, based on the inspection outcome, if she chooses to inspect, the customer

4 In our stylized model, the firm perfectly learns customer preferences from customer data.
However, in practice, algorithms are not always perfect and may misclassify customer types,
i.e., they can misclassify a high-preference (low-preference) customer as a low-preference
(high-preference) customer. Our results remain qualitatively robust when the firm’s profiling
technology is imperfect. See Section 7.1 for details.
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decides whether to make a purchase. We assume that when a customer is indifferent

about whether to make a purchase, she always purchases.
4. A No Superior Knowledge Benchmark

Before solving the model, consider a benchmark scenario in which the firm does not
have superior knowledge about customer preferences (e.g., the firm does not collect
customer data) and, thus, cannot price-discriminate against them. In this case, the firm
offers all customers a uniform price p, which cannot convey any information about
customer preferences. This benchmark also captures the scenario in which price dis-
crimination is banned such that the firm is forced to offer a uniform price to all cus-
tomers, even when it has superior knowledge of customer preference. Since the case
with uniform pricing has been examined in earlier literature (Wathieu and Bertini 2007,

Li et al. 2019), we only briefly illustrate the reasoning as follows.

First, the equilibrium price must satisfy | < p < h. Now, consider the custom-
ers’ decision problem: Upon observing the price p, the customer who does not inspect
maintains her expected valuation ¥ = ah + (1 — a)! for the firm’s product and makes
a purchase if and only if ¥ > p. If the customer makes a no-brainer purchase (i.e., buy

the product without inspection), her expected surplus is
CSN =7v - p.

If the customer chooses to inspect, she makes a purchase if and only if her
match value with the firm’s product is high. In this case, the customer’s expected sur-

plus is
CS; =—c+alh—p).

The customer then compares CS; against CSy and the outside option, which we
normalize to zero without loss of generality, and decides whether or not to inspect.
That is, when CS; = CSy and CS; = 0, the customer inspects and makes a purchase
when her preference is high; when CSy > CS; and CSy > 0, the customer makes a no-

brainer purchase. Finally, when CS; < 0,CSy < 0, the customer neither inspects nor
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purchases (i.e.,, no-brainer no-purchase). Summarizing the customer’s decision, we

generate the following lemma.

Lemma 1. Consider the no superior knowledge benchmark. If p < min (l + ﬁ ah +
(1- a)l), all customers make no-brainer purchases. If | + i <p<h- 2, all customers in-

spect and make a purchase when their preferences are high. If max (ah +(1-a),h— i) <

p, all customers make no-brainer no-purchases.

Lemma 1 suggests that customers’ purchasing decisions hinge on the price and
inspection cost. When the price is low enough, customers make no-brainer purchases
because the benefit of inspection is outweighed by its cost. Similarly, when the price is
high enough, customers reject purchase without inspection. Finally, when the price is
moderate, customers inspect to make a more informed purchasing decision. Note that
this condition exists only if ¢ < a(1 — a)(h — 1). Otherwise, when the inspection cost

is excessive, customers never inspect regardless of the price offered by the firm.

Consider now the firm’s pricing decision. It either charges a price higher than
the a priori expected value, which we call a transgressive price, to induce high-preference
customers’ inspection, or charges customers a price lower than the a priori expected
value, which we call a regressive price, to induce all customers to make no-brainer pur-

chases.

By Lemma 1, the firm solves the following optimization problem with a trans-

gressive price:
max m=ap
subjectto | + — <p < h—=.
1-a a

By contrast, the firm solves the following optimization problem with a regres-

sive price:
max T =p

subject to p < min (l +i,ah +(1- a)l).
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With a static comparison between the above pricing strategies, we obtain the

following proposition.

Proposition 1. The equilibrium prices, firm profits and customer surplus under no superior

knowledge benchmark are presented in Table 1:

Table 1: Equilibrium Strategies under the No Superior Knowledge Benchmark

c<c c<c<c c<c
Price P I ah+ (1—a)l
a 1-a
Firm profit ah—c 14 © ah+ (1 —a)l
1-a
Customer surplus 0 alh—1) — ¢ 0
1-a
Note: ¢ = M,E =a(l—-a)(h-1D.

2—a

Figure 1 illustrates the equilibrium price under this benchmark. As can be seen,
the equilibrium price is nonmonotone with the inspection cost c. When the inspection
cost is low (c < ¢), the firm offers a transgressive price to customers and induces cus-
tomer inspections. Within this regime, the equilibrium price decreases with ¢ because
the firm has to undercut its price to compensate for customers’ increased efforts. When
the inspection cost is moderate (¢ < ¢ < ¢), the inspection cost is too high for the firm
to induce customer inspection. As such, the firm charges all customers a regressive
price to prevent them from inspection. As the inspection cost increases, the firm has
less incentives to distort its price for no-brainer purchases. As a result, the equilibrium
price increases accordingly. Finally, when inspection cost is high enough (¢ < c¢), in-
spection is no longer a viable option to customers, who then never inspect regardless
of the price that the firm offers. In this case, the firm charges customers their expected
willingness to pay and maximizes its profit. The equilibrium price is constant with the

inspection cost.

In equilibrium, customers make a positive gain only when the inspection cost

is moderate (¢ < ¢ < ¢). Within this regime, the firm sets a regressive price to persuade
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customers into making no-brainer purchases. As such, customers uniformly enjoy the

low price and positive surplus.®

p
" \
c
p=h—— |
[ -i __________________ i
i | p=ah+(1-all
v | ;
—«| Do p=l4+—— |
Z2—a : p 1_ |
0 |
o — -
0 —~ c ~ c c
Transgressive ~  Regressive
Price Price

Figure 1. Equilibrium Prices in the No Superior Knowledge Benchmark

5. Model Analysis

In this section, we examine the scenario in which the firm has superior knowledge of
customer preference and can therefore tailor its price offers. Because customers must
incur an inspection cost to retrieve their valuation of a product, the firm enjoys an
information advantage over customers and may exploit this advantage through its
pricing. Thus, customers should interpret prices from the informed firm differently

from how they do in the previously explored benchmark.

Because a customer does not know her own preference ex ante, the model falls
into games of incomplete information, and we resort to a perfect Bayesian equilibrium
(PBE) as our solution concept. In a PBE, a customer forms rational expectation about

her preference for a product or service upon observing its price, which must be

5 We refer readers to Wathieu and Bertini (2007) for a detailed discussion of equilibrium strat-
egies that exist when the firm does not have additional information about customer preferences.
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consistent with the equilibrium type along the equilibrium path. Given the customer’s
belief, the firm acts optimally. Because it does not place any restrictions on beliefs off
the equilibrium path, a PBE often suffers from a plethora of equilibria. To pin down
the equilibrium, we use the divinity criterion D1¢ (Banks and Sobel 1987; Cho and
Kreps 1987).

