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There is growing evidence that consumers are influenced by Internet-based opinion forums before making
a variety of purchase decisions. Firms whose products are being discussed in such forums are therefore

tempted to manipulate consumer perceptions by posting costly anonymous messages that praise their prod-
ucts. This paper offers a theoretical analysis of the impact of such behavior on firm profits and consumer
surplus. There are three main results. First, if every firm’s manipulation strategy is a monotonically increasing
(decreasing) function of that firm’s true quality, strategic manipulation of online forums increases (decreases)
the information value of a forum to consumers. This result implies the existence of settings where online forum
manipulation benefits consumers. Second, equilibria where strategies are monotonically increasing (decreasing)
functions of a firm’s true quality exist in settings where the firm’s net payoff function, inclusive of the cost of
manipulation, is supermodular (submodular) in the firm’s quality and manipulation action. Third, in a broad
class of settings, if the precision of honest consumer opinions that firms manipulate is sufficiently high, firms
of all types, as well as society, would be strictly better off if manipulation of online forums was not possible.
Nonetheless, firms are locked into a “rat race” and forced to spend resources on such profit-reducing activities;
if they don’t, consumer perceptions will be biased against them. The social cost of online manipulation can be
reduced by developing “filtering” technologies that make it costlier for firms to manipulate. Interestingly, as
the amount of user-contributed online content increases, it is firms, and not consumers, that have most to gain
from the development of such technologies.
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1. Introduction
The Internet has enabled individuals all over the
world to make their personal experiences, thoughts,
and opinions easily accessible to the global com-
munity “at the click of a mouse.” This has led to
the creation of a diverse mosaic of online word-of-
mouth communities (online forums), where individ-
uals exchange experiences and opinions on a variety
of topics ranging from products and services, to poli-
tics and world events. Examples of such communities
include online product review forums, Internet dis-
cussion groups, instant messaging chat rooms, mail-
ing lists, and Web logs (see Schindler and Bickart 2003
for a nice overview).
There is growing evidence that consumers are influ-

enced by opinions posted in online forums before
making a variety of purchase decisions (Thompson
2003, Senecal and Nantel 2004, Chevalier and Mayzlin
2006). Similar evidence suggests that forums play an
increasingly important role in public opinion forma-
tion. Internet forums are thus emerging as an alterna-
tive source of information to mainstream mass media,
replacing our societies’ traditional reliance on the

“wisdom of the specialist” by the “knowledge of the
many.”
Many have argued that the ease with which the

Internet can aggregate information from large num-
bers of, otherwise unrelated, individuals can lead
to better informed and, ultimately, more efficient
markets and societies. Nevertheless, these same prop-
erties (large scale, relative anonymity) make it rela-
tively easy for interested parties to manipulate the
information propagated through online forums by
anonymously adding their own, strategically biased,
messages to the total mix of posted opinions.
Online forum manipulation strategies can take

many forms, and firms (or depending on the context
of interest, political parties and special interest groups)
are getting more sophisticated by the day. The simplest
firm strategy is to anonymously post online reviews
praising its own products, or bad-mouthing those of
its competitors. There is ample evidence that such
manipulation occurs. For example, when in Febru-
ary 2004, because of a software error, Amazon.com’s
Canadian site mistakenly revealed the true identities
of some of its book reviewers, it turned out that a
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sizable proportion of these reviews were written by
the books’ own publishers, authors, and competitors
(Harmon 2004). The music industry is known to hire
professional marketers who surf various online chat
rooms and fan sites to post positive opinions on behalf
of new albums (White 1999, Mayzlin 2006).
Given the potential backlash of such activities, firms

are experimenting with less overt methods. Some
firms offer rewards to consumers who start favor-
able conversations about their products on popular
online forums. For example, a recent marketing cam-
paign promised prizes to fans who would start con-
versations in online forums praising singer Lucinda
Williams’s albums (see http://slate.msn.com, July 26,
2001). Other firms routinely monitor online forums to
identify influential community members. They then
target them directly and try to persuade them to
write favorable reviews by sending them free sam-
ples, inviting them to special events, etc. There is
at least one professional marketing firm that con-
ducts such campaigns on behalf of its clients (see
http://www.electricartists.com).1

As more firms, political parties, and special inter-
est groups realize the power of online forums, it is
expected that more will engage in direct or indirect
word-of-mouth manipulation practices.
It is, therefore, important and timely to understand

what the impact of such activity is likely to be on the
informativeness of Internet forums and on the pay-
offs to the various parties who are affected by them.
The results of such analyses will be relevant to pol-
icy decisions (Is Internet forum manipulation socially
harmful?), R&D decisions (Does it pay to invest in
technologies that discourage online manipulation?
Who should bear the cost of such investments?), and,
of course, firm and consumer attitudes toward Inter-
net forums (How much should consumers trust online
forums? How much should firms invest in trying to
manipulate them?).
This paper contributes to answering some of these

questions by analyzing how the strategic manipula-
tion of Internet opinion forums affects the payoffs of
consumers and firms in markets of vertically differ-
entiated experience goods. Specifically, I consider set-
tings where one or more firms simultaneously launch
products whose true quality is initially unknown to
consumers and difficult to verify before purchase and
use. I assume that the main source of quality infor-
mation for consumers is an online product review

1Word-of-mouth manipulation practices are not confined to the
online domain. The anonymity of modern urban societies is
prompting several marketing firms to experiment with word-of-
mouth marketing campaigns in which paid individuals circulate
large cities, endorsing a firm’s products to strangers as if they were
expressing their personal opinions (Walker 2004). The models and
results of this paper apply to these contexts as well.

forum (such as Epinions.com or Amazon Reviews),
where past consumers post opinions about their expe-
riences with the goods. New consumers read these
opinions and form perceptions about the qualities of
the products. Based on these perceptions, they make
purchase decisions. Firms can try to manipulate con-
sumer perceptions by posting anonymous reviews
that praise their own product, at a cost. All firms
are assumed to be strategic; that is, they manipu-
late opinion forums to maximize their payoff, given
their correct anticipation of other firms’ strategies and
consumer beliefs. Furthermore, consumers are smart;
even though they cannot directly distinguish hon-
est opinions from fake opinions, they are aware that
manipulation occurs and adjust their interpretation of
online opinions accordingly.
My analysis derives three principal results. First,

if every firm’s manipulation strategy (amount by
which the firm inflates its true ratings) is monoton-
ically increasing in that firm’s true quality, manipu-
lation increases the informativeness of online forums,
in the sense of increasing the ex ante expected pay-
off of consumers who base their decisions on infor-
mation published in these forums. In such settings,
high-quality firms inflate their, already higher, true
ratings more than low-quality firms. Manipulation
activity then increases the separation of the probabil-
ity distributions of ratings that correspond to adja-
cent product qualities. This allows consumers to make
more accurate inferences about a firm’s true quality
from its published ratings. The inverse result holds in
settings where every firm’s manipulation strategy is
monotonically decreasing in that firm’s true quality.
In such settings, low-quality firms manipulate more
than high-quality firms; i.e., they are shrinking the
gap between their respective ratings and making it
more difficult for consumers to infer a firm’s true
quality (because everybody’s ratings will be clustered
together). Manipulation then decreases the informa-
tiveness of online forums, hurting consumers.
Second, informativeness-enhancing manipulation

equilibria exist in settings where every firm’s net pay-
off function, inclusive of the cost of manipulation, is
supermodular in firm type and manipulation action.
In a broad class of settings, net firm payoffs are super-
modular if firm profits (before manipulation costs)
are sufficiently steeply increasing convex functions of
consumer perceptions of their quality. In such set-
tings, the better a firm is perceived to be, the more
it has to gain from being perceived to be even better.
This provides high-quality firms with higher incen-
tives to inflate their ratings. In contrast, in settings
where firm profits are concave functions of consumer
perceptions of their quality, the better a firm is per-
ceived to be, the less it has to gain from being per-
ceived to be even better. It is then low-quality firms
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that have higher incentives to inflate their ratings,
leading to equilibria where manipulation decreases
informativeness.
Third, in a broad class of settings, if the cumu-

lative precision of honest ratings is sufficiently high
(for example, because a sufficiently large number of
consumers post honest opinions online), the cost of
manipulation to firms always outweighs its benefits.
A high precision baseline signal cannot be substan-
tially affected by firm manipulation. Resources spent
on manipulation are then wasted, because they do
not change consumer beliefs. Nevertheless, firms have
no choice. The fact that anonymous manipulation is
possible induces rational consumers to anticipate that
firms will engage in it (and thus to appropriately
discount the nominal values of online ratings they
observe). Firms are then trapped into performing the
equilibrium level of manipulation that is expected of
them, because as in a rat race, a lower level will bias
consumers’ perceptions against them.
The overall picture painted by these results has

interesting, and somewhat counterintuitive, implica-
tions for practice. On the one hand, my analysis
shows the existence of settings where forum manipu-
lation is equivalent to a form of quality signaling that
benefits consumers. On the other hand, it shows that
if consumers come to expect that firms will manip-
ulate, as the volume and quality of user-generated
online content increases, there will be a threshold
beyond which firms will be trapped into having to
engage in profit-reducing online manipulation prac-
tices, simply because consumers expect them to. All
firms would then be better off if consumers (ratio-
nally) expected them to manipulate less. My analysis
shows that one way of accomplishing this is by devel-
oping filtering technologies that make it costlier for
firms to manipulate, and thus lower the equilibrium
levels of manipulation. Interestingly, it is firms, and
not consumers, that have most to gain from the devel-
opment of such technologies.
The rest of this paper is organized as follows. Sec-

tion 2 introduces the main intuitions by analyzing a set
of simple monopoly settings. Section 3 shows how the
results generalize for a broad class of payoff functions
and signal distributions. Section 4 discusses related
work. Finally, §5 summarizes the strategic implications
of our findings for consumers, firms, and forum oper-
ators and concludes. An online appendix, available on
theManagement Science website at http://mansci.pubs.
informs.org/ecompanion.html, provides several mod-
eling extensions. Table 1 summarizes the key notation
used throughout this paper.

