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ABSTRACT

This paper considers the impact of reviewers on sales of products of quality un-
known to consumers. Sales occur simultaneously after consideration by a reviewer
with a known level of bias. Consumers observe the reviewer’s decision and a private
signal. We find that: (a) with flexible prices and signals that are not too revealing
the reviewer most biased against the product is best for profits; (b) with flexible prices
and very revealing private signals the reviewer most biased in favor is optimal; (c)

with fized prices then a reviewer biased against, but close to unbiased, is optimal.
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1 Introduction

Reviewers can be incredibly powerful. For example, in the wine trade the American reviewer
Robert Parker can make or break a new vintage. According to the Oxford Companion to Wine:
“His judgements have had a significant effect on market demand and the commercial future of
some producers” (Robinson, 1999, pp. 511-512). Despite the powerful effects that reviewers can
exert over new products launched onto the market, the literature has paid little or no attention
to the interaction between price and public reviews, and especially the decision of where to send
a product for review. This paper attempts to correct this omission.

We focus on the use of reviewers and tests to raise sales for firms with products of quality

unknown to consumers, but this is not a signaling paper. A high quality firm cannot differentiate
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itself from a low quality firm via its actions, as it is costless for the low quality firm to duplicate
the high quality firm’s actions. As seems reasonable in this context, a firm with even the
lowest quality product can still send it to review at the same cost as a firm with the highest
quality product. As a result, all of our outcomes will be pooling, and there will be no issues of
incentive compatibility or scope for a separating equilibrium. Despite this, we find that a firm
will prefer to subject its product to a reviewer with an extreme bias either in favor, or quite
counter-intuitively, against the product. To stress, even though there is no gain to be made in
demonstrating directly the quality of their product by braving the tough reviewer, firms will
still often opt to subject their own product to the toughest possible reviewer simply in order to
maximize profits by hoping for an endorsement from such a tough reviewer.

First let us consider the context. We consider a firm with either a high or low quality product.
Low quality means no utility for the consumer, so a consumer is eager to avoid purchasing a low
quality product for any positive price. Information for consumers comes from two sources. They
receive a private signal drawn from a distribution guaranteeing an informative though not fully-
revealing signal (correct with probability p - the quality of the information). They also observe
the decision of a public reviewer or test result. Reviewers are assumed to be better informed
than general consumers, because they are allowed to “test out” the product. We only require
that reviewers are mildly better informed, letting consumers receive one i.i.d. private signal and
reviewers two i.i.d. signals, all from the same distribution. Nevertheless, the extra information
they possess means that a reviewer can potentially swamp private opinion. Therefore, a firm
must be careful to chose a reviewer type that moves public information in the right direction,
given that the types are publicly known. As the reviewers receive multiple signals they will
often face mixed evidence of a product’s quality. We vary the probability of endorsing on this
mixed set of signals, with the most extreme pessimist never endorsing on mixed signals, and
the most extreme optimist always endorsing on mixed signals. Consumers know the type of the
reviewer or difficulty of test measured by the response to mixed signals. The firm can change
price after the result of the review or test is known and consumers can then respond to the price,
reviewer’s decision and their own signal by purchasing or not. The firm chooses an optimal price
given the review but also has the choice of where to send its product for review (or the level
of test faced by the product). By allowing both prices and reviews to be chosen we embrace a
huge number of real markets where public reviews/tests are possible, from cars, electrical goods,
wines, and virtually any product of unknown quality. By also considering situations where

prices cannot be changed but reviewers can still be selected we add a variety of cases such as the
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film industry where ticket prices are not usually a function of perceptions of film quality, and
even more generally areas in which price may not be relevant, such as Ph.D. students selecting
referees, a high school graduate deciding how tough a university to attend, politicians selecting
interviewers, etc.

Now consider: should a car firm put its product through a safety test well above the minimum
required? Should a computer game firm send its product to the toughest reviewer in the market?
Should a Ph.D. student list well-known extremely tough referees on his C.V.? How tough an
auditor or investment bank should a firm launching an I.P.O. choose? We have a trade-off:
choose a “yes” man, soft reviewer or easy test and the chances of endorsement are high, but
the impact low as consumers will expect endorsement. Choose a pessimistic reviewer or tough
test and in all likelihood there will be no endorsement or the test will be failed, but should
a product pass, the impact on sales will be positive and strong. We find that in many cases
an economic agent with a product of unknown quality will prefer to put its product through
the toughest test available. At times it will opt for the lightest test, or easiest reviewer, but
when prices can be adjusted it will never go for a non-extreme type. Added to this choice, in
the main model the firm needs to consider setting a high price and focusing its sales on those
with a strong belief that the product is good, or pricing low to sell to the entire market. In the
alternative version of the model the price is fixed and so the firm can only focus on selecting the
best test for the product to face. Under such fixed prices the firm will opt instead for the tough
test or pessimistic reviewer that is as close as possible to the unbiased or neutral type (which
randomizes 50:50 on a mixed set of signals). Much then depends upon whether prices can be
changed, but in either case the results are stark and often surprising.

The intuition behind our findings in the flexible price case begins with the fact that all prices
are decreasing in the reviewer’s probability of endorsement. Endorsement raises beliefs more the
tougher the reviewer, while a failure to endorse is not so damaging to beliefs if the reviewer is
tougher. In fact, following endorsement prices are strictly convex in reviewer bias, so conditional
on endorsement a change in reviewer bias is more powerful where the reviewer is tougher. The
probability of an endorsement is linearly increasing in the level of bias of the reviewer and so we
find that to maximize profit from endorsement the firm will wish to move towards an extreme
level of reviewer bias, either opting for an extreme pessimist to benefit from a steep increase in
price while the probability of endorsement falls linearly, or an extreme optimist to benefit from a
linear increase in the probability of endorsement, while price does not fall much as the reviewer

becomes very optimistic. To maximize sales from a failure to endorse the firm will always opt



The Superiority of Biased Reviewers in a Model of Simultaneous Sales 4

for the extreme pessimist as both the probability of failing to endorse and prices are decreasing
in the probability of endorsement and so in the level of bias. The relevant functions are again
convex, and thus, summing over the case of endorsement and failure to endorse, the firm always
prefers an extreme. The firm will either choose the extreme pessimist to maximize prices, at the
cost of a lower probability of endorsement, or the extreme optimist to maximize the probability
of endorsement, at the cost of lower prices. Which extreme is best depends on the quality of
information: for p below 0.73, the extreme pessimist is best, while for p above 0.73, the extreme
optimist is chosen. We also show, quite intuitively, that opting for no reviewer is worse than
selecting even an unbiased reviewer, let alone an extremist.

In the simpler model, when prices cannot be altered we find that the firm will opt for the
mildest form of pessimist possible. The intuition is more straightforward. Since the reviewer’s
signals and consumers’ signals are drawn from the same distribution, but the reviewer gets two
draws, a pessimist endorsing will swamp private signals, and this is true regardless of the quality
of private information. With no endorsement the firm is also better off with the pessimist as his
failure to endorse is less damaging. Now by opting for the mildest form of pessimist that is still
pessimistic enough to swamp private information on an endorsement, the firm can guarantee
the highest expected profits. This is true regardless of the level of bias held by the mildest form
of pessimist; for example, if only a very extreme pessimist is available then the firm will opt
for that; while if a pessimist arbitrarily close to an unbiased type is available then the firm will
instead opt for that. In this case opting for no reviewer is equivalent to selecting the unbiased
type.

The results we get are perhaps most counter-intuitive when we consider the case of private
information which is informative but not too revealing, so p is in the range between 0.50 and
0.73, and prices can be changed by the firm in response to the reviewer’s decision. We get a
clear optimal choice for the firm to select a reviewer or test for its product that is as biased
against as our model allows. This leaves the probability of endorsement very low, but maintains
the twin rewards of high sales if endorsement occurs even with a very high price, and a minimal
impact from a failure to endorse since that is exactly what consumers expect from so tough a

reviewer or hard a test.

