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To explain stock market reaction to asset restructuring announcements, this 

dissertation constructs and analyzes an asymmetric information model with costly 

signalling. Firm managers privately observe the firm's future cash flow 

opportunities from a continuous distribution, and make a public announcement at 

the beginning of one operating period. If the announcement is false, at the end of 

the operating period the firm pays a penalty under SEC Rule 10b-5 that depends on 

the magnitude of lying. The stock market reacts rationally to announcements 

considering the firm's incentives. An exogenous compensation contract motivates 

the manager to tradeoff the benefit of lying versus the lying penalty .

The analysis in Chapter 4 identifies Bayesian Nash equilibria of the model 

for various settings. When the firm privately observes its productivity type, there 

does not exist an equilibrium that fully reveals the type and allocation decision to 

the investors. When the penalty rate is sufficiently low, a pure pooling equilibrium 

exists in which all types mimic the highest type. When the penalty rate is 

sufficiently high, a partial pooling equilibrium exists in which the range of types is 

partitioned into a series of intervals, each with its own unique announcement. The 

equilibria are sensitive to changes in the exogenous parameters.
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CHAPTER 1 

INTRODUCTION

In the past several years, many publicly-traded corporations in the United 

States and other countries have announced an unprecedented number of 

restructurings of operating assets. In a restructuring announcement firms announce 

how they plan to terminate or expand various operating business segments. Recent 

empirical research has found conflicting evidence on whether the capital markets 

react favorably or unfavorably to these announcements. Studies that aggregate all 

restructuring announcements find the mean market reaction is slightly negative 

[Elliott and Shaw 1988; Fried et al. 1989; Strong and Meyer 1987]. However, 

studies focusing on specific types of restructuring announcements find a significant 

positive market reaction to reorganization of operations [Lindahl and Ricks 1991], 

divestiture [Klein 1986], liquidation [Kim and Schatzberg 1985], and project 

termination [Statman and Sepe 1989].

The restructuring announcements of Xerox in 1989 and 1993 are a case 

study in how the capital market may react positively or negatively. On January 31, 

1989, Xerox announced a $275-million write-down of businesses in document- 

processing workstations and other areas and a return to focus on its core businesses 

in high-performance photocopiers and financial services [Wall Street Journal, 

February 1,1989, p. C19; Norman 1989]. Over the next three trading days in 1989, 

the price of Xerox common stock increased by 3.6 percent. On January 18, 1993,

1
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Xerox announced a $778-million write-down of insurance and financial service 

businesses and another return to focus on photocopiers and printers [Wall Street 

Journal, January 19,1993, p. A3]. Over the next three trading days in 1993, the 

price of Xerox common stock decreased by 4.0 percent.

Attempting to explain the capital market reaction to restructuring 

announcements leads to two inter-related questions. (1) How do investors interpret 

some restructuring announcements differently than others? (2) What motivates a 

firm manager to announce a restructuring, if he anticipates investors will interpret 

that announcement as "bad news"?

Understanding the market reaction to restructuring announcements is 

important to financial analysts and accounting regulators. As expected sales growth 

in many industries is revised downwards and firms announce many operating 

changes, analysts can rely less on extrapolation of past trends to predict cash flow.

Recently, regulators have been concerned about whether existing standards 

are adequate for disclosures about operating changes. In 1989, the Securities and 

Exchange Commission issued Financial Reporting Release 36 that specifically 

encouraged firms to improve management's estimates of future performance in the 

annual Management Discussion and Analysis [Heyman 1989; Hooks and Moon 

1991]. For several years the Financial Accounting Standards Board (FASB) has 

been struggling with a new standard for disclosure of asset writedowns including 

assets intended for disposal during a restructuring [Bodner and Kiss 1988; Chang 

and Nichols 1991; Clark and Lorensen 1987; Schuetze 1987]. The FASB issued a
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Discussion Memorandum on asset writedowns in 1990 and plans to issue an 

Exposure Draft with a proposed new standard in 1993.

This dissertation develops a costly signalling model to demonstrate how 

restructuring announcements can reveal information that causes stock market price 

changes. Prior analytical accounting research has developed single-period models 

with costly signalling to explain how a firm's private information about future cash 

flows could be revealed by voluntary direct disclosure [e. g., Feltham and Xie 1992; 

Verrecchia 1983], auditor selection [e. g., Bachar 1989; Datar et al 1991], or 

accounting method choice [Jung 1989]. In many of these prior models, operating 

policy is fixed and the firm's only strategic decision is reporting strategy. This 

dissertation considers a more complex environment where a firm can move 

operating assets among several business segments and chooses both an operating 

and a reporting strategy.

At the beginning of the operating period in my model the firm manager 

privately observes the cash flow productivity of each business segment and makes 

two concurrent decisions: a private operating decision to allocate resources among 

segments, and a reporting decision on the direction and magnitude of changes to 

publicly announce to investors. I assume the firm makes its announcement in the 

form of a press release or in the annual management discussion and analysis 

(MD&A) filed with the Securities and Exchange Commission (SEC). Although the 

firm is required to make an announcement, I allow the firm to lie by choosing an 

announcement that differs from its actual allocation. At the end of the operating 

cycle, audited financial statements reveal the actual allocation. Investors can
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compare the firm's announcement to the actual allocation, and force firms to pay a 

penalty under SEC Rule 10b-5 that depends on the magnitude of lying.

The firm manager in my model is motivated by an exogenous compensation 

contract to maximize a linear combination of the firm's stock price at the beginning 

and end of the operating cycle. The stock price at the beginning of the operating 

cycle depends on investors who observe the firm's announcement and revise their 

beliefs about the firm's end-of-period value. Investors adjust their valuation 

response for the expected amount of lying. The stock price at the end of the 

operating cycle depends on the actual allocation of resources to each division and 

the amount of the Rule 10b-5 penalty, if any.

Managers who observe that their expected cash flow will be below average 

have an incentive not to reveal their type. If they announce a restructuring that fully 

reveals their low type, then the stock price will be low both immediately after the 

announcement and at the end of the period when cash flow is realized. If the 

investors believe there is some correlation between firm value and announcements, 

then low type firms have some incentive to lie and mimic the announcements of the 

high type firms. The compensation-maximizing announcement choice is a tradeoff 

between the benefits of lying related to the increase in stock value immediately 

after the announcement and the cost of lying related to the penalty at the end of the 

period when the amount of lying is revealed.

In my analysis I show how the firm's equilibrium announcement and 

allocation strategy change in response to changes in the parameters. If the penalty 

rate for lying is sufficiently low, then all types lie. If the exogenous penalty rate for
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lying is sufficiently large, then there exists a partial pooling equilibrium such that 

the range of feasible types is partitioned into a large number of intervals, each with 

a distinct announcement.

My approach differs from most voluntary disclosure models in accounting, 

finance, and economics. In most voluntary disclosure models, firms have a 

dichotomous choice between nondisclosure and full truthful disclosure. If the firm 

chooses to disclose, then those models assume an instantaneous verification 

mechanism that would inflict immediate penalties on any false announcement. An 

instantaneous verification mechanism is difficult to justify for announcement of 

prospective resource allocations, since the comparison of the announcement to the 

actual allocation cannot be made until the end of the operating period. In my model 

firms can make false announcements, but they incur a penalty when they do.

The partial pooling equilibrium in this dissertation has some similarities to 

the partition equilibria in Crawford and Sobel [1982] and Newman and Sansing 

[1993]. These models have equilibria in which a continuous range of feasible types 

is partitioned into intervals, and each interval makes a different announcement. In 

Crawford-Sobel and Newman-Sansing the announcements are "cheap talk," and 

each firm type is indifferent over any announcement in a specified interval. In my 

model the Rule 10b-5 penalty makes the announcements costly, and firms are not 

indifferent among announcements. Therefore, the partial pooling equilibrium in my 

model is characterized by a unique announcement for each interval.

The remainder of this dissertation is structured as follows. The second 

chapter is a literature review of the assumptions in signalling models. The third
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chapter sets up the model and justifies assumptions. The fourth chapter analyzes 

equilibria in a series of propositions. The fifth chapter discusses the results and 

limitations of the model. The Appendix contains proofs of the propositions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

CHAPTER 2 

LITERATURE REVIEW

2.1. Introduction

This chapter places my model of restructuring announcements in the context 

of other models of financial disclosure in the accounting, finance, and economics 

literature. In the first section of this chapter I discuss how restructuring 

announcements differ from the disclosures analyzed in previous models. The 

subsequent sections of this chapter discuss the essential assumptions of previous 

models and identify aspects of those models that I have incorporated into my 

model.

I define a restructuring announcement as an announcement by a firm of its 

intentions to move resources among operating divisions. The details of my model 

set-up are presented in chapter 3, and are summarized as follows. I assume the firm 

privately observes some information about the future productivity of each division, 

privately makes an action choice on how to allocate future resources, and decides 

what to announce to investors about its future resource allocation. The future cash 

flow of the firm depends on the productivity and amount of resources at each 

division. Investors observe the restructuring announcement, infer the firm's 

private information (productivity of each division) and the firm's private action 

(resource allocation), and estimate future cash flow.

Earnings or cash flow announcements have been the focus of most prior 

discretionary disclosure models in accounting [for example, Darrough and

7
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Stoughton 1990, Dye 1985a, Feltham and Xie 1992, Verrecchia 1983 and 1990; 

Wagenhofer 1990]. In discretionary disclosure models, the firm privately observes 

information on earnings or cash flow, chooses truthful disclosure or nondisclosure, 

but makes no operating decision. Those models have been used to show how much 

information is voluntarily disclosed when firms are not subject to mandatory 

disclosure regulation. I examine announcements in the more complex environment 

of restructurings where the firm chooses both an operating and disclosure policy.

Each of the following sections discusses one of the following categories of 

assumptions:

2.2. Manager's private information

2.3. Announcements observed

2.4. Investors' response

2.5. Incentives

2.6. Solution concept

Within each section I compare assumptions made in prior models and describe the 

assumption I make in my model. Another comprehensive review of disclosure 

models is available in Xie [1991, chapter 2].

2.2. Private Information

In financial disclosure models some or all firms privately observe some 

firm-specific information that is relevant to firm valuation. This private
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information is described as the firm's type. The probability distribution of types is 

common knowledge, but the realization is not.

Different disclosure models have different definitions of firm type. Most of 

the disclosure models in accounting and finance define type as the firm's liquidating 

value [for example, Newman and Sansing 1993, Verrecchia 1983] or current 

economic earnings [for example, Miller and Rock 1985], and assume the firm's 

only decision is to choose a disclosure policy. Other models allow the firm 

manager to make an operating decision on allocating productive resources, and 

define type as a productivity parameter [Lanen and Verrecchia 1987; Trueman 

1986, 1990]. In these latter models the firm's terminal value is a function of the 

productivity parameter and the operating decision. My model adopts the latter 

assumption.

Most disclosure models assume all firm managers observe their own type 

with certainty before making an announcement. My model follows the common 

practice and assumes all firm managers know their type. A few models assume 

some managers do not observe their own type [Dye 1985a, Section 3; Jung and 

Kwon, 1988]; and that implies if a firm does not disclose, investors do not know if 

firms are ignorant or deliberately trying to hide their information.

2.3. Announcements observed

The literature includes models where firms may communicate their private 

information by direct disclosure (direct disclosure models) or costly actions
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(signalling models). Depending on the set up assumptions and the parameter 

values, the models have equilibria in which announcements may fully, partially, or 

never reveal the firm's type.

Most direct disclosure models restrict firms to two choices: fully revealing 

disclosure or nondisclosure [Darrough and Stoughton 1990, Dontoh 1989, Dye 

1985a, Feltham and Xie 1992, Grossman and Hart 1980, Jovanovic 1982, 

Verrecchia 1983 and 1990; Wagenhofer 1990]. These models assume firms would 

receive a severe "death" penalty if they chose disclosure and that disclosure did not 

fully reveal the type. Any false or partially revealing announcements would be 

detected by a costless nonstrategic verification mechanism, such as a nonstrategic 

external auditor.

In my model I assume that the restructuring announcement cannot be 

immediately verified, because the auditor has to wait until the end of a future 

operating cycle to determine if resources were actually allocated as the firm 

announced. I assume that firms making false announcements are discovered at the 

end of the operating cycle and pay a penalty that is an increasing function of the 

amount of lying.

Discretionary disclosure models allow firms to choose nondisclosure, 

because they assume disclosure is not required by mandatory reporting 

requirements. However, the SEC specifically requires firms to announce resource 

allocation plans (see section 3.1 for institutional details). Therefore, my model 

does not allow nondisclosure and requires all firms to announce how future 

resource allocations compare to the current allocation. Firms can announce the
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resource allocation will remain at current levels, be shifted slightly, or subject to a 

major restructuring. In my model firms choose between truthful and false 

disclosure; whereas in discretionary disclosure models, the choice is between 

truthful and no disclosure.

When firms are restricted to choosing either full disclosure or 

nondisclosure, the nature of disclosure costs determines whether nondisclosure is 

an equilibrium strategy. Grossman [1981] and Milgrom [1981] showed that if 

there are no costs associated with full disclosure, then all firms must fully disclose, 

because any firm choosing nondisclosure is assumed to be the worst type.

Verrecchia [1983] assumed any firm that fully discloses incurs the same 

positive constant exogenous disclosure cost. Disclosure cost determines the 

threshold for disclosure. Firms with type greater than the threshold choose full 

disclosure, because the benefits of disclosure exceed the cost. Low type firms 

choose nondisclosure. When investors observe nondisclosure, they know the firm 

is in the nondisclosure interval, but they do not know the exact type. In Verrecchia 

as disclosure cost increases, the threshold increases; more firms are below the 

threshold; and less disclosure occurs.

Darrough and Stoughton [1990] develop a model of an incumbent firm in 

an industry and assume disclosure cost increases with firm type. If high type firms 

disclose, then potential competitors will enter the industry and profits of the 

incumbent high type firm will be reduced. If low type firms disclose, then potential 

entrants will not enter the industry. In Darrough-Stoughton, as the cost of entry 

rises, entry by competitors is less likely, and there is more disclosure.
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Both Verrecchia and Darrough-Stoughton have a partial disclosure 

equilibrium, but the effect of a change in disclosure cost is different. In Verrecchia, 

the high type firms truthfully disclose and increasing disclosure cost decreases 

disclosure. In Darrough-Stoughton, the low types fully disclose, and increasing 

entry cost increases disclosure.

Wagenhofer [1990] extends Darrough-Stoughton to continuous types. In 

Wagenhofer there is a partial-disclosure equilibrium with two distinct 

nondisclosure intervals. One interval of very low types does not disclose to avoid 

the adverse reaction of stock market investors. Another intermediate interval of 

types does not disclose to avoid the adverse reaction of potential entrants in the 

product market. The investors' equilibrium response to nondisclosure is an 

expectation over the nondisclosure intervals. Two intervals of full disclosure may 

exist, a high interval where the benefits of full disclosure exceed the cost of entry 

by the competitor, and an intermediate level where the firm type is sufficiently low 

that the competitor does not enter when type is disclosed. In Wagenhofer 

increasing entry cost may either increase or decrease disclosure, depending on 

parameter ranges.

Dye [1986] assumes the firm's private information has two components: 

nonproprietary information x  that may reduce cash flows by a small amount if 

disclosed, and proprietary information y  that will significantly reduce cash flows if 

disclosed. Dye allows firms to choose between full disclosure (both x  and y), 

partial disclosure (x but not y), and nondisclosure (neither x  nor y). An exogenous 

statistical relation between x  and y  exists, so that if only x  is disclosed, the investors
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can revise their expectations of y. Dye finds a range of parameter values such that 

firms with low x  and low y  choose nondisclosure; firms with high x  and high y 

choose full disclosure; and firms with some intermediate types choose partial 

disclosure. The sensitivity of disclosure equilibria to changes in the costs of 

disclosure depends on both the absolute costs of disclosure and the relative costs of 

disclosing nonproprietary x  and proprietary y.

In the set-up assumptions of both Dye [1986] and my model, the firm has 

private information about two value-relevant dimensions. In Dye's model the two 

dimensions are x  and y, and both are random states chosen by Nature. The two 

dimensions in my model are the productivity parameter 0, chosen by Nature, and 

the resource allocation a, a private action chosen by the firm. Dye assumes an 

exogenous statistical relation between the two dimensions, whereas I derive 

equilibrium results in chapter 4 that show an endogenous relation between 0 and a.

In my model the investors cannot precisely predict firm cash flow unless 

they can infer the correct value of both 0 and a. Firms are allowed to make false 

announcements (a a), but incur a penalty that increases with the magnitude of 

lying ( a - a ) .  In my model's equilibria the highest type firm makes an 

announcement a that truthfully discloses its allocation a, but this announcement is 

mimicked by lower type firms. I show that increasing the penalty for false 

announcements (a £  a) induces all types to make more truthful reports of their

allocation a. However, no matter how high the penalty for false announcements, 

the firm's equilibrium announcement strategy will only partially reveal the type 0.
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Thus, the equilibrium announcement in my model is a noisy revelation of the firm's 

type-allocation pair {0, a}.

Noisy revelations are a feature of Crawford and Sobel [1982] and Newman 

and Sansing [1993], which assume, as I do, that disclosures are not instantaneously 

verified. These models have partition equilibria where the feasible types are 

partitioned into intervals, and each interval has a different announcement. When 

the announcement is made the investors can infer the interval that contains the 

firm's type, but only the firm manager knows the exact value of type. The precision 

of the investors' expectation increases as the interval length decreases. In all three 

models the number and size of the intervals in equilibrium are sensitive to changes 

in the exogenous parameter values.

In Crawford-Sobel there is a difference between the preferences of the 

Sender (firm) and Receiver (investors). The difference is specified by an 

exogenous parameter, b. The value of b is common knowledge. As b approaches 

zero, the difference in preferences is eliminated, the Sender prefers to fully disclose 

information, and the number of information partitions is infinite. When b is 

sufficiently large, the difference in preferences is so large that the Sender prefers 

nondisclosure. Nondisclosure in Crawford-Sobel is a babbling equilibrium where 

all Sender types randomize over the entire feasible message space. The intuition 

from the Crawford-Sobel result is that information disclosure is more informative 

when the Sender-Receiver preferences are more closely aligned.

In Newman-Sansing the firm's announcements are observed by two 

uninformed players: a stockholder and a potential competitor. The firm's
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incentives are perfectly aligned with the shareholder. The payoffs of the firm and 

stockholder may be reduced if the potential competitor enters the market. For some 

parameter settings (Newman-Sansing Propositions 3 and 4), the competitor's entry 

decision is not likely to depend on the firm's announcement; and the firm prefers to 

make a more informative disclosure to the stockholder. For other parameter 

settings (Newman-Sansing Corollary 1), the competitor's decision is sensitive to the 

firm's announcement, and the firm makes noisier disclosures to deter entry. Even 

though the stockholder generally prefers more precise information, the stockholder 

receives some benefit from noisy signals that deter entry by the competitor. If the 

loss in firm revenue from competitive entry is low (Newman-Sansing Propositions 

5 and 6), then high type firms make more precise disclosures and entry occurs, 

while low types make less precise disclosure and entry is deterred. More precise 

disclosure by the high types offsets the stockholder's loss from the competitor's 

entry. Thus, there are parameter settings in Newman-Sansing where the high type 

firms announce relatively high-precision "good news;" and the low type firms 

announce relatively low-precision "bad news."

The partial pooling equilibrium in section 4.5 of this dissertation are
A

sensitive to exogenous parameters: the lying penalty rate k  and the compensation 

function parameters, p [ and p2> Unlike Newman-Sansing the firm's incentives in

my model are not perfectly aligned in my model. One result of my model is that as
A

k decreases or P] increases, the low types are more likely to mimic a higher type.

The highest type announces his high type, but that "good news" announcement is 

mimicked by some lower types. One characteristic of my partial pooling
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equilibrium is that the high intervals are relatively longer than the lower intervals. 

For the lowest types, the benefits of mimicking are so small that the low types make 

announcements with relatively little noise.

The relationship between "good news" and precision in my model's partial 

pooling equilibrium result differs from the Newman-Sansing result. In my model 

"good news" announcements are less precise than the "bad news." In Newman- 

Sansing "good news" is more precise than "bad news." The differing assumptions 

about firm-investor conflicts drives these differing results. In my partial pooling 

equilibrium the incentives are not well-aligned, and the lowest types are prevented 

from lying by a sufficiently costly exogenous penalty for lying. In Newman- 

Sansing the incentives are perfectly aligned, and some noise by the lower types 

benefits the stockholder by deterring entry by a potential competitor.

In signalling models firms publicly announce costly actions to convince 

investors of the firm's future value. In a signalling model the announced actions 

may be an adoption of a method for financial or tax accounting, dividend policy, 

issue of stock or bonds, auditor selection, or operating decision. For example, 

when a firm privately observes that future sales and inventories will increase, it may 

signal its type by adopting the LIFO method of inventory accounting [Jung 1989]. 

Some models allow firms to use both direct disclosures and publicly observable 

signalling actions, such as equipment replacement decisions [Lanen and Verrecchia 

1987], market entry [Farrell 1987], regulatory compliance action [Kambhu 1988], 

verification by investment bankers [P. Hughes 1986], or stock ownership retained 

by the entrepreneur [Datar, Feltham, and J. Hughes 1991].
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The essential characteristic of signalling models is that the incremental cost 

of signalling must be related to firm type. Separating signals occur when the 

signalling cost is sufficiently high that: (i) the low type prefers to be revealed as 

low rather than incur the cost of signalling, and (ii) the high type prefers to incur the 

signalling cost and be revealed as high. Pooling occurs when the signalling cost is 

either: (i) so low that the low types mimic the signal of the high types, or (ii) so 

high that the high types avoid the costly signal and are indistinguishable from low 

types.

My model is a costly signalling model because the firm's announcement has 

a direct effect on the firm's cash flow and the payoff to the firm manager. In my 

model the highest type maximizes its payoff by announcing a major restructuring in 

a particular direction. In the pooling and partial pooling equilibria in chapter 4, 

lower types incur a penalty from mimicking the announcement of higher types, but 

the amount of the penalty is less than the benefit from deceiving the investors.

2.4. Investors' response

In all financial disclosure models there are investors who observe the firm’s 

announcement to estimate the firm's value and make some response action. The 

investors' responses differ significantly across the models. In some models there 

are always current shareholders at any point in time who satisfy personal liquidity 

preferences by selling their stock at expected value in a competitive stock market 

[Dye 1986, Miller and Rock 1985, Teoh and Hwang 1991]. My model adopts this
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assumption. Other disclosure models focus on public offerings and assume that 

after the announcement investors buy most of the firm [Allen and Faulhaber 1989, 

Wagenhofer 1990], or contribute additional equity for expansion [Darrough and 

Stoughton 1990, Feltham and Xie 1992]. An alternative assumption is that 

shareholders are endowed with the firm's stock and use their estimate of firm value 

to make a decision regarding how much to consume currently [Newman and 

Sansing 1993].

The investors in most financial disclosure models are "reaction machines" 

that respond based on their expectations of the firm's value. Unlike the owners in 

agency contracting models, investors in disclosure models are not allowed to make 

binding commitments before the firm makes its announcement.

Most disclosure models in the accounting literature focus on public 

disclosures by firms and simplify the capital markets by assuming that all investors 

are identical. They assume all investors have the same prior beliefs and evaluate 

new information at the same time and in the same way. I assume the restructuring 

announcements in this model are public and interpreted by investors in the same 

way. Other models, such as Grossman [1976] and Verrecchia [1982], focus on how 

private information obtained by individual traders influences market behavior and 

assume investors have diverse prior beliefs that are updated by observing stock 

prices in the capital market.
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2.5. Incentives

All financial disclosure models assume a conflict such that some firms 

prefer not to fully reveal all private information to the investors. Without such a 

conflict, the investors could implement an incentive contract that motivates the 

manager to fully reveal [Dye 1985a, section 5; Myerson 1979] The following 

paragraphs discuss different approaches where the conflict may arise from an 

adverse third party, differing objectives between manager and shareholders, or 

differing time preferences among shareholders.

Models with adverse third parties describe the firm's type as proprietary 

information that an adversary could use to take actions that decrease the firm's 

future cash flow. Possible adversaries are current or potential competitors in 

product markets, tax collectors, regulatory agencies, creditors, consumer advocates, 

labor unions, or disgruntled employees. Some models with proprietary information 

are constructed with two representative players, either a firm and an investor 

[Verrecchia 1983] or a firm and an adversary [Dye 1985b, Kambhu 1988]. Other 

models explicitly model all three players: firm, investor, and adversary [Darrough 

and Stoughton 1990, Feltham and Xie 1992, Newman and Sansing 1993, 

Wagenhofer 1990]. These models assume away moral hazard problems and 

perfectly align the incentives of the firm manager and shareholders. The manager 

has conflicting objectives between disclosing all private information to the 

investors and withholding some information from the adversary. Since private 

disclosures to investors are not allowed, there are some conditions where the 

optimal policy for the firm and shareholders is nondisclosure or noisy disclosure.
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Some disclosure models assume that there are conflicting objectives 

between owners and shareholders that cannot be resolved by a full revelation 

contract. Crawford and Sobel [1982] assume the preferences for the firm (Sender) 

and the investors (Receiver) differ by some exogenous parameter, b. Dye [1985a, 

section 4] constructs a model where the manager and investors have different 

private sources of noisy information about the firm's value, and shows that both 

parties prefer that the manager's information not be announced until after the 

market has responded to the investors' information. Dontoh [1989] assumes that 

investors do not know if a firm manager is a current-value or future-value 

maximizer. Sansing [1990, chapter 3] assumes that investors do not know if a 

firm manager is a profit-maximizer or an investment-maximizer.