2. The Main Intuitions
This section introduces the main ideas underlying this
work by analyzing a series of simple monopoly set-

Table 1 Key Notation Used Throughout the Paper

Symbol Meaning

c Manipulation cost
D Demand
g Constant component of a firm’s manipulation strategy
h Type-dependent component of a firm’s manipulation strategy
p Price
q Firm type (quality)
u Consumer utility
v Firm net profit function (inclusive of manipulation costs)
w Firm sales profit function (exclusive of manipulation costs)
x Baseline word-of-mouth signal (average value of honest ratings)
y Observable signal (average value of honest plus fake ratings)
� Manipulation strategy

 Mean of consumer posterior beliefs (perceived quality)
� Unit cost of manipulation
�x Precision of baseline signal
�z Precision of adjusted observable signal (used in consumer

inference)
� Precision of prior beliefs

tings. The emphasis is on conveying the fundamen-
tal intuitions using examples that admit closed-form
solutions. Section 3 then states the general form of the
results in multifirm settings.
Consider a monopolist firm that introduces a prod-

uct to a new market. The appeal of the product to
consumers is the sum of two independent compo-
nents: (1) a horizontal component (location), represent-
ing product attributes whose valuation depends on
each individual consumer’s taste (e.g., color, shape,
look and feel, etc.) and (2) a vertical component (qual-
ity), representing attributes whose valuation is identi-
cal among all consumers (e.g., ease of use, durability,
etc.). I assume that a product’s location can be reli-
ably communicated to consumers, whereas a prod-
uct’s true quality q can only become known after the
good is bought and consumed.2

Consumers are uniformly distributed in the unit
interval �0�1� and have quadratic transportation costs.
According to standard theory, the monopolist will
locate his product at the interval’s center. A con-
sumer’s utility from consuming a product of quality q
is then given by

ui = f �q	− 16
27

(
i− 1

2

)2

− p�

where f �·	 is an arbitrary nonnegative function, p is
the product’s price, and i ∈ �0�1� is the consumer’s
location in the unit interval. The scaling factor 16/27

2 Throughout the paper, I will refer to parameter q as the product’s
quality. Keep in mind, however, that the model is independent of
the specific interpretation of q; the main ideas apply to any situa-
tion where firms might try to manipulate exogenous information
regarding some aspect of their products (e.g., the established user
base of a software application in a setting with network externali-
ties) that matters to consumers and cannot be easily verified before
purchase and use.
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simply serves to simplify the final expression of
equilibrium firm profits. Expected utility maximiza-
tion and price-taking behavior imply the following
demand function:

D= 3
√
3

2

√
f �q	− p


Variable costs are assumed to be zero or, alter-
natively, marginal costs are constant and prices are
defined net of marginal costs. Firm profits are then
simply equal to sales revenues w=Dp. If q is common
knowledge, then profit maximization would imply
price p = 2f �q	/3, demand D = 3

√
f �q	/2, and sales

revenues w= �f �q	�3/2.
In our setting, q is known to the firm but not to

consumers. Consumers share a common prior regard-
ing q. The prior is normally distributed with mean m
and precision � . In addition, consumers have access
to an exogenously generated, normally distributed
signal x of the product’s true quality with mean q,
precision �x, and full support. In the context of this
paper, this signal can be thought of as the arithmetic
mean of online ratings posted by consumers who
have already tried the product.3 The signal’s precision
then is the sum of precisions of individual ratings.
The firm knows the parameters of the consumers’
prior and signal. However, it does not know the exact
realization of the signal until it has been published by
the forum.
Throughout this paper, I am treating word of mouth

as an exogenous phenomenon, and do not make
an attempt to justify why consumers engage in this
costly activity on the basis of economic grounds.
This perspective is consistent with a large body of
empirical evidence (Dichter 1966, Engel et al. 1993,
Sundaram et al. 1998, Hennig-Thurau et al. 2004)
that has identified a variety of extraeconomic motiva-
tions to explain why consumers engage in (offline and
online) word of mouth (desire to achieve social status,
utility from engaging in social interaction, altruism,
concern for others, easing anger, dissonance reduc-
tion, vengeance, etc.). In the context of information
systems research, see Dellarocas et al. (2003) and Gu
and Jarvenpaa (2003) for empirical studies of extrae-
conomic drivers of consumer contributions in online
forums.
All consumers (and the firm) have access to the

same realization of signal x. Let � = E�q � x� denote
the mean of consumer posterior beliefs regarding the
product’s quality after they observe x. I will refer to
� as the firm’s perceived quality. If the firm sets its
price after consumers observe signal x, no signaling

3 Alternative interpretations of signal x are also possible. For exam-
ple, in the context of an online forum that solicits text reviews,
x can be thought of as the mean of the judgments contained in all
text reviews read by consumers. In an offline context, x could be
the average of all opinions “heard on the street.”

of quality through price is possible. Maximization of
expected sales revenues then implies price p= 2f ��	/3
and sales revenues w= �f ��	�3/2.
Taking advantage of the anonymity of the online

medium, the monopolist can manipulate signal x by
posting fake anonymous ratings that praise its prod-
uct or by providing incentives to past consumers
(who would otherwise not have posted online rat-
ings) to do so. This way the monopolist can attempt to
increase consumer perceptions of its quality by shift-
ing the mean of the distribution of average ratings
from q to q + � at cost c��	 = ��2. The parameter �
captures the unit cost of manipulation.
Denote by y the signal that results from manipu-

lation of the original signal x. The motivating ques-
tion of this paper is to understand how manipulation
affects (1) the information quality of signal y (relative
to x) and (2) the profits of the firm.

2.1. Manipulation and Informativeness
We begin the analysis by assuming that f ��	 = �4/3.
Such a function characterizes settings where con-
sumers have increasing marginal returns from qual-
ity. In such settings, sales revenues w= �f ��	�3/2 = �2

are convex with respect to the firm’s perceived qual-
ity. We assume that consumers cannot distinguish
between honest and fake online ratings. Neverthe-
less, they are aware that the monopolist manipu-
lates online ratings and adjust their posterior beliefs
accordingly. The notion of equilibrium that applies to
this setting is a perfect Bayesian equilibrium (PBE). In
such an equilibrium, the firm maximizes its expected
payoffs given the buyers’ beliefs about its manipula-
tion strategy, and buyer beliefs are consistent (in the
Bayesian sense) with the firm’s strategy. Buyer beliefs
are obtained from equilibrium strategies and observa-
tions using Bayes’ rule.
I will show the existence of PBE in linear strategies.

Suppose that consumers conjecture that the amount
by which the firm inflates its online quality ratings
is a linear function ��q	 = g + hq of the firm’s true
quality, where g, h are real numbers that at equilib-
rium, correspond to correct conjectures. Consumers
then understand that the ratings they observe are the
sum of three (indistinguishable) components

y = q+��q	+ �= q+ �g+hq	+ ��

where q is the product’s true quality and � is a nor-
mally distributed noise term with mean zero and pre-
cision �x. From the above expression it follows that:

q = y− g

h+ 1 − �

h+ 1 


In other words, the publicly observable statistic z =
�y−g	/�h+1	 is a normally distributed unbiased esti-
mator of q with precision �z = �x�h+1	2. If consumers
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update their beliefs using Bayes rule, given the nor-
mality of prior beliefs and signal z, standard theory
(DeGroot 1970) predicts that their posterior beliefs
about q will be normally distributed with mean

�= �m+�z�y− g	/�h+ 1	
� +�z




The measure of information quality that I will use
in this section is the signal’s precision.4 The impact
of manipulation on the precision of signal y (relative
to x) depends on the value of the parameter h. If h> 0,
then �z = �x�h+ 1	2 > �x; in such cases, firm manip-
ulation increases the precision of the original quality
signal x. Positive h means that a firm’s manipulation
strategy is a monotonically increasing function of its
true quality: higher quality firms inflate their (already
higher) ratings more than lower quality firms. Manip-
ulation activity then spreads out the means q + ��q	
of the signal distributions that correspond to adja-
cent qualities q. As a result, the distributions of sig-
nal y become less crowded than the distributions of
the original quality signal x. This makes the proba-
bilistic mapping between an observed signal and the
underlying firm type more reliable and allows con-
sumers to make more accurate inferences about the
firm’s true quality from published ratings. On the
other hand, if −1< h< 0, then �z < �x; manipulation
decreases the precision of the original quality signal x.
Negative h means that a firm’s manipulation strat-
egy is a monotonically decreasing function of its qual-
ity: lower quality firms manipulate more than higher
quality firms, shrinking the gap between their respec-
tive ratings. The distributions of signal y then become
more crowded than the distributions of the original
signal x, making the probabilistic mapping between
signals and types less reliable and reducing the ability
of consumers to make inferences about firm quality
from online ratings.5

The special case h = 0 corresponds to situations
where the amount of manipulation is a constant g
independently of the firm’s quality. Consumers then
can recover the original quality signal by subtracting
g from the observed signal y. The precision of the sig-
nal remains unchanged. On the other hand, the spe-
cial case h = −1 corresponds to situations where the