1.1 Related Literature

There is no paper which incorporates the combination of choice of reviewer and choice of price

for a firm as we do; however there are various different related literatures.
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The paper most closely related to ours is Lerner and Tirole’s (2004) recent working paper
concerning the role of technology standard setting authorities as certifiers. Similarly to our
paper, certifiers are assumed to have an arbitrary bias towards the technology sponsor which
determines their endorsement rule. Lerner and Tirole demonstrate a series of interesting results
such as the optimality of relying on a single certifier rather than a set or sequence of certifiers.
They also discuss some elements of competition between sponsors. However, the model they
use has significant differences to ours: their certifiers discover with certainty the quality of
the technology they are asked to review; consumers in their model do not receive any private
information; and there is no scope for changing price in response to the certification. Therefore,
as certifiers cannot overwhelm bad private information or enable a rise in price, Lerner and
Tirole do not find any role for certifiers biased against the technology. Instead they find that
the sponsor prefers the certifier most biased in favor of the new technology on offer, subject to
users adopting following an endorsement. This is in stark contrast to our findings, which allow
a role for reviewers biased in either direction depending upon the quality of private information
and the flexibility of price.

While we consider simultaneous sales after a review, an alternative might consider consumers
instead acting in strict sequence, observing the actions of their predecessors. In a sense observing
predecessors has a similar feel to observing the public decision of a reviewer or test result.
Banerjee (1992) and Bikhchandani, Hirshleifer and Welch (1992) examine a sequential herding
model appropriate for this setting. In such a sequential set-up, Gill and Sgroi (2003a) consider
the use of biased reviewers, while Sgroi (2002) examines the use of small groups of consumers
who are encouraged to decide early and hence act in a similar way to reviewers, providing
additional information for later consumers. Gill and Sgroi (2003a) also find that pessimists can
be useful, while Sgroi (2002) finds that irrespective of product quality firms would like to use
these “guinea pigs”.

Caillaud and Tirole (1999) analyze how an ideologically biased political party membership
can help party credibility by forcing a centrist leadership to exert effort on improving platform
quality (which voters cannot observe directly). A neutral party will rubberstamp political plat-
forms, inducing zero effort, while a biased party may take over formulation of the platform if
quality is not high enough, so validation acts as a signal of quality. Our model is somewhat
different in that product quality is determined exogenously, so reviewers are not acting as a
commitment device, and nor is it meaningful for Caillaud and Tirole to incorporate a notion of

price in their work.
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Much of this paper allows the firm the choice of reviewer and price, but a number of other
papers focus on the price decision alone in a not dissimilar context. Especially relevant are those
papers that analyze the use of initial prices to manipulate sales in a learning environment. Vari-
ous papers such as Caminal and Vives (1996, 1999) and Vettas (1997) focus on low introductory
prices to initiate herd-like behavior from customers. In contrast, Taylor (1999) and Ottaviani
(1999) find that high initial prices are optimal. In Ottaviani, the firm wishes to set a high initial
price (relative to perceived quality) to encourage the transmission of information. If price is too
low, everybody buys, so consumers do not learn from each other’s decisions, while if an expen-
sive good becomes successful, this conveys strong positive information to later buyers. Taylor,
concentrating on the housing market, considers the sale of only a single item. Taylor therefore
allows for the possibility of a herd against the sale of a house, but not in favor of purchase,
arguing that sellers should therefore set a high early price. If the house is not sold quickly, late
consumers can then attribute the failure to sell to the product being overpriced rather than
being of low quality. None of these papers explicitly considers the role of publicly observable
reviews, possibly by known biased reviewers, in forming the prior beliefs of consumers. However,
the high initial prices in Ottaviani and in Taylor play a qualitatively similar role to the highly
critical pessimistic reviewers in this paper: a failure to pass the tough test imposed by either a
high initial price or a pessimistic reviewer is not viewed as overly damaging since the test is so
unlikely to be passed.

The use of biased methods of evaluation has been considered by a number of authors. Calvert
(1985) looks at policy-makers choosing between biased advisors. Sah and Stiglitz (1986) consider
the choice between a bureaucratic “hierarchical” structure and a decentralized “polyarchical” one
for accepting or rejecting potential projects, where the former imposes a tougher test. Fishman
and Hagerty (1990) analyze the level of discretion that an entrepreneur should be allowed to use
in reporting information to potential investors, where greater discretion effectively imposes an
easier test. Finally, Meyer (1991) looks at the use of biased contests in deciding which employees
to promote. All these papers are concerned with a decision-maker choosing between a number
of alternatives, and all come to a similar conclusion: given an initial predisposition towards
one of the alternatives, the decision-maker is best off choosing an evaluation procedure which
is biased in favor of this predisposition. For example, Meyer finds that firms who are trying
to decide which employee to promote should bias contests in favor of the early leader. Just
like the firm in our model, the decision-makers in these papers are able to use bias to alter

the information partitions to their advantage. Procedures biased in favor of the predisposition
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are of value because a recommendation that goes against the predisposition is then strong
evidence that the predisposition was wrong, while an evaluator who is neutral or biased against
the predisposition is unlikely to change the decision-maker’s mind if he advises against the
predisposition. In contrast, we find that firms (who know product quality with certainty and
whose aim is to maximize profits) may choose early evaluators that are biased against or in
favor of their product depending upon the quality of information available to consumers and
reviewers.

Our paper should be contrasted with the literature on experts, in which self-interested experts
filter information about the true state of the world (see chapter 10 of Chamley (2004) for a
survey). Their self-interest gives rise to incentives to manipulate the messages they send. We,
on the other hand, assume that our reviewers have no self-interested motives, apart from taking
on biases to appeal to firms. Our work is also different from the literature on payment structures
to certification intermediaries, who play a similar role to reviewers - see for example Lizzeri (1999)
and Albano and Lizzeri (2001). In these papers, the intermediary has all the bargaining power
as it sets the terms of trade via a price and disclosure rule. Our focus is different as we do not
consider explicitly how reviewers come into existence or take on biases. However, the preference
of different firms for different types of reviewers may justify the existence of biases, which might
make an interesting topic for future research. Finally, our paper is also different from Ottaviani
and Pratt (2001), who find that a monopolist may wish to use a public signal of quality such as
an outside certifier. Our seller is informed about quality, while in Ottaviani and Pratt both the
buyer and seller are uninformed, so a public signal affiliated with the buyer’s private information

reduces the buyer’s informational rents in a second-degree price discrimination setting.

1.2 Overview

The next section develops the model of simultaneous sales and notation used throughout the
paper, together with a time-line of the various choices made by firms, consumers and reviewer.
Section 3 examines the firm’s decision when prices are fixed but a reviewer can be chosen to
maximize profits. Section 4 allows the firm the full freedom to choose optimal prices together
with an optimal reviewer. Section 5 offers some conclusions. The appendix presents various

proofs which are not necessary for understanding the main results in the paper.
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2 The Model

Consider a group of N € N, | consumers who act simultaneously deciding whether to purchase or
not purchase some product. Without loss of generality, we normalize the number of customers
to 1. The price of purchase is A, which results in the net gain of V' — A where V has prior
probability ¢ = % of returning 1 or 0, depending on whether the product is of a high or low
quality. The firm knows the quality of its product, while the agents each receive a conditionally
independent signal about V defined as X; € {H, L} for agent i. The signals are informative in

the following sense.

Definition 1 Signals are informative, but not fully-revealing, in the sense that:

Pr(X;=H|V=1]

PriX;=L|V=0] =pe (31

Pr[X,=H|V =(] PriX;=L|V=1 = 1-pe(0,3)

Consumers update their beliefs using their private information, and purchase if E[V] >
A. We will assume that where the firm is able to choose price A, indifferent consumers with
E[V] = X purchase. This is without loss of generality, as if at a given price consumers who
were indifferent purchased with probability less than one, the firm could always sell to all the
indifferent consumers by reducing price by ¢ > 0. However where the price is fixed, so a firm

cannot make an e-price reduction, we assume that indifferent consumers flip a coin.?

2.1 Reviewers

Before launching its product onto the market, the firm is able to have it publicly reviewed or
tested.

We want to think of reviewers as having access to finer information because the firm allows
the reviewer to test the product. The simplest way of modeling this is to allow the reviewer to
get two signals about the product’s quality, instead of just the one received by consumers.

