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Abstract
We study the information content of stock reports when investors are uncertain about a Þnancial analyst’s incentives. Incentives may be aligned, in which
case the analyst wishes to credibly convey his information, or incentives may be
misaligned. We Þnd that: (a) Any investor uncertainty about incentives makes
full revelation of information impossible. (b) Categorical ranking systems, such
as those commonly used by brokerages, arise endogenously as equilibria. (c)
Under certain conditions, analysts with aligned incentives can credibly convey
unfavorable information, but can never credibly convey favorable information.
(d) Policies that improve transparency of analyst incentives might reduce the
information content of stock reports. Finally, we examine testable implications
of the model compared to empirical analyses of stock recommendations.
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An Analysis of Stock Recommendations
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Introduction

In many situations, the economic environment is suﬃciently complex that decision
makers are uncertain about the impact of their decisions. For instance, a legislature
may be uncertain about the economic eﬀect of proposed emission controls. Likewise,
investors may be uncertain about the consequences of investing in a particular stock
on their retirement savings. In these situations, decision makers often turn to experts
for advice and guidance. A key diﬃculty facing the decision maker is that the motives
of the expert providing advice may not be transparent. This situation commonly
arises in the interaction between investors and Þnancial research analysts.
This paper examines how investor uncertainty about the motives of Þnancial research analysts employed by securities Þrms aﬀects the information content of their
stock reports. Securities Þrms oﬀer services that include investment banking (such as
underwriting the issue of publicly traded companies, raising bank loans, and advising
on mergers) and brokerage services (such as investment advice and equity research).
Securities Þrms are required to separate the brokerage and investment banking activities because research analysts in the brokerage division may face undue pressure from
the investment banking division to issue stock reports that favor the interests of investment banking clients over those of brokerage clients. To strengthen the “Chinese
wall” separating the brokerage and investment banking divisions, Congress amended
the United States securities laws in 1988. In the wake of this legislation, the Securities
and Exchange Commission (SEC) issued guidelines and the National Association of
Securities Dealers and the New York Stock Exchange issued a joint memorandum in
1991 endorsing this separation.
Nevertheless, from time to time, research analysts face pressure to “breach” the
Chinese wall and issue upwardly biased stock reports that favor the interests of the
Þrm’s investment banking clients.1 Indeed, recently the SEC expressed renewed concern about the incentives that analysts face to bias their disclosure to investors; the
SEC’s oﬃce of compliance, inspections and examinations is currently investigating
the policies and procedures securities Þrms have in place to ensure analysts are appropriately shielded from the other divisions in the Þrm (Burns [2000]). Congress too
is concerned about the potential conßict of interest and has recently been holding
hearings to establish whether a conßict exists between analysts’ investment banking
and personal stockholding interests and their Þduciary responsibility to investors.
Congress is also considering implementing more stringent disclosure requirements for
analysts (Schroeder [2001] and Schack [2001]). Further, in response to these concerns,
the Securities Industry Association released “Best Practices” guidelines to enhance
1

See, for instance, Dugar and Nathan [1995, 1996], Laderman [1998], Lin and McNichols [1998],
McGee [1997], McNichols and O’Brien [1997], Michaely and Womack [1999], and Schipper [1991].
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analyst credibility (Opdyke [2001a]). The high proÞle given to these issues highlights
the fact that investors remain uncertain about the analyst’s incentives when reporting
on a speciÞc company.
We model a setting where an analyst, through his expertise, obtains a private and
non-veriÞable signal about the Þrm’s value. The analyst is also privately informed
about the nature of the incentives he faces at that moment; for instance, whether
there is the possibility of winning future investment banking business or whether
he has an equity stake in the Þrm. The analyst, who is not obliged to truthfully
report his private information, releases a stock report. Investors value the Þrm upon
observing this report. The analyst’s payoﬀs depend on the Þrm’s stock price, its
underlying value, and the presence of investment banking opportunities or personal
stockholdings in the Þrm. The analyst’s incentives are said to be aligned with those
of investors when payoﬀs are maximized by a stock price that exactly reßects the
analyst’s information about the Þrm’s value. Conversely, incentives are misaligned
with those of investors when an analyst prefers to induce a higher stock price than is
warranted by his information.
Our main Þndings are as follows:
• In Proposition 1, we show that any investor uncertainty about incentives makes
full revelation of information impossible — even when an analyst has incentives
perfectly aligned with those of investors.
• Proposition 3 shows that categorical ranking systems, such as those commonly
used by brokerages to rank stocks (e.g., buy/hold/sell), arise endogenously as
equilibria. Further, Proposition 9 shows that these equilibria have the property
that all analysts tend to issue more favorable reports with greater frequency
than less favorable reports — even those with incentives perfectly aligned with
those of investors. Nevertheless, analysts whose incentives are misaligned tend
to issue favorable reports even more frequently.
• Under conditions identiÞed in Proposition 2, another class of equilibria arises
where analysts with aligned incentives can credibly convey unfavorable information about a Þrm’s value, but can never credibly convey favorable information.
Proposition 6 shows that, compared to categorical ranking systems, this class
of equilibria provides much more information to investors.
• We show in Proposition 5 and Examples 1 and 2 that policies currently under
consideration that require transparency of analyst incentives can actually reduce
the information content of stock reports. Suﬃcient conditions for transparency
to improve information content are oﬀered in Proposition 8.
• The validity of our results may be tested empirically. We highlight testable
implications of our model and oﬀer a number of statistical tests using existing
data.
3

The nearest antecedent to our paper is Benabou and Laroque [1992], who also
consider the problem of the incentives of analysts to misreport their information in
a cheap talk framework. Our paper diﬀers from theirs in two ways. First, whereas
in their paper, some types of analysts are constrained to make truthful reports, in
our model, reporting strategies of all types of analysts are determined endogenously.
As we show, this distinction matters — there is no equilibrium in our model where
an analyst whose incentives are perfectly aligned with investors simply discloses his
information at face value. A second key diﬀerence between the models centers on
reputational concerns. Benabou and Laroque are mainly concerned with the dynamics
of the disclosure strategies when analysts have misaligned incentives. As a result,
their static model is simpler than ours: their model consists of a binary state space, a
binary message space, and a binary action space that determines stock prices. Since
our concerns are with the impact of transitory investment banking opportunities on
analyst incentives, our focus is on the static game, but in a richer context. In our
model, states, messages, actions, and the degree of misalignment of preferences are
all continuous. This modeling framework allows us to explore certain comparative
static properties that are institutionally relevant, but that cannot be addressed in
Benabou and Laroque’s framework.
Other work in this area has focused on situations where analysts are not directly
concerned with the stock price induced by their reports, but rather are concerned
with convincing investors of their expertise in forecasting. Trueman [1994] considers
a reporting environment where analysts with diﬀerent forecasting abilities are motivated to build reputations for forecasting accuracy. He Þnds that analysts with strong
forecasting abilities truthfully reveal their information whereas those with weak predictive abilities try to mimic the strong type. Ottaviani and Sorensen [1999] study
information transmission in a model that has some application to analyst reporting. As in Trueman, analysts are solely concerned with investors’ perception of their
forecasting ability. Consistent with Benabou and Laroque, and in contrast to these
papers, our model is applicable to situations where an analyst is mainly concerned
with the impact of his report on the price of the Þrm’s stock.
Admati and Pßeiderer [1986, 1988, 1990] also study the impact of information
transmission in Þnancial markets. SpeciÞcally, Admati and Pßeiderer [1986] consider
a setting where a monopolist sells information to buyers who subsequently use this
information to make investment decisions. The monopolist is endowed with some
private information about an asset’s value and may add noise before selling it. The
statistical properties of the information are common knowledge and the seller reports
information truthfully. Within a perfectly competitive noisy rational expectations
framework, they show that a seller may prefer to add noise to his private information
to counter the dilution in the information’s value due to its leakage through informative prices. Admati and Pßeiderer [1990] extend this earlier work and allow the
information monopolist either to directly sell the information (or a noisy version of
it) to buyers who then trade in a speculative market or to indirectly sell the infor4

mation by creating a portfolio and then selling shares in the portfolio. They show
that the optimal selling arrangement is dependent upon the amount of information
revealed in the asset prices. Admati and Pßeiderer [1988] address similar issues to
those they considered above but within a setting where traders submit market orders
and take into account their eﬀect on price. Their analyses purposely ignore the incentive problems between the seller and buyers: in particular, they assume that the seller
truthfully provides information if sold directly and makes the promised investment if
the information is sold indirectly. Incentive issues are focal in our study.
From a purely theoretical perspective, our paper may be viewed as extending the
model of Crawford and Sobel [1982] to the case where there is uncertainty about the
degree of divergence in preferences between the sender and the receiver. Crawford and
Sobel are interested in information transmission between a single sender and a single
receiver when there is no uncertainty about the sender’s incentives. They Þnd that
all equilibria are partitional. Thus analysts are unable to fully reveal their private
information. In our model where receivers (or investors) are uncertain of the sender’s
(or analyst’s) incentives, we Þnd a class of equilibria that is partitional and a class
of equilibria where analysts with aligned incentives can credibly convey unfavorable
information about a Þrm’s value, but can never credibly convey favorable information. Further, because our model explicitly recognizes investor uncertainty about an
analyst’s incentives, it allows us to explore the eﬃciency implications of a policy that
regulators and legislators are currently formulating to reduce investor uncertainty
about analyst incentives. These policy proposals create more stringent requirements
for disclosing incentives when stock recommendations are oﬀered (Knox [2000] and
Opdyke [2001a]). We suggest that these policy proposal might not necessarily have
the desired consequence of enhancing the quality of investor information.
Finally, our paper is also somewhat related to Sobel [1985] and Morris [2001].
These papers also consider information transmission between a single sender and
receiver when the receiver is uncertain about the sender’s incentives but focus on the
dynamics of reputation formation. As a consequence of this focus on dynamics, their
modeling environments diﬀer substantially from ours.
On the empirical front, there is considerable work on the eﬀect of analyst incentives on their reporting behavior: representative studies include Dugar and Nathan
[1995], Francis and Soﬀer [1997], Lin and McNichols [1998], Michaely and Womack
[1999], and Womack [1996]. These papers document reporting outcomes consistent
with analysts having incentives to upwardly bias their reports. There is little extant
literature that relates these empirical Þndings to a game-theoretic model with fully
optimizing agents. An important contribution of this paper therefore is to develop a
model explaining these Þndings.
The rest of the paper proceeds as follows. Section 2 describes the model. Section
3 examines issues related to full revelation of analyst information. Section 4 studies a class of equilibria that correspond closely to the equity ranking categories that
brokerages use to rank stocks. Section 5 studies equilibria where unfavorable informa5

tion about Þrm values can be credibly conveyed in stock reports. Section 6 contains
empirical implications of this analysis. Section 7 concludes. Unless otherwise noted,
proofs which are not in the text are in the appendix.