A third group of disclosure models assumes shareholders have conflicting 

consumption preferences across time [Dye 1988, Miller and Rock 1985, Teoh and 

Hwang 1991]. These models assume that at any point in time there are some 

shareholders who wish to liquidate their stock and consume or adjust their portfolio 

mix. The incentive functions are a linear combination of firm value at two points 

of time: time 1, immediately after the announcement is observed, and time 2, when 

the end-of-period cash flows are revealed. The relative weights on the two points 

of time are determined exogenously. My model follows the third assumption and 

assumes that the manager's incentive function is a linear combination of firm's 

market value at the two points of time.
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2.6. Solution Concept

The solution concept for most disclosure models is the Bayesian Nash 

equilibrium. This solution concept is called the Bayesian Nash equilibrium by 

some authors [Crawford and Sobel 1982, p. 1433; Newman and Sansing 1993], and 

the perfect Bayesian equilibrium by others [Green and Laffont 1990, p. 256; 

Matthews et al. 1991, p. 251; Rasmusen 1989, p. 110; Teoh and Hwang 1991, p. 

286].

The following summary of this solution concept is adapted from the Sender- 

Receiver game in Crawford and Sobel [1982, pp. 1433-1434] to disclosure games 

with two players, labeled firms and investors. This solution concept guarantees that 

in equilibrium the investors extract all available information from the firm's 

disclosures.

A Nash equilibrium is a combination of strategies such that each player 

takes the action that maximizes his or her own expected utility taking the action of 

other players as given. The original Nash concept applied only to games of 

complete information. Harsanyi [1968] extended this solution concept to games of 

incomplete information by developing the Bayesian Nash equilibrium. Players 

without private information, such as investors or adversaries in disclosure models, 

calculate expected utility with respect to their probabilisitic beliefs about the other 

player's type.

Sequential rationality implies the players' actions maximize utility given 

their beliefs after observing the other player's actions and that these beliefs are 

consistent with the other players' strategy [Matthews et al. 1991, p. 250].
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If the firms make an in-equilibrium announcement, then investors update 

beliefs using the standard Bayesian revision formula described below.

f(0 |aj = ----------------------- for Q e Q  and a e A
Jg (a |0 )f(0 )d0

6 eQ

where 0 is the firm's type;

Q  is the set of feasible types; 

a is the firm's publicly observed announcement;

A e is the set of equilibrium announcements; 

f  (0) is the prior probability density function of firm type; 

f(e|a) is the posterior probability density function; and, 

g(a|0) is the likelihood that a manager of a type 0 firm will

announce a.

In equilibrium, the investors' beliefs about the firm's announcement strategy, 

g(a|0), must be consistent with the strategy chosen by the firm manager. The

Bayesian Nash equilibrium concept requires that the players'"... conditional 

probabilistic beliefs about each other's actions and characteristics are self­

confirming" [Crawford-Sobel, p. 1433]. In the context of this model if the 

investors' beliefs were not consistent with the firm manager's strategy, then the 

investors' pricing response would be biased, and expected profits would not be 

zero.
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Consider what would happen if the investors' beliefs were not consistent 

with the firm manager's strategy. Suppose all firms with 0 e  [0.5,1] announced

a = 1, but the investors believed that the announcement a = 1 was made only by a 

manager of a type 0 = 1 firm. The investors' price response to the a = 1 would be 

based on the expectation that type was 0 = 1, but the actual firm value be based on a 

distribution of 0 e  [0.5,1]. Thus, the investors with these incorrect beliefs would,

on average, overvalue firms that announce a = 1, and would incur losses if they 

bought or sold the firm's stock. Investor pricing strategies that incur losses on 

average cannot be sustained in a Bayesian Nash equilibrium. The investors could 

improve their response and achieve zero expected profits in this example by 

responding to the in-equilibrium announcement a = 1 with beliefs that are 

consistent with the firm's strategy.

Suppose there is a pure pooling equilibrium where all firms make the same 

announcement, a ?. Using the above notation, the firm's strategy is g (a p|o) = 1 for

all 0 € Q and f ( e |a p) = ----------- I9 ) f (e )—  = ----- f(©)—  = f ^  for

Jg(ap|0)f(0)d0 J f(0)d0
6efi Sen

This implies the investors do not update their beliefs after observing a p.

Investor beliefs must be exogenously specified for out-of-equilibrium 

announcements. For example, suppose a 0 is a feasible announcement, a0 e  A, but 

a0 is not observed in equilibrium. This implies g(a°|0) = 0 for all 0e£S; and the

Bayesian revision formula fails because the denominator is zero. The investors'
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response to an out-of-equilibrium announcement depends on their out-of- 

equilibrium beliefs about the firm's type, f (o |a°). If the modeler did not specify

out-of-equilibrium beliefs, the investors' response to an out-of-equilibrium 

announcement would be undefined. Proving that a firm will not deviate to an out- 

of-equilibrium announcement is not possible unless the investors' response is 

defined for all feasible announcements. The out-of-equilibrium beliefs for my 

model are discussed in section 3.7 and section 4.5.3.

Direct disclosure models that restrict firms to a dichotomous choice 

between full disclosure and nondisclosure (cited in section 2.3) have simple out-of­

equilibrium beliefs. For example, suppose the feasible types are x  e  [0,1] and 

announcements are denoted x .  If all firms with type x  e  [0.5, l] fully revealed and 

all x  e  [0,0.5) chose nondisclosure, then the set of out-of-equilibrium 

announcements is x e  [0 ,0 .5 ). Given the restriction that all disclosures must be 

truthful, if an out-of-equilibrium announcement, Jc € [0 ,0 .5 ), is observed, then the 

investors believe the firm's type is x  = x .  If all types x  e  [0,l] fully reveal the truth, 

then all announcements x e  [0,1] will be observed in equilibrium. "Nondisclosure" 

would be an out-of-equilibrium announcement. If the equilibrium is full truthful 

revelation, then most modelers assume that if the firm deviated to an out-of­

equilibrium nondisclosure that the investors believe the firm is the lowest type, x=0.

Some disclosure models have partially revealing equilibria where all 

feasible announcements are observed in equilibrium. Crawford and Sobel [1982] 

and Newman and Sansing [1993] have noisy partition equilibria where the sets of 

feasible announcements and types are partitioned into intervals. Each type is
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assigned to a continuous interval of types and a continuous interval of 

announcements. The firm's equilibrium announcement strategy is to randomize 

over all announcements in that interval. Figure la  illustrates the announcement 

strategy in a partition equilibrium with three noisy intervals. For example, type 0 

=0.8 would randomize over any announcement in the interval [0.67, l]. If Figure

la  represents an equilibrium announcement strategy, then all announcements in 

[0, l] are observed in equilibrium and there are no out-of-equilibrium

announcements.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

26

Figure 1. Comparison of observed announcements.

Figure la . Announcements observed in an equilibrium with three noisy intervals.
l
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Figure lb . Announcements in partial pooling equilibrium in this paper's chapter 4.

Observed
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0
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Out-of-equilibrium beliefs are an issue in my paper because I develop some 

equilibria where some announcements are not observed in equilibrium. Figure lb  

illustrates the announcement strategy in the partial pooling equilibrium developed 

in chapter 4 of this paper. The feasible set of types is partitioned into many 

intervals, and each interval is characterized by a unique discrete announcement. 

Each type does not randomize over an announcement interval. For example, type 0 

=0.8 strictly prefers to announce a = 1. If Figure lb  represents the in-equilibrium
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announcement strategy, then there are many out-of-equilibrium announcements.

For example, all announcements strictly between 0.63 and 1 would not be observed 

in equilibrium. Thus, I need to exogenously specify some investor beliefs for these 

out-of-equilibrium announcements. My assumptions about the investors' out-of- 

equilibrium beliefs are discussed in section 3.7 and section 4.5.3.
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CHAPTER 3 

MODEL SET-UP

This chapter consists of seven sections:

3.1. Setting and sequence of events

3.2. Manager’s private information

3.3. Firm’s valuation function at time 2

3.4. Manager’s compensation function

3.5. Investors’ valuation function at time 1

3.6. Equilibrium

3.7. Investors' out-of-equilibrium beliefs

3.1. Setting and sequence of events

The financial reporting context for this model is announcements by firms to 

investors about prospective restructuring of a firm's operating assets. The 

institutional requirement for announcing future operating plans is based on the 

Management Discussion and Analysis (MD&A) disclosure rules of the Security and 

Exchange Commission (SEC). Firms can be penalized for false announcements by 

litigation under SEC Rule 10b-5.

Since 1974 the SEC has required firms to include a MD&A in their annual 

10-K filings to help investors estimate a firm's future performance [Fedders and 

Perry 1984]. In 1989, the SEC issued Financial Reporting Release 36 (FRR 36) to

28
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interpret the MD&A requirements [Heyman 1989, Hooks and Moon 1991]. FRR 

36 states,

... Required disclosure is based on currently known 
trends, events, and uncertainties that are reasonably 
expected to have material effects, such as: A 
reduction in the registrant's product prices; erosion in 
the registrant's market share; changes in insurance 
coverage; or the likely non-renewal of a material 
contract. ...

A disclosure duty exists where a trend, demand, 
commitment, event, or uncertainty is both presently 
known to management and reasonably likely to have 
material effects on the registrant's financial condition 
or results of operations....

Disclosure of planned material expenditures is also 
required, for example, when such expenditures are 
necessary to support a new, publicly announced 
product or line of business....

In preparing MD&A disclosure, registrants should be 
guided by the general purpose of the MD&A 
requirements: to give investors an opportunity to 
look at the registrant through the eyes of management 
by providing a historical and prospective analysis of 
the registrant's financial condition and results of 
operations, with particular emphasis on the 
registrant's prospects for the future [SEC 1989].

In addition to the MD&A disclosures in the annual 10-K, firms may announce

prospective resource allocations in other SEC filings, press releases, and financial

analyst meetings.

A recent example of a restructuring announcement by TriCare, Inc., 

appeared in The Wall Street Journal, [May 3, 1993, p. C19]. TriCare operated two
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major businesses, medical evaluation and medical treatment. On April 30, 1993, 

TriCare announced it would discontinue its medical evaluation business and layoff 

almost half its employees. The firm also announced it would incur a $6 million 

dollar restructuring charge against earnings, and realize about $10 million from 

disposing of assets and receivables that would be used toward expanding the 

remaining medical treatment business. TriCare's stock price dropped by 21 percent 

in the next three trading days.

The firm's announcements about its future resource allocations influence 

investors' expectations of the firm's future cash flow. To maximize the current 

stock price, managers may deliberately announce plans that they know the firm will 

not be able to achieve. Audits by certified public accountants give an opinion on 

whether the firm's financial statements fairly represent the historical results of 

operations, but do not give an opinion on the accuracy of the firm's plans for future 

operations. At the end of an operating cycle, investors can compare the audited 

results to the plans announced by the management. If there is a significant 

discrepancy, then the investors can allege the management deliberately made false 

announcements to deceive investors.

Firms can be sued for false disclosure under SEC Rule 10b-5 by either the 

investors or the SEC. The legal and empirical research on shareholder litigation 

related to Rule 10b-5 is reviewed in a recent empirical accounting research paper by 

Skinner [1992, section 2]. The rule was issued by the SEC in 1942 as authorized by 

Section 10(b) of the 1934 Securities Exchange Act. The operative words of Rule 

10b-5 are:
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It shall be unlawful for any person ... to make any 
untrue statement of a material fact or omit to state a 
material fact necessary in order to make the 
statements made, in the light of the circumstances 
under which they were made, not misleading,.... [17 
Code o f  Federal Regulations section 240.10b-5].

Rule 10b-5 has been the basis for a large amount of litigation by shareholders 

claiming firms have not adequately disclosed material facts that are relevant to firm 

valuation [Jacobs 1980, Loss 1983]. If a publicly-held firm discloses significant 

bad news, there are plaintiffs' lawyers eager to file lawsuits in federal court alleging 

violations of Rule 10b-5 and other securities regulations - often within hours of the 

bad news disclosure [Moses 1992, O'Brien 1991].

Most investors' claims under Rule 10b-5 are settled before a trial verdict 

[Alexander 1991, pp. 524-526]. The settlement amounts in these shareholder class- 

action lawsuits often run into the millions of dollars. For example, Tenneco paid 

fifty million dollars to settle a shareholder lawsuit alleging misrepresentation [Wall 

Street Journal, April 22,1992, p. B4]. Although the SEC has not specified a 

formula for settlement amounts in Rule 10b-5 cases, the courts have developed 

have established that the amount of settlement is an increasing function of the 

decline in stock price from the time when the firm made its false statement to the 

time when the truth is revealed [Alexander, pp. 515-517]. If the amount of loss is 

relatively small, litigation is unlikely [Alexander, pp. 511-513].

From these institutional features, this chapter constructs a simplified model 

of a firm making financial announcements subject to a possible penalty for false 

announcements. The principal features of the model are introduced in this section 

and discussed in more detail in the following sections. The model has two players,
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a firm manager and a homogenous group of investors. The time horizon is a single 

operating cycle as illustrated by the timeline in Figure 2.

Figure 2. Timeline.

Time 0 Time 1 
1

Time 2
1

Para­
1

Manager

|

Investors a revealed;
1

Payoffs
meters privately observe cash flow distributed

are observes 0 Aa z(Q ,a ,a ) and
common and chooses and value realized; game
know­ announce­ firm at V,. and firm ends.
ledge. ment a and valued at V2.

allocation a.

The firm has two operating divisions, labeled ESTABLISHED and 

DEVELOPMENT, that operate in different industries. ESTABLISHED produces 

goods or services in a stable mature industry where the productivity parameters are 

common knowledge to all firms and investors. DEVELOPMENT produces goods 

or services in a rapidly changing industry where past productivity is not necessarily 

a good predictor of future performance. At time 1 the manager privately observes 

0, the productivity parameter of the DEVELOPMENT division. This realization, 

0, is drawn by Nature and referred to as the firm’s type. Section 3.2 describes the 

type in greater detail.

The firm is endowed with a fixed amount of scarce resources, such as 

working capital, skilled labor, or competent administrators, that must be allocated 

among the two divisions. The total amount of scarce resources is normalized to
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one. After observing 0 the manager allocates the resources to the divisions, a to 

DEVELOPMENT and 1 -a to ESTABLISHED. Since the focus of this research is 

on restructuring of operations rather than financing, firms are not allowed to acquire 

additional resources by issuing more debt or equity capital. Thus, the manager's 

choice of a is restricted to the continuous interval [0,1].

The model assumes the resources are initially allocated equally to each 

division. As explained in section 3.2 the model assumes that at time 0 there is a 

fifty percent chance that the firm's productivity 0 in DEVELOPMENT is better than 

ESTABLISHED, and fifty percent chance that it is not. Therefore, it is reasonable 

that at time 0 resources should be equally allocated to the divisions.

Alternatively, the initial allocation of resources could be set to a0, an 

unrestricted exogenous parameter. However, adding another exogenous parameter 

increases the complexity of the notation. The analysis of the model could be 

extended to consider the effect of changes in the initial allocation, but that 

extension is not likely to produce significantly different results.

The difference between the allocation a chosen by the firm and the initial 

allocation of one-half indicates the direction that resources are moved. If a= l, then 

ESTABLISHED is shutdown and all resources are transferred to DEVELOPMENT. 

If a=0, then DEVELOPMENT is shutdown and all resources are transferred to 

ESTABLISHED. If a is one-half, then resources remain equally divided between 

the operating divisions.

Concurrent with the allocation decision a, the manager makes a nonbinding 

publicly observable announcement, a , of the resources to be invested in 

DEVELOPMENT. The feasible space of announcement a is the continuous
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interval [0,1]. Since the motivation of this model is to study the how the 

magnitude and direction of the restructuring announcements influence investors' 

expectations, I do not complicate the model by allowing the firm manager to 

strategically choose the timing of the announcement. Announcement timing has 

been a primary issue in other financial disclosure models, such as Trueman [1990],

This model allows the firm manager to use a strategy of misleading 

investors by choosing an announcement a that differs from its allocation a. Both a 

and a are selected from the continuous interval [0,1]. At time 2 the allocation a is 

publicly revealed, and the firm will be penalized if a is not equal to a . This penalty 

for false announcements is described below in section 3.3. The manager's 

compensation function discussed in section 3.4 creates incentives for some 

managers such that the benefits of making a false announcement at time 1 are less 

than the penalty at time 2.

K>, ^i(^), and V2(0 ,a ,a ,V ,) are the valuations of the firm at times 0 ,1 , and 

2, respectively. V0 is the investors' expectation of the firm's residual value before 

any announcement is observed. Vj (a) is the investors' expectation immediately 

after the firm's announcement a , and is described in section 3.5. V2(0, a ,a ,V {) is 

the residual cash value of the firm distributed to investors at time 2 and is described 

in section 3.3. The residual value is the cash remaining after the firm pays any 

penalty for lying and compensation to the manager. The manager's compensation 

w(&, a, a, V[) depends on (a) and V2(0, a, a, Vj) as described in section 3.4. V  is 

an argument in V2(0, a, a, Vj) because an increase in V|(a) increases the

compensation paid to the manager and that decreases the residual cash to the 

investors. Section 3.3 describes V2(0, a, a, Vj) in detail.
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My model has uncertainty in only two places. At time 0 both the firm 

manager and investors are uncertain about the type 0 that will be drawn by Nature. 

At time 1 the manager knows the realized value of 0 and his action choice a\ but the 

investors do not directly observe 0 or a. The analysis in section 4.4 describes a 

pure pooling equilibrium where the announcement a does not reveal any 

information to the investors. Section 4.5 describes partial pooling equilibria where 

the announcements partially reveal information to the investors. My model has no 

uncertainty after time 1. In equilibrium, after observing 0, anticipating the 

investors' equilibrium response V,(a), and choosing a and a at time 1; the firm 

manager can predict the cash flow Z(0, a, a) and the payoffs with certainty.

3.2. Manager’s private information

The two divisions, ESTABLISHED and DEVELOPMENT, produce cash 

flow that will be realized at time 2. The production function for each division is the 

resources allocated to the division multiplied by that division's productivity 

parameter. See section 3.3 and assumption (A-2) for a description of the firm's 

production function.

ESTABLISHED operates in a stable mature industry where investors can 

accurately predict productivity. For example, customer loyalty in a mature industry 

may be so well-established that financial analysts can obtain market research 

reports that accurately predict market share and profits for every firm. In the 

ESTABLISHED industry any information available to firm managers is also
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available to investors. Thus, the model assumes the productivity parameter of 

ESTABLISHED is common knowledge.

DEVELOPMENT operates in a rapidly changing industry where the 

investors cannot obtain independent estimates of productivity. In 

DEVELOPMENT'S industry financial statements of past performance are not 

accurate predictors of future performance. Firm managers observe relevant 

information that is not available to investors. For example, the firm manager may 

receive confidential reports of customer demand, competitor strategy, or 

engineering studies that are not available to investors. Thus, the productivity 

parameter of DEVELOPMENT is privately observed by the firm manager at time 1, 

and is referred to as the firm's type.

The firm's type is a realization 0 from the random variable, 0 . The prior 

probability distribution of 0 is common knowledge, but the realization 0 is 

privately observed by the manager at time 1. Following Crawford and Sobel [1982] 

and Newman and Sansing [1993], this model assumes the type is uniform on the 

interval [0, 1]. Assuming a uniform distribution on [0, l] makes the analysis more

tractable. This assumption is labeled (A-l).

B ~ U {  0,1) (A-l)

The productivity parameter for ESTABLISHED is fixed at one-half, the 

mean value of 0 . Thus, prior to privately observing 0, the manager expects both 

divisions to have a productivity parameter equal to one-half. An observation of 0 

greater than one-half can be interpreted as "private good news," because the firm's 

type is better than expected. If the firm manager of a high 0 firm allocates more
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resources to DEVELOPMENT, then the firm will produce more cash than an 

average firm. Conversely, an observation of 0 less than one-half can be interpreted 

as "private bad news," because the firm's type is worse than expected.

This model is contrived so that firm managers have an incentive to induce 

investors to believe the firm has a high type. Section 3.4 discusses the assumption 

that the manager's compensation depends or; V,(a), the investors' valuation of the

firm at time 1. Section 3.5 discusses the assumption that investors use the 

announcement a to revise their beliefs about firm type and determine the valuation 

V, (a ) . If the firm has a high type, represented by a value of 0 greater than one-half,

then the productivity of DEVELOPMENT is higher than ESTABLISHED. A result 

in chapter 4 shows that the highest type firm (0=1) moves resources from 

ESTABLISHED to DEVELOPMENT, represented by an a greater than one-half, 

and announces the move of resources to DEVELOPMENT, represented by an a 

greater than one-half.

3.3. Firm’s valuation function at time 2

This section specifies two functions. Z(0, a, a) is the cash available for

distribution at time 2 and is specified as (A-2). V2(o, a ,a ,V {) is the residual value

of the firm to the investors at time 2 and is specified as (A-3).

Z(0, a, a) is essentially the firm's production function. The firm's cash 

available for distribution at time 2 is defined by the function Z(0, a, a), and 

consists of three components. The first component is the cash produced by the 

resources allocated to the two operating divisions. The second component is the
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restructuring costs incurred by moving resources from one division to the other.

The third component is a penalty for lying that is incurred if the firm manager 

makes an announcement a that differs from the actual resource allocation a. Each 

of these three components is discussed below and the complete function Z(0, a, a)

is specified by assumption (A-2) at the end of the discussion.

The production function of each operating division is the product of its 

productivity parameter multiplied by the resources allocated to the division. 

DEVELOPMENT has productivity 0, receives resources a, and produces cash flow 

of Qa. ESTABLISHED has productivity parameter equal to one-half, receives

resources 1 -a, and produces cash flow of (l -  a). The total operating cash flow

to the firm is the sum of both divisions' cash flow, Qa + — (l -  a ). Given the
2 ’

model's restrictions that a is restricted to the interval [0,1] and 0 is also restricted to 

[0,1], the feasible total production for the two divisions ranges from zero to one.

The firm incurs restructuring costs in moving resources from one division to 

another. For example, the cost to shut down or reduce a division may include 

employee severance benefits, plant and equipment disposal costs, and settlement of 

claims with government regulators. Moving resources to a division may include 

employee relocation benefits, commissions to employee recruiters, training, new 

construction, remodeling, and licensing fees. Restructuring costs increase as the 

firm moves more resources away from the initial allocation of one-half to each 

division.
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In this model I assume restructuring costs are determined by the quadratic

( 1Vfunction k\ a  -  — I . The constant k is an exogenous positive parameter.

Section 4.2 analyzes the model and explains why the results become more 

tractable by fixing parameter k  equal to one-half. The restriction &=0.5 is labeled 

assumption (A-7) in section 4.2. I analyzed the model without the restriction k=0.5 

and found no fundamental change in results by restricting this parameter. Given the 

feasibility constraint that restricts a to the interval [0,1], and the restriction k=0.5,

( 1V 1the restructuring cost, k\ a -  — I , varies from zero to —. If the manager decides to

leave all resources in their initial allocation, then a is one-half, and restructuring 

costs are zero.

A quadratic function for restructuring costs is assumed so that the choice of 

a that maximizes Z(«) is strictly in the interior of the a e  [0,1] interval for most

types. If the production restructuring costs were linear functions of a, then the 

optimal choice of a for most types would be at the upper boundary (a= l), the lower 

boundary (a=0), or indifference over the [0,1] interval.

After observing 0 and picking the strategy pair {a,a}, the firm manager has 

no uncertainty about the cash flow Z(0, a, a ) . Adding some uncertainty to the 

production function would not change the analytical results, because the manager is 

assumed to be a risk-neutral expected compensation maximizer.

The timeline in Figure 2 shows the firm simultaneously chooses an 

announcement a and an allocation a at time 1. Lying in this model occurs if the 

firm's announcement a differs from its allocation a. Although the firm picks the
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allocation a at time 1, the actual movement of resources occurs during the operating 

cycle between time 1 and time 2. Financial auditors can not independently verify 

the actual resource allocation until time 2. When the firm issues audited financial 

statements at time 2, the actual resource allocation a is publicly revealed, and 

investors can compare a and a .

The amount of lying in this model is the difference between the 

announcement a at time 1 and the allocation a revealed at time 2. I model the 

penalty for lying with the quadratic function k(a -  a)2. The parameter k  is an

exogenous constant. The analysis in chapter 4 shows the equilibria depend on the
A

value of k . With this function, the penalty amount approaches zero as the amount 

of lying approaches zero. A quadratic function rather than a linear function is 

assumed so that there are tractable solutions where the firm manager's optimal 

choice of a is strictly in the interior of the interval [0, 1] for some types.

In my model I assume any lying is always revealed and subject to penalty 

with certainty. Alternatively, I could have assumed that lying is detected with 

probability p, penalized at rate <j> if detected, and zero penalty if not detected. In 

this alternative formulation the expected penalty rate would be the multiplicative
A

product, p<|> ; whereas my model represents the penalty rate by a single constant k . 

Adding uncertainty to the detection process might better represent the real world, 

but it would not change the character of the analytical results since I assume the 

firm manager and investors are risk-neutral. If there were uncertainty, the firm 

manager would maximize his expected compensation at time 1. The effect of 

decreasing the detection probability p  is equivalent to reducing the penalty rate k .
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In my model the penalty for lying directly reduces the firm's cash flow z(«) 

and that reduces the total resources that could be distributed to the manager or 

investors. I model the penalty as a deadweight loss rather than a transfer payment 

from the firm to the investors who suffered losses. This implies the penalty in my 

model represents fees paid to attorneys, witnesses, consultants, courts, and 

regulators. If the firm manager were contractually committed to a policy of no 

lying, then the lying penalty would be avoided and the actual cash flow, Z(«), and 

the investors' expectation, V,(a), would be maximized. The expected firm 

manager's compensation is reduced as the expected amount of lying increases. A 

result of the analysis in Chapter 4 is that for some low type firms the benefits from 

lying are greater than the penalty. Firms with above average type would improve 

their payoffs if they could precommit all firm managers to a policy of no lying. 

Proposition 3, a result in Chapter 4, shows that at time 1 the firm managers who 

know they are low types could improve their payoff by deviating from the proposed 

agreement to tell the truth. I do not assume the investors are allowed to impose a 

contract that motivates firm managers to tell the truth.