In the analysis, we use Q(p) = Pr[v; = h|p] to represent customers’ posterior
belief of their customer type being h when receiving price p from the firm. We use the
divinity criterion D1 as our equilibrium refinement criterion. Roughly speaking, di-
vinity criterion D1 requires a customer to disbelieve that a deviation is made by the
firm to some customer types that the firm gains less often (relative to its equilibrium
payoff) than to some other customer types; here, “gains less often” is evaluated by
looking at the set of off-equilibrium beliefs under which the firm gains from a certain

type of customer. By applying D1, we can pin down a unique equilibrium.”
5.1. Separating Equilibrium

We first explore the possibility for the firm to adopt a separating equilibrium. Consider
first the simplest case in which ¢ = 0: Here, both the firm and customers know the
customers’ match value, and the firm can easily implement first-degree price discrim-
ination, offering high-preference customers the price py = h and low-preference cus-

tomers the price p;, = [.

But can the firm implement first-degree price discrimination under a positive
inspection cost? The answer is no. To understand this, let us assume the contrary: Say
there exists an equilibrium in which the firm charges high-preference customers py =
h and low-preference customers p, = . Upon observing the personalized price, the
customer should learn her type with certainty. That is, py implies that she is identified

as a high-preference customer, and p, convinces her of the low-preference type. In

¢ Using the intuitive criterion does not pin down the unique equilibrium in this instance.

7 In the analysis, we assume that @ > 1/2. When a < 1/2, some quantitative differences arise
in the equilibrium results, but the main insights remain qualitatively the same. We discuss the
case @ < 1/2 in the Online Appendix.
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either case, the customer updates her belief upon observing the price and makes a no-
brainer purchase. However, if such an unencumbered situation exists, the firm can
deviate and also give low-preference customers a higher price py. Low-preference cus-
tomers would then automatically believe themselves to be high-preference and make
no-brainer purchases at the higher price. Now, in equilibrium, rational customers will
not bend so easily: They will take the firm’s opportunistic incentive into account and
not purchase at the assumed prices. Thus, even if the firm has superior knowledge
about customer preferences, it can never implement first-degree price discrimination.
An equilibrium that allows so does not exist. We summarize this discussion in the

following lemma.

Lemma 2. For any positive inspection cost ¢ > 0, there does not exist an equilibrium in which

the firm implements first-degree price discrimination.

Does, then, a separating equilibrium in which the firm offers distinct prices to
different customer types exist? Proposition 2 further shows that no pure separating

equilibrium exists.

Proposition 2. For any positive inspection cost ¢ > 0, there does not exist a separating equi-

librium in which the firm offers different prices to different customer types.

While the detailed proof of Proposition 2 is provided in the appendix, its intu-
ition is as follows. Given the nature of a separating equilibrium, a customer can infer
her type perfectly from the price she receives, so she need not to expend efforts to
inspect. In other words, all customers will make the same purchasing decision upon
observing price p: A no-brainer purchase or a no-brainer no-purchase. In either case
the firm’s profit is the same across all customers, which does not sustain the single

crossing property of a separating equilibrium.

These analyses show that, even if the firm obtains superior knowledge of cus-
tomer preferences, it cannot fully take advantage of this information to price-discrim-
inate against customers, because the firm always has an opportunistic incentive to

abuse its information and trick low-preference customers into overpaying for its
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product. This behavior raises customers” suspicion and makes them reluctant to make

no-brainer purchases.
5.2. Pooling Equilibrium

In Section 5.1 we establish the nonexistence of a separating equilibrium when-
ever ¢ > 0. Now, we explore the existence of a pooling equilibrium in which the firm
offers the same price p to all customers. In such an equilibrium, the price does not con-
vey any information about customer type and, therefore, we have Q(p) = «, i.e., cus-
tomers maintain their prior belief upon receiving the equilibrium price. We relegate

the analysis to the appendix and present the equilibrium result in the following lemma.

Lemma 3. There exists a pooling equilibrium in which the firm charges price p to all customers,

and all customers make no-brainer purchases at this price, where

l+ﬁ ifc <,

p=
ah+ (1 —a)l otherwise.

Note that the equilibrium strategy described in Lemma 3 is identical to the re-
gressive pricing that was described under the no superior knowledge benchmark: The
firm offers all customers a low price such that they all, regardless of type, are willing
to make no-brainer purchases. There is, however, no equilibrium in which the firm
universally offers customers a transgressive price. This is because a low-preference
customer, upon inspection, will find out her true type and reject the high price. The
firm then has an incentive to deviate, offering this customer a lower price to induce

her to purchase.

While Lemma 3 establishes the existence of a pooling equilibrium over the en-
tire parameter space, it does not always survive the divinity criterion D1 (Banks and
Sobel 1987; Cho and Kreps 1987). The following proposition suggests that the pooling

equilibrium exists only when the inspection cost is sufficiently high.

19



Proposition 3. When ¢ < ¢ = a(1 — a)(h — 1), no pooling equilibrium survives the divinity
criterion D1. When ¢ = ¢, there exists an equilibrium that survives the divinity criterion D1

in which the firm chargesp = v = ah + (1 — a)l to all customers.

The proposition’s detailed analysis is relegated to the appendix; however, the

key intuition is as follows. When inspection cost is low, the firm can offer high-prefer-

h+1+y/(h—1)(h-1-4c)

2

ence customers p’ = — €, which is higher than the equilibrium pool-

ing price. Given this price, we can show that this deviation is more likely to be profit-
able for the firm when offered to high-preference customers, and less likely to be prof-
itable when offered to low-preference customers, where likelihood is evaluated at the
set of out-of-equilibrium beliefs that make the deviation profitable. According to D1,
customers must hold the belief that Q(p’) = 1, i.e., p’ is only offered to high-preference
customers, who are willing to make no-brainer purchases at p’. But this gives the firm
an incentive to deviate: therefore, the pooling equilibrium fails the D1 criterion when

the inspection cost is not high enough.
5.3. Semi-Separating Equilibrium

We showed that there does not exist a pure-strategy equilibrium when the inspection
cost is low. The intuition is that firm always has an opportunistic incentive to abuse its
information advantage and trick low-preference customers into overpaying for the
product, which then raise customer suspicion and affect their inspection strategy. Nev-
ertheless, the firm may partially price-discriminate against customers using a semi-
separating equilibrium. Thus, in this section, we analyze the existence of a semi-sepa-
rating equilibrium in which the firm sometimes honestly charges low-preference cus-
tomers according to their match value but, at others, exploits them with a high price.
We defer the detailed analysis to the appendix and present our results in the following

proposition. This equilibrium survives the divinity criterion D1.

Proposition 4. When ¢ < a(1 — a)(h — 1), there exists an equilibrium with two prices p,

and po, where

h+1+,/(h—=1)(h—1—-4c)
= po = l

2 )

1
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In equilibrium, the firm offers all high-preference customers price p, but randomizes its price
offer to low-preference customers: With probability y, it offers low-preference customers the

price p; and, with probability 1 —y, offers them the price p,y, where

a(h—l—Zc—w/(h—l)(h—l—4c))

‘}/:

2(1-a)c
Customers’ posterior belief is
1 4c .
.Q(p)= E<1+ ;1—E> 1fp2p1,
0 otherwise.

Upon observing price p;, the customer randomizes her inspection decision. With probability 2,
she inspects and makes a purchase if and only if her match value is high. With probability 1 —

A, she makes a no-brainer purchase, where

21l

T htl+f(h=-D(h—l—4c)

Upon observing the price po, the customer always makes a no-brainer purchase.