4 Section 3 reformulates all results using the more general notion of
Blackwell informativeness.
5 The case h<−1 corresponds to situations where low-quality firms
manipulate so much more than high-quality firms that the ordering
of the resulting online ratings is reversed: higher average ratings y
then correspond to lower quality firms. In our specification, rational
consumers would anticipate such firm behavior, and would, thus,
not be fooled. One, therefore, expects that firms would never find
it optimal to engage in such behavior. Our results confirm that this
case can never occur at equilibrium.

amount of manipulation ��q	= g− q is inversely pro-
portional to the firm’s quality. The observable signal
y = q + �g − q	 + � = g + � then carries no informa-
tion about quality: manipulation activity completely
cancels whatever quality information was contained
in the original signal x, resulting in observable signals
y whose distribution is identical for all firm qualities.
In such settings �z = 0: if consumers expect such firm
behavior, they will ignore online ratings.
The equilibrium values of g and h can be computed

by solving the firm’s optimization problem. Assume
that the firm decides its manipulation strategy before
it sees the realization of signal x (e.g., before the
forum publishes the average ratings posted by honest
consumers), but sets its price after the forum pub-
lishes signal y. At the time of manipulation, the firm’s
expected revenues are

E�w�y � q��	�

= E

[(
�m+�z�y− g	/�h+ 1	

� +�z

)2 ∣∣∣∣ q��
]

=
(
�m+�z�q+�− g	/�h+ 1	

� +�z

)2

+ �z

�� +�z	
2



The firm’s objective is to select � to maximize

v = −c��	+E�w�� � q��	�

= −��2+
(
�m+�z�q+�− g	/�h+ 1	

� +�z

)2

+ �z

�� +�z	
2



(1)

The following proposition provides details of the
solution.

Proposition 1. Let � be the mean of the consumers’
posterior beliefs about the firm’s quality. If sales revenues
are equal to w = �2 and manipulation cost is equal to
c��	= ��2, there exists linear PBE where the firm’s manip-
ulation strategy is a linear function of its true quality �=
g+hq, and where

g = �h

�x�h+ 1	2
m

and h is a positive real solution of the fifth-degree poly-
nomial equation

h= �2x�h+ 1	3
�� +�x�h+ 1	2	2�


 (2)

The most important part of Proposition 1 is that h
is positive for all values of parameters � , �x and �.
In other words, in all linear PBE, higher quality firms
inflate their (already higher) ratings more than lower
quality firms; manipulation activity then increases the
precision of the quality signal.
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The main drivers of this result are the facts that (1)
the firm’s sales revenues w= �2 are a convex function
of its perceived quality � and (2) the effects of manip-
ulation are additive to an exogenous signal (honest
ratings) that is centered on the firm’s true quality
q. Thanks to the presence of the exogenous qual-
ity signal x, in the absence of manipulation, a firm’s
expected sales revenues would be proportional to w=
���m + �xE�x�	/�� + �x		

2, where E�x� = q. Therefore,
given a set of consumer beliefs, the marginal revenue
that a firm obtains by inflating the expected value of
its ratings by a small amount would be

 w

 E�x�
= 2��xm

�� +�x	
2
+ 2�2x

�� +�x	
2
E�x�

= 2��xm

�� +�x	
2
+ 2�2x

�� +�x	
2
q


Observe that the marginal revenue is a monotoni-
cally increasing function of the firm’s true quality: the
higher the true quality (and therefore the higher the
expected value of honest ratings posted on behalf of
the firm), the higher the marginal gains that the firm
derives from convincing consumers that its quality is
even higher. Higher quality firms then have a higher
incentive to manipulate.
To appreciate the essence of the above result, let us

examine how different assumptions about firm rev-
enues affect the form of equilibrium manipulation
strategies. First, consider a setting identical to the
above except that f ��	 = �2/3. Such a function char-
acterizes settings where consumers have decreasing
marginal returns from quality. In such settings, sales
revenues are equal to w = �f ��	�3/2 = �. Because rev-
enues are now a linear function of perceived quality,
the marginal revenue that a firm can obtain by con-
vincing consumers that its quality is higher by one
unit is constant and independent of its current per-
ceived quality. One, therefore, expects that a firm’s
equilibrium manipulation strategy will also be inde-
pendent of its true quality. This intuition is confirmed
by the following result.

Proposition 2. Let � be the mean of the consumers’
posterior beliefs about the firm’s quality. If sales revenues
are equal to w= � and manipulation cost is equal to c��	=
��2, there exists linear PBE where the firm’s manipulation
strategy is a constant

�= �x

2�� +�x	�



A constant manipulation strategy can be thought
of as a special case of a linear strategy � = g + hq,
where g = �x/�2�� + �x	�	 and h = 0. Observe that
in this setting, firms of all qualities inflate their rat-
ings by a constant amount. As discussed above, such

firm behavior does not affect the informativeness of
the quality signal: consumers can recover the infor-
mation contained in the original signal by subtracting
the constant g = �x/�2�� + �x	�	 from the published
ratings they observe.
Finally, consider a setting where f ��	 = �� − �2�2/3,

and thus w= �f ��	�3/2 = �−�2. In such a setting, both
consumer demand and firm revenues are concave
functions of perceived quality, rising, then declining
as perceived quality increases.6 The marginal revenue
 w/ � = 1− 2� that a firm can obtain by increasing
the consumers’ perceptions of its quality is a declin-
ing function of their current perceptions: the higher
the firm’s current perceived quality �, the less the
firm has to gain from inflating that perception by a
given amount. The details of the solution are pro-
vided below.

Proposition 3. Let � be the mean of the consumers’
posterior beliefs about the firm’s quality. If sales revenues
are equal to w = � − �2 and manipulation cost is equal
to c��	 = ��2, there exists linear PBE where the firm’s
manipulation strategy is a linear function of its true qual-
ity �= g+hq and where

g =
(

�

�x�h+ 1	2
(
m− 1

2

)
− 1
2

)
h

and −1 < h < 0 is a negative real solution of the fifth-
degree polynomial equation

h=− �2x�h+ 1	3
�� +�x�h+ 1	2	2�




Interestingly, in this setting, a firm’s manipulation
strategy is a monotonically decreasing function of
its true quality. The end result is that manipulation
reduces the precision of the quality signal. The driver
of this result is the fact that the firm’s marginal
revenue from inflating consumer perceptions of its
quality is a decreasing function of the firm’s current
perceived quality.
The preceding examples show that if consumers are

rational, strategic manipulation of online forums may
increase, decrease, or leave the information value of
forums unchanged. In all three cases, the outcome
relates to the properties of the marginal revenue that
results from increases in the firm’s perceived quality.

6 Such functional forms are easier to justify in settings where the
unknown parameter q stands for something other than quality. For
example, q might be the privately known number of members of
a subscription-based online community (e.g., a multiplayer game).
Consumers derive utility from larger communities because they can
interact with more players, which makes the game more interesting.
However, once communities increase past a certain size, certain
disutilities (server congestion, lots of novice players) dominate the
equation and reduce the community’s attractiveness.
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In settings where the firm’s revenues are a con-
vex function of perceived quality, marginal revenue
is an increasing function of consumer perceptions of
its quality: the better a firm is perceived to be, the
more it has to gain from being perceived to be even
better. Thanks to the presence of honest consumer rat-
ings, in the absence of manipulation, the firm knows
that its expected perceived quality will be equal to its
true quality. If marginal revenues are increasing func-
tions of perceived quality, a firm whose true quality is
higher will then have higher incentives to inflate its
ratings. This induces equilibrium manipulation strate-
gies that are monotonically increasing functions of a
firm’s true quality. Interestingly, in such cases, the
more intensely a firm manipulates (i.e., the higher
the h), the more its perfectly informative manipula-
tion signal component � = g + hq will crowd out the
noisy signal component x = q + � obtained through
honest consumer opinions, and thus the higher the
precision of the resulting observable signal y = x+�.
By manipulating, firms are, in fact, signaling their true
quality to consumers.
The situation is reversed if a firm’s marginal rev-

enue is a decreasing function of consumer percep-
tions of its quality. In such environments, the better
a firm is perceived to be, the less it has to gain
from being perceived to be even better. Equilibrium
firm manipulation strategies are then monotonically
decreasing functions of the firm’s true quality. Lower
quality firms manipulate more than higher quality
firms, shrinking the gap between their respective rat-
ings and making it more difficult for consumers to
infer a firm’s true quality from its online ratings:
firm manipulation jams the online signal, reducing its
precision.
In both cases, the presence of honest (but noisy)

consumer ratings x that are centered on a firm’s true
quality is crucial to the result. If these ratings did
not exist, a firm’s incentive to manipulate would be
independent of its true quality; the resulting equilib-
ria would then convey no information.

