
Lehigh University Lehigh University 

Lehigh Preserve Lehigh Preserve 

Theses and Dissertations 

2019 

Three Essays on Market Strategy with Incomplete Information Three Essays on Market Strategy with Incomplete Information 

Qichao Shi 
Lehigh University, qichshi@gmail.com 

Follow this and additional works at: https://preserve.lehigh.edu/etd 

 Part of the Economics Commons 

Recommended Citation Recommended Citation 
Shi, Qichao, "Three Essays on Market Strategy with Incomplete Information" (2019). Theses and 
Dissertations. 5619. 
https://preserve.lehigh.edu/etd/5619 

This Dissertation is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion 
in Theses and Dissertations by an authorized administrator of Lehigh Preserve. For more information, please 
contact preserve@lehigh.edu. 

https://preserve.lehigh.edu/
https://preserve.lehigh.edu/etd
https://preserve.lehigh.edu/etd?utm_source=preserve.lehigh.edu%2Fetd%2F5619&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/340?utm_source=preserve.lehigh.edu%2Fetd%2F5619&utm_medium=PDF&utm_campaign=PDFCoverPages
https://preserve.lehigh.edu/etd/5619?utm_source=preserve.lehigh.edu%2Fetd%2F5619&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:preserve@lehigh.edu


Three Essays on Market Strategy with

Incomplete Information

by

Qichao Shi

Presented to the Graduate and Research Committee

of Lehigh University

in Candidacy for the Degree of

Doctor of Philosophy

in

Business and Economics

Lehigh University

July 15, 2019



.

Copyright by Qichao Shi

July 15, 2019

ii



 

 
College of Business and Economics 

 

 
 
        Approved and recommended for acceptance as a dissertation in partial fulfillment of the 

requirements of the degree of Doctor of Philosophy. 

 

 

___________________________________ 

Candidate Name 

 

 

___________________________________ 

Accepted Date 

 

      Committee Member Signatures: 

 

     

      ____________________________________ 

      Committee Chair: James Dearden 

 

 

       

      ____________________________________ 

      Committee Member: Ernest Lai 

 

 

 

      ____________________________________ 

      Committee Member: Daisy Dai 

 

 

 

      ____________________________________ 

       Committee Member: David Goldbaum 

 

iii



Acknowledgments

At this moment, as the last mile toward a Ph.D. is just under my feet, I look back to

the long way which I have walked through after missing several crossings, knowing that I

would never arrive here without the guidance and support from many individuals. I wish

to express my gratitude to them. Let me go backward along this road.

First and foremost, I am especially indebted to my advisor James Dearden and my

dissertation committee members Ernest Lai, Daisy Dai and David Goldbaum, who guided

and encouraged me to accomplish this dissertation. From the day I started, they con-

tinuously provided me with comments and suggestions which relighted my life every time

after I talked with them. I also learned a lot from James Dearden about game theory and

industrial organization, from Ernest Lai about microeconomics and game theory, and from

Daisy Dai about empirical industrial organization. Before taking their courses, I had never

systematically studied game theory and industrial organization, which were so interesting

to me that they have become my research focus for the rest many years of my life.

I am also grateful to other professors and administrators at the Department of Eco-

nomics in Lehigh University. In particular, I thank program directors Chad Meyerhoefer

and Muzhe Yang for their many helps to keep me on the right track, and I learned most

econometrics from them as well. I thank Shin-yi Chou for the advice related to job market,

and although the health economics she taught was not my research field, I learned a lot

inspiring studies with useful techniques to read research papers. I thank Robert Thornton

and Thomas Hyclak for the study of labor economics, and my third year paper was fin-

ished under the guidance of Thomas Hyclak. In several years, I was working as a teaching

assistant for Irina Panovska, from whom I learned how to organize a course and make a

iv



semester teaching smoothly. Her recommendation for my job market also indispensable.

In addition, I really appreciate all other helps from my classmates, colleagues and friends

at Lehigh University here or there during these years.

Backward along the PhD trip, I am indebted to my master advisor Inmee Baek who

encouraged and guided me when I decided to apply for a PhD program. Following her

advice, I worked on a reach paper and attended an academic conference, which not just

strengthened my application but also was a valuable experience to lead me into the world

academics.

At the beginning of this trip, my family was a solid support. I am extremely grateful to

my parents who gave me complete freedom to do whatever I want. They must not image

that their only son is still studying in school when they are already above 65. When I

changed my major from medicine to economics, they did not stop me; when I decided to

leave them behind and study 7000 miles away, they still did not stop me. All they have told

me was encouragement. Finally, I am deeply indebted to my wife Shuangshuang Wang,

who came to the U.S. earlier than me so that I could easily skip the most struggling days as

living in a foreign country. Although she was also pursuing her own PhD during the same

yeas, she still took most family responsibilities so that I was able to focus on my research.

I would need a much longer time to accomplish this dissertation if I lived alone without

her. Her love, support and understanding were everywhere along this road from the very

beginning to all the end.

v



Abstract

The development of information technology is reshaping the market in which economic

agents make decisions based on incomplete information which in the past may reduce

market efficiency but nowadays is no longer a big problem when more information could

be acquired. How would this change affect market behavior is still under explored. This

dissertation explores two distinct topics that are related to information disclosure: third-

party product rankings and return policies. Specifically, the first essay investigates the

market strategy of a product expert who sells the product ranking to incompletely informed

consumers. The model indicates that the expert may not always have incentive to rank

products consistent with consumer preferences, especially when the ranking could influence

consumer utility. We find evidence for this argument from a laboratory experiment. This

type of third-party product ranking may influence not just consumers but also firms whose

products have been reviewed. Under this circumstance, I model firms’ advertising strategies

in the second essay, and find that when their product quality has been disclosed by the

third-party firms may rely more on persuasive advertising of certain attribute to influence

consumers’ preference. Essay 3 examines a retailer’s optimal product return policy within

an environment in which consumers differ in their product return propensities. The retailer

may benefit from a discriminated return policy based on consumers’ differential return

behaviors which can be revealed by their purchase history.
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Chapter 1: An Experimental Study of

Selling Expert Advice

Abstract

This study explores the interaction between a product expert, who offers to sell a product
ranking, and an incompletely informed consumer. The consumer considers acquiring the
expert’s product ranking not only because the expert has superior information about the
quality of the products the consumer is considering and knows the consumer’s utility func-
tion, but also because the expert can directly influence consumer utility of a product by
the product’s rank. There are multiple equilibria in this setting with strategic information
transmission: ones in which the expert ranks products in a manner that is consistent with
the consumer’s pre-ranking utilities, which depend exclusively on the products themselves,
and ones in which the expert does not. We design a laboratory experiment to investigate
which equilibrium an expert and consumer play. Across the three treatments we examine,
which vary by the consumer’s possible pre-ranking utilities, we find evidence that product
experts are likely to select a ranking methodology that involves considerable uncertainty
about the final product ranking, even though doing so involves ranking products in a man-
ner that is inconsistent with consumer pre-ranking utilities.
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1.1 Introduction

Consumers prior to making purchase decisions frequently seek expert advice, which some-

times takes the form of product rankings. Familiar scenarios include students acquiring

college and university ranking publications (e.g., U.S. News & World Report Best Col-

leges Guidebook and The Wall Street Journal/Times Higher Education College Rankings),

car buyers acquiring auto rankings (e.g., Kelley Blue Book New Car Buyer’s Guide and

Consumer Reports New Car Buying Guide), and home cooks acquiring kitchen product

rankings (e.g., Cook’s Illustrated). A less familiar case is consumers acquiring a retailer’s

product ranking (e.g., TireRack.com’s tire rankings).

These publications are experts because they measure, or collect information about,

product attributes and they have information about consumer utility regarding those prod-

uct attributes (e.g., the weights in their utility functions they attach to the various product

attributes). In an extreme, an expert is completely informed about product attributes and

knows the utility function, which maps product attributes and the ranking into product

utilities, of the consumer seeking advice. Consumers are novices because while they may

know their utility functions, they are incompletely informed about the qualities of the

product attributes. Therefore, a completely informed expert has the opportunity to offer

a consumer good advice in the sense of ranking products in a manner that reflects her

product utilities.

Many rankings publishers are for-profit institutions, including some of the above, and

the objective of a for-profit publisher is not necessarily to offer good advice to consumers by

ranking products in a manner that is consistent with consumer utility of the products being

2



considered, but rather it is to maximize sales of its ranking (or sales of detailed product

information linked to the ranking), sales of its general publication, or sales of advertising

associated with the ranking platform. We ask the question whether a completely-informed

for-profit expert would rank products in a manner that is inconsistent with consumer utility

of the products she is considering.

Popular press writers suggest that in the university ranking arena the answer to this

question is no. Commercial college and university ranking publications receive frequent

criticism about the methodologies they use to develop their rankings. In fact, the sentiment

about university rankings in general and U.S. News & World Report in particular is so

strong that an entire Wikipedia page is devoted solely to the criticism of college and

university rankings.1 One common criticism about such university rankings is that they

“tinker” with their methods from year to year. Tierney (2013) in The Atlantic writes:

U.S. News is always tinkering with the metrics they use, so meaningful com-
parisons from one year to the next are hard to make. Critics also allege that
this is as much a marketing move as an attempt to improve the quality of the
rankings: changes in the metrics yield slight changes in the rank orders, which
induces people to buy the latest rankings to see what’s changed.2

As Tierney (2013) suggests, these changes may have more to do with the marketing of

these publications than with improving the quality of the ranking.

In the context of student decision making about universities to attend, Dearden, Grewal

and Lilien (2019, forthcoming) evaluate whether a for-profit expert ranks universities (i.e.,

products) in a manner that is consistent with student (i.e., consumer) utilities. In doing

so, they partition student utility into two components: the utility of the quality of a

1http://en.wikipedia.org/wiki/Criticism of college and university rankings (North America); accessed Oc-
tober 2018.

2https://www.theatlantic.com/education/archive/2013/09/your-annual-reminder-to-ignore-the-em-us-
news-world-report-em-college-rankings/279103/; accessed October 2018.
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university’s attributes (which are set by the university); and the utility of the university’s

rank (which is extrinsic to the university and determined by the expert). Their analysis

demonstrates that the effect of a university’ rank on a student’s utility (e.g., a prestige effect

of a university ranking) creates the incentive for a for-profit ranking publication to add

uncertainty to its ranking methodology beyond that created by, when using the student’s

utility of university attributes to aggregate university attribute scores into overall scores,

the randomness of university attribute scores. If the students evaluating universities are

concerned with only the rank, and not with the quality of attributes, of the universities

they attend, and therefore not with the information about university attributes provided

(probabilistically) by the ranking, then the expert selects a ranking methodology where

each possible ranking of the universities is equally likely – a uniform distribution over

all possible rankings. However, if the students are concerned with only the quality of the

attributes and accordingly with the information provided (probabilistically) by the ranking,

and the university’s rank does not affect their utilities of attending, then the expert ranks

universities in a manner that is consistent with the student’s utilities of the university

attributes by using the students’ utility function (which maps university attributes into

utilities) as a ranking methodology.

The Dearden, Grewal and Lilien (2019, forthcoming) model has multiple equilibria in

which the expert’s ranking methodology, and the degree to which the expert adds un-

certainty to the ranking outcome, varies across the equilibria. They examine only the

equilibrium methodology that maximizes the expert’s profit. Due to the influence of the

expert’s ranking on the students’ utilities, this ranking that maximizes profit may not

rank universities in a manner that is consistent with student utility. Hence, the question

4



remains about whether an expert and student (more generally, consumer) play this equi-

librium. On one hand, the expert selects this methodology because it provides consumers

with the incentive to acquire the ranking. On the other hand, when the ranking influences

the consumer’s utility, then ranking may boost the utility of a product that, according

to product attributes, is not the consumers’ favorite. In this sense, the expert harms the

consumers. If the expert is concerned about the consumers, then he may shy away from

using the methodology that maximizes his profit.

In this paper, we experimentally investigate the key insight of Dearden, Grewal and

Lilien (2019, forthcoming) by addressing two research questions. First, we explore under

what circumstances the theoretical prediction that a product expert ranks products in

a manner that is inconsistent with consumer utility of product attributes. Second, we

examine whether the expert’s willingness to use a ranking methodology that may not rank

products according to consumer utility of product attributes varies with the extent to which

the expert in maximizing profit must harm the consumer.

The results of our experiment suggest that product experts have a strong tendency to

rank products in a manner that is inconsistent with a consumer’s pre-ranking utilities of

the products being considered. The expert does so to incent the consumer to acquire the

expert’s advice. Furthermore, by varying the possible pre-ranking utilities of the prod-

uct across three treatments of our experiment, we find that the expert’s selected product

ranking methodology in the three treatments changes in a way that suggests competing

incentives of the expert in selecting a ranking methodology.

The remainder of the paper proceeds as follows. Section 1.2 provides an overview of

our analysis and surveys the related studies. Section 1.3 presents our experimental game of
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selling expert advice, followed by the experimental design in Section 1.4. We then report

our experimental findings in Section 1.5, and summarize possible discussions in Section 1.6.

Finally, Section 1.7 concludes.

1.2 Overview and Literature

To provide an overview of the strategic issues involved in an expert selling advice, in this

section we develop consumer utility in a way that is relevant to the construction of our

model, present related literature, and introduce a popular ranking methodology and how

it relates to our model.

1.2.1 Consumer Utility

A product ranking not only affects a consumer’s expected utility of selecting a product

through the information it provides about the product, but also it influences the consumer’s

utility of consuming a product by the prestige or future economic value it may create for

a product according to the product’s position in the ranking.

Considering the prestige or economic effect of an expert’s product ranking, a product’s

rank interacts in a consumer’s utility function with the consumption of that product. With

a bit of detail, the utility of consuming a product could be modeled a function of the quality

of the product’s attributes (which are designed by a product’s manufacturer) and its rank

in an expert’s product ranking. In our model with one expert and one consumer, we refer to

the consumer’s utility of a product’s attributes as the pre-ranking utility and the combined

utility of these attributes and the product’s rank in the expert’s ranking as the post-ranking

utility. The post-ranking utility less the pre-ranking utility is the ranking utility.
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In our model, the quality of product attributes set by the product-selling firms is not

modeled here; this pre-ranking utility is therefore exogenously given in our game. By

contrast, the interaction between product expert’s ranking and a consumer’s utility – the

ranking utility – is endogenously determined by the position the expert places the product

in its ranking; the ranking utility is decreasing in the product’s ranking position (with

number 1 being the top-rank).

This added utility associated with a product’s rank comes from the expert’s power to

create prestige or economic value for highly-ranked products. We interpret this power in

two ways. First, a good product rank could provide consumers with future payoffs. Take

the automobile market as one example. If a car is top-ranked in a popular auto ranking,

its owner can resell it at a higher price. In another example, job recruiters may use a

university’s rank as salient information about quality of university graduates. If so, the best

firms may visit the top-ranked universities, which benefits the students who attend them.

That is, students and recruiters use a university ranking as a coordination device. Those

potential returns result from the reputation generated by the product ranking. Second, a

high ranking may contain a psychological benefit to consumers who feel better when the

selected product is highly recommended. This is analogous to persuasive advertising that

could influence consumers’ preferences. In the context of university rankings, the ranking

value is a prestige effect in Dearden, Grewal and Lilien (2019, forthcoming), meaning an

increase in consumer utility when the products they choose improve their ranks. We adopt

the same idea here.

Luca and Smith (2013) demonstrate that the actual college and university ranks in U.S.

News & World Report, controlling for school attributes, influence application decisions.
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Using the Chetty, Looney and Kroft (2009) definition of the salience of information as the

simplicity of calculating the information, Luca and Smith (2013) suggest that this influence

of the U.S. News & World Report ranking on student decisions is due to the salience of the

information provided by a simple rank-order of colleges and universities. We contend that

this effect of university ranks on student decisions could be due to this popular ranking’s

prestige conferred on colleges and universities, in which a student’s utility of attending a

college or university is decreasing in its position in the ranking (position 1 is best).

A product ranking has the opportunity to inform consumers about the attributes of the

products being considered because either a consumer updates the distribution of product

attributes values using Bayes’ rule based on ranks (because higher-ranked products tend

to have higher-quality attributes) or a consumer uses product ranks as salient information

about the quality of th product’s attributes. The case of Bayesian updating may apply

to important purchases that significantly affect utility. A consumer may pay attention to

an array of product attributes and, if the consumer acquires a ranking, she may carefully

update expected attribute scores based on product ranks. The salience case may apply to

smaller purchases of unfamiliar products. If a consumer views a ranking, she may not be

as careful in contemplating attribute scores, and rather she may use the ranking as salient

information about product quality (Chetty, Looney and Kroft, 2009). Whether a consumer

rationally updates probabilistic beliefs about the quality of a product’s attributes based on

its rank or uses its rank as salient information about this quality, a product ranking affects

a consumer’s expected expected utilities of the considered products.

As product rankings are likely to be consumed in a manner similar to advertising (or

any marketing communication), the literature on advertising is relevant. Product rankings
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provide information about products, and create ranking value for highly-ranked ones, sim-

ilar to how advertisements provide information and create status or prestige. Those two

perspectives, information and prestige, parallel those that dominate research in advertising,

the first of which views advertising as an information source while the second views adver-

tising as a persuasion tool (Bagwell, 2007). Hence, from an information perspective, similar

to advertising in general, rankings inform consumers about product attributes (Butters,

1977; Nelson, 1974; Stigler, 1961). From a persuasion perspective, rankings influence the

utilities of the consumers who select products (Ackerberg, 2001; Becker and Murphy, 1993;

Galbraith, 1976).

1.2.2 The Expert’s Ranking Methodology

In our model with one expert and one consumer, the expert’s decision whether to offer

good advice to the consumer by ranking products according to the consumer’s pre-ranking

product utilities involves its selection of the methodology it uses to rank products.

One popular ranking process – one used by all of the above institutions – to rank prod-

ucts is an attribute-and-aggregate process in which an expert identifies product attributes

of importance, for each product measures its attribute scores or collects attribute score

data, chooses weights for the attributes, for each product multiplies the weights and the

attribute scores, and determines the aggregated scores. The publication then rank-orders

products based on these aggregated scores to form a ranking of products. Each of the above

steps in the ranking process can affect whether the expert ranks products in a manner that

is consistent with the consumer’s utilities of product attributes. Whether the expert does

so is the focus of our research.

9



Our research simplifies the attribute-and-aggregate ranking process. The expert in our

model knows the consumer’s utility function. Within the process we examine, the expert’s

ranking methodology is a mapping from the consumer’s pre-ranking utilities of the products

being considered to ranks. To be consistent with practice in which rankings publications

offer only overviews of their methodologies, we assume that the expert does not report its

methodology to the consumer. After having selected its ranking methodology, the expert

learns the consumer’s pre-ranking utilities and ranks products according to its selected

methodology. The consumer then decides whether to acquire the expert’s ranking, either

by expending the time cost required to do so or paying the monetary cost. If the consumer

acquires the product ranking, then she learns the products’ ranks prior to her product

selection. If she does not acquire the ranking, then she learns the ranks only after she has

selected a product. However, whether or not she acquires the ranking, it affects her utility

of consuming her selected product.

1.2.3 Strategic Information Transmission

Our model involves strategic information transmission in which an expert (sender) sends

a message in the form of an ordinal product ranking to a consumer (receiver). Unlike the

canonical problem (see Crawford and Sobel, 1982; Argenziano, Severinov and Squintani,

2016) in our model: (i) the expert’s message is an argument in the consumer’s utility

function, (ii) the expert is unconcerned with product selected by the consumer, and (iii)

the consumer decides whether to acquire the expert’s ranking. Furthermore in our model

(iv) the expert selects a ranking methodology when he and the consumer hold the same

prior probabilistic beliefs about the attributes of the products being ranked (and therefore

10



the consumer’s pre-ranking utilities of the products). The expert commits to using the

methodology, which in terms of the strategic information transmission models is a message

function from the space of possible pre-ranking product values to the set of possible ordinal

product rankings. Also unlike the canonical model, our model (v) involves commitment

because the expert selects the ranking methodology prior to learning the pre-ranking values,

but ranks the products after having learned them.

A growing number of experiments have been conducted on strategic information trans-

mission (see Crawford (1998) and Blume, Lai and Lim (2017) for surveys of experimental

studies). Among those experimental studies, our research is similar to the setting with

imperfect incentive alignment where Blume, Lai and Lim (2017) document that systematic

over-communication is commonly evidenced in experiments with a single sender and a sin-

gle receiver (e.g. Cai and Wang, 2006).3 However, Blume, Lai and Lim (2017) argue that

the evidence of equilibrium selection is limited.

This paper also relates to a special case of strategic information transmission named

“persuasion,” which is studied by Kamenica and Gentzkow (2011), Gentzkow and Kamenica

(2014), and Hörner and Skrzypacz (2016). In these models, a sender strategically discloses

his information to the receiver, aiming to influence the receiver’s action. The studies

characterize sender’s decision whether to disclose complete information or only partial

information (e.g. Rayo and Segal, 2010; Ostrovsky and Schwarz, 2010).4

This paper contributes to the literature of expert product rankings in the following

3The fully revealing equilibrium occurs more often in multiple-sender multidimensional cheap talk that is
investigated by Lai, Lim and Wang (2015).

4When reviewing theoretical and empirical studies on quality disclosure, Dranove and Jin (2010) argue
that even third-party certification can provide inaccurate and biased information due to either the data
generating process or conflict of interest.
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ways. First, it constructs a simple model to describe the strategic environment of an expert

selling advice, which has implications that might be applied to many product markets.

Second, we emphasize the expert’s strategic behavior when he has the power to influence

consumer utility, possible through affecting market values of the recommended products.

This case in which the sender’s (expert’s) message (ranking) is an argument in the receiver’s

(consumer’s) utility function adds a new angle to the literature on strategic information

transmission.

1.2.4 Optimal Ranking Methodology and Randomness

Just as an expert may change its methodology from year to year in a dynamic setting, in

our static model, the expert may select a methodology that introduces uncertainty into

its product ranking. In our model, the expert generates the consumer’s interest in his

ranking by creating uncertainty about the top-ranked product (of the two in our model)

and ultimately about the product that receives the expert’s ranking value boost.

Dearden, Grewal and Lilien (2019, forthcoming) identify the ranking value created by

the expert, and not the information provided by the expert, as the source of the expert

adding uncertainty to its product ranking. Simply put, if the consumer learns the product

ranking, then she selects the top-ranked product. However, if the consumer does not acquire

the product ranking to learn the products’ ranks, then she may make the ex post mistake

of not selecting the top-ranked product. In adding uncertainty to the product ranking, the

expert increases the probability that a consumer who does not acquire the ranking makes

the mistake of not selecting the top-ranked product.

Similar to the way a product expert can create value for highly-ranked products, an
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influential fashion magazine can create prestige for the people who wear the items it sin-

gles as being stylish. As Kuksov and Wang (2013) suggest, fashion editors are “the single

most important influencer of fashion” (p. 53). The authors note that since fashion edi-

tors carry great weight in determining fashion hits, they are key players in generating a

fundamental property of the fashion marketplace, namely the seemingly random nature of

the determination of a season’s “it” (Kuksov and Wang, 2013). Fashion editors include

that randomness to appeal to fashion-conscious consumers who are interested in wearing

the “it” products, whether for their intrinsic pleasure or for the benefits associated with

signaling their fashion senses.

In offering product recommendations, deception is a possible issue. One interesting

point about the Kuksov and Wang (2013) analysis is that a fashion magazine influences

consumer utility by its selection of “it” items without deceiving consumer because the des-

ignation does not indicate that the top product is better than the others. In designing our

experiment, because an expert’s product ranking methodology to motivate the consumer

to acquire his product ranking might involve deception and lying, we want to measure the

effect of the expert’s influence on the consumer’s utility – the ranking value – without mud-

dying this influence by having the possibility of deception. In Section 1.6, we use the Sobel

(2018) definition of deception in models of strategic information transmission to contend

that our model does not involve deception.
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1.3 The Experimental Game: Selling Product Advice

1.3.1 The Strategic Environment

There are two players, a product expert (he) and a consumer (she), and two products, A

and B. The expert sells product advice to the consumer in the form of a report ranking

Products A and B. The consumer, who is imperfectly informed about the values of the

products, decides whether to acquire the expert’s ranking report and which product to

purchase.5

The value of a product to the consumer comprises two components, a pre-ranking value

and a ranking value. The pre-ranking value, υ, refers to the value the consumer attaches to

the product based on its quality and price, variables that are set by the product-selling firm

not modeled here; this component of the value is therefore exogenously given in our game.

By contrast, the ranking value of a product is endogenously determined by the expert; the

consumer attaches an additional value, γ, to the product that is ranked first by the expert.

The pre-ranking value of Product A, ῡA ą 0, is commonly known. The consumer is

uncertain about the pre-ranking value of Product B, υB, which takes one of two values,

0 and ῡB ą 0. The expert learns the realized value of υB, but he makes his only move

in the game – commits to a ranking methodology – before observing the realization. The

common prior is that υB “ ῡB with probability 0 ă p ă 1. The ranking value γ is also a

common knowledge.

A ranking methodology is a mapping, r : t0, ῡBu Ñ tA,Bu; it specifies for each pos-

sible value of υB a ranking report for the consumer, where report A (Bq indicates that

5Because the utilities in our experiment are monetary rewards, we refer to utility as value.

14



Product A (B) is ranked first. Alternatively, the reports can be interpreted as non-binding

recommendations to the consumer on which product to purchase.

We restrict attention to two ranking methodologies, an uninformative and an infor-

mative. The uninformative methodology, rA, always ranks Product A first, i.e., rAp0q “

rApῡBq “ A, thus providing no information regarding the uncertain pre-ranking value of

Product B. On the other hand, the informative methodology, rA||B, which fully reveals the

two possible pre-ranking values of Product B, generates ranking reports in the following

manner:

rA||BpυBq “

$

&

%

A if υB “ 0,

B if υB “ ῡB.

The set of pure strategies of the expert is trA, rA||Bu.
6 After choosing a pure strategy,

which is tantamount to committing to a ranking methodology, the expert observes the

realized value of υB and offers a ranking report according to the adopted methodology.

The use of a mixed strategy, for which we denote by qrA||B P r0, 1s the probability that the

expert chooses rA||B, is appropriately interpreted.