A=1

Figure 2 illustrates this mixed strategy equilibrium. In the equilibrium pre-
sented by Proposition 4, a high-preference customer is always charged a high price p;.
But the firm randomly charges a low-preference customer a low price p, with proba-
bility 1 — ¥ and tricks her into overpaying p; > po with probability y.®

Note that, if the firm tricks a low-preference customer with a high price, the
customer may inspect and then reject the price after finding out her true customer
type; if the firm honestly offers the customer a low price, the customer will always
make a purchase. Therefore, the firm must trade-off between a high purchase likeli-
hood and a high profit margin. In equilibrium, the firm is indifferent about which

strategy to choose and, thus, willing to mix.

8 In equilibrium, the firm may offer the same price to all low-preference customers. That is, with
probability y it offers all low-preference customers the price p;, and with probability 1 — v, it
offers all low-preference customers the price p,.

21



Informed Firm

Identify Identify

1-9)

Figure 2. Game Tree of the Semi-Separating Equilibrium

Next, consider the customers’ strategic choice. Upon observing a low price p,,
the customer knows with certainty that her match value is low and, given that py = [,
she is willing to make a no-brainer purchase. Upon observing a high price p;, however,
the customer becomes uncertain about her preference and may either inspect to make
an informed purchase or save on the inspection cost to make a no-brainer purchase.
Given the firm’s pricing strategy, the customer is also indifferent about which of her
two strategies to select and willing to mix.°

Note p; < hin equilibrium; that is, the firm distorts the high price down and,
thus, cannot fully extract its high-preference customers” value. The intuition is as fol-
lows: Given that the firm cannot help but to opportunistically trick low-preference
customers into overpaying for its product, the customer becomes suspicious about her
preference upon receiving py, i.e., Q(p;) < 1. Then, the customer inspects with a posi-
tive probability, forcing the firm to distort the price down to compensate for the cus-

tomers’ inspection cost.

9 The result that customers randomize their inspection decision hinges on the stylized assump-
tion that all customers have the same inspection cost, and that inspection is a binary decision.
Alternatively, customers may reduce inspection efforts by choosing imperfect inspection rather
than random inspection if the cost function is continuous. Please see Online Appendix A for
details.
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Figure 3. Equilibrium Strategies in the Mixed-strategy Equilibrium

Figure 3 illustrates equilibrium pricing strategies and customers’ inspection
decision. As can be seen from the figure, y increases with the inspection cost, implying
that, as the inspection cost increases, the firm tricks low-preference customers more
frequently. This is because a higher inspection cost makes it more difficult for low-
preference customers to discover their true preference, which gives the firm a stronger

incentive to exploit them.

On the other hand, the high price p; decreases with c because, as the inspection
cost increases, the firm tricks customers more often, raising customer suspicion about
the firm’s information abuse and reducing their willingness to pay when receiving a
high price. Therefore, the firm must undercut its price to compensate for the increased

inspection cost.
6. Discussion

Based on the analysis above, we found that, when ¢ < ¢ = a(1 — a)(h — [), the equi-
librium is a semi-separating equilibrium in which the firm randomizes its price offers
to low-preference customers. When ¢ > ¢, however, the equilibrium is a pooling equi-
librium in which the firm charges all customers their expected willingness to pay v =
ah + (1 — a)l, and all customers make no-brainer purchases. In this section, we inves-

tigate how a firm’s superior knowledge affects its profit, customer surplus, and social
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welfare, and discuss whether price discrimination and/or data collection should be

regulated.
6.1. Firm Profit

First, we calculate the firm’s equilibrium profit and come up with the following prop-

osition.

Proposition 5. In equilibrium, the firm’s profit is

(ht1+f-Dh-1-20)+(1-a)l ifc<g,
ah+ (1 —a)l otherwise.

The firm’s profit decreases with the inspection cost when ¢ < ¢, jumps discontinuously at ¢ =

¢, and then becomes constant with c.

The intuition for Proposition 5 is as follows. When ¢ < ¢, the firm adopts a
semi-separating equilibrium in which the firm’s profit decreases with ¢ because it
bears indirect costs that accompany its superior knowledge of customer preferences.
Customers take the firm’s opportunistic incentive to trick low-preference customers
into account and, upon receiving a high price, inspect with a positive probability. As
such, the firm must distort the thought-provoking price p; down to compensate for

customers’ increased inspection cost, which works to the firm’s detriment.

When ¢ > ¢, the inspection cost is so high that the firm cannot afford to trick
customers and, as a result, forgoes its superior information and charges all customers
a uniform price that equals their expected willingness to pay. Given the high inspec-
tion cost, all customers make no-brainer purchases and the firm’s profit is maximized.
The discontinuity at ¢ = ¢ showcases the firm’s regime switch between the two strate-

gies.

Then, does the firm actually benefit from its superior knowledge of customer
preferences? To address this question, we compare the firm’s profit with its profit un-
der the no superior knowledge benchmark. The results are summarized in the follow-

ing proposition.
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Proposition 6. The firm can be worse off with its superior knowledge when the inspection cost

is moderate, i.e., (1 —a+a?)c<c< C.

Figure 4 illustrates the profitability of superior knowledge, where the dashed
line represents the firm’s profit under the no superior knowledge benchmark (%), and
the solid line represents the firm’s profit with superior knowledge (). When ¢ <
(1 — a+ a?)c, the firm is better off with superior knowledge since it can take ad-
vantage of the superior knowledge to better price-discriminate against customers.
Even though the firm must distort the thought-provoking price down to compensate
for customers’ inspection cost, this effect is dominated by the boons of price discrimi-
nation.

The more interesting case lies within (1 — @ + @?)¢ < ¢ < ¢, the shaded area in
Figure 4. Within this regime, the firm is worse off with superior knowledge because
its opportunistic incentive to abuse its information advantage raises customer suspi-
cion, which encourages inspection and forces the firm to distort its prices to compen-
sate for customers’ efforts. Within this range, the price distortion is so severe that it
offsets the benefits of price-discriminating and leaves the firm, though more knowl-

edgeable, ultimately worse off.

m

—E o jI—I+
ah+ (1 —a)l = +5(J(h—£)(h—l—4c))

a
aht. s
l .
- #

Figure 4. Profitability of Superior Knowledge

25



Finally, when ¢ > ¢, the inspection cost is so high that inspection is prohibitive
for customers, and the firm always offers customers a uniform price regardless of
whether or not it has superior knowledge. Therefore, superior knowledge has no effect
on the firm’s profit. These results defy conventional wisdom, which suggests that a
price-discriminating firm always benefits from its superior knowledge (Xu and Dukes
2021) and suggest that superior knowledge may backfire on profits under customer

inspection.
6.2. Customer Surplus and Social Welfare

We now assess the effect that pricing with superior knowledge has on customer sur-
plus. First, consider the case in which ¢ < c: Within this regime, the firm offers two
prices to customers, p; > po = l. Only low-preference customers receive the low price
po, and each enjoys a surplus of CS; = Q(pe)h + (1 — Q(py))l — po = 0. For customers

who receive a high price p;, their expected surplus is

QpDh+ (1 —Qp))l—py = —c + Qp)(h—py) = 0.