The complete functional form of z(«) is specified by assumption (A-2).

The first two terms of (A-2) are the operating cash flows from DEVELOPMENT 

and ESTABLISHED, respectively. The third and fourth terms are the restructuring 

costs and the penalty for lying, respectively.

where parameters k > 0 and k  > 0 a n d  a s  [0,1] and a e  [0,1]
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The parameter restrictions in (A-2) are discussed elsewhere and are 

summarized as follows. The restructuring cost rate k  is restricted to k= 0.5 at
A

assumption (A-7) in section 4.2. The positive penalty rate k  is justified by Rule 

10b-5. The analysis in chapter 4 shows the character of the equilibrium results are
A

sensitive to changes in the value of k . Restricting a and a to the interval [0,1] is a 

feasibility restriction on the firm manager's strategy choice that implies a fixed 

amount of resources can be allocated among the operating divisions.

The total firm cash value available at time 2 for distribution is Z, which is 

specified by the production function Z(0, a, a) . The manager is paid a wage W, 

which is specified by the compensation function W(0, a, a, Vj) described in section

3.4. The investors receive the residual value V2, as specified by the function 

V2(0, a,a,V^)  defined by assumption (A-2).

V2 (0, a, a, v j  s  Z(0, a, a) -  w (q, a , a , v )  (A-3)

This model assumes the functional form of V2(»), W(»), and z(»), and
A

parameter values k  and k  are common knowledge. At time 1 investors can observe 

a , but not the firm type 0 nor the operating decision a. Investors have expectations 

for V2(*), as a function of their beliefs about the firm’s type and operating decision 

a. Sections 3.5 and 3.6 show how the investors revise their expectation of V2(«) 

after observing a .
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3.4. Manager’s compensation function

In this model I follow the assumption of some prior financial disclosure 

models [Dye 1988; Miller and Rock 1985; Teoh and Hwang 1991] that the 

shareholders have conflicting consumption preferences across time. Some 

shareholders will sell their stock at time 1 and want the manager to maximize the 

firm value at time 1. Other shareholders plan to hold their stock to the end of the 

operating cycle, and want the manager to maximize firm value at time 2. The 

compensation contract is a compromise with some positive weight on firm value at 

both time 1 and time 2.

Since the purpose of this model is to characterize the manager's 

announcements rather than to identify the optimal agency contract, I assume the 

compensation contract is determined exogenously. The sharing of risk between 

managers and investors is not an issue in this paper, and I assume the manager is a 

risk-neutral compensation-maximizer. I assume the compensation contract is a 

linear combination of firm value at time 1 and time 2 with positive weight at both 

time points. A similar linear compensation function is specified in Miller and Rock 

[1985] and Teoh and Hwang [1991]. The analysis in chapter 4 shows that this 

contract induces the manager to make a tradeoff between maximizing firm value at 

time 1 and time 2.

The model assumes the compensation function W(») is a linear combination 

of V,(a) and V2(*) as defined in (A-4). Lemma 1 discussed in section 3.5 derives 

an alternative formula for W(*) as a function of Vj(<2) and Z(»).
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3  P,v,(a) + p2V2(e ,a ,a ,V ,(a ))  (A-4)

where 1> P, > 0 and 1> P2 > 0

This compensation function could be implemented by a package of stock 

grants for the manager. Since the manager’s stock ownership and options are 

required to be disclosed in the firm’s proxy statement, it is assumed the functional 

form of W(«) and parameter values P, and p2 are common knowledge.

The relative magnitude of P, and P2 represent the relative weight in the 

manager's decision problem at time 1. However, no compensation is paid until time 

2 .

I assume that the manager is contractually bound to the firm from time 1 to 

time 2. If a manager resigned before the outcomes were revealed at time 2, then P2 

is zero and that manager could avoid the adverse consequences of the penalty for 

lying.

If P2 = 0 and P, > 0, the penalty at time 2 has no effect on manager's

compensation, and the managers would lie in the direction that maximized the 

stock price V, (a). As P2 increases, the penalty at time 2 is more costly to the

manager. A result in section 4.5.5 shows that as P, increases, lying increases and 

less information is disclosed to investors. Miller and Rock [1985] has a similar 

result where increasing the compensation function's weight on current rather than 

long-term share price results in less informative disclosure to investors. Increasing 

the incentive on current share price benefits shareholders who sell currently, but 

may reduce firm value for long-term shareholders.
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If pi equals zero, the firm manager's incentives are perfectly aligned with 

maximizing shareholder at time 2, and there is no incentive to manipulate price at 

time 1. To maximize the cash at time 2, the firm will avoid penalties for lying and 

make a truthful announcement, a = a . In the special case where P, = 0 and p2 = 1, 

the manager and investors each receive half of the firm's available cash. This result 

can be shown by the following algebra.

Special case when P, = 0 and P2 = 1:

W(.) = 0 + v2(«)

Va(.)=z(.)-H'(.)=z(.) -  v,w

v2(-)= ŷ -=w (.)

The numerical examples in chapter 4 assume small positive values for Pi 

and P2 , since incentive compensation paid to most executives is small relative to 

the total market value of their corporations’ stock [Jensen and Murphy 1990]. 

When Pi and p2 are small, the total compensation is small relative to total firm 

value z(«).

3.5. Investors’ valuation function at time 1

Since the focus of this model is the firm manager's announcement and 

allocation strategy, the investors' role is simply to act as a nonstrategic valuation 

mechanism at time 1. The investors observe the firm's announcement a at time 1 

and revise their expectations about V2(«), the firm's residual value at time 2. The 

expectation of V2(«) depends on the investors' revised beliefs about the firm type.
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The investors' belief revision is a rational expectations process [Lucas 1978; Muth 

1961]. A similar nonstrategic role for investors has been adopted by many prior 

financial disclosure models in the accounting and finance literature [e. g., Miller 

and Rock 1985; Newman and Sansing 1993]. My model does not include other 

strategic players, such as competitors, who use the firm's announcement to take 

actions that affect firm value.

To maintain the focus on the manager's strategy, I follow the prior financial 

disclosure model literature and make several simplifying assumptions about 

investor behavior. The investment market is perfectly competitive. I assume all 

investors are risk-neutral, observe the same information, and have the same belief 

revision process. The investors' purpose in the model is to estimate firm value after 

the announcement at time 1. Investors are not allowed to make binding 

commitments with other investors. Investors cannot modify the manager's 

compensation contract. In equilibrium the investors' average profits are zero.

In this model investors observe the restructuring announcement of a single 

firm. I do not model how investors revise their expectations when they can view 

the announcements of many firms. I assume each firm manager is motivated to 

maximize his own compensation, and there is no central authority that can control 

announcement of all firms. If there were such a central authority, the sequence of 

events would call for investors to react after observing a vector of announcements 

by many firms, and a model in the style of Green and Laffont [1990] would be 

appropriate.

Prior to observing the announcement, investors believe the firm's type is 

uniform on [0,l], as specified at assumption (A-l). After the announcement the
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investors' beliefs are denoted |i(0 |a). The related probability density function is

denoted <7|i(0|a). This notation, |i(0 |a) and d |i(0 |a), is similar to the notation in

Reinganum and Wilde [1986, p. 743].

The function p(c)|a) maps a feasible announcement a e  [0, l] into a

distribution of the random variable 0 . For example, = 0.5) = 0 ~ u(0,0.5)

indicates that if investors observe a = 0.5, they revise their belief about the 

distribution of type from uniform on [0, l] to uniform on [0,0.5]. One requirement

of the equilibrium described in section 3.6 below is that the investors' revised 

beliefs must be consistent with the firm's equilibrium strategy.

The related probability density function, dp,(§|a), is a mapping into the non­

negative real numbers. For example, if |i(0 |a = 0.5) = 0 ~ [/(0,0.5), then

4 l(o |a  = 0.5) = 2 for 0 g [0 ,0 .5]. This does not imply that the true value of 0

cannot be greater than 0.5. Rather, this statement means the investors assign zero 

probability to the event that 0 > 0.5. In this example the investors' expectation of 

type is 0.25, the mean of the interval [0,0.5].

1 / \ 0,5 
E[e|fl = 0.5, [l(*)] = J0 4l(0|fl=o.5] = J0 2 d0 = 0.25

0 0

In addition to making an inference about the firm's type, the investors infer 

the firm's allocation a. In the equilibrium described in section 3.6 below, the firm 

manager's equilibrium allocation rule is ae(Q). In equilibrium, the investors know 

the allocation function is a e(0), even though they do not directly observe the
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realized type 0. The investors' expectation of the allocation is

E.[ae(e)|a,(i(e|fl)J = Jae(e) 4 i(e|a).

The analysis could be modified to allow investors to believe some firm type 

mixes among several allocations. However, it is unreasonable to assume a firm 

would randomize among allocations when the choice of allocation directly effects 

firm cash flow, Z(»), and the manager's compensation, Given the quadratic

production and penalty functions, the firm has a unique allocation that maximizes 

its payoff.

The investors' payoff at the end of the game is the firm's residual value, 

V2(*), defined by assumption (A-3) in section 3.3. The investors' expectation of 

V2{*) at time 1 given their beliefs is taken with respect to the random variable 0

and is denoted E ^ ( « )  a ,|l(0 |a)J.

The price the investors pay for the firm at time 1 is the expectation at time 1 

of residual value at time 2 discounted by a present-value factor. The pricing

function at time 1 is V (a) = —-— E \  V  (*)| a , li/ola) , where p is the investors'
1 1H- p § L ' l J

discount rate between time 1 and time 2.

Choosing a nonzero discount rate does not add significant new insights to 

the model. Suppose a positive discount rate, p > 0, is assumed. Substituting the 

investors' discounted expectation into the manager's compensation function defined

at(A-4) gives W (.) = ^  VJ (a) + P2 V2(.)  = i E g[v ;( .) |a ,p (0 |a )]  + P2 V2( .) .
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The essential feature of the model is manager's tradeoff between 

maximizing investors' expectations at time 1, denoted (a) = E_|V2 (*)|a, |i(0 |a)J, 

or maximizing the actual outcome V2(*)- The relative weights on these values are

P.
1 + p

and p2, respectively. An increase in the discount rate p has the same effect

on as a proportionate decrease in P,. I fix the discount rate at p equal to zero,

and leave P, as an exogenous parameter. A change in P, can be interpreted as a 

change in the relative power of shareholders at time 1 or a change in the discount 

rate over time.

In summary, the investors' price at time 1 equals their expectations of firm's 

residual value at time 2. The only random variable in this model is 0 which is 

uniform on the interval [0,1]. The investors' belief about the firm's type after 

observing the announcement is represented by the posterior probability density 

function rfp(0|a). The function a(0) maps the investors' inference about type and

the observed announcement to an inference about the firm's allocation. These 

relationships are defined symbolically by assumption (A-5).

V (a) = E8[v2(.)|a , |l(o |a)] = j V j o ,  a, «(§), ^  («)) 4 l(§ |a ) (A-5)

Inspection of (A-5) shows that VJ (a) appears on both the left and right-

hand-side of the equation. Lemma 1 in the Appendix derives an equivalent 

expression such that l^(a) appears only on the left-hand side. Result (1) of Lemma
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1 gives the investors' valuation response as a function of their expectations of the 

cash available for distribution. Result (2) of Lemma 1 gives the manager's 

compensation as a function of the investors' expectation of cash flow and the actual 

cash flow.

Lem m a 1. Given assumptions (A-3), (A-4), and (A-5),

Proof: See page 126 in the Appendix.

At time 0, prior to observing the firm's announcement, the investors'

(1)

(2)

expectation of firm value is V = E. |V (a)] = JV (a)dQ, The market return at time
0

1 is the change in value relative to the initial price, and is denoted

By construction, the expected return is zero.
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3.6. Equilibrium

My model depends on some standard assumptions for signalling games.

The payoff functions, prior probability distribution of type, and sequence of the 

game are common knowledge. Payoffs are nontransferable and no binding 

commitments are allowed. A self-interested firm manager maximizes his payoff 

after observing his own firm type.

The solution concept used in this paper is a Bayesian Nash equilibrium as 

discussed in section 2.6. This solution concept ensures that the investors extract all 

available information about the firm's type from its announcement. In equilibrium, 

the players' conditional probabilistic beliefs about each other are self-confirming.

Notation for the equilibrium is defined as follows. The manager's 

equilibrium strategy is a vector {ae(0), a e(0)}, with two components: an 

equilibrium announcement rule a e(0) and an equilibrium allocation rule ae(Q).

The firm's announcement rule a e(0) can also be expressed as a likelihood function, 

ge(a|0), that denotes the probability a firm type 0 announces a in equilibrium.

Expressing the announcement rule as a likelihood function is helpful in formulating 

the investors' Bayesian revision process.

The set of feasible announcements is [0,1]. The set of in-equilibrium
A *  _

announcements is A ; and the set of out-of-equilibrium announcements is A  .

Ae = { a : a s  [0,1] and ge (a|0) > 0 for some 0 s  [0,1]}

A0 = { a : a s [0,1] and ge(a|0) = 0 for all 0 s [0,1]}

If all feasible announcements are observed in equilibrium, then A0 is empty.

The investors' equilibrium response Vj (a) is a function that maps

announcements into a stock price at time 1. After observing the firm's
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announcement at time 1, the investors' belief function |i(0 |a) maps the

announcement into a distribution on the random variable 0 . The conditional 

probability density function rf|i(0|a) expresses the same idea as a mapping from the 

announcement into a probability density number on [0,°°). The function a(0) 

maps the investors' inference about 0 into an inference about the allocation. The 

investors' response is rational given their beliefs about firm type and allocation.

In this model the Bayesian Nash equilibrium requires the following four 

conditions to be satisfied.

C -l. Firm's compensation-maximizing strategy.

{ae(0), a e(0)} = argm axw (0 , a, a, v;(a))
a, a

subject to a e  [0,1] and a e  [0,1]

1 if a = ae (0) is a unique solution to C -1 for 0 
S'(a |8 )=  [o,i] if a is one of several solutions to C - l  that 0 randomizes among 

0 if a is not a solution to C -1 for any 0

Ae = {a : a e  [0,1] and ge (a|0) > 0 for some 0 e  [0,1]}

A° = {a: a e  [0,1] and ge (a|0) = 0 for all 0 € [0,1]}

C-2. Investors' response to in-equilibrium announcements.

Vt (ae (0)) = £  V2 ae (0), a e (0), V; (ae (0))̂ ) d|x(§|ae (§)) for a e A e
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C-3. Investors' belief revision follows Bayes1 Rule after in-equilibrium 

announcements.

4 t ( e  a) = n  !------------- for a e  Ac
jy (a |e )4 i(e)
o

4 1 (0 ) =1 is the investors' prior belief from assumption (A-l).

C-4. Investors' response to out-of-equilibrium announcements.

V^(a°) = jV 2(e ,a o,fle(e),V;(ao))rf|l(0|ao) for a ° e A °

where |i(0|a°) and a(o) are exogenously specified for a0 s  A0 .

The first two conditions, C -l and C-2, require that in equilibrium the firm 

and investors play mutual best-responses. C-3 is the investors' Bayesian revision 

for in-equilibrium announcements. The first three conditions are similar to 

Crawford-Sobel and Newman-Sansing. C-4 is the investors' response to out-of­

equilibrium announcements. C-4 is needed for my pure and partial pooling 

equilibria, because those equilibria do have out-of-equilibrium announcements.

C -l implies the firm's announcement and allocation strategy maximizes the

manager's compensation given the investors' response. The firm's strategy 

{ae(0 ), a e(0 )} is a mapping from firm type into the set of feasible announcements

and allocations. The likelihood function ge(fl|0) expresses the same idea as a 

mapping from pairs of announcements and types into the probability space [0 ,1].
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The specification of gc(a|0) allows the firm to pick a mixed strategy such 

that some firm types are indifferent among several announcements or allocations. 

Mixed strategies are typical of cheap talk models where there is no direct cost to 

announcements [e. g., Crawford and Sobel 1982, Newman and Sansing 1993]. 

However, in my model for almost all firm types the manager has strict preferences 

among announcements and allocations, because the choice of allocation and
A 2

announcement directly effect the penalty amount, k{a -  a) , which changes the 

cash flow Z(*) and the manager's compensation

In section 4.5 there are boundary types in the partial pooling equilibria that 

are indifferent among the strategies of adjoining intervals. If a type is exactly equal 

to an interval boundary, then that type is indifferent between a "truthful" and a 

"false" announcement. I assume those boundary types choose the truthful 

announcement rather than randomizing between the truthful and false 

announcements. Therefore, the analysis in chapter 4 excludes mixed strategy 

equilibria and considers only pure strategy equilibria. In a pure strategy equilibrium 

each firm type chooses only one announcement, a e Ae and

j*(a|e)={1 =
[0 otherwise

The firm manager chooses the allocation rule a e(0) and announcement rule 

a e(0) concurrently. The strategy pair {ae (0), a e(0)} is an equilibrium when the

firm manager does not prefer to change either component. Given the allocation 

ac (0) and investors' response V (a), the manager will not deviate from the

equilibrium announcement a e(0). Given a e(0) and V^(a), the manager will not

deviate from ae (0).
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C-2 says investors price the firm at its expected value given the firm's in­

equilibrium strategy and the investors' beliefs at C-3. When an in-equilibrium 

announcement is observed, the investors' belief revision process is given by C-3. In 

equilibrium the investors infer that the firm's allocation is given by function a e (0).

The investors do not directly observe the firm's allocation, but they infer that the 

probability density of firm type is <i|ii(0|a), and then infer that the allocation follows

the allocation rule a c(0). The investors' expectation of type is j0 d |i(0 |a ) . The
0

expectation of allocation is j  a e(0)<i|i(0|a).
o

C-3 implies that investors correctly infer the interval containing the firm's 

type when an in-equilibrium announcement is observed. The prior probability 

density function rf|x(§) equals one, because (A-l) assumed 0 ~ f/(0 ,l). The

investors’ beliefs after observing the announcement a are a Bayesian revision of 

their prior beliefs using the observed announcement a , and the likelihood that a 

will be observed when the manager uses his equilibrium announcement rule, ae (0).
A A

Condition C-3 is defined only for in-equilibrium announcements, a e A e.

C-4 gives the investors' response to out-of-equilibrium announcements,
A ^  v

a° e  A  . To determine whether the firm will deviate to an out-of-equilibrium 

announcement, the investors' response must be defined for all feasible 

announcements a e  [0,1]. The investors' beliefs about firm type given an out-of­

equilibrium announcement cannot be determined endogenously. For equilibria with 

a nonempty set of out-of-equilibrium announcements, I exogenously specify the
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investors' out-of-equilibrium beliefs, £/|l(0|a") for a ” e A ° .  This posterior

probability density function is well-defined so that j  cf|x(0|a°) = 1 for all out-of-
0

A p .

equilibrium announcements, a" e  A . The investors' belief about the firm's 

allocation a is given by a(0) as a function of the inferred type 0. C-4 requires the

investors' response to an out-of-equilibrium announcement to be an expectation 

with respect to their posterior beliefs, rf(i(0|a°) for a e  A0. C-2, C-3, and C-4,

taken together, require that the investors' response to any announcement is 

sequentially rational given their revised beliefs.

3.7. Investors' O ut-of-Equilibrium Beliefs

The pure and partial pooling equilibria discussed in sections 4.4 and 4.5, 

respectively, are characterized by a countable set of discrete in-equilibrium 

announcements. Since the feasible space of announcements is the continuous 

interval [0, 1], the pure and partial pooling equilibria have an infinite set of out-of­

equilibrium announcements. To prove the existence of these equilibria, I need to 

show that no type has an incentive to deviate to any out-of-equilibrium 

announcement.

The investors' response to an announcement is a function of their beliefs 

about firm type. The investors' beliefs after observing the announcement a are 

denoted by the posterior probability density function ^ (© la). Recall that
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assumption (A-5) in section 3.5 specifies the investors' valuation at time 1 is a 

function of 4 i(§ |a ) , V,{a) = Eg|y2(«)|a,|i(*)] = J V,2(»)rfjx(0|a). The investors'

posterior beliefs must be defined for all feasible a , whether they are in or out of 

equilibrium.

If I allowed an infinite variety of out-of-equilibrium beliefs, there would be 

far too many equilibria to analyze. Prior signalling models have limited the number 

of equilibria by restricting out-of-equilibrium beliefs. In a sequential market entry 

game with two types of monopolists, strong and weak, Kreps and Wilson [1982, p. 

263] restrict out-of-equilibrium beliefs so that entrants believe the probability of a 

strong monopolist is (weakly) greater if the monopolist is observed fighting entry.

Green and Laffont [1990, p. 257] adopt a similar plausibility restriction in a 

game with continuous types by assuming the incumbent's action rule jc  * (0) is a

strictly monotonic increasing function of its type 0. Green-Laffont consider an 

example where x < j c ' , and there is an equilibrium where x 1 is observed in 

equilibrium and x  is not used in equilibrium. In this example, if the incumbent 

deviated to jc , then the attacker (entrant) believes that the type deviating to x  is 

lower than the type announcing x ’.

I adopt a similar monotonic restriction on out-of-equilibrium beliefs for the 

analysis in the next chapter. I assume investors believe the firm's announcement 

rule, a(0), is a weakly monotonic increasing function of its type. Higher type firms

in this model with 0 > 0.5 have better prospects in DEVELOPMENT than in 

ESTABLISHED, and can increase firm value at time 2 by moving resources to 

DEVELOPMENT. To maximize firm value at time 2, the higher type firms should
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move resources from ESTABLISHED to DEVELOPMENT, denoted by a > 0.5, 

and make a truthful announcement, a = a > 0.5, to avoid the penalty for lying. In 

contrast, lower type firms with 0 < 0.5 have better prospects in ESTABLISHED 

than DEVELOPMENT and can maximize firm value at time 2 by shifting resources 

in the other direction, a <0.5.  The compensation function motivates managers to 

maximize firm value at both time 1 and time 2. To increase V,(a) lower type firms

have an incentive to mimic the higher type firms. Higher type firms do not have an 

incentive to mimic lower type firms.

Formally, I restrict the investors' posterior beliefs so that their posterior 

expectation of firm type is a weakly increasing function of the announcement.

This restriction is symbolically stated by assumption (A-6)

i , . i . .
j0<i|l(0|a') = E^0|a'j< E^§|a"j = J0d|j.(0|a") for any a' < a" and
0 0

] < E[e|«"] for at least one pair {a ' , a"} such that 0 < a' < a"< 1 (A-6)

The first part of assumption (A-6) means that if we select any two feasible 

announcements, a' and a " , then the investors' expectation of type after observing 

the lower announcement is less than or equal to the expectation after observing the 

higher announcement. The second part of (A-6) means that investors' post­

announcement expectation of type is not everywhere flat. For example, Figure 12 

in section 4.5.3 shows the expectation in a partial pooling equilibrium is flat within 

an interval and makes a discontinuous upward jump at the upper end of each 

interval.
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Note that (A-6) is a restriction about the investors' beliefs about type. (A-6) 

does not necessarily require that the investors' price response is a monotonic 

increasing function of the announcement. For example, in the partial pooling 

equilibrium of section 4.5, the expectation of type, E^§|aj, is a weakly increasing 

function of a ,  but the price response, V,(a), is not. Figure 13 in section 4.5 shows 

a discontinuous price response V,(a). In Figure 13, the price response is strictly
A

increasing for in-equilibrium announcements, a e  A". However, the price response
A _

is not monotonically increasing for out-of-equilibrium announcements, a e  A .
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CHAPTER 4 

ANALYSIS

4.1. Introduction

This chapter analyzes the model and discusses equilibrium outcomes. Each 

section of this chapter considers different parameter settings of the basic model 

described in chapter 3.

Section 4.2 analyzes the model for the first-best information environment 

where the firm's type and allocation are publicly observable. The results of this 

section are a benchmark for the subsequent sections. Proposition 1 identifies the 

allocation rule, a *(0), that maximizes the firm's available cash at time 2, Z(«).

Distortion is defined as an allocation that differs from the cash-maximizing 

allocation a *(0). Lying is defined as an announcement that differs from its

allocation, a & a . Proposition 2 shows that if the information environment is first- 

best, then the equilibrium outcome has all firms choosing no distortion and no 

lying.

Section 4.3 considers the second-best information environment where the 

firm privately observes it type 0, and privately chooses its allocation a. In this 

second-best environment, Proposition 3 shows there are always some firms who lie 

and mimic the announcements of higher types. When some firms lie, the investors 

cannot invert the announcement to fully reveal the firm's type. Corollary 3.2 shows
A

as the penalty rate k  approaches infinity, the outcome is not first-best.

60
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Section 4.4 considers the second-best environment where the value of k  is 

relatively small. Given these conditions, Proposition 4 shows there exists a pure 

pooling equilibrium such that all firms mimic the announcement of the highest 

type. In this pure pooling, all firms, except the highest type, are lying. Since all 

firms make the same announcement in a pure pooling equilibrium, that 

announcement reveals nothing to the investors. The investors' equilibrium response 

to the pure pooling is the expected price given that nearly all firms are lying.
A

Section 4.5 considers the second-best environment where the value of k  is 

relatively large. Given these conditions, Proposition 5 shows there exists a partial 

pooling equilibrium in which the range of types is partitioned into a large number 

of intervals. Each interval is characterized by a unique announcement. When the 

investors observe an announcement in a partial pooling equilibrium, they can infer 

the interval of types that sent the announcement. The partial pooling gives the 

investors a partial revelation of the firm's type. Subsection 4.5.4 analyzes the
A

partial pooling equilibrium in the special case where k  is infinite. Subsection 4.5.5 

considers the sensitivity of the interval boundaries in the partial pooling equilibrium
A

to exogenous changes in the penalty rate, k , and the compensation weighting 

factors, p | and p2.

4.2. First-best case

This section considers the first-best case for this model which occurs if the 

firm's type and allocation are publicly observable at time 1. Subsequent sections of 

this chapter analyze the second-best environment where the firm's type and
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allocation are privately observed by the manager. The functions and definitions 

introduced in this section will be useful in the later sections.