We model the reviewer as making a decision d € {E, F'} whether to endorse (E) or fail to
endorse (F)) the firm’s product. In reality of course, the reviewer may be able to make a finer
distinction than simply endorsing the product or not. However, we want to think of the review
as being quickly and easily disseminated throughout the population of potential consumers, e.g.,

through word of mouth, written reports concerning the review and so on. Thus we are thinking

Equivalently each consumer may be following a fixed purchase or do not purchase rule, so long as in expectation
half of indifferent consumers purchase.
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of a process through which even sophisticated reviews quickly get shortened to a binary decision
through this process of dissemination.? In the case of a test, we can think of E being a pass,
while I is a fail.

We consider a continuum of reviewer types who receive two i.i.d. draws from the same signal
distribution as consumers. Reviewers endorse if they observe HH, endorse with probability
¢ € [0,1] if they observe HL or LH and fail to endorse if they observe LL. The value of ¢
encapsulates the type of the reviewer. The lower the value of ¢, the tougher the test that is

imposed.*

Definition 2 When ¢ = 1 the reviewer is an “extreme optimist”, who endorses having seen any
combination of signals from {HH, HL,LH}. ¢ = % corresponds to an “unbiased reviewer” who
flips a fair coin on observing a set of mized signals. ¢ = 0 corresponds to an “extreme pessimist”
who only endorses when HH is observed. Reviewers with ¢ € |0, %) are termed “pessimistic”,

and those with ¢ € (1,1] “optimistic”.

We assume that reviewer types are common knowledge, perhaps generated through a known
history of endorsement decisions, and that the firm is able to choose the reviewer type. Examples
of situations in which the firm is able to pick the type of pre-launch reviewer include advance
screenings of movies, the use of beta-testers in the software industry, early tastings in the wine
industry, test drives by media outlets in the car industry, and sending free review copies of
products to relevant journals, newspapers and magazines. In more general settings, doctoral
students can choose the toughness of referees, political parties can selectively leak future policy

ideas to the press and so on.

2.2 Pricing and Reviewer Choice

We consider two alternative frameworks, either:

1. The price is pre-set to be = %, which is the unconditional expectation of the product’s
value. This corresponds to the situation where firms have no direct control over price, and
cannot or will not adjust price in response to a reviewer’s observed decision.

2. The firm has complete control over the price, and chooses to set an optimal price as a

function of both the type of reviewer it has chosen and that reviewer’s endorsement decision.

Modeling an evaluator as condensing more complex information into a simple binary decision follows for example
Calvert (1985) and Sah and Stiglitz (1986). As Calvert puts it: “This feature represents the basic nature of
advice, a distillation of complex reality into a simple recommendation.”

Reviewers’ bias may be general, or may be directed at a specific product or group of products. For example, a
film critic may be known to be biased towards romantic comedies.
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2.3 Timing Summary

The timing is complex but accords with what we might expect to see in practice in a variety of

real-world markets and situations.

e Nature chooses product quality V' € {0,1}, which also denotes the utility to consumers

gross of price.

Quality is observed by the firm, but not the consumers who have a 50:50 prior belief.

e The firm selects a publicly known reviewer type from a continuum of types defined by ¢.

The reviewer receives two independent signals, either high (H), or low (L), each of which

is correct with probability p > %; and so sees Xp € {HH,LH,HL,LL}.

The reviewer decides whether to endorse:

— If Xr = HH then the product is endorsed.
— If Xp € {HL, LH} then the reviewer endorses with known probability ¢.

— If Xg = LL there is no endorsement.

e In the fixed price model the price is set at A= % In the flexible price model, conditional

on the reviewer’s type and decision the firm can choose a profit maximizing price.
e The consumers:

— Receive a single independent signal X; € {H, L} also correct with probability p > %;
— Observe the reviewer’s type and endorsement decision;

— And, in the flexible price model observe the chosen price A, while in the fixed price

model they observe the price of A= %

e Consumers then decide whether to purchase or not simultaneously.

2.4 Restriction to High Quality Products

Throughout, for conciseness, we consider just the firm with a good product. By standard
signaling considerations, a bad product firm will be forced to copy the choice of the good
product firm to avoid immediately revealing its type and so get zero sales, so we do not analyze
that case. A separating equilibrium in which the good product firm makes strictly positive profit

is not possible, as the bad product firm would copy the choice of the good product firm, and
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so be believed to be good and make the same profit as the good product firm (selling to all
consumers). Thus, we restrict attention to pooling equilibria in which the bad product firm is
forced to follow the good product firm’s preference. Such equilibria can always be supported by
the belief that any firm which deviates from the good product firm’s preferences is selling a low
quality product. Note that in such pooling equilibria, consumers will be unable to infer anything
about product quality from the firm’s choice of reviewer or price, and hence the statement in

the introduction that this cannot reasonably be considered a signaling paper.

3 Fixed Prices

In this section, we consider the case in which the firm is restricted to setting a price = % We
first show how consumers’ purchasing choices are affected by their post-review beliefs, moving
on to show how different reviews affect these beliefs. Finally, we determine the optimal reviewer

choice for the firm.

3.1 Partitioning Consumer Decisions

Let us consider consumer decisions for a given price = %, after a reviewer has made a public
decision. This will allow us to demonstrate how consumers’ choices can be easily partitioned
according to the impact of the reviewer’s decision on beliefs. We can think of the decision by the
reviewer as updating the prior from ¢ = % (where consumers have no preconceptions) to ¢ = ¢*
where ¢* is the probability that the product quality is high. Alternatively think of ¢* directly
as a general prior determined explicitly through the review process. We start by making the

following Remark, which is used implicitly throughout.

Remark 1
Pr[X;|V=1]Pr[V=1
Pr[v=1x] SRR PV =1¢
Pr[V =0X;] - PT[XH‘I/D:[(;}(?[V:O] - Pr [X;|V =0](1-gq*)

This Remark says that agents, when applying Bayes’ Rule to calculate their beliefs about
whether the product is more likely to be of good or bad quality, simply need to calculate the ratio
of the probability of the signal they have observed if the product were good to the probability if
the product were bad, suitably weighted by the updated prior. Using this Remark, we can now
determine how customers will behave for any possible updated prior ¢* following the reviewer’s

decision.
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Where ¢* > p, all consumers will purchase. A consumer i is least likely to purchase if

Prlv=1|L] _ (-p)¢* _ q¢"—pg~

X; = L. Taking this case, we have an odds ratio BV=0[L] = pl—g) = pops= > 1 since

q* > p. A symmetrical argument shows that where ¢* < 1 — p, no consumers will purchase.

Where ¢* € (1 — p,p), following a H signal g;{“fzélg} = (17p€?

= > lasqt > (1 —p), so the

customer purchases. Following a L signal Ei%ié}ﬂ = }(Ol(l_f ();i*)

does not purchase. Where ¢* = p, following a L signal, i;{gzélﬂ = ;l(ff;‘i; =1as ¢* = p, so the

< 1 as ¢* < p, so the customer

consumer is indifferent and flips a coin. A H signal is more positive, so the consumer purchases.
By symmetry, where ¢* = 1 — p, following a H signal the consumer flips a coin, while following

a L signal the consumer does not purchase. The following Lemma summarizes this information.

Lemma 1 Consumers will respond to an updated prior as follows: (a) if ¢* > p then consumer
© will buy; (b) if ¢* = p, following a H signal the consumer buys, while following a L signal,
the customer flips a coin; (c) if ¢* € (1 — p,p) then consumer i will buy if and only if X; = H;
(d) if ¢* =1 —p, following a H signal the consumer flips a coin, while following a L signal the

consumer will not buy; (e) if ¢* <1 — p then consumer i will not buy.

This lemma is crucial to our understanding of the impact of endorsement decisions by dif-
ferent reviewer types. As we will see, by selecting a particular type of reviewer, the firm can

effectively select from a menu of possible ranges of the updated prior.

