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Abstract

This dissertation aims at enhancing our understanding of the role of information in the in-
teraction among economic agents in capital markets. In order to thoroughly evaluate the
trade-offs involved in maximizing the real efficiency and the price efficiency of capital mar-
kets, economic incentives of those who prepare, disseminate, and use information must be
understood. The research questions I attempt to answer in this dissertation center around
two themes: (i) how various characteristics of accounting information as mandated by ac-
counting standards influence investors’ assessment of a firm’s future profitability and their
trading behaviors in financial markets, and (ii) what are the incentives of investors to publicly
express their stock opinions on social media. Specifically, the first two chapters examine the
desirability of accounting information characteristics such as comparability, transparency,
and clarity. The last chapter moves to study individual investors’ voluntary expression of
their polarized sentiments in a public communication network.

In the first chapter, I investigate how accounting comparability affects the monitoring
role and the risk allocation role of capital markets. I develop the statistical and informa-
tional properties of accounting reports under varying degrees of comparability. A perfectly
comparable accounting information system enables investors to perfectly infer the difference
between any two firms’ future cash flows although investors remain uncertain about either
firm’s cash flow. Comparability alleviates entrepreneurs’ moral hazard problem by strength-
ening the price response to the relative accounting performance, but can induce excessive
price risk as well as residual systematic cash flow risk. Unlike the investors (users) who
earn their surplus by bearing the residual systematic risk, the entrepreneurs (preparers) do
not find perfect comparability desirable. Hence, a standard setter would mandate higher
comparability than preferred by preparers, but not perfect comparability.

In the second chapter, I study how public information about a firm’s fundamental value
affects the firm’s stock price behavior and efficiency in the presence of Keynesian beauty

contests when investors heterogeneously interpret such information. In an overlapping gen-
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erations rational expectations model of capital markets, I show that higher-order beliefs
regarding other investors’ interpretations can induce investors to overweight their private
interpretations. Moreover, while improving a public disclosure’s clarity generally increases
price efficiency, improving its transparency can be detrimental. In the latter case, the inte-
rior level of transparency that maximizes price efficiency monotonically increases in clarity.
In other words, the best attainable level of price efficiency hinges on the level of clarity.

In the third chapter, I examine individuals’ incentives to express their polarized senti-
ments and the efficiency of the subsequent aggregate action in the presence of coordination
motives. I consider situations in which every agent would like to take an action that is
coordinated with those of others, as well as close to a common state of nature. Agents have
polarized sentiments in the sense that their beliefs about the state can be biased in opposite
directions. Before the coordination game is played, agents decide whether to reveal to the
others their polar type. In equilibrium, full disclosure takes place only when the population
composition is expected to be more balanced; otherwise, the minority group of agents have
an incentive to mimic their majority counterparts. In addition, the analysis on the aggregate
action indicates that a diverse yet unbalanced population can jointly make a more efficient
decision, especially when the coordination motive is strong but little is known about the

underlying state.



Acknowledgements

I am deeply indebted to Professor Carlos Corona and Professor Pierre Liang for their guid-
ance, patience, and encouragement that immensely improved this dissertation. I appreciate
all their contributions of time and ideas to make my Ph.D. experience productive and stim-
ulating. They set great role models of a rigorous scholar and a curious learner. They
have shaped, both consciously and unconsciously, not only the way I think about academic
research but also my worldview. I am also grateful to my committee members, Professor
Erina Ytsma and Professor Ariel Zetlin-Jones, for their insights and thoughtful advice. Their
questions incented me to widen my research perspectives.

Completing this dissertation is facilitated by the intellectually stimulating environment
at the Tepper School of Business. I thank my professors for their excellent seminars and
acknowledge the financial support by the William Larimer Mellon Fellowship, Henry J.
Gailliot Presidential Fellowship, and CMU Digital Transformation and Innovation Center
sponsored by PwC. My sincere thanks go to Laila Lee and Lawrence Rapp whose kind help
and continuous effort made Tepper my second home. I also thank my fellow Ph.D. students
who have contributed immensely to my personal and professional time at Tepper. Among
them, discussions with Hyun Hwang, Phong Truong, and Wenjie Xue are particularly helpful.