In either case, customers break even. Second, consider the case in which ¢ > ¢:
All customers receive the same price, equal to their expected willingness to pay. Cus-
tomers break even again. Comparing these results to that of the no superior knowledge

benchmark, we derive the following proposition.

Proposition 7. Under price discrimination with superior knowledge, customer surplus is al-
ways zero. Relative to the no-superior-knowledge benchmark, personalized pricing harms cus-

tomers on average when ¢ < ¢ <.

We have already shown that the firm cannot fully extract customer value when
the inspection cost is low as it must inevitably distort its price p; down such that p; <
h. Nonetheless, customers do not benefit from the firm’s price discrimination because

the gain from the price distortion is fully offset by the inspection cost that they incur.1

10 In equilibrium, the expected payoff of a low-preference customer is negative while that of a
high-preference customer is positive. Nonetheless, combining these two cases, customers’ ex-
pected payoff is zero.
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Figure 5 illustrates the effects of pricing with superior knowledge on the firm
and its customers. Specifically, when a is large and the inspection cost is low (as de-
picted in Region I), superior knowledge benefits the firm without affecting customers.
This is because superior knowledge allows the firm to expand its market to incorporate
low-preference customers, who are uncovered without superior knowledge. This re-
flects the most highly touted benefit of price discrimination. When ¢ <c¢ <
(1 — a + a?)¢ (as depicted in Region II), superior knowledge benefits the firm at the
expense of customers. This is because such superior knowledge allows the firm to bet-
ter appropriate customers with refined price-discrimination efforts and, because the
inspection cost is low, the cost of customer suspicion is also low. When
(1 —a+ a?)c < ¢ <t (as depicted in Region III), superior knowledge leads to a lose-
lose outcome. On the one hand, the firm is worse off because the cost of customer
suspicion offsets the benefit of price discriminating. On the other hand, customers are
worse off because the firm appropriates customers through refined price discrimina-
tion. Finally, when ¢ < c (as depicted in Region IV), the inspection cost is so high that

the collection of customer data has no effects on the firm or its customers.

Region IV:
No effect on Both
Firm and Customer _
[
Region IIT:
Lose-Lose

[1—a(l—a)lc

Region II:
Benefits Firm but
harms Customers

Region I:
Benefits Firm and Does
Not harm Customers

0 I/h 1

Figure 5. The Effects of Superior Knowledge on the Firm and Customers

The following proposition sheds light on total social welfare, which is the sum

of customer surplus and firm profit.
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Proposition 8. Pricing with superior knowledge improves social welfare when ¢ < ¢ but can

hurt social welfare when ¢ < ¢ < c. It has no effect on social welfare when ¢ > c.

When ¢ < ¢, pricing with superior knowledge improves social welfare
through market expansion: Without superior knowledge, the firm forgoes low-prefer-
ence customers and focuses exclusively on gaining high-preference customers. Supe-
rior knowledge allows the firm to expand the market and obtain some low-preference
customers who are otherwise uncovered. When ¢ < ¢ < ¢, superior knowledge can
hurt social welfare because (1) a deadweight loss is incurred when customers inspect
and, (2) upon receiving a high-price, some customers will inspect and reject purchase
when they find out their low match value, thus reducing market transactions. Both

effects lead to a social loss.
6.3. Implications for Public Policy

Economists and public policymakers often adopt positive takes on the use of infor-
mation technologies and data analytics for price discrimination. Such strategies not
only expand “the size of the market by charging more to those willing to pay and less
to those who are not” (Furman and Simcoe 2015) but also help firms better meet their
customers’ needs, interests, and priorities (Oxera 2017). This is why public policymak-
ers often support certain degrees of data collection and price discrimination. In the
United States, any form of price discrimination is legal so long as the basis of discrim-
ination is not race, religion, national origin, gender, and the like (Ramasastry 2005).
Nevertheless, customer advocates often worry that data analytics and price discrimi-
nation “transfer value from customers to shareholders, which generally leads to an
increase in inequality and can therefore be inefficient from a utilitarian standpoint”
(Furman and Simcoe 2015). As such, ongoing debates probe whether or not data col-
lection and price discrimination should be regulated by policymakers through
measures such as increasing data protection or prohibiting this practice altogether

(Bar-Gill 2019).

We find that, consistent with common wisdom, price discrimination with su-

perior knowledge does expand the market and improve social efficiency when the
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inspection cost is low. However, this is not necessarily true when the inspection cost
is moderate, as exemplified by Proposition 8. Within this regime, superior knowledge
can be used by firms to set severely opportunistic prices, which raises excessive cus-
tomer suspicion. This reduces the market size by deterring some low-preference cus-

tomers and hurts firm profits.

Our results inform public policymakers that price discrimination with superior
knowledge can lead to unintended consequences for firms, customers, and social wel-
fare alike and, thus, taking a stronger stance against its overuse (e.g., banning) may
lead to a win-win outcome. Our results also suggest that firms may not always take a
negative view of the restrictions placed on data collection used for price discriminating.
Instead, they should support these restrictions when the inspection cost is moderate

as a way to protect their profits.

It is worthwhile to mention that, when price discrimination is legal and cus-
tomers do not observe a firm’s information acquisition efforts (which is typical practice
as presented in Li et al. 2020), the firm will have a commitment problem. In other
words, the firm would be better off if it can commit to not colleting and using superior
knowledge when setting its prices but, without this commitment power, it cannot help
but to secretly collect superior knowledge and use it for price discrimination; Fuden-
berg and Villas-Boas (2006) and Li et al. (2020) offered detailed discussions on this
issue. Given that firms cannot refrain from price discriminating with superior

knowledge, public policy is required to restore market efficiency.
7. Model Generalizations

The basic model studies a scenario in which the firm has perfect information about
customers’ match values, and offers customers personalized prices accordingly. In this
section, we extend the basic model in two directions. In Section 7.1, we allow the firm’s
superior information to be imperfect by assuming that the firm receives noisy signals
about customer preferences. In Section 7.2, we incorporate the design of product qual-
ity into the firm'’s strategy space, which helps expand the scope of our analysis beyond

personalized pricing framework.
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7.1. Firm’s Information is Imperfect

The basic model assumes that the firm’s superior knowledge is perfect, i.e., the firm
identifies the customers” match values perfectly. However, in practice, the firm’s in-
formation is often noisy and imperfect due to insufficient behavioral data or imperfect
data-analytics algorithms. To capture this scenario, we extend the basic model by stud-

ying the equilibrium outcome when the firm’s superior knowledge is imperfect.

Consider the following model. The firm receives a signal s; € {k, [} about the

match value of customer i that follows the following distribution:
Pr[h|h] = Pr[l|i] = B, Pr[l|h] = Pr[A]]] =1 - 8.

where B € [1/2,1] captures the reliability of the firm’s superior knowledge, and a
higher value of  implies that the firm’s superior knowledge is more reliable. In the
extreme case of f = 1/2, the firm’s superior knowledge is completely unreliable, i.e.,
it has no improvement over the prior; in the extreme case of f = 1, the firm’s superior
knowledge is perfect, i.e., it reveals customer types with certainty. Figure 6 illustrates

the information structure of the game.