2

Model

We study a Þnancial market setting consisting of many investors and an equity analyst. The analyst is employed in the brokerage division of a securities Þrm that oﬀers
brokerage and investment banking services. The participants in this setting have
identical diﬀuse prior beliefs about a Þrm’s value, θ, lying in some bounded interval,
which we normalize to be [0, 1] . The analyst privately observes θ, but this information
is neither contractible nor veriÞable.2 The analyst can communicate some or all of his
information about θ by costlessly issuing a stock report m ∈ <. The analyst’s information about θ is “soft” in the sense that he is unconstrained in making his report;
in particular, his reports may be vague or even misleading.3 Investors observe the
stock report and then value the Þrm.4 The market for the Þrm’s stock is eﬃcient and
investors are risk-neutral; hence the stock price of the Þrm, y, is equal to its expected
value given all publicly available information including any information contained in
the analyst’s report m. Lastly, the analyst’s compensation is determined.
There are generally two primary components of an analyst’s compensation (Stickel
[1992] and Michaely and Womack [1999]). The Þrst component is an analyst’s performance. The Institutional Investor All-American Research Team poll, based on
a survey of money managers and institutions, is widely viewed as a measure of an
analyst’s standing in the industry. This poll ranks analysts on their stock picking
and earnings forecasting ability, industry knowledge, client service and the like. Directors of equity research at securities Þrms often consider an analyst’s ranking in
this poll when setting his compensation (Michaely and Womack [1999]). Most of the
factors the poll considers when evaluating an analyst’s performance serve to align his
interests with those of investors.
The second component of the analyst’ compensation is the analyst’s ability to
generate investment banking business. Analysts who help win investment banking
business may receive a portion of the fees generated, or more commonly, a bonus that
is two to four times that of analysts who do not win business (Michaely and Womack
[1999]). Analysts often win this investment banking business by issuing positive
2

Of course, the analyst might have to exert eﬀort to obtain this information. We are not concerned
with incentive schemes inducing optimal eﬀort on the part of the analyst. Such schemes are explored
in Osband [1989], Hayes [1998], and Dewatripont and Tirole [1999].
3
Since false recommendations are allowed, ours is not a “game of persuasion” (see Shin, 1994).
4
Since we wish to focus on the information that analysts communicate via their stock reports,
we ignore the possibility that analyst may trade on their own account. Admati and Pßeiderer [1986
and 1990] make a similar assumption.
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recommendations that boost a Þrm’s stock price.5 This component of compensation
encourages an analyst to be optimistic about a Þrm’s prospects and often creates a
conßict of interest between the analyst and investors.
To reßect the “juggling act” caused by the conßict between the Þduciary responsibility to investors and the responsibility to investment banking clients (or potential
clients), we model the analyst’s objective function as consisting of two components —
a beneÞt associated with inßating the stock price above its true value and a cost associated with poor performance. SpeciÞcally, we suppose that the analyst’s objective
function is:
U (y, θ, β) = 2βy − (θ − y)2 .
The parameter y reßects the Þrm’s stock price following the analyst’s report, θ denotes
the Þrm’s true value, and β parametrizes the eﬀect that investment banking concerns
have on the analyst’s payoﬀ. SpeciÞcally, β is the amount above the true value that
an analyst wishes to inßate the stock price. Thus, when β = 0, the analyst has
purely performance based concerns. That is, the analyst’s payoﬀs are maximized by
inducing a stock price that is equal to the Þrm’s value, y = θ. Since the analyst
desires to have no diﬀerence between the induced stock price and the Þrm’s value, we
say that the analyst’s incentives are aligned with those of investors. In contrast, when
β = b, the analyst has mixed motives. Here, his payoﬀs are maximized by inducing
a stock price that is somewhat above the Þrm’s value, that is, y = θ + b. Since the
analyst desires a stock price that exceeds the Þrm’s value, we say that the analyst’s
incentives are misaligned with those of investors.
To ensure that the trade-oﬀ between the analyst’s responsibility to investors and to
investment banking clients (or potential clients) is non-trivial, we assume that b < 1.
If b ≥ 1, then the incentives to “bump up” the stock price completely dominate the
analyst’s Þduciary responsibility to investors. To see this, notice that the highest
stock price that will ever prevail is y = 1 (since θ ≤ 1), and therefore, the analyst’s
payoﬀ is maximized when β = b ≥ 1 by inducing the highest feasible stock price
regardless of the realization of θ. Thus, Þduciary or quality concerns are eﬀectively
absent.
Whether or not the analyst’s interests are aligned with those of investors depends
upon the particular circumstances prevailing when the analyst issues a stock report.
These circumstances change over time as changing market conditions aﬀect the Þr5

The eﬀect of an analyst’s recommendation on the likelihood of winning underwriting business
is nicely illustrated by the Atmel Corporation case. Atmel is a global semiconductor company.
Following its initial public oﬀering, it began receiving visits from a number of investment banks.
Atmel wanted greater Wall Street coverage and told the banks that if they were not prepared to
cover it, they would not win its banking business. An equity analyst, Mark Edelstone, knowing that
his employer, Prudential Securities, wanted Atmel’s business, investigated the Þrm and initiated
coverage with a “buy” recommendation. Atmel’s management liked his stock report. Subsequently,
when Atmel made a seasoned equity oﬀering, Prudential Securities was one of its underwriters.
Those involved with the oﬀering openly acknowledge that Mark Edelstone’s coverage was key to his
Þrm winning the new business (see Nocera [1997, 108] for further details).
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m’s and analyst’s prospects. Since the presence of investment banking opportunities
is highly variable, investors generally are unaware of the degree to which these opportunities are present (Michaely and Womack [1999]). Likewise, investors may be
unaware of the analyst’s personal stock holding in the Þrm. Thus, investors are uncertain about an analyst’s precise incentives even when an analyst is concerned about
how investors perceive his performance. To capture this key feature of the analyst
reporting environment, we assume that β is distributed as follows:
½
0 with probability p
β=
,
b with probability 1 − p
where b > 0 and p ∈ (0, 1). The analyst is privately informed about the realization
of β prior to issuing a stock report.
In analyzing the information content of stock reports, we restrict attention to pure
reporting strategies. A strategy for an analyst with parameter β is a function µβ (θ)
mapping the analyst’s private information about Þrm value into a report. A report m
induces beliefs about the Þrm’s value on the part of investors given by the cumulative
distribution function P (θ|m). Since the stock price equals the expected value of the
Þrm given all publicly available information, the stock price following report m is
Z 1
θdP (θ|m) .
y (m) =
0

We study Perfect Bayesian Equilibria of this model. These require that:
1. Investors’ beliefs, P (·|m), are formed using Bayes’ rule whenever possible;
2. Given beliefs, µβ (θ) maximizes the analyst’s payoﬀ.
We can succinctly deÞne the stock price occurring in¡ equilibrium
when the analyst
¢
receives signal θ and has incentives β as Yβ (θ) ≡ y µβ (θ) . Likewise, let Xβ (θ)
denote the diﬀerence between the equilibrium price and the Þrm’s value, i.e. Xβ (θ) ≡
Yβ (θ) − θ.
We measure of the amount of information transmission in an equilibrium as the
variance of Xβ weighted by the probability of each realization of β. That is, the
informational eﬃciency of a stock price, Φ, is
Φ = pV ar (X0 ) + (1 − p) V ar (Xb ) .
Higher values of Φ reßect lower eﬃciency. When Φ = 0, prices are informationally
eﬃcient. This measure of information eﬃciency is a natural one because the investors’
posterior distribution of θ is fully characterized by its mean and variance. Further,
it corresponds to measures of expected price eﬃciency often used in the Þnancial
rational expectations literature (see, for instance, Kim and Verrecchia [1994]).
8

At this point, we discuss some features of our model. The reporting space is
m ∈ < while the type space consists of two components: θ ∈ [0, 1] and β ∈ {0, b} .
This reporting space might seem restrictive; nonetheless, it is suﬃciently rich to allow
the analyst to disclose all of his private information. For example, were the analyst to
report m = θ when β = 0 and report m = θ + 2 when β = b, investors can perfectly
infer the analyst’s private information.
A second consideration in modeling stock reports is that the legal requirements
of the Investment Advisers Act of 1940 and the Standards of Professional Conduct
for the Association of Investment Management and Research require analysts to disclose the presence of investment banking and other interests in their stock reports.
Interestingly, to comply with this requirement, securities Þrms mainly use a boilerplate clause to cover litigation contingencies and typically disclose that they may
have investment banking relations with a company for which a report is issued.6 This
disclosure probably stems from imperfect observability of β and the prospect of adverse litigation outcomes in the event that no disclosure is made. Since all stock
reports make the same disclosure along this dimension, we do not model this aspect
of reporting explicitly.7
Third, we have assumed that the quality of the signals that the analyst receives
about a Þrm’s value are commonly known.8 This is not likely to be the case for
new and unproven analysts. Thus, our model is more appropriate for studying the
information content of stock reports issued by well-established analysts.
Fourth, our model examines the inßuence of a report by a single analyst. In the
case of issuing stock recommendations, this representation seems to roughly approximate the institutional environment. For instance, Womack [1996] Þnds that temporal
clustering of recommendations from competing analysts is rare. In the case of the
issuance of earnings forecasts, clustering is more prevalent. Thus, to the extent that
interaction among analysts is important to the perceived information content of their
stock reports, our model is more appropriate for stock recommendations than for
earnings forecasts.
6

For instance, Bear Sterns included the following caveat on a stock report they issued on
McKesson Corporation dated September 4, 1996: “... Bear Sterns may make markets and eﬀect
transactions, including transactions contrary to any recommendation herein, or have positions in
the securities mentioned herein (or options with respect thereto) and may also have performed investment banking services for the issuers of such securities. ...” Similarly, Morgan Stanley included
the following statement in a stock report on Cardinal Health dated October 29, 1996: “... Morgan
Stanley & Co. Inc. and others associated with it may have positions in and eﬀect transactions
in securities of companies mentioned and may also perform or seek to perform investment banking
services for those companies.”
7
Recognizing that the value of this disclosure is questionable, SEC regulators are currently formulating proposals to strengthen these written disclosure rules (see Knox [2000] and Schack [2001]).
8
In light of Michaely and Womack’s [1999] Þnding that analyst optimism is not attributable to
diﬀerences in an analyst’s predictive ability but rather to incentives arising from the need to satisfy
investment banking concerns, we view this perspective as conforming to the long-run outcome in
the market for analyst advice.
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Finally, we have assumed that the analyst receives a perfect signal about the Þrm’s
value; however, our analysis would be unaﬀected if we were to assume instead that
the analyst receives a noisy signal. This would preclude the possibility of investors
using diﬀerences in the report and the realization of θ as a disciplining device for
analysts (outside the model). It, however, would increase notational complexity.