My special thanks go to Mengna Luan, Xiang Shao, and Professor Zhigang Tao. Their
curiosity and enthusiasm for research was contagious and eventually led me to pursue an
academic career when I was an undergraduate student at the University of Hong Kong. Last
but not least, I want to express my deepest gratitude to my parents for their caring, support,
and unconditional love. They taught me invaluable lessons which continue to influence many
of my important life choices. In particular, I thank them for first kindling my curiosity to

the world and for respecting whatever decision I have made since my early age.

vi



Contents

Abstract . . . . . L
Acknowledgements . . . . . . ...

List of Figures. . . . . . . . . . .
List of Tables . . . . . . . . . .

Introduction

1 Accounting Comparability and Relative Performance Evaluation by Cap-

ital Markets

1.1 Introduction . . . . . . . . ...
1.2 Model . . . .
1.21 Setup . . . . .
1.2.2  Measure of Comparability . . . . . ... ... .. ... ... ...,
1.2.3  Equilibrium Analysis . . . . . . . ... o
1.3 Main Results . . . . . . .
1.4 Empirical Implications . . . . . . . . . . ...
1.5 Extension . . . . . . . .
1.6 Conclusion . . . . . . . . .

2 Heterogeneous Interpretations of Public Disclosure, Price Efficiency, and
Keynesian Beauty Contests

2.1 Introduction . . . . . . . . .

vil



2.2 Literature Review . . . . . . . . 40

2.3 Information Environment . . . . . . . . ..o 42
2.3.1 Information Structure . . . . . .. .. ... oo 42

2.3.2 Tterated Average Expectations . . . . . .. ... ... ... 44

2.4 Main Analysis . . . . . ..o 49
24.1 The Equilibrium . . . . . ... oo 50

2.4.2 Price Efficiency . . . . . ... 53

2.5 Extension . . . ... 60
2.6 Discussion . . . . . . .. e 63

3 A Theory of Communication and Coordination in a Polarized Society 67
3.1 Imtroduction . . . . . . . .. L 67
3.2 Related Literature . . . . . . . . ... 72
3.3 Main Model . . . . . . . 75
3.3. 1 Setup . .. .. 75

3.3.2 Equilibrium Analysis . . . . . . . ... 76

3.4 Expression of Sentiments . . . . . . . ..o Lo 80
3.4.1 Equilibrium Disclosure Strategy . . . . . . .. ... .. ... ... .. 82

3.4.2 Disclosure Region . . . . . . .. ... oL 88

3.5 Additional Applications . . . . . . ... .. 91
3.5.1 Board Composition . . . . . . .. . ... 91

3.5.2 Price Volatility . . . . . . ... ... 93

3.6 Conclusion . . . . . . . . .. 95
Appendix A Proofs to Chapter 1 97
Appendix B Proofs to Chapter 2 105
B.1 Noisy Price Interpretation . . . . . . . . ... ... oL 105
B.2 Long-Horizon Equilibrium . . . . . . ... ... ... ... 106



B.3 Proofs . . . .o 109

Appendix C Proofs to Chapter 3 118
C.1 Proofs . . . . . . e 118
C.2 Ex-Post Disclosure . . . . . . . . . . .. . .. 126

Bibliography 135

X



List of Figures

1.1
1.2

2.1
2.2
2.3
2.4

3.1
3.2
3.3

C.1

Communication Networks . . . . . .. .. .. ... ..o 3
The Timeline of Events . . . . . . . . . . .. ... L 14
The Effects of Idiosyncratic Cash Flow Volatility on Comparability . . . . . 32
Short-Horizon Equilibrium Price Efficiency . . . . . .. .. .. .. ... ... 57
Optimal Transparency . . . . . . . . . .. . . ... .. 61
Region Plot on the Condition in Proposition 2.2(ii) . . . . . .. .. .. ... 61
Multiple Equilibria with Correlated Supply Shocks . . . . . . ... ... .. 63
The Weight of the Private Signals in Equilibrium Actions . . . . . . . . . .. 80
The Efficiency of the Average Action . . . . . . ... ... ... ... .... 93
Price Volatility . . . . . . . . . 94
Equilibrium Ez-Post Disclosure Probability . . . . .. ... ... ... ... 134



List of Tables

2.1 Summary of Comparative Statics Results . . . . . . ... ... .. ... ... 64
3.1 Summary of the Signs of ¢; and jf% in Different Cases for Different M's . 86
A=A

x1



Introduction

Information is considered by many the driving force of vibrant capital markets. However,
the prior academic literature has not emphasized the process of information generation and
how various information structures affects market participants’ incentives to disseminate
and utilize information. In this dissertation, I attempt to fill the gap by focusing on the
role of information structures in the interaction among agents, along with its implications
on the real efficiency and the price efficiency of financial markets. I use analytical models
as a tool to build theoretical constructs of various qualitative characteristics of information
such as comparability, understandability, and sentiment polarization, and explain empirical
anomalies in accounting practices and institutions that contradict conventional wisdom.