As a benchmark, I begin by finding the strategy that would maximize the 

firm's available cash at time 2 without considering the manager's incentives or the 

investors' response. Since assumption (A-3) specified Z(«) as a quadratic function 

of firm type 0; the cash-maximizing allocation rule, a *(0), is a linear function of 0. 

Any announcement other than a * (0) = a * (©), would cause a positive penalty, 

k(a - a ) 2, and decrease Z(*). The announcement rule a * (0) is an increasing 

function of type, consistent with assumption (A-6) discussed at the end of chapter 

3.

The above intuition is formalized in Proposition 1.

Proposition 1. Firm cash at time 2, denoted z(0, a, a), is maximized when the

1 1 0
firm chooses allocation a *(©) = ------------- 1------ and announcement

'  2 4k 2k

d*(B) = a*(Q).

Proof. See Appendix at page 127.
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Figure 3. Sensitivity of announcement strategy a * (0) to parameter k. 

k = j  => a * (0) = a * (0) = — y + 20 subject to a * (0) e  [0,1]
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Figure 3 on the previous page illustrates how the cash-maximizing 

announcement strategy, a * (0), is sensitive to the exogenous parameter k. When k

is less than 0.5, the feasibility constraints a < 1 and a > 0 are binding. For example, 

when k= 0.25, there is an interval of types 0 s  [0.75, l] such that all types in the

interval announce all resources will move to DEVELOPMENT, a = 1. When 

k= 0.5, the function a *(0) = 0 is a one-to-one mapping from the feasible types 

0 e  [0,1] into the feasible announcements a e  [0, l] . Thus, when k= 0.5 each type 

chooses a unique announcement, and for every feasible announcement there is a a 

unique type. When k  is greater than 0.5, each type has a unique announcement, but 

not all feasible announcements are observed. For example, when k= 1, no types 

announce a >0.75.

This analysis in this paper becomes tractable when there exists an

announcement rule that can be inverted to fully reveal the type. An announcement 

rule, a (0 ), is fully-revealing if the inverse <S>(a(0)) is a one-to-one mapping from

the set of equilibrium announcements, Ae, into a subset of feasible types, 0 6 [0,1]. 

Figure 3 shows the a * (0) is not fully-revealing for values of k less than 0.5. 

Considering the cases of £<0.5 and A>0.5 significantly adds to the complexity of 

the proofs in the Appendix. Therefore, I limit the remainder of the analysis to cases 

where a * (0) is fully-revealing and restrict k  to one-half. This restriction is labeled 

(A —7).

A: = 0.5 (A-7)

Given assumption (A-7), the allocation rule a * (0) is a strictly increasing 

function of 0. If all firms adopt the allocation rule a* (0 ), then the highest type
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firm, 0=1, moves more resources from ESTABLISHED to DEVELOPMENT than 

any lower type firm.

Since the firm's cash production function Z(«) is common knowledge, both 

the investors and the firm manager can calculate a * (0). In the first-best case the 

investors know at time 1 if a firm's allocation deviated from a *(0). In the second- 

best case, the investors can not detect deviations until time 2.

Distinguishing between distortion and lying is important in this paper's 

analysis. The equilibrium analysis of the second-best case in the subsequent 

sections of this chapter shows the manager makes a tradeoff between distortion and 

lying in choosing his best-response.

Lying is defined as the difference between the announcement a and the 

allocation a. If a firms lies at time 1, then at time 2 the penalty for lying is 

k { a - a ) \

Definition. A firm lies if its announcement differs from its allocation, a & a . An 

outcome of no lying occurs if and only if a(0) = a(0) for all 0 e  [0, l].

Distortion occurs when there is at least one type that deviates from the 

allocation a * (0). If no distortion occurs, the cash at time 2 is z(0, a, a * (0)).

Suppose a firm chooses a distorted allocation, a d, rather than its first-best 

allocation, a*. Then the difference in allocation is (a * -  ad), and the change in

available cash at time 2 is a nonlinear function of this difference. After substituting 

and simplifying,
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Z ( 0 , a , a * ) - Z ( e ,  a , f ld) = ( f l * - a d) | e - | - ^ ( a * + a d - l ) - k ( a * + a d - 2 a

Definition. A firm of type 0 distorts its allocation if it chooses a & a *(0). An 

outcome of no distortion occurs if and only if a(0) = a * (0) for all 0 e  [0, l ] .

Proposition 2 finds the equilibrium strategies for the firm and the investors 

in the first-best information environment. Proposition 1 identifies the a *(0) that

maximizes Z(»), but does not prove that is the firm's equilibrium strategy in the 

first-best case. In the first-best case, the investors directly observe 0, a, and a at 

time 1 and can predict the cash at time 2, denoted Z(0, a, a), with certainty. From

Proposition 1 investors and the firm know that to maximize the cash at time 2, the 

firm should choose the allocation a  *(0). When 0, a, and a are publicly observable

at time 1, the investors can directly observe any distortion or lying, and adjust their 

response V^a).

Proposition 2. If the firm's type and allocation are publicly observable, the firm's 

equilibrium strategy is a(0) = a(0) = a * (0) = 0 for all 0 e  [0,1], which is defined as

no lying and no distortion.

Proof: See Appendix at page 129.

The proof of Proposition 2 assumes the penalty for lying in the first-best 

case is the same k(a  -  a)2 as exists in the second-best case. Given this assumption
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the firm manager in the first-best case strictly prefers to tell the truth and avoid any 

penalty, denoted a = a.

The outcome of the first-best case described by Proposition 2 is illustrated 

by Figure 4 on the next page. In this example, announcements and allocations are 

linear functions of type, a *(0) = a *(0) = 0. The choice of the highest type, 0=1, is 

a * (1) = a * (1) = 1 which implies the highest type moves all resources from 

ESTABLISHED to DEVELOPMENT. The choice of the lowest type, 0=0, is 

a * (0) = a * (0) = 0 which implies the lowest type moves all resources from 

DEVELOPMENT to ESTABLISHED. In this example the investor observes 

Q = a = a. The bottom of Figure 4 plots the investors' response VJ (•) as a function 

of the single variable a . Because the production function Z(*) is quadratic, the 

investors' response VJ (a) is a quadratic function of a .
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Figure 4. Outcome in first-best case.

Parameter values: p, = 0.01, p2 = 0.04, k = 0.5

Results: a*(Q) = a *(0) = 0

V' * (a) = Vt (9, a * (0), a * (0)) = Vx (0 ,0 ,0 ) = 0.357 + 0.476 a2

Plot of<S*(0) = a* (0 ) = 0
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Figure 5 illustrates the investors' price change in the first-best case as a 

stock market return. V0 * is defined as the stock market price of the firm at time 0,

before the firm announces a , with the expectation that the firm's strategy at time 1 

will be a * (0). At time 1, the investor revises the price to Vx * (a). The price 

return, /?*(«), is calculated by dividing the difference in price by the initial price.

Figure 5. Market return in first-best case.

Parameter values: (3, = 0.01, (32 = 0.04, k = 0.5

Before observing a , the expected price is

V  * = E [v*
0 e[ 1

(a*(e))] = 0.357 + 0 .4 7 6 y
«=1

= 0.516.
a=0

After observing a , price is * (a) = 0.357 + 0 .476a2.

Return is R  * (a) = v;*(«) -  Vo*
Vo*

l

Return, ° -8
R*(&) ° -6

0.4
0.2

A

-0.2
0^2____^ D.6

a
0.8 1

-0 .4

The market return in the first-best case, given the parameter values in Figure 

5, is an increasing function of the announcement. The price return is a positive 61.5 

percent for the highest announcement, a = 1; and a negative 30.8 percent for the
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lowest announcement, a = 0. Figure 5 serves as a benchmark for examples in 

subsequent sections where the information environment is not first-best.

If the information environment is not first-best, then the investors observe 

the announcement a and make inferences about the firm's private information, type 

0, and the firm's private action, allocation a. In a full revelation equilibrium, the 

investors can invert the announcement rule to fully reveal the type.

Definition. A full revelation equilibrium exists if and only if there exists an 

inverse function O(a) such that <I>(a(0)) = 0 for all 0 e  [0,1].

A full revelation announcement strategy may involve some lying. For 

example, suppose the firm's announcement strategy is d(9) = V© and its allocation 

strategy is a(0) = 0. If this announcement-allocation strategy pair is used, then 

nearly every firm type lies, because d(9) -  a(Q) = V©-  0 > 0 for 0 < 0 < 1, and the 

penalty for lying is k(V0 - 0 ) 2. When investors observe the announcement, they 

apply the inverse function O (a) = a2 to fully reveal the type 0. If this were an

equilibrium, the investors' belief about the allocation would be consistent with the 

firm's allocation strategy, a(0) = 0. The investors can use the inferred type, a2, to 

correctly infer the allocation equals a2; the penalty, k(d -  a2 )2; and the future cash 

flow, z(d2,d,a2). These inferences would be correct, and both the investors and 

firm would know future value with certainty. However, in this model full 

revelation with lying is not an equilibrium strategy for the firm.
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The next analytical result of this section is that if a full revelation 

equilibrium exists in this model, then it must involve no lying, defined as 

a(Q) = a(Q) for all 0 e [0,1]. This result is driven by the model's assumption that

lying is costly. Lying is beneficial to the firm if the investors raise their 

expectations of firm type and stock price V (a) after observing a false

announcement. Low types may raise expectations of investors by mimicking the 

announcements of a higher type. However, if the announcement strategy has both 

fully revelation and lying, as in the example in the previous paragraph, then the firm 

has a costly lying penalty with no offsetting benefit.

Corollary 2.1 states that if a full revelation equilibrium exists, then the 

firm's strategy is no lying and no distortion. The proof of Corollary 2.1 in the 

Appendix shows that if the announcement fully reveals type, the firm's 

compensation is maximized by a strategy of no lying and no distortion.

Corollary 2.1. A full-revelation equilibrium exists if and only if the firm's 

equilibrium strategy is a(0) = a(0) = a * (0) for all 0 e  [0,1].

Proof: See Appendix at page 130.

Corollary 2.1 is useful in proving when a full revelation equilibrium does 

not exist. This corollary implies if a full revelation equilibrium exists, then the 

outcome is equivalent to the first-best outcome of no lying and no distortion. 

Corollary 2.1 is used in the next section to prove that a full revelation equilibrium 

does not exist when the firm privately observes its type.
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4.3. Nonexistence of Full Revelation Equilibrium When Type Is Private

Sections 4.3,4.4, and 4.5 analyze the incomplete information environment 

where at time 1 the firm privately observes its type 0 and privately chooses its 

allocation a. Since the investors in this environment observe a but not a at time 1, 

they cannot detect the amount of lying at time 1. Undetected lying at time 1 may 

benefit firms by increasing its stock value at time 1, but will reduce stock value at 

time 2 when all lying is revealed. There are some firms for whom the benefits of 

lying at time 1 exceed the loss from the penalty at time 2.

Proposition 3 states that a full revelation equilibrium can not be sustained 

when firms privately observe type. The proof of Proposition 3 shows there exists 

some continuous interval M  of types that will lie and mimic the announcement of 

the highest type, a * ( l) . For all firms in interval M  the benefit of increasing the

stock value at time 1 is greater than the loss from the penalty at time 2. When the 

investors observe the announcement a *(l), they know that type is contained in the

interval M, but can not infer the exact value of 0 . Proposition 3 is illustrated by 

example in Figure 6 on the next page.

Proposition 3. If the firm privately observes its type, then a fully revealing 

equilibrium does not exist.

Proof: See Appendix at page 132.
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Figure 6. Deviation from full revelation equilibrium 

Parameter values: (5, = 0.01, (32 = 0.04, k = 0.5, k = 0.25 

Results: a* (0 ) = a* (0 ) = 0

Vj * (a) = V; (0, a * (0), a * (0)) = VJ (0 ,0 ,0 ) = 0.357 + 0.476 a2 

Wttuth (0) = w(©, 0,0, V; * (0)) = 0.005952 (3 + 4 02)
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Figure 6 assumes investors respond as if they believe the firm's strategy is 

truthful. The investors' response as a function of these beliefs is V, *{a). The 

announcement of the highest type, 0 = 1, is a * ( l )  = l. The first plot compares the 

firm's payoff from two possible strategies. WtnUh (0) is the payoff to firm 0 from the 

first-best strategy a * (0) = a * (0) = 0. Vf'ramic (0) is the payoff to firm 0 from the 

allocation a * (0) and mimicking the highest type's announcement a = 1. The 

highest type announces a *(l) = 1 under both strategies and 

Wmrth (1) = Wmirric (1) = 0.04166. Type 0=0.355 is indifferent between the two 

strategies and W‘ruth (0.355) = W”™™0 (0.355) = 0.0209. All types strictly between 

0.355 and 1 strictly prefer to mimic. Since all of these types make the same 

announcement, a = 1, the investors cannot distinguish whether the firm is actually

0 = 1 or some inferior type mimicking the highest type. Thus, full revelation is not 

an equilibrium outcome in this example.

The two plots in Figure 6 express the same idea with different functions. 

The first plot is in terms of the firm's total payoff from either strategy. The second 

plot in Figure 6 compares the benefits of mimicking, 5(0), to the losses from 

mimicking, L(0). The benefits of mimicking are the increased stock value at time

1 weighted by the parameter P ,. The loss of mimicking is a function of the penalty 

for lying at time 2 weighted by the parameter p2.
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The second plot shows the benefits and losses of mimicking are equal when

0 = 0.355, because 5(0.355) = L(0.355) = 0.00400.

In many analytical models with discrete types, lying can be eliminated by 

increasing the penalty factors to a sufficiently high level. However, Corollary 3.1 

shows that in this model with continuous types there is always some interval that 

strictly prefers to lie for any finite penalty factor.

A

Corollary 3.1. If the firm privately observes its type and k is exogenously 

increased to an arbitrarily large positive finite value, there always exists some 

interval of types that lie.

Proof: See Appendix at page 134.

The result in Corollary 3.1 can be understood by reviewing the previous 

numerical examples. Figure 4 shows that in a full revelation equilibrium the 

investors' response, V, *(«), is steepest as a  approaches the feasible endpoint, a = 1.

This suggests that if a firm chooses to lie at time 1, then its greatest benefit at time

1 is to mimic the highest type. When the investors believe no firm lies, then the 

investors' response, V, *(«), does not depend on the penalty factor, k . Changing 

from a < 1 to a = 1 results in an increase in investors' response V * (•) that is a

quadratic function of a < 1 and a = 1. The penalty for announcing a = 1 when 

allocation is a = 0 is also a quadratic function of a < 1 and a = 1. The penalty is 

directly proportional to k ( l -  0)2, which approaches zero as type approaches 0 = 1.
A

Recall that in this model the feasible type set is continuous. Thus, for any finite k , 

there exists some type close to 0 = 1 for whom the penalty k (l -  0)2 is arbitrarily
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close to zero. Figure 6 shows there exists an interval M  with some types 

sufficiently close to 0 = 1 such that the benefits of mimicking, 5 (0 ), exceed the loss 

from the penalty, L(0). The supremum of interval M  is fixed since 5 (l)  = L(l) = 0. 

The infimum of M  is the lower intersection where 5(0) = L (9). As k  increases, the 

l (0 )  function becomes steeper, 5(0) remains fixed, and the infimum of interval M  

shifts to the right.

The plot at the bottom of Figure 6 shows that both 5(0) and L(0) decrease 

as 0 increases towards 0 = 1. However, the curvatures of the two graphs differ.

5 (0) is concave with respect to the origin. L(Q) is convex with respect to the

origin.

Corollary 3.1 depends on the assumption that types are continuous 

(assumption (A-l)) and the penalty is a function of the magnitude of lying 

(assumption (A-3)). If the feasible types were drawn from a discrete set, the 

benefits for the second highest-type to mimic the highest type would be some fixed 

amount, x. By increasing the penalty rate, the loss from lying could be increased to
A A \  2

some value greater than x. This penalty function, k { a - a )  , approaches zero as the 

magnitude of lying decreases to zero.
A

Lying is eliminated in this model when the penalty rate on lying, k , 

becomes infinite. When lying is eliminated, all firm types choose an announcement 

equal to their allocation, a(d) = a(0) for all 0 e  [0, l ] . However, eliminating lying 

does not eliminate distortion, the difference between the chosen allocation, a(0 ), 

and the cash-maximizing allocation, a *(©).

For example, a firm with an average type, 0 = 0.5, has several feasible 

strategies with no lying. For this firm, the strategy with the first-best outcome is to
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announce no restructuring and leave all resources equally allocated between the two 

divisions. This first-best strategy for 0 = 0.5 is denoted {a = 0.5, a = 0.5}. This

first-best strategy is the cash-maximizing strategy for the firm with type 0 = 0.5. 

Another strategy with no lying is to mimic the highest type by announcing a transfer 

of all resources to DEVELOPMENT, and actually carrying out that restructuring. 

This mimicking strategy is denoted {a = 1, a = l}. Note that this mimicking

strategy involves no lying since the announcement and allocation are equal. If the 

investors' valuation response at time 1 is higher after observing a = 1 than after 

observing a = 0.5, symbolized by Vx (l) > V, (0.5), then the mimicking strategy 

{a = 1, a - 1} gives the firm a higher value at time 1 and avoids any penalty for 

lying at time 2. For the firm with type 0 = 0.5 the mimicking strategy {a = 1, a = l}

distorts the allocation away the operating cash-maximizing first-best strategy 

{a = 0.5, a = 0.5}. Depending on the values of the exogenous parameters, [3, and

P2, the firm manager with type 0 = 0.5 may receive more compensation from the 

mimicking strategy than from its first-best strategy.

The intuition of the above example is generalized as Corollary 3.2. In
A

Proposition 6 in section 4.5.4,1 show that when k  is infinite there exists a partial 

pooling equilibrium with no lying and a positive amount of distortion by almost all 

firms.

A

Corollary 3.2. If the firm privately observes its type and k  approaches positive 

infinity, then the first-best outcome is not an equilibrium.

Proof: See Appendix at page 135.
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4.4. Pure Pooling Equilibrium

When firms privately observe type, Proposition 3 showed some firms 

choose announcements that mimic higher types. The discussion of Corollary 3.1 

showed there always exists an interval M  so that types in M  choose to mimic the 

highest type by announcing a *(l). If the interval M  contains the entire set of 

feasible types [0,1], then a pure pooling occurs in which all types announce a *(l).

Proposition 4 states that there exist parameter values such that pure pooling 

is an equilibrium. The proof shows that no type deviates from announcing a *(l).
A A

This result is sensitive to the value of the penalty factor k . If k  is sufficiently 

small, then the benefits of mimicking exceed the costs for all types and a pure
A

pooling equilibrium occurs. If k  is sufficiently large, then the benefits of 

mimicking the highest type are less than the costs for some low types and pure
A

pooling is not an equilibrium. If k is sufficiently large, then Proposition 5 in the 

next section shows there is a partial pooling equilibrium with many distinct pools.

A

Proposition 4. If the firm privately observes its type and the penalty factor k  is

sufficiently small, such that 0 < k < , ^ — —-r, there exists a pure pooling
3P2l1+Pl +P2)

equilibrium in which all types mimic the highest type.

Proof: See Appendix at page 139.

The pure pooling equilibrium of Proposition 4 is demonstrated by a 

numerical example and figures on the following pages. Figure 7 illustrates the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

79

firm's strategy in equilibrium. Figure 8 illustrates the investors' beliefs and 

response.

Figure 7. Firm's strategy in pure pooling equilibrium.

Parameter values: P, = 0.01, P2 = 0.04, k = 0.5, k = 0.035 

Investors' posterior beliefs: |i(o|a) = 0 ~ u(0,a)

Results (rounded to 3 significant digits):

V,HP(a) = 0.357 + 0.148 a 2 

a HP= a * ( l)  = l for all 0 e  [0,1]

gH, (9 ) = t a * ( 8 )  + fa» ( l )  =aQ63 + 0
'(0)

a*(e)=e

k + k

Lying: a HP( 0 ) - a HP(0) = —^ { a * ( l )  -  a*(0)} = 0 .9 3 5 (1 -0 )
k + k

Distortion: a HP( 0 ) - a * ( 0 )  = —^ { a * ( l )  -  a*(0)} = 0 .0 6 5 (1 -0 )
k + k

AaHp= l

lying H R

0 . 4

a*(0)

distortion { 0
0 . 6 0 . 80 . 2 0 . 4 1
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In Figure 7, the highest type firm, 0=1, makes the announcement a = 1. 

Since the penalty rate k  is low, all the types with 0<1 mimic the highest type and 

announce a - 1. This outcome is a "high-pooling", and is denoted by the 

superscript, "HP."

Figure 7 shows the firm's strategy has both lying and distortion. The firm's 

allocation, a HP(0), is the optimal tradeoff between its announcement, a HP = 1, and 

its cash-maximizing allocation, a * (0) = 0. The total difference between the firm's 

announcement and its cash-maximizing allocation is 1 -  a * (0) = 1 -  0. Given the

specified parameter values in Figure 7, the total difference is divided into two 

components: lying equal to 0.935 (l -  0); and distortion equal to 0.065 (l -  0).

From Figure 7 the average amount of lying and distortion in this pure 

pooling example can be calculated by taking an expectation over all types.

i
Average lie = J 0.935 (l -  0) d0 = 0.468.

o

i
Average distortion = J 0.065 (l -  0) d0 = 0.033.

o

The firm strategy in the pure pooling equilibrium is sensitive to the
A A

parameter value k . As k approaches zero, lying approaches 1 - 0  and distortion
A

approaches zero. As k  increases to small positive values, the firm's optimal 

allocation shifts closer to the announcement a = 1 which decreases lying and 

increases distortion. Given the parameter values in Figure 7, the critical threshold

R ,k
is k  = , — ■—-r = 0.0397. When k > 0.0397, mimicking the highest type

3p2ll+ Pj + P2J

becomes too costly for some low types and they deviate from pure pooling.
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Figure 8. Investors' beliefs and response in pure pooling equilibrium. 

Parameter values: p, = 0.01, P2 = 0.04, k = 0.5, k = 0.035 

Investors' posterior beliefs: (l(§|a) = 0 ~ U{0,a)

Investors' expectation of type: E^§|aj = —

0 . 8
Investors' 
Expectation 
of Type 0 . 4

a
0 0 . 2 0 . 4 0 . 6 0 . 8 1

Investors' belief about allocation after observing announcement and inferring type: 

a HP(0) = 0.065 a + 0.935 0

Investors' response at time 1:

V;HP(a) = E .[y2( .) |a ]=  J V2 (e, a, a HP (0), v;HP (a)) |  d0 = 0.357 + 0.148a2

0 . 5 5

0 . 5

Investors' o . 45 
Response

0 . 4

0 . 3 5

0 0 . 2 0 . 4 0 . 6 0 . 8 1

Aa
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Figure 8 illustrates the investors' beliefs and response for all feasible 

announcements, a e  [0,1]. If the firms follow the pure pooling announcement

strategy illustrated in Figure 7, the equilibrium announcement set is a single 

announcement, A e = {a = l} . In equilibrium, the investors' prior and posterior

beliefs are equal, 11(0) = = l) = 0 ~ u{0, l ) .

In Figure 8 ,1 exogenously specify investors' beliefs for the out-of­

equilibrium announcement set, A0 = {«|0 <a < l} . I assume if an out-of­

equilibrium announcement, a°, is observed, investors believe the type is uniformly 

distributed on [0, a 0]. Given the parameter value fc=0.5, the full revelation strategy 

is a * (0) = a * (0 ) = 0. Suppose the out-of-equilibrium announcement, a°=0.7 is 

observed. A firm of type 0=0.7 would announce d =0.7 in a full-revelation 

equilibrium. The assumed out-of-equilibrium beliefs imply the investors believe 

a 0 =0.7 would be announced by any type 0=0.7 or lower.

The first plot in Figure 8 shows how investors' beliefs about type change 

over the set of feasible announcements. Assumption (A-6) at the end of chapter 3 

requires the investors' posterior expectation of type, E^§|aJ, to be a nondecreasing

function of the announcement a . The first plot shows that given the assumed out- 

of-equilibrium beliefs, the investors' expectation of type is a linear function of a . If 

the in-equilibrium announcement a = l  is observed, the investors believe the types 

are uniformly distributed on [0, l] , and the average type is 0.5.

To estimate firm value, the investors must infer both the firm's type and its 

allocation. I assume investors use both the observed announcement a and the 

inferred type 0 to predict the allocation a. In Figure 8, investors believe the
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allocation a is a compromise between its first-best allocation a * (0) = 0 and its
A a

announcement a . The weighting is a function of parameter k . The investors' 

inference about the firm's allocation is consistent with the firm's in-equilibrium 

allocation rule shown in Figure 7, a HP(0) = 0.065 + 0.935 0.

The second plot in Figure 8 shows VlHP(a), the investors' valuation response

at time 1 is a quadratic function of the announcement. This valuation is a function 

of the investors' beliefs about type, |l(o |a), and the inferred firm allocation, a HP(0).

When the firm makes the in-equilibrium announcement, a = 1, the investors' 

response is V,HP(l) = 0.505. The investors' response in the first-best case, shown in

Figure 4, assumes that if a = 1, then the investors believe the type was 0 = 1 and 

value the firm at V, * (l) = 0.833. The investors' response to a = 1 in the pure

pooling equilibrium is lower than the first-best case, because the investors adjust 

their response for the expected amount of lying and distortion by firms.