The consumer never observes the expert’s strategy choice (the adopted ranking method-

ology). The consumer observes the output of the methodology – the ranking report – before

selecting a product if and only if she acquires it at a cost c ą 0. After making such an

acquisition decision and seeing the ranking report, if any, the consumer chooses between

Products A and B. A pure strategy of the consumer consists of two components: i) a

report-acquisition decision α P t0, 1u, where 1 indicates acquiring the ranking report and 0

6In this study, we assume the expert might have incentive to misreport the ranking only when the difference
between two products is not too big. This assumption is realistic since the expert may consider his
reputation. We maintain this by assuming that the expert always ranks product A first if υB “ 0, assuring
that a really bad product B will not be ranked first.
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otherwise, and ii) a product-purchasing rule ρ : tH, A,Bu Ñ tA,Bu, where H represents

not seeing any report after acquisition decision α “ 0. For simplicity, we assume that the

consumer does not pay for either product.

The expert earns a payoff of π ą 0 if the consumer acquires his ranking report. The

expert’s choice of ranking methodology does not affect his payoff, and he takes no interest

in the product choice of the consumer.7 The consumer’s payoff is the sum of the pre-

ranking value and any ranking value of her chosen product, minus any report-acquisition

cost. A consumer who chooses product K P tA,Bu with pre-ranking value υK , makes

report-acquisition decision α P t0, 1u, and faces an expert offering ranking report rpυBq

receives a payoff of

upK, υK , α, rpυBqq “ υK ` γIrpυBqpKq ´ αc,

where IrpυBqpKq is an indicator function taking the value 1 if K “ rpυBq, i.e., Product K

is ranked first given the expert’s ranking methodology and the realized pre-ranking value

of Product B, and 0 otherwise. Note that the consumer receives the ranking value γ for

choosing the first-ranked product even if she does not acquire the ranking report (α “ 0).

The timing of the game is as follows. The expert privately chooses a ranking methodol-

ogy. The pre-ranking value of Product B is realized and privately observed by the expert,

who then issues a ranking report based on the adopted methodology. The consumer decides

whether to acquire and see the report, after which she chooses a product.

Before proceeding to the equilibrium analysis, we further comment on the properties

7We assume that the expert earns 0 if the consumer does not acquire the ranking report. Notice that
the expert’s revenue is unaffected by which ranking methodology is used or whether the ranking orders
products according to the consumer’s pre-ranking values.
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of the ranking methodologies. In addition to the dichotomy of informative versus uninfor-

mative, the methodologies can also be characterized as whether it is consumer-optimal. A

consumer-optimal methodology always ranks higher the product based on the consumer’s

pre-ranking utilities. Only one of the ranking methodologies is consumer-optimal; and the

one that is so depends on the parameter values.

If ῡA ě ῡB, Product A is more valuable to the consumer irrespective of the realized

pre-ranking value of Product B. Even though the informative rA||B resolves the uncertainty

surrounding Product B, it is not consumer-optimal because it sometimes ranks Product B

higher. On the other hand, rA, though not informative, is consumer-optimal. If ῡA ă ῡB,

informativeness coincides with consumer-optimality: rA||B would be a consumer-optimal

methodology while rA would not be.

Informativeness and consumer-optimality are properties of the ranking methodologies

related to the consumer’s pre-ranking value. The ranking value of the first-ranked product

also confers a persuasive property to the methodologies analogous to the effect of persuasive

advertising, in which the provider not only offers information but can also directly influence

the consumer’s preferences. Our equilibrium analysis, as well as the experimental design,

exploits the interplay of these three properties of the game.8

8Notice that the ranking value is independent of whether the expert’s ranking reflects the pre-ranking
values. That is, no matter which product is ranked first, the consumer obtains the same utility from
the top ranking. This is reasonable from two viewpoints. First, at the point in time when a consumer
makes a purchase decision, she evaluates the product values and not the source of the value, whether it is
pre-ranking value or ranking value. Therefore, at this point, she is unconcerned with whether the expert
had ranked products according to pre-ranking values. Second, sometimes a consumer cannot exactly tell
whether the ranking reflects pre-ranking values, even after a transaction. In particular, some experience
goods like cars are too complicated to detect whether the ranking reflects pre-ranking values, in part
because those products have many attributes.
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1.3.2 Equilibrium Analysis

We analyze the perfect Bayesian equilibria of the game, in which the expert best responds

to the consumer, the consumer best responds to her beliefs, and beliefs are formed via

Bayes’ rule whenever possible. Note that the consumer has two types of belief: we denote

by µrA||B her strategy belief that the expert has chosen rA||B and µῡB her product belief

that the pre-ranking value of Product B is ῡB.9

We begin by characterizing the consumer’s product-purchasing rule (all proofs are rel-

egated to Appendix A.1):

Lemma 1. For any given mixed strategy of the expert qrA||B P r0, 1s,

1. it is a best response for the consumer who has not acquired the ranking report (α “ 0)

to purchase Product A (ρpHq “ A) if pῡB ď ῡA ` p1´ 2pqγ; and

2. it is a best response for the consumer who has acquired the ranking report (α “ 1) to

purchase the first-ranked product (ρpKq “ K, K “ A,B) if γ ě maxtpῡB ´ ῡA, ῡA´

ῡBu.

Without seeing any report, the consumer’s strategy belief µrA||B , which is relevant for

the expected ranking value, coincides with the expert’s strategy qrA||B , and her product

belief µῡB , which is relevant for the expected pre-ranking value of Product B, coincides

with the prior p. Her expected payoffs from Products A and B are respectively lower and

higher via the ranking value when the probability that the expert chooses methodology

rA||B is higher. For Product A to be more attractable under a frequent adoption of rA||B,

9Although the expert’s choice of ranking methodology and the consumer’s report-acquisition decision are
strategically simultaneous, a perfect Bayesian equilibrium explicitly specifies the consumer’s strategy be-
liefs, in addition to her product beliefs.
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its pre-ranking value needs to be sufficiently high and/or that of Product B needs to be

sufficiently low. Part 1 of Lemma 1 provides an upper bound for the expected pre-ranking

value of Product B, pῡB, below which the consumer prefers Product A even if the expert

always chooses methodology rA||B.

When the consumer sees the ranking report, there is no uncertainty surrounding the

ranking value; the only belief that is relevant to her product choice is the product belief.

Since the report that ranks Product A first is an output of both methodologies, the con-

sumer’s updated product belief after seeing such a report, µῡB “
p´pqrA||B
1´pqrA||B

, depends on the

expert’s strategy and the prior over Product B. Note that the higher is the probability that

the expert chooses rA||B, the lower is the expected pre-ranking value of Product B. The

ranking value from choosing the first-ranked Product A then needs to be sufficiently high

for Product A to be preferred. Part 2 of Lemma 1 provides a lower bound, pῡB ´ ῡA, for

the ranking value, γ, for this to be the case even if the expert always chooses methodology

rA||B.

Unlike the above case, since the report that ranks Product B first is generated only

under rA||B, and only for pre-ranking value ῡB, the consumer’s updated product belief is

degenerate at µῡB “ 1. The condition for the first-ranked Product B to be preferred is

accordingly simpler, which is just that the ranking value is no less than ῡA ´ ῡB.

We next analyze the consumer’s preferences with respect to the acquisition of the report,

assuming that she chooses Product A without the report and the first-ranked product after

seeing the report, the case that drives our experimental design:

Lemma 2. Under product-purchasing rule ρpHq “ ρpAq “ A and ρpBq “ B, the consumer

is indifferent between acquiring the report (α “ 1) and not acquiring (α “ 0) if the ex-
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pert’s mixed strategy qrA||B “
c

ppῡB`γ´ῡAq
; for qrA||B higher (lower) than this threshold, the

consumer strictly prefers α “ 1 (α “ 0).

The intuition of Lemma 2 can be seen by the equivalent condition that the consumer

prefers to acquire the report if c ď pqrA||B pῡB`γ´ῡAq. When the consumer would purchase

Product A without seeing any report, acquiring the report makes a difference only when

the report is B, which occurs when the pre-ranking value of Product B is ῡB and the expert

chooses rA||B. By acquiring the report in this case, the consumer purchases the first-ranked

Product B instead of Product A, receiving ῡB ` γ rather than ῡA. To justify paying for

the report before learning what it is, the difference must present a probable benefit (p ą 0

as is assumed and ῡB ` γ ą ῡA), the expert must choose rA||B at least some of the time

(qrA||B ą 0), and the resulting expected benefit must be no less than the cost c ą 0.

We proceed to characterize the equilibria of the game, continuing to focus on the case

where the consumer adopts the product-purchasing rule ρpHq “ ρpAq “ A and ρpBq “ B,

which is guaranteed to be a best response of the consumer under the parameter conditions

in Lemma 1:10

Proposition 1. Suppose that pῡB ď ῡA`p1´ 2pqγ and γ ě maxtpῡB ´ ῡA, ῡA´ ῡBu and

let q̄ “ c
ppῡB`γ´ῡAq

. For 0 ă c ď ppῡB ` γ ´ ῡAq, there exist three sets of perfect Bayesian

equilibria:

(a) the expert chooses rA||B with probability qrA||B P r0, q̄s, and the consumer does not

acquire the ranking report (α “ 0);

(b) the expert chooses rA||B with probability qrA||B P rq̄, 1s, and the consumer acquires the

10Additional characterizations for product-purchasing rule ρpAq “ A and ρpHq “ ρpBq “ B can be found
in Appendix A.2.
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ranking report (α “ 1);

(c) the expert chooses rA||B with probability qrA||B “ q̄, and the consumer randomizes

between α “ 0 and α “ 1 with any probability.

In all these equilibria, the consumer adopts the product-purchasing rule ρpHq “ ρpAq “ A

and ρpBq “ B.

Recall that the expert only cares about selling the report to earn π ą 0. He is indiffer-

ent to the choice of ranking methodology (and the consumer’s product choice) so long as

the consumer acquires the report. Accordingly, the expert is always willing to randomize

between the two methodologies, and the randomization probabilities are chosen in equi-

librium to support either a fixed or a randomized acquisition decision of the consumer.

On the other hand, when the consumer is indifferent between acquiring the report or not,

any randomization on the part of the consumer constitutes an equilibrium – the consumer

does not need to randomize in specific ways to generate indifference for the expert, who

is already indifferent. Note that the characterized equilibria include two pure-strategy

equilibria. We call the equilibrium in which the expert always chooses rA [under Proposi-

tion 1(a)] the uninformative-ranking equilibrium and that in which he always chooses rA||B

[under Proposition 1(b)] the informative-ranking equilibrium.

Proposition 1 provides several insights about the interaction between the expert and

the consumer. First, to make the ranking report attractive so that the consumer acquires

it, the ranking value has to be sufficiently high while the cost of the report sufficiently low.

This may explain why profit-making ranking reports typically exist for expensive goods or

important decisions, such as automobiles and colleges, while the rankings of other small

goods either do not exist or are provided by non-profit institutes such as Consumer Reports.
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Second, the expert can manage to induce the consumer to acquire the report by counter-

intuitively choosing a methodology that makes the consumer worse off. Consider the pure-

strategy equilibrium in which the expert always chooses rA||B and suppose that ῡA ą ῡB.

When Product A is always better than Product B, acquiring the report or not the consumer

prefers methodology rA: when acquiring, the consumer receives a payoff of ῡA`γ´ c from

choosing the always first-ranked Product A under rA and with probability p trades the

higher ῡA for the lower ῡB in order to obtain γ when Product B is ranked first under

rA||B; when not acquiring, by choosing Product A she receives ῡA ` γ under rA and with

probability p receives γ less when Product B is ranked first under rA||B.

While relative to rA the adoption of rA||B harms the consumer, with the parameter

values assumed in Proposition 1 it harms her more when she does not acquire the report,

in which case she loses pγ, than when she acquires the report, in which case she loses

ppῡA ´ ῡBq. The consumer, however, is offered an opportunity to avoid the incremental

harm ppῡB`γ´ ῡAq by paying for the ranking report which costs less than the incremental

harm. In a sense, the expert strategically creates a very unfavorable situation for the

consumer if she does not acquire the report and offers a less unfavorable situation with a

mutually beneficial price.

The last insight concerns the informativeness and consumer-optimality of the ranking

methodologies. The discussion above shows that the consumer may be better off under the

uninformative methodology rA. However, since she makes the same product choice under

rA with or without the report, acquiring the report does not bring any marginal benefit

yet it is costly. The consumer is only willing to pay for the report when there is sufficiently

high probability that it is generated by the informative rA||B. This is the case even when rA
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is consumer-optimal and rA||B is not (as when ῡA ą ῡB): the consumer report-acquisition

decision hinges on whether the underlying methodology is informative, not whether it is

consumer-optimal (i.e., ranks products according to the consumer’s pre-ranking values).

1.4 Experimental Design

1.4.1 Treatments

The theoretical analysis in Section 1.3 guides the design of our treatments. There are

six parameters in our game, ῡA, ῡB, γ, p, c, and π. In choosing the treatment values

for these parameters, we are guided by three considerations: (i) to satisfy the parameter

conditions in Proposition 1 so that the characterized equilibria exist and serve as the theo-

retical benchmarks for evaluating observed behavior; (ii) to generate treatment variations

so that the otherwise same equilibria have different implications regarding informativeness

and consumer-optimality; and (iii) to provide salience within the confine of the first two

considerations by making the payoff differences from different strategies reasonably large.

The outcome of these considerations is the following choices of parameters, which give

us three treatments. We assign values for five parameters that are fixed across all three

treatments: ῡA “ 100, γ “ 250, p “ 0.6, c “ 70, and π “ 5c “ 350. For treatment

variations, we vary the value of ῡB at 120, 80, and 60. We call the resulting treatments,

SUPERIOR-B, AVERAGE-B, and INFERIOR-B. Table 1.1 summarizes the three treat-

ments and presents the players’ expected payoffs at the strategically simultaneous stage

where the expert chooses the ranking methodology and the consumer makes the report-

acquisition decision. The consumer’s expected payoffs are calculated based on the equilib-
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rium product-purchasing rule ρpHq “ ρpAq “ A and ρpBq “ B.

Table 1.1: Experimental Treatments

Consumer
α “ 0 α “ 1

Expert
rA 0, 350 350, 280
rA||B 0, 200 350, 292

Treatment SUPERIOR-B : ῡB “ 120

Consumer
α “ 0 α “ 1

Expert
rA 0, 350 350, 280
rA||B 0, 200 350, 268

Treatment AVERAGE-B : ῡB “ 80

Consumer
α “ 0 α “ 1

Expert
rA 0, 350 350, 280
rA||B 0, 200 350, 256

Treatment INFERIOR-B : ῡB “ 60

Note: rA and rA||B are two ranking-methodology choices of the expert. α “ 0 and α “ 1 represent the
respective cases where the consumer does not acquire and acquire the ranking report. In each cell, the
first number is the expert’s payoff and the second number the consumer’s expected payoff for the given
pr, αq, based on the product-purchasing rule ρpHq “ ρpAq “ A and ρpBq “ B. The bold pairs of numbers
correspond to the pure-strategy equilibria of the game. In all three treatments, the parameters of the game
take the values ῡA “ 100, γ “ 250, p “ 0.6, c “ 70.

The games induced in the three treatments have the same set of pure-strategy equilibria,

while their mixed-strategy equilibria differ only by the randomization probabilities of the

expert. For each treatment, the bold pairs of payoff numbers correspond to the two pure-

strategy equilibria. Note that only in treatment SUPERIOR-B does the pure-strategy

equilibrium in which the expert sells the report with rA||B rank products according to the

consumer’s pre-ranking values of the products (because ῡB ą ῡA).

If we interpret choosing a consumer-sub-optimal methodology as a form of harm to

the consumer, there is a sense that the expert in selecting rA||B harms the consumer

more in INFERIOR-B than in AVERAGE-B and does not harm the consumer at all in

SUPERIOR-B. Such a monotonicity in the extent of consumer harm corresponds with the

increases in the consumer’s expected payoffs from pr, αq “ prA||B, 1q across the treatments,
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from 256 in INFERIOR-B to 268 in AVERAGE-B to 292 in SUPERIOR-B. Note that all

the other expected payoff numbers are constant across the treatments; despite the existence

of essentially the same sets of equilibria in all treatments, these distinctive changes in the

consumer’s expected payoffs provide us with a clean comparative statics.

Finally, note that in all treatments the expert and the consumer have conflicting pref-

erences over the two pure-strategy equilibria. While the expert prefers the equilibrium in

which he sells the report by choosing rA||B, the consumer prefers the equilibrium in which

she does not acquire the report generated by rA. In their respective preferred equilibria,

both the expert and the consumer earn the same (expected) payoffs of 350.

1.4.2 Procedures

Our experiment is conducted using oTree (Chen, Schonger and Wickens, 2016) at the

Financial Services Laboratory of Lehigh University. A total of 200 subjects participate in

the three treatments using a between-subject design. Subjects have no prior experience

with the experiment and are recruited from the undergraduate and graduate population of

the university.

Table 1.2 reports a summary of participation for three treatments. Four sessions are

conducted for each treatment. On average, 17 subjects participate in a session, with half

of them randomly assigned to the role of an expert and the other half to the role of a

consumer. Roles remain fixed throughout a session. Experts and consumers in a session

are randomly matched in each round to form groups of two to play 40 rounds of the game.

Upon arrival, subjects are instructed to sit at separate computer terminals with par-

titions. Each receives a copy of the experimental instructions. The instructions are read
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aloud using slide illustrations as an aid. A comprehension quiz and a practice round follow.

Subjects are told that there are two products, A and B. While the value of Product

A is fixed at 100, that of Product B is random and varies between 0 and, using treatment

AVERAGE-B as an example, 80, where there is a 60% chance that the computer selects

80.

The expert makes only one decision in each round, choosing between Ranking Method

1 (rA) and Ranking Method 2 (rA||B). The consumer makes two decisions, first choosing

whether to acquire the expert’s ranking report and then deciding which product to choose.

If the consumer chooses to acquire the report, before her product choice is made she will

see a report that is generated according to the randomly selected value of Product B and

the ranking method chosen by the expert. The ranking report is framed as “Product K is

ranked first.” If the consumer chooses not to acquire the report, she will proceed directly

to choose a product. A report will still be generated in this case to determine the ranking

value.

Rewards in each round are determined based on, for the expert, the consumer’s report-

acquisition decision and, for the consumer, the generated report, her report-acquisition

decision, and her product choice, all according to the parameters of the treatment. A

more elaborate reward table than those in Table 1.1 is presented on each subject’s screen

throughout the experiment.11

A round is concluded by the provision of a feedback, which summarizes what has

happened in the round, including the expert’s chosen ranking method, the selected value of

Product B, the generated ranking report, the consumer’s product choice, and the subject’s

11Refer to Appendix B for a sample of instructions.
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reward for the round. A history of the happenings in all previous rounds is also available

to subjects.

We randomly select three rounds for payments. The average reward a subject earns in

the three selected rounds is converted into US Dollars at a fixed and known exchange rate

of US$1 per 20 reward points. A show-up fee of US$5 is also provided. Subjects on average

earn US$14.88 by participating in a session that lasts about an hour.

1.5 Findings

1.5.1 Pure-Strategy Equilibrium Plays

For the parameters adopted in our three treatments, there are two pure-strategy equilibria,

what we call the informative-ranking and uninformative-ranking equilibria, and a contin-

uum of mixed-strategy equilibria. We begin our analysis by examining the frequencies of

plays of the two pure-strategy equilibria.

Finding 1. In all three treatments, the frequencies of plays of either the informative-

ranking or the uninformative-ranking equilibria are significantly higher than those that

would occur under completely random behavior. There are no significant differences in

the frequencies of these equilibrium plays between the three treatments.

In the presence of multiple equilibria, subjects need to coordinate over which equilibrium

to play, if at all. Our first finding provides evidence that subjects’ behavior is purposefully

shaped by the equilibrium incentives. Figure 1.1 presents the frequencies of plays of the

two pure-strategy equilibria over rounds. In an instance of play of the game, there are 10

possible combinations of choices made by the expert and consumer. Among them, three
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Figure 1.1: Pure-Strategy Equilibrium Plays

combinations are consistent with the pure-strategy equilibria, one with the uninformative-

ranking equilibrium and two with the informative-ranking equilibrium. The frequency of

plays of any one of these equilibria, aggregated across all sessions and all rounds of the three

treatments, is 47.32%, significantly higher than the 30% benchmark when the equilibria are

played as a result of completely random choices (p ă 0.001, Wilcoxon signed-rank test).12

The frequency of equilibrium plays is higher in SUPERIOR-B (51.98%) than in AVERAGE-

B (44.10%) and INFERIOR-B (45.87%), although the differences between the three treat-

ments are not statistically significant (two-sided p ě 0.3429 for any pairwise comparison,

Mann-Whitney tests).13

We next examine the frequency of each of the two pure-strategy equilibria conditional

on equilibrium behavior. We perform two comparisons, a within-treatment comparison and

a between-treatment comparison.

Finding 2. Conditional on equilibrium plays,

12Figure 1.1 indicates that there is no systematic convergency in the frequencies of equilibrium plays. We
accordingly use all-round data for statistical tests. Unless otherwise indicated, the reported p values are
from one-sided tests.

13A Kruskal-Wallis test further confirms that the three frequencies have no statistical differences from one
another (p “ 0.5367).
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(a) the frequency of the informative-ranking equilibrium is significantly higher than that

of the uninformative-ranking equilibrium in SUPERIOR-B and INFERIOR-B, while

there is no significant difference between the two frequencies in AVERAGE-B; and

(b) the frequency of the informative-ranking equilibrium in SUPERIOR-B is higher than

those in AVERAGE-B and INFERIOR-B, but only the difference with AVERAGE-B

is statistically significant.
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Figure 1.2: Informative-Ranking Equilibria and Informative Methodology

Finding 2(a) reports three within-treatment comparisons. The first set of bars in Figure

1.2 presents the conditional frequencies of the informative-ranking equilibrium. Among the

equilibrium plays observed in SUPERIOR-B and INFERIOR-B, the informative-ranking

equilibrium, which is played respectively 85.86% and 73.55% of the time, is the equilibrium

that is observed more often with statistical significance (p “ 0.0625, Wilcoxon signed-

rank tests).14 On the other hand, the informative-ranking and the uninformative-ranking

equilibria are played almost as often as each other in AVERAGE-B, with no significant

difference between their conditional frequencies, which are respectively 52.65% and 47.35%

(two-sided p “ 0.625, Wilcoxon signed-rank test).

14p “ 0.0625 is the lowest possible p value from the Wilcoxon signed-rank test with four independent
observations.
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The between-treatment comparisons reported in Finding 2(b) are apparent from the

figures above. The informative-ranking equilibrium is played most often in SUPERIOR-

B, followed by INFERIOR-B and then AVERAGE-B. Statistically, the higher frequency

in SUPERIOR-B over that in AVERAGE-B is significant (p “ 0.0286, Mann-Whitney

test), while the difference between SUPERIOR-B and INFERIOR-B is not (p “ 0.1227,

Mann-Whitney test). The higher frequency in INFERIOR-B over that in AVERAGE-B is

likewise not significant (p “ 0.1, Mann-Whitney test).

The frequencies reported above present a non-monotonic comparative statics. Recall

that the only difference in the parameters of the three treatments is ῡB, the high re-

alization of the pre-ranking value of Product B. The value assumed by ῡB decreases

monotonically from 120 in SUPERIOR-B to 80 in AVERAGE-B to 60 in INFERIOR-B.

The conditional frequency of the informative-ranking equilibrium, however, decreases from

85.86% in SUPERIOR-B to 52.65% in AVERAGE-B and then increases again to 73.55% in

INFERIOR-B. We proceed to examine the observed behavior of the expert-subjects and the

consumer-subjects that comprise these non-monotonic frequencies of strategic outcomes.

1.5.2 Experts’ and Consumers’ Behavior

We begin our analysis of subjects’ behavior by examining the ranking methodology choices

of the experts. We again perform a within-treatment and a between-treatment comparisons.

Finding 3. For the experts’ choices of ranking methodology,

(a) the frequency of the informative methodology is higher than that of the uninformative

methodology in all three treatments, with statistical significance in SUPERIOR-B and

INFERIOR-B; and
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(b) the frequency of the informative methodology in SUPERIOR-B is higher than those

in AVERAGE-B and INFERIOR-B, but only the difference with AVERAGE-B is

statistically significant.

The second set of bars in Figure 1.2 presents the frequencies of the informative method-

ology rA||B. The same non-monotonicity across treatments noted in the frequencies of the

informative-ranking equilibrium is also observed in the experts’ choices of the informative

methodology. The experts choose rA||B 82.79% of the time in SUPERIOR-B, 61.48% of the

time in AVERAGE-B, and 75.77% of the time in INFERIOR-B. Except for AVERAGE-B,

these frequencies are significantly higher than the complementary frequencies of uninfor-

mative methodology (p “ 0.0625 for SUPERIOR-B and INFERIOR-B and p “ 0.1875

for AVERAGE-B, Wilcoxon signed-rank tests). For between-treatment comparisons, the

higher frequency in SUPERIOR-B over that in AVERAGE-B is statistically significant

(p “ 0.0571, Mann-Whitney test), while the differences in the other two pairwise compar-

isons are not (p ě 0.1714, Mann-Whitney tests).

The experts’ strategies put an “upper bound” on what can be achieved as equilibrium

outcomes. The cross-treatment non-monotonicity in the frequencies of the experts’ ranking

methodologies appears to be the main driving force for the similar non-monotonicity in the

frequencies of the pure-strategy equilibria. To evaluate the extent of how consumers’ be-

havior also contributes to shape the observed equilibrium outcomes, we proceed to examine

the choices made by the consumers.

Our equilibrium characterization of the expert’s choice of ranking methodology and

the consumer’s report-acquisition decision is based on consumer’s adoption of the product-

purchasing rule ρpHq “ ρpAq “ A and ρpBq “ B, which is a best response given the
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parameter values of our treatments. We examine the consumers’ report-acquisition deci-

sions as well as the extent to which their plays are consistent with this rule.