3.2 Impact of Reviews on Beliefs

Here, we determine how different reviews impact on consumers’ beliefs. We begin by finding the
updated prior faced by consumers in the event of endorsement (denoted by ¢j;) and a failure to

endorse (denoted by ¢}). If we observe endorsement, then:

g, = Pr[V=1|F]

[P +2p(1—p)¢] _ p>+2p(1—p)é
[P2+2p(1—p)¢l+[(1—p)*+2(1—p)pe] ~ P>+(1—p)*+dp(1—p)¢

While with no endorsement, we have:

. Pr[V =1|F]

S
&
I

[(1—p)?+2p(1—p)(1—9)] _ _(-p)?+2p(1-p)(1-¢)
[(1—p)2+2p(1—p)(1—0)|+[p2+2(1—p)p(1—¢)] ~ (1—p)*+p*+4p(1—p)(1—¢)

Next we note some properties of these expressions. Firstly, note that ¢, is decreasing in ¢.
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dgp  _ 20(-p)[pP*+(1-p)* +4p(1—p)¢]~4p(1—p) [p*+2p(1-p)¢]
[p2+(1—p)>+4p(1-p)¢|”

dg

2p(1—p)(1—2p)
<0
[p2+(1-p)>+4p(1-p)g]”

since for p > 1, the denominator is always strictly positive, 2p (1 — p) > 0, but (1 — 2p) < 0
2

Next note that ¢} is also decreasing in ¢.

—2p(1—p)[(1—p)*+p*+4p(1—p) (1—-¢)|+4p(1—p) [(1—p)*+2p(1—p) (1—9)]
[(1—p)>+p2+4p(1—p)(1—¢)]°

dqz
do

2p(1—p)(1—2p)
T [ +p2+ap(1-p)(1-¢)] <0

case. That these updated priors should be decreasing in ¢ is perfectly

similarly to the g3,
natural: an endorsement is better news the tougher the reviewer, while a failure to endorse is

not such bad news.

With an unbiased reviewer, so setting ¢ = %, we have:

(1)

* 1 _ p’+p(1-p) _
2 <¢ o §) = Prap’taap P

. 1 (1-p)>+p(1-p)

ir <¢ B 5) - (1—1>)2p+p2-1;2p(f—p) =1-p (2)

As ¢}, and ¢} are both strictly decreasing in ¢, this immediately implies that ¢, ((;5 < %) > p,

ap(0>3)<p ap(¢6<3)>1-—pandgy(¢>3) <1—p. Furthermore, ¢, (¢ =1) > % and

G (¢=0)<3:
« 2 4op(1— 1 2
ap(0=1) = p2+(p1jp)g(+4pp()1*p) 3 p*>(1-p)
* 1—p)2+2p(1— 1 2
qr(p=0) = (1(,p)g1;;fip(1{)p) < 5 < (1-p°< p2

Using the fact that ¢ and ¢} are both strictly decreasing in ¢, it follows that g7, > 1 —p

and ¢ < p V¢. All this information is summarized in the following Lemma:

Lemma 2 (a) g (6 < §) >t ()45 (6 = 3) =1t () a5 (6> 3) € (1~ pop) and g (6 < 3)

(1=pp); (d) g5 (6=3)=1-p; (¢) 45 (¢>3) <1-p.
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3.3 Choice of Reviewer

With no choice of price, the firm’s decision problem is reduced to the choice of reviewer ¢
drawn from the continuum of types, ¢ € [0,1]. We can now determine the expected impact of
different reviewer types on profits, starting with pessimists. Using part (a) of Lemmas 1 and
2, all consumers will purchase if any form of pessimist endorses. From part (c) of the same, a
pessimist will return expected sales of p, even having failed to endorse (recalling that we have

normalized the number of customers to 1).> Therefore, profits under a pessimist are given by:

o~

IT [qﬁ < %} = M{Pr[E] + pPr[F|}
= %{[p2+2p(1—p)¢]+p[(1—p)2+2p(1—p)(1—¢)]}

= {20 —p)el (1 —p) +p* +p(1—p)* +2p*(1 — p)} (3)

As % > 0 to maximize II [(b < %] we select ¢ arbitrarily close to % to get profits arbitrarily

close to:
3 [219(1 —p)*+p* +2p°(1 —p)] =3 [p+p(1-p)

In the case of an unbiased reviewer, from part (b) of Lemmas 1 and 2 endorsement returns
expected sales of p + % (1 —p), while from part (d) of the same a failure to endorse returns

expected sales of %p. Overall expected profits are therefore

[p+ 3 (1—p)] Pr(E] + $pPr[F]}

=
—
<
Il
N
[
Il
N

{
{

p+3A-pp+p(l-p}=1ip (4)

(SIS

Note that the unbiased reviewer acts just like a reviewer who receives just one signal and
endorses if and only if the signal is high. In either case, ¢f;, = Pr[E] = p and ¢} = Pr[F]| =1—p.
To complete our comparison, in the case of an optimistic reviewer, from part (c¢) of Lemmas
1 and 2 endorsement leads to expected sales of p, while from part (e) of the same a failure to

endorse results in zero sales. Thus overall profits are

10> 5| = 4 WPrIE]+ OIPAF) = d0 0 +20(1 - 1)) )

5 By sales we mean the number of units sold, not revenue. Profits of course equal revenue since there are no costs.
In this section profits equal half sales since the price is fixed at one half.
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Since % > 0 to maximize 11 [g{) > %] we must select the highest value of ¢ available:

I
=
5
I
=
c

1
maxl P’ > 5}

= [P’ +2(1-p)]=352-p)

As p+ p(1 — p) > p the optimal pessimist provides strictly higher profits than the unbiased
reviewer. In turn, the unbiased reviewer provides strictly higher profits than the optimal op-
timist, as p > p?*(2 —p) & (1 — p)2 > 0. Thus the pessimistic reviewer arbitrarily close to the

unbiased reviewer maximizes profits.

Proposition 1 For a fixed price = %, the optimal choice of reviewer for a good product firm
18 a pessimist that is arbitrarily close to the unbiased reviewer type, i.e., with ¢ smaller than but

arbitrarily close to %

The increase in sales from using the almost unbiased reviewer is p(1 — p), which is substantial
for most values of p. For p close to %, the optimal choice of reviewer increases sales by close
to 25% of the total stock of consumers. p(1l — p) is decreasing in p, but the optimal reviewer
increases sales by at least 10% of the total stock of consumers Vp < 0.887, and by 5% Vp < 0.947.

—p(lgp) = 1—p, starts close to 50% for p close to %, and decreases

The percentage increase in sales,
linearly in p.

By availing itself of the full continuum of types, the firm is able to select a pessimistic
reviewer type that is arbitrarily close to the unbiased reviewer, but with just enough pessimism
to convince all consumers to disregard their private signals and purchase on endorsement, and
to follow their private signals and effectively ignore the pessimist’s decision if he fails to endorse.
This minimizes the downside of pessimists, by raising the probability of endorsement as much
as possible without the reviewer becoming unbiased, while making use of the huge advantage
of pessimists: that they can greatly improve sales but can never harm sales when prices are
fixed. All forms of optimists have the opposite characteristic: they can harm sales, but cannot
improve them, as consumers are expecting to see them endorse. Unlike the optimist, the unbiased
reviewer may result in higher sales if an endorsement occurs, but unlike the pessimist, may result
in lower sales if there is no endorsement, and so stands somewhere in the middle. The subtle
choice of a very mild pessimist, almost identical to the unbiased type, presents the firm with a
discontinuous jump in profits of $p(1 — p).

Figure 1 below summarizes the impact of different reviews on sales, highlighting the role of

the updated priors: even an endorsement decision by an optimist will only produce a prior which
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is as high as that created when a pessimist fails to endorse! In both cases a prior is generated in
the (1 — p,p) region, within which expected sales are constant as consumers then all purchase
if and only if they receive a H signal.® The diagram makes clear the preference for an almost
unbiased pessimist over a truly unbiased reviewer: the probability of endorsement is almost

exactly the same, but sales under either an endorsement or a failure jump up discontinuously.