3

Price Responsiveness

A key concern of regulators in proposing rules and procedures designed to preserve the
independence of analysts is that even a potential conßict of interest may undermine
the information content of their stock reports. In this section, we consider whether
it is possible for an analyst’s stock report to credibly convey information about Þrm
value.
First, we study the responsiveness of stock prices to reports. Intuitively, a responsive stock price impounds, at least partially, all new information about a Þrm’s value.
More formally,
Definition 1 A stock price is fully responsive if, for some realization of β, the
stock price, Yβ (θ) , is continuous and strictly increasing over the entire unit interval.
A stock price is¡semi-responsive
¢
¡ if,¢ for some realization of β and some nondegenerate interval θ, θ̄ , where θ ∈ θ, θ̄ , the stock price, Yβ (θ) , is continuous and
strictly increasing.
In the remainder of this section, we establish that, while it is possible for stock
prices to be semi-responsive to recommendations, a fully responsive stock price can
never occur in equilibrium if there is any positive probability that an analyst’s incentives are misaligned. In making this argument, the following lemma, which establishes that more positive information about a Þrm’s value never leads to a strictly
lower stock price following an analyst’s report, is helpful.
Lemma 1 In any equilibrium, the stock price, Yβ (θ) , is non-decreasing in θ.
When it is common knowledge that incentives are aligned (β = 0), there exists
an equilibrium where the stock price is fully responsive.9 In particular, suppose that
an analyst truthfully discloses the Þrm’s value; i.e., µ0 (θ) = θ for all θ. In this case,
using Bayes’ rule to form posterior beliefs on the part of investors, y (m) = m for all
m ∈ [0, 1]. This then implies that Y0 (θ) = θ for all θ; hence the stock price is fully
responsive. Moreover, an analyst does strictly worse than the equilibrium strategy
by choosing any message m 6= θ when the Þrm’s value is θ.
9

Of course, there are many other equilibria arising in this case. At the other extreme, babbling
is also an equilibrium.
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Next, consider the case where it is common knowledge that incentives are misaligned (β = b). This is covered by the model of Crawford and Sobel [1982].10 It
follows immediately from their Lemma 1 that, in this case, even a semi-responsive
stock price is impossible.
When incentives are uncertain, which is the focus of this paper, the situation is
diﬀerent. To see that a fully responsive stock price is impossible, Þrst suppose that
the stock price is fully responsive when β = b. This case is ruled out by arguments
analogous to those given for the case where it is common knowledge that β = b.
Next, consider the case where the stock price is fully responsive when β = 0. Fix a
Þrm value θ0 > b. Since the stock price is fully responsive, it follows that Y0 (θ0 ) = θ0
(otherwise there would be a proÞtable deviation). Let m0 be the stock report inducing
this price. When β = 0, the only Þrm value where the stock price Y0 (θ0 ) is induced
is θ0 . When β = b, an analyst who learns that the Þrm’s value is θ00 = θ0 − b will
prefer to induce price y = θ0 over all other prices. Moreover, analogous to the case
where β = 0, it must be the case that the only time an analyst with β = b induces
this price is when θ = θ00 . Thus investor beliefs upon hearing the message m0 are
E (θ|m0 ) = pθ0 + (1 − p) (θ0 − b). But this is a contradiction since E (θ|m0 ) < θ0 .
More generally, we have shown that:
¡ ¢
Proposition 1 There is no equilibrium where there is an interval θ, θ̄ , θ̄ > b, where
stock prices are semi-responsive.
It is worth noting that the arguments in Proposition 1 hold quite generally. Indeed,
an almost identical argument can be used to show that no semi-responsive equilibrium
exists for arbitrary distributions of Þrm values and where analyst’s have preferences
U (y, θ, β) such that U11 < 0, U12 > 0 and U13 > 0 and where for each θ, there is a
unique y maximizing U (y, θ, β) .
A key implication of Proposition 1 is that uncertainty makes it impossible for
an analyst to fully reveal his information in a credible fashion. One might have
conjectured that when there is high probability that incentives are aligned, an analyst
will disclose θ truthfully and investors would act on the report as though it were
truthful.11 Proposition 1 rules this out. Indeed, an implication of this proposition
is that when an analyst receives a relatively favorable signal about Þrm value (i.e.,
θ > b), it is impossible for his stock report to credibly convey nuanced information.
Instead, in any equilibrium, when an analyst receives a favorable signal about the
Þrm’s value, slight diﬀerences in the signal almost never will be reßected in stock
prices.
10

Note, however, that the leading example of Crawford and Sobel [1982] is a special case of our
model when p = 0.
11
This is an important distinction that our model shares with Morris [2001] — all types of agents
behave optimally in their cheap talk reports. The models of Sobel [1985] and Benabou and Laroque
[1992] do not have this feature. Some agents are constrained to report truthfully in their models.
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The above proposition shows that it is impossible for stock prices to be responsive
to reports when the analyst’s signal about Þrm value is relatively favorable. This does
not mean, however, that stock prices are never responsive. In particular, we have
thus far said nothing about the case where θ̄ < b. In the next proposition, we oﬀer
suﬃcient conditions for the stock price to be responsive to unfavorable realizations
of Þrm value.12
¡
¢
√
Proposition 2 DeÞne θ∗ = 1p 1 − 1 − p and let b ≥ θ∗ , then the following is a
semi-responsive equilibrium:
If β = 0, then the reporting strategy of an analyst is
½
θ if θ < θ ∗
µ0 (θ) =
θ∗ if θ ≥ θ∗ .
If β = b, then the reporting strategy of an analyst is
µb (θ) = θ∗ .
The pricing strategy is
y (m) =

½

m if m < θ∗
θ ∗ otherwise.

While the precise characterization of θ∗ in the above proposition depends on the
details of the distribution of θ and the structure of analyst preferences, the argument
may be straightforwardly generalized for an arbitrary continuous distributions of θ
on the unit interval and analyst payoﬀs given by U (y, θ, β) where U11 < 0, U12 > 0
and U13 > 0 and where for each θ, there is a unique y maximizing U (y, θ, β) . In
particular, suppose that an analyst with aligned incentives maximizes payoﬀs when
the stock price equals the true value of the Þrm. When incentives are misaligned,
let y ∗ (θ, b) > θ be the stock price that maximizes payoﬀs in state θ. If for some
θ ∗ ≤ y ∗ (0, b) , where
p (1 − F (θ∗ ))
(1 − p)
E (θ|θ ≥ θ ∗ ) +
E (θ) = θ∗ ,
∗
p (1 − F (θ )) + (1 − p)
p (1 − F (θ ∗ )) + (1 − p)
then a semi-revealing equilibrium of the form characterized in Proposition 2 exists.
Semi-responsive equilibria are discussed further in Section 5.
To summarize, when there is no uncertainty about the analyst’s incentives, the
possibility of stock price responsiveness depends on whether incentives are aligned.
When incentives are aligned, fully responsive stock prices can occur in equilibrium;
12

In this proposition and elsewhere, we shall write the equilibrium pricing strategy without reference to the investors’ posterior beliefs. Along the equilibrium path, the beliefs are implied by the
strategy chosen by the analyst. Oﬀ the equilibrium path, however, beliefs are chosen freely. This
implies that any stock price y ∈ [0, 1] may be sustained for stock reports not made in equilibrium.
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whereas, when incentives are misaligned, stock prices are never responsive. In contrast, when there is uncertainty about incentives, the situation is a mixture of the
above two extremes: Fully responsive stock prices are impossible, and, indeed, stock
prices cannot be responsive to favorable information about the Þrm’s value (i.e.
θ > θ ∗ ). However, stock prices may be responsive to relatively unfavorable information (i.e. θ < θ∗ ). This is consistent with the conventional wisdom that the market
reacts much more strongly to very unfavorable stock recommendations or earnings
forecasts than it does to more favorable recommendations and forecasts (see, for instance, Elton, Gruber, and Grossman [1986] and Womack [1996], among others). We
summarize these diﬀerences in the following table:
Table 1. Relationship between Incentives and Price Responsiveness
Incentives and Information
Fully Responsive Semi-Responsive
Aligned - Common Knowledge
Yes
Yes
Misaligned - Common Knowledge
No
No
Possibly Aligned - Private Information
No
Possibly

4

Categorical Ranking Systems

In studying the information contained in stock reports, empirical work has typically
focused on stock recommendations as a summary of the analysts’ opinions and other
qualitative information contained in the stock report.13 In this section, we show that
an intuitive condition — that investors remain uncertain about an analyst’s incentives
even after having read his report — guarantees that this distillation of the complexities
of a stock report to an equity ranking characterizes description of equilibrium behavior. We Þrst show that there are always only Þnitely many stock price responses. We
then establish that these equilibria always can be mapped into a categorical ranking
system, such as those commonly observed in practice (e.g., buy/hold/sell). Lastly,
we examine the eﬀect of uncertainty about the analyst’s incentives on informational
eﬃciency.

4.1

Equilibrium Characterization

We now proceed to characterize equilibria in our model when investors remain uncertain about the analyst’s incentives, even after having read his report. Formally,
we restrict attention to equilibria satisfying the following condition: for any stock
report, m, investors (correctly) infer that Pr (β = 0|m) ∈ (0, 1) .
13

The stock recommendation is the Þnal output of the analyst’s activity. The other tasks that the
analyst performs, such as the issuance of earnings forecast, are subordinate to the task of issuing a
stock recommendation (see Schipper [1991], Womack [1996], amongst others).
Nevertheless, a number of studies examine both the recommendation and the earnings forecast
of an analyst in assessing the information content of stock reports. (See, for instance, Francis and
Sofer [1997]).
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It is easy to see that equilibria satisfying this condition always exist. To see this,
suppose that regardless of β and θ, an analyst issues the report m = 12 . Investors will
not update their beliefs on the basis of this report. Further, suppose investors do
not update their beliefs following any report issued by the analyst. In this case, an
analyst can do no better than issue the report m = 12 . Since stock prices reßect the
expected value of the Þrm given the information contained in the stock report and
since the posterior beliefs of investors are formed using Bayes’ rule where possible,
this constitutes an equilibrium
¢ for all p and b. In this equilibrium, there is only a
¡
1
single price response y = 2 to the analyst’s report. It is obvious that an equity
ranking system consisting of a single category (such as “buy”) is outcome equivalent.
Now, consider an equilibrium where the analyst’s report induces more than one
price. Since investors cannot infer an analyst’s incentives from his report (or are
uncertain of the analyst’s incentives), it follows that stock prices are never semiresponsive. Hence, there are only a countable, but not necessarily Þnite, number of
equilibrium stock prices. Without loss of generality, assume that the stock report mi
induces stock price yi ; that is, y (mi ) = yi . The following observation (and notation) is
used throughout the remainder of the analysis. Consider two equilibrium stock prices
yi and yi+1 where yi < yi+1 . It follows from the concavity of the analyst’s objective
function that there exists a Þrm value θ = aβi such that an analyst with incentives β
is indiﬀerent between yi and yi+1 for Þrm value aβi . Thus aβi is such that
³
´2
³
´2
2βyi − aβi − yi = 2βyi+1 − aβi − yi+1 .

(1)

We shall refer to equation (1) as a “no arbitrage” condition and Þrm value aβi as the
ith “cut point” for an analyst with incentives β. It is useful to note that if, for a
given pair of stock prices, yi and yi+1 , an analyst with incentives β = 0 is indiﬀerent
for some Þrm value θ = a0i , then an analyst with incentives β = b will be indiﬀerent
for a Þrm value that is lower by exactly b, that is, his incentive to bump up the stock
price. Hence, abi = a0i − b. Using these observations, we show:
Lemma 2 If investors cannot infer the analyst’s incentives from his report, there are
only a Þnite number of equilibrium stock prices. 14
Intuitively, if equilibrium stock prices are close to one another, then there will
exist a report mi that induces a price yi such that an analyst with aligned incentives
14

Since the statement of this lemma appears closely related to that of Lemma 1 of Crawford
and Sobel [1982, 1436], it is worth noting that the presence of uncertainty about incentives creates
complications such that the method of proof in their paper does not apply here. Instead, we must
rely on deriving a contradiction near a limit point. Further, as we showed above, in our model, some
equilibria entail an inÞnite number of actions; whereas this is never the case absent uncertainty
about incentives. Although this class of equilibrium we study has in common some properties of
models where there is no uncertainty, as we show below, there are important diﬀerences in the policy
and empirical implications of the competing models.
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will choose to induce price yi only when Þrm values are arbitrarily close to yi . Further,
since investors are unable to infer an analyst’s incentives from the stock report, then
for an analyst with misaligned incentives, it must be the case that yi is only induced
when Þrm values are arbitrarily close to yi − b. Thus, investors, upon hearing report
mi , infer that the Þrm’s expected value is a convex combination of yi and yi − b.
This suggests that analysts with aligned incentives would not have induced yi in the
Þrst place. The only way to avoid this contradiction is if equilibrium stock prices are
suﬃciently far apart. Indeed, this argument may be readily extended to show that
Lemma 2 holds more generally.
Combining Lemmas 1 and 2, we may order the Þnite number, N, of equilibrium
stock prices {yi }N
i=1 such that they are increasing in i. In such an equilibrium, an
analyst will strictly prefer³to induce the stock
´ price yi over all other prices for any θ
β
β
which lies in some interval ai−1 (N) , ai (N) . Moreover, these intervals will partition
the space of Þrm values and be increasing in i. Using these observations, Proposition
3 shows that when investors are unable to infer the analyst’s incentives from the stock
report, then categorical ranking systems arise endogenously as equilibria.
Proposition 3 Suppose that investors cannot infer an analyst’s incentives from the
report. Then there exists a positive integer N (p, b) such that every N = 1, 2, ..., N (p, b)
is associated with exactly one categorical ranking system equilibrium consisting of N
ranking categories constructed as follows:
1. For all β and for all i = 1, 2, ..., N − 1, aβi (N) satisÞes