To verify that the investors' response is in equilibrium, the following steps 

show that expected profits in equilibrium are zero. The investors' profits are the 

difference between their redemption proceeds at time 2, V2 (•), and the price paid 

for the stock at time 1, V,HP(a). The expectation of V2(*) is taken over the entire 

range of types 0 e  [0,1] and assumes all firms follow the strategies, a HP(0) and 

aHP(0).
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f V J e . a ^ a - W . v / V ^ J j r d e  _  V,HP(a H-)
*F° a

= |V 2(o ,l ,0.065 + 0.9350,V;HP(l))- |d 0  -  {0.357+ 0.148(l)}

= £  {0.324 + 0.0630 + O.44902}d0  -  0.505

= 0.324 + 0 . 0 6 3 +  0 - 4 4 9 ^  -  0.505 

=  0

To verify that the firm's announcement rule a HP(0) is a best-response to the 

investors' valuation function, consider a deviation by the lowest type, 0 = 0. The 

lowest type's in-equilibrium strategy is the mimicking announcement a = 1 and a 

slightly distorted allocation of aHP(o) = 0.065. The announcement a = 1 results in 

the investor response V,HP(l) = 0.505 and gives the lowest type a payoff of 

w (o ,l,0.065,V,HP(l))=  0 ,(0.505) + p2 (o.324) = 0.0180.

If the lowest type deviated from the a = 1 pure pooling equilibrium to its first-best 

strategy, a *(o) = a *(o) = 0, then the investors' response is V,HP(o) = 0.357 and the

lowest type's payoff would be

w (0 ,0 ,0 ,V ,HP(0))= p ,(0.357) + p2 (0.357) = 0.0179.

Deviating from the a = 1 pure pooling to the first-best strategy has the following 

effects on the lowest type's payoff:

decrease at time 1 by P,(0.505 -  0.357) = 0.00148, and 

an increase at time 2 of p2(0.357 -  0.324) = 0.00132.
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Since the decrease at time 1 is greater than the increase at time 2, the lowest type 

will not deviate from pure pooling to full revelation. The proof of Proposition 4 

shows there are parameter values such that no type deviates from the pure pooling 

announcement strategy.

Figure 9. Market return in pure pooling equilibrium.

Parameter values: (3, =0.01, (32 =0.04, k = 0.5, k  = 0.035

Only announcement observed in equilibrium is a HP = 1, as indicated by • in plot

below.

Before observing a , price is V0HP = Eg VJHP(aHP(§))J = 0.

After observing a , price is V,HP(a) = 0.357 + 0.148a2.

v  HP ( t/ HP 
Return is R™{a) = V1 V°

357+ 0.148(1)2 =0.505.

Return

l
0 . 8

0 . 6

0 . 4

0 . 2

♦- Announcement

Figure 9 illustrates the market return for all feasible announcements. The 

only announcement observed in equilibrium is a = 1. Before and after observing 

the announcement a = 1, the investors believe the type is uniform on [0, l ] . Thus,
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there is no price change when a firm announces a = 1. If a firm deviates to some 

out-of-equilibrium announcement, a < 1, then the price change is negative. If the 

lowest feasible announcement, a = 0, is observed, the return is negative 29.3 

percent.

The pure pooling equilibrium can be explained in the language of this 

model's economic setting. Initially, all firms have resources equally divided 

between two divisions, the old ESTABLISHED division and the new 

DEVELOPMENT division. Firm managers privately observe their prospects for 

DEVELOPMENT. Suppose Zero, Inc. privately observes very poor prospects in 

DEVELOPMENT and could maximize operating cash flow by shifting all 

resources to ESTABLISHED. If Zero, Inc. announces a shifting of all resources to 

ESTABLISHED, then Zero will be revealed as the lowest type, and the stock price 

will be lower than for any other firm. By announcing that it is moving all resources 

to DEVELOPMENT, Zero receives a higher stock price at time 1. Contrary to its 

announcement, Zero moves nearly all resources to ESTABLISHED. At time 2, the 

difference between the announcement and actual allocation is revealed. Zero is 

penalized at time 2, but the magnitude of the penalty at time 2 is smaller than the 

benefits of lying at time 1. The firm mitigates the penalty by leaving some 

resources at DEVELOPMENT rather than moving all resources to 

ESTABLISHED. The set-up of this model does not require a minimum amount of 

resources at either division.
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4.5.1. Partial Pooling Equilibrium - Introduction
A

In this section the value of the penalty factor k  is sufficiently large that the 

costs of mimicking becomes so large for low types that they choose not to mimic 

the highest type. The pure pooling equilibrium discussed in the previous section
A

assumed a sufficiently low value of the penalty factor k  such that all types made 

the same announcement, a HP(0) = 1. The critical threshold is k  = -----7—— r.
6P2(l+P, + P 2)

When k  exceeds the critical threshold, the pure pooling equilibrium unravels 

because the cost of mimicking is so high that the lowest type prefers to reveal itself 

rather than mimic. The number of equilibrium pools makes a discontinuous jump
A

at the critical threshold. When k  is less than the threshold, there is a pure pooling
A

equilibrium with a single pool. When k is greater than the threshold, there is a 

partial pooling equilibrium with an infinite number of pools.

The discussion of the partial pooling equilibrium is divided into several 

subsections. Subsections 4.5.2 and 4.5.3 present the firm's strategy and the 

investors' beliefs, respectively. Figures in these two subsections demonstrate the 

partial pooling equilibrium for a particular set of exogenous parameter values. The 

proofs in the Appendix are not restricted to this set of parameter values. Subsection 

4.5.4 analyzes the partial pooling equilibrium for the special case where the penalty
A

rate k  is infinite. Finally, subsection 4.5.5 presents the sensitivity of the results to 

changes in the exogenous parameters.

Proposition 5 proposes a partial pooling equilibrium and describes its major 

characteristics. The figures in the following sections illustrate some of these
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characteristics. The Appendix contains the proof that the proposed equilibrium 

satisfies the equilibrium requirements specified in section 3.6. The investors' 

beliefs that support this equilibrium are discussed in section 4.5.3 and the 

Appendix. The characteristics of the interval boundaries are discussed in section 

4.5.2 and in Lemma 2 and Lemma 3 in the Appendix.

/ \

Proposition 5. If the firm privately observes its type, and the penalty factor k is a

pooling equilibrium occurs. This partial pooling equilibrium is characterized by:

(i) Almost all firms lie.

(ii) Almost all firms distort.

(iii) There are an infinite number of intervals.

Proof. See Appendix at page 150.

4.5.2. Partial Pooling Equilibrium - Firm's Strategy
a

When k  is sufficiently large there exists a partial pooling equilibrium with a 

countably infinite number of pools. This partial pooling is characterized by a 

parameter r, such that 0 < r < 1, and the infinite decreasing geometric series 

{r°, r l , r2,... r 1,...}. Since 0 < r < 1, this series begins with r° = 1 and decreases.

This geometric series partitions the range of types into a countably infinite set of 

intervals, { ...,(r j+1, r J], ( r j , r jI ] , . . . , ( r2, r], (r ,l]} . Intervals are indexed by the

sufficiently large finite value, such that
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exponent j ,  for the integers7=0 ,1,2,... Interval j  is ( r j+I, r j] and has length 

r i -  r j+1. Parameter r is the ratio of the length of intervaly+1 to the next-higher 

interval j.

Figure 10 presents the firm's announcement strategy in a partial pooling 

equilibrium where r=0.63. The first three members of the geometric series, 

rounded to two significant digits, are r° = 1, r 1 = 0.63, and r 2 = 0 .39 . Intervals are 

indexed from right to left. All firms in the first interval, 0 e  (0.63, l], announce 

a = 1. All firms in the second interval, 0 e  (0.39,0.63], announce a = 0.63. The

highest type within each interval makes its first-best announcement, 

a * (0 ) = a * (0 ). All other types within an interval mimic the announcement of the

interval's highest type.

A
Figure 10. Observed announcements in a partial pooling with k=  1 and r=0.63.

Parameter values: p, = 0.01, p2 = 0.04, k  = 0.5, ifc = 1, r  = 0.63

In-equilibrium announcement set: A e 6 3 ',..., 0.25,0.39,0.63, l}

1

0 . 8

Observed
Announcement 0-6

0 . 4

0 . 2

F---------------------------------------------------- 0
0 . 2  0 . 4  0 . 6  0 . 8  1

Observe the intervals in Figure 10 become shorter as type decreases from 

the maximum type, 0 = 1, toward the minimum type, 0 = 0. The first interval,
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(0.63, l], has length 1 -  r = 0.37. The second interval, (0.39,0.63], has length 

r - r 2 = r { \ - r )  = 0.24. Each interval is r=0.63 times as long as the interval to its 

right. As type approaches zero, the intervals become infinitesimally small, but are 

not single points.

The decreasing length of the intervals occurs because the benefits of 

mimicking are larger for the higher announcement intervals. This result is a 

consequence of assuming a quadratic production function, Z(*), as specified at (A-

2) in section 3.3. In the first-best case, Figure 4 illustrates that if all firms follow 

the cash-maximizing strategy a * (0) = a * (0) = 0 , then the increase in the investors' 

response, Vx *(a), accelerates as the announcement increases. For example, the 

price difference between a = 1 and a = 0.5 is Vj * (l)-V | *(0.5) =

0.833 -  0.476 = 0.357, and that is greater than the price difference between a = 0.5 

and a = 0 which is Vx *(0.5)—V, *(o) = 0 .476-0 .357  = 0.119. The investors' price 

response to equilibrium announcements in the partial pooling increases 

quadratically, but not as steeply as in the first-best case.

The lack of an upper bound to the number of intervals in the partial pooling 

is a consequence of assuming continuous types. If the number of types were 

discrete, then the upper limit for the number of announcement intervals would be 

the number of discrete types. However, there are an uncountable number of types 

when the feasible types are continuous. Step 7 of the proof of Proposition 5 in the 

Appendix proves the number of intervals is infinite.

The partial pooling equilibrium in this section shares some characteristics 

with the partition equilibria described in Crawford and Sobel [1982] and Newman 

and Sansing [1993]. In all three papers types on the partition boundaries are
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indifferent between two adjacent intervals. The technical condition for the 

boundary indifference condition in my model is given by Lemma 2.

Lem ma 2. Given a parameter value r such that 0 < r < 1 and r  is a solution to

then any boundary type 0 = r j where7= 1,2 ,..., is indifferent between announcing 

a * ( r j) or a * ( r j'') .

Proof. See Appendix at page 148.

Lemma 2 implies that if interval ratio r exists, then it satisfies the 

indifference condition (I). Lemma 3 goes further and says that given the parameter 

conditions I assumed, there always exists an r that satisfies the indifference 

condition.

Q (r) = P, (1 + r)( 1 + r  + r2) + 6*{p,r(l +  r) -  P2(l + P, + p j ( l  -/-)}  = 0, (I)

and firm's allocation a ipp(0)

1
Lem ma 3. If P, > 0, p2 > 0, k = —, k > P, , then there exists

6 P2 (l + Pi + Pa)

a solution r such that satisfies (I). 

Proof: See Appendix at page 149.
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A

When the exogenous parameters are p,=0.01, (32=0.04, k=0.5, and k = l  as 

in Figure 10; the indifference equation (I) from Lemma 2 is:

-0 .242 + 0.332r + 0 .080r2 + 0.01r3 = 0  

This equation has one real-valued solution, r=0.626822=0.63.

In Figure 10 the type 9=r=0.63 is indifferent between its first-best 

announcement a = 0.63 or the mimicking announcement a = 1. Similarly, the type 

0 = r2=O.39 is on the boundary between the second and third intervals, and is 

indifferent between its first-best announcement a = 0.39 or the mimicking 

announcement a =  0.63. Thus the boundary type, 0 = ;J , is indifferent between its 

first-best announcement, a * (rj), and some other announcement. To avoid

allowing boundary types to randomize between two announcements, I assume that 

the boundary type chooses its first-best announcement.

Unlike Crawford-Sobel and Newman-Sansing, the firms in my model do not 

randomize among all the feasible announcements within an interval as illustrated in 

Figure la  in section 2.6. In the former models, the firm's announcement is "cheap 

talk" that may influence the beliefs of other players, but does not directly enter the 

firm's payoff function. However, in my model, the announcement a influences the 

investors' beliefs and does directly enter the firm's payoff through the penalty term 

- k { d - a f .
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A

Figure 11. Firm's strategy in a partial pooling with k =1 and r=0.63.

Parameter values: (3, =0.01, P2 =0.04, k = 0.5, k = 1, r = 0.63

a rpp(0) = r j =0.63j for 0 e(o .6 3 j+1, 0.63j] and 7 = 0 , 1,2 ,...

f lrPP(0 ) =  0 +  2 ^  =  0<3330 +  a 6 6 7 (0>63)j fo r e e ( r j+i r Jl 
1 + 2*

Lying: a rpp( 0 ) - a rpp(0) = — l— (rJ - 0 )  = 0.333{(0.63)j -© } for 0 e  (/■*', r J]

A

Distortion: flw ( 0 ) - a * ( 0 )  = - ^ ( r y' - 0 )  = O.667{(O.63)j -© } for 0 e  ( r j+I, r j]
14" 2^

Plot of announcement and allocation by firm type.

Horizontal lines indicate announcement function a rpp(0).

Positively sloped lines indicate allocation function a rpp(0).

0.8

0 . 4

0 . 2

0l0 . 2 0 . 4 0 . 6 0 . 8

Figure 11 illustrates the firm's announcement and allocation strategies in a 

partial pooling equilibrium. The strategy functions in Figure 11 are denoted by the 

superscript "rpp" to indicate the value r characterizes this partial pooling 

equilibrium. The proof of Proposition 5 in the Appendix proves that this is an
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equilibrium by showing that no firm deviates from the announcement and 

allocation strategies, <5ipp(0) and a tpp(0).

The highest interval in Figure 11 is (0.63, l]. All types in the interval 

(0.63, l] announce a = 1 and make the resource allocation a rpp(0) = 0.333(0 + 2). 

In the first-best outcome the firm's strategy is {a = 0 ,a  = 0}, which is defined as no

lying and no distortion. Figure 11 shows that almost all types do not chose the first- 

best strategy. The boundary types, 0 e  { ..., 0 .63; , . . .  0 .25,0.39,0.63, l} , do chose

the first-best. The types not on the interval boundaries mimic the announcement of 

the highest type in the interval. Thus, all types not on the interval boundaries have 

a positive amount of lying.

The allocation strategy a n>p(0) = 0.333(0 + 2) for firms in the interval 

(0.63, l] is the optimal tradeoff between lying and distorting. Given the restriction 

k = 0.5  the firm could achieve zero distortion with the allocation a = a *(0) = 0. 

The allocation strategy a ipp(0) = 0.333(0 + 2) for firms in the interval (0.63, l] is

the optimal tradeoff between lying and distorting. With the parameters selected for 

this example, for firms in the interval (0.63, l], the firm's compensation- 

maximizing allocation, a rpp(0), is one-third of the distance between its 

announcement a = 1 and its cash-maximizing allocation a * (0). The difference 

between a rpp (0) and the cash-maximizing allocation is distortion, 

a rpp (0) -  a * (0) = 0.667(1 -  0).

In general, the optimal amount of lying and distortion is a linear function of
A A

the exogenous parameter k . As k increases, lying becomes more costly; the 

optimal amount of lying decreases; and distortion increases. The ratio of optimal
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lying to optimal distortion for a particular interval equals the ratio —. Thus, in the
k

A

example where k= 0.5 and k= l ,  the optimal amount of lying is half the optimal 

amount of distortion.

The comparison of equilibria is facilitated by calculating the average
A

amount of lying and distortion for this partial pooling example where k  = 1. The 

average lie is the expected difference between the announcement and allocation,

i
J { a rpp(0) - a rpp(0)}d0 = 0.038. The average distortion is the expected difference
0

between the allocation chosen in equilibrium and the cash-maximizing allocation,

i
J {flrpp(0 ) -  a * (0)} d0 = 0.076. The average lie is half the average distortion,
0

k a

because the ratio — is 0.5 in this example. Section 4.5.4 shows that when k  is 
k

increased to positive infinity, the average lie is zero; and the average distortion, 

0.084.

The relationship between distortion and lying in the partial pooling 

equilibrium has some policy implications. Increasing the effective penalty for Rule
A

10b-5 violations is represented in this model by an increase in the penalty rate k . 

The results of the analysis in the partial pooling equilibrium in section 4.5.4 shows
A

that as k  increases, the amount of lying decreases and distortion increases.

This result occurs because the model assumes firms are sued for false 

announcements; but firm managers are not sued if they make an operating decision 

that does not maximize cash flow. In my model at time 1 the investors are
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uncertain about the productivity 0, but at time 2 they know a, a , and Z(9,a,a) .  At 

time 2 the investors could invert Z(9 ,a ,a) and determine 0 and the cash- 

maximizing allocation a * (0) = 0 with certainty. Therefore, at time 2, the investors 

could infer the amount of distortion. However, at time 2 the model does not allow 

investors to directly assess a personal penalty on managers who distorted.

Distortion does reduce the firm manager's compensation, because distortion does is 

an opportunity cost to both the manager and the investors. With a distorted 

allocation the cash available for distribution, Z(Q,a,a), is less than it would be with 

the cash-maximizing allocation a * (0) = 0. In equilibrium, the investors' average 

profits at time 2 are zero, because they adjust their pricing response at time 1 for the 

expected amount of distortion.

I recognize that in the real world investors and regulatory agencies can 

penalize managers for either false disclosures (lying) or operating decisions that do 

not maximize resource efficiency (distortion). I model only one penalty for lying: 

a Rule 10b-5 penalty that reduces firm value for both the manager and the investors. 

In the real world managers who do not manage resources efficiently can be sued 

personally or fired for failing to carry out their fiduciary duty to the stockholders. A 

possible extension of the model set-up is to add a personal penalty on managers 

who distort.
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4.5.3. Partial Pooling Equilibrium - Investors' Beliefs

Each partition in this partial pooling example is characterized by a discrete 

announcement, a e A e = {o.63J for j  = 0,1,2,...}. In this example the out-of­

equilibrium announcement set is A 0 = {a|a e  [0,1] and a *  0.63j for j  = 0,1,2,3,...}.

This aspect of my partial pooling is unlike the partition equilibrium of Newman- 

Sansing where all feasible announcements are observed in equilibrium.

For the partial pooling equilibrium I assume if an out-of-equilibrium 

announcement strictly between the in-equilibrium announcement of two adjacent 

intervals is observed, then the investors believe the firm is from the lower interval. 

These beliefs are illustrated in Figure 12. For example, if the in-equilibrium 

announcement a = 1 is observed, the investors believe the firm's type is contained in 

the highest interval, (0.63, l], and the mean of this interval is 0.815. If an

announcement strictly between 0.63 and 1 is observed, the investors believe the 

firm's type is contained in the interval (0.39,0.63], and the mean of this interval is

0.51. If the in-equilibrium announcement a = 0.63 is observed, the investors 

believe the firm's type is contained in the interval (0.39,0.63] with a mean of 0.51.
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Figure 12. Investors' beliefs in a partial pooling with k= l  and r=0.63. 

Parameter values: P ,= 0 .01 , P2 =0.04, k = 0.5, k = 1, r = 0.63

Investors' beliefs: |i(0 |a) =

0~f/(O .63 ,l) if a = 1
0~C /(.632,.63) if a e  [.63,1)

0 ~  u(.63J+x,.63J) if a e  [.63y,.63J-1) and 7 = 2,3,.

{0 = 0} if a = 0

Investors' expectation of type:

f(0.63 + l ) /2  if a = 1
E[0|a] = |(o .63y+1+O.63;') /2  if a s [o .6 3 J', 0.63y_l)and 7 = 1,2,3,... 

[ 0  if a = 0
1

0 . 8

Investors' 
Expectation 0-6
of Type 0.4

0 . 2

0 . 2  0 . 4  0 . 6  0 . 8

Aa

indicates in-equilibrium announcement, a e  A e = {...0.63; , ...,0 .25 ,0 .39 ,0 .63 , l}

Figure 12 shows how investors' expectations about type change over the set 

of feasible announcements. Assumption (A-6) at the end of chapter 3 requires that 

investors' posterior expectation of type, E^ojaj, is a nondecreasing function of the

announcement a . Figure 12 shows that given the assumed out-of-equilibrium 

beliefs, the investors' expectation weakly increases in a .
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Figure 13. Investors' pricing response in a partial pooling with k= l  and r=0.63. 

Parameter values: p, = 0.01, P2 = 0.04, k  = 0.5, k = 1, r = 0.63 

Investors' beliefs: (i(o|a) as in Figure 12 

V™ (a) as a function of all feasible a e  [0 , l]

Investors'

Valuation
o.s

0 . 4

0 . 3

a
0 0 . 2 0 . 4 0 . 6 0 . 8 1

•  indicates in-equilibrium announcement, a e A e = {...0 .63J, ...,0 .25 ,0 .39 ,0 .63 , l} 

V1rpp(a rpp(0)) for in-equilibrium announcements, a rpp(0) e  A e

0 .  65

Investors'
Valuation

o.ss

0 .  45

0 . 4

0 .  35

Type,0
0 . 2 0 . 4 0 . 6 0 . 8 1

The first plot in Figure 13 illustrates how the investors' valuation response, 

V1rpp(a), changes over the feasible set of announcements. The function V,rpp(a) is
A

not monotonic for announcements in the out-of-equilibrium set, A0. For example,
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consider the interval of out-of-equilibrium announcements strictly between 0.63 

and 1. If any announcement in this interval is observed, then investors believe the 

firm's type is contained in the interval (0.39,0.63] with a mean value of 0.51. As

the announcement a increases from the 0.63 toward 1, the expected difference 

between 0.513 and a increases. If the investors believe the gap between type and 

announcement is increasing, then they believe the firm will have a larger penalty for 

lying. Although increasing a from 0.63 to 1 does not change investors expectation 

about type, it does increase their expectations about the amount of lying. Therefore, 

the valuation V1rpp(a) strictly decreases as a increases from 0.63 to 1.

The second plot in Figure 13 shows that over the discrete set of in­

equilibrium announcements, Ae, the function Vjipp(a) monotonically increases. For

example, the four highest in-equilibrium announcements, 0.25, 0.39, 0.63, and 1, 

have values of VIrpp(a) equal to 0.38,0.41, 0.48, and 0.66 respectively.

Observe that the difference between the in-equilibrium announcements 

accelerates as the type and announcements increase. As the announcements 

increase, there is a bigger price change from mimicking the higher announcement. 

This provides more incentive for the higher types to mimic, and the higher intervals 

are longer than the lower intervals. As announcements decrease, the difference in 

prices declines; the incentive to mimic is reduced; and the interval length decreases.
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A

Figure 14. Market return in a partial pooling with k= l  and r=0.63. 

Parameter values: (3, =0.01, p2 =0.04, k = 0.5, k = l

Before observing a , price is V'0rpp = Eg|̂ V1rpp(flrpp(0))| = 0.509.

After observing a , price is V1rpp(a) as shown in Figure 13.

/ v Vrpp(a) -  V ipp 
Return is R™(&) = — — -----—

'  '  i / Wv0

In-equilibrium announcements indicated by • in this plot.

Return 0 . 6

0 . 2 0 . 4
- 0 . 2

- 0 . 4

Announcement

Figure 14 illustrates the market return reaction in the partial pooling
A

equilibrium with k = l. Figure 14 presents the investors' response as a return 

relative to the initial price, F0rpp, whereas Figure 13 presents the posterior prices, 

V,rpp(a), on an absolute price scale. The dark dots in Figure 14 indicate the market

return to in-equilibrium announcements and the curved lines indicate the returns to 

out-of-equilibrium announcements. The announcement a = 1 has a positive return 

of 30.4 percent. The lowest announcement a = 0 has a negative return of 29.8 

percent. The price return is much more sensitive to announcement changes when 

announcements are high than when announcements are low.
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In Figure 14 nearly all the in-equilibrium restructuring announcements 

result in a negative market return. The return is positive only for the highest in­

equilibrium announcement, a = 1. The average type is 0=0.5. Only firms with 

sufficiently high types, 0>O.63, announce a = 1 and receive a positive return. All 

other types, 0 < 0.63, make an inferior announcement and receive a negative return. 

For example a firm with the average type, 0 = 0.5, announces a = 0.63, and 

receives a return of negative 5.5 percent.

The return behavior in Figure 14 is consistent with the empirical 

observations that motivated this dissertation in chapter 1. The market return is 

positive for some restructuring announcements and negative for others. Firms with 

the very best prospects announce restructurings where they abandon old established 

segments and move toward developing segments, and receive a favorable return. 

Firms with average prospects announce partial restructurings toward the developing 

segments, but receive a slightly negative return. Firms with the worst prospects 

announce a retreat to the old established segments, and receive the most negative 

reaction. The median market return is negative, but there is a large variance in 

returns.
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4.5.4. Partial Pooling Equilibrium - When Penalty Is Infinite
A

When the penalty rate k  approaches infinity, the cost of lying becomes so 

large that no firm lies. In this model no lying means all firms chose an allocation 

equal to their announcement. However, Corollary 3.2 shows an infinite penalty on 

lying will not result in the first-best outcome. Proposition 6 states that a partial
A

pooling equilibrium exists when the penalty rate k approaches infinity.

A

Proposition 6. If the firm privately observes its type and the penalty factor k is 

infinitely large, then a partial pooling equilibrium occurs. This partial pooling 

equilibrium is characterized by:

(i) No firm lies.

(ii) Almost all firms distort.

(iii) There are an infinite number of intervals.

Proof. See Appendix at page 163.

A

The partial pooling equilibrium in Proposition 6 with an infinite k  is similar
A

to the partial pooling in Proposition 5 with a large finite k . Both equilibria involve 

a partition on the range of types with a countably infinite set of intervals,

{ ...,( r j+1, r j], ( r j , r j l ], . . . , ( r2,r] , (r, l]}. Interior boundary types,

0 e  {..., r3, r2, r f , are indifferent between adjacent intervals. The parameter r is a
A

function of the other parameters and reaches an upper bound when k  is infinite.
A A

The firm’s strategy has some distortion when k is infinite, but no lying. When k  is 

finite, the firm's strategy has both distortion and lying.
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a
Figure 15. Firm’s strategy in a partial pooling with k  =°o and r=0.71.