Figure 1

Pessimistic Reviewer
« Endorses (R arrow)
* Failsto endorse (L arrow)

Optimistic Reviewer
« Endorses (R arrow)
« Failsto endorse (L arrow)

Expected Sales \ ; ¥
(per head) [N i
7 \_\
P+ (1/2).(1-p) “ v e
4
p ;
(2).p ]
T - T 1
1-p p 1 Valueof g

Unbiased Reviewer
* Endorses (R arrow)
« Failsto endorse (L arrow)

A reasonable question we might ask is whether the result is driven by the fact that the
reviewer is close to unbiased (and hence as likely to endorse as a pessimist can be) or the fact
that the reviewer is pessimistic. We can investigate this in two ways. Most importantly we move
to a flexible price setting in the next section, to generalize the model and to check robustness to
an extra dimension of freedom in the firm’s decision. There we find that price flexibility always
entails a preference for extreme bias.

Secondly, we might ask how a firm would respond to a reduced range of choice of reviewer. In

particular we can restrict the firm to the unbiased reviewer and biased types that are a discrete

In Gill and Sgroi (2003a), which considers consumers deciding in sequence after the public review, a failure to
endorse by a pessimist, which leaves ¢* < 0.5, is worse than endorsement by an optimist, which leaves ¢* > 0.5.
For simultaneous sales this is not an issue since all that matters is that in both cases ¢* € (1 — p,p). It seems that
in a sequential sales model, learning from other consumers’ actions partially offsets the benefits of a pessimist,
though a pessimist remains better overall for expected sales for a good product firm.
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distance from the unbiased type. To do this, consider any choice of three types ¢ € {g{) P %, (bo}
where ¢p € [0,1) and ¢ € (5, 1]. We know already from earlier in the section that II[¢ = 1] <
Il [¢ = 1], and furthermore that IT[¢ = 1] > I [¢]. Thus, I [¢p] < II [¢ = 3] . Since we also
know that IT [¢ < 3] is strictly increasing in ¢ it must be that II[¢p] > II[¢ = 0]. From (3),

Mp=0 =1 [p2 Tp(1—p)+ 221 —p)} . From (4), T [¢ = 3] = 1p. Thus:

Ig=0] > H[¢=%} ept+1-p’+2p(1-p)>1e

p+1—2p+p°+2p—2p> > 1 & p(1—p)>0

Hence Il [¢ = 0] > IT [¢ = 1] . Therefore, we have found that I [¢p] > IT[¢p = 0] > II [¢ = £] >

II[¢o], proving that for any choice of such types, the pessimist is always strictly preferred:

Proposition 2 For any choice of three reviewer types ¢ € {(bp, %,(bo} such that ¢p € [0, %)
and ¢o € (%, 1], the good product firm strictly prefers the pessimistic type ¢p to the unbiased

type, who in turn is strictly preferred to the optimistic type ¢o-

So far, we have assumed that the firm must pick a reviewer. If it chose no reviewer at all, it
would sell to all consumers with high signals, receiving expected profits of %p. From (4), we see

that this is just as for the choice of the unbiased reviewer.

Proposition 3 For a fized price A= %, the choice of no reviewer is equivalent to the choice of

an unbiased reviewer type ¢ = %, and hence is not optimal.

We saw above that the unbiased reviewer acts just like a one signal reviewer. Thus, con-
sumers’ private unbiased private signals add no value,” and so in effect consumers see just one
signal, explaining the equivalence. As we will see, this equivalence no longer holds once the firm

is able to vary price in response to the review.

4 Flexible Prices

With fixed prices we know that a pessimist is favored by the firm, but this pessimist must be
chosen as close as possible to the unbiased type. We next consider what happens when the firm

is be able to change the price of the product after the reviewer’s decision is made public. The

If my private unbiased signal confirms the reviewer’s first signal, I act as if I had seen no second signal. If the
second signal contradicts the first, I am indifferent and so may as well follow the first signal. This explains the
preference for signals biased in favor of initial predispositions, as in Meyer (1991).
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optimal price will then be conditional on the reviewer’s decision and type and on the product
quality.

Let pg x, = Pr[V = 1|d, X;] where the reviewer’s decision d € {E, F'} and the consumer’s
signal X; € {H, L} . Using Bayes’ Rule and the fact that the consumers have 50:50 initial priors
over the good’s quality:

B Prld, X;|V = 1]
Pa.x; = pp [d, X;|V =1] + Prld, X;|V = 0]

After the reviewer’s decision, the firm will choose to set price A = 14 ; to sell to all those
who received high private signals or A = p, 1, to sell to all consumers including those with low
private signals. Any other price would be sub-optimal. With A\ > 1, ; no consumers will buy,
with X € (y44.1,, ft4 zr) only the high signal consumers will buy at a price lower than 14 z, and
with A < 4 1, everybody buys at a price lower than p .

Given we have normalized the number of customers to 1, expected profits as a function of
these prices are my (udﬂ) = ppg,p and mq (Md,L) = pq,,- We define 73 = max {pud,Hvﬂd,L}
to be the maximum expected profits achievable given the reviewer’s decision, which will be
a function of p and ¢. Then the firm’s optimization problem reduces to maximizing ex ante

expected profits II:

Il = [Pr[E] .7g + Pr[F] .1}
i 11 = [Pr [E] s + Pr [F) ]

We begin by showing that II is strictly convex in ¢, which implies that the firm will always
choose an extreme type, choosing either an extreme pessimist with ¢ = 0 or an extreme optimist

with ¢ = 1. We then move on to show which extreme is best over the range of p. Let

Il = Pr(EJpup gy +Pr(Flppppy
My = Pr(EJpg+Pr(Flupp
U3 = Pr(EJpg +Pr(Flpupy
My = Pr(E]pugy+Pr(Flupg

First, we note the following crucial Lemma.

2(Pr[dh”ﬂd,H)

d 2 (Prldlpg,)
Lemma 3 s — L)

d
> 0 and 1

> 0 for d € {E,F}, so d;g" > 0 for i €

{1,2,3,4}.
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Proof. See Appendix. m

Now,

II = [Pr[E].ng + Pr[F].mp] = Pr[E] max {PME,H» ME,L} + Pr[F] max {p,uF,Hv NF,L}

= max {Pr[E]pup g, PrE| pp o} +max {Pr[F|pup g, Pr(Flupp}

ma IT;
B8 oy I
as to find the maximum of the sum of the terms in II;, we just add the maximum of the
first term to the maximum of the second term. By Lemma 3, II; are all strictly convex in ¢.
Consider any interior value gAZ) By the convexity of II; Vi, moving along the highest of the II;
at 5 towards either ¢ = 1 or ¢ = 0, or possibly both, will always increase profits. Therefore gAb

cannot maximize II, giving the following proposition.®

Proposition 4 With flexible prices, the good product firm always strictly prefers either the
extreme pessimist (¢ = 0) or the extreme optimist (¢ = 1), or both, to any intermediate reviewer

with ¢ € (0,1).

To provide an intuition for this proposition, first consider that all prices {uE, HyHE Ly MR H>
fig, 1} are decreasing in ¢. So, an endorsement raises beliefs more the tougher the reviewer, while
a failure to endorse is not so damaging to beliefs if the reviewer is tougher. Furthermore, g 5
and pp ;, can be shown to be strictly convex in ¢, so conditional on endorsement a decrease
in ¢ is more powerful where the reviewer is tougher. This can be seen by noting that the
relative probability of the reviewer having seen two good signals to having seen mixed signals is
Wfi?w’ which is convex in ¢.? On the other hand, Pr[E] is linearly increasing in ¢. Thus, to
maximize Pr[Elpug g or Pr[E]ug 1, the firm will wish to choose an extreme ¢, either setting
¢ = 0 to benefit from a steep increase in price while the probability of endorsement falls linearly,
or setting ¢ = 1 to benefit from a linear increase in the probability of endorsement, while price
does not fall much towards the end.