One principal reason for developing accounting standards is to facilitate financial com-
parisons among enterprises under a common set of accounting methods. Indeed, the FASB’s
Conceptual Framework, which serves as a guidance for the development of financial ac-
counting standards, identifies comparability as an enhancing qualitative characteristic of
accounting information. Yet the current standards still allow for diverse practices for similar
transactions, and preparers of financial information also frequently dispute the importance
of comparability. Chapter 1 attempts to offer a consistent explanation for (i) the existence
of diverse practices despite regulatory emphasis on comparability, and (ii) the different atti-
tudes toward comparability by preparers and users of financial reporting.

I first develop the statistical and informational properties of accounting reports under

varying degrees of comparability, and then examine how accounting comparability affects



monitoring and risk allocation roles of capital markets. In the presence of information exter-
nalities induced by comparable financial reports, the representative investor efficiently uses
other firms’ reports to price any firm in the market, as illustrated by Panel (a) of Figure
1. Comparability alleviates managers’ moral hazard problem by strengthening the price
response to the relative accounting performance, but can induce excessive price risk and sys-
tematic cash flow risk. Unlike the investors (users) who are better off by bearing the residual
systematic risk, the entrepreneurs (preparers) do not find perfect comparability desirable.
Thus, a benevolent policy maker would mandate higher comparability than preferred by
preparers, but not perfect comparability.

Another enhancing qualitative characteristic of accounting information I examine in this
dissertation is understandability. Prior literature has assumed public disclosure as common
knowledge to market participants, and concluded that more precise public disclosure leads
to more efficient capital markets. However, some economic phenomena are inherently com-
plex and hard to understand. Hence, conventional wisdom suggests the following trade-off:
excluding information about those phenomena from financial reports will make financial re-
ports easier to understand, but will also lead to incomplete and thus potentially misleading
reports. Taking a step back, in Chapter 2, I show that the above trade-off might not be
relevant for the informational efficiency of stock prices in a short-horizon economy.

Moving from a setting of a representative receiver and multiple senders to a setting of
a single sender and multiple receivers as illustrated in Panel (b) of Figure 1, an imperfect
understandability induces investors to form heterogeneous but correlated interpretations
of public disclosures. This results in the two dimensions of understandability of a public
disclosure which I term transparency and clarity. The former regulates the total amount of
information that can be processed out of the public disclosure, whereas the latter governs the
degree of consensus among investors. In the context of stock markets as a Keynesian beauty
contest, a metaphor originally proposed by J. M. Keynes in 1936, the public disclosure plays

a dual role of conveying information about the value of the firm (fundamental role) and



Sender Receiver Sender Receiver

4 Investor 1

Representative Representative Investor 2

Investor Firm

X~ Investor N

(a) Chapter 1: N — 1 (b) Chapter 2: 1 — N

Sender Receiver

Investor 1

\/\,\ Investor 2

T~
vﬁ :
o Investor N

(c) Chapter 3: N —» N

Investor 1

Investor 2

Investor N <7
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serving as a focal point for the others’ beliefs (coordination role). The opposite effects of
transparency and clarity on the coordination role lead to their different impacts on price
efficiency. Specifically, while more clarity generally increases price efficiency, there exists an
interior level of transparency that maximizes price efficiency. When transparency and clarity
of a public disclosure are of comparable magnitude, clarity is of first-order importance in
improving price efficiency.

Information in capital markets does not just flow from the more informed managers to
the less informed investors, but is also spread among equally well informed investors. For
instance, individual investors voluntarily express their polarized opinions (e.g., bullish or
bearish) about stocks on social media investing platforms like StockTwits and WallStreet-
Bets. Meanwhile, trading strategies based on the sentiment extracted from social media
become increasingly popular. Motivated by these two empirical observations, Chapter 3
models the degree of polarization as a payoff-relevant but value-irrelevant uncertainty and

provides a consistent explanation for the seemingly puzzling phenomena that the aforemen-



tioned expression of polarized sentiments may happen even before investors take trading
positions. Specifically, I show that it is coordination motives that drive investors to disclose
their polarized sentiments in a public communication network as illustrated by Panel (c) of
Figure 1.