2.2. Manipulation and Firm Profits
In this section, I explore the impact of forum manip-
ulation on the firm’s profits. Specifically, I compare
the firm’s equilibrium profits in environments where
manipulation is possible to its profits in a setting
where the exogenous quality signal x cannot be
manipulated.
The easiest case is when the firm’s sales revenues

are a linear function of its perceived quality �w = �	.
At a linear PBE, the firm will manipulate by a con-
stant amount � = g = �x/�2�� + �x	�	 independently
of its true quality. Because consumers correctly antic-
ipate the firm’s strategy, they can simply subtract g
from the observable signal y to recover the original

signal x. Manipulation then has positive cost, but does
not change consumer perceptions or the sales rev-
enues of the firm; it becomes a net cost of doing busi-
ness. The fact that manipulation is possible induces
consumers to anticipate that the firm will engage in
it. The firm is then trapped into performing the equi-
librium level of manipulation that is expected of it,
because, as in a rat race, a lower level will bias the
consumers’ perceptions against it.7

Consider now the case where the firm’s sales rev-
enues are convex with respect to its perceived quality
(e.g., w= �2). At a linear PBE, the firm’s manipulation
strategy will be a monotonically increasing function
of its true quality � = g + hq, h > 0. Anticipating the
firm’s strategy, at equilibrium consumers subtract g
from y and divide the result by h+1 to get an estimate
of the firm’s true quality. As before, the g component
of manipulation is wasted, because it does not in any
way affect the posterior beliefs of consumers. The hq
component, on the other hand, serves to increase the
precision of the signal z = �y − g	/�h + 1	 that con-
sumers use in their inference process from �x to �z =
�x�h + 1	2. The firm’s expected sales revenues then
change from

E�w�x � q	�=
(
�m+�xq

� +�x

)2

+ �x

�� +�x	
2

to

E�w�y � q��	�=
(
�m+�zq

� +�z

)2

+ �z

�� +�z	
2



Observe that if the second term �z/�� + �z	
2 is small

relative to the first term (which is the case when �z

is large), E�w�y � q��	� is a monotonically increasing
function of the expected mean of posterior consumer
beliefs ��m+ �zq	/�� + �z	. The latter can be equiva-
lently expressed as a weighted average �1− !	m+ !q
of the prior and signal means. Factor != �z/��+�z	=
�x�h+ 1	2/�� + �x�h+ 1	2	 is proportional to the pre-
cision of signal z. Therefore, firms whose true quality
q is higher than the mean of prior beliefs m benefit
from the higher precision of signal z, because factor !
(and, thus the weighted average �1−!	m+!q) mono-
tonically increases with h. For the same reason, firms
whose quality is lower than the mean of prior beliefs
suffer a decline in sales revenues as h increases. This
result is intuitive: because manipulation increases sig-
nal precision, it helps consumers better distinguish a
firm’s true quality. This benefits the sales revenues of
firms whose quality is higher than the prior mean and
hurts firms whose quality is below the prior mean.
Since manipulation has a cost, what matters to

firms is the net impact of this activity on profits. The

7 The situation is reminiscent of Holmstrom’s (1999) well-known
“career concerns” model. The analogy is discussed in detail in §4.
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crucial observation here is that the impact of manip-
ulation on the mean of consumer posterior beliefs is
a diminishing function of the precision �x of hon-
est consumer ratings. Intuitively, if the baseline signal
of quality that the firm manipulates is already pre-
cise enough, further precision improvements have a
very small impact on consumer beliefs. Mathemati-
cally, this is expressed by the fact that  2!/ �x h < 0:
the higher the precision of the original signal x, the
smaller the impact that a given amount of manipu-
lation has on the posterior mean (and thus, on firm
revenues). At the limit �x → 	, sales revenues con-
verge to q2, and thus become unaffected by manip-
ulation. On the other hand, from Equation (2), it is
straightforward to show that as �x → 	, the firm’s
manipulation strategy converges to a nonzero value
�= �

√
�2+ 4�−�	q/2�. Therefore, as the precision of

honest ratings increases, the situation converges to
a Holmstrom-like “rat race” (1999), where the firm
spends resources on manipulation simply because it is
expected to, without affecting consumer perceptions
of its quality. This intuition is verified by the follow-
ing result.

Proposition 4. Consider the setting of Proposition 1.
The following statements are true:
(a) There exists a threshold R1 such that if the preci-

sion of honest ratings satisfies �x < R1, a firm whose true
quality is sufficiently high realizes net profits from manip-
ulating online ratings.
(b) There exists a threshold R2 such that if the precision

of honest ratings satisfies �x > R2, firms of all qualities
would be strictly better off if manipulation of online ratings
was not possible.

Finally, consider the case where the firm’s sales rev-
enues w = �− �2 are concave with respect to its per-
ceived quality. In this case, revenues are maximized
when � = 0
5 and decline as � moves away from 0.5
in either direction. At equilibrium, the firm’s manip-
ulation strategy will be a monotonically decreasing
function of its true quality � = g + hq, h < 0. As
before, component g is wasted because it is does
not change consumer beliefs. However, component hq
now serves to decrease the precision of the signal z=
�y − g	/�h+ 1	 that consumers use in their inference
process. The firm’s expected revenues then change
from

E�w�x � q	�= �m+�xq

� +�x

−
(
�m+�xq

� +�x

)2

− �x

�� +�x	
2

to

E�w�y � q��	�= �m+�zq

� +�z

−
(
�m+�zq

� +�z

)2

− �z

�� +�z	
2



Assuming that the last term is small relative to the
first two, we see that lower signal precision increases

the sales revenues of firms whose true quality is suf-
ficiently far away from the optimum q = 0
5 (and
decreases the revenues of those that are close to
0.5). As in the convex revenues case, however, the
marginal impact of manipulation is a declining func-
tion of the original signal’s precision �x. Thus, one
expects that for sufficiently high �x, the cost of manip-
ulation will outweigh its benefits for firms of all
qualities. It is possible to show that a version of
Proposition 4 (where, for small �x, firms whose qual-
ities are sufficiently away from 0.5 realize net prof-
its from manipulation, whereas for large �x, all firms
lose) holds in this case as well.
The most important conclusion of the preceding

analysis is that if the exogenous quality signal x has
low precision, then, for certain types of manipulation
cost functions and demand functions, manipulation
can result in net gains for some types of firms. On
the other hand, once the precision of signal x sur-
passes a threshold, manipulation becomes a profit-
reducing rat race for all types of firms: consumers
expect that because firms can manipulate, they will.
Firms are then trapped into performing such activities
even though it results in a net loss for them: if they
don’t, consumer perceptions will be biased against
them.
As the number of people who contribute to online

forums goes up, one expects that the aggregate pre-
cision of consumer ratings posted in those forums
(equal to the sum of the precisions of individual rat-
ings) will also increase. If consumers come to expect
that firms will manipulate, as forums keep growing
in popularity, my model predicts that there will be
a threshold beyond which firms will be trapped into
having to engage in profit-reducing online manipu-
lation practices. All firms would then be better off if
consumers (rationally) expected them to manipulate
less. The following proposition shows that one way
of accomplishing this is by increasing the unit cost of
manipulation �.

Proposition 5. If the baseline precision of honest con-
sumer ratings �x is sufficiently high, as the unit cost of
manipulation � grows, all linear PBE have the following
properties:
(a) h declines
(b) net firm payoffs grow.

The unit cost of manipulation can be increased by
implementing mechanisms that make it more difficult
to anonymously post large numbers of strategically
biased messages. The development of such antima-
nipulation technologies (somewhat analogous to anti-
spam technologies) is the topic of active research. Most
forums currently attempt to provide a rudimentary
level of quality control by asking their users to rate
the usefulness of posted feedback. Other proposed
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approaches include statistical filtering of posted rat-
ings (Dellarocas 2000), side-payment mechanisms that
provide incentives to submit honest feedback (Miller
et al. 2005), and cryptographic schemes that discour-
age the creation of multiple online identities through
which manipulators can flood a forum with anony-
mous feedback (Friedman and Resnick 2001). Inter-
estingly, the preceding analysis shows that in healthy
forums where honest consumer participation is suffi-
ciently high, it is firms and not consumers that have
most to gain from the further development of such
technologies.

3. The General Case
The preceding analysis derived the following three
main results:
• Manipulation of online ratings increases (de-

creases) signal precision if firm strategies are mono-
tonically increasing (decreasing) functions of the
firm’s true quality.
• Equilibria where strategies are monotonically in-

creasing (decreasing) functions of the firm’s true qual-
ity exist in settings where firm revenues are convex
(concave) functions of the firm’s perceived quality.
• If the precision of the baseline signal that firms

manipulate is sufficiently high, firms of all types
would be strictly better off if manipulation of online
ratings was not possible.
Our objective thus far has been to emphasize the

underlying intuitions. All results were thus derived
in the context of simple monopoly settings, assuming
specific functional forms for firm payoffs, manipula-
tion costs, and signal distributions that allowed us
to obtain closed-form solutions. The current section
shows that, appropriately generalized, versions of all
three results hold true in a wide range of multifirm
settings and for a broad class of consumer utilities,
firm payoff functions and signal distributions.

3.1. The Setting
Consider a setting where M firms are facing N con-
sumers. Each firm j , j = 1� 
 
 
 �M is characterized by
an attribute &j (the firm’s “type”), whose true value
is unknown to consumers, but common knowledge
among firms. A firm’s type might refer to its qual-
ity, its customer base, or any other attribute that mat-
ters to consumers and is difficult to verify before
purchase. I assume that firm types are independently
drawn from probability distributions hj�&j	. Denote
by & = �&1� 
 
 
 �&M	 the vector of all firm types (the
state of nature) and by &−j the vector of every other
firm’s type (except firm j).
Each consumer i, i= 1� 
 
 
 �N is faced with a deci-

sion problem (e.g., which product to purchase, on
which firm’s stock to invest, etc.) whose value (con-
sumer utility) ui�ai�&	 depends on her action ai and

on the true state of nature &. Firms’ payoff functions
wj�a	 depend on the consumers’ collective action a=
�a1� 
 
 
 � aN 	.
Word of mouth (e.g., the average value of honest

online consumer ratings) is modeled as a noisy exoge-
nous signal x = �x1� 
 
 
 � xM	 of the state of nature,
characterized by mutually independent information
structures fj�xj �&j	. Firms can manipulate the word-
of-mouth component that relates to their type in an
attempt to influence consumer beliefs (and, therefore,
actions) to their favor. Specifically, I assume that firms
can shift the probability distribution of their signal
component, so that it mimics the distribution that
corresponds to another type. Signal manipulation is
costly to firms. Denote by �j�&j�&−j 	 firm j’s manip-
ulation strategy and by c��j�&j�&−j 	 the associated
manipulation cost. The result of manipulation is a
new signal y = �y1� 
 
 
 � yM	 characterized by informa-
tion structures gj�yj �&j	= fj�yj �&j +�j	.
It is easy to see that all settings we considered in

§2 are special cases of this more general setting for
M = 1 and &= q.