(1-p)

An Uninformed
Customer

1-p)
(1-a) B

Figure 6: Information Structure of the Game

In the basic model, we show that when the inspection cost is not excessively
high, a mixed-strategy equilibrium exists in which the firm randomizes its pricing of-

fers to low-preference customers. In this extension, we show that a similar semi-
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separating equilibrium exists when customers’ inspection cost is moderate. Details of

the analysis is relegated to Appendix B.

Proposition 9. For intermediary regions of inspection cost ¢ € (

;::Z (eph — l),E] , there ex-

ists a semi-separating equilibrium with two prices p; and po, where

__ h+l+y(h=1)(h-1—-4c) _a(1-ph+(1-a)pl — =1 _ af
P1= 2 »Po = i praap 1 T Pr{h|R] = ap+(1-a)(1-B)

In equilibrium, the firm offers all high-signal customers (i.e., customers with a signal h) price
p1 but randomizes its price offers to low-signal customers: With probability y, it offers low-

signal customers price p1, and with probability 1 — v, it offers them price p,, where

_ 2c(a+p-2ap)-(h-D(1-a)a+(1-a)a (28—-1)/(h—-1)(h—1-4c)
2c (a+pB-2aB)?2-2 (h-D(A1-a)a(1-B)B '

y=1

Upon observing price py, a customer randomizes her inspection decision. With probability A,
she inspects the product and makes a purchase if and only if her match value is high. With
probability 1 — A, she makes a no-brainer purchase. Upon observing the price po, she always
makes a no-brainer purchase. The inspection probability A upon observing p; is given by

1= (a+B-2aB)y/ (h-1)(h—1-4c)—(h-1D)(a—pB)
(1—a),8(h+l+\/(h—l)(h—l—4c)) '

Note that Proposition 4 is a special case of Proposition 9 when f = 1 and ey =
1. It is worth noting that when ¢ < ;:—Z:(eHh — 1), there may exist a pooling equilib-

rium in which the firm offers a uniform price to all customers.

Consider the following numerical example: @ = 0.5, =0.8,c =0.15,h =1
and [ = 0.2. In equilibrium, the firm will always offer a high-signal customer p; =
0.8828 and randomize its price offer to a low-signal customer. With probability y ~
9.1%, the firm tricks the customer by overcharging her p,, while with probability 1 —
Y = 90.9%, the firm offers the customer p, = 0.36. Upon receiving the low price p,, the
customer always makes a no-brainer purchase; however, when she receives the price
p1, she inspects the product with probability A = 68.75% and makes a no-brainer pur-

chase otherwise.
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For the impact of imperfect knowledge on firm profit, we present the following

proposition.

Proposition 10. Under the semi-separating equilibrium, the firm’s profit strictly decreases

with B, the reliability of the signal.

Proposition 10 suggests that the firm may prefer imperfect knowledge to per-
fect knowledge because as the firm’s signal becomes unreliable, the likelihood of false
positives and false negatives increases, and the relative difference between high-signal
and low-signal customers decreases. In this case outcome, the firm’s incentive to trick
customers also declines. In anticipation of this, customers inspect less often in equilib-
rium, and are more willing to make a no-brainer purchase upon observing a high price,

which saves on the deadweight loss of inspection and improves the firm’s profit.
7.2. Managing Customer Suspicion: Optimal Quality Decision

We found that, when pricing with superior knowledge, the firm often has opportun-
istic incentives to abuse its information advantage and trick low-preference customers
into overpaying for its product, which, in turn, raises customer suspicion and under-
mines pricing efficiency. In this section, we show that the firm can curb its opportun-
ism and alleviate customer suspicion by making optimal decisions regarding product

quality, assuming that price discrimination can be legally utilized.

Our basic model assumes an exogenous product quality to focus on the firm’s
pricing decision. In this section, we extend the model by letting the firm decide both
the quality of its product and its prices. Note that products of higher quality amplify
valuation uncertainty and raise the need for customer inspection. As such, we investi-
gate whether or not the firm can curb its opportunism and alleviate customer suspi-

cion through its product quality.

To examine these issues, we extend the main model to incorporate the firm’s
quality decision. Here, we define quality in the vertical sense (Moorthy 1984; Hu et al.
2015). First, we assume that the firm chooses from a closed interval [0, 1] of feasible
levels of product quality. The upper bound, § = 1, represents the limits of the firm’s
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production technology. The firm can choose to produce a full-quality product q = §
or an inferior product at any point of the interval. Second, at the point of purchase,
customers know the quality but are uncertain about their marginal valuation for this
quality; see Guo and Zhang (2012) and Li et al. (2019) for similar assumptions. We
assume that customers’ true valuations, measured by their marginal willingness to pay
for a product’s quality, are heterogeneous. Specifically, for a quality level g, the prod-
uct valuation is v; = 6;q, where 6;, customer i’s marginal willingness to pay for qual-
ity, follows the following two-point distribution:
h with probability a,

Bi =
l with probability 1 — a.

Multiplicative formulation is standard in the literature on vertical differentia-
tion (Moorthy 1984, Li et al. 2019). The basic model is, therefore, a special case in which
the firm offers a full-quality product, i.e., ¢ = 1. Third, as in the main model, customers
do not know but can find out the true value of 8; at an inspection cost c. The firm, by
contrast, can assess ; for each individual customer. Finally, to focus on the strategic
effect that customer suspicion has on the firm’s quality decision, we let the marginal
production cost for quality equal zero. We allow this to show that, even when the con-
cern for production costs is absent, the firm may not choose the highest quality for its
product as not to raise customer suspicion. Our results hold when a high-quality prod-

uct is more costly to produce.

We add a stage 0 to the basic model in which the firm chooses the product
quality, q € [0,1]. The remainder of the game is unchanged. The following proposition

speaks to the firm’s optimal quality decisions.

Proposition 11. There exists ¢y < c such that the firm strictly prefers an inferior product

when cy < c < c.

Figure 7 illustrates the firm’s optimal product quality. As can be seen, with
moderate inspection costs, the firm offers an inferior quality product, as depicted by

the shaded area, even if a higher quality product is no more costly to produce.
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Figure 7. The Optimal Product Quality with the Inspection Cost

But why would the firm prefer to offer an inferior product? The intuition is as
follows. When quality is lowered, customer valuation is lowered along with the cus-
tomers’ benefits in finding out their preferences. In other words, the “quality-adjusted

. . c . . . . . .
inspection cost,” o Increases as q decreases. When this quality-adjusted inspection

cost is high enough, customers never inspect regardless of the price the firm offers,
and the resulting equilibrium will be the single-price pooling equilibrium that pre-
vents the firm from acting opportunistically. Thus, quality distortion reduces customer
value as well as eliminates customer suspicion. Within a certain range, the benefit of
eliminating customer suspicion dominates the cost of decreasing customer value, and

the firm is better off offering an inferior product.

Interestingly, because customer surplus is always zero, social welfare is always
equal to firm profits; therefore, we conclude that offering an inferior product can also
improve social efficiency. Even though the inferior product decreases customer value,
it eliminates the inspection cost, a deadweight loss that would otherwise be incurred

by customers.
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8. Concluding Remarks

In many markets such as credence goods and dating services, a firm knows both its
product characteristics and customers’ needs, and can accurately assess their match
values for its product and tailor its price offers accordingly. Customers, on the other
hand, may not know their own preference for the firm’s product, and must invest in

costly inspection efforts to find out if they are subject to exploitation.