As in the previous chapter, short-term investors’ private information plays a dual role.
Its strategic value is affected by the fraction of each group through the aggregate sentiment.
Such effect is non-monotonic because a perfectly balanced population results in an unbiased
aggregate sentiment and hence makes an investor’s private signal least informative about the
aggregate sentiment. Thus, investors will only express their sentiments when they are the
majority group because doing so increases the strategic value of their private information
by affecting the perceived population composition. Lastly, I also apply the framework to
decision-making within organizations. Further analysis on the efficiency of the aggregate
action indicates that a diverse yet unbalanced board or legislature can jointly make a more
efficient decision, especially when the coordination motive is strong but little is known about

the underlying state.



Chapter 1

Accounting Comparability and
Relative Performance Evaluation by

Capital Markets

1.1. Introduction

Over the past 40 years, reducing diverse practices and inconsistent guidance is the most
frequently cited reason by the Financial Accounting Standards Board (FASB) to take on a
project, and more than half of the standards are intended to enhance comparability (Jiang,
Wang and Wangerin, 2018). Despite that, the current standards still allow for diverse prac-
tices and inconsistent treatment for similar transactions. FASB board members who are
former CFOs or controllers are less likely than those with user backgrounds to dissent be-

cause a standard allows for exceptions or gives the management accounting alternatives. As

This chapter is based on a joint work with Wenjie Xue, and has benefited greatly from the comments
by an anonymous referee, Jeremy Bertomeu, Carlos Corona, Paul Fischer, Henry Friedman, Michelle Hanlon
(editor), Lin Nan, Bryan Routledge, Gaoqing Zhang, and participants at the Carnegie Mellon University
workshop and 2019 Junior Accounting Theory Conference.



noted by practitioners and researchers, while the users of financial information emphasize on
accounting comparability, the preparers often dispute its importance (see, e.g., Van Riper,
1994; De Franco, Kothari and Verdi, 2011; Jiang et al., 2018; Kurt, 2020). The natural
question is: What drives the different attitudes toward comparability by the two major con-
stituents of financial reporting? Why do we still observe diverse practices despite regulatory
emphasis on comparability?

One explanation for the existence of diverse accounting practices is that it allows for
flexibility and is thus insisted by preparers who may benefit from opportunistic reporting.
However, preparers do not always benefit from more discretion when investors rationally cor-
rect for the opportunistic reporting on average (see, e.g., Guttman, Kadan and Kandel, 2006;
Gao and Zhang, 2019). In this paper, we provide a different rationale from an information-
externality perspective in the sense that permitting alternative accounting methods for the
same economic phenomenon diminishes comparability among reports (FASB, 2018, QC25;
[ASB, 2018, 2.29). We show that the information externalities of comparable financial re-
ports can potentially explain why preparers are less enthusiastic about adopting common
accounting practices, even in the absence of opportunistic reporting. Specifically, a too-
high-level of comparability can induce excessive price risk as well as risk premium in the
prices. Hence, the preparers prefer a lower level of comparability than the investors who
earn their surplus through the risk premium. As a result, a policy maker influenced by
both constituents would mandate a higher level of comparability than that preferred by the
preparers, but not perfect comparability demanded by the investors.

We first develop the statistical and informational properties of comparability as they are
decision-relevant to economic agents. Comparability is viewed as a property of the relation-
ship between the accounting information of at least two firms (FASB, 2018, QC21; IASB,
2018, 2.25). Suppose an accounting information system measures the fundamental value of
each firm with errors, we model comparability as the correlation between the measurement

errors of any pair of firms under a reporting regime. From an informational perspective,



comparability as defined here does not affect the precision of a stand-alone report about
its reporting firm. A higher correlation between measurement errors renders the difference
between two reports more informative about the difference between their reporting firms’
fundamentals. Hence, comparability improves the users’ knowledge about the firm-specific
fundamentals relative to other firms. This informational effect manifests itself through the
increased price response to a firm’s own report. From this perspective, comparability is
an enhancing characteristic of useful financial information as described by the conceptual
frameworks in FASB (2018, QC19) and IASB (2018, 2.23).