To maximize Pr[F|pup y or Pr[F|pup 1, the firm will always want to set ¢ = 0, as both Pr[F]

and the prices are decreasing in ¢. The proof of Lemma 3 shows that Pr[Flpup g and Pr[Flup

Alternatively, we could prove the proposition by using the fact that the maximum of a set of strictly convex
functions all defined over the same range must itself be strictly convex, so II must also be strictly convex, and
hence Proposition 4 follows. See Rockafellar (1970).
9 __ Pr[E|HH]Pr[HH] _ p>
As Pr{HH|E] = = Pr[E]r = Pf[E] and
Pr[E|{HL or LH}|Pr[{HL or LH 2p(1—
Pr[{HL or LH}|E] = ZELHL ox LGP or LHY _ 2pCp)o,
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are also convex. Thus, summing over the case of endorsement and failure to endorse, the firm
always prefers an extreme ¢. The firm will either choose the extreme pessimist to maximize
prices, at the cost of a lower probability of endorsement, or the extreme optimist to maximize
the probability of endorsement, at the cost of lower prices.

Next, we show which extreme is preferred for different values of p. We start by finding 77

for p =1 and ¢ = 0.

Lemma 4 (i) Following a failure to endorse, and with ¢ = 1, pup ;, is superior for p € (%,pl)
and piip g is superior for p € [p1,1), where p; =~ 0.594.

(ii) Following a failure to endorse, and with ¢ = 0, pp, is superior for p € (%,p2) and
PiLp g 18 superior for p € [pa, 1), where pa ~ 0.607.

(iii) Following endorsement, and with ¢ = 1, pg 1 is superior for p € (3,ps) and pug 5 is
superior for p € [ps, 1), where p3 ~ 0.635.

(iv) Following endorsement, and with ¢ =0, pg ; is superior Vp € (3,1).
Proof. See Appendix. m

The negative effect of rejection is stronger for higher p, and as p goes up, the proportion of
consumers with positive private signals increases. Thus, for p < p; the firm sells to everybody
following a rejection, as the failure to endorse is not too damaging and relatively few consumers
receive high private signals, but for p > po, the firm focuses on just those with high signals. In a
small range p € [p1, p2), the degree of bias affects the choice: the firm sells to everybody if and
only if the reviewer is pessimistic, as rejection then sends a weaker signal. The positive signal
arising from an endorsement by an extreme pessimist is strong enough that the firm wants to
sell to everybody for all p. Endorsement by an extreme optimist sends a much weaker signal, so
for p > p3 the proportion of high signal consumers and the price that the firm can charge them
are high enough that the firm sells just to them. We can now determine whether the extreme

pessimist or optimist is superior for any given p.

Proposition 5 With flexible prices, the good product firm prefers the extreme pessimist for
pE (%7P4> , while the extreme optimist is preferred for p € [pa, 1), where py = —1++/3 ~ 0.732.
The preferences are strict, except at py and py, where the firm is indifferent between the two

extremes.

Proof. See Appendix. m
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The extreme pessimist is best for lower values of p while for higher values the extreme
optimist is best. This is by no means obvious given the complex interaction of various functions
of p, but with the assistance of some diagrams the optimal choice of extremist becomes apparent.
In Figure 2, the two continuously increasing lines show Pr[E].7%, evaluated over the range of p,
the higher line for ¢ = 1 and the lower line for ¢ = 0. We can see that Pr[E].7}; is always higher
with the extreme optimist: the higher probability of endorsement overwhelms the lower price.
The two decreasing lines show Pr[F|.7%., the higher line for ¢ = 0 and the lower line for ¢ = 1.
In contrast to the endorsement case, Pr[F].7% is always higher under the extreme pessimist, as
both prices and Pr[F] are higher. Note that the kinks in the curves represent values of p at
which the firm moves from setting a low price to sell to everybody, to a high price to sell only

to those who receive high private signals.

Figure 2 Figure 3
1
(¢ = 1) -TI(¢ = 0)
08 (PrEL7 )6 = 1) 0@
0.6 \ \ 0@
0a (PriE.x )6 = 0 o0 P P
(PiFL.7 )6 = 0) 07/ 08 09 1 P
0.2 - -00L
5 0@
p
0.6 0.7 0.8 0.9 1 08

(PiFL.7 )6 = 1)

Given p, the firm wants to maximize Pr[E].7w}, + Pr[F].7}, by setting either ¢ =1 or ¢ = 0.
Thus it has to trade-off the divergent preferences in the endorsement and failure to endorse cases.
For high enough p, the increase in profits in the endorsement case from choosing the optimist
outweigh the decrease in the failure case. For low p, the firm prefers the extreme pessimist who
allows a large increase in price following endorsement, but who does not reduce price too much
following a failure to endorse. For high p, the firm prefers the extreme optimist as the probability
of the extreme optimist endorsing is very high with high p, while a catastrophic failure to endorse
becomes very unlikely. Figure 3 shows overall profits from the extreme optimist less those from
the extreme pessimist over the range of p. As can be seen, choosing the better extreme increases
profits of the good product firm by up to almost 4% of the maximum feasible profit.

The firm could of course opt not to have its product reviewed. While in Section 3 we showed

that in the fixed price case no review is equivalent to the choice of an unbiased reviewer type,
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with flexible prices that is not the case. As the firm can change price in response to the unbiased
reviewer’s decision, we would expect a difference to emerge, and indeed it does: the choice of no

reviewer is always worse than an unbiased reviewer in the flexible price case.

Proposition 6 With flexible prices, the choice of no reviewer is strictly worse than the unbiased

reviewer type ¢ = % and a fortiori strictly worse than the optimal reviewer.

Proof. See Appendix. m

The next two figures illustrate the magnitude of the optimal reviewer’s superiority in the
flexible price case. Choosing the optimal reviewer increases profits dramatically. Figure 4 shows
that the optimal reviewer increases profits of the good product by up to 8% over the unbiased
reviewer. The optimal reviewer increases profits by up to 15% over no review, as illustrated in

Figure 5.

< max H) —II(No Reviewer)
Figure 5: ~2<%2
g . II(No Reviewer)
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5 Conclusions

The results in this paper provide an integration of two key choices for the producer of any
new product whose quality is uncertain: the choice of an initial price, and the early product
marketing strategy. Product testing and review is essential in many industries: a glance at
the shelves of any news-stand will indicate how many magazines and journals subsist solely to
provide reviews of new products ranging from books, films, video games, computers, electrical
goods, cars, clothes, food, wines and restaurants. In some cases prices will rise or fall as a result
of the decision of reviewers, in others prices are standardized, but often the firm will have a
choice of where to send its product for review. We can also think in terms of a test for a new

product, which might be the achievement of a safety standard, hallmark or known standard of
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excellence, and the analysis in this paper is equally applicable when new products face tests
rather than reviewers.

The paper has shown that quite apart from any standard signaling arguments, firms with
products of quality unknown to consumers will tend towards sending their products to extremists
for assessment, whether this be reviewers with known biases or tests that are publicly known
to be extremely tough or soft. We have also seen that sending a product to review rather
than avoiding a reviewer altogether is sensible. After the test result or reviewer’s endorsement
decision is known, the firm can then select an optimal price, and consumers will purchase or
not based on the price, public review and their own private information. Considering the case
where a product is good, quite remarkably when private information and the reviewer’s own
signals are informative but not too revealing, it is the extreme pessimist which will best raise
profits for the firm. By enabling the firm to set a very high price following endorsement, the
tough reviewer increases expected profits while keeping the impact of a failure to endorse to a
minimum. As private signals become more revealing the extreme optimist becomes the better
choice, as the likelihood of an endorsement rises, while the firm is less likely to suffer the hugely
damaging impact of an optimist failing to endorse. We have also seen that when prices cannot
be changed, the best choice of reviewer must be a pessimist, but one that is as close to the
unbiased type as is available. The bad product firm is always forced to copy the good product
firm’s choice of reviewer to avoid immediately revealing its type.

To give some examples, we might consider a new computer where price will almost certainly
reflect which awards or endorsements it may receive. Here it makes sense to evaluate the quality
of information about the product, and then send the product to the known toughest or softest
reviewer as appropriate. When a new car is marketed in one country, we might ask how far the
firm should go in meeting minimum safety requirements by passing the easiest test available, or
facing the toughest. Alternatively, we might ask how tough a referee a Ph.D. student should
choose to support a job application or how tough an interviewer a politician should pick: here
perhaps the best choice is to chose the known tough type who is closest to unbiased, since it is
not clear how “prices” might be altered in the light of the interview or reference.