Parameter values: P, = 0.01, P2 =0.04, k = 0.5, k = °°, r = 0.71 

a r”(0) = r j = 0.71j for 0e(o .7 1 j+1, 0.71j] and ;  = 0,1,2,...

flI“ (0) = a r“(e)

Plot of announcement and allocation by firm type.

Horizontal lines indicate announcement or allocation, 

flr“ (0) = a r“ (e)

0 . 8

0 . 4

0
0 . 2 0 . 4 0 . 6 0 . 8 1

The proof of Proposition 6 contains an indifference equation that can be 

solved for r. Given the exogenous parameters are P,=0.01, P2=0.04, fc=0.5, and
A

k  =°o; the indifference equation is:

-0.042 + 0.052r + O.Olr2 = 0 subject to 0<r<l 

This equation has one feasible solution, r=0.710589=0.71. Figure 15 illustrates the 

partial pooling equilibrium in this case. The strategies are denoted by the
A

superscript" r°°" to indicate a partial pooling with k =°°.
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Comparison of the firm's strategy in Figure 11 and Figure 15 shows the
A A A

effect of changing from k =1 to k  =°°. With k=  1, some lying occurs and the graph
A

of the announcement and allocation functions are different. When k  approaches 

infinity, the announcement and allocation functions have the same graph, and that
A

implies lying is eliminated. The ratio r increases from r=0.63 when k = 1 to r=0.71
A

when k =°°. When r=0.63, the range of types between 0.25 and 1 is partitioned 

into three intervals. When r=0.71, the range of types between 0.25 and 1 is
A

partitioned into four intervals. Thus, increasing k  results in an increase of the 

fineness of the equilibrium partition. Thus, the investors have a less noisy
A

revelation of the firm's type as k  increases.
A

As k  approaches infinity, lying is eliminated, but distortion remains. The 

announcement truthfully reveals the allocation, but most firms do not select the 

a *(0) allocation that maximizes the firm's cash. For most firms, the benefits of

mimicking a higher type and increasing the stock price at time 1 is greater than the 

cost of reducing cash flow at time 2. The exceptions are the interior boundary 

types, which are indifferent between announcements of adjacent intervals. Given
A

the parameters k=0.5 and k  =°°, the amount of distortion for a particular type in 

Figure 15 is a r” (0) -  a * (0) = a'°° (o) -  0 . The average amount of distortion is

i
J { a r” (e ) -« * (e )} d 0 =0.084.
0

Figure 16 illustrates the market return reaction in the partial pooling
A

equilibrium with k = ° ° .  The announcement a = 1 has a positive return of 36.4 

percent. The lowest announcement d = 0 has a negative return of 29.9 percent. 

Comparing Figure 16 where r=0.71 to Figure 14 where r=0.63 shows the rate of
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increase in returns is steeper when r increases. When r increases, intervals become 

smaller, and investors can make more precise estimate of future cash flow. This 

implies increasing the reporting penalty k increases the disclosure of the allocation. 

However, increasing the reporting penalty does not necessarily motivate the firm to 

eliminate distortion, i. e., make the allocation that maximizes available cash.

A

Figure 16. Market return in partial pooling with k = °°and >-0.71. 

Parameter values: (3, = 0.01, P2 = 0.04, k =0.5, k = °°

Before observing a , price is V0IX = EgjV1r” (a r““(0))j = 0.510.

f 0 ~ t/(0.71,l) if a = 1
Investors' beliefs: |i(0 |a) = \ 0 ~ u(.7lJ+l if a e  [.71y,.71-'-1) and j  - 1,2,

{0 = 0} if a = 0 

After observing a , price is V,r” (o) = Eg|^z(0,a'“ (0),a '“ (0))|a, |l(0 |a)j

Return is Rr” (a)
o

In-equilibrium announcements indicated by • in this plot.
l

0 . 8

0 . 6
Return

0 . 4

0 . 2

Announcement
- 0 . 2

0 . 2 0 . 8

- 0 . 4
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4.5.5. Partial Pooling Equilibrium - Sensitivity to Exogenous Parameters

The parameter r in the partial pooling equilibrium is a measure of the 

fineness of the information partition observed by the investors. An increase in r 

represents more complete information disclosure (less noise) to investors. Consider 

the interval of types (0.66, l]. If r=0.66, all types in (0.66, l] are in one interval and 

announce a = 1. If r=0.9, then (0.66, l] is divided into four intervals with a distinct 

announcement for each interval: (0.66,0.73], (0.73,0.8l], (0.81,0.9], and (0.9, l]. 

Recall that the length of interval j  is r ] -  r j+1. As r approaches one, each interval 

approaches a single point. If r equals one, then each type makes a unique 

announcement and the investors can invert the announcement to fully reveal the 

type and allocation. For any r less than one, some distortion or lying occurs.

The value of interval ratio r in the partial pooling equilibrium is an 

endogenous result of the exogenous parameters. The remainder of this section
A

considers the sensitivity of parameter r to changes in the exogenous parameters k ,

In the partial pooling equilibrium, the value of r is a solution to the 

indifference condition (I) in Lemma 2. (I) requires 0 < r  < 1 and r  is a solution to

p2,and p,.

Q (r) = (5,(1 + r)( 1 + r  + r2) + 6fc{p,Kl + r ) - P2(l + P, + P2)(l -  r)} = 0. The

equation can be rearranged as a cubic equation and solved as follows.

&(r) = y 0 + y ir + y 2r2 = 0

where
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Y, s 2 +  6fe|l + ̂ - ( l  +  p, + P 2) j  
Y, = 2 ( l  + 3 k)

' 2

*1 3 T2 27

y  2 2y 2
Define <(>, a  y, — ^  and ^  == — 2_ -  3 y j 2 + j q .

Define A = +
■*1I

1 /2 ' 1/3

• and B = ■ 1
-e

-11
1/ 2 '

2 k 4  27 J 2 I 4 27 J
1/3

The three solutions to the cubic equation are: 

r = A  + B

r2 = - ± ( A  + B) + ^ ( A - B )

r  = - I ( A  + S ) - - ^ ( A - S )

(j) 2 ( j ) 3
When —̂— + —— > 0 , then r  is real-valued; and and r are imaginary. The 

4 27

solution illustrated in Figures 17, 18, and 19 are plots of r  for various parameter

values. The first derivatives exist, but their formulas are too complex to present in 

the text.

Intuitively, an exogenous increase in the penalty rate for lying should reduce 

the amount of lying and improve disclosure. In this model's partial pooling
A

equilibrium, a change in the penalty rate k  reduces noise for two reasons: less 

lying within an interval and a finer information partition.
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The amount of lying within an interval is a rpp (0) -  a ipp (0) = — (rj -  0)
k + Ic

for 0 e  ( r j+l, r j]. An increase in k increases the denominator, which reduces the 

amount of lying. As k  increases, within each interval the firm's allocation a tpp(0) 

shifts closer to its announcement a tpp(0 ).

A

Figure 17. Sensitivity of r to k

Parameter values: (3, = 0.01, p2 = 0.04, k  = 0.5

r(&) = Solve {. 01 + . 02r + . 02 r2 + . Olr3 -  6it(o. 042 - .  052r - .  Olr2) = o}

Plot of r as a function of k .
i

0 . 8

Equilibrium 0 6 
ratio r

0 . 4 /
0 . 2

j

1 1 2 3 4 S

Parameter k
A

Figure 17 illustrates the sensitivity of r  to an increase in penalty factor k
A

while holding the values of other exogenous parameters constant. If k is

B k
sufficiently small, such that k < ----- -r-i-1----------r = 0.0397, then r < 0 and the

3M 1 + P1+P.)
A

partial pooling equilibrium does not exist. When k  is below the threshold value, 

all types including the lowest type, 0 =  0 , mimic the highest type and a pure pooling
A

with a single interval occurs. When k  =1 as in Figure 11, the equilibrium r is 0.63.
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A A

As k  increases above 1, the value of r increases more slowly. As k  approaches 

infinity, the indifference equation approaches -0 .042 + .052r + .O lr2 = 0. In
A

section 4.5.4 the solution to this problem with k  = °o is identified as r = 0.71.
A

Thus, in Figure 15 r approaches an upper limit of 0.71 as k  increases.

An increase in parameter value P2 implies the firm manager's compensation 

function places more weight on firm value at time 2. Intuitively, this suggests the 

manager is less concerned with the short-term benefit from manipulating the firm's 

market value at time 1 and more concerned with long-term benefit from 

maximizing firm value at time 2. Furthermore, less lying at time 1 reduces the 

penalty assessed at time 2 . This suggests increasing P2 decreases the incentives for 

lying and distortion at time 1. Thus, the information partition should become finer 

as (32 increases. Consistent with this intuition, Figure 18 shows that an increase in 

p2 increases the equilibrium ratio r.
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Figure 18. Sensitivity of r to p2

Parameter values: p ,= 0 .01 , k  = 0.5, k = \

r(p2) = Solve {.01 + .08r + .08r2 + .Olr3 + (6.06p2 + 6p22)(r - 1) = o}

l

0 . 8

Equilibrium o.6 
ratio r

0 . 4

0 . 2

0 . 2  0 . 4  0 . 6  0 . 8  1

Parameter P2

Figure 18 illustrates the sensitivity of r to p2. The critical threshold for (32 

satisfies Pi -  6 P2(l + p i + p jfc  = 0 . Given the parameter P,=0 .01, k= 0.5, and

A
fc=l, assumed in this example, the threshold value for p2 is 0.00165. For values of 

P2 less than 0.00165, the value of r is not positive, which implies the incentives 

associated with time 2 are so weak that a pure pooling occurs. The ratio r increases 

as p2 exceeds the threshold. When p2 is 0.04 as in the previous examples, r  is 0.63. 

As P2 increases toward one, Figure 17 shows the equilibrium r continues to 

increase toward r= l. Values of P2 greater than 1 are not presented, because they 

imply firm managers are paid more than 50 percent of the firm's available cash at 

time 2.
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An increase in parameter value (3, implies the firm manager's compensation 

function places more weight on firm value at time 1. Intuitively, this suggests the 

manager is more concerned with the short-term benefit from manipulating the 

firm's market value at time 1 and less concerned with long-term benefit from 

maximizing firm value at time 2. Thus, increasing P, should increase the 

incentives to lie and decrease the fineness of the information partition. If p, is 

sufficiently large, then every firm mimics the highest type in a pure pooling 

equilibrium. Consistent with this intuition, Figure 19 shows that an increase in p, 

decreases ratio r.

Figure 19. Sensitivity of r to P,
A

Parameter values: P2 = 0.04, k = 0.5, k - l

r(p i) = Solve {o. 2496(r - 1 )  + pj (. 76 + 8.24r + 8r 2 + r3) = o}

i

0.8

Equilibriun o.e 
ratio r

0 . 4 \
0.2

0 . 1  0 . 2  0 . 3  0 . 4  0 . 5

Parameter pj

Figure 19 illustrates the sensitivity of r to p,. When P, is zero, the firm 

manager has no incentive to influence investors' expectations at time 1, and the 

equilibrium r  is one. When r is one, each interval is a single point and no
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mimicking occurs. As (3, increases, the equilibrium ratio r decreases. When 

(3, =0.01 as in the prior examples, the value of r is 0.63. The critical threshold for 

(3, is defined such that |3] -  6 P2(l + Pt + P2)fc = 0 . When P, exceeds the critical

threshold, then r is not positive. Given the parameter values assumed in Figure 19, 

the threshold value for P, is 0.328. For values of p, greater than 0.328, the 

incentives for lying at time 1 are so strong that a pure pooling occurs.
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CHAPTERS 

SUMMARY AND DISCUSSION OF RESULTS

5.1. Model sum m ary

This dissertation is motivated by the empirical evidence that when firms 

announce restructurings of operating assets, the stock market reaction may be 

positive, negative or indifferent. When firms have significant operations in high- 

technology, international marketing, or other rapidly changing product market 

environments, the restructuring announcements may be more useful indicators of 

future cash flow than audited reports of accounting earnings from past periods. 

External auditors are required to independently inspect evidence of past 

performance to verify reported accounting earnings. However, restructuring 

announcements are supported by management assertions about future performance 

in the next operating period that cannot be independently verified until that period 

is over. Therefore, the question arises under what conditions should investors 

interpret restructuring announcements as useful signals of future performance.

The stylized model constructed in Chapter 3 is based on two important SEC 

rules related to restructuring announcements. First, restructuring announcements 

are mandatory, since the SEC requires registered firms to discuss prospective 

resource allocation plans in their annual management discussion and analysis 

(MD&A). Second, SEC Rule 10b-5 allows investors to claim damages from firms 

that make false announcements. In my model the Rule 10b-5 penalties depend on

114
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the difference between the announcement a at the beginning of the operating 

period (time 1) and the actual allocation a at the end of the period (time 2).

I set up a simple model of a firm with two operating divisions, 

ESTABLISHED and DEVELOPMENT. At time 1 the firm manager privately 

observes the firm's type, 0 , the future cash flow rate of return on resources invested 

in DEVELOPMENT. The manager makes two concurrent decisions at time 1, an 

allocation of a resources to DEVELOPMENT and an announcement a . Lying is 

defined as the difference between a and a . Investors observe the announcement a , 

revise their beliefs about the firm's type, and price the firm at Vl (a).

At time 2 the firm realizes cash flow Z(«), which is a function of the 

allocation a and productivity parameter 0. This cash is distributed as follows.

First, a Rule 10b-5 penalty is paid as a deadweight loss if the firm lied at time 1. 

Second, incentive compensation W(») is paid to the firm manager. Finally, 

residual value V2(«) is paid to the investors.

The firm manager's compensation is a linear combination of the firm's stock 

price at time 1 and time 2, VJ (a) and V2(«), respectively. Lying at time 1 may

benefit the manager by increasing investor expectations and stock price at time 1. 

Lying is costly at time 2 when the amount of lying is discovered and the penalty is 

paid. The manager's decision problem is to choose an announcement and allocation 

pair at time 1 that maximizes his incentive compensation.

Investors' respond by pricing the firm stock at its expected value considering 

the expected amount of lying and distortion. In equilibrium, the investors' beliefs 

are consistent with the firm's equilibrium strategy. If there are some 

announcements that no firm type would choose in equilibrium, then the investors'
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beliefs for those out-of-equilibrium announcements are sufficiently severe that no 

firm deviates to those announcements.

5.2. Discussion of results

The principal result of chapter 4's analysis is that the stock price reaction to 

restructuring announcements depends on the magnitude of the Rule 10b-5 penalty
A

rates (parameter k ). When penalty rates are low, all firms mimic the restructuring 

announcement of the highest type, and there is no stock price reaction to the 

announcements. When penalty rates are sufficiently high, restructuring 

announcements are noisy signals of future cash flows, and investor reaction 

depends on the firm's announcement. The numerical examples of Chapter 4 are 

summarized in Table 1.
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Table 1. Comparison of equilibria examples.

Parameter values for all examples: (3, = 0.01, (32 = 0.04, k  = 0.5, 0 ~ [0,1] 

Cash-maximizing allocation strategy is a * (0) = 0.

Average lie is Eg[5(0) -  a(0)]. Average distortion is Eg[a(0) -  a * (0)].

, X Via)  -  V 
Market return is defined as R{a) = —----------- - .

Equilibrium 
and firm's 
strategy

Parameters 
that differ 
among 
examples

Average
lie

Average
distortion

Reaction to
5  =  0 ,

R(  0 )

Reaction to
5  =  1,

R( 1)

First-best 

{ a * (0), a * (0 )}

Type is public 
Any k > 0

0 0 -0.308 +0.615

Pure pooling

jaHP (0), aHP (0 )|

k =  0.035 0.468 0.033 -0.293
(a = 0 is not 
observed in 
this pure 
pooling.)

0
(a = 1 is the 
only a 
observed in 
this pure 
pooling.)

Partial pooling 

{<5^(0), 0 ^ (0 )}

* = 1 
r = 0.63

0.038 0.076 -0.298 +0.304

Partial pooling 

{ar°°(0), or” (0)}

k = oo
r = 0.71

0 0.084 -0.299 +0.364

The first-best case assumes the firm's type is publicly observed by both the 

firm and the investors. In this environment, the firm is unable to deceive the 

investors about its type, because the investors observe type at the same time as the 

firm. Proposition 1 shows that in the first-best case with k  equal to one-half, the 

allocation a* (0 ) = 0 maximizes Z(*), the total available cash at time 2, and VP(»),
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the firm manager's incentive compensation. Distortion is defined as an allocation 

that deviates from the allocation a * (0). In the first-best case there is no distortion

and no lying.

When the firm privately observes its type and the penalty for lying is small,
A

such as k  = 0.035, there is a pure pooling equilibrium in which all types mimic the 

a = 1 announcement of the highest type. When the investors observe the a = 1 

announcement, there is no reaction because the investors expected all types to 

announce a = 1. Any type that deviated to some out-of-equilibrium announcement, 

a < 1, would have a negative return. To achieve zero lying, the firm would pick an 

allocation equal to the announcement, a = a = 1. To achieve zero distortion, the 

firm would pick an allocation equal to its cash-maximizing allocation, a * (0 ).
A

When the penalty for lying is small, such as k  = 0.035, the firm's best allocation has 

a large amount of lying and relatively small distortion.

The intuition of the pure pooling equilibrium is illustrated by an example 

where all firms can make the same ambiguous announcements such as, "The 

Company is restructuring operations to position itself as a leader in high-technology 

markets." Investors expect firms to make these announcements, and do not react 

when they are made. If the Rule 10b-5 penalty is low or not enforced, then every 

firm carries out an operating plan that may differ significantly what was announced.
A

When the penalty rate for lying is sufficiently high, such as k = I , there is a 

partial pooling equilibrium, where the firm's type and allocation are partially 

revealed to the investors. In the partial pooling equilibrium, the range of feasible 

types is partitioned into many intervals. Each interval is characterized by a unique 

announcement. In the partial pooling equilibrium, the investors observe the
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announcement, correctly infer the interval of types making that announcement, and 

correctly infer the average allocation those types make. High type firms (above 

average productive opportunities) make the highest announcements and receive a 

significant positive return. The lowest type firms make the lowest announcements, 

and receive negative returns.

In the partial pooling equilibrium the interval length decreases as the type 

decreases. The highest interval consists of high and moderately high type firms that 

choose to mimic the highest type firm and announce a "good news" restructuring.

A long interval of types announcing good news is a relatively imprecise signal that 

the firm type is above average. The second highest interval is shorter than the 

highest interval and is essentially an "average news" announcement. Stepping 

progressively down to lower intervals, the announcements are progressively worse 

"bad news;" and interval lengths are progressively shorter. The incremental change 

in investor price response, V (a), between the in-equilibrium announcements

decreases as the announcements become smaller. The change in investor response 

is essentially zero between the lowest feasible announcement a = 0 and an 

announcement slightly greater than zero. For the lowest type, 0 = 0, the very small 

benefit of mimicking a slightly higher type is less than the penalty for lying. Thus, 

the lowest type prefers to make the "worst news" announcement, a = 0 , and reveal 

itself as the lowest type. Since interval length is shorter as the announcements 

move down from good news to worst news, the announcements are least precise for 

good news and more precise as the news is worse.
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The investors in my model are risk-neutral. In equilibrium, the investors' 

expected profits are zero. Risk-neutrality implies the investors in my model do not 

prefer more precise announcements over less precise announcements.

When the exogenous penalty rate for lying is increased, intuition suggests
A

firms will lie less. Comparing the partial pooling with k  = 1 to the pure pooling
A A

with k  = 0.035 supports the intuition that when k  increases, the average lie
A

decreases. In the extreme case where k  approaches infinity, lying is eliminated.

A change in the penalty for lying induces firms to increase distortion. The
A

three examples in Table 1 with values of k  equal to 0.035,1, and infinity have 

average distortion of 0.033, 0.076, and 0.084, respectively. The firm's 

compensation-maximizing allocation is a tradeoff between its announcement, 

a ,and cash-maximizing allocation, a * (0). When the penalty for lying increases,

the firm maximizes compensation by moving its allocation closer to the 

announcement and away from its cash-maximizing allocation. Thus, in this model 

a change in the penalty for false announcements induces firms to change their 

operating policy.

The partial pooling equilibrium examples provide some results consistent 

with the empirical observations of restructuring announcements in the real world. 

Firms with better prospects make announcements that result in higher returns. 

Firms with the worst prospects make announcements that result in the most 

negative returns. Some firms mimic the announcements of other firms making it 

more difficult for investors to precisely estimate future cash flows.

The sensitivity results of my analysis in section 4.5.5 suggest some 

hypotheses that could be empirically tested. If there are certain industry groups or
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time periods that have significantly higher reporting penalties (high k ), then my 

model predicts a stronger market reaction to restructuring announcements. Firms 

with executive compensation contracts emphasizing current share price (high (3,) 

are more likely to make false restructuring announcements that are not carried out. 

Testing these hypotheses depends on collecting a sufficiently large sample of 

restructuring announcements, quantifying the announcement magnitude, and 

controlling for confounding events such as changes in corporate control.

5.3. Policy implications

The relation between distortion and lying in my partial pooling equilibrium 

analysis has some policy implications. Increasing the effective penalty for Rule 

10b-5 violations is represented in this model by an increase in the penalty rate k . 

The results of the analysis in the partial pooling equilibrium in section 4.5.4 shows
A

that as k  increases, the amount of lying decreases and distortion increases. The 

policy implication of this result is that an increase in mandatory reporting 

requirements may induce firms to make operating decisions that do not maximize 

the firm's future cash flow.

This result occurs because the model assumes firms are sued for false 

announcements; but firm managers are not sued if they make an operating decision 

that does not maximize cash flow. In my model at time 1 the investors are 

uncertain about the productivity 0, but at time 2 they know a, a , and Z(Q,a,a). At 

time 2 the investors could invert Z(0,a,a)  and determine 0 and the cash- 

maximizing allocation a * (0) = 0 with certainty. Therefore, at time 2, the investors
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could infer the amount of distortion. However, at time 2 the model does not allow 

investors to directly assess a personal penalty on managers who distorted.

Distortion does reduce the firm manager's compensation, because distortion is an 

opportunity cost to both the manager and the investors. With a distorted allocation 

the cash available for distribution, Z(B,ci,a), is less than it would be with the cash- 

maximizing allocation a * (0) = 0. In equilibrium, the investors' average profits at 

time 2 are zero, because they adjust their pricing response at time 1 for the expected 

amount of distortion.

I recognize that in the real world investors and regulatory agencies can 

penalize managers for either false disclosures (lying) or operating decisions that do 

not maximize resource efficiency (distortion). I model only one penalty for lying: 

a Rule 10b-5 penalty that reduces firm value for both the manager and the investors. 

In the real world managers who do not manage resources efficiently can be sued 

personally or fired for failing to carry out their fiduciary duty to the stockholders. A 

possible extension of the model set-up is to add a personal penalty on managers 

who distort.

The interplay between lying and distortion in my equilibrium analysis is 

related to the debate on the proper role for financial disclosure regulation.

Improving financial disclosure has been justified as means to help external 

investors make better decisions on how to allocate capital among different firms. 

With this justification the regulators have required firm managers to disclose more 

internal operating plans for the investors to use in estimating future cash flow. 

Investors can use Rule 10b-5 to sue firms and related parties that make inadequate 

disclosures. My analysis suggests that requiring disclosures to help investors
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allocate capital between firms may have an adverse impact on how those firms 

allocate operating resources within the firm. Perhaps regulators should be more 

concerned with motivating the accurate reporting of past performance so that 

stockholders could take action against managers with demonstrated poor 

performance.

When a firm manager has an incentive to maximize current share price as in 

my model, he may make announcements and operating decisions that mimic the 

strategy of the high type "industry leaders", rather than maximize the efficient 

allocation of resources given his own firm's unique characteristics. Suppose the 

SEC or FASB mandates firms make more specific disclosures about future resource 

allocations. If more specific prospective announcements are made by firms, then 

hostile plaintiff attorneys can more readily extract large settlements under Rule 

10b-5 from firms that do not carry out their announcements. If litigation cost is 

potentially large relative to total firm value, the firm must adjust its operating 

policy to reduce litigation costs. Thus, with higher reporting penalties firm 

managers act defensively to increase current share price and reduce litigation costs, 

rather than focus on maximizing future cash flow of the firm from operations.

The Xerox case study discussed on the first page of this dissertation 

illustrates the phenomenon of firms announcing restructurings that ex post are not 

cash-maximizing. In the Xerox case the firm announced a restructuring in 1989 

that had a short-term positive stock return, but did not result in a long-term increase 

in earnings or share price. Four years later, Xerox restructured again.

Lying and distortion could be eliminated from the model by changing some 

assumptions. If the firm manager and investors observed the same public
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information about future prospects (first-best environment), then lying and 

distortion will not benefit the manager. If the compensation contract were changed 

to eliminate the incentive on current share price (set (3, = 0 ), then the firm would 

focus entirely on maximizing future cash flow and would have no incentive to lie.

If firms were required to announce projections of future cash flow, denoted Z , and 

incurred a reporting penalty based on the difference between projected and actual 

cash flow, denoted Z -  Z(*), then both lying and distortion would be eliminated for 

a sufficiently high reporting penalty.

5.4. Limitations

The assumptions of this model may limit its ability to explain stock market 

reaction to restructuring announcements observed in the real world.

This model assumes the managers and investors agree on the direction of 

"good news." I assumed that a credible announcement of moving resources toward 

DEVELOPMENT (higher values of a )  is interpreted as better than moving 

resources toward ESTABLISHED (lower values of a). Without this assumption, 

managers cannot anticipate the direction of investor reaction to announcements. In 

the real world, there may be cases where the firm managers and investors disagree 

over what is good news. For example, a steel firm may believe consolidating 

operations at its biggest steel plant is good news. Investors may disagree with the 

firm and interpret the steel plant expansion announcement as an unfavorable sign 

the firm is concentrating resources in a slow-growth manufacturing industry.
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My model assumes shareholders of the firm have conflicting preferences 

over the time they will liquidate their stock. To satisfy shareholders who want to 

liquidate at two different points of time, the manager's incentive compensation 

contract in this model is a linear combination of the firm's current and future stock 

price. This contract motivates the manager to strategically choose its 

announcement to influence investors' expectations and current stock price. 