Finding 4. The consumers in AVERAGE-B acquire the ranking report significantly less

often than they do not acquire, while there are no significant differences between acquiring

and not acquiring in SUPERIOR-B and INFERIOR-B. For product choices,

(a) conditional on not acquiring the report, the frequency of Product A is significantly

higher than that of Product B in all three treatments; and

(b) conditional on acquiring the report, the consumers in all three treatments virtually

always choose the first-ranked products.
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Figure 1.3: Consumers’ Report Acquisitions and Product Choices

Figure 1.3 presents the frequencies of consumers’ report-acquisition decisions and con-

ditional product choices. Except in AVERAGE-B, consumers choose to acquire the ranking

report roughly half of the time, with 55.01% in SUPERIOR-B and 43.94% in INFERIOR-

B, which makes the frequencies of acquiring and not acquiring not significantly different

from each other (two-sided p ě 0.375, Wilcoxon signed-rank tests). The consumers in

AVERAGE-B, however, chooses not to acquire the report 62.14% of the time, significantly

more often than acquiring (p “ 0.0625, Wilcoxon signed-rank test).
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We also observe in AVERAGE-B the highest frequency of Product A conditional on

not acquiring the report, which is recorded at 85.88%. This is followed by 77.55% in

INFERIOR-B and then 68.33% in SUPERIOR-B. All these frequencies are significantly

higher than the corresponding conditional frequencies of Product B (p “ 0.0625, Wilcoxon

signed-rank test). Conditional on acquiring the report, consumers choose the first-ranked

products with frequencies above 97% in all three treatments.

The above analysis suggests that in AVERAGE-B consumers’ report-acquisition deci-

sions and product choices combine with experts’ choices of ranking methodology to drive

less frequent plays of the informative-ranking equilibrium (and more frequent plays of

the uninformative-ranking equilibrium). In relative terms, the contribution of consumers’

behavior to the observed equilibrium outcomes is less pronounced in the other two treat-

ments, where the equilibrium outcomes are more strongly driven by the experts’ choices of

methodology. In section 1.6, we discuss what behavioral factors in addition to equilibrium

incentives may contribute to these non-monotonic findings across the three treatments.

1.5.3 Dynamic Analysis

We adopt a panel setting to examine the individual behavior through 40 rounds in the

experiment. For participant i in round t, we define dummy variables Acquireit “ 1 if

the consumer acquires the ranking report, and Informativeit “ 1 if the expert selects an

informative ranking methodology rA||B. The dynamic reactions are estimated separately
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by:

Acquireit “ α1 ` β1 L.Informative` γ1 L.Acquire` δ1 X` uit (1.1)

Informativeit “ α2 ` β2 L.Acquire` γ2 L.Informative` δ2 X` εit (1.2)

where, L.Informative and L.Acquire are vectors with lag values of Informativeit and

Acquireit respectively, and X a vector including fixed effects of treatments and sessions.

We employ a random effect panel Logit regression to estimate above two models, with

results presented in Table 1.3 and 1.4.

Finding 5. For individual subjects through 40 rounds,

(a) consumers are likely to change behavior responding to the experience from the previous

rounds; and

(b) experts behave more consistently.

Table 1.3 presents the dynamic estimation of consumers’ report-acquisition behavior.

We find that consumers’ report-acquisition behavior is significantly related to her paired

experts’ behavior in previous rounds. If a consumer was paired with an expert who selected

ranking methodology rA||B in previous round, she is more likely to acquire the ranking

report in current round, which suggests that the consumer adjusts her behavior responsively

based on her experience. This finding is insightful and provides another explanation why

we do not see a lot consumers acquiring the ranking. That is, if consumers saw ranking

methodology rA in the previous round, they have incentive to skip the ranking, which could

make them better off under the condition of ranking methodology rA.

On the other side, experts do not play responsively, which is shown by the regression
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results in Table 1.4. We do not see a statistically significant relation between the expert’s

behavior and the behavior of the paired consumer in the previous rounds. Instead, experts

tend to have a self-consistent behavior: they are significantly more likely to make the same

decision as they did in previous rounds. This result again demonstrates our main finding

that experts could figure out an optimal strategy and resist during most of the time.

1.5.4 Experience-Weighted Attraction Learning

There is a growing literature on learning in laboratory experiments, with the concern

that players usually need to learn to play equilibrium strategies in games where they do

not have much experience playing. In this section, we present an econometric analysis of

learning with two goals: (1) to examine whether players in our ranking games learn to

play equilibrium strategies, and (2) to explain in more detail why not so many consumers

choose to acquire the ranking report. We adopt the experience-weighted attraction (EWA)

learning model developed by Camerer and Ho (1999), which integrates reinforcement and

belief-based learning models.15

The EWA learning models a normal form game with N players and J strategies for

each player. Let sji ptq be player i’s strategy j in period t and siptq player i’s chosen strategy

in period t. Player i’s payoff of choosing strategy j in period t is πips
j
i , s´iptqq. The core of

EWA learning is two updated variables, experience weight Nptq and attractions Aji ptq with

given initial values of Np0q and Aji p0q that represent pregame experience. Specifically, the

experience weight is updated according to

Nptq “ φp1´ kqNpt´ 1q ` 1 (1.3)

15Studies like Salmon (2001), Hopkins (2002) and Camerer (2003) reviewed different learning models.
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where φ P r0, 1s discounts past experience and k P r0, 1s denotes the updating speed of an

experience weight. The attraction of strategy j for player i is updated according to

Aji ptq “
φNpt´ 1qAji pt´ 1q ` rδ ` p1´ δqIpsji , siptqqsπips

j
i , s´iptqq

Nptq
(1.4)

where the indicator function Ipsji , siptqq is equal to one if sji “ siptq, and δ P r0, 1s represents

the weight put on foregone payoffs.

Based on attractions, the probability of player i choosing strategy j in period t ` 1 is

computed by the following logistic function:

P ji pt` 1q “
exppλAji ptqq

expp
řJ
k“1 λA

k
i ptqq

(1.5)

where λ P r0,`8s reflects the response sensitivity for mapping attractions into choice

probabilities.

There are four key parameters in the EWA learning model: λ, φ, δ, k, of which each

captures a behavioral principle of learning. It is a reinforcement learning when δ “ 0 and

k “ 1, while a belief based learning when δ “ 1 and k “ 0. We estimate these parameters

using the method of maximum likelihood with the log-likelihood function given by:

LLpλ, φ, δ, kq “
T
ÿ

t“1

N
ÿ

i“1

lnr
J
ÿ

j“1

Ipsji , siptqqP
j
i pt´ 1qs (1.6)

where we assume initial value of Np0q “ 1 following previous studies,16 and compute initial

attractions Aji p0q by the first-period data as described in Ho, Wang and Camerer (2007).

We examine the EWA learning process for consumers and experts separately in each

16Camerer (2003) suggests that this assumption has no substantial effects on the learning process.
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treatment, and report the estimates for parameters λ, φ, δ, k in Table 1.5 and 1.6.

Overall, the estimates for λ, δ and k reveal the difference in learning between consumers

and experts. Although both players have low decay of previous attractions (given by high

φ), consumers are more likely to play according to belief based learning with positive δ

and lower k, while experts are more likely to play according to reinforcement learning with

insignificant δ and higher k.

Specifically, consumers are more sensitive to updated attractions when making decisions

of whether to acquire the ranking (given by big λ), significantly care about the foregone

payoffs (given by δ), and put higher weight on recent experience (given by lower k). This

explains why not so many consumers choose to acquire ranking with high probabilities,

since they pay attention to the hypothetical payoffs if they do not acquire the ranking,

which increases the attraction of not acquiring.

In contrast, experts are less sensitive to updated attractions when choosing ranking

methodologies and do not care about foregone payoffs. This is reasonable as experts are

indifferent between two ranking methodologies. Comparing three treatments, experts in

treatment AVERAGE-B seem to play differently by putting higher weights on recent ex-

perience, while in other treatments, experts consider each past period equally. This may

help to explain why relatively fewer experts choose informative ranking methodology in

treatment AVERAGE-B.

1.6 Discussion

We discuss three issues in this section: (i) the non-monotonic result that the expert is more

likely to select the informative ranking methodology rA||B in SUPERIOR-B (when this
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ranking methodology is consumer optimal) and INFERIOR-B (when this methodology is

the furthest from being consumer optimal) and less likely in AVERAGE-B (when this rank-

ing methodology is consumer-sub-optimal, albeit closer to being consumer-optimal); (2) the

consumer acquires the ranking report with a relatively low probability in AVERAGE-B and

INFERIOR-B ; and (3) whether lying or deception is relevant in our experiment.

1.6.1 Experts’ Decision: Social Preferences vs Economic Incentives

Many studies have shown that people have social preferences. Bowles and Polania-Reyes

(2012) define social preferences as motives such as altruism, reciprocity, intrinsic pleasure

in helping others, inequity aversion, ethical commitments, and other motives that induce

people to help others more than would an own-material-payoff maximizing individual. For

instance, Engel (2011) conducts a meta study of 131 dictator game experiments with 616

treatments and finds solid evidence that the majority of dictators are generous, even though

giving behavior varies across different social groups. In a survey of the extensive literature

of measuring social preferences in experimental games, Levitt and List (2007) summarize

various factors beyond monetary motivations that could influence subjects’ behavior in

the lab. Although we attempt to avoid the influence of most factors, it is impossible to

completely eliminate the subjects’ social preferences.

In our model, of the two ranking methodologies rA and rA||B available to the product

expert, if the expert selects rA with sufficiently high probability, then the consumer does

not acquire the expert’s ranking. Alternatively, if the expert selects rA||B with sufficiently

high probability, then the consumer does. Therefore, to motivate the consumer to acquire

his ranking, the expert has an economic incentive to select rA||B with sufficiently high
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probability. However, social preferences might also influence the expert. Specifically, in all

treatments an expert might select rA because the consumer’s greatest payoff is from the

action profile in which the expert selects this ranking methodology and the consumer does

not acquire the ranking (and selects product A). Therefore, an expert who is concerned

about a consumer might select rA.

Evaluating the consumer’s and expert’s payoffs across our three treatments, the only

payoff that changes is consumer’s from the expert selecting rA||B and the consumer ac-

quiring the ranking. Therefore, in comparing the results of our experiment across the

three treatments, we should focus on the consumer’s payoff from this action profile. In

Table 1.1, we see that this payoff is 292 in SUPERIOR-B, 268 in AVERAGE-B, and 256

in INFERIOR-B. Note that the consumer’s payoff from this action profile changes across

these treatments because ῡB changes.

Comparing these treatments, the expert needs to provide the smallest economic incen-

tive for the consumer to acquire the ranking by selecting rA||B in treatment SUPERIOR-B

and the greatest incentive in treatment INFERIOR-B. With regard to social preferences,

an expert who has concern for the consumer’s utility might be most likely to select rA||B in

treatment SUPERIOR-B and least likely to select this ranking methodology in treatment

INFERIOR-B.

In sum, social preferences and economic incentives perform opposite trends from treat-

ment SUPERIOR-B to treatment INFERIOR-B. Therefore, we cannot determine in each

case the net effect of the economic incentives versus the social preferences effect. As a re-

sult, we could observe the non-monotonicity of the experts’ selected ranking methodology,

as displayed in Figure 1.2, moving from the SUPERIOR-B to the AVERAGE-B to the
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INFERIOR-B treatment.

1.6.2 Consumers’ Decision

A consumer in our experiment makes two decisions, whether to acquire the expert’s product

ranking and which product to select. Each of these decisions involves uncertainty about

the expert’s selected ranking methodology and about the value of product B. If the expert

acquires the product ranking, then using Bayes rule, she can update her probabilistic belief

about the value of product B. Some concerns might influence whether she applies Bayes

rule correctly and whether she calculates expected payoffs correctly.

The first concern is cognitive cost that may discourage decision makers when informa-

tion is overloaded (e.g. Chetty, Looney and Kroft, 2009; Kuksov and Villas-Boas, 2010;

Ghose, Ipeirotis and Li, 2014). In our experimental results, we find that a certain number

of consumers in all 40 rounds never acquire the product ranking report. They might, by

doing so, be skipping the first decision and making their decision process easier by selecting

only a product.

In addition, theories about salience contend that when dealing with uncertainty, decision

makers may focus on in all 40 rounds partial information (e.g. Chetty, Looney and Kroft,

2009; Bordalo, Gennaioli and Shleifer, 2012). Therefore, salience may affect the consumer

in treatments 2 and 3 where the pre-ranking value of product B is always lower than that

of product A. If the consumer pays too much attention to this value rather than to the

ranking value, she may think product A will give her a higher expected payoff.

Finally, the social preferences may also work on the consumer. For instance, if the

consumer realizes that the expert is more likely to choose the ranking methodology rA||B,
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which reduces the consumer’s expected payoff compared to rA, she may have incentive to

fight back by refusing to acquire the ranking report. In particular, when refusing to acquire

the ranking report, the expert would lose much more than the consumer.

1.6.3 Lying and Deception

In the context of our experiment, considering factors that could affect the expert’s selection

of rA||B in treatments AVERAGE-B and INFERIOR-B, we should evaluate the possibility

that the expert might be deceiving, or lying to, the consumer. In our model, ex ante the

expert and the consumer know that the pre-ranking value of product A is 100, and both are

uncertain about the value of product B. Consider treatment INFERIOR-B in which the

expert and consumer believe that the consumer’s pre-ranking value of B could be either

ῡB “ 60 or 0. Despite being uncertain about the value of product B, both the expert and

consumer therefore know that the pre-ranking value of product A is greater than either

pre-ranking value of product B. Prior to ranking the products, but after selecting a ranking

methodology, the expert learns the pre-ranking value of product B, whether it is 0 or 60.

Applying the Sobel (2018) definition of deception in settings with strategic information

transmission to our model, an expert’s ranking methodology (i.e., message function) is not

deceptive if for each possible product ranking that results from using the methodology,

the consumer who acquires the ranking accurately updates probabilistic beliefs about pre-

ranking product values (so that her probabilistic beliefs are identical to the expert’s). In

our scenario, the ranking methodology rA||B, despite possibly ranking product B first, is

not deceptive.

In addition, our instructions for the experiment state that when using rA||B, the expert
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is ranking products according to ῡB. Therefore, because the expert is not deceiving the

consumer and is not lying to the consumer by using rA||B in treatments AVERAGE-B and

INFERIOR-B, we believe that possible deception or even lying is not driving our results.17

However, we should note that by creating a ranking value in the consumer’s utility of

a product, in our two-product model, the expert’s ranking boosts the value of the product

he ranks first. Therefore, if the expert uses rA||B and ranks product B first, the expert

boosts the consumer’s value of product B. The expert does so despite the fact that the

consumer’s pre-ranking value of product B is less than her pre-ranking value of A.

If we consider an expert’s new-car automobile ranking in which his creation of a ranking

value is due to his influence on the eventual used-car market, then in a sense the expert

is deceiving future used-car buyers. To do so, these used-car buyers must use the expert’s

ranking as salient information about pre-ranking value. (Otherwise, these used-car buyers

would correctly update beliefs about pre-ranking value using Bayes rule.) In this scenario,

the consumers in our experiment while benefiting from the expert’s ranking value are not

deceived by the expert’s use of rA||B.

In reality, the publisher of a product ranking has the opportunity to influence a con-

sumer’s choice of whether to acquire the ranking through ranking value or through deceiving

the consumer. Our goal in the design of our experiment was to create an environment in

which the expert by using rA||B influences the consumer’s utility and therefore decision

whether to acquire the ranking, without deceiving the consumer. That is, we wanted

to isolate the effect of the expert’s influence on the consumer’s utility from the possible

17There is an ongoing debate in current studies about whether people have preferences for truth-telling,
or equivalently an aversion to lying. For instance, Abeler, Nosenzo and Raymond (2016) conclude that
people lie less than we expect; while Sánchez-Pagés and Vorsatz (2007) and Gneezy, Kajackaite and Sobel
(2018) find evidence that lying occurs more often when the behavior involving a lie is not observed.
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deception of the consumer.

1.7 Concluding Remarks

In our experimental analysis, we find evidence that product experts are likely to select a

ranking methodology that involves considerable uncertainty about the final product rank-

ing. In two of our three treatments, this methodology involves ranking products in a

manner that is inconsistent with the consumers’ pre-ranking values of the products being

considered.

Dearden, Grewal and Lilien (2019, forthcoming) demonstrate in a theoretical model

that a critical factor in this result is that a product’s rank affects consumer utility. A

consumer who acquires an expert’s ranking learns the ranking value of each product being

considered; and a consumer who does not acquire the ranking does not learn these ranking

values. It is the consumer’s uncertainty associated with the ranking values that drives

the expert to select a ranking methodology that adds randomness to the ranking outcome,

thereby motivating the consumer to learn these values by viewing an expert’s ranking. The

added uncertainty comes at the expense of ranking products in a manner consistent with

a consumer’s pre-ranking values.

The expert-consumer game that is the basis of our experiment is riddled with multiple

equilibria. In one the expert selects a ranking methodology which involves no uncertainty

about the product ranking and accordingly the consumer does not acquire the ranking. In

another, the expert selects a ranking methodology which involves considerable uncertainty

about the product ranking and accordingly the consumer acquires the ranking. In this

game with multiple equilibria, we find the tendency in our experimental setting for prod-
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uct experts and consumers to play the equilibrium in which the expert selects a ranking

methodology that does not necessarily rank products according to the consumer’s pre-

ranking utilities and which involves considerable uncertainty about the expert’s ranking.

This result indicates that product experts, for the purpose of motivating consumers to

acquire their rankings, are willing to select ranking methodologies that are not best for

consumers.
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Tables

Table 1.2: Average Payment in Each Session

Treatment Session Number of Subjects Average Payment

SUPERIOR-B 11 16 15.93
SUPERIOR-B 12 16 15.36
SUPERIOR-B 13 18 12.75
SUPERIOR-B 14 14 18.34
AVERAGE-B 21 20 15.22
AVERAGE-B 22 16 13.26
AVERAGE-B 23 16 15.29
AVERAGE-B 24 22 13.78
INFERIOR-B 31 14 14.53
INFERIOR-B 32 16 15.13
INFERIOR-B 33 16 14.61
INFERIOR-B 34 16 15.38

Mean 17 14.88

Table 1.3: Dynamic Analysis of Consumers’ Behavior

(1) (2) (3)
VDL1 VDL2 VDL3

Acquire

L.Informative 0.3490˚˚ 0.3697˚˚ 0.3893˚˚

p0.1204q p0.1215q p0.1265q

L2.Informative 0.1497 0.1602
p0.1115q p0.1188q

L3.Informative 0.0834
p0.1266q

L.Acquire 0.0397 0.0066 ´0.0611
p0.2010q p0.1816q p0.1807q

L2.Acquire 0.5259˚˚ 0.4769˚˚

p0.1686q p0.1648q

L3.Acquire 0.3760˚

p0.1836q

N 3900 3800 3700

Clustered standard errors in parentheses
˚ p ă 0.05, ˚˚ p ă 0.01, ˚˚˚ p ă 0.001
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Table 1.4: Dynamic Analysis of Experts’ Behavior

(1) (2) (3)
RDL1 RDL2 RDL3

Informative

L.Acquire 0.1850 0.2242˚ 0.1887
p0.0984q p0.0984q p0.0999q

L2.Acquire 0.0876 0.0600
p0.0983q p0.1001q

L3.Acquire 0.0496
p0.1090q

L.Informative 1.2344˚˚˚ 1.1039˚˚˚ 1.1074˚˚˚

p0.2039q p0.1730q p0.1781q

L2.Informative 0.5692˚˚˚ 0.4942˚˚

p0.1597q p0.1581q

L3.Informative 0.3304˚

p0.1508q

N 3900 3800 3700

Clustered standard errors in parentheses
˚ p ă 0.05, ˚˚ p ă 0.01, ˚˚˚ p ă 0.001
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Table 1.5: Estimates of EWA Learning Model for Consumers

(1) (2) (3)
SUPERIOR-B AVERAGE-B INFERIOR-B

λ 1.3896˚˚˚ 1.1896˚˚˚ 0.9939˚˚˚

p0.2186q p0.2003q p0.1809q

φ 0.9263˚˚˚ 0.9030˚˚˚ 0.9434˚˚˚

p0.0186q p0.0184q p0.0190q

δ 0.2902˚˚˚ 0.1550˚ 0.1235˚

p0.0555q p0.0817q p0.0785q

k 0.0317 0.0307 0.0522˚

p0.0216q p0.0254q p0.0278q

N 1280 1480 1240

Standard errors in parentheses
˚ p ă 0.05, ˚˚ p ă 0.01, ˚˚˚ p ă 0.001

Table 1.6: Estimates of EWA Learning Model for Experts

(1) (2) (3)
SUPERIOR-B AVERAGE-B INFERIOR-B

λ 0.4361 0.5736 0.3823
p0.2580q p1.1606q p0.8409q

φ 0.8582˚˚˚ 0.8570˚˚˚ 0.9009˚˚˚

p0.0239q p0.0178q p0.0192q

δ 0.4629 0.1269 0.4862
p0.3257q p1.8068q p1.1328q

k 1.0000˚˚˚ 0.4911 1.0000˚˚˚

p0.0006q p0.3268q p0.0005q

N 1280 1480 1240

Standard errors in parentheses
˚ p ă 0.05, ˚˚ p ă 0.01, ˚˚˚ p ă 0.001
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Chapter 2: Third-party Product Review and

Advertising

Abstract

Third parties in reviewing products provide information about the products’ attribute
qualities, which can influence advertising strategies by the firms whose products have been
reviewed. In our model, firms have the option to inform consumers about product at-
tributes through third-party reviews as well as persuade consumers about the importance
of particular product attributes. For example, if the information provided by third-party
reviewer shows that a product is better in a particular attribute than the priors of con-
sumers, then at first glance the product’s manufacturer should guide consumers to read or
view the third-party review. One result of our model – one that is counter to the above
first-glance intuition – is that a firm may not inform consumers that a particular product
attribute is better than expected. Doing so might reduce product differentiation and as
a result stiffen price competition if the perceived quality of its product moves closer to
its competitors’. This result extends the incomplete disclosure theory in the literature
by finding that the optimal disclosure strategy is determined by each product’s attribute
advantages. However, considering persuasive advertising, the firm may benefit from per-
suading consumers about the importance of the attribute in which it has a comparative
advantage (even in cases in which the quality of this attribute is lower than its competitors’
quality of the attribute), especially for firms who cannot produce higher quality for any
attribute.
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2.1 Introduction

The growing popularity of third-party product reviews means that consumers are bet-

ter informed when making purchase decisions, especially for experience goods for which

consumers use reviews to gain information about product qualities. Most notably in the

U.S., Consumer Reports ranks products within categories (e.g., refrigerators) and offers

salient information about qualities of products for various important attributes. Those

product views could influence consumer choice. Simonsohn (2011) among other studies

demonstrates that the expert advice provided by Consumer Reports has a causal effect on

consumer demand; and in particular, consumers who are heterogeneous in preferences for

attributes armed with attribute scores provided by the ranking can find the best product

for them. On the producer side, third-party product reviews could influence firms’ market-

ing strategies. For instance, some firms directly use the supportive product review reports

to disclose quality information,1 or firms can advertise to offset the influence of unfavorable

product reviews.

Chen and Xie (2005) in a model without product attributes develops firms’ optimal

responses to product reviews, focusing on advertising and pricing strategies. However,

products have multiple attributes, and the advertising research, both informative and per-

suasive, in a setting with multi-attribute products is under explored.

In this paper, we consider products with multiple attributes and develop a new model

to explore firms’ advertising strategies in response to third-party reviews. In our model,

firms have the option to inform consumers about product attributes in general, and about

1As an example, Figure A-1 shows a screenshot of Subaru’s official website where it intensively highlights
several product review reports.
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third-party reviews in particular, as well as persuade consumers about the importance of

particular product attributes. We address three specific research questions. First, what is

the condition for one firm to advertise the result of third-party reviews? Second, which

attribute should one firm choose to advertise? Third, with third-party reviews in place,

which type of advertising is optimal – informative, persuasive, or both? The answers to

these questions rest in part on a firm’s attribute advantage of the products it produces.

Our model has two firms and each produces and sells a two-attribute product. A firm

has an absolute advantage in a particular product attribute if the perceived quality of the

attribute is greater than that of its competitor’s. A firm has a comparative advantage in a

attribute if the perceived quality of the attribute is comparatively greater than that of its

other attribute. Our first finding is that the competitive environment as it relates to ab-

solute and comparative attribute advantage is vital in determining the optimal advertising

strategy, namely whether changes in the perceived quality following a third-party review

reduces product differentiation or increases it.

Consider the following scenario. Suppose the third-party review reports that one firm’s

actual quality in one attribute is higher than the consumers’ common expected value.

There are three possible competition situations with a particular advertising strategy for

each situation. (i) If the firm produces a higher quality in this attribute than its competitor,

it should inform consumers about this review. However, (ii) if it produces a lower quality

in this attribute (yet a higher quality in the other attribute) than its competitor, it should

not inform consumers about this review, because consumer knowledge of the actual quality

would reduce product differentiation and as a result stiffen price competition. Moreover,

(iii) if it produces a lower quality in both attributes than its competitor, it should inform
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consumers about this review only when it has comparative advantage in this attribute. In

the third case, the firm with lower quality in every attribute may lose the entire market

and sell zero, especially when it cannot maintain a significant comparative advantage in

one attribute.

In the literature on competition and the product quality reporting by competitors to

consumers (Board (2009), Levin, Peck and Ye (2009), and Hotz and Xiao (2013)), there

is one result called incomplete disclosure, in which a firm does not have the incentive to

disclose the quality of its product, even though the actual quality is higher than consumers’

prior expectation. We confirm and extend this argument, and make a new contribution

by finding that the optimal disclosure strategy is determined by the attribute advantages

of the products, in particular we demonstrate the importance of maintaining a significant

comparative attribute advantage.

We then develop a model for persuasive advertising which can create consumer loyalty

on advertised attributes. As our second finding, a firm’s optimal persuasive advertising

strategy is to persuade consumers of the importance of the attribute in which it has a

comparative advantage, no matter whether it has an absolute attribute advantage. A

firm’s spending on persuasive advertising is increasing in the magnitude of its comparative

advantage. Additionally, we find the firm without absolute advantage in any attribute can

get extra benefit from such an optimal persuasive advertising as it can achieve a positive

market share more easily.