3.2. Manipulation and Informativeness
The first question that motivates this work is to dis-
till the conditions under which signal y will be more
(less) informative than x with respect to the deci-
sion problem faced by consumers. I use the standard
notion of informativeness introduced by Blackwell
(1951). Assume that a family of decision makers
must make decisions whose payoff depends on an
unknown state of nature &, drawn from a distribution
h�&	. Let x and y be two noisy signals of & with corre-
sponding information structures f �x �&	 and g�y �&	,
respectively.
Definition. Signal y is more informative than sig-

nal x for a class of decision problems if and only if
every decision maker’s (ex ante) average surplus is
higher when she bases her decisions on observations
of y than when she bases her decisions on obser-
vations of x. Stated formally, y is more informative
than x if and only if

∫
&
h�&	

(∫
y
ui�ai�y	�&	g�y �&	dy

)
d&

>
∫
&
h�&	

(∫
x
ui�a

′
i�x	�&	f �x �&	dx

)
d& for all i
 (3)

In the above equation, ai�y	� a
′
i�x	 represent a deci-

sion maker’s best response upon observing signal
realizations y and x, respectively.
It is well known since Blackwell (1951) that the

comparison of information structures in arbitrary
decision problems is often not possible. More mean-
ingful results can be obtained if one restricts the
set of decision problems and information structures
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of interest. Lehmann (1988) studied decision prob-
lems in which the decision maker’s payoff function
has single-crossing incremental returns, and posterior
beliefs have the monotone likelihood ratio property
(MLRP).8

Building on Lehmann’s (1988) work, I derive the
following result.

Theorem 1. Assume that consumer payoff functions
have single-crossing incremental returns in �ai�&j	 for
all i = 1� 
 
 
 �N , j = 1� 
 
 
 �M . Assume, further, that all
fj�· � ·	 belong to location families that have the MLRP. The
following statements are true:
(a) Firm manipulation increases signal informativeness

if manipulation strategies �j�&j�&−j 	 are monotonically
increasing functions of each firm’s own type (i.e., if
 �j�&j�&−j 	/ &j ≥ 0 for all j and all &j	.
(b) Firm manipulation decreases signal informative-

ness if manipulation strategies �j�&j�&−j 	 are monotoni-
cally decreasing functions of each firm’s own type (i.e., if
 �j�&j�&−j 	/ &j ≤ 0 for all j and all &j	.

Intuitively, if  �j�&j�&−j 	/ &j ≥ 0 for all j , manip-
ulation activity spreads out the location parameters
&j + �j�&j�&−j 	 of the signal distributions that cor-
respond to adjacent types &j . The distributions of yj

then become less crowded relative to the distributions
of xj . This makes the probabilistic mapping between
an observed signal and the type that generated it
more reliable. Conversely, if  �j�&j�&−j 	/ &j ≤ 0 for
all j , manipulation activity condenses the locations of
the signals that correspond to adjacent types. The dis-
tributions of yj then become more crowded relative
to the distributions of xj . This makes the mapping
between signals and types less reliable.
An interesting observation is that even though a

firm’s manipulation strategy may also depend on
every other firm’s type, it is only the dependence of
the strategy on the firm’s own type that matters to
the above result.
Theorem 1 is consistent with the results of the pre-

vious section. In all cases we studied, equilibrium
firm manipulation strategies followed a linear form
� = g + hq. Theorem 1 then predicts that manipula-
tion increases informativeness if  �/ q = h > 0 and
decreases informativeness if h< 0. These are precisely
the results we found in all three special cases we
considered.

8 A utility function u�a�&	 has single-crossing incremental returns
in �a�&	 if, for any action a′ > a, the function R�&	 = u�a′�&	 −
u�a�&	 satisfies the single-crossing property (crosses zero only
once and from below as & grows). Athey and Levin (2001) show
that if utility functions have single-crossing incremental returns
and signal distributions satisfy the MLRP, then optimal consumer
responses are monotone in the observed signal; that is, higher sig-
nal realizations result in higher consumer actions.

The following result connects the informativeness
criterion of Theorem 1 to properties of firms’ payoff
functions. This connection allows us to understand in
what settings we can expect the existence of equilib-
ria where online forum manipulation benefits or hurts
consumers. The result itself is an immediate corollary
of the work of Athey (2001) and McAdams (2003).

Theorem 2. A necessary and sufficient condition for
the existence of equilibria where firm j’s manipulation
strategy �j�&j�&−j 	 is a monotonically increasing (de-
creasing) function of that firm’s type &j is that the firm’s
expected net payoff function (inclusive of the cost of manip-
ulation) satisfies the single-crossing property in �&j��j	
(or �&j�−�j	, respectively).

A sufficient condition for Theorem 2 to hold is
that the firm’s payoff function be supermodular
(submodular) in �&j��j	. If a firm’s payoff function
is twice-continuously differentiable, supermodularity
(submodularity) is equivalent to positivity (negativ-
ity) of the cross-partial derivative of the payoff func-
tion with respect to �j and &j .
It is straightforward to show that the results of §2

can be derived as special cases of Theorems 1 and 2.
Consider, first, the setting of Proposition 1. In that set-
ting, sales revenues are equal to w= �2, manipulation
costs equal to c��	= ��2, and the mean of consumer
beliefs after observing signal y = q+�+ � equal to

�= �m+�z��y− g	/�h+ 1		
� +�z




The firm’s net payoff function is, thus, equal to

v=
(
�m+�z�q+�+ �− g	/�h+ 1	

� +�z

)2

−��2


The cross-partial derivative of v with respect to q
and � is equal to

 2v

 q �
= �2z

�h+ 1	2�� +�z	
2
> 0�

which implies that v is supermodular in q and �. The
combination of Theorems 1 and 2 then predicts the
existence of informativeness-enhancing equilibria. If
we apply the same analysis to the setting of Proposi-
tion 3 �w= �− �2	, we find

 2v

 q �
=− �2z

�h+ 1	2�� +�z	
2
< 0�

which, according to Theorems 1 and 2, implies the
existence of informativeness-reducing equilibria. More
generally, assume that a firm’s payoff function is
twice-continuously differentiable and can be writ-
ten as

vj =wj��j�yj 	� �−j �y−j 		− c��j�&j�&−j 	�
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where �j�yj	 represents the mean of consumers’ pos-
terior beliefs regarding &j after observing signal yj =
&j + �j + �j , wj�·	 denotes firm j’s sales profits given
consumer beliefs, and c�·	 is the cost of manipulation.
Differentiating we obtain

 2vj/ �j &j

=w′′
j ��j �&j +�j + �j	� �−j �y−j 		��

′
j �&j +�j + �j	�

2

+w′
j ��j �&j +�j + �j	� �−j �y−j 		�

′′
j �&j +�j + �j	

− c12��j�&j�&−j 	
 (4)

In all three examples we considered in §2, it was
�′′�y	 = 0 and c12��� q	 = 0. In such settings, positiv-
ity of (4) is equivalent to convexity of w�·	, which is
exactly the result we found. In the more general case
represented by Equation (4), assuming that w′

j �·	≥ 0,
for the cross-partial derivative to be positive, it must
be w′′

j �·	 > 0 and sufficiently positive to compensate for
any negative terms that might be present in (4). Nega-
tive terms might be present if c12��j�&j� ·	 > 0; that is,
if the marginal cost of manipulation increases with
a firm’s true quality and/or if �′′

j �·	 < 0. In such cir-
cumstances, the existence of equilibria where manip-
ulation increases the information value of a forum
is more likely when sales profits w�·	 are sufficiently,
steeply increasing convex functions of consumer per-
ceptions regarding the unknown firm attribute &j .
On the other hand, in settings where c12��j�&j� ·	 <
0 (that is, where the marginal cost of manipulation
decreases with a firm’s true quality) and/or �′′

j �·	 > 0,
Equation (4) may be positive even when w′′

j �·	 takes
negative values. We see, therefore, that the depen-
dence of the marginal cost of manipulation on a
firm’s true quality increases or decreases the bar with
respect to the amount of convexity that function w�·	
must possess for informativeness-enhancing equilib-
ria to exist. Observe that even though a firm’s manip-
ulation cost function may also depend on every other
firm’s quality, it is only the dependence of the cost
function on the firm’s own quality that matters to the
result.
Convex profit functions arise in settings where

the consumers’ willingness to pay is a convex func-
tion of the unknown firm attribute (i.e., when con-
sumers experience nondecreasing marginal utility
from higher values of the unknown attribute) and/or
when a firm’s unit costs are concave functions of the
unknown firm attribute. More generally, if consumer
demand is given by Dj�&j	= f �&j	− p and unit costs
are given by c�&j	, in settings with endogenous prices
profit maximization implies sales profits wj = �f �&j	−
c�&j		

2/4. The second derivative of profits with
respect to &j is equal to

w′′
j = �f �&j	− c�&j		�f

′′�&j	− c′′�&j		/2

+ �f ′�&j	− c′�&j		
2/2


The above is positive if f ′′�&j	− c′′�&j	 is positive
(or, at least, not too negative). This, in turn, happens
when f ′′�&j	 is greater than (or, at least, not much
smaller than) c′′�&j	, i.e., in settings where the acceler-
ation of demand that is associated with higher values
of parameter &j is not much smaller than the corre-
sponding rate of increase of marginal costs.
One area where such profit functions arise are set-

tings with network effects. Consider, for example,
competition among incompatible mobile phone net-
works. In such environments, the higher the number
of a network’s users, the higher the marginal utility
that consumers derive from using it, and therefore
the higher the marginal increase in their willingness
to pay for subscribing to it. If the marginal cost of
operating the network stays constant with size, firm
profits would most likely be convex functions of a
network’s size. If competing networks were able to
manipulate an exogenous noisy signal of their net-
work’s true size (e.g., the number of postings asso-
ciated with each network in a popular online chat
room), the results of the paper then predict the exis-
tence of equilibria where such manipulation would
increase the signal’s informativeness.
Another area where convex profit functions often

arise are settings with economies of scale. In that case,
a firm’s marginal costs decrease with the volume of
sales. The resulting firm profits would, again, most
likely be convex functions of sales volume. The above
results then predict the existence of equilibria where
attempts to manipulate online information that relates
to the firm’s volume of sales would end up increasing
the signal’s informativeness.