This paper investigated a scenario in which a firm has superior knowledge
about customer preferences, which customers themselves must find out through costly
inspection efforts. We developed and analyzed a model in which the firm, using its
superior knowledge of customer preferences, price-discriminates against customers
who may invest in inspection to find out their true valuation of a product and willing-
ness to pay a certain price. We find that customer inspection has substantial effects on
the firm’s equilibrium pricing strategy. To review our main findings, we return to the

research questions we established at the start of this work.

How should a firm take advantage of its superior knowledge to price discriminate
against customers? Upon observing a personalized price, will the customer trust the

firm and make a no-brainer purchase of its product?

On the surface, it seems that a firm can fully exercise its information advantage
to implement first-degree price discrimination against its customers and reap the en-
tire customer value. Our analysis reveals, however, that this assumption does not al-
ways hold. With a positive inspection cost, the firm always has an opportunistic in-
centive to trick low-preference customers into overpaying for its product, which raises
suspicions among savvy customers. This suspicion leads them to incur an inspection
cost that would be avoided if the firm were not capable of personalized pricing.
Though the firm could simply stick with uninform pricing, such a pooling equilibrium
does not survive the D1 criterion unless the inspection cost is sufficiently high. As a
result, the firm must distort its prices to compensate for inspection efforts and thus
cannot fully extract customer surpluses. In equilibrium, when the inspection cost is

not too high, the firm uses a semi-separating equilibrium: It always charges high-
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preference customers a high price but randomizes its price offers to low-preference
customers, i.e., the firm sometimes charges an honest, low price but, at other times,
tricks low-preference customers into overpaying a higher price. Faced with the high
price, customers remain uncertain about their actual preference and inspect with pos-

itive probabilities.

How does the cost of inspection affect the firm and its customers? Should policymak-
ers regulate data collection and price discrimination to protect customers and social

welfare?

We compared equilibrium outcomes with and without the firms’ superior
knowledge and price discrimination and found that, when the inspection cost is low,
the firm does benefit from its superior knowledge. When the inspection cost is mod-
erate, however, customer suspicion is too severe that the firm has to distort its price
significantly to compensate for customers’ inspection costs, and such a distorted price
leaves the firm worse off. In addition, the ex-ante customer surplus can also be
(weakly) worse off when the firm uses price discrimination, which implies that this
strategy can lead to a “lose-lose” situation. Our findings defy the belief that superior
information always benefits a firm and that price discrimination improves social effi-
ciency through increased market coverage. Our findings also suggest that banning
data collection and price discrimination may not only benefit customers but also firms
and society as a whole. As such, public policymakers should take a stronger stance

against data collection and price discrimination.

How can a firm manage customer inspections and improve profits through decisions

other than prices?

Firms may want to curb their opportunistic tendency to alleviate customer sus-
picion and improve profits. We extended our model by allowing the firm to choose
the quality of its product and found that, even if a higher-quality productis costless to
produce, the firm may intentionally select a product of inferior quality. By offering a
low-quality product, the quality-adjusted inspection cost increases, thus preventing

customers from inspecting and ultimately benefiting the firm.
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Our results, of course, are not the final say on price discrimination with supe-
rior knowledge. Instead, we see this concept and practice as an exciting new avenue
for future research and believe our research can be extended in several directions. First,
the current model only examines situations with a monopolist firm. Future studies
may analyze an oligopolistic market in which multiple firms collect customer data to
obtain superior knowledge and tailor offers. It may also be interesting to examine the
effect of price discrimination under customer inspection in an anti-trust framework.
Second, our stylized model focuses on the use of superior knowledge for price dis-
crimination. In practice, firms commonly use superior knowledge to make non-price
decisions such as recommending specific products to certain customers or garnering
prospective customers with targeted ads. Future works may examine other implica-
tions of using superior knowledge to communicate with uninformed customers via
innovative mechanisms. Third, customer attitudes towards price discrimination can
significantly affect the spread of its practice. In our model, we assume that all custom-
ers are rational and risk neutral. But, in reality, behavioral factors such as concerns for
distributional as well as peer-induced fairness may arise within the strategic interac-
tions between a data-collecting firm and its inspecting customers as well as among
customers themselves (Guo and Jiang 2016; Li and Jain 2016). Therefore, we view our
research only as a rational cross-section of complex processes that involve both behav-

ioral attitudes and rational information communication.
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Appendix

A. Equilibrium Characterization
A.1. Analysis of Semi-Separating Equilibrium.

We now characterize the semi-separating equilibrium in which the firm sometimes offers the

same price to both customer types but, at other times, offers different prices to the two customer

types.

To facilitate our analysis, we first introduce the term “thought-provoking price”.

Definition 1. A price p is called a thought-provoking price if and only if at this price, customers

inspect with positive probabilities.

In other words, at a thought-provoking price, at least some customers are willing to inspect.

We next prove the following auxiliary lemma to facilitate our analysis.

Lemma A1. At any thought-provoking price, customers either inspect (and make purchases when their

types are high) or make no-brainer purchases.

Proof of Lemma A1l. Assume for contradiction that there exists a thought-provoking price p
such thatp > Q(p)h + (1 - Q(p))l. Consider a low-preference customer. Then, faced with price
p, the customer either makes a no-brainer no-purchase, or inspects and rejects purchase. In
either case, the low-preference customer does not purchase. This is clearly suboptimal for the
firm because it can charge p = [ to the low-preference customer and make a positive profit from
her. Following this logic, this price can only be offered to high-preference customers. However,
given this price is only offered to high-preference customers, we must have that Q(p) = 1, and
no customers will inspect upon receiving price p. This contradicts the assumption that p is a

thought-provoking price.

According to the analysis above, we know that all thought-provoking price must sat-
isfy that p < Q(p)h + (1 — Q(p))l. With this property, a customer will either inspect or make a

no-brainer purchase, which proves the lemma. Q.E.D.
Next, we prove the second auxiliary lemma.

Lemma A2. In any equilibrium, there is at most one thought-provoking price.
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Proof of Lemma A2. Note first that a though-provoking price is charged to at least some of
high-preference customers. Otherwise, customers know that they are low-preference custom-
ers when receiving the price and will not inspect, which contradicts the definition of thought-

provoking price.

Now, assume for contradiction that there exist two thought-provoking prices p; and
p, such that p; > p,. Then, following Lemma A1, a high-preference customer will always make
a purchase at these prices (regardless of whether or not she inspects). Suppose that the firm
offers price p, to a high-preference customer i, then the firm will make a profit p, from this
customer. However, if the firm deviates and offers this customer price p;, the customer will
still make a purchase and the firm can make a profit p; > p, from her. Therefore, the firm will

never offer price p, to a high-preference customer, a contradiction. Q.E.D.
Finally, we prove the third auxiliary lemma.

Lemma A3. In any equilibrium, there exists at most one price at which all customers make no-brainer

purchases.

Proof of Lemma A3. Assume for contradiction that there exist two equilibrium prices p; and
p, at which all customers are willing to make no-brainer purchases, p; > p,. Consider a cus-
tomer who receives price p,. Clearly, the firm can improve its profit by offering this customer

price p; and still having her make a no-brainer purchase, a contradiction. Q.E.D.