Our proposed measure of comparability conceptually conforms to the argument that
achieving comparability through adopting a common standard renders a higher correlation
between the measurement processes of firms (Wang, 2014). It is also theoretically consistent
with the notion that adopting a common standard features a larger common measurement
error (Dye and Sridhar, 2008; Zhang, 2013), as the correlation between measurement errors
is positively associated with the proportion of the common error among reports. While
comparability improves users’ knowledge about the firm-specific fundamentals, it impairs
their knowledge about the average fundamental and thus the aggregate economy due to a
larger common measurement error.!

To study the economic consequences of accounting comparability, we build our model on
the overlapping generations setting in Dye (1990), Dye and Sridhar (2007) and Gao (2010),
and extend it to multiple firms. Each firm is initially owned and managed by a risk-averse
entrepreneur. The cash flow to each firm is jointly determined by an unobservable effort by
the entrepreneur, an economy-wide shock common to all firms, and an idiosyncratic shock
specific to each firm. After privately exerting the effort, the entrepreneur publicly issues an

accounting report which is a noisy signal about the cash flow. Entrepreneurs then sell their

"We can further illustrate this informational trade-off using an analogy in which students’ ability is
assessed through exams. The students can be taking the same exam, or assigned to distinct and independent
exams. The grades in the former case are more “comparable” because students are evaluated under the same
criterion, and hence the ranking of students is more informative of their relative ability. On the other hand,
the grades in the latter case are more informative about the average ability of the class because the noisiness
induced by independent exams is diversified away in the average grade.



firms to risk-averse investors and consume the proceeds due to life-cycle considerations. At
the last date, cash flows are realized, and investors consume the cash flows generated by the
firms.

In the presence of information externalities, investors efficiently use other firms’ reports
to price any firm in the market. Their inference about the cash flows given their conjectures
of the entrepreneurs’ efforts can be decomposed into two tasks. In the first task, the investors
infer each firm’s idiosyncratic cash flow shock by comparing its report with the other reports.
In the second task, the investors learn from all reports to infer the cash flow shock common
to all firms. Comparability improves the first inference but impairs the second one. This
informational property leads to various efficiency implications.

Comparability alleviates the moral hazard problem arising from the unobservability of
the entrepreneurs’ efforts. An entrepreneur internalizes the return to his effort to the extent
that it affects the firm price through the accounting report. As the investors’ inference
about the common shock is disciplined by the reports of the other firms, the entrepreneur
is incentivized to work hard only to differentiate his report from the others’ reports. Due
to the noisiness of accounting signals, the rate at which his effort increases the market price
is lower than the rate at which it increases the firm value. Higher comparability alleviates
this moral hazard problem by strengthening the price response to the relative accounting
performance.

Despite its positive effect on the monitoring role of capital markets, perfect comparability
is not considered desirable by the entrepreneurs as it induces excessive price risk and risk
premium. An undiversified entrepreneur who consumes the proceeds from selling his firm
bears the risk associated with the volatility of the firm price. This price risk has both an
idiosyncratic and a systematic component. Each component of the price risk is positively
associated with the extent to which the investors use the reports to infer its corresponding
cash flow shock. Although comparability impairs the investors’ inference about the com-

mon shock, it can increase the price risk due to the investors’ enhanced inference about the



idiosyncratic shock when the level of comparability is sufficiently high. The entrepreneurs
sell at a lower price due to the risk premium which is determined by the diversified in-
vestors’ residual uncertainty about the common shock. Higher comparability increases the
risk premium by increasing such uncertainty about the aggregate economy.

However, maximizing comparability makes the diversified investors better off because
they earn their surplus by bearing the residual systematic risk (Gao, 2010; Bertomeu and
Cheynel, 2016). The risk premium equals their marginal cost of bearing the systematic risk
which is higher than the average cost, and their surplus increases in the residual system-
atic risk. The above results combined suggest that the preparers prefer a lower level of

comparability than the users. As noted by a former FASB member Van Riper (1994):

“Though its importance is often disputed by preparers of financial information,
comparability of financial information has long been a major concern of analysts

and legislators.”