3.3. Manipulation and Firm Profits
The second important question motivating this paper
is the impact of manipulation practices on firm prof-
its. Presumably, firms manipulate word of mouth in
an attempt to shift consumer beliefs to their favor, and
thus increase their revenues. Nevertheless, in §2, we
found that if consumers anticipate such firm behav-
ior at equilibrium, they will appropriately adjust their
beliefs (i.e., deflate what they see and hear) to com-
pensate for the anticipated signal manipulation. Con-
sumers then cannot be misled by inflated signals;
the revenue gains or losses to firms from engaging
in manipulation are purely because of the resulting
changes in signal precision. As the precision of the
baseline signal that firms manipulate increases, the
marginal changes in precision that result from a given
amount of manipulation decline. At the limit where
the baseline signal has infinite precision, manipu-
lation produces no change in signal precision, and
thus no change in firm revenues. On the other hand,
consumer expectations may force firms to engage in
nonzero manipulation even in such cases. Firms are
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then trapped into performing the equilibrium level of
manipulation that is expected of them, because as in
a rat race, a lower level will bias the consumers’ per-
ceptions against them.
Proposition 4 proved this result for specific firm

payoff and manipulation cost functions. In this sec-
tion, I establish more general conditions under which
the same result holds. Consider a setting where each
firm’s net payoff function is twice-continuously dif-
ferentiable and can be written as

vj =wj��j�yj 	� �−j �y−j 		− c��j�&j�&−j 	� (5)

where �j�yj	 represents the mean of consumers’ pos-
terior beliefs regarding &j after observing signal yj =
xj + �j , wj�·	 denotes firm j’s sales profits given con-
sumer beliefs, and c�·	 is the cost of manipulation.
Sales profits satisfy w′

j �·	 > 0, whereas the manip-
ulation cost function satisfies c�0�&j�&−j 	 = 0 and
c1��j�&j�&−j 	 > 0 for all �j .
Assume that the baseline word-of-mouth signals xj

are distributed according to fj�xj �&j��j	, where �j ≥ 0
is a scalar parameter that relates to the signal’s infor-
mativeness. For the purposes of this discussion, I do
not need to precisely define what �j means. My only
requirement is to assume that
• A1: Higher values of �j correspond to higher

informativeness of the baseline signal xj (in the sense
of Blackwell).
• A2: Equilibrium strategies and payoffs are con-

tinuous in �j .
• A3: lim�j→	 fj�xj � &j��j	 = )�xj − &j	, where )�·	

is Dirac’s delta function.
The following Theorem establishes conditions that
make manipulation profit and welfare reducing when
the informativeness of the baseline word-of-mouth
signal rises above a threshold.

Theorem 3. Consider a setting where each firm’s pay-
off function is described by (5), and where the probabil-
ity distribution of each baseline word-of-mouth signal xj is
parameterized by an informativeness parameter �j that sat-
isfies (A1)–(A3). If there is no type interval �&� 
&�, &< 
&
such that

w′
j �&j	= c1�0�&j�&−j 	 and w′′

j �&j	 < c11�0�&j�&−j 	

for all &j ∈ �&� 
&�� &−j � (6)

then there exists a threshold Rj such that if �j > Rj , in all
separating equilibria, all types of firm j (with the possible
exception of types that belong to intervals of Lebesgue mea-
sure zero), as well as society, would be strictly better off if
manipulation was not possible.

The intuition behind Theorem 3 is that in separating
equilibria, as �j →	 firm profits (before manipulation
costs) and consumer surplus become independent of

manipulation because the baseline signal allows con-
sumers to perfectly infer the firm’s true type. On the
other hand, if no type of firm j satisfies conditions (6),
manipulation strategies of almost all types of firm j
converge to a nonzero rat race limit. Manipulation
then incurs a positive cost to firm j but provides no
benefit to the firm or to consumers. Continuity of
payoffs with respect to �j establishes that the prop-
erty holds for all sufficiently high �j . The exceptions
to Theorem 3 are settings where there exist firm-
type intervals for which the profit and manipulation
cost functions satisfy the special relationship (6). In
such settings, and for those type intervals, as �j →
	, there exists separating equilibria where manipu-
lation strategies tend to zero. In such equilibria, at
the limit �j →	, the relevant firm types are indiffer-
ent between being able to manipulate and not being
able to.9

4. Related Work
This work relates to a number of streams in the eco-
nomics and marketing literature.
In the quality signaling literature (Kihlstrom and

Riordan 1984, Milgrom and Roberts 1986), producers
of experience goods use costly signals (such as prices
and advertising) to communicate their quality to con-
sumers. Specifically, firms distort introductory prices
(relative to myopically optimal levels) or burn money
on advertising that conveys no direct quality infor-
mation. Signaling occurs when, at equilibrium, higher
quality firms advertise or distort their prices more
than lower quality firms.
In the above papers, signaling behavior is driven by

repeat-purchase arguments: higher quality firms are
more confident that new adopters will become repeat
customers. Therefore, their long-term marginal bene-
fit from attracting one additional consumer is higher
than that of their lower quality competitors. They can
thus afford higher upfront advertising costs or lost
revenue because of short-term price distortions.
In my model, quality signaling also arises when

higher quality firms manipulate more than lower
quality firms. However, the mechanism that gives rise
to such behavior is entirely different and does not rely
on repeat purchasing. Instead, as discussed in detail
in §2.1, if firms have stage-game payoffs that are suf-
ficiently convex functions of consumer perceptions of
their quality, the presence of honest consumer ratings
(modeled as a noisy exogenous signal that is centered

9 An example function pair that satisfies (6) for all &j ≥ 0 is w�&j	=√
&j and c��j�&j 	 = e

�jw
′
j �&j 	 = e�j /2

√
&j . For settings and types that

satisfy (6), the author was not able to derive general results regard-
ing the relationship of payoffs with versus without manipulation
near the limit �j →	. Theorem 3 thus provides sufficient conditions
for profit- and welfare-reducing manipulation equilibria as �j →	.
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on each firm’s true quality) induces higher quality
firms to manipulate more than lower quality firms
even in a one-stage game.
Another related stream is the signal-jamming lit-

erature (Riordan 1985, Fudenberg and Tirole 1986,
Mirman et al. 1994). In that literature, competing
firms have uncertainty about some parameter (e.g.,
cost, demand curve) of their rivals. Moreover, they
cannot observe this parameter directly but can make
indirect noisy inferences from observing some other
variable (e.g., prices). Rival firms then find it opti-
mal to distort their prices or their outputs (relative
to myopically optimal levels) to influence the direc-
tion or degree to which their opponents update their
beliefs.
In the signal-jamming literature, firms manipulate

to mislead one another by distorting prices and out-
put. In contrast, in this paper, firms manipulate to
mislead consumers by manipulating online word of
mouth. Moreover, the central question of this paper
(conditions under which manipulation increases or
decreases the degree of learning) has not been
addressed by any of the papers in the signal-jamming
literature.
In Holmstrom’s (1999) “career concerns” model, a

manager of initially unknown ability is rewarded by
the market on the basis of his perceived ability. The
market infers the manager’s ability from his output.
Output is the sum of the manager’s ability, plus labor,
plus noise. At equilibrium, given the same history
of past outputs, managers of all ability levels supply
a constant amount of costly labor, even though the
resulting output increases do not change the market’s
perception of their ability: the market knows that a
manager can exert labor to inflate his output, and thus
expects him to do so. The manager is then trapped in
a rat race and forced to provide labor simply to ful-
fill the market’s expectations, and thus to avoid being
considered as less capable than he truly is.
If we replace worker with firm, ability with quality,

and labor with manipulation, my model becomes a gen-
eralization of a two-period version of Holmstrom’s
(1999) model. Whereas Holmstrom’s emphasis was on
examining how career incentives affect the amount of
labor that a manager provides over the span of his
career, my objective is to determine how the form of a
firm’s payoff and manipulation cost functions deter-
mine whether manipulation increases or decreases the
consumers’ degree of learning regarding the firm’s
unknown parameter. Holmstrom (1999) only consid-
ers payoff functions that exhibit constant marginal
returns to the market’s perception of a manager’s
ability. Thus, in his work, the manager’s actions can-
not affect the market’s degree of learning. In contrast,
I show that if payoff functions exhibit increasing

(decreasing) marginal returns with respect to con-
sumer perceptions of the firm’s unknown parameter,
at equilibrium, manipulation increases (decreases) the
consumers’ degree of learning.
Finally, in the marketing literature, Mayzlin (2006)

offers a theoretical model of promotional chat in
Usenet groups where consumers discuss products
and services. Mayzlin’s basic result is that if the ratio
of profits to manipulation cost is high enough, there
exists an equilibrium in which both firms manipu-
late but the low-quality firm manipulates more. Pro-
motional chat thus decreases the informativeness of
online forums. My work generalizes Mayzlin’s (2006)
result, shows that there exist settings where manipu-
lation can increase forum informativeness, and con-
siders the impact of manipulation cost and degree of
consumer participation on firm profits.