³
´2
³
´2
β
β
2βyi − ai (N ) − yi = 2βyi+1 − ai (N) − yi+1 ,

and 0 = aβ0 (N ) < b < aβ1 (N) < ... < aβN (N) = 1.
h
´
β
β
2. For each β and θ ∈ ai−1 (N) , ai (N) , the stock report mi = yi is issued. For
θ = 1, mN = yN is issued.
3. For all i = 1, 2, ..., N,

where

£
£
¤¤
yi = π (mi ) E θ|θ ∈ a0i−1 (N) , a0i (N)
£
£
¤¤
+ (1 − π (mi )) E θ|θ ∈ abi−1 (N) , abi (N ) ,
¢
¡
p a0i (N ) − a0i−1 (N )
¢
¡
¢.
π (mi ) ≡ ¡ 0
p ai (N) − a0i−1 (N ) + (1 − p) abi (N ) − abi−1 (N)

4. For all m ∈
/ {mi }ni=1 , y (m) = y1 .
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(2)

5. N (p, b) is the largest integer N satisfying
¢
1 ¡ 2
b 4N − 10N + 7 − 4p (N − 1) (N − 2)
2 q
¡
¢
1
+ b 8p (N − 1) (2Np − 4N − 4p + 7) + (4N − 5)2
2
≤ 1.
6. Further, all other equilibria are outcome equivalent to a categorical ranking system equilibrium.
Several aspects of this equilibrium characterization are worth noting. First, even
though the message space available to an analyst is rich enough to allow him to
convey all of his detailed information about the Þrm’s value, we Þnd in equilibrium
that an analyst, even one guided solely by performance considerations, endogenously
eschews revealing his detailed information in favor of conveying a summary statistic
that provides only a rough guide as to the Þrm’s value. Indeed, an implication of this
proposition is that if the message space were exogenously restricted to only N (p, b)
elements, this would not adversely aﬀect information transmission. Thus, an important implication of this proposition is that the exogenous restriction to conventional
ranking categories (e.g., buy/hold/sell) often imposed upon analysts by brokerages
does not necessarily lead to a signiÞcant (or indeed any) loss of information.
Second, the proposition highlights the fact that uncertainty about incentives affects the number of equilibrium prices — even in the limit. To see this, consider the
case where the probability that an analyst has aligned incentives goes to zero compared to when the analyst is known to have misaligned incentives with certainty.
From Crawford and Sobel [1982], the maximum number of equilibrium prices, N,
when incentives are b and there is no uncertainty satisÞes
2N (N − 1) b < 1.
In contrast, from part 5 of our Proposition 3, when p approaches 0 the largest number
of equilibrium prices, N 0 , satisÞes
(2N 0 − 1) (N 0 − 1) b < 1.
It is obvious that N 0 ≥ N for all b.
Despite the fact that there can be strictly higher numbers of equilibrium prices
induced in the limit, the equilibrium payoﬀs to the analyst under the two diﬀerent
scenarios converge. Notice, however, that the increase in the number of equilibrium
actions does highlight the possibility, which we discuss later, that the presence of
uncertainty about incentives may be informationally superior to the case where there
is no such uncertainty.
16

4.2

Policy Implications: Removing Uncertainty about Incentives

The issue of uncertainty about analyst incentives is becoming more salient as the
Chinese wall separating the brokerage division from the corporate Þnance division of
securities Þrms is perceived to be increasingly porous (see, for instance, Laderman
[1998] and Knox [2000]).15 The SEC’s oﬃce of compliance, inspections and examinations is currently investigating the policies and procedures securities Þrms use to
separate research and investment banking so as to mitigate the pressure research analysts face from the investment banking division to bias their stock reports. Despite
the best regulatory eﬀorts, however, it seems clear that divorcing entirely the research
and investment banking activities of a securities Þrm is not possible.
An additional concern is that analysts often have a direct Þnancial interest in
the success of the companies on which they issue reports. To address this issue, the
Securities Industry Associaiton, the SEC and the National Association of Securities
Dealers have recently proposed rules that require analysts and brokerage houses to
state deÞnitively whether or not they own shares in a company on which they are
opining. In addition, the US House Finance subcommittee on capital markets is
currently holding hearings on these issues (see Opdyke [2001b]).
Taken together, most policy solutions to deal with conßicts of interest faced by
analysts emphasize the need for fuller disclosure of potential (and actual) conßicts of
interest. That is, these policies view making the analyst’s incentives more transparent
as an important way of improving information contained in stock recommendations
and thereby ultimately beneÞting investors.
In this subsection, we investigate conditions where transparency indeed improves
the informativeness of stock reports. In particular, we compare equilibria arising
in our model with two polar cases that we view as natural benchmarks. First, we
compare the case where there is uncertainty about analyst incentives with the case
where the analyst is required to completely and truthfully disclose his incentives
(i.e., β is known to investors) and where with probability p the analyst has aligned
incentives. Next, we compare our model to the case where all analysts have an average
amount of incentive misalignment (i.e., β = (1 − p) b with probability 1). This case
might occur under a compromise policy where full disclosure of incentives is required,
but rules governing participation in investment banking are liberalized.
In studying this question, notice that investors face two kinds of uncertainty in
assessing stock reports. First, investors are unsure about the information the analyst
15

In fact, over the past decade, research analysts have participated more fully in the corporate
Þnance activities of securities Þrms. In the past when providing underwriting services, securities
Þrms used employees from the corporate Þnance division for marketing the issue and the due diligence
investigation of the issuer. More recently, however, securities Þrms have co-opted employees with
specialized industry knowledge from the brokerage division to participate in underwriting process.
This strategy has reduce the need to duplicate skills in the brokerage and corporate Þnance divisions
of the securities Þrm (Michaely and Womack [1999]).
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has regarding Þrm value. Second, investors are uncertain of the issuing analyst’s
incentives. This second kind of uncertainty creates an adverse selection problem in
the sense that if favorable reports positively inßuence stock prices, then they are
more likely to be issued by analysts with misaligned incentives, and further, the Þrm
values for which such recommendations are issued are lower on average. This selection
problem seems qualitatively similar to that Þrst pointed out by Akerlof [1970]. He
showed that the addition of this type of uncertainty to a complete information setting
can lead to severe eﬃciency consequences. Thus, one might expect that a policy
initiative that improves transparency would be eﬃciency enhancing.
We Þrst compare the informationally most eﬃcient categorical ranking system
equilibrium in our model with the most informationally eﬃcient equilibrium when the
realization of β is public information. The following Proposition establishes suﬃcient
conditions for transparency to improve informational eﬃciency.
Proposition 4 Suppose b ≥ 3+√29−8p , then transparency about incentives strictly improves informational eﬃciency.
Roughly speaking, if the degree of misalignment is severe when an analyst has
misaligned incentives, then the conditions of Proposition 4 hold. Moreover, policies
encouraging disclosure are informationally beneÞcial even if they do not reduce activities constituting a conßict of interest. That being said, it is not the case that
transparency is always informationally beneÞcial. We next oﬀer two examples where
the conditions of Proposition 4 do not hold and where transparency reduces informational eﬃciency: in Example 1, the degree of misalignment is such that an analyst
with β = b cannot credibly convey information when incentives are transparent; Example 2 is one where such an analyst can credibly convey information. Along similar
lines, we oﬀer two further examples, Examples 3 and 4, showing that the conditions
of Proposition 4 are suﬃcient but not necessary.
Example 1. Suppose b = 14 and p = 15 . In this case, the most informationally
eﬃcient categorical ranking system equilibrium consists of two reports and leads to
informational eﬃciency of 5.95 × 10−2 . When incentives are transparent, an analyst
with incentives β = b cannot credibly communicate whereas an analyst with incentives
β = 0 can fully reveal his information. In this case, informational eﬃciency is 6.67 ×
10−2 . Thus, transparency, by undermining the incentives of an analyst with misaligned
incentives, harms informational eﬃciency.
Example 2. Suppose b = 15 and p = 15 . Once again, the most informationally eﬃcient categorical ranking system equilibrium consists of two categories and leads to
informational eﬃciency of 4.76 × 10−2 . Under transparency, an analyst whose incentives are β = b can also credibly issue reports falling into two categories. Nonetheless,
the resulting informational eﬃciency under transparency is 4.87 × 10−2 . Thus, even
18

though transparency does not reduce the number of categories of reports being made
by an analyst with misaligned incentives, his reports contain less information than
when there is uncertainty. The upshot is that informational eﬃciency is decreased
under transparency.
Example 3. Suppose b = 14 and p = 35 . Once again the most informationally
eﬃcient categorical ranking system equilibrium consists of two categories and leads to
informational eﬃciency of 3.68 × 10−2 . When incentives are transparent, an analyst
with incentives β = b can only babble; nonetheless, informational eﬃciency under
transparency is 3.33 × 10−2 , which is an improvement upon the case where there is
uncertainty about incentives.
Example 4. Suppose b = 15 and p = 35 . Here, the most informationally eﬃcient
categorical ranking system equilibrium consists of two categories and leads to informational eﬃciency of 3.14 × 10−2 . When incentives are transparent, an analyst with
incentives β = b can credibly report in two categories, and informational eﬃciency under transparency is 2.43 × 10−2 . Thus, transparency enhances informational eﬃciency
in this situation.
To see why it is the case that transparency can sometimes reduce informational
eﬃciency, recall that uncertainty enables an analyst with misaligned incentives to
credibly convey more information than would otherwise be the case. At the same
time, uncertainty is harmful to the credible communication of information by an
analyst with aligned incentives. Our examples suggest that the proportion of analysts
with misaligned incentives is critical to whether or not transparency helps. When it
is relatively unlikely that an analyst’s incentives are misaligned, as in Examples 3
and 4, transparency is helpful. On the other hand, when most analysts have conßicts
of interest, as in Examples 1 and 2, the loss of information from these analysts under
transparency leads to a net reduction in informational eﬃciency.
Next, we turn to the case where all analyst’s have an average amount of incentive
misalignment. That is, β = (1 − p) b with probability 1. The following proposition
highlights circumstances where transparency (in this form) to improves informational
eﬃciency and where it reduces eﬃciency.
Proposition 5 In comparing the informational eﬃciency of uncertainty versus certainty about analyst incentives:
h
´
√ ¢¢
¡ 1 ¡
1
2
√
1. Suppose that p ∈ 0, 16 9 − 17 and b ∈ 4(1−p) , 3+ 9−8p , then uncertainty
about incentives leads to greater informational eﬃciency than when all analysts
exhibit the average amount of incentive misalignment.
h
n
o´
√ ¢ ¢
¡1 ¡
1
2. Suppose that p ∈ 16
9 − 17 , 1 and b ∈ 3+√29−8p , min 4(1−p)
, 1 , then
uncertainty about incentives leads to lower informational eﬃciency than when
all analysts exhibit the average amount of incentive misalignment.
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When both the probability that incentives are aligned and the degree of misalignment is relatively low, then uncertainty improves informational eﬃciency. In contrast,
when both the probability that incentives are aligned and the degree of misalignment
is high, then uncertainty reduces informational eﬃciency. These regions are summarized in Figure 1 (on page 42). In region I of Figure 1, uncertainty about incentives
improves informational eﬃciency. Roughly speaking, this is because the dominant
eﬀect in this region is the positive spill-over from analysts with aligned incentives,
which reduces the distortion in the reports of those with misaligned incentives. In
region II, incentives are suﬃciently misaligned that stock reports are completely uninformative, regardless of uncertainty about incentives. In region III, uncertainty
about incentives reduces informational eﬃciency. Roughly speaking, this is because
the dominant eﬀect is the negative spill-over of analysts with misaligned incentives,
which increases the distortion in reports oﬀered by analysts with aligned incentives
and reduces information transmission relative to the no uncertainty case. Region IV
is ambiguous with respect to which policy leads to greater eﬃciency. We demonstrate
this by returning to Examples 1 and 2 above.
Under Example 1, when all analysts exhibit the average degree of incentive misalignment the most informative equilibrium consists of two reports and leads to informational eﬃciency of 6.08 × 10−2 . This compares unfavorably to the case where there
is uncertainty about incentives. On the other hand, in Example 2 analysts still issue
only two reports when they exhibit the average degree of incentive misalignment, but
informational eﬃciency is 4.64 × 10−2 , which is an improvement over the case where
incentives are uncertain.
To summarize, while it is likely that changes in disclosure requirements would
aﬀect the proportion or average degree of incentive misalignment (contrary to the
assumptions of our benchmark cases), our results suggest that caution is needed in
determining whether such policies will be beneÞcial to investors. Indeed, if conßicts
of interest are relatively widespread, as testimony in the US House Financial Services
Subcommittee hearings seems to suggest (Opdyke [2001b]), then the impact of these
policy proposals needs careful study in light of the possibilities raised in Examples 1
and 2.