Shareholders who wish to liquidate at time 1 want to sell their stock at the highest 

possible price and prefer that managers not reveal bad news. If the shareholders 

wanted to motivate to the manager to maximize firm value at time 2, then they 

would change the contract so that the manager's compensation depended on the 

firm's operating cash flows observable at time 2. Thus, the model may not be 

useful in predicting returns if a firm's incentive compensation contract does not 

depend on current stock price.

Quadratic production and penalty functions were assumed in this model for 

the purpose of obtaining closed form analytical solutions. To determine whether 

the results are dependent on the functional forms assumed, the analysis could be 

extended to other production and penalty functions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

APPENDIX. Proofs.

Lem m a 1. Given assumptions (A-3), (A-4), and (A-5),

e §[z (*M
1 + p, + p2

■ ,w  = (i)

r  e. z .  a  R
and W (.) =  eLo ' J + - A - Z ( « )  (2)

1 + P2 1 + P ,+  P2 1 + P2

Discussed in text at page 50.

Proof: Begin with assumption (A-5).

(a) = E . k ( . ) | a

Observe E ,[v ,(« )|o ] = E#[E 5[v2(a)|a]|a] = E ,[v 2(«S)|<i] = V,(£)

Substitute assumptions (A-3) and (A-4) into (A-5).

Vj(a) = Es[v2(fl)|fl] = ES[Z(.) -  P,V,(a) -  P2V2(«)|fl]

= E§[z(.) |a ] -  P1E ,[v1(fi)|fl] -  P2Eg[V2( .) |a ]

= Es[z ( .) |a ]  -  P,V;(a) -  P2V,(fl)

Collect terms of Vj(a) and divide by (1 + pj + P2) to yield result (1). 

Substitute (A-3) and result (1) into (A-4).

w w  = p,v;(fl) + p 2z ( . )  -  p2w (.)  

Egfz(»)|al 
(1 + P2)W »  = p, “L„ 1 J + p2z ( . )

1 + Pj + p2

Divide both sides by (1 + P2) to yield result (2). ■
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Proposition 1. Firm cash at time 2, denoted z(d, a, a), is maximized when the

1 1 0
firm chooses allocation a *(0) = -------------H------ and announcement

'  2 Ak 2k
a * (©) = a * (0).

Discussed in text at page 62.

Proof: The optimization problem is M axz(0, a, a).
u,a

Assumption (A-2) from the set-up section defines Z(»).

Z (0, d, a) = 0a + -^-(l - a )  — k^a  -  ^  -  k ( a - a ) 2 

First-order conditions are found by differentiating with respect to a and a .

= Q -  I  -  2 k [ a - ^ \  + 2k { d - a )
da 2 I  2 )

9Z(*) 9 “  \  + k  +  2ka
Solving — —  = 0, gives a*  = -4 --------------

3a 2\k + k)

dZ(») \ 3 Z(«) A
——— = -  2 k\a  - a )  . Solving = 0 gives a  * = a*, 

oa oa

0 -  -  +  k  + 2ka*
Combining first-order conditions gives a * = ------- * -1--------^ --------

2[k + k )

1 1 0
Solving for a* gives a *  (0) = — -  —  + —  , and a* (0 ) = a* (0 ).

The solution to the first-order conditions is a maximum when the Hessian matrix is 

negative definite: ZM < 0, and I//I > 0 .
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The second derivatives for Z(») are Z-- = - 2 k  < 0; Zaa= - 2 { k  + k)  < 0

Z. = Z . = 2k > 0.
c/a aa

H  = det ^ a a  Z *

z . zaa aa
= Z -  Zuu -  Z^ Z& = 4 ta  + 4** -  4 k k = 4 k k > Q

Thus, the solution from the first-order condition is the maximum.

The optimal allocation function a*(0) must be restricted so that the 

allocation is in the feasible allocation interval [0 , 1].

The upper boundary a*(0) < 1 is binding when 0 > ~  + k .

The lower boundary a*(Q) > 0 is binding when 0 < -  k .

Note that if fc=~. then a* (0 ) = 0 and 0 < a* (0 ) < 1 for all 0 e  [0,1]. ■

; and
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Proposition 2. If the firm's type and allocation are publicly observable, the firm's 

equilibrium strategy is a(0) = a(0) = a*(Q) for all 0 e  [0 , l], which is defined as no

lying and no distortion.

Discussed in text at page 66.

Proof: When the firm's type 0, announcement a , and allocation a are publicly 

observable, then the investors know Z(«) = Z(0, a, a ) . Substituting into result (1)

from Lemma 1 gives the investors' response as a function of all observable 

information: V,(0, a, a) = z{Q ,a ,a)
1 + P ,+ P 2

Substituting into result (2) from Lemma 1 gives the firm's compensation function: 

lv(e.a,a,V|(.))- ^  + - A - z M . . )

= — Z(6, n,a)1 + P.+ P,

Thus, the firm's compensation maximization problem is

MaxW(0, a, a, V,(a)) = + — M axZ(0, a, a)
“•« l + p ,+  p2

This problem is equivalent to the optimization problem solved in Proposition 1. 

The solution is a(0) = a(0) = a * (0) for all 0 e  [0, l]. This result is described as no

distortion and no lying. M
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C orollary 2.1. A full-revelation equilibrium exists if and only if the firm's 

equilibrium strategy is a(0 ) = a(B) = a * (0 ) for all 0 e  [0 , l].

Discussed in text at page 71.

Proof o f  sufficiency: Suppose the outcome is

a (0 ) = a(0 ) = a * (0) = — — — + —  for all 0 e  [0, l]. Since k= 0.5 by (A-7), the
2 4k  2k

outcome is a * (0) = a * (0) = 0 and the inverse function, <b(a) = a . Thus, a * (0) 

fully reveals the type.

Proof o f  necessity: Let {ao, a } represent the strategy of firm type 0O and suppose

the announcement is fully-revealing and has a nonzero amount of lying. This 

implies d> (a j = 0^ . Define the amount of lying as 8 = ag —ag ^ 0 .

If this is an equilibrium, then the investors' expectation of the allocation is 

consistent with the firm's actual allocation.

E^a|aJ = jj = a(oJ = ag - 8  = ag

This implies the investors correctly infer future cash flow with no uncertainty.

= e . “.  +

= Z(0o,flo,a o) -  fc82 

Substituting into result (2) from Lemma 1 and simplifying yields the following.

/ / \\ B z(& ,a  , a )  R , \
W[B ,d  ,a  ,V [ d  ))= — \ ----------------------- + - 2- - Z(0 ,5  ,a  )

V o  o 0  lV o ’ ! 1 +  1 +  p ^  P 2 1 +  P 2 0 0 0
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'Pi + P2

Firm compensation is maximized by choosing 8 = 0, which implies aQ = a0. 

Thus, the firm will not lie and its allocation problem simplifies to the following.

Max w (e, a, a, VJ (a)) = — -  Max Z(0, a, a)
"F Pj P2

From Proposition 1 the solution is a(0) = a(0) = a * (0) for all 0 e  [0, l]. ■
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Proposition 3. If the firm privately observes its type, then a fully revealing 

equilibrium does not exist.

Discussed in text at page 72.

Proof by contradiction:

Suppose a fully-revealing equilibrium exists. Corollary 2.1 and assumption 

(A-7) imply investors believe the firm's strategy is 

a * (0) = a * (0) = 0 for all 0 e  [0, l ] . The investors use the inverse function 

O (a) = a to infer the firm's type. The investors' response is

0.375 + 0.5 a 2
V * {a )  =

1 + P, + P2 1 + P, + P2

Given this investors' response and the firm's allocation a*(0), does any type 

choose to change its announcement? The highest type 0=1 has the strategy 

a * (1) = a * (1) = 1. Allow firms to choose the full-revelation announcement a * (0)

or the mimicking announcement a = 1.

Define the benefit of mimicking as the increased payoff from the change in

investors'response at time 1. 5(0) a  {v j* (a* (l)) -  VJ*(a*(0))} .
2

P (1 — 0) (l + 0)
Substituting and simplifying, 5(0) = — 7---- 1— *7 v  •

2(1 + p j( i  + p ,+  p j

Define the loss from mimicking as the decrease in payoff related to the

penalty at time 2 . L{q) a  — - {z(d ,  d*(e), a*(d)) - z ( e ,  d * ( l), a  *(©))}
1 + P2
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Substituting and simplifying, L(0) = ^ k{d  * (1) -  a * (0)}2 = “ 7“^ — "y-
2 \ P2'

Find the firm types that are indifferent, by solving 5(0) = L(0) for 0.

2 P,The solutions are 0=1 and 0 = 1 -  e ; where e = ------------------- 1
° P, +  2 p , * ( l  + P ,+  P ,)' 

Define the open interval M  = {©: 1 — e0 < 0 < l} .

To show that the benefits of deviating exceed the loss for types in

1 PM, consider the interval’s midpoint, 0 = 1 — e = 1 ------------------ 7-!---------------c-.
2 " P, + 2 P , ( l  + P , +  p j

s f e , M e , )=  -7.— .  v - . — n r r - •>0
2(1+ p j ( i  + p, + p j lp ,  +  2 ^  t ( i  + p, + p j } '

Therefore, type 0d strictly prefers to deviate. Since interval M  is bounded by the 

only two types which are indifferent between deviating and full revelation and at 

least one type strictly prefers to deviate, then all types in M  strictly prefer to deviate. 

Thus, the full revelation equilibrium unravels. ■
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A

Corollary 3.1. If the firm privately observes its type and k  is exogenously 

increased to an arbitrarily large positive finite value, there always exists some 

interval of types that lie.

Discussed in text at page 75.

Proof: The interval M  defined in Proposition 3 contains a continuous interval in

r . 2(3
[0,11 whenever 1 -  £n < 1. Observe e = ----------------- ;rrJ r > 0 for any
1 J " P, + 2 p j £(i + p,+ p2)

A A

positive finite k . However, as k  approaches infinity, e0 approaches zero, andM  

degenerates from a continuous interval to the single point {0 = l} . ■
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Corollary 3.2. If the firm privately observes its type and k approaches positive 

infinity, then the first-best outcome is not an equilibrium.

Discussed in text at page 77.

Proof by contradiction:

Step 1. Suppose the investors believe the firm's strategy is first-best, then 

determine their pricing response.

If the investors believe the firm's strategy is first-best (no lying and no 

distortion), then identify the investors' response.

Given the parameter restriction fc=0.5, the firm's first-best allocation 

function, a *(0 ), can be inverted to reveal a unique type.

|l(0 |a) = <t»(a) = a

Investors believe the firm's announcement is truthful, a = a .

Let Vx * (a) denote the investors' valuation at time 1 given their belief that the firm's

t t • r  t k  ♦ z ( o ( d ) ,a ,a )  0.375 + 0 .5 a2strategy is first-best. Vx*{a) =
1 + 0, + P2 1 + P, + P2

Step 2. Given the investors' valuation * (a), identify the firm's best-response. 

Let {a,,r(0), a 6r(0)} denote the firm's best-response allocation given VJ * (a).

The firm's allocation problem is Max w(Q, a,a,V. * (a)) subject to k = +°°.
{a,a}

Assume the firm's announcement is truthful, a - a .

Thus, the firm's problem becomes Max Vf(0, a ,a ,V { * (a )) .

Solving the first-order condition yields the firm's best-response strategy as
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afrr(e) = Min 1,
p2(i + p. + pJ  J0

p s j i + p . + p j - p ,
a"r(0) = aAr(e)

Recall that distortion is defined as the difference between the firm's chosen 

allocation a and the first-best allocation is a * (0) = 0. For all types 1>0>O and 

> 0 , the firm's best-response has a positive amount of distortion,

a (0 ) -a * (0 )  =
P,e

M i + P . + P j - P ,
> 0  or a fcr(0 ) - a * ( 0 ) = 1 —0 > 0 .

Step 3. Conclude that the first-best outcome is not an equilibrium. In Step 1 the 

investors believed there was no distortion and used the price response * (a). 

However, step 2 shows that given V{ * (a) the best-response of nearly all firms does 

involve distortion. Thus, the investors' belief about the firm's strategy is not 

confirmed. ■
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Investors' beliefs in the pure pooling equilibrium in Proposition 4

The pure pooling equilibrium in Proposition 4 is supported by the following 

investors' belief function. The belief function is specified for the unique 

announcement observed in equilibrium, a = 1, and any out-of-equilibrium 

announcement, a < 1. Announcements a > 1 or a < 0 are not allowed.

distributed on the interval [0,1], and has an expected value of 0.5. In the pure 

pooling equilibrium, investors believe all firm types will announce a = 1. Thus, 

both the prior and posterior beliefs are uniform on [0 ,1] when the in-equilibrium 

announcement, a = 1, is observed.

Suppose the investors observe an out-of-equilibrium announcement, a =0.5. 

The investors know that if firms were using the full revelation announcement 

strategy, a * (0) = 0 , then they could invert that announcement, 0(0.5) = 0.5, and

infer the firm type 0 = 0.5. However, in this case the investors believe the out-of­

equilibrium announcement means the firm's type could be any type less than or 

equal to 0.5. Thus, if <2=0.5 were observed, investors would believe 0 is uniform 

on [0,0.5], and the expected type is 0.25, the mean of the interval [0,0.5].

Suppose the investors observe the announcement, a* (0 ), the announcement 

the lowest type would make in the full revelation environment. After this 

announcement the investors believe the firm's type must be the lowest type, 0=0.
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This investor belief function satisfies (A-6) at the end of Chapter 3 that 

requires the investors' posterior expectation of type to be an increasing function of

the announcement. E a = 0 = 0 < E a = 0.5 = 0 .2 5 < E A fa = 1 < 0 .5

Table 2 summarizes the investors' beliefs and responses in formal notation.

Table 2. Investors' beliefs and response in the pure pooling of Proposition 4. 
Equilibrium announcement set: A e = {a = 1}

Out-of-equilibrium announcement set: A 0 = {a| a e  [0,1] and a < l} 

Announcement inverse function: O(a) = a

Observed
announce­
ment,
Aa

Investors'
belief
about types, 

|O,(0|a)

Investors' 
expecta­
tion of 
type,

£[e|n(e|a)

Investors' 
belief about 
allocation,

a HP(0)

Investors' valuation 
response at time 1,

v r ( t )

a = 1 t/(o ,i) 1
2 a HP(0 ) = 0 + 2!

1 + 2k
J z ( 0, l , a HP(0 ))d0
0

0 < a < 1 U(0,a) Aa
2

flHP(0 ) = 0 + 2^
1 + 2k

}z (0,a ,aHP(0) ) id0
o a

i+P .+P 2

<3 = 0 { 0  =  0 }  

(single
0

2k ' 2k '
0 , 0 , —— z

{ l + 2fejpoint) 1 + 2k
Z

i + p , + p2
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Proposition 4. If the firm privately observes its type and the penalty factor k is

P,sufficiently small, such that 0 < k < ----- ->-----1-------- r, there exists a pure pooling
6P2(l+ P, + P2)

equilibrium in which all types mimic the highest type.

Discussed in text at page 78.

Proof:

Parameter values assumed:

1 * P.B, > 0 ; B, > 0 ; k  = —; and 0 < k < ------7— 1-------- r.
2 S P j l+ P .+ P ,)

Define the full revelation strategies in the same manner as Proposition 1: 

a* (0 ) = fl*(0) = 0 w hen£=0.5.

Investors' beliefs about type: |x(0|a) = 0 ~ U(0, a)

See interpretation of investors' beliefs on previous pages.

A

Investors'beliefs about firm's allocation: a HP(0) = — - — -
1 + 2k

Step 1 proves that the firm's best allocation conditional on its announcement 

is a HP (0). The investors observe a , and posterior beliefs about the firm's type

specified by |i(0 |a).
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Proposed equilibrium:

Firms mimic the highest type and announce aHF = a * (1) = 1 for all 0 e  [0,1].

Firm's allocation is a HP (0) =
1 + 2k

Investors'response is V™(a)= + ^ J z (9 , a , a HP(9))c?|i(9|fl)

Evaluating Vj (a) using the functions a HP(0) and |i(0 |a), the investors' response is

t / hp/ a \  8 6 + 12& -  a rA -*1
^  <a > = 1+ P |+ p2

Outline o f  Proof: This proof shows that given the assumed parameter values and 

beliefs, the firm's payoff from the proposed equilibrium announcement and 

allocation pair, {a = 1, a HP (0 )}, dominates the payoff from any other feasible pair,

{a, a}. Since there are an infinite number of feasible allocations, the proof 

considers a pair with an out-of-equilibrium announcement, a0, and the best 

allocation conditional on that announcement, ac(Q,a0). Step 1 finds ac(Q,a0) as a 

function of the parameters.

Step 2 considers a deviation from the proposed equilibrium to {aB, a c(0 ,ao)} where 

ag < 1. Step 3 shows the investors' response to the firm’s in-equilibrium strategy 

pair, {a * (l), a HP (0 )}, is the expected value of the firm.
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Step 1. Show that if a firm announces a , then its compensation-maximizing

allocation is ac(9,a) = ~ *
1 + 2k

After announcing a and the investors' response, result (2) from Lemma 1 

and assumption (A-7) gives the firm's compensation as

w (0, a, a, V̂HP(a)) = — &i— y,HP + _ A _ z (0 )^ fl)
1 + P2 1 + P2

where Z(0, a, a) = Qa + ^ ( l - a )  -  -  k ( a - a f

The firm's allocation problem is Max w (g, a, a, V,HP(a )) .a

The first-order condition is solved as follows.

a w (e ,a ,a ,v ;HP(a))

a =

da 

6 + 2 kd

= 0 -  |  - [ a - ^ - 2 k { a - d )  = Q

= ~ ( l  + 2k) < 0

1 + 2k

d2w (d ,a ,a ,V ™ (a j)  

da2

Since the second-order sufficient condition is satisfied, the first-order condition 

yields the choice of a that will maximize the firm's compensation.

Step 1 implies that the firm's payoff from the strategy pair {d0,a c(Q,a0)} 

dominates the payoff from the pair {a0, a} where a ^  ac(0 , a0).
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Step 2. Show no firm deviates from the proposed equilibrium, {a = 1, a HP(0)}, to 

{a0, a c (0,ao)} where 0 < < 1.

Define A(0, a0) as the difference in firm's payoff between the equilibrium 

strategy {a = 1, a HP(0)} and the out-of-equilibrium {d0,a c(Q,a0)}.

a ( m J  = w (0 ,l ,a HP(0),V;HP(l)) -  w(Q,ao, a c(© ,aj, V;HP(a J )

If A(0, ao)> 0 ,  then the type 0 firm strictly prefers the in-equilibrium pair 

{a = 1, a HP(0 )} over the out-of-equilibrium pair, {a0,a c(Q, a0)}.

Substituting in results (1) and (2) from Lemma 1 yields

A (M „ ) = 7 % - { v , “P(o*(l)) -  V,"pfe )}
1 P2

+ 7 4 -{z (e ,i,o H,(e))- z(e,ad,a«(e,aj)}
P2

(‘ - O b - a ) , P, % - i ) ( a  H-i-29)
’ ■ (l + p j  6(1 + 15, + P j ( l  + 2£) (l + p j  (l + 2t)

Differentiating with respect to 0 shows that A(0, an) increases as 0 increases.

SA( e , a )  P, k t , ..................... ...
  -------= 7— — v-i------r r l l  -  a I > 0  because \ > a

59 (l + p j  (l + 2 fc)V °’

Thus, A(0, a0) > A(0, a0) for all 0 > 0.

This implies that the type who least strongly prefers the equilibrium is the lowest 

type, 0 = 0. If the lowest type does not deviate, then the other types will not 

deviate.
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, , ( l - o  )(l + a ) { p - 6p i ( l  + p + p j }
Evaluating and simplifying, a (o , a ) = ------------------  rj---------------

'  6( l+ p J ( l+ P ,+ U 2Xl + 2*)

a (o , cin) > 0 because 1 > implies ( l - a j > 0  and the parameter restriction 

0 < * <  t—— r implies {(3 - 6B *(l + R +R )} > 0 .
6P2(i + P , + P 2) LPl Pl P2/J

Thus, A(0, a0) > 0 for all a0 such that 0 ^  dg < 1.

Combining results, A(0, an) > A(0, a0) > 0 for all 0 > 0.

The result A(0, an)>  0 implies the payoff the type 0 firm strictly prefers the in­

equilibrium pair {a = 1, a HP(0 )} over the out-of-equilibrium pair, {a0, a c(Q, a0)}.

Combining Step 1 and Step 2 shows that the type G firm strictly prefers 

{a =  1, a HP (0)} over {a0, a} where a0 € [0 , a * (1)) and a e  [0 ,1].

Step 3. Given the firm's announcement and allocation strategy pair, {a = 1, aHP (0)}, 

show the investors' response VHP(1) is a best-response.

V P(1)
e. fz(.)| a = i, n(e|a=1)

from result (1) in Lemma 1

= — - - — — f z ( 0 ,1, a HP (0)) d0 because dp,(0 |a * (1))= 1 
1 + Pj + P2 0

 ̂ — + — -—- I  after simplifying
1 + Pi + P2 [8 6 + 12*

= V̂HP(« = 1)
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Investors' beliefs in the partial pooling equilibrium in Proposition 5

The partial pooling equilibrium in Proposition 5 is supported by the 

following investors' belief function. In this partial pooling the equilibrium 

announcement set consists of a countable sequence of discrete announcements,

A e = { ..., r J+1, r j , rJ~l ,..., r2, r , l} . There are an uncountable number of feasible

announcements in the out-of-equilibrium set, A° = {a| a e  [0,1] and a £ A6}. The

investors' belief function is specified for all feasible announcements, whether they 

are in or out of the equilibrium set.

The equilibrium announcement set defines a partition of the feasible types.

{..., (W+2,r>+I], (ry+I,rJ],  (r2,r], (r,l]}

The j th  interval in the partition is ( r ;+1 , r J], and is characterized by the equilibrium

announcement r 1. The investors' belief function maps a feasible announcement a 

into one of these intervals.

jx(ola) = -

e ~ t / ( r , l )  if a  = 1 
Q ~ u ( r 2,r) i f a e [ r , l )

0 ~ u ( r J+l,rJ) if a e [rj , rhX) for j  = 2,3,4,. 

{0 = 0} i f a  = 0

Inspection of this belief function shows that investors' expectation of firm 

type weakly decrease as the announcement decreases. If the highest equilibrium 

announcement, a = 1, is observed, then investors believe the firm's type is uniform 

on the highest interval, (r, l]. If an out-of-equilibrium announcement a0 is

observed such that r < a 0 < 1, investors believe the firm's type is uniform on the
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second highest interval, ( r2,/*]. If the second highest equilibrium announcement,

a = r , is observed, investors believe the firm's type is uniform on the second 

highest interval, ( r2, r j . If an out-of-equilibrium announcement a0 is observed

such that a0 is strictly between rJ+l and r J, then investors believe the firm's type is 

uniform on the next lower interval ( r 7+2, rJ+] ].

The investor belief function described above satisfies (A-6) at the end of 

Chapter 3. Assumption (A-6) is a weak monotonicity requirement that investors' 

posterior expectation of firm type be weakly increasing as the announcement 

increases.

Table 3 on the following page compares the investors' posterior beliefs and 

responses for various announcements.
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Table 3. Investors' beliefs and response in partial pooling case.

Partition of feasible types: {..., ( r y+2, r y+1], ( r y+l, r /], {rJ , r H ] , ..., ( r2,r], (r,l]}

Equilibrium announcements: Ae = {ry I j  = 0 , 1 , 2 , 3 , ,  r y+1, rJ, rhX,..., r2, r, l}

Out-of-equilibrium announcement set: A" = {a| a e  [0,1] and a <£ Ae}

Observed
announce­
ment,
Aa

Beliefs 
about type,

ll(§|a)

Expecta­
tion 
of type,

£[e|n(e|a)

Investors'
belief
about
allocation,

arpp (0)

Investors' valuation 
response at time 1,

v r p(a)

Equilibrium announcements:
1 U(r, 1) r  + 1

2
0 + 2 k
1 + 2k

Jz(0,l,flw (0))-j-^-d0

r
U (r \ r ) r 2 + r ka*{Q) + ka Z(0,5,fl)

2 k + k 1 + P, + P2
rJ
for j=2,3,... U(rj+l,r j ) rJ+l+ r j Q + 2krJ Z(0, a, a)

2 1 + 2k 1 + P, + P 2

Out-of-equilibrium announcements:
Aa s

{rj+' , r J) 
for i=0, l ,2,...

u ( r J+2,r j+l) yj+2 _|_ j.]+1
0 + 2 ka Z(0, a, a)

2 1 + 2 k 1 + P, + P2

a = 0 0 0 0
Z(0,0,0) 0.375

1 + P, + P 2 1 + P , + P 2
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Proposition 5 shows that the proposed firm strategy and investor response is an 

equilibrium. Lemma 2 and Lemma 3 are useful in proving in Proposition 5.

Com m ent on Lem ma 2: In this model the upper bound of each interval is the 

type 0 = r j for j=0,1,2...... Indifference condition (I) specifies r must satisfy a
A

particular functional relation with the exogenous parameters, (3,, p2, and k . If r 

satisfies (I), then Lemma 2 shows these boundary types are indifferent between 

truthfully announcing a * ( r j) or mimicking the announcement of the next highest

interval, a * ( r j_1). This characteristic is similar to the boundary indifference

conditions that characterize the partition equilibria in Crawford -Sobel [ p. 1437] 

and Newman-Sansing.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

Lem m a 2. Given a parameter value r  such that 0 < r < 1 and r is a solution to 

Q (r) = P( (1 + r)(l +  r + r2) + 6&{p,Kl + r) -  p2 (l + (3, +  p2 )(l -  r)} = 0 , (I)

and firm's allocation a rpp(0 ) = -  + for 0 e ( r j+l, r jl,
1 + 2fc J

1 r>' 1 
= 1 + pT+Pa f°r « e [rJ - r H )i

then any boundary type 0 = r] where j= 1,2,..., is indifferent between announcing 

a * ( r j) or a * ( r j l ).