Finally, to complement our analysis of the disclosure of third-party attribute scores, we

examine the case for costly informative advertising. The finding consistently demonstrates

that the market competition based on product differentiation plays an essential role in
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making advertising strategies. Moreover, consumers’ purchase decision also affect firms’

motivation of engaging in informative advertising, although it is just a necessary condition.

In the policy arena, due to a free-rider problem among competitors whose products are

being reviewed, we find potential industry-wide under-informative advertising about third-

party product reviews.

2.2 Literature

This paper is related to three literature streams. The first examines the decision by firms

in oligopolistic markets about whether to disclose product quality to consumers. A key

finding in this literature is incomplete disclosure, that is, a firm may not have an incentive to

disclose information about the quality of its product, even though its product is better than

consumers perception. Board (2009), Levin, Peck and Ye (2009), and Hotz and Xiao (2013)

all demonstrate this argument using different modeling techniques. The reasoning is that

if revealing information about product quality heightens competition, then a firm might

choose to let consumers believe that its product is of lower quality. In the Board (2009)

model, consumers have heterogeneous preferences for product quality and the distribution

in the consumer population is continuous. There are two firms that both know the quality

of both products. He finds the firm with a higher-quality product discloses this quality

to consumers, and the firm with the lower-quality product discloses quality if and only

if this quality is neither too high nor too low. If the qualities of the two products in

the market are close, then price competition is heightened by disclosure about the lower-

quality product. Levin, Peck and Ye (2009) assume that consumers are heterogeneous in

horizontal preferences but have the same preference for quality. In this two-firm model,
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the firms do not know the quality of each other’s products. Their model characterizes a

threshold for disclosure. Hotz and Xiao (2013) assume that consumers are heterogeneous

in their preferences for both location and quality, but the heterogeneity in quality is binary

– only two types of consumers. Their non-disclosure result requires correlation between

consumers’ vertical and horizontal preferences.

Our study confirms the incomplete disclosure findings as well as extends it to different

competition situations with multiple attributes. By doing so, we add new conditions to the

incomplete disclosure.

The second stream is the literature examining product reviews. Dranove and Jin (2010)

review the literature of quality disclosure and certification, whereas Dilly (2014) surveys

the literature of ratings. Studies such as Jin and Leslie (2003), Chen and Xie (2008),

Zhu and Zhang (2010), Simonsohn (2011), Ghose, Ipeirotis and Li (2014) and Luca and

Smith (2013) among others evaluate the impact of quality disclosure on consumers’ or

firms’ behavior in various markets. However, to the best of our knowledge a small number

of papers (in particular Chen and Xie (2005) and Chen, Liu and Zhang (2012)) in this

literature examine how firms report product reviews in their advertising. We contribute to

this literature by examining firms’ responses in different competition situations to product

reviews.

The third stream is the literature on advertising. This is a well-studied area (see Nelson

(1974), Becker and Murphy (1993), Bloch and Manceau (1999), Ackerberg (2001), Bagwell

(2007), Baye and Morgan (2009) among others). We focus on informative and persuasive

advertising with the content related to third-party product reviews. Mayzlin and Shin

(2011) find that advertising content can be used to invite consumers to engage in search.
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Therefore, referring to third-party product review in the advertising could be one example,

and we attempt to model the market outcome of this advertising content.

2.3 The Model

Two firms compete by setting prices and advertising in a two-stage model. In the first

stage, two firms decide whether to disclose quality information by informing consumers

about a third-party product review; in the second stage, they make advertising decisions

and set prices.

Firm i, i P tA,Bu, offers a two-attribute product. We let pSi1, S
i
2q denote the actual qual-

ity of each product i’s attributes. If a consumer is uninformed about these actual attribute

scores, then she believes that the profile of the expected qualities is ppS̃A1 , S̃
A
2 q, pS̃

B
1 , S̃

B
2 qq.

In the unit mass of consumers, each one holds this same prior profile of expected qualities.

A third-party reviewer accurately measures the actual qualities of each of two attributes

offered by the two firms ppSA1 , S
A
2 q, pS

B
1 , S

B
2 qq and publishes them. Either the third-party

reviewer, firm A, firm B, or any of these institutions can inform consumers about these

attribute scores. If a consumer receives a combination of any of the following messages

– the third-party’s publication, an informative advertising message from firm A with the

third-party’s review, or the same informative advertising message from firm B – then she

learns the profile of actual attribute scores. If the consumer receives zero messages, then

she continues to believe that the profile of the expected qualities is ppS̃A1 , S̃
A
2 q, pS̃

B
1 , S̃

B
2 qq.

A consumer’s expected utility of purchasing product i is

Ui “

$

’

&

’

%

r ` w ¨ Si1 ` p1´ wq ¨ S
i
2 ´ Pi if the consumer is informed,

r ` w ¨ S̃i1 ` p1´ wq ¨ S̃
i
2 ´ Pi if the consumer is uninformed

(2.1)
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where r is the consumer’s reservation value, Pi is the price of product i, and w and 1´ w

is the weight the consumer attaches to attribute 1 and 2 respectively. We assume w is

uniformly distributed in the consumer population, w „ Ur0, 1s.

We apply the usual assumption in models like ours that r is high enough so that each

consumer in equilibrium purchases one unit of one product.

In this market with two competitors, consumers who make a purchase decision would

consider not just the quality value of a single product but also the quality difference between

two products. Therefore, we define the attribute differences in the following two attribute

advantages:

Definition 1. Attribute Advantages

1. If Sij ą S´ij , then firm i has an absolute advantage in attribute j. Compared to

firm -i, firm i’s attribute j is higher quality;

2. If Sij ´ Sij1 ą S´ij ´ S´ij1 , then firm i has a comparative advantage in attribute j.

Compared to firm -i, firm i has either a bigger advantage or smaller disadvantage in

attribute j than in attribute j1.

Notice that one firm could have absolute advantage in both attributes, but it can have

a comparative advantage in only one attribute.

We characterize equilibrium in terms of the differences between two products in the

qualities of the two attributes, so we define ∆1 ” SA1 ´S
B
1 , ∆2 ” SA2 ´S

B
2 , and uninformed

consumers’ prior expectation of those differences as ∆̃1 ” S̃A1 ´ S̃
B
1 and ∆̃2 ” S̃A2 ´ S̃

B
2 .

To simplify the analysis, without loss of generality, we assume that firm A has an abso-

lute advantage in attribute 1. Moreover, if one firm offers a product that has higher quality

in both attributes, without loss of generality, we assume firm A produces this product and
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that the quality difference between the two products is greatest for attribute 1. In addi-

tion, we assume consumers have correct prior expectations about absolute advantages, but

are uncertain about the accurate quality differences. We summarize these assumptions as

follows.

Assumption 1. The following holds for two products:

1. ∆1 ě 0. Firm A has absolute advantage in attribute 1.

2. ∆1 ą ∆2. Firm A has comparative advantage in attribute 1, and firm B has compar-

ative advantage in attribute 2.2

3. ∆̃1 ě 0 iff ∆1 ě 0, ∆̃1 ě ∆̃2 iff ∆1 ě ∆2. Consumer expectation about the absolute

advantage for attribute 1 and the comparative advantages for the two attributes are

correct.

Note that we assume ∆̃1 ‰ ∆̃2, because we consider ∆̃1 “ ∆̃2 as a special case and

present its analysis in C, which demonstrates that it does not change the result of our main

analysis. Therefore, all the core analyses through this paper would be built on Assumption

1.

We begin our formal analysis with the consumers’ product purchase decisions. As

consumer heterogeneity is modeled by parameter w, an indifferent consumer, ŵ, enjoys the

same expected utility whether purchasing product A or B. That is,

r ` wS̃A1 ` p1´ wqS̃
A
2 ´ PA “ r ` wS̃B1 ` p1´ wqS̃

B
2 ´ PB

ñ ŵ “
pPA ´ PBq ´ ∆̃2

∆̃1 ´ ∆̃2

p∆̃1 ‰ ∆̃2 under Assumption 1q. (2.2)

2This does not exclude the case where firm B has absolute advantage in attribute 2, which is ∆2 ă 0 and
|∆1| ă |∆2|.
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This indifferent consumer splits the market demand in a way that consumers with w

above (below) the cutoff ŵ would purchase product A (B). With the assumption that

∆̃1 ą ∆̃2, we have 0 ď ŵ ď 1 if and only if ∆̃2 ď PA ´ PB ď ∆̃1. Therefore, the demand

for each firm’s product can be characterized as:

$

’

’

’

’

’

&

’

’

’

’

’

%

DA “ 0, DB “ 1 if PA ´ PB ą ∆̃1;

DA “ 1´ ŵ,DB “ ŵ if ∆̃2 ă PA ´ PB ď ∆̃1;

DA “ 1, DB “ 0 if PA ´ PB ď ∆̃2.

(2.3)

We demonstrate in C that the demand function (2.3) also includes the case of Bertrand

competition when ∆̃1 “ ∆̃2. Therefore, it inclusively characterizes all the market share

possibilities. 3

Whether the two firms have incentive to advertise the third-party reviews depends

on how this disclosure would influence the consumers’ beliefs so that affect their profits.

We examine this question by solving firms’ profit-maximization problem. In doing so, we

normalize the marginal cost of producing the good to zero, and firms’ profit functions are

simply given by:

πi “ Pi ¨Di. (2.4)

2.3.1 The Price Equilibrium

We start our analysis with the second-stage pricing equilibrium given consumers’ prior

beliefs of product qualities, followed by the first-stage quality disclosure equilibrium in the

next subsection.

Given consumers’ prior beliefs of product qualities, ∆̃1 and ∆̃2, the two firms set prices

3To further demonstrate that Assumption 1 does not lose the generality, we derive the results of the other
case where ∆1 ă ∆2 in D.
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to maximize their own profits in equation (2.4). Assuming the demand for each firm’s

product is positive, the best-response functions of the two firms in the price-setting subgame

are derived as:

PBRA “
1

2
pPB ` ∆̃1q,

PBRB “
1

2
pPA ´ ∆̃2q.

(2.5)

It suggests that each firm directly responds to its competitor’s price, with the concern of

attribute heterogeneity. Then each firm’s price is obtained by solving the best-response

functions:

P ˚A “
2∆̃1 ´ ∆̃2

3
,

P ˚B “
∆̃1 ´ 2∆̃2

3
.

To verify the positive demands, we need to further examine the market share that is

determined by the indifferent consumer given in equation (2.2). The value of ŵ associated

with the potential equilibrium prices P ˚A and P ˚B is:

ŵ˚ “
∆̃1 ´ 2∆̃2

3p∆̃1 ´ ∆̃2q
.

Recall that ∆̃1 ą ∆̃2 under Assumption 1, then ŵ˚ ă 1 holds, which means firm A can

always achieve a positive market share. However, firm B can achieve a positive market

share if and only if ŵ˚ ą 0, which generates the following condition:

∆̃2 ă ∆̃1{2. (2.6)

Otherwise, firm A obtains the entire market and firm B sells zero when ∆̃1{2 ď ∆̃2 ă ∆̃1.

To sum up, we characterize all the price equilibrium by the following proposition.4

4The price equilibrium for a Bertrand competition is presented in C, which is just a special case of this
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Proposition 2. When consumers have expectations ∆̃1 and ∆̃2 following Assumption 1,

there exists a unique price equilibrium as:

$

’

&

’

%

P ˚A “ p2∆̃1 ´ ∆̃2q{3 and P ˚B “ p∆̃1 ´ 2∆̃2q{3 if ∆̃2 ă ∆̃1{2;

P ˚A “ ∆̃2 and P ˚B “ 0 if ∆̃1{2 ď ∆̃2 ă ∆̃1.

(2.7)

Proof. If ∆̃2 ă ∆̃1{2, both firms can have positive market shares, and the equilibrium is

derived in section 2.3.1. We then prove that P ˚A “ ∆̃2 and P ˚B “ 0 is an equilibrium if the

demand for firm B’s product is zero. We start from firm B. In order to obtain a positive

market share, firm B needs to set a price so that PA ´ PB ą ∆̃2, that is, PB ă PA ´ ∆̃2,

which is negative when PA “ ∆̃2. As firm B is worse off when obtaining a positive market

share with a negative profit, it does not have incentive to lower price. Analyzing firm A, it

is worse off by reducing its price. If it raises its price, firm A would lose some market share.

And the optimal price for firm A when it has partial market is p2∆̃1´∆̃2q{3, which is lower

than ∆̃2 when ∆̃2 ă ∆̃1{2, so firm A would lose profit when raising price. Therefore, firm

A’s best response to P ˚B “ 0 is P ˚A∆̃2.

Proposition 2 has two relevant implications. First, a firm with an absolute advantage in

at least one attribute is able to achieve a positive market share under the price competition.

In our model for example, if ∆̃1 ą 0 and ∆̃2 ă 0, each firm has one absolute advantage and

then each can earn a positive market share. This reflects the importance of maintaining

an attribute advantage in a market with product differentiation. Second, a firm that does

not have absolute advantage in any attribute may sell zero in the market. In our model, if

∆̃1{2 ď ∆̃2 ă ∆̃1, then firm B sells zero. Moreover, notice that under this condition firm B

does not have any absolute advantage in producing either attribute and the disadvantages

general equilibrium.

59



in each attribute are close. In other words, firm A would like to occupy the entire market

only when it is good at both attributes and its comparative advantage (here in attribute

1) is not too big. The intuition is that firm A can charge a higher price when it has a

big comparative advantage, instead of competing for market share. Thus for an inferior

firm, B here, if ∆̃2 ą 0, to have one attribute that is substantially worse than firm A’s

attribute and the other that is close is better than having both attributes that are equally

worse. Furthermore, since Bŵ˚{B∆̃1 ą 0 and Bŵ˚{B∆̃2 ă 0, firm A would reduce its market

share when its advantage in attribute 1 gets bigger, while enlarge its market share when

its advantage (disadvantage) in attribute 2 gets bigger (smaller).

Our primary interest is to evaluate the market in which both firms have positive market

shares, so we will focus on this competition circumstance in the following analysis.

In the equilibrium where both firms have positive market shares, two firms’ equilibrium

profits are:

π˚A “
p2∆̃1 ´ ∆̃2q

2

9p∆̃1 ´ ∆̃2q
,

π˚B “
p∆̃1 ´ 2∆̃2q

2

9p∆̃1 ´ ∆̃2q
.

Note that, comparing these equilibrium profits with those of the Bertrand model, firms

are better off through quality differentiation since both earn positive profits in this model.

Furthermore, those profits are related to consumer expectation of quality differences. As

a result, the firms disclose quality information to change consumer expectation, if doing

so makes them better off. To analyze the effects on equilibrium profits when consumers
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change expectations, we turn to evaluate the following derivatives of equilibrium profits:

Bπ˚A{B∆̃1 ą 0,

signrBπ˚A{B∆̃2s “ signr∆̃2s,

signrBπ˚B{B∆̃1s “ signr∆̃1s ą 0,

Bπ˚B{B∆̃2 ă 0.

These results provide us with a baseline for the analysis of firms’ quality disclosure behavior:

(1) If one firm has comparative advantage in the attribute (attribute 1 for firm A, and

attribute 2 for firm B), the firm would be better off by a larger comparative advantage; (2)

If one firm does not have comparative advantage in the attribute (attribute 2 for firm A,

and attribute 1 for firm B), the firm would be better off from a larger quality difference,

no matter whether it has an absolute advantage or disadvantage in the attribute.

2.4 Quality Disclosure by the Firms

As we established in Proposition 2, the equilibrium prices are functions of the consumer

expected quality of the firms’ attributes. This works through the positions of the firms’

best-response functions. Figure 2.1 illustrates the effect of change in consumer expected

quality on the positions of the best-response functions and the equilibrium prices. This

figure shows that a change in the consumer expected quality difference of attribute 1 (2)

affects the second-stage price equilibrium by shifting firm A’s (B’s) best-response function.

Recall that firm A (B) has comparative advantage in attribute 1 (2).

Interestingly, when either firm increases the size of its comparative attribute advantage,
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both firms respond by raising prices. Furthermore, when the quality difference in attribute

1 increases, the price of product A increases by more than that of product B; and when

the quality difference in attribute 2 decreases, the price of product B increases by more

than that of product A. Note that when the quality difference in attribute 2 decreases, the

comparative advantage of firm B increases rather than decreases.

Figure 2.1: The Dynamic Price Equilibrium
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To interpret why the two firms respond to the changes of two attributes differently,

we explore the impact on market shares and profits, which using two separate cases that

are classified by whether each firm has an absolute attribute advantage are summarized

in Table 2.1. Specifically, Case 1 represents the market behavior when each firm has an

absolute attribute advantage (firm A in attribute 1 while firm B in attribute 2), whereas

in Case 2 firm A has absolute advantage in both attributes so that firm B only has a

comparative advantage in attribute 2. In the second case, we call the firm with absolute

advantage in both attributes as a superior firm, while the firm without any absolute

attribute advantage as an inferior firm. Comparing two cases, two firms respond in the
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same direction with respect to prices and demands, but not in profits. In particular, firm

A’s profit performs differently in two cases.

Table 2.1: Dynamic Equilibrium when Quality Differences Increase

Price Market Share Profit

Case 1: ∆̃1 ą 0, ∆̃2 ă 0

∆̃1 Ò PA ÒÒ, PB Ò QA Ò, QB Ó πA ÒÒ, πB Ò

∆̃2 Ó PA Ò, PB ÒÒ QA Ó, QB Ò πA Ò, πB ÒÒ

Case 2: ∆̃1 ą 0, ∆̃2 ą 0

∆̃1 Ò PA ÒÒ, PB Ò QA Ó, QB Ò πA Ò, πB Ò

∆̃2 Ò PA Ó, PB ÓÓ QA Ò, QB Ó πA Ò, πB Ó

2.4.1 Case 1: ∆̃1 ą 0, ∆̃2 ă 0

Each firm has an absolute attribute advantage: firm A (B) has absolute advantage in

attribute 1 (2); that is, S̃A1 ą S̃B1 and S̃A2 ă S̃B2 . We frequently observe this case. For

example, a car has many attributes such as driving comfort, safety, energy efficiency and

so on, but usually one company does not produce a car that is best in all attributes. That

is, one company produces a car that is most comfortable, while another manufactures a

car that is safest. Yet another manufacturer’s auto is most efficient. Within the context of

our two-firm analysis, in this market setting the following analysis shows that both firms

would be better off from disclosure of an attribute if it results in a higher quality difference.

A firm is made better off whether or not it has an absolute advantage in the attribute.
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This means that a firm with an absolute attribute disadvantage would not want to reveal

to consumers that its attribute is better than expected.

We make three points about this result. First, since the equilibrium condition, as

expressed in equation (2.6) is satisfied, both firms maintain positive market shares in the

equilibrium. This is consistent with the reality that one firm can achieve some market

demands when its product has higher quality in at least one attribute.

Second, a bigger quality difference in either attribute increases both firms’ profits. Since

∆̃1 ą 0 and ∆̃2 ă 0, the quality difference in attribute 1 (2) enlarges when ∆̃1 increases

(∆̃2 decreases). As shown in Figure 2.1, both firms would respond by raising prices. As a

result, the change of equilibrium profits can be shown by the derivatives as the following:

Bπ˚A{B∆̃1 ą 0, Bπ˚A{B∆̃2 ă 0;

Bπ˚B{B∆̃1 ą 0, Bπ˚B{B∆̃2 ă 0.

When the quality difference in either attribute increases, ∆̃1 increases or ∆̃2 decreases,

both firms’ profits increase.

Third, increasing the magnitude of a firm’s absolute attribute advantage has a larger

positive impact on its profit than increasing the absolute disadvantage of its other attribute.

With an increase in absolute advantage or absolute disadvantage, a firm increases the price

of its product. As shown in Figure 2.1, when a firm’s absolute attribute advantage increases,

its price increases by more than its competitor’s. Additionally, a bigger absolute attribute

advantage increases demand, whereas a bigger disadvantage reduces demand.

A firm producing a low-quality product might not improve its quality because doing

so means intensifying the competition with the producer of a high-quality product. In the
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context of our model, for a similar reason, we demonstrated that a firm might not inform

consumers that the quality of one of the attributes of its product is higher than expected.

2.4.2 Case 2: ∆̃1 ą ∆̃2 ą 0

Firm A has absolute advantages in both attributes, SA1 ą SB1 , SA2 ą SB2 ; firm A produces

the superior product and firm B an inferior one. For example, product A could be a

luxury car, which is better in all attributes than product B, an economy car. Based on the

condition expressed in equation (2.6), the inferior firm B sells its product only if ∆̃2 ă ∆̃1{2.

This inequality means that firm B has a substantial comparative advantage in attribute 2.

The following analysis is based on this condition and reveals that two firms have different

motivations to report the attribute qualities.

To evaluate whether firms choose to disclose quality, we start from the derivatives of

profits with respect to quality differences:

Bπ˚A{B∆̃1 ą 0, Bπ˚A{B∆̃2 ą 0;

Bπ˚B{B∆̃1 ą 0, Bπ˚B{B∆̃2 ă 0.

These inequalities indicate that both firms earn higher profits when the quality difference

in attribute 1 (∆̃1) increases. However, only firm A earns higher profit when the quality

difference in attribute 2 (∆̃2) increases. That is, the superior firm is always better off with

higher quality differences, no matter in which attribute; whereas the profit impact for the

inferior firm is related to its comparative attribute advantage: when it does not have any

absolute attribute advantage, a bigger comparative attribute advantage can be profitable.

Based on this reasoning, if the actual quality of the superior product is greater than
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the consumer expected quality, the firm that produces the superior product completely

discloses its quality, whereas the firm producing the inferior product incompletely discloses.

Specifically, the inferior firm reports a better quality only when doing so can increase

its comparative attribute advantage. For firm A, if its actual quality is better than the

consumers’ prior belief, it discloses. For firm B, if its actual quality of attribute 1 is better

than the consumers’ prior belief (but still lower than firm A’s), it will not disclose; but if

its attribute 2 is better than the consumer prior belief (but still lower than firm A’s), it

will disclose. That is, the superior firm prefers to reveal to consumers that it is better than

initially expected, but the inferior firm would prefer to reveal that it is better than initially

believed in only the attribute in which it has a comparative advantage.

To further understand this result, we examine changes in the quality of each of the two

attributes. If the quality difference in attribute 1 increases, both firms respond by raising

prices and the superior firm A increases by more. However, firm A would lose some market

demand in this process. As a result, firm A’s profit would not increase very much. If the

quality difference in attribute 2 increases, both firms respond by lowering prices, and firm

B reduces its price by more. The intuition is that the only strategy firm B can use when its

comparative attribute advantage shrinks is to lower price dramatically. As a response, firm

A also lowers price but it can still benefit from a bigger attribute advantage through more

market demand. In the end, firm A’s profit would increase while firm B’s profit would fall.

This is a “always-losing” situation for firm B, who needs to give up price as well as market

demand.
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2.4.3 Summary of General Results

We observe the following implications about firms’ motivations of reporting the results of

a third-party product review.

If one firm produces an attribute with higher quality than consumer prior expectation,

the firm does not always have incentive to disclose this higher quality. The optimal dis-

closure strategy depends on the attribute advantage of each firm. Specifically, there are

three cases: (i) the firm has absolute advantage in this attribute, (ii) the firm does not

have absolute advantage but have comparative advantage in this attribute, and (iii) the

firm does not have either advantage in this attribute. We find that the firm would like to

report the actual higher quality in the first two cases, but not to report in the third case.

This finding extents the literature of incomplete disclosure by characterizing the market

conditions for disclosure.

Moreover, we separately examine firms’ disclosure strategy in two market circumstances.

In the first circumstance, each firm has an absolute advantage in one attribute. Although a

bigger absolute advantage for one firm means a bigger disadvantage for the other firm, two

firms have consistent incentives: to advertise a bigger advantage or disadvantage. Specif-

ically, (1) if one firm has absolute advantage in one attribute, it advertises this attribute

when it’s actual quality is higher than consumers’ prior expectation; (2) if one firm has

absolute disadvantage in one attribute, it advertises this attribute when it’s actual quality

is lower than consumers’ prior expectation. In the second circumstance where one firm has

absolute advantages in all attributes, two firms have conflict incentives: the superior firm

advertises any attribute whose actual quality is higher than consumers’ prior expectations,
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while the other inferior firm advertises a higher quality only for the attribute with compar-

ative advantage. For the other attribute without comparative advantage, the inferior firm

advertises it when it’s actual quality is lower than consumers’ prior expectation.5

In addition, if the product reviews show that the inferior product does not have signif-

icant comparative advantage, the demand for this product could fall to zero.

2.4.4 Numerical Analysis

To further illustrate the results from our model, we construct three numerical examples,

with the parameter values reported in Table 2.2. We also report the equilibrium outcomes

for those three examples in Table 2.3. Note that both firms always share the market in these

examples. We examine the effect of changes in parameter values in Figures 2.2 through

2.4.

Table 2.2: Parameters in Numerical Examples

SA1 SA2 SB1 SB2 ∆1 ∆2

Example 1 r0, 1s 1/4 0 3/4 r0, 1s ´1{2

Example 2 r1{2, 1s 1/4 0 0 r1{2, 1s 1{4

Example 3 1/2 1/4 0 r0, 1s 1{2 r1{4,´3{4s

5However, it is rare in reality that one firm advertises the attribute with a lower actual quality. Firms
may have other concerns when ignoring this opportunity to be more profitable from a deeper product
differentiation. This points out a new direction for future research.
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Table 2.3: Equilibrium Outcomes in Numerical Examples

Prices Demands Profits

pA pB qA qB πA πB

Example 1 r1{6, 5{6s r1{3, 2{3s r1{3, 5{9s r2{3, 4{9s r0, 1{2s r2{9, 2{7s

Example 2 r1{4, 3{5s r0, 1{6s r1, 7{9s r0, 2{9s r1{4, 4{9s r0, 1{27s

Example 3 r1{4, 3{5s r0, 2{3s r1, 1{2s r0, 1{2s r1{4, 2{9, 1{4s r0, 1{3s

Examples 1 and 2 show the equilibrium outcomes if firm A increases the quality of

attribute 1. In Example 1 each firm has absolute attribute advantage; in Example 2 firm A

has an absolute advantage in both attributes. Figure 2.2 and 2.3 depicts the relationship

between the equilibrium values and SA1 . With an increase in SA1 , both firms raise prices

and the price of product A increases at a faster rate. However, because of the quality

difference in attribute 2, the market demand of firm A (B) increases (decreases) when

∆̃2 ă 0 while decreases (increases) when ∆̃2 ą 0. As a result, although both firms could

enjoy higher profits in two cases, firm A’s profit goes up more than firm B’s. Note that we

generate the same outcomes if we hold SA1 constant and decrease SB1 , so we do not report

those outcomes. These two examples show that firm A would like to disclose its quality

of attribute 1 if it is higher than the consumer prior expectation, while firm B may not

disclose its quality of attribute 1 if it is higher than the consumer prior.