5

Semi-Responsive Equilibria

As we highlighted in Section 3, it is possible for analysts with aligned incentives to
credibly reveal their (unfavorable) information about a Þrm’s value. In this section,
we compare the informational eﬃciency of these equilibria with categorical ranking systems and oﬀer suﬃcient conditions for semi-responsive equilibria to dominate.
This, however, does not imply that a categorical ranking system equilibrium is always
dominated by some other equilibrium in our model. Indeed, under certain parameters of our model, semi-responsive equilibria do not exist. We identify suﬃcient
conditions on the parameters for non-existence, and therefore, conditions where cate20

gorical ranking systems are informationally dominant. Finally, we revisit the impact
of uncertainty about the analyst’s incentives on informational eﬃciency by comparing
semi-responsive equilibria with equilibria arising when there is no uncertainty about
the analyst’s incentives.
Recall that in Proposition 2, we established conditions for a semi-responsive equilibrium to exist. Under these conditions, analysts with aligned incentives truthfully
convey unfavorable signals about a Þrm’s value and oﬀer a vague report for more
favorable Þrm values. Analysts with misaligned incentives imitate an analyst with
aligned incentives by always oﬀering the same vague report. As a consequence, investors view an analyst’s report that a Þrm’s value is low credibly and price the
stock accordingly, ¡whereas
√ they¢ view a more favorable report skeptically. Interestingly, when b ≥ 1p 1 − 1 − p , it is not possible for a categorical ranking system
equilibrium to convey any information. This is because, when investors view reports
skeptically, there is simply too much optimism needed in the report of an analyst
with aligned incentives to undo the eﬀect of investor skepticism. It follows immediately that the semi-responsive equilibrium identiÞed in Proposition 2 informationally
dominates all categorical ranking system equilibria. We summarize this observation
in the following proposition:
¢
¡
√
Proposition 6 For a given p, suppose b ≥ 1p 1 − 1 − p , then a semi-responsive
equilibrium is more informationally eﬃcient than all categorical ranking system equilibria.
Suppose that b and p lie outside this parameter range. Is it still the case that
a categorical ranking system equilibrium is dominated by a semi-responsive equilibrium? The following proposition implies that it is not. In fact, for some parameter
values, a semi-responsive equilibrium does not exist.
³
¡
¢´
√
Proposition 7 For every p, if b ∈ 3+√29−8p , 1p 1 − 1 − p , then a semi-responsive
equilibrium does not exist.
The reason there are no semi-responsive equilibria for this parameter range is that
analysts with aligned incentives would still like to reveal low Þrm values and have
their reports believed. However, because the degree of incentive divergence is not
too great for analysts with misaligned incentives, they will imitate the unfavorable
reports of aligned analysts when Þrm values are extremely unfavorable. Of course,
investors anticipate this possibility and discount any report accordingly. This unravels
any semi-responsive equilibrium but leaves categorical ranking systems as a means of
conveying information.
The conditions oﬀered in Proposition 7 are suﬃcient but not necessary for the
non-existence of semi-responsive equilibria. For instance, when b = 15 and p = 15 , no
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semi-responsive equilibrium exists.16
We now return to the policy question of whether transparency improves informational eﬃciency taking account of semi-responsive equilibrium. We begin by
comparing semi-responsive equilibria with the case where the realization of the β
parameter is common knowledge. Recall that in Proposition 4, when b ≥ 3+√29−8p ,
transparency always improves eﬃciency compared to categorical ranking system equilibria. The following proposition shows that whenever the conditions for existence of
semi-responsive equilibria identiÞed in Proposition 6 hold, transparency still improves
informational eﬃciency.
Proposition 8 Suppose b ≥ 3+√29−8p and incentives are uncertain, then transparency
improves informational eﬃciency over either a categorical ranking system equilibrium
or a semi-responsive equilibrium.
Next, consider our other benchmark case for assessing the impact of transparency;
here we compare the case where is where there is uncertainty about the analyst’s
incentives (i.e., Pr (β = 0) = p and Pr (β = b) = 1 − p) to the case where there is
no uncertainty about incentives (i.e., β = (1 − p) b for all analysts). Here, we Þnd
that the inclusion of semi-responsive equilibria substantially increases the parameter
values where transparency actually reduces informational eﬃciency.
This relationship between information transmission and the parameter values of
the model is summarized in Figure 2 (on page 43). Figure 2 contains six regions:
regions I and IV are the same as in Figure 1. Regions II and III from Figure 1
each have been divided into two smaller regions according to whether or not a semiresponsive equilibrium exists. Regions with an “a” designation indicate parameter
values where a semi-responsive equilibrium always exists. In regions with a “b”
designation, a semi-responsive equilibrium never exists.
In region IIa, no information transmission occurs in a categorical ranking system
equilibrium when all analysts exhibit the average degree of incentive misalignment. In
contrast, information transmission occurs in the semi-responsive equilibrium. Thus,
uncertainty is eﬃciency enhancing in this region. In region IIIa, there are up to a
countably inÞnite number of partition elements in an equilibrium where all analysts
exhibit the average degree of incentive misalignment. Thus, it is not immediately clear
whether or not a semi-responsive equilibrium is more eﬃcient than equilibria where
all analysts have the average degree of incentive misalignment. Numerical analysis
shows that the semi-responsive equilibrium is indeed the most eﬃcient equilibrium in
this region.17 Therefore, it is only in region IIIb, that transparency unambiguously
improves informational eﬃciency.
16

This is shown by checking that for all N < N (p, b), there does not exist a semi-responsive
equilibrium followed by a categorical ranking system equilibrium of size N. Calculations are available
from the authors upon request.
17
The numerical analysis was performed using a grid size of 1 × 10−13 .
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6

Testable Implications

In addition to the policy implications described previously, our model also has some
key testable implications, which are explored using existing data. The Þrst implication
we explore concerns the predicted frequency of various types of recommendations.
The second examines stock price movements in response to recommendations. Since
the data used in the empirical analysis of stock recommendations is in the form of
categorical ranking systems, our implications will be restricted to properties of this
class of equilibria.
First, notice that our characterization in Proposition 3 implies certain testable
properties of the frequencies with which various recommendations occur. In particular, more favorable recommendations are issued more frequently than less favorable
recommendations — regardless of analyst incentives. That is, even when analyst incentives are aligned, recommendations tend to be “optimistic” in the sense that more
favorable reports are issued more frequently than less favorable reports. Moreover,
the frequency with which non-extreme recommendations are issued is invariant to the
incentives of analysts. Formally,
Proposition 9 In any categorical ranking system equilibrium where N ≥ 2:
1. More favorable recommendations are issued more frequently than less favorable
recommendations even when incentives are aligned;
2. The cumulative distribution of recommendations by analysts with aligned incentives Þrst-order stochastically dominates that of analysts with unaligned incentives when recommendations are ranked according to increasing favorability;
and,
3. Each non-extreme recommendation is issued with the same frequency regardless
of incentives; that is, for all mi ∈ {m2 , ..., mN−1 } , Pr (mi ) is independent of β.
Notice that these implications diﬀer from models where there is no uncertainty
about incentives about the analyst’s incentives and his securities Þrm restricts him
to use a categorical ranking system. When there is no uncertainty, an analyst with
aligned incentives issues recommendations in all categories with equal frequency.18
Further, when there is no uncertainty, the frequency of non-extreme category recommendations, such as hold recommendations, varies with the degree of incentive
misalignment.
We now show that Proposition 9 is consistent with some empirical properties of
stock recommendations. Lin and McNichols [1998] examined stock recommendations
issued in the three-year period preceding and following companies’ seasoned equity
18