Now we move on to analyze the semi-separating equilibrium. With the above three auxiliary
lemmas, we can show immediately that in a semi-separating equilibrium, there exist exactly
two unique prices: a thought-provoking price p; and an inspection-prevention price p, at

which customers make no-brainer purchases.

Moreover, the prices satisfy that p; > p,. Otherwise, the firm can improve profit by
offering all customers price p,. In equilibrium, all high-preference customers must be offered
the thought-provoking price p;. This is because when offered this price, high-preference cus-
tomers will either inspect or make no-brainer purchases; in either case they will end up pur-

chasing the product. Therefore, the firm has no incentive to offer them the low price p,.

With the above analysis, we know that in equilibrium, all high-preference customers
are offered price p;, while some low-preference customers are offered price p; and other low-

preference customers are offered price p,. Let y denote the fraction of low-preference
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customers that receive the thought-provoking price p,. Applying the Bayes’ rule, we obtain the

posterior beliefs as follows.

Qp,) = , Qpy) = 0.

a
a+(1—-a)y

Suppose that given the thought-provoking price p,, a customer inspects with probabil-

ity 2. We now characterize the key parameters p;, py, y and A.

First, the firm’s willingness to randomize implies that it must be indifferent about of-

fering a low-preference customer price p; and p,. This leads to
(1 —Dp1 =po.
Second, customers” willingness to make no-brainer purchases at p, implies that
Q(po)h + (1 - Q(po))l 2 Po-

Third, customers’ willingness to make no-brainer purchases at p; implies that

QpDh + (1 - Qp))l = p,.

Fourth, at the thought-provoking price, a customer must be indifferent about whether

to inspect. This yields that

Q(p;)h + (1 - Q(P1))l —p1 = —c+ Q) (h —py).

The firm’s equilibrium profit is m = ap; + (1 — @)p,. This is because all high-prefer-
ence customers receive price p; and make purchases; as for low-preference customers, the
firm’s willingness to randomize implies the firm gets a profit of p, from each of them. Solving

for the equilibrium strategies we obtain the followings:

h+ 1+ (h=Dh—1—40)
p1= 2 ) pozl,

and

a(h—1-2c—(h=D(h—1-40))

A= 2(1-a)c

Note that in the semi-separating equilibrium, we must have that 0 < A < 1. This is
translated into ¢ < a(1 — a)(h — ). Otherwise, when the inspection cost is large, no semi-sep-

arating equilibrium exists.
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A.2. Analysis of Pooling Equilibrium.

In a pooling equilibrium, the firm offers a single price p to all customers. Because the equilib-
rium is pooling, customers’ belief must be Q(p) = a. Following Lemmas A2 and A3, we know
that in a single-price equilibrium, the firm either offers a price that induces no-brainer pur-
chases or offers a though-provoking price. Consider first the case in which the firm offers a

price that induces no-brainer purchases.

The individual rationality constraint states that customers must be willing to make a

purchase:
ah+ (1 —-a)l=p.

The incentive compatibility constraint says that customers must not be willing to in-

spect:
ah+ (1 —-a)l—-p=alh—p)—c.

The firm’s profit in this case is = p. Simple algebra suggests that the firm optimally

charges the following price:

, if c<a(l—a)(h—1D),
p= 1—-«a
ah+ (1 - a)l, otherwise.

Next, suppose that the firm charges a thought-provoking price. According to Lemma

Al, customers must be willing to make no-brainer purchases at this price, i.e.,
ah+ (1 —a)l=p.

Moreover, according to the definition of thought-provoking price, customers must be

indifferent about whether or not to inspect, which suggests that
ah+(1—-a)l—p=alh—p)—c.

Simple calculation shows that such an equilibrium, if existent, is dominated by the

pooling equilibrium described above.
A.3. Equilibrium Refinement.

Following the discussion above, we know that when ¢ < ¢ = a(1 — a)(h — ), there exist a two-
price semi-separating equilibrium and a single-price pooling equilibrium. We now prove that

the single-price pooling equilibrium fails the divinity criterion D1.
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Suppose that there exists an equilibrium in which the firm offers both types of custom-
ers a single pricep* =1 + i Now, consider an out-of-equilibrium pricep > p* > . Letw =

Pr(v; = h|p) be the customers’ posterior out-of-equilibrium belief upon observing p.

For low-preference customers, the firm weakly prefers to deviate to p if and only if

they make no-brainer purchases when receiving price p, which translates to w € Q;, where

o= o572
L, = |max o—rh=1)1

Note that given w € Q;, a customer will make a no-brainer purchase, and the firm’s profit from

that customer isp > p*.

Consider next a high-preference customer. The firm strictly prefers to deviate to p

when w € Qy, where

2, =(—.1|
H — h _ p ) .
Note that given w € Qy, the customer either makes a no-brainer purchase, or inspects

and makes an informed purchase (because the customer’s type is high). In either case the firm'’s

profitisp > p*.

h+l+y/ (h—1)(h—1—-4c)

Now letp = .

— € for some small positive € > 0. It can be shown that
whenever ¢ < a(1 — a)(h — ), we have (1) p > p* and (2) Q; € Qy. Then, according to D1, cus-
tomers’ belief must be Q(p) = 1. However, given Q(p) = 1, the firm strictly prefers to offer

high-preference customers price p instead of p*, a contradiction. Therefore, the single-price

pooling equilibrium fails the D1 criterion whenever ¢ < a(1 — a)(H — L).

B. Proofs of Lemmas and Propositions

Proof of Lemma 1. Customers make no-brainer purchases whenever CSy > max(CS5;, 0), which
translates to p < min (l + i, ah+ (1 - a)l). Customers make no-brainer no-purchases

whenever CS; < 0,CSy < 0, which translates to max (h —2 ,ah+ (1 — a)l) < p. Finally, cus-

tomers inspect the product in other cases, i.e., when [ + ﬁ <p<h- 2 Q.E.D.

45



Proof of Proposition 1: Following the earlier discussions, the firm’s optimization problem is to

set a uniform price p to maximize = = a X p, subject to | + i <p<h- g, or to maximize w =

p, subject to p < min (l + fa ah+ (1 - a)l). By Lemma 1, it suffices to discuss two situations:

(1) If +1%a <h —5, or equivalently, ¢ < ¢ = a(1 —a)(h — 1), then min (l + ﬁ,ah +(1-

a)l) =1+ ﬁ The firm needs to compare the maximum profits from either strategy: p* = h —

%, we must have

Sandp* =1 +—. Sincea(h—s) > | +——is equivalent toc < ¢ =
a 1-a a 1-a -
p* =h—§ifc<g,andp* =l+ﬁif§§c <E.Theprofitsarethenah—candl+é,respec-

tively. The total customer surplus is zero when p* = h — 2, because CS; = 0. And whenp* =

[+ CSy=ah+A-a)l—p" =ath—) - —.

2)Ifi+ 1%“ =>h-— i, which is equivalent to ¢ = ¢, then by Lemma 1, customers never inspect

since CS; < max(CSy, 0). In this case, the firm can charge a price up to CSy = 0, which implies
that p* = ah + (1 — a)l. Since all customers purchase, the profit is also ah + (1 — a)l and the

entire ex-ante customer surplus is exploited. Q.E.D.