Example 3 examines changes in the equilibrium outcomes if firm B increases the quality

of attribute 2. Figure 2.4 depicts the results that with this change both firms raise prices

and the price of product B is higher. As a result, the market demand of product A

(B) increases (decreases). While firm A’s profit increases, firm B’s profit is decreasing if

SB2 ă SA2 and increasing if SB2 ą SA2 . Note that we generate the same outcomes if SB2 is
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constant and SA2 decreases, and gain we do not report those outcomes. This example reflects

that firm B would like to disclose its quality of attribute 2 if it is higher than consumer’s

prior expectation, while firm A has incentive to disclose high quality of attribute 1 only if

it has absolute advantage in this attribute.

In sum, these numerical outcomes reflect general results from our model that the optimal

disclosure strategy depends on the absolute and comparative attribute advantages of each

product.

2.5 Persuasive Advertising

In this section we turn to explore the effect of third-party product reviews on persuasive

advertising.

A large number of studies on advertising have examined persuasive adverting (see Bag-

well, 2007). In our analysis, a firm’s persuasive advertising aims to influence consumer

preferences by emphasizing the importance of certain attributes. For example in the car

market, BMW’s slogan is “the Ultimate Driving Machine” which is an attempt to push

consumers toward driving attributes as opposed to ones involving comfort, whereas Mer-

cedes pushes the opposite by the label of comfort and luxury over driving attributes. By

doing so, those car companies not only differentiate their products from competitors’ but

also emphasize the importance of certain attributes.

Consumers who are persuaded by this type of advertising change preferences for the

products’ two attributes. In our model, inspired by the endogenous brand loyalty model

developed by Baye and Morgan (2009), a consumer who is persuaded about the value of

one attribute, changes her preferences in an extreme manner by placing a weight of 1 on
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that attribute (and zero on the other).

Each firm selects one attribute for which it attempts to persuade consumers. We let

λij denote the persuasive advertising expenditure of firm i on attribute j. So the total

advertising on attribute j is λj “ λAj ` λBj . The advertising cost is a ¨ λij , where a

presents the marginal cost of advertising.

We assume that the proportion of consumers who are loyal to attribute j, denoted by

βj , is determined by the following response function:

βjpλj , λ´jq “ δ
λj

λj ` λ´j
, (2.8)

where δ P p0, 1q denotes the proportion of consumers who can be influenced by persuasive

advertising. We adopt this response function from Baye and Morgan (2009). It reflects the

reality that whether a consumer is loyal to one attribute depends on the relative intensity

of advertising on the attribute. Furthermore, it is plausible to assume that if neither firm

engages in persuasive advertising, then no consumer is loyal to either attribute, βjp0, 0q ” 0.

For the proportion of consumers who are loyal to attribute j, their utility of purchasing

product i is derived from equation (2.1) as

Ui “ r ` Sij ´ Pi. (2.9)

These loyal consumers select the product which yields the greater utility.

Equation (2.1) expresses the utility function for consumers who are not loyal to one

particular attribute. Therefore, the remaining 1 ´ δ consumers who are not convinced

by the ads maintain the original weights and will make choices based on the prior cutoff

ŵpPA, PBq “
pPA´PBq´∆2

∆1´∆2
, as stated in equation (2.2).
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2.5.1 The Equilibrium

As we build our analysis of persuasive advertising on the basic model setting of Section

2.3, we continue to make Assumption 1.

We begin our equilibrium analysis with the purchase behavior of loyal consumers, which

is characterized by the following lemma.

Lemma 3. When two firms both achieve positive market shares by setting prices, consumers

who are loyal to attribute 1 purchase product A and consumers who are loyal to attribute 2

purchase product B.

Proof. Given the utility function in equation (2.9), the loyal consumer compares the utility

from two products and makes purchase decisions based on the following rule:
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Purchase A, if loyal to attribute 1 and PA ´ PB ă ∆1;

Purchase B, if loyal to attribute 1 and PA ´ PB ą ∆1;

Purchase A, if loyal to attribute 2 and PA ´ PB ă ∆2;

Purchase B, if loyal to attribute 2 and PA ´ PB ą ∆2.

Since 0 ă ŵ ă 1 ô ∆2 ă PA ´ PB ă ∆1, in order to achieve a positive market share

from either loyal consumers or the remaining consumers, both firms would set prices in

a way so that consumers who are loyal to attribute 1 would purchase product A while

consumers who are loyal to attribute 2 would purchase product B.

Since product A (B) has comparative advantage in attribute 1 (2), it implies that

in the equilibrium loyal consumers purchase the product with comparative advantage in

their loyal attribute, no matter whether the product has absolute advantage in that at-

tribute. Comparative attribute advantage affects the loyalty created by persuasive ad-
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vertising. Therefore, firms have the motivation to improve their comparative attribute

advantages. Moreover, based on the purchase behavior described by Lemma 3, each firm

chooses an attribute for persuasive advertising. The following lemma establishes necessary

conditions for the equilibrium advertising.

Lemma 4. The equilibrium expenditures for persuasive advertising, λij, is chosen from the

following set: tλA1 ě 0, λB2 ě 0, λA2 “ λB1 “ 0u. That is, if in equilibrium a firm engages

in persuasive adverting, then firm A chooses attribute 1 while firm B chooses attribute 2

for the advertising.

Proof. We can prove this lemma by contradiction. Given the equilibrium prices, if firm

A chooses attribute 2 instead of attribute 1, it induces some consumers to be loyal to

attribute 2. Because Lemma 3 shows that consumers who are loyal to attribute 2 always

purchase product B, the more firm A spends on advertising, the less demand for product A.

Therefore, the optimal advertising on attribute 2 is zero. Similarly, the optimal advertising

for firm B on attribute 1 is zero. As a result, the possible positive advertising occurs only

when firm A chooses attribute 1 while firm B chooses attribute 2.

Lemma 4 provides a guideline for firms to choose attributes for advertising. We sum-

marize this implication in the following corollary.

Corollary 1. In equilibrium, if a firm engages in persuasive advertising, then it chooses the

attribute with which it has a comparative advantage, regardless of whether it has absolute

advantage in this attribute.

Given the advertising choices and consumers purchase decisions characterized in Lemma
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3 and 4, the demands for the two products are:

QA “ δ
λA1

λA1 ` λB2
` p1´ δqp1´ ŵq,

QB “ δ
λB2

λA1 ` λB2
` p1´ δqŵ.

As in the basic model, we normalize marginal production cost to be zero, then the profit

function faced by each firm is given by sale revenue minus advertising cost, which are:

πA “ PA ¨QA ´ a ¨ λA1,

πB “ PB ¨QB ´ a ¨ λB2.

In this setting, each firm simultaneously sets price and advertising expenditure to max-

imize its own profit. The first-order conditions of profit-maximization are computed as:

BπA
BPA

“
p1´ δqp∆1 ´ 2PA ` PBq

∆1 ´∆2
` δ

λA1

λA1 ` λB2
“ 0

BπB
BPB

“
pδ ´ 1qp∆2 ´ PA ` 2PBq

∆1 ´∆2
` δ

λB2

λA1 ` λB2
“ 0

BπA
BλA1

“ δ
PAλB2

pλA1 ` λB2q
2
´ a “ 0

BπB
BλB2

“ δ
PBλA1

pλA1 ` λB2q
2
´ a “ 0

(2.10)

From equations (2.10), the unique equilibrium prices and advertising expenditures are
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solved as:

P ˚A “
∆1p2´ δq ´∆2

p1´ δqp3´ δq
,

P ˚B “
∆1 ´∆2p2´ δq

p1´ δqp3´ δq
,

λ˚A1 “
δr∆1 ´∆2p2´ δqsr∆1p2´ δq ´∆2s

2

ap1´ δqp3´ δq3p∆1 ´∆2q
2

,

λ˚B2 “
δr∆1p2´ δq ´∆2sr∆1 ´∆2p2´ δqs

2

ap1´ δqp3´ δq3p∆1 ´∆2q
2

(2.11)

In this equilibrium, loyal consumers choose products following the rule specified in

Lemma 3, whereas the market demand from neutral consumers is determined by the cutoff

given in equation (2.2). With prices P ˚A and P ˚B, the value of ŵ is:

ŵ˚ “
1

3´ δ

„

1´
p1´ δq∆2

∆1 ´∆2



.

Recall that to guarantee both firms have positive market shares in this equilibrium, we

need 0 ă ŵ˚ ă 1 ô ∆2 ă PA ´ PB ă ∆1. Therefore, we can characterize the equilibrium

condition for positive market shares as

∆2 ă ∆1{p2´ δq. (2.12)

Otherwise firm B would sell to zero if ∆1{p2 ´ δq ď ∆2 ă ∆1. The following proposition

summarizes all the equilibrium of persuasive advertising.

Proposition 3. With quality differences ∆1 and ∆2 that are characterized by Assumption

1, there exists a unique equilibrium as:
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pP ˚A, P
˚
B, λ

˚
A1λ

˚
B2q given in (2.11), if ∆2 ă ∆1{p2´ δq;

P ˚A “ ∆2, P
˚
B “ 0, λ˚A1 “ λ˚B2 “ 0, if ∆1{p2´ δq ď ∆2 ă ∆1.

Proof. If ∆̃2 ă ∆̃1{p2´δq, both firms can have positive market shares, and the equilibrium
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is derived in above analysis. We then prove that if firm B sells zero to the unpersuaded

consumers, then P ˚A “ ∆̃2, P
˚
B “ 0, λ˚A1 “ λ˚B2 “ 0 is an equilibrium. In this case firm

A can set P ˚A “ P ˚B ` ∆2 to sell to all of the unpersuaded consumers. Next, Lemma

3 demonstrates that if P ˚A “ ∆2, P
˚
B “ 0, then consumers who are loyal to attribute 1

purchase product A while consumers who are loyal to attribute 2 are indifferent between

two products. Considering persuasive advertising, with the the assumption that indifferent

consumers purchase product A, the persuasive advertising of firm B is ineffective and costly.

Therefore, firm B is better off from zero adverting. Then firm A can sell to the entire market

even without advertising. Both firms have incentive to set zero advertising.

This equilibrium with persuasive advertising has several implications. First, we observe

that under condition (2.12), each firm has a positive market share, all equilibrium prices

and advertising expenditures are positive, suggesting that both firms have incentive to

engage in persuasive advertising. Specifically, firm A advertises attribute 1 and firm B

advertises attribute 2. Furthermore, condition (2.12) holds for either ∆2 ą 0 or ∆2 ă 0,

which implies that it is profitable for firm B to persuade consumers about attribute 2 even

if firm A has absolute advantage in both attributes. In other words, firm B persuades

consumers about the importance of the attribute in which it has a comparative advantage,

even if firm A’s product is of higher quality in that attribute. For example, BMWs may

drive better as well as more comfortable, but if Mercedes has a comparative advantage in

comfort, it will persuade consumers about the value of comfort.

In addition, the persuasive advertising to some extent protects an inferior firm. When

some consumers can be influenced by persuasive advertising, represented by δ, the proba-

bility that the inferior firm not participating in the market declines. At an extreme, if all
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consumers can be influenced, the inferior firm can always achieve a positive market share.

We present this result in the following corollary.

Corollary 2. As the proportion of consumers who are influenced by persuasive advertising,

δ, increases, an inferior firm is more likely to participate in the market. In the limit, if

δ “ 1, the inferior firm obtains positive sales under Assumption 1.

Proof. If ∆2 ă ∆1{p2 ´ δq, then the inferior firm, firm B, can achieve a positive market

share. Since ∆1{p2 ´ δq increases as δ increases, the constrain reduces. When δ “ 1, we

have ∆2 ă ∆1, which always holds under Assumption 1.

2.5.2 Comparative Static Analysis

In this section we examine the effect of changes in the degree of product differentiation

on the firms’ advertising decisions. When either firm improves its comparative attribute

advantage, both firms spend more on advertising, no matter whether one firm has absolute

attribute advantage. Table 2.4 pictures this result emphasizing the importance of increasing

comparative attribute advantage. This table also shows that with the greater comparative

advantage, the firms raise prices. However, the changes in sales depend on particular

market circumstances. Both the effect on prices and demands perform consistently as the

basic model.

To emphasize this effect of increased product differentiation, we create three numerical

examples with parameter values in Table 2.5. We set the attribute values to be the same as

those for the basic model of pure price competition, reported in Table 2.2. In these three

examples, both firms always obtain positive market demands. We present the equilibrium

outcomes in Figure 2.5 to 2.7.

77



Table 2.4: Comparative Analysis of the Persuasive Advertising

Price Advertising Market Share

∆1 Ò PA Ò, PB Ò λA1 Ò, λB2 Ò QA ÒÓ, QB ÓÒ*

∆2 Ó PA Ò, PB Ò λA1 Ò, λB2 Ò QA Ó, QB Ò

*Similar as the basic model, QA Ò, QB Ó when ∆̃1 ą 0, ∆̃2 ă 0,

while QA Ó, QB Ò when ∆̃1 ą 0, ∆̃2 ą 0.

Table 2.5: Parameters in Numerical Examples

δ a SA1 SA2 SB1 SB2 ∆1 ∆2

Example 1 1/2 1/10 r0, 1s 1/4 0 3/4 r0, 1s ´1{2

Example 2 1/2 1/10 r1{2, 1s 1/4 0 0 r1{2, 1s 1{4

Example 3 1/2 1/10 1/2 1/4 0 r0, 1s 1{2 r1{4,´3{4s

In Examples 1 and 2 the quality of firm A’s attribute 1 changes. In Example 1 each

firm has an absolute attribute advantage; in Example 2 firm A has an absolute advantage

in both attributes. Figures 2.5 and 2.6 depict the results in which both firms increase

advertising expenditure in response to an increase in Firm A’s quality of attribute 1. Note

that firm A’s response is greater than B’s. Both firms raise prices. With regard to sales, if

∆̃2 ă 0, then the demand of firm A (B) increases (decreases); if ∆̃2 ą 0, then the demand

for firm A (B) (increases). Note that if the value of SA1 is constant and the value of SB1

decreases, then we would observe the same changes in the market outcomes.

In Example 3, the quality of firm B’s attribute 2 changes. Figure 2.7 depicts the result

that if SB2 increases, both firms increase advertising expenditure, with a greater increase in

78



firm B’s advertising. Meanwhile, both firms raise prices, and the market demand of firm

A (B) decreases (increases). Note that if the value of SB2 is constant and the value of SA2

decreases, then we observe the same changes in the market outcomes.

In sum, our numerical analysis stresses our general result that if one firm’s comparative

attribute advantage goes up, whether or not one firm has an absolute advantage, then in

equilibrium both firms would spend more on persuasive advertising.

2.6 Informative Advertising

In Section 2.4 we examined whether firms, even at a zero cost, are willing to report third-

party product reviews to consumers. In this section, we continue with this analysis by

examining costly informative advertising intended to inform consumers about third-party

product reviews. In reality, we observe this type of informative advertising in all forms of

media, in particular in online platforms. See for example Subaru’s advertising shown in

Figure A-1 of third-party reviews of two of its product line attributes.

In this section’s model, we assume that the costly informative advertising would ac-

curately report both firms’ attribute quality, which would function like the third-party

reviews by only informing consumers the existing product differentiation without influenc-

ing consumers’ preference. With this setting, consumers who have accessed the product

reviews or seen the ads would correctly update their beliefs from ∆̃1 and ∆̃2 to ∆1 and

∆2. Consumers who are not reached by either media just maintain priors. We denote that

ρ fraction of total consumers would read the product reviews before shopping, and the

advertising intensity from firm i is λi, which represents the fraction of consumers who are

exposed by its ads. The cost function of advertising is Apλiq “ a ¨ λi, where a presents the

79



marginal cost of advertising.

With the existence of third-party product reviews, two firms need to compete for two

groups of consumers: one group is informed before purchase, through product reviews

or informative advertising; and the other group is not informed by either. The market

demands from these two groups are divided by the indifferent consumer in each group, ŵI

and ŵN , for informed and uninformed consumers, respectively. The values of these two

cutoffs are determined by consumers’ beliefs of attributes, which are calculated based on

equation (2.2) as:

ŵI “
pPA ´ PBq ´∆2

∆1 ´∆2
,

ŵN “
pPA ´ PBq ´ ∆̃2

∆̃1 ´ ∆̃2

.

Before we present the formal equilibrium analysis, we can make two predictions from

the outcome of quality report in section 2.4: (1) If each firm has an absolute attribute

advantage, both firms would like to inform consumers if the actual product differentiation

is bigger. Since two firms have common interest, there could be a free riding problem

and the informative advertising works like a public good. (2) If one (superior) firm has

absolute advantage in all attributes, it has incentive to inform consumers about bigger

product differentiation, while the inferior firm would consider informative advertising only

when it has a bigger comparative attribute advantage.

We begin our equilibrium analysis with consumer demands. Recall that this is a two-

segment market with informed and uninformed consumers, and if we denote the fraction

of total informed consumers as β, then its value is β ” 1´ p1´ ρq ¨ p1´ λAq ¨ p1´ λBq. As
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a result, we can summarize the proportion of two group consumers as:

$

’

&

’

%

β : informed, cutoff of demand is ŵI

1´ β : uninformed, cutoff of demand is ŵN

Since consumers with w above (below) the cutoff would purchase product A (B), the total

demand for each product can be calculated as:

QA “ 1´ βŵI ´ p1´ βqŵN ,

QB “ βŵI ` p1´ βqŵN .

Having derived the market demands, we can write down each firm’s profit function.

Consistently, we normalize marginal production cost to be zero, so that profit function is

given by sale revenue minus advertising cost, which is

πA “ PA ¨QA ´ApλAq “ PA ¨ p1´ βŵ
I ´ p1´ βqŵN q ´ a ¨ λA, (2.13)

πB “ PB ¨QB ´ApλBq “ PB ¨ pβŵ
I ` p1´ βqŵN q ´ a ¨ λB. (2.14)

We then evaluate firms’ equilibrium behavior for informative advertising. In our setup,

two firms simultaneously set price and advertising intensity to maximize their own profit, so

the potential Nash equilibrium should contain the optimal price and advertising intensity

each firm would choose given the competitor’s action. To derive the equilibrium, the first-
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order conditions of profit-maximization are computed as:

BπA
BPA

“ ´1` p2PA ´ PBqpβM ` p1´ βqM̃q ´ βN ´ p1´ βqÑ “ 0 (2.15)

BπB
BPB

“ pPA ´ 2PBqpβM ` p1´ βqM̃q ´ βN ´ p1´ βqÑ “ 0 (2.16)

BπA
BλA

“ PAp1´ ρqp1´ λBqpŵ
N ´ ŵIq ´ a “ 0 (2.17)

BπB
BλB

“ PBp1´ ρqp1´ λAqpŵ
N ´ ŵIq ´ a “ 0 (2.18)

where, M ”
1

∆1 ´∆2
, N ”

∆2

∆1 ´∆2

In general, we cannot obtain an analytical solution from above first-order conditions,

but they provide some features of the possible equilibria. To characterize the equilibria,

we first investigate an extreme case of full advertising, which is illustrated in the following

lemma.

Lemma 5. If informative advertising is costly, neither firm would inform all consumers

about a third-party product review. That is, if a ą 0, in any equilibrium λA, λB ‰ 1.

Proof. We prove this lemma by contradiction. Suppose λ˚A “ 1 belongs to one equilibrium,

then it must hold for all the first-order conditions. By equation (2.18), we should have

PBp1 ´ ρqp1 ´ λ˚Aqpŵ
N ´ ŵIq ´ a “ 0, that is, a “ 0. This is contradicted with the

assumption of costly informative advertising. Therefore, λ˚A “ 1 does not belong to any

equilibrium. Similarly, we can prove λ˚B “ 1 does not belong to any equilibrium.

We have demonstrated in section 2.4 that a firm has incentive to disclose attribute

quality only under some conditions, even when it is costless to disclose. Lemma 5 further

reveals the fact that full disclosure is never optimal when it is costly to disclose. This
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potential industry-wide under-informative advertising could due to a free-rider problem

among competitors whose products are being reviewed, since they can always be better off

by reducing advertising if a lot consumers have been informed.

As our primary interest, we then turn to find the conditions under which firms have

incentive to undertake the informative advertising. We start from the original price compe-

tition. Without the concern of informative advertising, λA “ 0 and λB “ 0, two firms just

compete on prices, and there is one unique equilibrium that can be derived from equations

(2.15) and (2.16):

P oA “
2` ρN ` p1´ ρqÑ

3rρM ` p1´ ρqM̃ s
, P oB “

1´ ρN ´ p1´ ρqÑ

3rρM ` p1´ ρqM̃ s
.

The equilibrium prices are determined by product differentiation. In particular, since

M ą 0 based on Assumption 1, P oA ą P oB ô ρN ` p1 ´ ρqÑ ą ´1{2. Given this price

equilibrium pP oA, P
o
Bq, two firms’ profits are computed through equations (2.13) and (2.14)

as πoA and πoB, and the market cutoffs for uninformed and informed consumers are denoted as

ŵNo and ŵIo . Under this situation, firm i’s marginal profit of starting informative advertising

is

Bπoi
Bλi

“ P oi p1´ ρqpŵ
N
o ´ ŵ

I
oq ´ a

Firm i has incentive to run informative advertising if Bπoi {Bλi ą 0, which gives us the

following condition:

P oi p1´ ρqpŵ
N
o ´ ŵ

I
oq ą a (2.19)
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Since P oi , ŵNo and ŵIo are all expressions of ∆j and ∆̃j , this inequation is character-

ized by attribute quality differences with ρ and a as parameters. Therefore, the product

differentiation determines whether each firm starts to run the informative advertising. We

present its implication in the following proposition.

Proposition 4. Suppose there are uninformed consumers, ρ ă 1. If a firm engages in

informative advertising, then ŵNo ą ŵIo and P oi is sufficiently large.

Proof. Since a ą 0, if condition (2.19) holds, we should have ŵNo ´ ŵIo ą 0. Meanwhile,

P oi p1 ´ ρqpŵNo ´ ŵIoq increases with respect to P oi , so the firm with higher price is more

likely to satisfy the condition for running informative advertising.

Proposition 4 implies that the consumers’ purchase decisions affect each firm’s deci-

sion of whether to engage in informative advertising. Furthermore, in general the market

competition based on product differentiation plays an essential role in making advertising

strategies.

In addition, our analysis for costly informative advertising is a complement of the basic

quality reporting analysis, and they have consistently demonstrated the importance of

product differentiation, which is also a new finding that contributes to the literature of

advertising.

2.7 Concluding Remarks

Our analysis of firms’ advertising strategies involving third-party product reviews con-

tributes to the literature of advertising and information disclosure in the following three

ways.
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First, we characterize conditions related to product attribute advantage under which

a firm advertises the result of a third-party product review. One general result of our

model – one that is consistent with incomplete disclosure in the literature – is that a firm

may not inform consumers about a higher attribute quality if that would reduce product

differentiation.

We distinguish scenarios based on whether or not only one firm in duopolistic market

has an absolute advantage in each of the two product-attributes. If one firm has absolute

advantages in each product attribute, then the superior firm advertises any attribute whose

actual quality reported in a third-party review is higher than consumer prior expectation,

whereas the other inferior firm advertises a higher quality only for the attribute with

comparative advantage. Moreover, we find that the inferior firm exits the market following

a third-party product review if it has a substantial comparative disadvantage in both

product attributes.

Second, we find that a firm’s persuasive advertising about the importance of a product

attribute can help the firm in two ways: (1) it is profitable to run even if the third-party

review reveals a lower actual quality than the consumer prior, and (2) it protects the

inferior firm by making it more likely that the firm will remain in the market. In reality,

we observe many practices of persuasive advertising about product attributes. For example

in the automobile market, manufacturers attempt to convince consumers the importance

of particular attributes.

Third, a firm’s decision whether to engage in a costly informative advertising about the

results of a third-party product review depends not only on consumer purchase decisions,

but also on the advertising decisions of its competitors. This dependence is possibly extreme
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in the sense that the firm might decide to free ride off a competitor’s advertising.

To the best of our knowledge, no empirical studies have estimated firms’ advertising

choice based on third-party reviews. Emphasizing one of our results, and that in the quality

disclosure literature, about a firm’s possible unwillingness to disclose that its product if

higher quality that consumers expect raises the question about whether producers of low-

quality products promote this low quality. Empirical analyses addressing these issues could

provide evidence of our theoretical results.
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Figures

Figure 2.2: Outcomes for Numerical Example 1: ∆̃1 P r0, 1s, ∆̃2 “ ´1{2
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Figure 2.3: Outcomes for Numerical Example 2: ∆̃1 P r1{2, 1s, ∆̃2 “ 1{4
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Figure 2.4: Outcomes for Numerical Example 3: ∆̃1 “ 1{2, ∆̃2 P r´3{4, 1{4s
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Figure 2.5: Equilibrium of Persuasive Advertising for Example 1
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Figure 2.6: Equilibrium of Persuasive Advertising for Example 2
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Figure 2.7: Equilibrium of Persuasive Advertising for Example 3
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Chapter 3: Product Return Policies

Abstract

This paper examines a retailer’s optimal product return policy within an environment in
which consumers differ in their product return propensities. A liberal return policy is good
for consumers because it increases consumer expected utility by lowering the risk involved
in purchases that turn out to be of low value. However, it is bad for retailers because
it leads to frequent returns. In addition to characterizing retailer-optimal product return
policies, our primary goal is to identify the scenarios in which retailers: (i) offer free returns,
no returns, or policies in between; (ii) ban some consumers from returning products, or
more generally tailor return policies to consumer attributes; and (iii) effectively fire some
consumers from purchasing products at all. To characterize each of these three scenarios,
we include in our model cases in which consumers vary by their distributions over possible
product values (and a retailer may or may not be able to identify consumers by these
product return preferences), consumers differ by their hassle costs of returning products,
and products returned by consumers involve an additional cost to retailers either in the
form of restocking fees or losses in product value.
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3.1 Introduction

A generous return policy is always welcome by consumers because after detailed product

evaluation, following purchase, it allows them to return unwanted merchandise and keep

the ones that they like. When making a purchase decision, particularly during online

shopping in which consumers cannot physically evaluate product characteristics such as

physical quality, texture, and fit, then a liberal return policy could increase their expected

utility by reducing the risk involved in keeping low-value products. However, such a policy

is costly for sellers because of product depreciation and management of returns (Anderson,

Hansen and Simester, 2009). The costs created by returns have turned out to be so high

that sellers have re-evaluated this policy. For example, two recent popular press articles,

Safdar (2018) and Safdar and Stevens (2018), report that Best Buy and Amazon have been

tracking customer shopping and product return behavior and have placed restrictions on

consumers who have returned products at high rates and have even engaged in fraudulent

returns.