This reporting strategy maximizes the informational eﬃciency of the stock price.
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oﬀerings. They compare, for a given company, the favorableness of stock recommendations of analysts employed by investment Þrms underwriting the oﬀering (hereafter,
aﬃliated analysts) to that of analysts who have no such aﬃliation (hereafter, unafÞliated analysts). As a reference, Lin and McNichols [1998] code a recommendation
from most favorable (1) to least favorable (5) in an Þve-category ranking system.
It is useful to think of the ex post realization of the identity of aﬃliated analysts
as a proxy for their incentives, β, prior to the oﬀering. That is, for reports issued
prior to the oﬀering, one might imagine that aﬃliated analysts have more misaligned
incentives than unaﬃliated analysts, but that this fact is not apparent to investors.
We should stress that, as a test of the predictions of our model, the following arguments are oﬀered cautiously. We require a number of assumptions for our model to be
applicable to this data. First, and most importantly, we are assuming that investors
are uncertain about the analyst’s incentives prior to the equity oﬀering. Second, we
are assuming that the misalignment of incentives is largely caused by the desire to
win investment banking business. Finally, our model literally assumes that if the
analyst’s employer is not awarded the company’s investment banking business, then
the analyst’s incentives were never misaligned in the Þrst place. The last assumption,
however, may be relaxed (with added complication to the equilibrium characterization but with little change in testable implications) by assuming that the incentives
of analysts whose Þrms lose the investment banking business are less misaligned on
average than those whose Þrms win. With these caveats in mind, we now turn to the
data.
Figure 3 (on page 44) compares the empirical cumulative distribution functions
of recommendations by analysts from lead underwriting Þrms with recommendations
issued by unaﬃliated analysts. In each case, attention is conÞned to the latest report
issued before the equity oﬀering. As the Þgure shows, for analysts aﬃliated with
underwriting Þrms, the predicted increasing frequency of recommendations holds.
For unaﬃliated analysts, more favorable forecasts are issued more frequently than
less favorable forecasts with one exception: hold recommendations are issued more
frequently than buy recommendations. Thus, the predictions of part 1 of Proposition
9 are largely supported. Further, the Þgure shows that the hypothesized stochastic
dominance relationship is present in the data. This observation may be formalized by
employing a chi-square test of the null hypothesis of equality of the two distributions.
In performing such a test, Lin and McNichols Þnd a test statistic of 43.5, which
enables us to conÞdently reject the null hypothesis of equality in favor of the onesided alternative hypothesis of stochastic dominance. Thus, part 2 of Proposition 9
is also largely consistent with the data.
Part 3 of Proposition 9 predicts that the distribution of observations in intermediate categories is the same for aﬃliated and unaﬃliated analysts. To test this
prediction, we perform a Wilcoxon sum of ranks test on observations in the buy,
hold, and sell categories for the two types of analysts. Our null hypothesis is that
these observations are drawn from the same underlying distribution. We obtain a z
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statistic of 5.161, which rejects the null hypothesis at conventional levels. Thus, this
implication of our model is inconsistent with the data.
We can also use the data to distinguish between our model and one where there
is no uncertainty about analyst incentives. The empirical cumulative distribution of
lead underwriting analysts’ recommendations is consistent with both models. Figure
4 (on page 45) compares the empirical cumulative distribution function of unaﬃliated analysts with the theoretical distribution predicted in the absence of investor
uncertainty. Notice that, absent investor uncertainty, the theoretical prediction is for
recommendations to simply be uniformly divided by quintile into the Þve categories.19
It is apparent that this theoretical prediction is not supported by the data. We can
formalize this observation by performing a chi-square test of the null hypothesis that
the theoretical prediction generated the observed data. Such a test yields a chi-square
statistic of 233.65, which conÞdently rejects the null hypothesis. Note that while we
have compared the empirical distribution to the theoretical prediction that incentives are perfectly aligned, given the size of the chi-square statistic, it seems likely
that we would reject the null hypothesis for any relatively small degree of incentive
misalignment.
Another implication of our model, which is inconsistent with a model in which
there is no uncertainty about analyst incentives, is the following:
The short-run stock price response to a given recommendation is independent of
the incentives of the issuing analyst.
Lin and McNichols [1998] oﬀer some evidence on this implication. They study
three-day returns around the issuance of a recommendation for recommendations
issued one to two years following the seasoned equity oﬀering. That is, these stock
recommendations are issued after the identity of the lead underwriting Þrm is known.
Thus, if the identity of the underwriting Þrm revealed the incentives of analysts,
one would expect diﬀerential returns to recommendations. However, for strong buy
and buy recommendations, there is little diﬀerence in short-run returns whereas in
the case of a the union of hold, sell, and strong sell recommendations, returns are
more negative for analysts aﬃliated with the underwriting Þrm. Thus, one possible
explanation for this result is that there remains uncertainty even after the identity of
the underwriting Þrm is revealed. Of course, a sharper test of our hypothesis would
be to look at diﬀerential returns for recommendations preceding the equity oﬀering.
Here we would expect little diﬀerence in short-run returns across analyst types. This
test remains for future research.
A considerable amount of empirical work on price responses to stock reports codes
recommendations into three categories; thus, it is useful to examine the implications
of our model in a three-category equilibrium. Given prior beliefs of investors, the
stock price before the issuance of a recommendation is E (θ) = 12 . We characterize
19

This prediction is independent of the uniform distribution over θ employed in this paper but
assumes the analyst with aligned incentives wishes to maximize the informational eﬃciency of the
Þrm’s stock price.
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downward or upward price movement in response to recommendations. Our model
predicts:
Proposition 10 In any three-category equilibrium:
1. Sell recommendations lead to greater downward price movement than hold recommendations. Buy recommendations always lead to upward price movement.
2. The magnitude of a price movement in response to a sell recommendation is
greater than that in response to either a hold or buy recommendation.
These predicted price responses are consistent with the Þndings of Womack [1996],
Francis and Soﬀer [1997], and Barber et al. [2001]. The magnitudes of the predicted
price responses are also consistent with the asymmetric market reaction to added-tobuy and added-to-sell recommendations documented empirically by Elton, Gruber,
and Grossman [1986] and Womack [1996], among others.

7

Discussion

The broad array of conßicting incentives aﬀecting Þnancial analysts employed by
securities Þrms leads to an environment where investors are skeptical of the motives
of any analyst issuing a stock report. As a consequence of this skepticism, strategic
“Þltering” of the information contained in the report to correct for bias often occurs.
We establish that the presence of uncertainty about an analyst’s incentives and the
strategic responses to it on the part of both investors and analysts lead to a situation
where an analyst’s information about Þrm value is not fully impounded in stock price
even if most analysts have aligned incentives.
Two classes of equilibria emerge in this situation. The Þrst class, which we call categorical ranking system equilibria, always exist and correspond to the equity ranking
categories (e.g., buy/hold/sell) used by brokerages to rank stocks. These equilibria
have the property that all analysts tend to issue more favorable reports with greater
frequency than less favorable reports — even those with incentives perfectly aligned
with investors. Nevertheless, analysts whose incentives are misaligned tend to issue
favorable reports even more frequently. These and several other implications of our
model accord well with empirical Þndings in this area.
The second class, which we call semi-responsive equilibria, have the property that
analysts with aligned incentives are able to eﬀectively communicate unfavorable information about a Þrm’s value, but not favorable information. This is because reports
of favorable information are imitated by analysts with misaligned incentives whereas
unfavorable reports are not. Thus, it is only for unfavorable reports that all relevant
information is impounded in stock price. This information can be considerable: we
identify conditions where semi-responsive equilibria are more informationally eﬃcient
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than all categorical ranking system equilibria. In this case, brokerages imposing restrictions on the recommendations that an analyst may issue leads to informational
loss.
Uncertainty about incentives is crucial to all of these results. A natural policy
question is whether the elimination of this uncertainty is desirable. To study this
question, we compare informational eﬃciency under uncertainty with two benchmark cases: the Þrst case is one where the proportion of analysts with aligned or
misaligned incentives is unchanged, but information about an analyst’s incentives is
common knowledge. Here we Þnd that if the degree of misalignment is severe, then a
policy of transparency improves the informational eﬃciency of stock reports. When
incentive misalignment is less severe, then transparency may be harmful. In particular, when analysts mostly have misaligned incentives, but the degree of misalignment
is relatively mild, then it can be the case that a policy of transparency actually reduces informational eﬃciency. The second benchmark case in one where there is no
uncertainty about incentives and all analysts exhibit the average degree of incentive
misalignment. In contrast to the results of the Þrst benchmark case, here we Þnd that
if the degree of incentive misalignment is large, then transparency unambiguously reduces informational eﬃciency. Thus, the details of how one implements a policy of
transparency lead to important diﬀerences in whether or not such policies improve
information disclosure in stock reports.
As a Þrst step to understand the eﬀects of investor uncertainty about the analyst’s incentives, we analyzed a simple setting. However, several extensions of the
model seem warranted. SpeciÞcally, investors sometimes report cross-checking analyst reports with other data in order to determine the degree of bias more precisely.
Such cross-checking is absent from our model; however, one reasonable way in which
it might be added would be to allow for the existence of two or more analysts simultaneously issuing reports. Likewise, there is interaction between the forecasts by
the company about whom recommendations are being made and analyst disclosure.
Management incentives and information obviously diﬀer from those of analysts (and
investors) and hence extending the model to allow investors to integrate information
from these two sources seems fruitful. Exploring these avenues remains for future
research.
In conclusion, we see the analyst reporting environment as a natural setting in
which to explore strategic information transmission when there is uncertainty about
a sender’s incentives to report information. Nevertheless, the model we examine
is suﬃciently general that our Þndings about the nature and amount of information
transmission in this context are applicable to a number of other institutional settings.
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A

Appendix

Proof of Lemma 1:
Suppose not. Then there exists a realization of β and a pair of signals θ0 and θ00
such that θ0 < θ00 and Yβ (θ0 ) = y 0 > Yβ (θ00 ) = y 00 . Denote the reports that induce
each of these prices by m0 and m00 , respectively. For these to be sent in equilibrium,
it must be the case that given signal θ 0 , the analyst prefers to induce y 0 to y 00 . That
is,
2

2

2βy 0 − (y 0 − θ0 ) ≥ 2βy 00 − (y 00 − θ0 ) .
Equivalently,

³
´
2
2
2βy 0 − (y 0 − θ0 ) − 2βy 00 − (y 00 − θ0 ) = (y 0 − y 00 ) (2 (θ0 + β) − (y 00 + y 0 )) ≥ 0.

Since y 0 > y 00 , the above condition requires that

2 (θ0 + β) ≥ (y 00 + y 0 ) .

(A1)

Likewise given signal θ00 , the analyst prefers to induce y 00 to y 0 if and only if
´
³
2
2
2βy 00 − (y 00 − θ 00 ) − 2βy 0 − (y 0 − θ 00 ) = (y 00 − y 0 ) (2 (θ00 + β) − (y 00 + y 0 )) ≥ 0.

For this condition to hold requires that

(y 00 + y 0 ) ≥ 2 (θ 00 + β) .

(A2)

Combining (A1) and (A2) yields
2 (θ 0 + β) ≥ (y 00 + y 0 ) ≥ 2 (θ00 + β) .

But this set of inequalities can only hold if θ0 > θ00 . This is a contradiction.
Proof of Proposition 1:
Follows directly from the argument in the text.
Proof of Proposition 2:
To prove that the above strategies indeed comprise an equilibrium, notice that
when β = 0, an analyst can do no better than to induce a price y = θ when θ < θ∗
and prefers θ ∗ to any lower price when θ ≥ θ∗ . It follows therefore that investors are
able to perfectly infer the Þrm’s value from any stock report m ∈ [0, θ∗ ) and the stock
price is responsive to this information. In contrast, when β = b, the analyst prefers
to induce price θ∗ to any price below θ∗ for all realizations of θ.
Proof of Lemma 2:
Before beginning with the proof, the following facts are useful. Using equation
(1), one may readily verify that:
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Fact 1. a0i − abi = b.
Next notice that when θ and β are such that yi = θ + β, the analyst does strictly
worse by inducing a stock price other than yi . That is, for Þrm value θ, the most
preferred stock price for an analyst with incentives β is yi . Hence,
Fact 2. In any equilibrium, µβ (yi − β) = mi .
We now proceed with the proof. Suppose to the contrary that there exists an
equilibrium with an inÞnite number of equilibrium stock prices. DeÞne the set of
all equilibrium prices to be Y. Since all prices lie in the interval [0, 1] , it follows
from the Bolzano-Weierstrass Principle (Shilov, 1996, 75) that the set Y has a limit
point y ∗ . Hence, there exist an inÞnite number of distinct equilibrium prices in a
γ−neighborhood of y ∗ for arbitrarily small γ > 0.
Let y1 < y2 < y3 be three such prices. Let aβ1 and aβ2 be the “cut points” associated
∂ 2 (2βy−(θ−y)2 )
with these prices for an analyst with incentives β. Since
< 0, it follows
∂y 2
β
with incentives β strictly prefers y1 to y2 or y3 .
that for all θ < a1 ,³an analyst
´
β
β
Likewise for all θ ∈ a1 , a2 , an analyst with incentives β prefers to induce y2 to
y1 or y3 , and so on. Now, as γ → 0, y1 → y3 . Hence a01 → a02 and ab1 → ab2 . Hence
y2 → pa01 + (1 − p) ab1 . From Fact 1, ab1 = a01 − b, hence y2 → a01 − (1 − p) b. From Fact
2, an analyst with aligned incentives will induce y2 when θ = a01 − (1 − p) b. Notice,
however, that a01 − (1 − p) b < a01 for p, b > 0. This contradicts the fact that y1 is
preferred by an analyst with aligned incentives to y2 for all θ < a01 .