Discussed in the main text at page 91.

Proof. Define the payoff to boundary type 0 = r1 from announcing a * (r j) as 

W<nuh(r j) = w (r j ) a * ( r j), a * ( r j), V ,(a*(rj))).

Define the boundary type's payoff from announcing a * ( r j'’) as

a * ( rH )f a c(r j ,a * ( r j-1)), Vx(a * (rH ))).

Substituting and simplifying, Vftnul1 ( r j) -  Vfmjmic ( r j) = —  (r -  l) r 2j_2 Q(r)

where £2(r) is defined above and %6 = 6 (l + p2)(l + P, + P2)(l + 2k)  > 0 

By (I) the value of r satisfies Q (r) = 0, which implies Wtnilh ( r j) -  Vf1™1™0 ( r j)=0. 

Thus the boundary type is indifferent between announcing a  * ( r j) or a * ( r j_1). H
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Comment on Lem ma 3: Condition (I) assumed there exists an r such that 0 < r <

1 and £2(r) = 0. Lemma 3 shows that under certain parameter conditions there 

always exists a real number r that satisfies (I).

Lemma 3. If P, > 0, P2 > 0, k = ~ ,  k >  ■ , , then there exists
2 6 p 2 (i + p , + p 2)

a solution r such that satisfies (I).

Discussed in the main text at page 91.

Proof: Observe £2(r) is a continuous function for r e  [0,1],

£2(0) = p, -  6 P2 (l +13( + p2)fc < 0 , and £2(1) = 6P((l + 2k) > 0 .

By the Intermediate Value Theorem, there exists at least one r such that 0 < r < 1 

and £2(r) = 0. Thus, there exists at least one r that satisfies assumption (I). ■
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Proposition 5. If the firm privately observes its type, and the penalty factor k  is a

sufficiently large finite value, such that

pooling equilibrium occurs. This partial pooling equilibrium is characterized by:

(i) Almost all firms lie.

(ii) Almost all firms distort.

(iii) There are an infinite number of intervals.

Discussed in text at page 88.

This belief function implies that if investors observe an out-of-equilibrium 

announcement is observed such that rj < a<  ri+\  then investors believe the type is

Proof:

Assume the following exogenous parameter values: 8 > 0, P > 0 , k = — , and1 2 O

By Lemma 3 there exists an r such that 0 < r  < 1 and

Q (r) = p i (1 +  r)(l + r + r2) + 6fc{p,r(l + r) -  p2 (l +  P] + P2 )(l -  r)} = 0 .

Assume investors' posterior beliefs about type are

0 ~ U(r, l)  if a  = 1
0 ~ Ll(r2,r) if a e [ r , l )

{0 = 0} if a = 0

uniform on the j th interval, 0 e  ( r j+I, r ' ]. If an out-of-equilibrium announcement is
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observed such that rH  < a<  rh2 , then investors believe the type is uniform on the 

(/-l) interval, 0 e  (r j , r j l ].

Assume the investors use the observed announcement a and the inferred type 0 to

A

infer that the firm's allocation is a rpp(0) = — + - for© 6 ( r j+l ,H l.
l + 2k 1

Proposed equilibrium:

Firm's announcement: a rpp(0) = a*{r]) = r1 for© e ( r j+1, r j] and j=0,l,2,...

Set of announcements observed in equilibrium: A e = r j+i , r J , r j~l , . . .r2, r, l}

Firm's allocation: a rpp(0) = for 0 e  ( r j+1, r j l
1 + 2 A: J

Investors'response: V,rpp(a) = -----— — J z (0 , a, a rpp(0)) d|i(§ja)
Pi P2 o

Outline o f  Proof: The first four steps of the proof show that the firm strategy and 

investors' response proposed above is an equilibrium. Steps 5 through 7 show this 

equilibrium has the characteristics labeled (i) thorough (iii) in Proposition 5.

Consider a type 0 in the j th  interval, such that r J+l < 0 < r J . The 

proposed equilibrium announcement and allocation pair is {V, a r/,p(0 )} . Consider 

a deviation to another pair, {a0, a0}, such that an *  rj . The proof shows that the
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payoff to the firm from the equilibrium strategy pair, {r1, arpp(Q)}, dominates the 

payoff from the out-of-equilibrium pair, {aB, a0}.

Since there are an infinite number of feasible allocations, a e  [0,1], and 

announcements, a e  [0,1], there are an infinite number of out-of-equilibrium pairs 

that could be tested. Step 1 of the proof identifies the allocation, a c(0, a), that

maximizes the firm payoff given a particular announcement a . Step 2 shows firms 

do not deviate to an out-of-equilibrium announcement, ag £ A e . If a firm is in the

j th  interval, then the proposed equilibrium announcement is r1. Step 3 shows that 

firms in the j th interval do not deviate to an announcement of an adjacent interval. 

Step 4 verifies the investors' response to the firm's announcement strategy is 

rational.

Step 1. Show that if a firm chooses announcement a = rJ, then its optimal

n,D/n \ 9 + 2 krJallocation is a  (0) = -------- — .
1 + I k

The firm's decision problem is Max w (0, a = rJ, a, V'pp{a -  rJ)).

From Lemma 1, w (0, rj , a , V ppp (rJ)) = V™ (rj ) + z (q, r j , a)
2 2

Given assumption (A-4) in section 3.3 and assumption (A-7) in section 4.2,

z { d , r J, a) = 0a + —( l - a )  -  —f a - —1 -  k{rj —a f  
2 2 v, 2 J

The first-order condition is solved as follows.
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a w ( e , a , ^ W r ' ) )  A, ,
  -------- — 1 —  = 0 - a  - 2 k [ a -  rJ) = 0

oa

0 + 2krJSolving the first-order condition for a yields a = --------- *—.
1 + 2k

The second-order sufficient condition is satisfied,

92w (0 ,o ,a ,V ;ipp(fl))
  _  2 ' --------------  =  - 1 - 2 k < 0

da

Thus, the choice of a that will maximize the firm's compensation when the firm

0 + 2 krJ
announces a =  rJ is given by arpp(9) =

1 +  2k

Step 2. Show that no type deviates to an announcement not in the equilibrium
A

announcement set, A e .

Consider a deviation to an announcement a , such that ri+l < a < rj .o 0

A ^

If the firm deviates to a , then its optimal allocation is a c(0, a )  = — — as
l + 2Jfe

shown in Step 1. I compare the payoff from the in-equilibrium strategy pair,

{rJ, arpp (0 )}, to the payoff from the pair, {a0, a c(0, a0)}.

If the investors observe the in-equilibrium announcement, r] , then they 

believe the firm type is in the jth interval, and their response is

1 ri 1 
VjrpPM  = — 7T— 7T f z (Q ,rJ, a rpp(B)) . d0 

1 V ’ 1 + PJ -+ P2 rJ , V KJ’ rJ - r J+l
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If the investors observe a0, such that rj+l < aB < rj , then they believe the 

firm type is in the next lower interval, (rj+2, rJ+l j , and their response is

I want to show the firm's payoff from the in-equilibrium announcement-allocation 

strategy {r; , a w (0 )} dominates the payoff from the out-of-equilibrium strategy

pair, {a0, a c(6 , a0)} for 0 e  (rj+i, rj ] and a0 e  (ri+i, r j ).

Define A(0, an) as the difference in payoffs.

a ( m J  = w (0 , r ' ,  a w (0), V ™ ^ ) )  -  w (o, a  , a e(0 , a ) ,  V ^ & J j  

If A(0, a0)>  0 , then the type 0 firm strictly prefers the in-equilibrium pair 

{rJ, a rw(0 )} over the out-of-equilibrium pair, {a0, a c{Q, «„)}.

Substituting in results (1) and (2) from Lemma 1 and evaluating yields

*2

• A - { z ( 9 , a , a ' ( e , a ) ) -  z ( e , r ' , 4 e y ) ) }

p r2/ (l + r ) ( l - r 3) + 6fc{(rJ- a n) + r ^ ( l - r 2) + {r‘ - a a)rJ{r2 + r - 2)}

«(l + P,+P2Xl + 2 i)

p, (r ' -a .)*(2( r ' - e ) - ( r ' - a . ) )

1 + P2 ( i + a t )
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Differentiating with respect to 0 shows A(0, a0) is an increasing function of 0.

3A(0,fio) p2 2k(rJ - a 0)
  ------  = —*-4:-----?------------ > 0 because a„ < r

ae i+p2 (i+ 2k)
Thus, A(0, a0)> A (rJ+l, a0) for 0 > ri+1. This implies that for types in the jth  

interval, 0 e  (r1+l, r ; ], the advantage of the equilibrium strategy payoff over the out-

of-equilibrium is least for types near the infimum, 0 = rj+l. In other words, the type 

with the greatest incentive to deviate is the lowest type in the interval.

Evaluating A(0, an) for 0 = ri+l and simplifying yields 

/ j+l „ \ K  + K ( r J - a 0) + X2(rj - a 0f

6 (l + P2)(l +  Pi +  P2)(l +  2 k )

where X0 = p, r2j (l -  r) (l + r){l + 6k + r ( l  + r)} > 0

X,, = 6 ^ r y( r - l ) { 2 ( p , + p 2)(l + P2) + p,r} < 0 because ( r - l ) < 0

^ 2 - 6 X  (pj + P 2)(l + P2) >  0

As a... approaches rJ, and A(ry+1, rJ)= — ---------——-7------> 0 .
6 (l + P, + P 2)(l + 2fc)

Differentiating A (r/+1, au) with respect to a0 shows that A (r'+1, a„) is 30 increasing

function for values of a0 > ri+l.

dA ( r J+1,a„)  2 % + p 2)(l +  p2)(a0 - r y+1) + P ( l - r ) p , r  
 ------ = --------------:--------r;--------------r/-------------------- > 0 for an > r

da„ 6 (l + p2)(l + P, + p 2)(l + 2A:)

This implies A(rJ+l, a„) > A(r;+1, rJ+1) for an > r]+l.
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Evaluating A (r/+1, a0) at a0 = r]+l and simplifying yields

A(r;+I, rJ+1) = = 0> because Q(r) = 0
6 (l + Pj + P2)(l + 2fc)

This last result implies the type 0 = r 1+l is indifferent between announcing, r J+l or 

rJ . Recall that Lemma 2 showed that types at the interval boundaries are 

indifferent between the announcements of adjacent intervals.

Combining the preceding results yields,

A(0, a0)> A(rJ+\  ag) > A(r;+1, r y+1) = 0 for all Q e ( r J+l , r J], and all a0 s  (rj+' , r J).

This implies w (e , rJ, a w (0), Vw'( r ;')) > w (q, ag, ac( $ , a ) ,  Vw ( a J ) .

Thus, Step 2 shows the payoff from the proposed equilibrium strategy pair, 

{rJ, arpp (0 )}, dominates the payoff from the pair, {a0, ac (0, a0)} for all types in the

jth  interval considering a deviation to an out-of-equilibrium announcement 

a0 e ( r i+l, r J).

Similarly, it can be shown types in the jth  interval prefer to announce rj 

rather than deviating to other out-of-equilibrium announcements, such as 

a0 e  (rJ+2, r i+1), or a„ e ( r j , ).
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Step 3. Show the firm does not deviate to the next higher interval's announcement,
A i-1a = r  .

If the investors observe the announcement, a = ryl, they believe the firm's 

type is uniform on the interval ( r j , r j_I J. If the firm announces a = r j l, then by

Step 1 the firm's best allocation is ac(d, r ;_1) = ^ + ^ .
1 + 2k

I want to show that the firm's payoff from the in-equilibrium announcement- 

allocation strategy {r1, a '7’/’(0 )} dominates the payoff from the out-of-equilibrium

strategy pair, {r;_I, a c(0, rJ~x)} for 0 6 (ri+l, r 7].

Define A(0) as the difference in payoffs for 0 s  ( r ;+l, r 7 ].

A (0 )sw (0 , rj , a rpp(B), VJw (fJ )) -  w(©, rH , ac(e ,rH ),

If A(0) > 0, then the type 0 firm strictly prefers the in-equilibrium pair

{rJ, arpp (0 )} over the out-of-equilibrium pair, { rM , ac(d, rJ~')}.

Substituting in results (1) and (2) from Lemma 1 and rearranging yields

A ( e ) = J L { y - ( r ' )  -  v ;» ( r '- ')} +
‘ 2

■ i - { z ( 9 , r J, a ' ( e , r ' ) ) -  ,a ‘(S,W ))}
2̂

The first term in the above statement is the change in payoff at time 1 from 

announcing rH  rather than r j ; and the second term, the change in penalty at time 

2. Evaluating and simplifying yields,
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v  r2i~2(r2 - l ) ( l  + r + 6 k r  + r2) ^  k ( r - l ) r J~'(rJ-' +rj -2 9 )

A 9  “ (l + P2) 6 (l + P1 + P2)(l + 2£) + (l + P2) (l + 2fc)

rH  (r  —1){ c + 6jfc(p1r ;+1(l + A-)-p2(l + p1 + p2H r ;-1 + H - 20))}

6 ( l+  P2 X1 +  Pi +  P2 H1 +  2^)

where c = p ,ry(l + r)(l + r  + r2)

. . 8A(0) (r - ! ) {  6fc( -  p2(l + p, -t- P2)K — 2))}
Differentiating, — —  = -----------------------    -7-rs--< 0 because

39 6 (1+PJ(1 + P, + p j ( l  + 2*)

( r - l )  < 0. Therefore, A(0) decreases as 0 increases, and A(0) > A(rJ) for all 

6 < r J .

Air*) simplifies to  w------------- tt-------rr = 0 because Q(r) = 0. This
6(l+ P 2X1 + P1 + P!)(l + 2fc)

implies the type at the upper boundary of the jth  interval, 0 = rJ, is indifferent 

between announcing rj and the next higher in-equilibrium announcement, rH .

Finally, observe A(0) > A (r ')  = 0 for all 0 < rJ. Thus, all types strictly 

within the jth  interval strictly prefer the in-equilibrium strategy { r \  arpp (0 )} over 

the out-of-equilibrium pair, {ry“\  a e(0 , r 7-1)}.

Similarly, it can be shown types in the jth interval prefer to announce rj 

rather than deviating to the next lower announcement, rJ+].

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

159

Step 4. Given a rpp(0), and a tpp(0), show the investors' best-response is 

V,rpp(a rpp (0)).

Suppose 0 s  ( r j+1, r j], then the observed announcement is a rpp(0) = r j.

After observing the announcement a = r>, the investors' belief function, |i(0 |a = r J ) 

is evaluated, and investors believe 0 ~ U(r j+l , rJ). V1rpp (a ipp (0)) is the expectation 

taken over this interval.

v,w («™(e))= 1 J z(e, r‘,
1 + P, + P2 >  r  -  rJ

The investors' belief about the firm's allocation is consistent with the firm's
A

equilibrium allocation rule. If an out-of-equilibrium announcement, a g A e is 

observed, then the investors' response is sequentially rational given their beliefs.

Step 5. Show that in this equilibrium nearly all firms lie.

Lying is defined as the difference between the announcement and the 

allocation. In this equilibrium, the amount of lying for types in interval j  is

a rnp(Q) -  a rpp(Q) = - — ^  for 0 e  ( r ;+1, r y]. For types strictly within interval j ,  the 
1 2k

amount of lying is strictly positive. In other words all types make an announcement 

that overstates the allocation. The boundary type, 0 = r1, does not lie, because 

a w ( r ' ) - a w ( r ')  = r ' - r ' = 0 .
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Step 6. Show that in this equilibrium nearly all firms distort.

Distortion is defined as the difference between the allocation chosen and the 

cash-maximizing allocation, a * (o). In this equilibrium, the amount of distortion

2k[rJ -  0 )
for types in interval j  is a rpp(0) -  a * (0) = --------- ^— for 0 e  (rj+x, r-']. For types

1 “t- 2k

strictly within interval j ,  the amount of distortion is strictly positive. In other 

words, all types make an allocation greater than the cash-maximizing allocation. 

The boundary type, 0 = r J, does not distort, because 

a rpp(rJ) - a * ( r J) = rJ - r J = 0 .

Step 7. Show that this equilibrium is characterized by an infinite number of 

intervals.

To prove that the number of intervals is infinite, I show that assuming a 

finite number of intervals leads to a contradiction.

Suppose there are N  intervals with supremum labeled y=0,l,...,N-l. The 

lowest interval is [0, rN~x ], and all 0 e  [0, rN~x ] should announce a =  rN~x. Thus,

a = 0 should be an out-of-equilibrium announcement. Assume that if a = 0 is 

observed, then the investors assume the firm is lowest type, 0=0 .

Define the investors' response in the proposed equilibrium with N  intervals

™ v ; N(a) = — - i — -}z (0 ,f l,a w (0))d|l(0|a)
Pi P2 0
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where |i(0 |a) = •

0 ~ t/( r ,  1) if a = 1 
0 ~ u ( r 2,r)  if a e [ r , l )

0 ~ u ( r i+1,rJ) if a<=[rJ, r H ) for j  = - I
{0 = 0} if f le [0 , / " ‘)

In this proposed equilibrium with N  intervals the lowest type should prefer to make 

the announcement of interval N  rather than deviate to the announcement <2 = 0. 

Thus for type 0 = 0, the payoff from the strategy {a = 0, a = 0} should be strictly

f _ 2krN~')
less than the payoff from the strategy \ a = rN 1, a = -------- f .

[ \ + 2k  J

This implies: w (o, 0, 0, Vjrjv(0)) < W 0 , rN- \
2 kr N - 1

l + 2kr .  V V -')

9 krN~' / \
0 , r w-*, W r " -1) < 0 .and w (o, 0, 0, V^w(0)) -  W

^  A “T“ £ K

Evaluating and simplifying yields the following result.

r” M {602(l +  P, +  |l2) i - P | }
6 ( l + p J ( l  + P1 +  P! )(l + 2 t)  <

Given the parameter restrictions this implies {dp (l + P + P  ) £ - p  } < 0  and

P,

s P d i  + P . + P , ) '
k < ------ 7—— r • However, this contradicts the assumption in Proposition 5

'2 \* ■ n  ■ r i>

that k is sufficiently large that k > * 1
s p j i + p . + p , ) '
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This implies the lowest type does prefer the strategy {a = 0 ,a  = 0} over the

t t J -  w-i 2krN- ' \  strategy <a = r ,g  = -  j  .
 ̂ l  +  2fcJ

P
The value of & is critical in this model. For k < ------7— 1 v the

6P 2 (l + p, + p j

lowest type strictly prefers to mimic the highest type and the equilibrium has a

Psingle pool with a = 1. When k > ------ 7— '■ r the cost of mimicking is so
6 P 2 (l + p, + p 2)

large that the lowest type strictly prefers to announce a = 0 ; and there is a partial 

pooling equilibrium with an infinite number of intervals. ■
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Proposition 6. If the firm privately observes its type and the penalty factor k  is

infinitely large, then a partial pooling equilibrium occurs. This partial pooling 

equilibrium is characterized by:

(i) No firm lies.

(ii) Almost all firms distort.

(iii) There are an infinite number of intervals.

Discussed in text at page 103.

Proof:
Assume the following exogenous parameter values:

Assume the investors believe the firm's announcement is a truthful revelation about 

its allocation, a = a .

Proposed equilibrium:

P, > 0 , p2 > 0 , k = ^ ,  k = + oo,

r that satisfies 0 < r < 1 and f ( r )  = 0

where T(r)  = - p 2(l + p , +  p2) +  {p ,+  P2(l + P ,+  p2)}r + P,r2

Assume the investors' beliefs about type are

9 ~ [ / ( r , l )  i f a  = l

{0 = 0} if a  = 0

Equilibrium strategies given k  = + ~  are denoted with the superscript n>°. 

Firm's announcement: a r“ (0) = r] for© e ( r j+l , r j] and ;'=0,1,2,...
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Set of announcements observed in equilibrium: A e r J+\ r J , r J~l , . . .r2, r, l} 

Firm's allocation equals their announcement: 0 ^ ( 0) = a r” (0) for all 0 e  [0,l]

Investors' response: V,"” («)=— —— J z(0, a , a) dp(0 |a)
1 + p, + p2 0

A

Step 1. Show that lying is eliminated when k = + 00.

From Lemma 1 and assumption (A-7), the firm's payoff is

W(0,a,a,V;(fl)) = T n r V j ( a )  + - ^ r - Z ( Q , a , a )
1 +  p 2 1 "1" P 2

where Z(6 , a, a) = 0a + —(1 -  a) -  — (a  — —1 -  k ( d - a ) 2
2 2 \  2 /
A  A

When all parameters except k  are fixed at arbitrary positive values and k 

approaches positive infinity, then the magnitude of the penalty exceeds all other 

terms.

lim 1̂ (0, a, a, V; (a)) = { -  k { a - a )2}
* -» -  I  +  P 2

The firm avoids the penalty by choosing an announcement equal to the allocation, 

a = a , which is defined as no lying.

Step 2. When k approaches infinity and T(r) = 0, show that the boundary types,

0 = rJ for j=  1,2,3,... are indifferent between interval j  (announcing a  = r j ) and the 

adjacent interval j - 1 (announcing a = r J~l).
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Lemma 2 shows the indifference condition (I) such that the boundary types are 

indifferent. Condition (I) requires an r that satisfies 0 < r < 1 and

Q (r) = p ] (1 + r)(l + r + r2) + 6fc{p,r(l + r) -  p2(l + p [ + p2)(l -  r)} = 0

A,
Collecting terms of k  yields

J2 (r) = (3i (1 + r)(l + r  + r2) + 6 kT (r) = 0

where T(r) = - p 2(l + (3, + p2) + {p, + P2(l + P, + P2)}r + p /

Taking the limit as k  approaches infinity yields: lim\j/(r) = rJ~]6 k T (r )  = 0.

Given the assumed parameter values, T(0) < 0 and T(l) = 2p, > 0.

Since T(r)  is a continuous function, by the Intermediate Value Theorem, there 

exists at least one r such that r is a solution to T (r) = 0 and 0 < r < 1.

Thus, given the exogenous parameters assumed above, k = +oo and T(r) = 0 , the 

boundary types are indifferent between the announcements of adjacent intervals.

Step 3. Show that all types other than the boundary types strictly prefer the 

proposed equilibrium rather than deviating to an out-of-equilibrium strategy. The 

details of this step are similar to Proposition 5 for the special case where k  = +°°.

0 + 2kr j
In Proposition 5, the firm's allocation was a rpp(Q) = ---------- — .

1 + 2k

A

When k= +°° ,  lim aw (0) = lim ^ + - = r J = a '“ (0).*-*oo I + 2k

The investors' beliefs in this proposition have the same functional form in 

Proposition 5. Proposition 5 showed that no type strictly prefers to deviate to an 

out-of-equilibrium strategy. Thus, this partial pooling is an equilibrium.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

166

A

Step 4. Show that when the firm privately observes its type and k  = +00, partial 

pooling with no lying is the only equilibrium supported by reasonable beliefs.
A

Step 1 showed that lying is eliminated when k = +°°. The three possible 

categories of equilibria with no lying are full separation, pure pooling, and partial 

pooling.

In a full separation equilibrium with no lying each firm type has an 

announcement different from any other type. Corollary 2.1 implies that if there is a 

full separation equilibrium, the firm's best strategy is first-best. The first-best 

outcome is characterized by no lying and no distortion, {a(0) = a * (0)}. Corollary
A

3.2 showed the first-best outcome is not an equilibrium when k  = +00, because 

some firms distort.

In a pure pooling equilibrium with no lying, all firms make the same 

announcement and allocation, such as {a = a = 1} for all 0 e  [0,1]. If this pure

pooling existed, then it would require severe out-of-equilibrium beliefs to prevent 

firms deviating to out-of-equilibrium announcements. One such set of severe

(~u \ (0 ~ £7(O,l) if a = 1
beliefs is |il0  a  I =  < r , „ . These beliefs imply investors do not

^  1 '  \  {0 = 0} if a < 1

revise their beliefs unless only the worst announcement is observed. Such severe 

beliefs do not satisfy the monotonicity condition (A-6) specified at the end of 

chapter 3. (A-6) requires that investors' expectations of type are strictly increasing 

for some pair {ct , a"} such that 0 < a' < a"< 1. With the above severe beliefs,

E[e|a'] = E[e|a"] = 0, for all {&, a") such that 0 < & < a"< 1.
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The previous steps of this proof showed partial pooling is an equilibrium. It 

is possible to verify that the beliefs specified at the beginning of this proof satisfy 

(A-6). If a pair of announcements is selected from within interval j ,  such that 

r J+1 < a' < a"< r J, then the investors' expectations are the same for either

announcement, E^0|a'j = E^§|a"j = r However, comparing announcements

from adjacent intervals, shows investors' expectations are strictly increasing. For 

example, if a' e  ( r ;+1, r1 ] and a" e  (r1, rJ~' ], then

r J" + r J r j + r J~l
-  = E [e |a ']<E [e|a"] = —

Step 5. Show that in this equilibrium nearly all firms distort their allocation away 

from the cash-maximizing allocation.

Distortion is defined as the difference between the allocation chosen and the 

cash-maximizing allocation, a *(0). When fc=0.5, the cash-maximizing allocation 

is a * (0) = 0. In this equilibrium, the amount of distortion for types in interval j  is 

«'“( © ) - a *(0) = /"' - 0  for 0 e ( r ;+1, r ; ]. For types strictly within interval j ,  the

chosen allocation is greater than the cash-maximizing allocation. The boundary 

type, 0 =  r 1, does not distort, because o'” {rJ) — a * (rJ) = r 1 —r J = 0 .

Step 6. Show that this partial pooling is characterized by an infinite number of 

intervals.

This step is essentially the same as the last step in the proof of Proposition

5. ■
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