As lower comparability is associated with diverse accounting practices, our model can
potentially explain why preparers are more tolerant of diverse practices relative to users and
even tend to lobby for a lower level of standardization (Jiang et al., 2018). Our model further
predicts that a policy maker taking into account both constituents would mandate a higher
level of comparability than that would otherwise be chosen by the preparers, but not perfect
comparability because of the excessive costs on the preparers. In other words, we should
still observe diverse accounting practices despite regulatory emphasis on comparability.?

Our analysis generates various additional empirical implications. The pricing equation
that reflects the efficient use of accounting information suggests a structural approach to
construct a regime-level empirical proxy for comparability. Our model predicts that, con-
trolling for a firm’s own report, the firm’s price response to the average report in a reporting

regime decreases in the level of comparability and can even become negative with sufficiently

2There can be many other reasons for users to prefer higher comparability. For example, comparability
can perhaps facilitate more efficient information processing by investors. These possible forces not captured
by our model do not contradict our results.



high comparability. This property of the pricing equation allows the price coefficient on the
average report estimated with a cross section of firms to proxy for the level of comparabil-
ity in this reporting regime. Intuitively, higher comparability renders the firm price more
responsive to the relative accounting performance, thus resulting in the other firms’ positive
reports being used more as bad news when pricing a firm. This empirical proxy can be used
to compare comparability across regimes at a particular time, or to study the time-series
variations of comparability in a particular regime over time, for example, around policy
changes.?

If the standard setter incorporates the preferences of both preparers and users of fi-
nancial reports, the observed standards should reflect both of their preferences (Watts and
Zimmerman, 1978). The model allows us to characterize the level of comparability chosen
by a standard setter who takes into account both constituents.* Perfect comparability is
not desirable because it induces excessive price risk borne by the entrepreneurs as well as
excessive residual systematic cash flow risk borne by the investors. In addition, the standard
setter would mandate a higher level of comparability when the idiosyncratic cash flows are
less volatile. In other words, we should observe standards allowing for more diverse practice
in an economy with highly heterogeneous firms. This prediction and the pricing equation
can be jointly tested by using the proposed empirical proxy for comparability as implied by
the pricing equation. In addition, our main results continue to hold qualitatively even when
extending our model to allow for firm-wise heterogeneity in the level of comparability.

This paper contributes to the current literature in several aspects. First, it formally
defines comparability and investigates the economic consequences of increasing compara-
bility from an informational perspective. Accounting has been intensively studied as an
information function (Butterworth, 1972; Liang and Zhang, 2008). Current standard set-

ters follow the conceptual-framework approach to standard setting by first defining desirable

3We thank Frank Zhou for pointing it out at the 2019 Junior Accounting Theory Conference.
4In practice, there are many other stakeholders of financial reporting not captured by our analysis.
Arguably, preparers and users are among the most important ones.
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qualitative characteristics of financial information and then evaluating alternative standards
against them (Bullen and Crook, 2005). However, the common notion of comparability is
theoretically ambiguous (Sunder, 2010). A key feature of our theoretical definition is that
we disentangle comparability from the informativeness of a stand-alone report which has
been studied extensively since Feltham (1972). We examine how comparability affects the
usefulness of an accounting report given other firms’ reports while controlling for the in-
formativeness of a stand-alone report. Although comparability enhances the usefulness of
an accounting report given other firms’ reports, we show that the standard that takes into
account both constituents would not feature perfect comparability. Nevertheless, we provide
a justification for the regulatory emphasis on comparability, as preparers would otherwise
choose an even less comparable reporting system than what the standard setter would choose.

Second, this paper is related to the study of the monitoring role of capital markets in
addressing agency issues (e.g., Holmstrom and Tirole, 1993; Dye and Sridhar, 2004, 2007).
Efficient pricing by the market serves as a disciplinary mechanism for those with control
rights. Consequently, how much information is available to the market affects the efficiency
of their actions. We extend this line of inquiry by examining the information externalities
of financial reports in the sense of Dye (1990) and Dye and Sridhar (2008). Comparability
can facilitate the investors’ learning of firm value through comparison between firms, thus
incentivizing the entrepreneurs to exert efforts to differentiate themselves from the others.
This mechanism also formally establishes the intuition in Core, Guay and Larcker (2003) that
equity incentives render an implicit relative performance evaluation scheme. More recently,
Jennings, Seo and Soliman (2020) formally document that a firm’s price depends on the
relative ranking of its earnings in its peer group.