Proof of Proposition 3:
First, observe that for any set of N equilibrium prices, the set of states for which an
analyst with aligned (misaligned) incentives most prefers an equilibrium stock price
y constitutes an interval. The set of all such intervals for an analyst with aligned
(misaligned) incentives constitutes a partition of [0, 1]. Moreover, a0 (N ) must satisfy
the “no arbitrage” condition:
¡
¢2
¡
¢2
2βy (mj ) − a0j (N ) − y (mj ) = 2βy (mj+1 ) − a0j (N ) − y (mj+1 )
(A3)
for all j = 1, 2, ..., N − 1. Likewise ab (N) must satisfy the indiﬀerence condition
¡
¢2
¡
¢2
2βy (mj ) − abj (N ) − y (mj ) = 2βy (mj+1 ) − abj (N ) − y (mj+1 )

(A4)

for j = 1, 2, ..., N − 1.
Equation (A3) (respectively (A4)) ensure that the messages sent by the analysts
with aligned (misaligned) incentives are best responses given the investors’ pricing
function in expression (2), which is the expected value of the Þrm given an equilibrium
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report where the beliefs of investors about the type of analyst issuing the report are
determined using Bayes’ rule.
It remains to show that the indiﬀerence conditions (A3) and (A4) form a welldeÞned diﬀerence equation that has a solution for any N such that 1 ≤ N ≤ N (p, b) .
The case where N = 1 is obvious.
First, notice that any sequence a0 (N ) satisfying (A3) has the property that the
associated sequence ab (N) satisÞes (A4). Hence, we restrict attention to sequences
satisfying (A3), and, to simplify the notation, we write ai to denote a0i .
The following lemma is useful.
Lemma 3 A necessary condition for any equilibrium consisting of N ≥ 2 prices is
that
ai (α) = iα + (i − 1) ((1 − π (m1 )) b) + 2 (i − 1)2 (1 − p) b
for i = 1,..., N − 1 and π (m1 ) ≡

pα
.
α−(1−p)b

Proof. Let Aj denote a non-decreasing partial partition of [0, 1] consisting of sequence of j ≥ 2 “cut points” (a1 , a2 , ..., aj ) , where a1 > b. Any Aj satisfying equation
(A3) may be equivalently stated as
y (mj+1 ) = 2aj − y (mj ) .

(A5)

The stock price after observing m1 is
y (m1 ) =

a1
b
− (1 − π (m1 )) .
2
2

The stock price after observing mj , where j > 2, is
y (mj ) =

aj + aj−1
− (1 − π (mj )) b.
2

(A6)

A similar expression holds for y (mj+1 ). Substituting into (A5) yields
aj+1 + aj
aj + aj−1
− (1 − π (mj+1 )) b = 2aj −
+ (1 − π (mj )) b
2
2
aj+1 − 2 (1 − π (mj+1 )) b = 2aj − aj−1 + 2 (1 − π (mj )) b.
Now, observe that π (mj+1 ) = π (mj ) = p for all N − 2 ≥ j ≥ 2. Thus,
aj+1 = 2aj − aj−1 + 4 (1 − p) b,

(A7)

which is a well-deÞned second-order diﬀerence equation having a unique solution
which is non-decreasing in j. Moreover, if the Þrst cut point is a1 = α, then we must
have that a2 satisÞes
y (m2 ) = 2α − y (m1 ) ,
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which we may then simplify to
a2 (α) = 2α + (1 − π (m1 )) b + 2 (1 − p) b.

(A8)

Noting that a1 = α and computing recursively using equations (A7) and (A8), the
ith cut point in a size N partial partition must satisfy
ai (α) = iα + (i − 1) ((1 − π (m1 )) b) + 2 (i − 1)2 (1 − p) b

(A9)

for i = 1,..., N − 1.¤
Lemma 4

∂ai (α)
∂α

> 0 for i = 2,..., N − 1 where a1 = α and π (m1 ) ≡

pα
.
α−(1−p)b

p(1−p)b
∂
Proof. First notice that ∂α
(π (m1 )) = − (α−(1−p)b)
2 < 0. Now diﬀerentiate equation
(A9) to yield
∂
∂ai (α)
= i − (i − 1) b
(π (m1 )) > 0.¤
∂α
∂α
Let aN (α) denote the Nth cut point given by equation (A9). Since, abN (N ) is not
shifted b to the left of a0N (N), aN (α) is not the actual N th cut point. We require
separate arguments to characterize this point. The following notation is helpful.
Denote the terminal cut point when there are exactly N prices and the Þrst cut point
is a1 = α by ãN (α) .
Let
p (ãN (α) − aN −1 (α))
π (mN ) ≡
.
(A10)
ãN (α) − aN−1 (α) + (1 − p) b

The price associated with message mN is
y (mN ) =

ãN (α) + aN−1 (α) (1 − π (mN )) b
−
.
2
2

Using arguments identical to those given above, ãN (α) satisÞes
y (mN ) = 2aN−1 (α) − y (mN−1 ) .
If N ≥ 3, we may use expression (A10) and the deÞnition of y (mN ) and y (mN−1 ),
to rewrite the no arbitrage condition as
µ
¶
ãN (α) + aN−1 (α) (1 − π (mN )) b
aN−1 (α) + aN −2 (α)
−
= 2aN−1 (α)−
− (1 − p) b ,
2
2
2
or alternatively,
ãN (α) = 2aN−1 (α) − aN −2 (α) + 2 (1 − p) b + (1 − π (mN )) b.
Lemma 5 aN −1 (α) < ãN (α) < aN (α) .
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(A11)

Proof. We may rewrite expression (A11) as
ãN (α) = aN−1 (α) + (aN−1 (α) − aN−2 (α) + 2 (1 − p) b + (1 − π (mN )) b)
and it directly follows that ãN (α) > aN−1 (α) since
(aN−1 (α) − aN−2 (α) + 2 (1 − p) b + (1 − π (mN )) b) > 0.
DeÞne ∆ = ãN (α) − aN−1 (α) , then
∆ = aN−1 (α) − aN−2 (α) + 2 (1 − p) b + (1 − π (mN )) b
> b + 2 (1 − p) b + (1 − π (mN )) b
> b.
Rewriting expression (A11) again and using the deÞnition of aN (α) we obtain
ãN (α) = aN (α) − 4 (1 − p) b + 2 (1 − p) b + (1 − π (mN )) b
= aN (α) − 2 (1 − p) b + (1 − π (mN )) b.

(A12)

We claim 2 (1 − p) > (1 − π (mN )) . To see this notice that
2 (1 − p) ∆ + 2 (1 − p)2 b − (1 − p) (∆ + b)
∆ + (1 − p) b
(1 − p) (∆ + (1 − 2p) b)
=
∆ + (1 − p) b
(1 − p) (2 (1 − p) b)
≥
∆ + (1 − p) b
> 0,

2 (1 − p) − (1 − π (mN )) =

and the claim follows.
This establishes the lemma.¤
Lemma 6

∂ãN (α)
∂α

> 0.

Proof. Using equation (A11) and substituting in the deÞnition of π (mN ) ,we obtain
µ
¶
ãN − aN−1 + (1 − p) b − p (ãN − aN −1 )
b,
ãN = 2aN−1 − aN −2 + 2 (1 − p) b +
ãN − aN−1 + (1 − p) b
where we have suppressed the dependence of the cut points on α to ease the notational
burden somewhat. We can rewrite this expression as
(ãN − 2aN−1 + aN−2 − 2 (1 − p) b) (ãN − aN −1 + (1 − p) b)
− (ãN − aN−1 + (1 − p) b − p (ãN − aN−1 )) b
= 0.
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We can diﬀerentiate this to obtain an expression for

∂ãN
.
∂α

Z
∂ α̃N
=−
∂α
2ãN − 3aN−1 (α) + aN−2 (α) − 2 (1 − p) b.
where
Z =

¡

¢
−2a0N−1 + a0N−2 (ãN − aN−1 (α) + (1 − p) b)
−a0N−1 (ãN − 2aN−1 + aN−2 − 2 (1 − p) b) + a0N−1 (1 − p) b,

i
and the expressions a0i denotes ∂a
.
∂α
α̃N
is positive. To see this, substitute the
We establish that the denominator of ∂∂α
expression in equation (A11) for ãN . Then the denominator becomes

aN−1 − aN −2 + 2 (1 − p) b + 2 (1 − π (mN )) b > 0
since aN−1 > aN −2 .
Next we establish that Z < 0. To see this, rewrite Z as
£¡ 0 ¢
¤ £¡
¢
¤
−aN−1 (ãN − aN−1 + (1 − p) b) + a0N−2 − a0N−1 (ãN − aN−1 + (1 − p) b)
£
¤
− a0N−1 (ãN − 2aN−1 + aN −2 − 3 (1 − p) b) .

Notice that ãN −aN−1 +(1 − p) b > 0 by Lemma 5. Moreover, by Lemma 4, a0N−1 > 0;
hence the Þrst bracketed expression is negative. To see that the second bracketed
expression is negative, notice that an implication of Lemma 4 is that a0i is increasing
in i. Hence a0N−2 − a0N−1 < 0, so the second bracketed expression is negative. To see
that the third bracketed expression is negative, substitute the expression for ãN given
in equation (A11) into the expression ãN − 2aN−1 + aN−2 − 3 (1 − p) b. This yields
(1 − π (mN )) b−(1 − p) b > 0 since π (mN ) < p. Thus we have established that Z < 0.
α̃N
Combining these facts, we have shown that ∂∂α
> 0.¤
Notice that by Lemmas 4, 5 and 6 for any N such that ãN (b) < 1, there exists
exactly one α where ãN (α) = 1 that constitutes an equilibrium consisting of N
prices. Moreover, since aN −1 (α) lies below ãN (α) , it follows that if there exists an
equilibrium consisting of N prices, there exists an equilibrium of i prices for i = 1,...,
N − 1.
Next we characterize the maximal number of stock prices, N (p, b), arising in
equilibrium as a function of p and b. When N ≥ 2, we may use expression (A12) and
expression (A9) to obtain expressions for aN −1 (α) . We may write ãN (α) as
ãN (α) = Nα + (N − 1) (1 − π (m1 )) b + 2 (N − 1)2 (1 − p) b
+ (1 − π (mN )) b − 2 (1 − p) b.
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Using the deÞnitions of π (m1 ) and π (mN ), we can obtain a closed-form solution
for ãN (α) . When α = b, this solution reduces to
ãN (b) =

¢
1 ¡ 2
b 4N − 10N + 7 − 4p (N − 1) (N − 2)
2 q
¢
b ¡
+
8p (N − 1) (2Np − 4N − 4p + 7) + (4N − 5)2 .
2

Since by Lemma 6, ãN (α) is increasing in α, it follows that if ãN (b) < 1, then there
exists an equilibrium consisting of N prices. This equilibrium is obtained by Þnding
α that solves ãN (α) = 1. Therefore, it follows that N (p, b) is the largest integer N
satisfying
¢
1 ¡ 2
b 4N − 10N + 7 − 4p (N − 1) (N − 2)
2 q
¡
¢
1
+ b 8p (N − 1) (2Np − 4N − 4p + 7) + (4N − 5)2 ≤ 1.
2