The findings in the paper might explain the survival of reviewers with well-known harsh
styles, biases and critical approaches. While we might think firms likely to avoid such reviewers
the results in this paper show that while these tough reviewers are likely to not offer any
endorsement, the tremendous gains when they do endorse might actually make them popular

with firms overall. On the other hand, the proliferation of very soft review journals, which may
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be supported by the very firms they seek to assess, can also be explained when the quality of
information available to consumers and reviewers is very high. Where there is no real price
variable, or prices are generally held fixed in the light of reviews, we also have a role for review
types closer to unbiased. In each case our choice of optimal reviewer is sharp, and may seem
strongly counter-intuitive, but our findings support the survival of extremists in the market-
place.

In order to focus on the heart of the issue, the modeling assumptions have been chosen to
make the analysis as tractable as possible. However, interesting extensions might look at the
case when the firm has generalized beliefs about the quality of its own product, a more general
structure of private information signals to reviewers and customers, or the issue of inter-firm
competition. We might also explicitly consider how different types of reviewer evolve, or how

consumers learn in more complex settings.
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APPENDIX

Proof of Lemma 3. First, note that:

[P +2p(1 —p)o| p

Phes = Pl op(T = p)él p+ (1 - p)2 + 2p(1 — )] (1 — p)
p? [p* +2p(1 — p)¢] )
PP+ (1—p)*+2p(1 —p)¢
_ [p? +2p(1 - p)¢] (1 - p)
HB.L [p? + 2p(1 — p)¢] (1 — p) + [(1 — p)* + 2p(1 — p)¢] p
_ [p* +2p(1 — p)o)] _ [P+ -p)g] ®
[p? +2p(1 — p)¢] + [(1 — p)p + 2p*¢] 2pp +p
e = p [(1—p)* +2p(1—p)(1 — )] p
i T =p2+2p1—p) A=) p+ P>+ 2p(1—p)(1— )] (1 —p)
_ P [(1-p)°+2p(1—p)(1-9)]
p(1=p){[(1 =p) +2p(1 = @) + [p+2(1 - p)(1 - @)]}
_ PP [A-p)®+2p(1—p)(1 - 9)] (©)
p(1—p) (3 —2¢)
B [(1=p)* +2p(1 = p)(1 = §)] (1 = p)
HeL = 0 =p+2p(l— )(1 —¢) (1 - ) +[p? +2p(1 = p)(1 - @)]p
C [a-pP+2-pi-9)
(1-p)3+p3 +2p(1— p)(1— ¢)
_ [A-p)?+2p(1-p)A-¢)] (1 —p)
(1=2p+p*) (1 —p)+p*+2p(1 —p) —2p(1 —p)¢

[ =p+2p1-p)(Q—-9¢)](1-p) (10)

p*+(1—p)—2p(1-p)o

Let @ = p(1 —p)(3 —2¢) and R = p(1 — p)(1 + 2¢). Note that Q € (0,1) and R € (0,1) as
p(1—p) € (0, %).10 Then:

% - d(ld—;R):—Qp(l—p)<O (11)
% - d(ld; Q) _ 2p(1—p) >0 (12)

10p(1 — p) is continuous over p > 0, and strictly decreasing over p € (%, 1) as1—2p < 0. Asp(l1—p) = % atp= %,
we conclude that p(1 — p) € (0, %) for p € (%, 1).
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Using (7) and (9):

P2 [p? +2p(1 — p)¢)”

Pr(Elpppn = PP+ (1—p)3+2p(l—p)o "
2 — p)2 — - ?
Pr[F] PlpH = : [(1 5()1 ji)p((; - 535()1 QS)} (14)

But:

P+2p(l—p)p = p"—p(l-p)3—-2¢)+3p(l—p)=1-p)(2p—1)+(1-Q),
(1-p’+2p(1-p)(1—9¢) = (1-p’+p(l-p)(3—2¢)—p(l—p) =1-p)(l-2p)+Q,
P+1-p’+2p(1-p)p = p’+(1—p)(1—-p)>—p1—p)3-2¢)+3p(l-Dp)

= PP+A-p)l+p+p)-Q=1-Q

Therefore:
21 B 2
Pr [E]pME,H = 0y (zf—22)+ <
21— )2 (99— 1)2
_ a f)_gp Y o2 -p) - 1) 1971 - Q) (15)
a1y B 2
Pr(Flppupy = allt P)(lQ )+ 4
_ p*(1—p)?(1 —2p)? +2p2(1 — p)(1 — 2p) + p*Q (16)

Q

2 -1 —
So, given p € (%, 1) and @ € (0,1), and using the fact that d 222 ) _ d(7d2 D 9z,

& (Pr[Elpupy) 202 (1-p)°(2p—1)°
m-oF ~ _ a-aq ' "
d? (Pr EIZSquFH) _ 2p%(1 — pc);g(l —2p)? -0 (18)

Thus, using (12) and (17):

d(Pr[E]PME,H) d(1-Q)
& (Pr[E)ppg.n) - @ ) & (Pr[Elpugy) (d1-Q)\> 0
e’ B d¢ - d1-Q)? < do ) g

Similarly, using (11) and (18):

d? (Pr [F}qu7H) B d? (Pr [F]pMF,H) aQ ? >0
do’ - dQ? d¢
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Using (8) and (10):
2
(1—p) [p*+2p(1 - p)¢]
Pr[E = 19
1—p)2+2p(1 —p)(1—¢)]* (1 —
PelFlppy — [(1=p)* +2p(1 = p)(1 - 9)]" (1 - p) (20)

But:

P’ +2p(1—p)o
(1—-p)*+2p(1—p)(1—9)

P+ (1 —p)—2p(1-p)o

Therefore:

Pr[E] He L =

Pr[F] Hrprn =

[p? + (1 —p) —2p(1 —p)¢]

= p*+p(1—p)(1+2¢) —p(1—p)=p2p—1)+R,
= (1-p°—p(1-p)(1+2¢)+3p(l—p)=p(1—2p)+(1-R),

= pP+(1-p)—p(l—p)(1+2¢)+p(1—p)=1-R

(L—p)[p2p— 1) + R)?

R
(1= p”ifp — 21— pp(2p - 1)+ (1 PR (21)
(1L-p)[p(1-2p) + (1~ B’
1-R
_ 2 — 2
(1 p)lp_(; 22" 4 (1 = p)p(1—2p) + (1 - p)(1 - R) (22)

Similarly to (17) and (18):

d? (Pr [E] ME,L)

(1 —p)p*(2p— 1)

iR - R >0
d* (Pr[F] pip,) (L—pp*(1-2p?* _
d(1—-R)’ (1-R)®

So, using (11) and (12):

d? (Pr [E] :uE,L)

& (Pr[E] pp.p) <dR>2 -

do? dR? do
d? (Pr[F] ppr,) & (Pr[Flppy) (d(1—R) ?
dg?  d(1-R)? ( d¢ ) =0

Given that the sum of strictly convex functions must be strictly convex, we can conclude

d?11;

that e

>0forie{l1,2,3,4}. m
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Proof of Lemma 4. pu, g > pgp < % > 1. Using (9) and (10):

prru _ p[p°+ (1 —p) — 2p(1 — p)g] (23)
HE L (1 - P)Q (3 - 2¢)

Where ¢ =1, (23) > 1 iff

Prp—p* =22 +2p >1-2p+p* & 3p° —4p* +3p—-1>0

d<3p3 —4p?+3p— 1)

i =9p? —8p+3=p*>—8p(1 —p)+3 >0 given p(1 —p) < i from footnote

10. Solving numerically, we find that 3p® — 4p® +3p — 1 = 0 at p; ~ 0.594, proving (i).
Where ¢ =0, (23) > 1 iff

PAp—p’>3—6p+3p°op’ —4p*+Tp—-3>0

d(p®—4p>+7p—3)

i =3p? —8p+7=—-3p(1 —p)—5p+7>0given p(1 —p) < i from footnote

10. Solving numerically, p3 — 4p? + 7p — 3 = 0 at py ~ 0.607, proving (ii).
Using (7) and (8):

Phpn _ P (2p¢ +p)
pprn PP (1=p)B3+2p(1—-p)o

Where ¢ =1, (24) > 1 iff

WP+ (1-pA+p°)e3p®—p*+p—1>0

d(3p37p2+p71)

i =9p? —2p+1="7p?—2p(1 —p)+1 >0 given p(1—p) < % from footnote 10.