5. Concluding Remarks
Recent advances in information technologies have
made it easier than ever for, otherwise unrelated, indi-
viduals to pool their opinions and experiences on any
imaginable topic on Internet opinion forums. Such
forums appear to be exerting increasing influence on
consumer behavior. Because of their scale and relative
anonymity, Internet forums are vulnerable to manip-
ulation from interested parties. This paper offers a
systematic exploration of the impact of such manipu-
lation on both consumers and the firms that might be
doing it. The principal results can be summarized as
follows:
• If every firm’s manipulation strategy is a mono-

tonically increasing (decreasing) function of that
firm’s true quality, strategic manipulation of online
forums increases (decreases) the information value of
a forum to consumers. This result implies that there
exist settings where forum manipulation ends up ben-
efiting consumers.
• Equilibria where strategies are monotonically in-

creasing (decreasing) functions of a firm’s true quality
exist in settings where that firm’s net payoff function,
inclusive of the cost of manipulation, is supermodular
(submodular) in the firm’s quality and manipulation
action. In many settings, the net payoff function is
supermodular if and only if the firm’s profit function
(before manipulation costs are taken into account)
is sufficiently convex with respect to the firm’s per-
ceived quality.
• In a broad class of settings, if the precision of the

baseline signal that firms manipulate is sufficiently
high, firms of all types as well as society, would be
strictly better off if manipulation of online forums was
not possible.
The results of this paper have interesting impli-

cations for practice. First, they show that in most
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cases, all firms will manipulate their online ratings.
This implies that consumers should come to expect
a certain amount of hype to be present in most
online forums and must learn to compensate for it
(by properly deflating what they see and read in such
forums) when making inferences from such informa-
tion. Second, contrary to intuition, my analysis shows
that in a broad class of settings, there exist equilib-
ria where manipulation of online forums by firms
becomes a form of quality signaling that improves
the information value of honest ratings provided by
consumers. Such equilibria are, in fact, more likely
to exist in settings where consumers have increas-
ing marginal returns from higher quality (and thus
have a higher appreciation for quality goods). Third,
as online forums keep growing in popularity, one
expects that the volume and quality of content that
will be contributed by honest consumers will also
increase. My model predicts that if consumers come
to expect the presence of firm manipulation, once the
quality of honest user content surpasses a threshold,
manipulation of online forums will become a profit-
reducing necessity for all firms.
Since the quality of honest content is high, firms

will not be able to substantially change consumer
beliefs through manipulation. However, because
(anticipating that firms will manipulate) consumers
will still deflate what they see, firms will be trapped
into performing the equilibrium amount of manipula-
tion that is expected of them. If they don’t, consumer
perceptions will be biased against them.
Online forum operators acquire a pivotal role in

this new competitive environment. By investing in
technologies that make it more difficult to manipu-
late (see §2.2), operators can help reduce the manip-
ulation expenditures of all competing firms in their
industry. Interestingly, as the volume and quality of
user-contributed online content increases, it is firms,
and not consumers, that have most to gain from the
further development of such technologies.
The online appendix to this paper provides exam-

ples indicating that the results of this paper are quali-
tatively robust to several modeling extensions. Specif-
ically,
• Appendix A.2 studies a setting where, in addi-

tion to praising themselves, firms can bad-mouth
their competitors.
• Appendix A.3 studies a setting where there are

multiple forums and each consumer only visits a sub-
set of them.
• Appendix A.4 studies a setting where firms can

also imperfectly signal their quality through prices.
There are several promising directions for future

research. This paper analyzes settings where forum
discussions are focused on topics for which the under-
lying state of the world has an exogenous and objec-
tive true value. There are several important forum

settings (ranging from discussions of fashion goods
to political debates) where there is no such objective
true state of the world. The impact of online manipu-
lation in such forums is an interesting open question.
Also, all results assume that consumers are rational
and capable of correctly anticipating the firms’ manip-
ulation strategies. The degree to which this happens
in actual practice, and the resulting implications for
firms and consumers, is an empirical question of con-
siderable practical interest. Finally, this paper looks
at single-period settings. In real life, Internet forums
are continuously updated with new information from
consumers. It is well known that multiperiod social
learning is vulnerable to several anomalies (such as
herding and information cascades) that may slow
down or completely inhibit learning. The study of
forum manipulation in multiperiod settings is, thus,
an intriguing next step of this line of research.
An online appendix to this paper is available on

the Management Science website (http://mansci.pubs.
informs.org/ecompanion.html).
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Appendix. Proofs
Proof of Proposition 1. Expected firm revenues are

given by

E�w�y � q��	� = E

[(
�m+�z�y− g	/�h+ 1	

� +�z

)2 ∣∣∣∣ q��
]

=
(
E

[
�m+�z�y− g	/�h+ 1	

� +�z

])2

+V

[
�m+�z�y− g	/�h+ 1	

� +�z

]

=
(
�m+�z�q+�− g	/�h+ 1	

� +�z

)2
+ �z

�� +�z	
2



The firm’s objective is to select � to maximize

v = −c��	+E�w�� � q��	�

= −��2+
(
�m+�z�q+�− g	/�h+ 1	

� +�z

)2
+ �z

�� +�z	
2



The first-order condition  v/ � = 0 results in a linear
equation on �. Solving for � verifies that the firm’s optimal
manipulation strategy is a linear function �= g+hq, where

g = ��m�h+ 1	−�zg	�z

��� +�z	
2�h+ 1	2−�2z

h= �2z
��� +�z	

2�h+ 1	2−�2z



Consistency of beliefs requires that the coefficients g and h
that are optimal for the firm are equal to those conjectured
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by consumers. Solving the above two equations for g, h, we
obtain

g = �mh

�z

h= �2z
�� +�z	

2�h+ 1	� 
 (7)

The value of h is determined from the equation h�h +
1	= �2z/��� + �z	

2�	 > 0, �z = �x�h+ 1	2. Elementary algebra
shows that this equation always has at least one real pos-
itive root. The second-order condition  2v/ �2 < 0 requires
that

−2�+ 2�2z
�� +�z	

2�h+ 1	2 < 0


Substituting

�= �2z
�� +�z	

2�h+ 1	h
from (7), the requirement becomes

− 2�2z
�� +�z	

2�h+ 1	2h < 0�

which implies h > 0. Thus, only positive roots are admis-
sible.

Proof of Proposition 2. Expected firm revenues are
now given by

E�w�y � q��	� = E

[
�m+�z�y− g	/�h+ 1	

� +�z

∣∣∣∣ q��
]

= �m+�z�q+�− g	/�h+ 1	
� +�z




If we follow the procedure of Proposition 1, solution of
the linear equation that arises from first-order conditions
gives g = �x/2�� = �x	� and h= 0. The second-order condi-
tion  2v/ �2 =−2�< 0 is always satisfied.

Proof of Proposition 3. Expected firm revenues are
now given by

E�w�y � q��	� = E

[
�m+�z�y− g	/�h+ 1	

� +�z

−
(
�m+�z�y− g	/�h+ 1	

� +�z

)2 ∣∣∣∣ q��
]

= E

[
�m+�z�y− g	/�h+ 1	

� +�z

]

−
(
E

[
�m+�z�y− g	/�h+ 1	

� +�z

])2

−V

[
�m+�z�y− g	/�h+ 1	

� +�z

]

= �m+�z�q+�− g	/�h+ 1	
� +�z

−
(
�m+�z�q+�− g	/�h+ 1	

� +�z

)2
− �z

�� +�z	
2



If we follow the procedure of Proposition 1, the first-
order condition  v/ �= 0 results in a linear equation on �.
Solving for � verifies that the firm’s optimal manipula-
tion strategy is a linear function �= g+ hq. Consistency of
beliefs requires that the coefficients g and h that are optimal
for the firm are equal to those conjectured by consumers.
Solving for g, h, we obtain

g =
(
�m

�z

− �

2�z

− 1
2

)
h h=− �2z

�� +�z	
2�h+ 1	� 
 (8)

The value of h is determined from the equation h�h+ 1	=
−�2z/��� + �z	

2�	 < 0, �z = �x�h + 1	2. Elementary algebra
shows that this equation always has at least one negative
real root −1<h< 0. The second-order condition  2v/ �2 < 0
requires that

−2�− 2�2z
�� +�z	

2�h+ 1	2 < 0


Substituting

�=− �2z
�� +�z	

2�h+ 1	h
from (8), the requirement becomes

2�2z
�� +�z	

2�h+ 1	2h < 0�

which implies h< 0. Thus, all negative roots are admissible.
Proof of Proposition 4. Substituting the equilibrium

values of g and h into �= g+hq, the firm’s value function
(1) becomes

v�h	 = −�

(
�m

�x�h+ 1	2
+ q

)2
h2+

(
�m+�x�h+ 1	2q
� +�x�h+ 1	2

)2

+ �x�h+ 1	2
�� +�x�h+ 1	2	2


 (9)