Prior marketing research has investigated this trade-off involved in product return poli-

cies between the need to increase consumer expected utility of purchases and the cost of

product returns. Padmanabhan and Png (1997) point out that a generous return policy

could make a retailer more competitive; Chu, Gerstner and Hess (1998) and Bechwati and

Siegal (2005) find it could increase purchases; and Petersen and Kumar (2009) find evidence

that current customer product return behavior affects future buying decisions, so that the

retailer could benefit in the long run from a generous return policy. On the contrary, oppo-

nents believe that the cost of a generous policy offsets its benefits. It might only increase
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the amount of orders but not profits (Anderson, Hansen and Simester, 2009), can lead to

more returns (Davis, Hagerty and Gerstner, 1998), and can be abused (Rust, Zahorik and

Keiningham, 1996). Additionally, Wood (2001) find that a retailer’s return policy may

affect consumers who live in geographically remote regions differently from those who live

close to retailers in densely populated areas. In turn, a retailer’s location may affect its

return policy.

Apart from the influence of return policy on consumer behavior or retailer profit, this

paper aims to explore return policy in a market environment where consumers are hetero-

geneous in return behavior. We ask three questions. (i) What are the conditions for the

optimality of different return policies, namely free returns, no returns, or partial returns?

(ii) What is the optimal behavioral return policies when the retailer is able to identify a

consumer’s purchase behavior and then tailor return policies to consumer attributes? and

(iii) Does a retailer have incentive to fire consumers who are more likely to return products?

We examine return policies in a model in which consumers at the time of purchase are

uncertain about product values. Consumers also bear costs of returning products, which

we term as “hassle costs.” Also in our model, products returned by consumers involve an

additional cost to retailers either in the form of restocking fees or losses in product value.

The first finding in our model confirms that the optimal return policy is related to a

retailer’s cost of dealing with returns. In an optimal policy, the seller accounts for this

cost and may even generate profit from returns. We also demonstrate that a retailer is

made better off by detecting consumer return heterogeneity and treating consumers with

different return propensities differently. After learning consumer types, a retailer might

offer a better return policy, either a higher refund or a lower price, for consumers who are
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less likely to return products. Additionally, when it is too costly to deal with returns, a

retailer may effectively restrict the purchases from consumers who are more likely to return

products. In this situation, a “no return” policy would not be helpful, instead the retailer

optimally chooses to “fire” consumers who have a high probability of returning products.

3.2 A Roadmap of the Models

In this market, a retailer attempts to sell one product to consumers, and the retailer

establishes a price for his product and a return policy for buyers. To set the optimal price

and return policy, the retailer needs to consider some market factors which include the cost

of the product, the potential cost of managing returned items, the market competition,

consumer heterogeneity, and information asymmetry. We investigate the role of those

factors through a series of models following the same basic setting. This is the first study

in this area to model return policies with all those factors. The models we have explored

are listed in Table 3.1.

Table 3.1: Description of Cases

Models Section Market competition Consumer heterogeneity Identification

Baseline 3 monopoly ex ante identical No

Bertrand 4 price competition ex ante identical No

Return propensities 5 monopoly by hassle costs Yes

Return costs 7.1 monopoly by restocking costs Yes

Additional information 7.2 monopoly by product values No

Online vs Offline E Hotelling competition ex ante identical No

Return preference F monopoly by preference for “free return” No

We begin with a baseline model in which a monopoly retailer sells to consumers who
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are ex ante identical but with heterogeneous ex post product valuations. We find that the

equilibrium return policy is determined by the cost to the retailer for managing returned

products. The retailer would like to offer a generous return policy when its cost for dealing

with returns is small, while offer restrictive return policy when that cost is big. Further-

more, “free return” policy could be the equilibrium strategy only when it is costless for

the retailer to resell returned products and the product cost is big enough, and the retailer

cannot earn positive profit under this circumstance. As this condition is too restrictive, we

argue that a monopoly retailer does not have incentive to offer “free return” when they need

to pay some cost to manage returned products. This outcome is consistent with existing

studies built on similar model settings.

However, we do observe “free return” in reality, so it is possible that other factors

motivate it. We develop three models with the concern of competition or consumers’

preference for return policies. To examine the role of competition in determining optimal

product return policies, we examine two cases: Bertrand competition and online-offline

competition. In Bertrand competition, the retailers set the same return policy as does a

monopolist, but with a lower equilibrium product price. In the online-offline competition

model, two retailers offer different return policies, since consumers could physically examine

the product before purchase in offline stores. However, in either case of competition, “free

return” is still not an equilibrium policy when restocking cost exists, which implies that

it is not competition that motivates a retailer to offer generous return policy. Then as a

special case, we develop one model with the concern of consumers’ preference for return

policies and find that “free return” could be an optimal strategy in this circumstance.

To address the next question on the optimal return policy when consumers are hetero-
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geneous in return behaviors, we model this using two factors: consumers’ hassle cost of

returning products and the retailer’s cost of managing returns caused by consumers’ return

behaviors. Both models are developed based on the basic model with a monopoly retailer.

In the model with two levels of hassle costs, high and low, we consider four cases classified

by whether the retailer can identify consumer types and set discriminatory return policies.

In the first two of these four cases, the retailer cannot distinguish consumers by hassle

costs. In one case, the retailer offers one price and product return policy. In the other,

the retailer screens consumers by offering two policies, one intended for consumer types

with low hassle costs and other for consumers with high hassle costs. The retailer can

increase its profit by using two policies to screen consumers by using second-degree price-

return policy discrimination. In cases three and four, the retailer can distinguish consumer

types. In both cases the retailer practices third-degree (i.e., multi-market) price return-

policy discrimination by offering two prices or product return policies, with each consumer

type being offered only one policy. We find that the retailer can benefit from this price

discrimination and offer a better return policy to consumers with higher hassle cost. In

these cases, the retailer may offer free returns to one type and even no returns to the other,

and even ban the purchase from consumers with low hassle cost.

Next, we add another dimension of consumer heterogeneity: return behavior that causes

different return costs for the retailer. Finally, we model whether a retailer provides addi-

tional product information prior to purchase to reduce consumers’ uncertainty of product

value. In doing so, the retailer might reduce consumer ex ante about their values of the re-

tailer’s product, thereby reducing return propensities. However, the trade-off in this policy

is that the retailer reduces initial product purchases.
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3.3 The Basic Model

Following Che (1996), we develop our model with a monopoly retailer who faces a unit

mass of consumers, each of whom desires at most one unit of a good. The retailer pays a

product cost c0 per unit of the good sold, which includes not only the payment to a supplier

or the manufacturing cost, but also other transaction costs involved in selling it. Moreover,

when permitting customers to return products, the retailer pays an additional cost cr per

unit of returned item, which includes depreciation, shipping, restocking, or rearrangement.

We assume it measures not only the cost to the retailer for returned products, but also the

loss to the product value caused by buyers. It is plausible to assume that c0 ě 0, cr ě 0.

And in general, the retailer would accept returns only when cr ă c0, because otherwise the

retailer would prefer to acquire or manufacture new product to process a return.1

The retailer charges a price, p, for per unit of the good sold, and sets a return policy for

buyers. We characterize the retailer’s return policy by the amount of refund, r, that the

retailer pays consumers for each returned item. Effectively, the return charge to a consumer

is p´ r. Two common return policies are noteworthy: a “free return” policy, r “ p; and a

“no return” policy, r “ 0. It is reasonable to assume that the refund is non-negative and

no greater than the purchase price, that is, r P r0, ps.2

We model the transaction between the retailer and the consumers as a three-stage pro-

cess. In stage 0, each consumer is uncertain about her value v P r0, V s Ă R of the good,

1Amazon did this for some items like cheap books. It offers a full cash refund but does not ask customers
to ship the returned books back.

2A negative refund means buyers need to pay extra money to return an item, then no one would like to
return and the outcome is the same as “no return”. If refund is greater than the purchase price, buyers
can make some money from a “buy-and-return” deal, which is not a typical transaction.
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and she and the retailer believe that it is distributed according to Gpvq. The distribution

function Gpvq is also the distribution of values for the unit mass of consumers, which the

retailer learns. In stage 1, the retailer sets price p and return policy r. After learning

pp, rq, the consumers decide whether to purchase the product. In stage 2, after receiving

and evaluating the product, each consumer learns her value v and then decides whether

to keep or return the product. Note that consumers are ex ante identical, and that their

ex post realized valuations are idiosyncratic. This three-stage process can be commonly

applied to many online shopping in which consumers cannot physically evaluate product

characteristics such as physical quality, texture, and fit, so that they cannot form an accu-

rate willingness to pay for the listed product. Because of this, when making the purchase

decision, each consumer is uncertain about her value of the product.

To return an item, a consumer incurs a “hassle cost,” h, which includes the travel cost

to return a product and the delayed purchase or the search cost for a replacement. Note

that this hassle cost is beyond the monetary return fee charged by the retailer (which

is represented by p ´ r). Even if the retailer sets “free return” policy, it is not costless

for buyers to return purchased items, especially for those consumers who really need the

product at the moment. To some extent, it represents consumer heterogeneity other than

product value. Because of this, the retailer also encounters an uncertainty of the probability

that one buyer would return the product in the end.

We analyze the model beginning with the consumers’ third-stage decisions whether or

not to return the purchased products. Given price p and realized value v, a consumer

enjoys utility v ´ p if she keeps the item, and r ´ h ´ p if she returns it. Thus she keeps

the purchased product if and only if v ´ p ě r ´ h ´ p, that is, v ě r ´ h. Therefore,
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one consumer would keep the product if its perceived value is above the threshold which is

determined by refund and hassle cost. And consumers are more likely to keep the product

when refund is lower or hassle cost is higher.

Based on consumers’ return decisions at the third stage, the measure of the final product

demand is 1 ´ Gpr ´ hq and the measure of returns is Gpr ´ hq. Note that the final

consumer demand is determined by the retailer’s return policy. Therefore, we characterize

the retailer’s reasonable return policy in the following lemma.

Lemma 6. If r is an equilibrium refund, then r P rh, V ` hs. Furthermore, if r “ h is an

optimal refund, then any r P r0, hs, including the no-return policy r “ 0 is equally optimal.

Proof. We can derive it from consumer demand 1´Gpr´hq. If r´h ą V , then Gpr´hq “ 1,

in which case 100% of the consumers return the product. If so, then a consumer purchases

only when more than full refund is offered, r ą p, which is unprofitable for the retailer. So

the retailer would consider r ď V ` h. Moreover, if r´ h ă 0, then Gpr´ hq “ 0, in which

case 100% of the consumers keep the product. If so, the exact value of r does not affect

either consumers’ purchase decision or the retailer’s profit. In other words, both consumers

and the retailer are indifferent with any r P r0, hs. Therefore, a “no return” policy can be

offered without any change when the optimal refund is r “ h.

Lemma 6 suggests that to obtain a positive consumer demand, the retailer cannot set

a too high refund. In particular, the refund should be lower than V ` h. We will apply

this restriction to our analysis.

Next we consider the stage-1 decision in which the retailer sets a price and return policy

that attract consumers to purchase. Since each consumer is uncertain about her value at
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this stage, she makes a purchase decision based on her expected utility of purchase, which

is denoted as ErUpp, r; vqs. We assume a consumer’s utility is zero if she does not purchase.

Therefore, she purchases if and only if her expected utility is non-negative:

ErUpp, r; vqs ě 0. (3.1)

Recall that in the end a consumer enjoys utility v ´ p if she keeps the item, and r ´ h´ p

if she returns it. Therefore, a consumer’s expected utility of purchase can be calculated as

the following:

ErUpp, r; vqs “ Evrmaxtv, r ´ hus ´ p (3.2)

“ pr ´ hq ¨Gpr ´ hq `

ż V

r´h
v ¨ gpvqdv ´ p

“ V ´

ż V

r´h
Gpvqdv ´ p.

The retailer’s stage-1 goal is to maximize its profit. We assume that if consumers do

not purchase, then the retailer’s profit is zero. When some consumers choose to purchase

in stage 1, the retailer’s profit is determined by how many those buyers would keep the

product. Therefore, the retailer’s expected profit contains two parts: (1) the profit from

buyers who keep the product, p´ c0, and (2) the profit or loss from dealing with returns,

p´ r ´ cr. Note that we assume the retailer could resell returned goods after some simple

treatments like repackaging, with restocking cost cr for each returned item. Thus he only

needs to maintain an inventory of q “ 1 ´ Gpr ´ hq, which determines the total product
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cost.3 As a result, the seller’s expected profit function is:

πpp, rq “ pp´ c0qr1´Gpr ´ hqs ` pp´ r ´ crqGpr ´ hq (3.3)

“ p´ c0 ` pc0 ´ cr ´ rqGpr ´ hq

Since Lemma 6 implies that we only need to focus on refund r P rh, V ` hs, both the

expected consumer utility in equation (3.2) and the expected profit in equation (3.3) are

continuous and differentiable with respect to p and r in this region.

3.3.1 The Equilibrium Return Policy

In this section, we characterize the equilibrium by examining the retailer’s potential optimal

price and return policy, which are obtained by maximizing his expected profit in equation

(3.3), subject to the representative consumer’s participation constraint, as expressed in

equation (3.1) and (3.2). The potential optimal price and return policy pp̃, r̃q are presented

in the following proposition, with proof in the Appendix.

Proposition 5. In a market where a monopoly retailer sells a product to a unit mass of

consumers, the retailer’s potential optimal price and return policies are:

pp̃, r̃q “

$

’

’

’

’

’

&

’

’

’

’

’

%

pV ´
şV
0 Gpvqdv, 0q if cr ě c0 ´ h,

pV ´
şV
c0´cr´h

Gpvqdv, c0 ´ crq if cr P rc0 ´ V ´ h, c0 ´ hq,

pV, V ` hq if cr ă c0 ´ V ´ h.

(3.4)

3This assumption is consistent with that used by Che (1996), and we think it is plausible to assume that
one retailer could sell out all the inventory in the end. Although studies like Conlon and Mortimer (2013)
examine the impact of product availability on demand, our model does not have this concern.

100



Given pp̃, r̃q, the retailer’s profit is:

π̃ “

$

’

’

’

’

’

&

’

’

’

’

’

%

V ´ c0 ´
şV
0 Gpvqdv if cr ě c0 ´ h,

V ´ c0 ´
şV
c0´cr´h

Gpvqdv if cr P rc0 ´ V ´ h, c0 ´ hq,

V ´ c0 if cr ă c0 ´ V ´ h.

(3.5)

Proposition 5 suggests that the retailer’s optimal strategies depend on the restocking

cost cr, and he may offer no refund if the restocking cost is high while more generous

refund when it is small. This result reveals the potential impact of consumer decisions on

the retailer’s choice of return policies. We can observe the evidence from the real world,

such as big online retailers like Amazon and Best Buy are considering to modify their free

return policy (which is reported in (Safdar, 2018; Safdar and Stevens, 2018). In addition,

the retailer’s optimal profit is decreasing in the restocking cost. This is consistent with the

arguments that many retailers have attempted to reduce restocking costs (Drake, 2014).

However, some of the potential optimal strategies pp̃, r̃q expressed in Equation (3.4)

will not be chosen by the retailer in the equilibrium, because his profit is actually negative.

Taking into account the retailer’s decision to opt out of the market, the equilibrium is in

the following proposition.

Proposition 6. If c0 ě h and V ´ c0 ´
şV
c0´h

Gpvqdv ě 0, then there exits a unique

equilibrium in which the retailer sells to all consumers, but only those with perceived product

value v greater than r˚ ´ h keep it. The equilibrium price and refund are

pp˚, r˚q “

$

’

&

’

%

pV ´
şV
0 Gpvqdv, 0q if cr ě c0 ´ h,

pV ´
şV
c0´cr´h

Gpvqdv, c0 ´ crq if 0 ď cr ă c0 ´ h.

(3.6)

The retailer’s equilibrium profit is:

π˚ “

$

’

&

’

%

V ´ c0 ´
şV
0 Gpvqdv if cr ě c0 ´ h,

V ´ c0 ´
şV
c0´cr´h

Gpvqdv if 0 ď cr ă c0 ´ h.

(3.7)

101



Proof. Recall that all parameters in our model, c0, cr, V and h, are non-negative. We

first prove by contradiction that the third line pp̃, r̃q “ pV, V ` hq in Equation (3.4) is

not an equilibrium. If the seller offers pp, rq “ pV, V ` hq, we have c0 ´ V ´ h ą 0 to

guarantee non-negative values for cr, that is V ´ c0 ă ´h ď 0. The optimal profit then

is V ´ c0 ă 0. Therefore, the retailer is better off not selling the product. For the first

two lines of Equation (3.4), we need c0 ´ h ě 0 so that a non-negative region for possible

values of cr exists. If so, then these two cases exist. Because π̃ is decreasing in cr, if

π̃|cr“0 “ V ´ c0´
şV
c0´h

Gpvqdv ě 0, then the retailer’s profit is positive for these two cases.

Considering consumers, they purchase because ErUpp˚, r˚; vqs “ 0, and they keep the

product if and only if v ě r˚ ´ h.

The equilibrium has the following implications. First, the retailer’s restocking cost

plays an essential role in determining return policy. If restocking cost approaches or is

larger than the product cost, then the retailer does not accept returns. When the retailer

allows returns, the amount of refund depends on two costs: c0 and cr. Since c0 is either, or

equivalent to, the product’s manufacturing cost, while cr is the loss or depreciation of this

value, in some studies the difference between them is called salvage value (e.g. Su, 2009).

A higher salvage value means less damage to returns. We find that the optimal refund

offered by the retailer equals the returned product’s salvage value.

Second, the retailer’s restocking cost cr contributes to determining his equilibrium

profit. Since the retailer reduces equilibrium refund r˚ when restocking cost goes up,

he lowers product price to maintain purchases. As a result, although fewer consumers re-

turn the product, the retailer’s profit declines. That is, when restocking cost increases, the

retailer cannot maintain high profit by lowering price. To raise profit, the retailer needs to
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reduce restocking cost.

Third, the consumer propensity to return purchased products, which is shown by the

distribution function Gpvq in our model, also contributes to determining the retailer’s

equilibrium profit. If Gpvq shifts from G1pvq to G2pvq, where G1pvq ă G2pvq for each

v P p0, V q, so that buyers are more likely to return their purchased products, then the

retailer would respond by reducing p˚, but not changing r˚. Although it is less costly for

consumers to return an item, fewer consumers keep the product so that the retailer’s profit

goes down. Therefore, a retailer would be better off from a population that have high

values for the product so that they are more likely to keep it.

Fourth, when the retailer offers refund for returns, he sets it such that π˚ “ p˚ ´ c0 “

p˚ ´ r˚ ´ cr. Because p˚ ´ c0 represents the profit from each unit sold, and p˚ ´ r˚ ´ cr

from each returned item, the retailer earns the same profit, whether or not the consumer

returns the product. This to some extent could explain why so many retailers would like to

allow returns: it will not just encourage consumers to purchase but also provides another

(identical) source of profits.

Fifth, the cost that a consumer needs to pay to return an item is p˚´r˚ “ V ´pc0´crq´

şV
c0´cr´h

Gpvqdv, which is decreasing in c0 and increasing in cr. Interestingly, the return

policy is more generous for products that are either expensive or easy to resell, while be

restrictive for products that are either cheap or easy to be damaged or depreciated. As an

extreme, if the restocking cost is so high that cr ě c0´ h, the retailer optimally constructs

a “no return” policy.

Finally, we examine the condition for “free turn” policy, r “ p, which is presented in

the following corollary.
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Corollary 3. In equilibrium, if the retailer offers a “free return” policy, r˚ “ p˚, then

cr “ 0 and
şV
c0´h

Gpvqdv ` c0 “ V , and π˚ “ 0.

Proof. Suppose “free turn” is the equilibrium, p˚ “ r˚, then the equilibrium profit is

π˚ “ p˚ ´ r˚ ´ cr “ ´cr. In the equilibrium, we should have π ě 0. Therefore, we must

have cr “ 0. Then we apply the expressions of p˚ and r˚ to replace p˚ “ r˚ to derive

V ´
şV
c0´cr´h

Gpvqdv “ c0 ´ cr, which is
şV
c0´h

Gpvqdv ` c0 “ V when cr “ 0.

The interpretation is that the retailer has incentive to offer “free return” when restock-

ing cost is zero and product cost is sufficiently large.4 However, it is common in reality that

the retailer needs to spend some cost to deal with returned products, and sometimes this

cost is substantial. Therefore, in the context of the model in this section, a “free return”

policy is not an equilibrium.

3.4 Competition

In this section, we add market competition to the basic model so as to investigate the effect

of competition on optimal pricing and return policies. Although previous studies such as

Che (1996) have discussed competition as an potential explanation for return policies,

no study has demonstrated the conditions under which competition leads to free return

policies. We contributes to this investigation by extending our basic model to a market

with J retailers that compete by selling non-differentiated products. To isolate the effect of

competition on optimal pricing and return policies, our model of the consumers is identical

to that of the previous section. Recall that the distribution of the product values for the

4With a uniform distribution on interval r0, 1s, that is, Gpvq “ v, the condition for a “free return” policy is
cr “ 0 and c0 “ h´

?
2h` 1. Since h ě 0, so c0 ě 1{2 when “free return” is optimal to provide.
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unit mass of consumers is Gpvq on r0, V s. And a retailer j sets his product price pj and

refund rj to maximize his expected profit.

The effect of competition on optimal pricing and return policies is illustrated in the

following lemma.

Lemma 7. Shifting from monopoly to competition, a retailer lowers the equilibrium product

price p˚ but does not change the equilibrium refund r˚. In the competitive equilibrium, if

the retailers select a “free return” policy, then his profit is zero.

Proof. Suppose there are J retailers and the maximum expected utility that a representa-

tive consumer could obtain from retailers other than j is ū. Retailer j needs to provide

at least ū in order to sell its product. That is, ErUjppj , rj ; vqs ě ū. Thus the retailer’s

optimization program is

max
pj ,rj

πj “ ppj ´ c0qr1´Gprj ´ hqs ` ppj ´ rj ´ crqGprj ´ hq,

subject to Evrmaxtv, rj ´ hus ´ pj ě ū.

Following the same process as we derive Proposition 9, we obtain the potential equilibrium

pp˚j , r
˚
j q as:

pp˚j , r
˚
j q “

$

’

&

’

%

pV ´ ū´
şV
0 Gpvqdv, 0q if cr ě c0 ´ h,

pV ´ ū´
şV
c0´cr´h

Gpvqdv, c0 ´ crq if 0 ď cr ă c0 ´ h.

Respectively, the retailer’s equilibrium profit is:

π˚ “

$

’

&

’

%

V ´ ū´ c0 ´
şV
0 Gpvqdv if cr ě c0 ´ h,

V ´ ū´ c0 ´
şV
c0´cr´h

Gpvqdv if 0 ď cr ă c0 ´ h.

The conditions for those equilibrium to exist are c0 ě h and V ´ ū´ c0´
şV
c0´h

Gpvqdv ě 0.
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Comparing this result with the equilibrium in Proposition 9, the equilibrium refunds are

identical but the price decreases by ū.

Again, we have π˚ “ p˚´ r˚´ cr, so that “free return” in the equilibrium cannot bring

positive profit for the retailer. The conditions for “free return” as the equilibrium is cr “ 0

and c0 `
şV
c0´h

Gpvqdv “ V ´ ū.5

In the context of our model, competition has not effect on a retailer’s optimal product

return policy. Instead competition causes the retailers to lower their prices. From consumer

side, although the refund stays the same, a lower equilibrium price increases consumers’

welfare.

3.4.1 Bertrand Competition

As a special case, we investigate Bertrand competition to further demonstrate the equilib-

rium with competition. Suppose there are J ě 2 retailers who sell identical products. Each

firm j sets price and refund ppj , rjq to maximize his expected profit. A consumer’s expected

utility from selecting firm j is ErUjppj , rj ; vqs, which is calculated based on equation (3.2).

Unlike traditional Bertrand competition in which consumers purchase from the seller with

lower price, in our model a consumer purchases from the retailer that offers her the greatest

expected utility. As a result, the market demand for retailer j is:

Dj “

$

’

’

’

’

’

&

’

’

’

’

’

%

1, if EUj ą maxrEU´js

αm, if EUj “ maxrEU´js

0, if EUj ă maxrEU´js

5Under a uniform distribution on interval r0, 1s, that is, Gpvq “ v, the condition for “free return” is cr “ 0
and c0 “ h ´

a

2ph` ūq ` 1. Since h ´
a

2ph` ūq ` 1 ď h ´
?

2h ` 1, the requirement for c0 is relaxed
compared to that in the basic model.
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where EU´j is a consumer’s expected utility from selecting a firm other than firm j, and

αm P p0, 1q denotes the fraction of consumers that select firm j when m firms offer the

highest expected utility to each consumer.