Solving numerically, 3p® — p? +p — 1 = 0 at p3 ~ 0.635, proving (iii).

Where ¢ =0, (24) > 1iff p*> > p® + (1 — p)® which can never be true, proving (iv). m

Proof of Proposition 5. We consider four ranges in turn: (i) p € (%,pl) ; (i) [p1,p2);

(iii) [p2,p3); (iv) [ps, 1).
(i) From Lemma 4, IT = II, for p € (%,pl). From (21) and (22), and using the fact that

(2p—1)* = (1-2p),

(1-pp*(2p—1)*

Uy =Pr[Elpg  +Pr[Flup = R(I-R)

+(1-p)
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Therefore,

R(¢=0)[1-R(¢=0)] < R@=1)[1-R(¢p=1)]%
[p(1=p)[1-p(1-p)] < [Bp(1-p)][l-3p(1l-p)] =

I-p(l-p) < 3-9p(1-p) =

NP

8p(1—-p) < 2&p(l-p)<
which we know to be true from footnote 10.

(ii) From Lemma 4, I1 (¢ =0) =2 (¢ = 0) and I (¢ = 1) =113 (¢ = 1) for p € [p1,p2).
Hy = Pr[E| pg 1, + Pr[F]up g, so using (19) and (20):

1-p) [p°]" | [A—p)2+2p(1—p)]"(1-p)

p(1—p) [p? + (1 = p)]

(1-p)°1-p) 3+1—p—2p2+2p3+p4—p5_1—p—2p2+3p3
Pr-p 7 1—p+p?  1-ptp?

I (¢=0) =

O3 = Pr[E] pg 1, + Pr[F] ppg g, so using (19) and (14):

1-p) [P +21-p)]° 2[1-p?°

Hslo=1 = 3p(1—p) p(1—p)
_ p2-p)’+3p(1-p)®  Tp—13p” + 10p° — 3p (25)
3 3

Thus:

I (¢=0) > IH3(p=1)«
3—3p—6p”>+9p° — (1—p+p?) (Tp—13p> +10p° — 3p*) > 0
3—10p + 14p% — 21p° + 26p* — 13p° +3p° > 0

(=3+Tp—4p*+p°) (-1 +p—p*"+3p®) > 0

From part (ii) of the proof of Lemma 4, —3 + 7p — 4p? + p® < 0 here. From part (iii) of the

same proof, —1 +p — p? + 3p> < 0 here also.

(iii) From Lemma 4, IT = II3 for p € [p2, p3).
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U3 = Pr[E] pg , + Pr[F] ppg g, so using (19) and (14):

2 .
s PlA=-p?+2p0=p)]" 3P +p(1—p)p+1)?

3(¢=0) = p°+ =

3p(l —p) 3
2 2 3 _ 4
3
Thus, using (25),

I3(¢p=0) = Iz(p=1)«

p+r°+2p° —p' 2 Tp-13p*+10p° - 3p' &
—3+Tp—4p°+p* = 0

From part (ii) of the proof of Lemma 4, —3 + Tp — 4p® + p* > 0 here, except at p, where it

equals zero.

(iv) From Lemma 4, I (¢ =0) =5 (¢ = 0) and I (¢ = 1) =114 (¢ = 1) for [ps, 1).
From (15) and (16), and using the facts that (2p—1)? = (1 —2p)? and Q (¢ = 1) = p(1 —p),

p?(1-p)°@2p—1)°

Iy = Pr[E]pugpy+Pr[F]pury = 01 -0) +p?
Hl(¢:1>:13(1—19)(229—1)2 2 P A8 -t
l—p+p° 1—p+p?
Thus, using (26),
3 (¢ = 0) z O(p=1) <=
(p+p*+20°—p*=3p°) 1-p+p°) 2 3(p—5p"+8° - ') &
—2p+12p* = 19> + p* +3p° —p° = 0
p(—24+12p 19" +p* +3p* —=p°) = 0%
p(1—p)(—2+10p—9p° —2p* +p*) = 0«
p(l—p)(-1+4p-p*)2-2p—p*) Z 0&

Clearly, p(1 —p) > 0. Also, —1+4p—p? =3p+p(1—p)—1>0forp>1. As —2—-2p <0,
2—2p—p? is strictly decreasing for p > %, and equals zero at py = @ = —14+/3 ~0.732.
Thus, we conclude that for p € [p3,ps), I3 (¢ =0) > 11 (¢ = 1), for p € (pg,1), I3 (¢ =0) <
Il (p=1), and at ps, I3 (¢ =0) =11 (¢=1). m
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Proof of Proposition 6. In a slight variation of earlier notation, let py, = Pr[V = 1|Xj]
where the consumer’s signal is given as X; € {H, L} . Using Bayes’ Rule and the fact that the
consumers have 50:50 initial priors over the good’s quality:

Pr[X;|V = 1]
Pr[X;[V = 1]+ Pr[X;|V = 0]

Hx; =

Similarly to before, the firm will choose to set price A = py to sell to all those who received
high private signals or A = p; to sell to all consumers including those with low private signals.
Once again normalizing the number of customers to one, expected profits as a function of these
prices are 7 (i) = ppy and 7w (py) = py. We define II [No Reviewer] = max {ppy, p,} to be

the maximum expected profits achievable. Now, we know that p; = ;=D With expected

p+(1 P

sales of p at the price uy;, we have total profit of p?. Furthermore, u; = =1—p. Hence

= l=p _
(1-p)+p
I [No Reviewer] = max {p?,1 — p}.

We next divide the optimal choice of price into two regions. Clearly, d(p*+p—1)/dp > 0 for
pe(3,1),and p’+p—1=0at p=3 (-1+5) ~0.618. Therefore for p > p, p* > 1—p, and
for p < p, p> < 1 —p. Thus, the firm will set a price p when p > p, and a price 1 — p otherwise.
Profits are p? if p € [p,1) and 1 —p if p € (3, D).

Suppose that if the firm chose an unbiased reviewer, it had to set price A = i, ; for p € [p, 1)
and A = p, ;, forp € (3,P). We show that even under such a restriction, profits are higher than

with no reviewer, proving that profits under optimal price setting must be higher using an

unbiased reviewer. Now, given ¢ =

Pr[ElV =1 = Pr[F|[V=0 = p’+p(l—p) =p

Pr[F|V =1 = Pr[E|V =0] 1-p2+pdl—p) =1-p

Thus:

p P
Pr[Elppgpy = pp[p2+(1 D)2 } P2+ (1—p)2
Pr[Flpupy = p{ p_Hgg _ )} - - ;p)p
_ r(1—p) _p
R
B (1-p? = (1-pp
Pr[F]'MF,L - (1_p)(1_p)2 +p2 B (l_p)2+p2
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Therefore, for p € (4,p) the unbiased reviewer is superior to no review if:

N3
njo=zlretp| = §+gPs>0-n (27)
& p(l—p’+p°+2(1—-p°—-2(1-p)°—-2p*(1—p) >0

& 1-p+pP?+p*—2p+2° >0 (1-2p)? >0

which must hold. For [p, 1) the unbiased reviewer is superior if:

4 _
H¢=%|p€[ﬁ,1) = p2+(]i—p)2+(1 2p)p>p2 (28)
z _23
& §+(1(_12)ﬁ>(1—2) (29)

where z = (1 —p). But (27) holds for p € (0, 3) , so (29) must hold for z € (0,1), and hence
(28) must hold for p € (3,1) .

We have shown that the profits attainable with no reviewer are always strictly lower than
under an unbiased reviewer and by Proposition 5, certainly lower than under the optimal choice

of reviewer. m