The firm’s value function in an environment where, for
exogenous reasons, manipulation is not possible is simply
v�0	. Our goal is to determine the sign of ,v�h	= v�h	−v�0	
for large values of �x and q.
The expression ,v�h	 can be written as the ratio of

two, rather lengthy, polynomial expressions (omitted). The
denominator of ,v�h	 is always positive. Expressed as a
function of �x, the numerator is a sixth-degree polynomial.
The highest power coefficient is simply −h2�q2�h+ 1	8 < 0
for all parameter values h, �, q. This shows that for suffi-
ciently high �x, ,v�h	 < 0: the firm is strictly worse off in
environments where manipulation is possible, irrespective
of its true quality and the unit cost of manipulation.
When we express the numerator of ,v�h	 as a function

of q, it becomes a second-degree polynomial. Substituting

�= �2z
�� +�z	

2�h+ 1	h �

the highest power coefficient of q becomes

�4xh�h+ 1	4�−�h+ 1	3�2x + 2��h+ 1	2�x + �2�h2+ 3h+ 3		

The above coefficient is positive when �x lies between the

roots of the second-degree polynomial equation −�h+ 1	3 ·
�2x +2��h+1	2�x + �2�h2+3h+3	= 0. For such values of �x,
if q is sufficiently high, then ,v�h	 > 0: the firm is strictly
better off in environments where manipulation is possible.
From elementary algebra, given the signs of its coefficients,
the above equation has one negative and one positive root.
Since, by definition, �x ≥ 0, this implies that if �x is smaller
than the positive root, then ,v�h	 > 0. Solving the equation,
this gives the requirement

�x <
h+ 1+√

h3+ 5h2+ 8h+ 4
�h+ 1	2 �
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Proof of Proposition 5.
Part (a). From (7), differentiating we obtain

 h

 �
=−�2x�h+ 1	4�� +�x�h+ 1	2	

F ��x	
�

where F ��x	 is a third-degree polynomial in �x, whose high-
est order term is �2�2h+ 1	�h+ 1	6 > 0. Therefore, for suf-
ficiently high values of �x, the denominator of the above
derivative will always be positive, and the derivative itself,
negative.
Part (b). At the limit �x → 	, the firm’s equilibrium

value function (9) simplifies to

v�h	= q2�1−�h2	


At the same limit, Equation (7) gives

h�h+ 1	= 1/�⇒ h= (√
�2+ 4�−�

)
/2�


Substituting h into v�h	 and differentiating with respect to �,
we obtain

 v�h	

 �
= q2

(√
���+ 4	−�

)2
4�

√
���+ 4	 > 0


Since both v�h	 and h are continuous functions of �x, pos-
itivity of the derivative  v�h	/ � at the limit �x →	 implies
that there exists a threshold R such that the derivative is
also positive for all �x >R.

Proof of Theorem 1. Lehmann’s (1988) result can be
stated as follows. Let x and y be scalar random variables
drawn from information structures F �x � &	 and G�y � &	,
where & is an unknown scalar “state of nature” and F
and G are probability distributions whose densities f �x �&	,
g�y �&	 satisfy the monotone likelihood ratio property in x
and y, respectively. Then, observing y is more effective than
observing x with respect to any decision problem where the
decision makers’ payoff function has single-crossing incre-
mental returns in & if and only if

G−1�F �x �&	 �&� is a nondecreasing
function of & for all x
 (10)

A utility function u�&�a	 has single-crossing incremen-
tal returns in & if, for any action a′ > a, the function
R�&	 = u�&�a′	− u�&�a	 satisfies the single-crossing prop-
erty (crosses zero only once and from below as & grows).
Condition (10) can be equivalently written as requiring that
the function

y�&�x	 such that G�y�&�x	 �&	= F �x �&	

is a nondecreasing function of & for all x
 (11)

Let x= �x1� 
 
 
 � xn	 and y = �y1� 
 
 
 � yn	 be vectors of inde-
pendent random variables drawn from information struc-
tures Fj �xj � &j	 and Gj�yj � &j	, where the components of
the state of nature &j are also independent. A corollary of
Lehmann’s (1988) result is that y is more informative than x
if the decision maker’s payoff function has single crossing
incremental returns for each &j and, in addition, the follow-
ing condition holds for all j :

yj �&j� xj 	 such that Gj�yj �&j� xj 	 �&j	= Fj �xj �&j	

is a nondecreasing function of &j for all xj 
 (12)

In our setting, Gj�yj � &j	= Fj �yj � &j + �j�&j�&−j 		. If we
make the additional assumption that distributions F and G
belong to location families, then Fj �xj � &j	 = Fj �xj − &j	,
Gj�yj �&j	= Fj �yj −&j −�j�&j�&−j 		. Substituting into (12)

Gj�yj �&j� xj 	 �&j	= Fj �xj �&j	

⇔ Fj �yj �&j� xj 	−&j −�j�&j�&−j 		= Fj �xj −&j	

⇔ yj �&j� xj 	= xj +�j�&j�&−j 	


Differentiating with respect to &j , it is  yj �&j� xj 	/ &j =
 �j�&j�&−j 	/ &j . Therefore yj �&j� xj 	 is nondecreasing if and
only if  �j�&j�&−j 	/ &j ≥ 0. Thus, if  �j�&j�&−j 	/ &j ≥ 0 for
all &j and all j , observing y is preferable to observing x.
Following a similar procedure, we find that if  �j�&j�&−j 	/
 &j ≤ 0 for all &j and all j , observing x is preferable to
observing y.

Proof of Theorem 3. I will show that under the con-
ditions stated in the Theorem, at the limit �j → 	, in all
separating equilibria firms of type j and society would be
strictly better off if manipulation were not possible. Conti-
nuity of payoffs with respect to �j then implies that under
these conditions, there exists a threshold Rj such that the
property holds for all �j > Rj .
If word of mouth has infinite precision, the mapping

between firm types and word-of-mouth signals becomes
deterministic. Let &j be the firm’s type, xj = &j its base-
line signal, and �j�&j	 its manipulation strategy. Consumers
then observe yj =&j +�j�&j	. Anticipating that firms manip-
ulate, and that (as I will prove below) manipulation leads
to a separating equilibrium, consumers discount what they
see by 0j �yj 	, and thus infer �j �yj 	 = yj − 0j �yj 	. At equilib-
rium, consumer inferences are correct, which implies that
0j �&j + �j�&j		= �j�&j	. In such a setting, the firm’s payoff
function (5) becomes

vj =wj�&j +�j − 0j �&j +�j	� �−j �y−j 		− c��j�&j�&−j 	
 (13)

In the rest of the proof, to reduce the size of the formulae,
I will omit the dependence of wj�·	 on �−j �y−j 	 and that of
c�·	 on &−j since they do not play a role on the results. The
firm selects �j to maximize vj . The first-order condition with
respect to �j gives

w′
j �&j+�j−0j �&j+�j		�1−0 ′

j �&j+�j		−c1��j�&j	=0
 (14)

The second-order condition requires

w′′
j �&j +�j − 0j �&j +�j		�1− 0 ′

j �&j +�j		
2

−w′
j �&j +�j − 0j �&j +�j		0

′′
j �&j +�j	− c11��j�&j	 < 0


(15)

Consistency of consumer beliefs requires that at equilib-
rium, 0�&j +�j�&j		= �j�&j	. Differentiating, we obtain

0 ′�&j+�j�&j		=
�′

j �&j 	

1+�′
j �&j 	

0 ′′�&j+�j�&j		=
�′′

j �&j 	

�1+�′
j �&j 		

3



Substituting into (13)–(15), we obtain

vj =wj�&j	− c��j �&j	�&j	� (16)

w′
j �&j 	

1+�′
j �&j 	

− c1��j �&j	�&j	= 0� (17)

w′′
j �&j 	

�1+�′
j �&j 		

2
− w′

j �&j 	�
′′
j �&j 	

�1+�′
j �&j 		

3
− c11��j �&j	�&j	 < 0
 (18)
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Equation (16) gives the firm’s net equilibrium payoff. If
manipulation were not possible, firm-j’s net payoff would
simply be wj�&j	. We see, therefore, that a firm will be
strictly worse off manipulating if at equilibrium, �j�&j	 �= 0.
Under the assumption of separating equilibria, consumer
surplus is identical in settings with and without manipula-
tion because they are able to perfectly infer the firm’s true
quality in either case. Therefore, in addition to firm profits,
social welfare will also be strictly lower if at equilibrium,
�j�&j	 �= 0.
The firm’s equilibrium manipulation strategy �j�&j	 is

any solution of the first-order differential Equation (17) that
satisfies (18). From Equation (17), we see that if �′

j �&j 	 �=
0, it will be �j�&j	 �= 0 for all firm types, except for iso-
lated types &j that correspond to the points where function
�j�&j	 might cross zero. From (17) and (18), we see that
equilibrium strategies, where �j�&j	= 0 (and thus �′

j �&j 	=
�′′

j �&j 	 = 0) for all &j ∈ �&� 
&�, & < 
&, can only arise if the
profit and manipulation cost functions satisfy

w′
j �&j 	=c1�0�&j	 w′′

j �&j 	<c11�0�&j	 for all &j ∈ �&� 
&�


An example function pair that satisfies the above constraints
for all &j ≥ 0 is w�&j	 =

√
&j and c��j�&j	 = e

�jw
′
j �&j 	 =

e�j /2
√
&j .

The proof assumes the existence of separating equilibria
where consumers can perfectly infer a firm’s type from the
signal they observe. We complete the proof by showing that
our assumption is justified, given our assumptions on the
firm’s profit and manipulation cost functions. Assumption
of a separating equilibrium implies that there is a one-to-one
mapping between firm types &j and observable signals &j +
�j�&j	. If w′

j �&j 	 > 0 and c1��j�&j	 > 0, Equation (17) gives
1+ �′

j �&j 	 =  �&j + �j�&j		/ &j > 0. Equilibrium observable
signals are then strictly monotonic in firm types, which is
consistent with our assumption of a separating equilibrium.
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