If retailer j sells one unit of his product, his expected profit πj is calculated by equation

(3.3). Considering the market demand, the retailer’s expected total profit is:

πj “

$

’

’

’

’

’

&

’

’

’

’

’

%

pj ´ c0 ` pc0 ´ cr ´ rjqGprj ´ hq, if EUj ą maxrEU´js

αmrpj ´ c0 ` pc0 ´ cr ´ rjqGprj ´ hqs, if EUj “ maxrEU´js

0, if EUj ă maxrEU´js

3.4.2 The Bertrand Equilibrium

In our model of Bertrand competition, only retailers who can provide highest expected

utility to consumers sell their products. Therefore, instead of maximizing profit subject to

consumer participant constraint, a retailer’s objective is to maximize consumers’ expected

utility subject to a non-negative profit constraint. Specifically, the retailer’s optimization

program is:

max
pj ,rj

ErUppj , rj ; vqs “ V ´

ż V

rj´h
Gpvqdv ´ pj ,

s.t. πj ě 0.

Graphically, we can illustrate the retailer’s motivation in the Bertrand competition by

Figure 3.1 which depicts consumers’ indifferent curves with red lines and the retailer’s

isoprofit curves with blue lines. A retailer’s objective is to select ppj , rjq to maximize profit

subject to the representative consumer’s utility constraint.
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Figure 3.1: Expected Utility and Profit under Bertrand Competition

We characterize the market equilibrium of the Bertrand competition in the following

proposition.

Proposition 7. If c0 ě h and V ´ c0 ´
şV
c0´h

Gpvqdv ě 0, then there exits a unique

equilibrium in which retailer j sets

pp˚j , r
˚
j q “

$

’

&

’

%

pc0, 0q if cr ě c0 ´ h,

pc0, c0 ´ crq if 0 ď cr ă c0 ´ h.

(3.8)

In each case retailer j’s equilibrium profit is π˚j “ 0 and each consumer purchases one

product but only those with perceived product value above r˚ ´ h keep it.

Proof. The retailer’s optimization program in selecting rj is equivalent to

max
rj

EUj “ V ´

ż V

rj´h
Gpvqdv ´ c0 ` pc0 ´ cr ´ rjqGprj ´ hq,

with pj “ c0 ´ pc0 ´ cr ´ rjqGprj ´ hq.
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The derivative of expected utility with respect to rj is

BEUj
Brj

“ pc0 ´ cr ´ rqgpr ´ hq.

Since gpr ´ hq ą 0 for any r P rh, V ` hs, then if h ď c0 ´ cr ď h ` V , we can obtain

r˚ “ c0´ cr; if c0´ cr ď h, we have
BEUj

Brj
ă 0, which gives us a corner solution r˚ “ h; and

if c0 ´ cr ě V ` h, we have
BEUj

Brj
ą 0 which gives us another corner solution r˚ “ V ` h.

However, EUj ă 0 when r˚ “ V `h, so it is not an equilibrium. And the first two solutions

could be equilibrium if maxrEUjs ě 0, that is, V ´
şV
c0´h

Gpvqdv ´ c0 ě 0. In addition,

Lemma 6 shows that r˚ “ h is equivalent to r˚ “ 0. Thus, we have proved all the cases.

Since the retailer’s expected profit is zero in all cases, he does not have incentive to stop

the business. Therefore, all cases could be equilibrium outcomes.

For consumers, as their expected utility ErUpp˚, r˚; vqs ą 0, they would purchase, and

keep it if v´ p˚ ě r˚´ h´ p˚, that is v ě r˚´ h. Other buyers with lower perceived value

return the product.

Comparing this equilibrium with that of the basic model in Proposition 9, we find the

only variation is equilibrium price and profit. The market competition causes retailers to

reduce product price and earn zero profit, but it does not influence either the condition for

the equilibrium or refund. Again, the retailer would not offer any refund if the restocking

cost is sufficiently high while offer more generous refund for lower restocking costs.

We examine the condition for “free turn” to be the equilibrium, which is presented in

the following corollary.

Corollary 4. In the market with Bertrand competition, if there is no restocking cost,
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cr “ 0, the retailer chooses a “free return” policy.

Proof. Based on Proposition 7, if cr “ 0, we always have p˚ “ r˚, which is “free return”.

Although the condition for a “free return” policy is relaxed compared to the case of

monopoly seller, it is still determined by the restocking cost, and in reality the retailer

usually needs to pay some cost to manage returned items.

In sum, Bertrand competition results in zero profit, and each retailer offers the same

refund as in the monopoly market, but with lower price. A “free return” policy would be

offered only if the restocking cost is zero. In Appendix E, we examine the competition

between online and offline retailers, and do not observe “free return” as the equilibrium for

the online retailer.

As one of our primary interests in this paper, we still want to ask what could make a

“free return” policy optimal as well as profitable with the concern of restocking cost. To

address this question, in F we explore another model with consumer preference for “free

return” policy, which provides an answer to the question.

3.5 Heterogeneous Return Propensities

In the basic model, although we assume consumers may have different ex post product

values, they are ex ante identical with the same probability of returning a product. Now

we relax this assumption with the concern that consumers may differ in return propensities

even before their purchase decisions. For example, some consumers have a high opportunity

cost of time or delay purchase, in which case they may be unlikely to return products due

to the high cost of hassle involved. Other consumers, who have a low opportunity cost of
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time or delay purchase, may be likely to return products because there are unfazed by the

hassle of doing so. We model consumers’ return propensities by introducing heterogeneous

hassle costs of returning products.6

Let θ P tH,Lu denote a consumer’s type, where H denotes a high type and L a low

type. Two types differ in the hassle cost of returning products hθ. We further assume

hH ą hL so that with the same perceived value high type consumers are more likely to

keep a purchased product, whereas low type consumers are more likely to return a product.

The proportion of high type consumers is λ and the proportion of low types is 1´ λ.

In this section, we simplify the consumer value to be uniformly distributed on interval

r0, 1s, that is, Gpvq “ v. If possible, the retailer could offer a price and refund profile

ppθ, rθq for type θ who then calculates her own expected utility ErUθppθ, rθ; vqs based on

equation (3.2), which is:

ErUθppθ, rθ; vqs “ Evrmaxtv, rθ ´ hθus ´ p (3.9)

“ rprθ ´ hθq
2 ´ 2pθ ` 1s{2.

When a consumer with type θ purchases the product, the expected profit that the

retailer can make from this consumer is calculated based on equation (3.3) as

πθ “ pθ ´ c0 ` pc0 ´ cr ´ rθq ¨ prθ ´ hθq. (3.10)

Notice from consumers’ expected utility function that if the retailer sets the same price

and refund pp, rq for each consumer type, we have ErUHpp, r; vqs ă ErULpp, r; vqs, which

6Hassle costs represent other factors that could cause consumers to have different propensities to return.
For example, some consumers might need a product immediately and are willing to accept lower-quality
ones, and other buyers might be willing to exchange products to try others.
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means high type consumers have lower expected utility given the same price and refund.

Because of this, high type consumers would be more careful when they make the purchase

decision based on the information of the product on the retailer’s website. In other words,

high type consumers are less likely to buy online, but when buying online they are also less

likely to return the purchased product.

Furthermore, the retailer’s expected profit function implies that if r ă c0 ´ cr, then

πHpp, rq ă πLpp, rq; and if r ą c0 ´ cr, then πHpp, rq ą πLpp, rq. It suggests that which

type can bring more profit for the retailer depends on his return policy. The explanation

is that the retailer could earn positive profit from returned items when refunds are low,

while experience a loss for returned items when refunds are high, so it is more profitable

to sell to low type consumers when refunds are low, while more profitable to sell to high

type consumers when refunds are high. In addition, if r “ c0´cr, then πHpp, rq “ πLpp, rq.

That is, the retailer would be indifferent to two types if he sets a refund that is equal to

the salvage value of returned items.

We examine two scenarios in the following based on whether the retailer could identify

consumer types before purchase.

3.5.1 The Retailer Cannot Identify Consumers by Types

If the retailer cannot identify consumer types, he may consider one of the two strategies:

either set one universal price and refund for all purchases, or set two profiles to screen two

consumer types. We explore both strategies in the following.
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One Universal Price and Return Policy

Based on expected utility expressed in equation (3.9), recall that if the retailer offers a

university price and refund pp, rq, of the two types of consumers, high type consumers

would have lower expected utility. As a result, if the retailer sells to both types, he only

needs to assure a non-negative expected utility for high type consumers, and his profit-

maximization program is:

max
p,r

π “ λ ¨ πH ` p1´ λq ¨ πL

subject to ErUHs “ rpr ´ hHq
2 ´ 2p` 1s{2 ě 0

where πH , πL are expected profit from each consumer type that are calculated based on

equation (3.10).

We denote the optimal universal price, refund and related profit as ppu, ru, πuq, which

are obtained as:7

pu “ rc0 ´ cr ´ p2´ λqhH ` p1´ λqhLs
2{2` 1{2,

ru “ c0 ´ cr ´ p1´ λqphH ´ hLq,

πu “ rc0 ´ cr ´ p2´ λqhH ` p1´ λqhLs
2{2´ c0 ` 1{2.

Comparing this result to the one with homogeneous consumers in the basic model

(where λ “ 1), the retailer lowers refund because of the existence of low type consumers.

As a result, both price and profit decline. This is consistent with our observation from the

7For simplicity, we focus on the results with partial refunds and do not report the corner solutions with
zero refund.
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basic model that the retailer would be worse off from a population with a high probability

of returning products.

Menu Pricing

Although the retailer cannot identify consumer types, in a menu pricing strategy, he can

set up two different options ppH , rHq and ppL, rLq to screen consumers. In the real world

business, this can be done by two websites or deals. To attract different types of consumers

choose different options, the participation and incentive compatibility for menu pricing are

as follows:

PCH ErUHppH , rHqs ě 0,

ICH ErUHppH , rHqs ě ErUHppL, rLqs,

PCL ErULppL, rLqs ě 0, and

ICL ErULppL, rLqs ě ErULppH , rHqs.

(3.11)

We first can prove the existence of menu pricing. We have shown that ErUHpp, r; vqs ă

ErULpp, r; vqs given the same price and refund pp, rq. Therefore, if PCH is satisfied, then

PCL is as well. Therefore, we need to consider only three constraints: PCH, ICH, and

ICL. We depict three indifferent curves for EUH “ 0, EUL “ 0 and EULppL, rLq “

EULppH , rHq ą 0 in Figure 3.2, which shows the possibility that all constraints are satisfied.

For instance, point H and L respectively represent the profile for ppH , rHq and ppL, rLq,

which are both on the curve of EUL ą 0, so it could be one candidate for menu pricing.

We can tell that rH ă rL and pH ă pL.
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Figure 3.2: The Menu Pricing

Then we characterize the retailer’s optimal menu price and refund mathematically.

Given the possible menu pricing options, the retailer’s profit-optimization program is:

max
pH ,rH ,pL,rL

π “ λ ¨ πH ` p1´ λq ¨ πL

subject to PCH and ICL.

One menu pricing solution ppmH , r
m
H , p

m
L , r

m
L q is obtained as:

rmH “ c0 ´ cr ´ phH ´ hLqp1´ λq{λ,

rmL “ c0 ´ cr,

pmH “ rpr
m
H ´ hHq

2 ` 1s{2,

pmL “ rpr
m
H ´ hHq

2 ` prmL ´ hLq
2 ´ prmH ´ hLq

2 ` 1s{2.

The retailer sets a low price and low refund for high type consumers, while high price

and high refund for low type consumers. This is consistent with the case in Figure 3.2.
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What is the motivation to provide lower refund for high type consumers? One explanation

is that low type consumers are more likely to return the product so that they are more

sensitive to a refund, whereas high type consumers are more likely to keep the product so

that they are more sensitive to price. Therefore, they have different preferences for price

and refund policies. The retailer could use those preferences to screen the two consumer

types.

Comparing the two practices when the retailer cannot identify consumer types, we

observe that πm ´ πu “ phH ´ hLq
2p1 ´ λq3{2λ ě 0, which indicates the retailer could

be better off from the menu pricing practice compared to uniform pricing. This provides

an evidence to multiple-platform business, in which the retailer offers different price and

return policies.

3.5.2 The Retailer Can Identify Consumers by Types

With the ability of retailers to track shopping behavior, retailers are able to identify con-

sumer types based on their purchase histories. For example, Retail Equation, hired by some

big retailers like Best Buy, is one such company that scores customer shopping behavior

(Safdar, 2018). When the retailer can observe consumer purchase history, he may have

the incentive to treat consumers differently by types.8 In examining discriminatory pricing

and return policies, we consider three retailer options: (1) sell to both types with the same

price but different return policies, (2) sell to both types with different prices and return

policies, and (3) restrict low-type consumers from purchasing.9 We examine the first two

8This is similar to a “behavior-based price discrimination”. Fudenberg and Villas-Boas (2006) survey the
literature on this area.

9All practices exist in reality. For example, Amazon has banned some accounts, and some retailers do not
offer free return for some consumers who have returned too many products in the past. More real world
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cases separately in this section and the last option in a separate section.

Same Price, Different Return Policies

The first option is to set one price and two refunds, that is pp, rH , rLq. This is easy to

undertake when the retailer has collected the information to distinguish consumers. And

we also observe that some retailers have adopted this strategy in the real world. Under

this scenario, the retailer’s profit-optimization program is:

max
p,rH ,rL

π “ λ ¨ πH ` p1´ λq ¨ πL

subject to EUH ě 0 and EUL ě 0

We derive the optimal price, refund and related profit as:

pd “ rpc0 ´ cr ´Hq
2 ` 1s{2,

rdH “ c0 ´ cr ` p1´ λqphH ´ hLq,

rdL “ c0 ´ cr ´ λphH ´ hLq,

πd “ rpc0 ´ cr ´Hq
2 ´ 2c0 ` 1s{2, where H ” λ ¨ hH ` p1´ λqhL.

We observe rdH ´ rdL “ hH ´ hL ą 0, indicating that the retailer provides a higher

refund for high type consumers. And surprisingly, the difference between two refunds

has no relation with the proportion of high type consumers, but rather is determined by

the retailer’s costs and the consumers’ hassle costs. The difference between two refunds

is increasing in the difference between the hassle costs, which means a bigger consumer

examples are discussed in articles like Drake (2014), Safdar (2018) and Safdar and Stevens (2018).
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heterogeneity.

Recall that when the retailer cannot identify consumer types, he would like to offer a

lower refund for high type consumers in order to screen them from low types. It suggests

that the retailer would use a different mechanism when he can identify consumer types:

he would like to discourage low-type consumers from returning items with a lower refund

while encouraging high-type consumers to purchase with higher refund.

Comparing this case to that the retailer sets a universal price and refund, we have

rdH ´ r
u “ 2p1´λqphH ´hLq ě 0, which implies that the retailer would increase the refund

for high-type consumers when he can identify consumer types and set two different refunds.

For low-type consumers, as rdL´ r
u “ p1´ 2λqphH ´hLq, we would observe that if λ ď 1{2,

then rdL ě ru; and if λ ą 1{2, then rdL ă ru. That is, the retailer would raise the refund

for low-type consumers if there is a significantly small proportion of high-type consumers,

while lower the refund for low-type consumers if more than one half of the consumers are

high type. Moreover, as πd´πu “ p1´λqphH ´hLqrc0´ cr´hHs ě 0, the retailer is better

off from this refund discrimination, even though he sells at the same price.

Finally, we investigate whether the retailer offers a “free return” policy in this scenario.

The retailer may offer “free return” to only high-type consumers. Interestingly, the con-

dition for the retailer to offer a “free return” for high-type consumers is not restrictive.

The retailer may offer it even there is restocking cost,10 which is not the case in the basic

model. In addition, when it is optimal to offer “free return” policy, the retailer makes a

positive profit from high-type consumers.11 We have demonstrated in the basic model and

10The condition for rdH “ pd is only c0 ´ cr “ λhH ´
?

2hH ` p1´ λqhL ` 1.
11The condition for a positive profit contributed by high-type consumers under “free return” is λ ¨ phH ´

hLqp1´
?

2hHq ą c0 ´ phH ´ hLq
?

2hH ´ hL ´ 1.

118



competition model that “free return” as an equilibrium is not profitable. This is the only

scenario under which “free return” policy can make a positive profit. To confirm our result,

we evaluate one numerical example: c0 “ 3{5, hH “ 1{8, hL “ 0, λ ă 3{5, in which we can

calculate that πd ą πu, rdH “ pd, πdH ą 0, which is a “free return” equilibrium for high-type

consumers with a positive profit.

Different Prices and Return Policies

The second option that the retailer may consider is to set two prices and two refunds as

ppH , pL, rH , rLq. By doing so, the retailer completely separates two types and treats them

as two market segments. Therefore, the retailer faces the following profit-maximization

program:

max
pH ,pL,rH ,rL

π “ λ ¨ πH ` p1´ λq ¨ πL

s.t. EUH ě 0 and EUL ě 0

The optimal price, refund and related profit are:

rddH “ rddL “ c0 ´ cr,

pddH “ rpc0 ´ cr ´ hHq
2 ` 1s{2,

pddL “
1

2
rpc0 ´ cr ´ hLq

2 ` 1s,

πdd “ rλpc0 ´ cr ´ hHq
2 ` p1´ λqpc0 ´ cr ´ hLq

2 ´ 2c0 ` 1s{2.

Since each type is treated as a separate market, the optimal price and refund for each

type is exactly the same as those in the basic model. Notice that it is optimal for the retailer

119



to set same refund but different prices for two types. As pddH ă pddL , the retailer would offer

lower price for high type consumers, so that the return cost for high type consumers is

lower. And no surprise that the condition for “free return” policy as the equilibrium is also

the same as that in the basic model, but only for high-type consumers.

Moreover, it is verifiable that πdd ą πd, so same refund with different prices is more

profitable than same price with different return policies. Specifically, rddH ´r
d
H “ pλ´1qphH´

hLq ď 0, rddL ´r
d
L “ λphH ´hLq ě 0, which means when the retailer charges different prices

instead of setting different refunds, he would reduce the refund for high-type consumers

while increase the refund for low type.

3.5.3 Summary

The above analyses with heterogeneous return propensities provide us with the following

implications. First, the retailer benefits from detecting consumer types and treating two

types differently. Even if he cannot identify consumer types, he still has incentive to

undertake a menu pricing to screen two types.

Second, when the retailer can identify consumer types, he chooses one of the two options:

(1) one price with two return policies or (2) two prices with one return policy. If it is

possible for him to engage in price and refund discrimination, then he chooses only price

discrimination. However, when the retailer chooses the first option, it may be optimal and

profitable for him to offer “free returns” to only the high type consumers.

Third, when the retailer can treat two types differently, he always prefers to offer a better

return policy to high-type consumers by either a higher refund or a lower price. However,

he chooses to do the opposite in a menu pricing design. Therefore, high type consumers
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may benefit from disclosing their types, whereas low type consumers may change their

return behavior strategically.

3.6 “Fire” Low-Type Consumers

As we have discussed in the previous section, the retailer has another option to choose:

restricting the purchase by low type consumers. A few studies have analyzed this business

operation. For example, Shin, Sudhir and Yoon (2012) in a different context model the

case to selectively “fire” high-cost customers by raising price to them, which could make

the seller more profitable. In the popular press, Safdar and Stevens (2018) report accounts

in which Amazon bans consumers based on their product-return histories from purchasing

products. In this section, we explore whether the retailer could benefit from restricting

low-type consumers. In our model, the retailer may selectively restrict the purchase by

low type consumers who are more likely to return items. We investigate two operations

the retailer may consider: (1) sell to both types but use a “no return” policy for low-type

consumers, and (2) only sell to high-type consumers.

3.6.1 “No Return” for Low-Type Consumers

We start from the case in which the retailer sells to both types but does not allow low type

consumers to return. He can achieve this by setting rL ď hL. If doing so, the low type

consumers would purchase only when the price is not above the expected product value,

that is, pL ď 1{2. We still assume that the retailer can charge either one universal price or

two differential prices. We investigate both cases in the following.
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With One Price

If the retailer sets one universal price, the price should not below 1{2. Otherwise the low

type consumers would not purchase. When p ď 1{2, we calculate that EUH “ rprH ´

hHq
2 ´ 2p` 1s{2 ě 0, so the high-type consumers would always purchase the product. As

a result, the retailer faces the following profit-maximization program:

max
p,rH

π “ p´ c0 ` λpc0 ´ cr ´ rHqprH ´ hHq

subject to p ď 1{2

The optimal price, refund and related profit are:

rnr1H “ pc0 ´ cr ` hHq{2,

pnr1 “ 1{2,

πnr1 “ λpc0 ´ cr ´ hHq
2{4´ c0 ` 1{2.

To evaluate whether this option is profitable, we compare this to the one that permits

returns from low-type consumers. Since πnr1 ď πd, the retailer cannot be made better off

from this “no return” policy. Therefore, one universal price is not an reasonable option for

the retailer to ban returns from low-type consumers.

With Multiple Prices

We then examine the case in which the retailer charges two differential prices. As we have

shown, the price for low type consumers should be no less than 1{2, so profit-maximization

122



program for the retailer is:

max
pH ,pL,rH

π “ λ ¨ πH ` p1´ λq ¨ πL

subject to EUH ě 0 and pL ď 1{2

The optimal price, refund and related profit can be solved as:

rnr2H “ c0 ´ cr,

pnr2H “ rpc0 ´ cr ´ hHq
2 ` 1s{2,

pnr2L “ 1{2,

πnr2 “ rλpc0 ´ cr ´ hHq
2 ´ 2c0 ` 1s{2.

Again, we compare this option to the one that allows for low type consumers. We derive

the result that πnr2 ď πdd, which suggests that “no returns” from low-type consumers with

differential prices also cannot make the retailer better off.

Above two cases demonstrate that “no returns” from low-type consumers is not an

optimal policy.

3.6.2 Sell to Only High-Type Consumers

If the retailer sells to only high-type consumers, then his objective is to maximize πH ,

subject to the constraint that EUH ě 0. This is the case we have analyzed in the basic
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model, and the optimal price, refund and related profit are:

ph “
1

2
rpc0 ´ cr ´ hHq

2 ` 1s,

rh “ c0 ´ cr,

πh “
λ

2
rpc0 ´ cr ´ hHq

2 ´ 2c0 ` 1s.

Notice that low-type consumers do not have incentive to purchase at this price, because

ph ě 1{2. Therefore, the retailer only needs to set this price to screen low type consumers

out.

In the case in which the retailer would set one price for both the high and low types,

and the case in which the retailer sets two prices, he may want to “fire” low-type consumers

from purchasing. Specifically,

1. In the scenario where the retailer sets up one price and two return policies, he would

like to “fire” low type consumers if and only if πhpph, rhq ě πdppd, rdH , r
d
Lq, which

gives us c0 ě r1 ´ λphH ´ hLq
2s{2 and c0 ´ hL ´

a

λphH ´ hLq2 ` 2c0 ´ 1 ď cr ď

c0 ´ hL `
a

λphH ´ hLq2 ` 2c0 ´ 1;

2. In the scenario where the retailer sets up two prices and one return policy, he would

like to “fire” low type consumers if and only if πhpph, rhq ě πddppddH , p
dd
L , r

dd
H , r

dd
L q,

which gives us c0 ě 1{2 and c0 ´ hL ´
?

2c0 ´ 1 ď cr ď c0 ´ hL `
?

2c0 ´ 1.

The following proposition summarizes the conditions for the retailer to “fire” low-type

consumers.

Proposition 8. If c0 and cr are sufficiently large, the retailer has incentive to ban low-type

consumers from purchasing.
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Proof. In Lemma 6 of the basic model, we find the equilibrium constraint for cr as 0 ď

cr ď c0 ´ h. Therefore, we can simplify the conditions in above two scenarios to cr ě

c0 ´ hL ´
a

λphH ´ hLq2 ` 2c0 ´ 1 and cr ě c0 ´ hL ´
?

2c0 ´ 1. In either case, we need a

lower bound for cr.

Proposition 8 suggests that if the retailer’s cost of acquiring or manufacturing the

product and the cost of managing returns are sufficiently large, then the retailer chooses

to “fire” low-type consumers.

3.7 Extensions

In this section we consider two extensions: heterogeneous restocking costs and whether

the retailer should provide additional product information prior to consumer purchase

decisions.

3.7.1 Heterogeneous Restocking Costs

In above analysis, we model consumers’ heterogeneous return propensities through hassle

cost, which affects the probability one consumer would return the purchased product. We

extend this model by including consumer heterogeneity in other return behavior that could

cause different restocking cost for the retailer. For instance, some fraudulent returns could

be used or damaged so that the product value has dropped a lot. Those returns affect

the retailer’s profit so that he has incentive to tailor his return policy for consumers who

are more likely to make fraudulent returns. Based on the same model setting with two

consumer types, we denote the restocking cost caused by type θ as cθ. We further assume
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cL ą cH so that high type consumers cause lower restocking cost if they return the product,

while low type consumers could cause fraudulent returns that more costly for the retailer

to manage and resell returned products. All other settings maintain the same. And we

still examine the retailer’s optimal strategies when he can identify consumer types versus

he cannot.

Because consumers’ expected utility before purchase is not affected by the restocking

cost, its expression stays the same as equation (3.9). However, when purchase occurs, the

retailer’s expected profit from each consumer that is determined by both hassle cost and

restocking cost changes to

πθ “ pθ ´ c0 ` pc0 ´ cθ ´ rθq ¨ prθ ´ hθq (3.12)

The retailer cannot identify consumer types

For comparison, we first examine the case in which the retailer cannot identify consumer

types and sets a universal price and refund. The optimal strategy and related profit can

be obtained as:

pu “
1

2
trc0 ´ hH ` λphH ´ cHq ` p1´ λqphL ´ cLqs

2 ` 1u,

ru “ c0 ´ hH ` λphH ´ cHq ` p1´ λqphL ´ cLq,

πu “
1

2
trc0 ´ hH ` λphH ´ cHq ` p1´ λqphL ´ cLqs

2 ´ 2c0 ` 1u.

All the findings in the basic model as well as heterogeneous return propensity model

stay robust, and notice that the restocking cost plays a similar role as hassle cost. The

retailer is likely to further lower refund when low type consumers cause higher restocking
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cost.