Next, we establish that there is exactly one categorical ranking system that is
equivalent to an equilibrium that is observed in a setting where investors are unable
to infer an analyst’s incentives from his
From the
¢ properties of any equilibrium
¡ report.
0
0
in this class, we know that for all θ ∈ ai−1 (N) , ai (N ) , y (µ0 (θ)) = yi , and similarly
for b types. DeÞne Mi = {m : y (m) = yi } . Then, for any m ∈ Mi , the stock price is
yi . Moreover, since the stock price is the same for all m ∈ Mi , then
yi = E (θ|Mi )
= Pr (β = 0|Mi ) E (θ|β = 0, Mi ) + Pr (β = b|Mi ) E (θ|β = b, Mi )
However,
since the
³
´ set of messages m ∈ Mi are only played in the interval θ ∈
β
β
ai−1 (N ) , ai (N) and not elsewhere when the analyst has incentives β, it then
follows that
Ã
!
¡
¢
¤¤
£
£ 0
p a0i (N ) − a0i−1 (N)
0
¡ 0
¢
¡
¢
yi =
E
θ|θ
∈
a
(N
)
,
a
(N
)
i−1
i
p ai (N ) − a0i−1 (N) + (1 − p) abi (N) − abi−1 (N)
Ã
!
¡
¢
£
£ b
¤¤
(1 − p) abi (N) − abi−1 (N)
b
¡ 0
¢
¡
¢
+
E
θ|θ
∈
a
(N)
,
a
(N
)
.
i−1
i
p ai (N) − a0i−1 (N ) + (1 − p) abi (N ) − abi−1 (N )

But note that this is identical to the price induced in a categorical equity ranking
system consisting of N categories. Hence, all equilibria observed in a setting where
investors are unable to infer an analyst’s incentives from his report are outcome
equivalent to categorical ranking systems.
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Proof of Proposition 4:
When b ≥ 3+√29−8p , it may be readily veriÞed that N (p, b) = 1;hence the only
equilibrium when there is uncertainty about incentives is babbling. In contrast, full
information disclosure is always an equilibrium when β = 0 and this is common
knowledge. Since this event occurs with strictly positive probability, informational
eﬃciency is strictly greater under transparency.
Proof of Proposition 5:
When there is no uncertainty about the analyst’s incentives β = (1 − p) b. If
1
b ≥ 4(1−p)
, then β ≥ 14 and Crawford and Sobel [1982] establish that the unique
1
equilibrium is babbling. If b < 4(1−p)
, then β < 14 and Crawford and Sobel [1982]
establish that there are at least two price responses in the most eﬃcient equilibrium.
When there is uncertainty about analyst type, if b < 3+√29−8p , then there are at least
two price responses in the most eﬃcient equilibrium. If b ≥ 3+√29−8p , then the unique
ranking system equilibrium is babbling.
√ ¢
¡
1
1
To obtain part 1 of the proposition, observe that if p < 16
9 − 17 , then 4(1−p)
<
√2
and there are at least two price responses with uncertainty compared to a
3+ 9−8p
single price response with no uncertainty. Hence, uncertainty improves
√ ¢
¡ informational
1
eﬃciency. To obtain part 2 of the proposition, observe that if p > 16 9 − 17 , then
1
> 3+√29−8p and the reverse result holds.
4(1−p)
Proof of Proposition 6:
¢
¡
√
We Þrst show that when b ≥ 1p 1 − 1 − p , the unique categorical ranking system equilibrium is characterized by babbling. To see this notice
¡ that
√ for¢N (p, b) = 1,
we require that b > 3+√29−8p . Next, notice that for all p, 1p 1 − 1 − p > 3+√29−8p .
¢¡
¢
¡
√
√
To see this, we rewrite this condition as 1 − 1 − p 3 + 9 − 8p − 2p > 0. Since
the left-hand side of the above expression is increasing in p, and the left-hand side of
the expression is zero when p = 0.
2, we know that a semi-responsive equilibrium exists for b ≥
¡ >From
¢
√ Proposition
1
1 − 1 − p . It is trivial to show that the semi-responsive equilibrium is more
p
informative than the categorical ranking system characterized by babbling.
Proof of Proposition 7:
First notice that if b > 3+√29−8p then for all N ≥ 2,
¢
1 ¡ 2
b 4N − 10N + 7 − 4p (N − 1) (N − 2) +
2 q
¡
¢
1
b 8p (N − 1) (2Np − 4N − 4p + 7) + (4N − 5)2
2
> 1.
35

¡
¢
√
Therefore, N (p, b) = 1. Next notice that if b < 1p 1 − 1 − p , then a semi-responsive
equilibrium of the form speciÞed in Proposition 2 is impossible. But since N (p, b) = 1,
then the construction given in Proposition 2 is the only possible semi-responsive
equilibrium construction. Therefore, a semi-responsive equilibrium does not exist.
Proof of Proposition
8:
³
¡
¢´
√
2
1
For b ∈ 3+√9−8p , p 1 − 1 − p the proof follows directly from Propositions
¡
¢
√
4 and 7. For b ≥ p1 1 − 1 − p , it may be readily veriÞed that the informational
eﬃciency under transparency is
ΦT = (1 − p)

1
.
12

Under a semi-responsive equilibrium, informational eﬃciency is
µZ 1
¶
Z 1
2
(θ − y) dθ + (1 − p)
(θ − y)2 dθ,
ΦS = p
θ∗

where y =
Hence
ΦS =

1
3

µ

∗

p(1−θ )
p(1−θ∗ )+(1−p)

1−p
p

¶2

³

¡ 1+θ∗ ¢
2

0

+

1−p
1
.
p(1−θ∗ )+(1−p) 2


´3
p
p
(1 − p) (−5p2 + 24p − 24) + (2 − p) (p2 − 12p + 12) 
 1 − (1 − p)
p
+

.
³
´2
p
(1 − p)
−1 + (1 − p) + p

We aim to show that ΦS − ΦT > 0 for all p ∈ (0, 1). Substituting in the expression
for ΦS and ΦT yields
µ³
´3 ³
´2
p
p
2
4 (1 − p)
1 − (1 − p)
−1 + (1 − p) + p
³p
p
¡
¢
¡
¢´´
+ (1 − p)
(1 − p) −5p2 + 24p − 24 + (2 − p) p2 − 12p + 12
³
´2 p
p
−p2 (1 − p) −1 + (1 − p) + p
(1 − p)
³
p
¡ 2
¢p
¡ 2
¢´
2
= (1 − p)
(1 − p) 2 p + 8p − 16
(1 − p) + (p − 4) p + 6p − 8 > 0.
Since (1 − p)2

p
(1 − p) > 0 , it remains to show that for all p ∈ (0, 1) , Ψ > 0 where
¡
¢p
¡
¢
Ψ ≡ 2 p2 + 8p − 16
(1 − p) + (p − 4) p2 + 6p − 8 .

Lemma 7 (see below) establishes that
p = 0, the proposition follows.

∂Ψ
∂p

> 0 for all p ∈ (0, 1) . Since Ψ = 0 when
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Lemma 7 Let Ψ ≡ 2 (p2 + 8p − 16)
p ∈ (0, 1), ∂Ψ
> 0.
∂p

p

(1 − p) + (p − 4) (p2 + 6p − 8) > 0. For all

Proof. We seek to establish that for all p ∈ (0, 1) ,

dΨ
dp

> 0.Observe that

p
−20p − 5p2 + 32 + (1 − p) (p + 4) (3p − 8)
∂Ψ
p
.
=
∂p
(1 − p)

p
Since (1 − p) > 0, we need only show that the numerator of the above expression is positive. Denote the numerator of the above expression by ν (p) . It may be
immediately veriÞed that limp→0 ν (p) = 0. Further, for all p ∈ (0, 1) ,
p
¡ 5¢ p
− 2 8 (1 − p) + 4 (1 − p)p + 3p2 − 8
∂ν (p)
p
=
> 0.
∂p
(1 − p)

To see that the above inequality holds, notice that the numerator equals zero at
p = 0 and it is routine to verify that the derivative of the numerator is positive for
p ∈ (0, 1) . Thus, the claim is proved.

Proof of Proposition 9:
More favorable recommendations are issued more frequently than less favorable
recommendations if and only if for all i = 1, 2,..., N − 1, a0i+1 − a0i > a0i − a0i−1 and
abi+1 − abi > abi − abi−1 . Suppose that the proposition does not hold. Consider the
recommendations sent by analysts with aligned incentives, then there exists a k such
that a0k+1 − a0k ≤ a0k − a0k−1 . Therefore a0k+1 + a0k−1 ≤ 2a0k .
Since yi is the convex combination of the intervals of θ reported by analysts
a0 +a0
with aligned and misaligned incentives, it follows that yk+1 < k+12 k and yk <
a0k +a0k−1
.
2

a0

+2a0 +a0

Thus, yk+1 + yk < k+1 2k k−1 ≤ 2a0k ; the strict inequality follows when the
above relation is substituted into the expression. However, the no arbitrage condition
yk+1 − a0k = a0k − yk implies that yk+1 + yk = 2a0k . This yields a contradiction.
The claim that non-extreme recommendations are issued with the same frequency
follows directly from the fact that a0i = abi − b and θ is uniformly distributed.
Finally, the claim of stochastic dominance follow from the fact that all intermediate recommendations have the same frequency and that the Þrst and last cut points
are shifted b distance to the left when β = b.
Proof of Proposition 10:
We prove the proposition in two steps. We begin by proving the Þrst part of the
proposition that y (m1 ) − 12 < y (m2 ) − 12 < 0 < y (m3 ) − 12 . It has already been
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established that a01 < 13 and a02 < 23 , which arises from the optimism in the analyst’s
report. Therefore, y (m1 ) ≤ 16 and y (m2 ) ≤ 12 . Since a02 > 0, it follows that
¶
¶
µ 0
µ 0
a2 + 1
a2 − b + 1
y (m3 ) = π (m3 )
+ (1 − π (m3 ))
2
2
µ 0
¶
µ ¶
a2 + 1
1
> π (m3 )
+ (1 − π (m3 ))
2
2
1
>
.
2
¯
¯ ¯
¯
¯y (m1 ) − 1 ¯ > ¯y (m2 ) − 1 ¯
We
now
prove
the
second
part
of
the
proposition
that
2
2
¯
¯ ¯
¯
and ¯y (m1 ) − 12 ¯ > ¯y (m3 ) − 12 ¯ . Consider the Þrst part of the claim: y (m1 ) < y (m2 )
implies that 12 − y (m1 ) > 12 − y (m2 ) . Consider the second part of the claim. Since
a0 +1
a02 < 23 (from the optimism in the analyst’s report), it follows that y (m3 ) ≤ 22 < 56 .
This observation together with y (m1 ) ≤ 16 give the result that 12 − y (m1 ) > y (m3 )− 12 ,
or 1 > y (m1 ) + y (m3 ) .
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Figure 1
Effect of Uncertainty on Information Transmission.
The effect of uncertainty on information transmission is as follows: In Region I,
uncertainty about incentives improves informational efficiency. In Region II, stock
reports are uninformative regardless of uncertainty. In Region III, uncertainty about
incentives reduces informational efficiency. In Region IV, the effect of uncertainty about
incentives on information transmission is ambiguous.
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Figure 2
Semi-Responsive Equilibria and Information Transmission.
The effect of uncertainty on information transmission is as follows: In Region I,
uncertainty about incentives improves informational efficiency. In Regions IIa and IIIa,
semi-responsive equilibria exist and are more efficient than all other equilibria. In Region
IIb, no information transmission occurs in any equilibrium. In Region IIIb, semiresponsive equilibria never exist; hence, uncertainty reduces information transmission. In
Region IV, the effect of uncertainty about incentives on information transmission is
ambiguous.
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Figure 3
Comparison of Empirical Cumulative Distribution Functions of Lead Underwriters
and Unaffiliated Analysts Prior to Equity Offering.
Source: Data from Lin and McNichols [1998].
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Figure 4
Comparison of Empirical Cumulative Distribution Functions of Unaffiliated
Analysts with Theoretical Predictions in the Absence of Uncertainty.
Source: Data from Lin and McNichols [1998].
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