Proof of Lemma 2: The argument is straightforward from the analysis in Section 5.1. Assume
for contradiction that for some ¢ > 0 there exists an equilibrium in which the firm implements
first-degree price discrimination. Given p; = h and p; = [, customers learn their values from
the prices directly and would make no-brainer purchases whenever ¢ > 0. But if both types of
customers make a no-brainer purchase, then the firm has incentives to deviate by overcharging

the L-types, having them pay py = h instead. A contradiction. Q.E.D.

Proof of Proposition 2. Assume for contradiction that there exists a separating equilibrium in
which the firm offers price py to high-preference customers and price p;, to low-preference cus-
tomers, py # p,. We first show that p, = [. Note that because all customers will make a no-
brainer purchase at p, < I, the firm has no incentive to offer a low price p, < l. In this sense we
have p, > I. In addition, to guarantee that low-preference customers are willing to make a pur-
chase, the individual rationality constraint must be satisfied, i.e., p;, < l. This proves that p;, =

L

Now consider py. Clearly, we must have that [ < py < h, this is because customers al-
ways (never) purchase at prices below (above) [ (h). Moreover, because py # p,, we have l <
py < h. Then, a high-preference customer always makes a purchase at price py because her

expected value exceeds the price:
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Q(py)h + (1 - Q(pﬂ))l = h = py.

However, given the above strategy, the firm can opportunistically deviate and offer a
low-preference customer price py instead of p; . In this case, the firm can make a greater profit

from this customer, a contradiction. This proves the proposition. Q.E.D.

Proofs of Proposition 3 and 4. See Appendix A. Q.E.D.

Proof of Proposition 5. If ¢ < ¢, then by Proposition 4, p, = w, po = L. Since the

firm is indifferent between charging the low-preference customers either price, it obtains (1 —
a)p, from low-preference customers. In addition, since all high-preference customers purchase

after inspection, the firm obtains ap; from high-preference customers. Therefore, the total

profitis (1 —a)l + % (h+1+/(h—=0)(h —1—4c)).If c = ¢, then by Proposition 3, the profit is

ah+ (1 —-a)l. Q.ED.
Proof of Proposition 6. The result follows from direct profit comparison. Q.E.D.

Proof of Proposition 7. The proof follows immediately from the discussions in Section 6.2. First,
by Proposition 4, customers obtain zero surplus at either price p; or p,. Second, by Proposition
1, customers obtain positive surplus on average only when the firm offers a regressive price

[+ é, which arises if and only if ¢ < ¢ < c. Therefore, customers are worse-off with person-

alized pricing with superior knowledge in this region. Q.E.D.

Proof of Proposition 8: If ¢ < ¢, then by Proposition 7, customer surplus is the same regardless
of whether or not the firm possesses superior knowledge. But by Proposition 6, the firm is better
off with superior knowledge in this region. Therefore, superior knowledge improves the total
social welfare. If ¢ < ¢ <, then by Proposition 4, some low-preference customers may be over-
charged with p; > [ and will reject purchase after inspection. Therefore, there are deadweight
losses from inspection under pricing with superior knowledge. However, by Proposition 1, all
customers make no-brainer purchases, thus there are no deadweight losses, and superior
knowledge reduces the total social welfare in this region. If ¢ > ¢, then by Proposition 1 and 3,
the equilibrium is the same with or without superior knowledge. Therefore, superior

knowledge does not affect the total social welfare. Q.E.D.

Proof of Proposition 9. We show that the mixed-strategy proposed in Proposition 9 is indeed
an equilibrium. First, applying the Bayes’ rule, given the signal, the firm’s belief about a cus-

tomer’s type is
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Pr[R|h] Pr[h] ap

en = PRI = ST eT + DeRI P~ B+ (-~ )

Pr[l|h] Pr[h] B a(l—p)
Pr(i|r] Pr[r] + Pr[I|l] Pr[l]  a(1—B)+ (1 —a)f’

e, = Pr[n|l] =

And given the firm’s pricing strategy, a customer’s belief is that

_ _ ey Pr[h] +ye,Pr{l] af +a(l— PRy
Up,) = Prihlp] = Pr[a] +yPr(l]  af+ (A -a)(1-p) +a(l— By + (1 —a)py

__ al-p)
«(I-p)+ A -af

Q(py) = Pr[hlps] = e,

Second, consider the customer’s inspection and purchasing decisions. It can be shown that,
given price p;, a customer is indifferent between inspecting and making a no-brainer purchase.

Mathematically, this presents as

Q(p)h+ (1 - Q(p1))l —p1 =Qp)(h—p)—c=0.
Therefore, the customer is willing to randomize upon receiving the price p;.

Given price p,, a customer prefers to not inspect and make a no-brainer purchase. Mathemati-

cally, this presents as

Q(po)h + (1 - Q(Po))l —Po =02 Q(py)(h—p,) —c.

Third, consider the firm’s pricing decision. Given the customer’s behavior, it can be seen that
the firm is indifferent between offering a low-signal customer a low price, or tricks her with a

high price. Mathematically, we have

(1 =2+ 2e)p; = py.

Note that on the left-hand side, 1 — A is the probability that the customer will make a no-brainer
purchase, and ey, is the probability that the customer inspects, finds out that her true match
value is high, and makes a purchase. Hence, if the firm tricks the customer with p,, the expected
demand from this customer is 1 — A + Ae; and the expected profit is (1 — A + Ae,)p;. If the firm
offers the customer p, instead, the customer will surely make a no-brainer purchase and the
firm’s profit will be p,. We can further show that the firm has no incentives to offer prices other

than p; and p,, while the details are omitted. Q.E.D.

Proof of Proposition 10. In equilibrium, the firm is indifferent between serving the [-types

with either p, or p;, the profit from this segment is equivalent to the case of no-inspection, in
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which case the firm obtains Pr(I) p,. Since the h-types may inspect with the probability of 1,
and since in expectation (1 — ey;) percent of them may find themselves to be the low-preference
consumers and thus reject the price, the firm may only sell to 1 — (1 — ey)A of the segment, thus

the profit is Pr(R) p;[1 — (1 — ey)A]. Combing these two segments with simple arithmetic, we

obtain the expected profit as v + % (p; — ah). Note that p; = s (h_;)(h_l_m <h, andv

and p, are both independent of 8, we have Z—Z =— % < 0. Q.E.D.

Proof of Proposition 11. Given the quality level g, the analysis is analogous to that of the basic

model. We can show that in equilibrium, the firm’s profit is

(

| l(1—a)q+% h—l+\/(h—l)<h—l—£) ifc < ga(l—a)(h— 1),
.- q

|

\

agh+ (1 —a)ql otherwise.

Now consider the case ¢ = a(1 — a)(h — ) — € for some small € > 0. If the firm offersq =1,

then its profit will be
m =1l+a?th—10 +0(e).

If the firm offers quality q = instead, its profit will be

—°c
a(1-a)(h=1)
m,=qlah+ (1 —a)) =l+alh—1)+0().

It follows that m, — m; = a(1 — a)(h — 1) 4+ 0(¢€), which is positive when € is small enough. This

proves the proposition. Q.E.D.
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