The retailer can identify consumer types

Then we examine the effect on price discrimination when the retailer can identify con-

sumer types. Similarly, there are two options available, he can either set up one price with

different refunds, which can be derived as:

pd “
1

2
rpc0 ´W q

2 ` 1s,

rdH “ c0 ` hH ´W,

rdL “ c0 ` hL ´W,

πd “
1

2
rpc0 ´W q

2 ´ 2c0 ` 1s.

where W ” λphH ` cHq ` p1´ λqphL ` cLq;

Or the retailer can set up different prices with different refunds as:

pddH “
1

2
rpc0 ´ hH ´ cHq

2 ` 1s,

rddH “ c0 ´ cH ,

pddL “
1

2
rpc0 ´ hL ´ cLq

2 ` 1s,

rddL “ c0 ´ cL,

πdd “
1

2
rλpc0 ´ hH ´ cHq

2 ` p1´ λqpc0 ´ hL ´ cLq
2 ´ 2c0 ` 1s.

Again, we observe the similar results as those in the model only with heterogeneous

return propensities. It consistently suggests that the retailer would offer higher refund

for high type consumers. Furthermore, the heterogeneity of restocking cost amplifies the

return policy discrimination by offering a even higher (lower) refund for high (low) type
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consumers.

3.7.2 Providing More Product Information

When consumers are uncertain about the product value, a generous return policy effec-

tively attracts consumers to purchase. However, this may not be the only option. An

online retailer could provide more product information from which consumers get more

accurate expectation about product valuation. As another extension, we explore whether

it is optimal for the retailer to provide this information. The following analysis is based on

the setting of the basic model in section 3.3.

Without this additional information, we assume a consumer’s product value to be uni-

formly distributed on interval r0, 2s, that is, Gpvq “ v{2. However, if a consumer views

this additional information, then she knows whether her product value is below or above

the median. Specifically, consumers will be divided into two segments: those whose value

is distributed on r0, 1s and those whose value is distributed on r1, 2s. We denote these

two groups as L and H, respectively for low and high value consumers. Those two groups

would have different distributions: vL „ Ur0, 1s with GLpvq “ v, while vH „ Ur1, 2s with

GHpvq “ v ´ 1. We assume that the prior belief of uniform distribution is correct, so

consumers are equally divided into two groups.

Given this additional information, we investigate the retailer’s optimal return policy

through two available options: (1) with a high refund that r ´ h ą 1, or (2) with a low

refund that r ´ h ď 1.

High refund: r ´ h ą 1

If the retailer chooses the first option with high refund, the low value consumers would
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always return the product if they purchase it. So the retailer would not sell to the low value

consumers but only to high value consumers. Therefore, the retailer faces the following

profit-maximization program:

max
p,r

π “ rp´ c0 ` pc0 ´ cr ´ rqpr ´ h´ 1qs{2

subject to EUH “ rpr ´ h´ 1q2 ´ 2p` 3s{2 ě 0

We solve for the optimal price, return policy and profit as:

phr “ pc0 ´ cr ´ h` 1q2{2,

rhr “ c0 ´ cr,

πhr “ pc0 ´ cr ´ h` 1q2{4´ c0{2.

And the condition for this outcome to be the equilibrium is 0 ď cr ă c0 ´ h ´ 1. And

the retailer only sells to high value consumers. Since the equilibrium profit in the basic

model is π˚ “ 1´ c0 ` pc0 ´ cr ´ hq
2{4, then πhr ą π˚ if 0 ď cr ă 2c0 ´ h´ 3{2. In other

words, the retailer is better off by providing additional information when the restocking

cost is sufficiently small.

Low refund: r ´ h ď 1

If the retailer chooses the second option with low refund, all consumers may purchase,

but high value consumers always keep the product. Given the same price and refund, the

expected utility of high value consumers, 3{2 ´ p, would be higher than that of low value

consumers, rpr´hq2´ 2p` 1s{2. As a result, the retailer would sell to both types with the
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following profit-maximization program:

max
p,r

π “ pp´ c0q{2` rp´ c0 ` pc0 ´ cr ´ rqpr ´ hqs{2

subject to EUL “ rpr ´ hq
2 ´ 2p` 1s{2 ě 0

The optimal price and return policy can be obtained as a corner solution, which is:

plr “ 1{2, rlr “ 0, πlr “ 1{2´ c0.

And the condition for this outcome to be the equilibrium is c0 ď 1{2 and cr ě c0 ´ h.

In this equilibrium, the retailer offers a “no return” policy. However, since the high-value

consumers never return with a low refund, this policy only constrains low-value consumers.

Comparing to the basic model, since πlr ă π˚, when the product cost is low and restocking

cost is high, the retailer does not have incentive to provide this additional information.

Based on above analysis of the two options, providing additional information is benefi-

cial for the retailer only when the restocking cost is low, and the retailer sets a high refund

for high value consumers.

3.8 Concluding Remarks

Although a generous return policy encourages consumers to purchase, it reduces a retailer’s

total profit by dealing with more returns. We examine two factors that could affect the

profitability of return policy: return propensity and cost of returns. In a scenario in which

consumers are ex ante identical, we find that a partial return policy is favored by the

retailer, which implies that a “free return” policy is suboptimal in both the monopoly

and Bertrand competition cases. The optimal return policy is more liberal for expensive
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products that are easy to maintain the value in returns.

With consumer heterogeneity, the retailer is better off from detecting consumers’ return

behavior and treating them differently based on return propensities or restocking costs.

Consumers who are less likely to return products or abuse returns are more likely to be

provided with a better return policy with either a higher refund or a lower price. As

high-type consumers may benefit from disclosing their type, doing so may have a strategic

implication for buyers to return fewer products.

As we observe in practice, a retailer may want to “fire” consumers who are more likely

to return products and who can cause huge depreciation for returned items. Our results

indicate that this policy is optimal for expensive products in which retailers bear substantial

costs for product returns.

This paper is an attempt to model return policy within a new market circumstance,

but the implication is not limited to only return policies. Actually, any other markets

with uncertainty on both sides of the market, in which buyers at the time of purchase are

uncertain about product value and firms are uncertain about consumers’ purchase behavior,

may have similar mechanisms. Although we have investigated a number of model settings,

there is still much work to be done. We noticed that further research should focus on the

strategic interaction between the retailer and buyers. With the development of purchase-

tracking technologies, either the retailer’s return policy or consumers’ return behavior could

have a signaling effect.
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Chapter 4: Appendix

A Proofs and Additional Characterizations

A.1 Proofs

Proof of Lemma 1. For Part 1, it is straightforward that when α “ 0, µrA||B “ qrA||B and

µῡB “ p. Given these beliefs, the consumer’s expected payoffs from purchasing Products

A and B are, respectively, ῡA ` rqrA||B p1 ´ pq ` p1 ´ qrA||B qsγ and ppῡB ` qrA||Bγq. If

pῡB ď ῡA` p1´ 2pqγ, it is a best response for the consumer to purchase Product A for all

qrA||B P r0, 1s.

For Part 2, consider first the case where the consumer sees that Product A is ranked first.

Bayes’ rule implies that µῡB “
p´pqrA||B
1´pqrA||B

. Given this belief, the consumer’s expected payoffs

from purchasing Products A and B are, respectively, ῡA ` γ ´ c and

ˆ

p´pqrA||B
1´pqrA||B

˙

ῡB ´ c.

If ῡA ` γ ě pῡB, it is a best response for the consumer to purchase Product A for all

qrA||B P r0, 1s. Consider next the case where the consumer sees that Product B is ranked

first. Bayes’ rule implies that µῡB “ 1 for qrA||B ą 0. For qrA||B “ 0, we assign an off-path

product belief that µῡB “ 1. Given these beliefs, the consumer’s expected payoffs from

purchasing Products A and B are, respectively, ῡA´ c and ῡB`γ´ c. If ῡB`γ ě ῡA, it is

a best response for the consumer to purchase Product B for all qrA||B P r0, 1s. Combining

ῡA ` γ ě pῡB and ῡB ` γ ě ῡA gives γ ě maxtpῡB ´ ῡA, ῡA ´ ῡBu.

Proof of Lemma 2. It is straightforward to verify that, given that ρpHq “ ρpAq “ A and

ρpBq “ B, the consumer’s expected payoff from choosing α “ 1 minus that from choosing
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α “ 0, tqrA||B rpῡB`p1´pqῡAs`p1´qrA||B qυA`γ´csu´tῡA`rqrA||B p1´pq`p1´qrA||B qsγu £ 0

if and only if qrA||B £
c

ppῡB`γ´ῡAq
.

Proof of Proposition 1. We construct the equilibria. Consider first the parameter val-

ues such that γ ě maxtpῡB ´ ῡA, ῡA ´ ῡBu and pῡB ď ῡA ` p1 ´ 2pqγ. Suppose that

qrA||B “ 1. According to Lemma 1, it is a best response for the consumer to adopt

ρpHq “ ρpAq “ A and ρpBq “ B. It is easy to show that ῡA ` γ ą pῡB. Together

with ῡA ` γ ą ῡA ` γ ´ c, we have (rA, (Not Acquire, A)) as one equilibrium. Given

Lemma 2, we have (rA, (Acquire, First)) as another equilibrium.

A.2 Additional Equilibrium Characterizations

The intuition for Part 2 is similar except that now acquiring the report makes a difference

only when the report is A, which occurs when the pre-ranking value of Product B is 0

or when it is ῡB and the expert chooses rA. By acquiring the report in these cases, the

consumer purchases the first-ranked Product A instead of Product B, receiving ῡA ` γ

rather than, in the first case, 0 or, in the second case, ῡB. The requirement that the cost of

the report is no larger than the expected benefit gives rise to the condition in the lemma.

The consumer prefers to acquire the ranking report (α “ 1) if and only if

1. c ď pqrA||B pῡB ` γ ´ ῡAq under product-purchasing rule ; or

2. c ď p1´pqpῡA`γq`pp1´qrA||B qpῡA`γ´ῡBq under product-purchasing rule ρpAq “ A

and ρpHq “ ρpBq “ B.

Consider ρpAq “ A and ρpHq “ ρpBq “ B for Part 2. Given qrA||B P r0, 1s, the

consumer’s expected payoff from choosing α “ 0, ppῡB ` qrA||Bγq, is no larger than that

from choosing α “ 1, qrA||B rpῡB ` p1 ´ pqῡAs ` p1 ´ qrA||B qυA ` γ ´ c, if and only if

c ď p1´ pqpῡA ` γq ` pp1´ qrA||B qpῡA ` γ ´ ῡBq.
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B Experimental Instructions for Treatment AVERAGE-B

INSTRUCTIONS

Welcome to this experiment, which studies decision making between two individuals.

The experiment will last approximately 1 hour. There will be 40 rounds of decisions.

Please read these instructions carefully. The cash payment you receive at the end of the

experiment depends on your decisions.

Your Role and Decision Group

There are 20 participants in today’s session. 10 participants will be randomly assigned

the role of Product Expert, and the other 10 the role of Consumer. Your role will

remain fixed throughout the experiment. In each and every round, one Product Expert is

matched with one Consumer. Participants will be randomly rematched after each round.

You will not learn the identity of the participant you are matched with in any round, nor

will that participant learn your identity.

Your Decision in Each Round

Overview. There are two products, A and B. They differ by the values to the Consumer.

The value of Product A is fixed at 100.

The value of Product B is either 0 or 80. In each and every round, the computer will

randomly select one of these two values for Product B according to the following:

(a) The chance that 0 will be selected is 40%.

(b) The chance that 80 will be selected is 60%.

The Product Expert makes one decision: how to rank the two products. The Consumer

makes two decisions: whether to purchase to view the Product Expert’s ranking report and

which product to choose.
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Product Expert’s Decision: Choosing a Ranking Method. In each and every round,

you choose a ranking method. There are two choices:

(a) Method 1: Rank Product A first regardless of the value of Product B.

(b) Method 2:

(i) Rank Product A first if the value of Product B is selected to be 0.

(ii) Rank Product B first if the value of Product B is selected to be 80.

Your decision therefore comes down to which product to rank first in the case that the

value of Product B is selected to be 80.

You choose a ranking method before the computer selects the value for Product B, i.e.,

you don’t know the selected value of Product B when you choose. Your task for the round

is completed after you make the choice.

Depending on the selected value of Product B, a ranking report is generated according

to your chosen ranking method. If the Consumer chooses to purchase to view your ranking

report, the generated report, either “Product A is ranked 1st” or “Product B is ranked

1st,” will be revealed to the Consumer.

Note that during the round the Consumer will never see the selected value of Product

B. Note also that even if the Consumer chooses not to purchase your ranking report, the

product ranking will still affect him/her. This will be further explained below.

Consumer’s Decisions: Whether to Purchase the Ranking Report and Choosing

a Product. In each and every round, your first decision is whether to purchase to view the

ranking report (Purchase or Pass). You need to pay for the report if you choose “Purchase,”

which will be further explained below.

Irrespective of your first decision, you will make a second decision on which product, A

or B, to choose. While you will receive the value of the product you choose, both products

are free—you don’t need to pay for it.

If you purchase the ranking report, you will make your product choice after seeing the

generated report (you will only see the ranking report, not the ranking method that gen-

erates it). If you pass, you will make your product choice right after you choose “Pass.” In

either case, you will make your product choice without seeing directly the selected value of

Product B. Your task for the round is completed after you make your product choice.

Your Reward in Each Round

Your reward in each round is expressed in “experimental currency unit” (ECU). How

your earned ECU converts into cash payment will be explained below.
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Product Expert’s Reward. You will receive the amount the Consumer pays for the

report, 70 ECU, multiplied by 5. Thus, if the Consumer chooses to purchase your ranking

report, you will receive a total of 350 ECU for the round.

Table A-1 summarizes your potential reward in a round as a Product Expert, which

depends on the Consumer’s choice of Purchase or Pass.

Consumer’s Decision on Purchasing Ranking Report
Purchase Pass

350 0

Table A-1: Product Expert’s Potential Reward in ECU

Consumer’s Reward. Your reward in a round consists of three parts:

(a) You will receive the value of the product you choose:

(i) 100 ECU if you have chosen Product A; and

(ii) either 0 or 80 ECU if you have chosen Product B, depending on the value

randomly selected by the computer according to the 40%–60% chance.

(b) You will receive an extra reward of 250 ECU if you have chosen the first ranked

product (regardless of whether you purchase the ranking report or not).

(c) You will pay a cost of 70 ECU if you choose to purchase the ranking report.

Table A-2 on the next page summarizes your potential reward in a round as a Consumer,

which depends on

(a) your decision on purchasing the ranking report (Purchase or Pass);

(b) your product choice (A or B);

(c) the Product Expert’s ranking method (Method 1 or Method 2 );

(d) chance (the randomly selected value of Product B); and

(e) the interaction between (c) and (d) which determines the generated report (“Product

A is Ranked 1st” or “Product B is Ranked 1st”).
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Product Expert’s Choice of Ranking Method and the Generated Report
Method 1 Method 2

“Product A is Ranked 1st” “Product A is Ranked 1st” “Product B is Ranked 1st”
(always generated and seen by

you)
(generated with 40% chance

and seen by you)
(generated with 60% chance

and seen by you)

Y
o
u
r

D
ec

is
io

n
s

Purchase & A 280 280 30

Purchase & B
´70 with 40% chance

´70 260
10 with 60% chance

Method 1 Method 2
“Product A is Ranked 1st” “Product A is Ranked 1st” “Product B is Ranked 1st”
(always generated and NOT

seen by you)
(generated with 40% chance

and NOT seen by you)
(generated with 60% chance

and NOT seen by you)
Pass & A 350 350 100

Pass & B
0 with 40% chance

0 330
80 with 60% chance

Table A-2: Consumer’s Potential Reward in ECU

Information Feedback

At the end of each round, you will be provided with a summary of what happened in the

round, including the Product Expert’s ranking method, the selected value of Product B,

the generated ranking report, the Consumer’s decision on purchasing the ranking report,

the Consumer’s product choice, and your reward in the current round. A history of all

previous rounds will also be provided.

Your Cash Payment

The experimenter randomly selects 3 rounds out of the 40 rounds to calculate your cash

payment. So it is in your best interest to take each round equally seriously. The average of

the ECU you earn in the 3 selected rounds will be converted into U.S. dollar at an exchange

rate of 20 ECU for 1 USD. You will also separately receive a “show-up fee” of 5 USD.

Quiz and Practice

To ensure your understanding of the instructions, we will provide you with a quiz below.

After the quiz, you will participate in a practice round. The practice round is part of the

instructions and is not relevant to your earnings. Its objective is to get you familiar with

the computer interface and the flow of the decisions in each round.

Once the practice round is over, the computer will ask you to “Click ‘Next’ to start the

official rounds.”
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C Analysis for the case ∆̃1 “ ∆̃2

We consider ∆̃1 “ ∆̃2 as a special case because under this condition (1) no firm has

comparative advantage and (2) consumers’ purchase decision will not be influenced by

attribute preference w but only by prices. As a result, we call this as a Bertrand competition

case.

When ∆̃1 “ ∆̃2, UA ´ UB “ ∆̃1 ´ pPA ´ PBq, so the demand for each firm is

$

’

&

’

%

DA “ 1, DB “ 0 if PA ´ PB ď ∆̃1;

DA “ 0, DB “ 1 if PA ´ PB ą ∆̃1.

Note that this demand could be integrated into demand function (2.3). Therefore, given

Assumption 1, demand function (2.3) characterizes all the market share possibilities.

The following proposition characterize the price equilibrium for this case.

Proposition 9. When consumers have expectations ∆̃1 and ∆̃2, if ∆̃1 “ ∆̃2, it is a

Bertrand competition and there exists a unique price equilibrium as:

P ˚A “ ∆̃1, P
˚
B “ 0.

Proof. We start from firm B. In order to obtain a positive market share, firm B needs to

set a price so that PA´PB ą ∆̃1, that is, PB ă PA´ ∆̃1, which is negative when PA “ ∆̃1.

As firm B does not have incentive to obtain a positive market share with a negative profit,

it does not have incentive to lower price. Then we analyze firm A. First of all, it does not

have incentive to reduce price when it occupies the entire market. Secondly, we can prove

that it does not want to increase the price either. Because if it increases the price, firm B

would take over the entire market, so that firm A would lose all his profits. Therefore, firm

A is better off to charge ∆̃1.

Notice that this equilibrium is just a special case of the general equilibrium that char-

acterized by Proposition 2. Therefore, we do not lose generality by excluding this Bertrand

competition.
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D Outcomes for the case ∆̃1 ă ∆̃2

If ∆̃1 ă ∆̃2, the demand for each firm is given by:

$

’

’

’

’

’

&

’

’

’

’

’

%

DA “ 1, DB “ 0 if PA ´ PB ď ∆̃1;

DA “ ŵ,DB “ 1´ ŵ if ∆̃1 ă PA ´ PB ď ∆̃2;

DA “ 0, DB “ 1 if PA ´ PB ą ∆̃2.

To maximize profits in equation (2.4), two firms’ best-response functions are:

PBRA “
1

2
pPB ` ∆̃2q

PBRB “
1

2
pPA ´ ∆̃1q

Solving for the price equilibrium, we obtain:

P ˚A “
2∆̃2 ´ ∆̃1

3
, P ˚B “

∆̃2 ´ 2∆̃1

3
,

π˚A “
p2∆̃2 ´ ∆̃1q

2

9p∆̃2 ´ ∆̃1q
, π˚B “

p∆̃2 ´ 2∆̃1q
2

9p∆̃2 ´ ∆̃1q
.

And the market share is divided by the indifferent consumer which is given by:

ŵ˚ “
∆̃1 ´ 2∆̃2

3p∆̃1 ´ ∆̃2q
.

The condition for this equilibrium to exist is:

∆̃2 ą 2∆̃1

pgiven by: ∆̃1 ă PA ´ PB ă ∆̃2q

The derivatives are:

signpBπ˚A{B∆̃1q “ signp∆̃1q, Bπ
˚
A{B∆̃2 ą 0;

Bπ˚B{B∆̃1 ă 0, signpBπ˚B{B∆̃2q “ signp∆̃2q;

Bŵ˚{B∆̃1 ą 0, Bŵ˚{B∆̃2 ă 0.

This equilibrium result is symmetric to the main analysis with a switch between two

firms. Therefore, we do not lose the generality from Assumption 1.
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Additional Figures

Figure A-1: Screenshot of Subaru’s Official Website
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E Competition: Online and Offline Retailers

In this section, we consider the competition between online and offline retailers. When

choosing either channel for shopping, consumers are heterogeneous in two dimensions: (1)

they have different travel cost, t „ U r0, 1s, when shopping in offline stores, while there is no

travel cost when shopping online; (2) they have different ex post valuations of the product,

v P t
¯
v, v̄u, and only consumers with valuation v̄ would finally either buy the product from

the offline store or keep it when purchasing online. Note that consumers have ex ante

identical uncertainty of the valuation v, and they can realize it only after they see the

product either ordering online or shopping in an offline store. We denote the prior belief

that the probability of higher valuation v̄ as δ P p0, 1q.

A consumer needs to make two sequential decisions: (1) shopping channel decision,

that is, to choose online or offline; and (2) purchase decision, that is, keep or return it if

shopping online, and pay for it or leave without purchase if shopping offline. If returning

a product, the consumer gets a refund of r P r0, pos, where r “ po for “free return” and

r “ 0 for “no return”.

A consumer chooses a shopping channel based on her expected utilities from online and

offline, which are given by the following two equations:

EUo “ v̄ ¨ δ ` r ¨ p1´ δq ´ po (A-1)

EUs “ pv̄ ´ psq ¨ δ ´ t (A-2)

The consumer goes online if and only if EUo ě EUs, which gives us t ě t̂ “ po ´ psδ ´

rp1´ δq. Figure A-2 summarizes consumers’ decision.
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Figure A-2: Consumers’ Decision Map

t

v

t̂

¯
v

v̄
offline, buy

offline, leave

online, keep

online, return

With consumers’ shopping channel decision, two retailers’ expected profits are given

by:

πo “ ppo ´ c0qp1´ t̂qδ ` ppo ´ r ´ crqp1´ t̂qp1´ δq (A-3)

“ p1´ t̂qrpo ´ c0δ ´ pr ` crqp1´ δqs,

πs “ pps ´ c0qt̂δ. (A-4)

Suppose there are two consumer types, θ “ H,L, for high and low types. Two types

differ in the probability of high valuation for the product, denoted as δθ and the fraction

of high type is λ.

We assume firms cannot tell the consumer type, so that they have to set one uniform

price and return policy. Each type of consumers choose shopping channel based on the

travel cost t̂θ “ po ´ psδθ ´ rp1´ δθq.
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Solving for the equilibrium of profit-maximization, we obtain:

p˚o “ c0 ` p
W

6Z
´

1

6
qcr `

W

6Z
`

1

2
,

r˚ “ c0 ` p
W

6Z
´

2

3
qcr `

W

6Z
,

p˚s “ c0 ` p
W

3Z
´

1

3
qcr `

W

3Z
.

where W ” λpδH´δLq`δL, Z ” λpδ2
H´δ

2
Lq`δ

2
L, and W 2´Z ‰ 0 for the above equilibrium

to exist.1

We can observe that p˚o ą r˚ given any values of parameters, which suggests that “free

return” is not optimal for the online seller when it cannot tell the consumer type. This

result is consistent with our main analysis.

F Preference for “Free Returns”

In the basic model, we maintain an assumption that the only impact of return policy is

on expected utility. However, this may not the case in reality. For instance, Drake (2014)

pointed out that “according to Internet analytic service comScore, consumers check out an

e-commerce business’ policies with an eye on not having to pay to return an item. Eighty-

two percent of online shoppers polled in 2014 said they would make a purchase on the

Internet if the company offered free return shipping.”2

Therefore, it is plausible to assume that “free return” as a salient signal may have

another impact. One possibility is that there are some consumers would purchase online

only when “free return” is offered. We add this assumption in this section to examine the

optimal return policies.

Again we models a unit mass of consumers with ex post “valuation” v that is drawn

randomly from r0, V s, by a distribution function Gpvq. However, we add one assumption

that some consumers would purchase only when “free return” is offered, and others normally

1Otherwise, there is only one type consumers, and the equilibrium still exist but not unique.
2available at https://www.entrepreneur.com/article/238701.
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make purchase decision based on expected utility. The fraction of those normal consumers

are λ.

A monopoly retailer would consider two return policies: “partial return” and “free

return”. In the following analysis, we assume a uniform distribution Gpvq “ v{V .

Partial return

When partial return is employed, only normal consumers would purchase, thus the

optimal price and refund would be the same as what we have in section 3.3 with a lower

profit:

p˚ “
V

2
`
pc0 ´ crq

2

2V
,

r˚ “ c0 ´ cr,

πPR “ λr
V

2
´ c0 `

pc0 ´ crq
2

2V
s.

Free return

When free return is employed, all consumers would purchase and keep the product if

v ě p, thus the retailer faces the following profit function:

π “ pp´ c0qr1´Gppqs ´ crGppq

The optimal price to maximize profit is:

p˚ “
c0 ´ cr ` V

2
,

πFR “ λr
pc0 ´ cr ` V q

2

4V
´ c0s.

Comparison

It is easy to show that πFR ě πPR when cr and λ are small enough. Figure A-3 reports

a numerical analysis when assuming V “ 10 and c0 “ 1.
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Figure A-3: Profits with Preference for Free Return

G Proof of Proposition 9

Proof. The retailer’s optimization program is

max
p,r

π “ p´ c0 ` pc0 ´ cr ´ rqGpr ´ hq,

subject to ErUpp, r; vqs “ V ´

ż V

r´h
Gpvqdv ´ p ě 0,

which is equivalent to

max
r
π “ V ´

ż V

r´h
Gpvqdv ´ c0 ` pc0 ´ cr ´ rqGpr ´ hq,

with p “ V ´

ż V

r´h
Gpvqdv.

The derivative of profit with respect to r is

Bπ

Br
“ pc0 ´ cr ´ rqgpr ´ hq
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Since gpr ´ hq ą 0 for any r P rh, V ` hs, then if h ď c0 ´ cr ď h ` V , we can obtain

r̃ “ c0 ´ cr; if c0 ´ cr ď h, we have Bπ
Br ă 0, which gives us a corner solution r̃ “ h; and

if c0 ´ cr ě V ` h, we have Bπ
Br ą 0 which gives us another corner solution r̃ “ V ` h. In

addition, Lemma 6 shows that r̃ “ h is equivalent to r̃ “ 0. Thus, we have proved all the

cases.
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