Finally, this paper addresses the risk allocation effect of disclosure policies (e.g., Dye,
1990; Dye and Sridhar, 2004, 2007; Gao, 2010). Disclosure resolves uncertainty early, in-
creasing the price risk while reducing the residual cash flow risk (Hirshleifer, 1971). In the

situation where the current shareholders have to sell to the next generation of shareholders,
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more precise disclosure is efficient if and only if the new generation is relatively more risk
averse than the old generation. Our information structure differs from the standard one
in that the level of comparability does not affect the precision of a stand-alone report, but
rather affects risk allocation through the information externalities. Due to the investors’
diversification of the idiosyncratic risks, only the systematic risk is allocated between the
two generations. A higher level of comparability shifts more systematic risk to the investors.
Nonetheless, even when the entrepreneurs are relatively more risk averse than the investors,
it is not efficient to allocate all the systematic risk to the investors as it also induces excessive
idiosyncratic price risk borne by the undiversified entrepreneurs.

The rest of the paper is organized as follows. Section 1.2 develops the model, discusses
the measure of comparability in more details, and characterizes the equilibrium given an
exogenous level of comparability. Section 1.3 studies the welfare implication of increasing
comparability on both constituents of financial reporting. Section 1.4 discusses the empirical
implications. Section 1.5 extends our main setting and enables firm-wise heterogeneity in

the level of comparability. Section 1.6 concludes.

1.2. Model

This section describes the basic setting of the economic model and the informational
properties of comparability. Since the notion of comparability can only be applied to more
than one firm, we model a continuum of firms, with each firm indexed by i € [0,1].> Each
firm is owned and managed by an entrepreneur with the same index as the firm he owns
for simplicity. There is also a continuum of investors indexed by j € [0,1] who buy the
firms from entrepreneurs after the release of accounting signals, but before the cash flows

are realized.

5The extent of the information externalities increases in the number of firms in a finite-firm setting (Dye
and Sridhar, 2008), so one can view this assumption as a limiting case of the finite-firm setting.
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1.2.1. Setup

Firm i’s cash flow 6; is determined jointly by (i) the effort a; exerted by its entrepreneur,
(ii) the economy-wide shock 77 common to all firms, and (iii) an idiosyncratic shock &; specific

to each firm. That is, given the effort a;,
0; = a; + 7 + b;, with 77 ~ N(0, ), 0; ~ N(0,7571), (1.1)

where 7, > 0 and 75 > 0 are the precisions of the two cash flow shocks, respectively. Both
the price and the return of the risk-free asset are normalized to be 1.

The output of the accounting system is a noisy signal about the firm’s cash flow. It
carries both a common error and an idiosyncratic error. The common error comes from the
use of a common set of measurement methods required by the accounting standards, and
the idiosyncratic error is due to diverse practices. Formally, conditional on the cash flow,

firm ¢’s accounting signal is
§i=0;+ e+ &, with e~ N(0,771),& ~ N(0,771), (1.2)

where € and & are the common error and the idiosyncratic error, with corresponding pre-
cisions 7. > 0 and 7¢ > 0, respectively. Since the firms are otherwise symmetric, we may
also use the economy-wide average signal 5 = fol 5;di = a + n + € as a sufficient statistic of
all (other) firms’ accounting reports, where a = fol a;di is the average effort. To disentangle
comparability from the informativeness of a stand-alone report, we restrict the precision of
an individual signal about its reporting firm (hereafter, reporting precision) to be a constant

7, with 0 < 7 < 0o to ensure usefulness of accounting signals, i.e.,

=74 Tgl. (1.3)

In equilibrium, the investors rationally infer the unobservable effort exerted by the en-

13



Entrepreneur i The accounting system Entrepreneurs sell Cash flows are realized
privately chooses generates a public their firms to investors  and investors consume
effort a, signal s, for each firm i

Figure 1.1: The Timeline of Events

trepreneurs. However, they are unable to perfectly deduce the underlying cash flows of the
firms, as the cash flows are subject to the common shock and the idiosyncratic shocks as
well. The noisy accounting reports thus help them to imperfectly estimate the extent to
which the cash flow shocks have affected the terminal cash flows.

Entrepreneurs and investors are assumed to be risk averse with constant absolute risk

1

—Ee*PEwi, where w;

aversion (CARA). Entrepreneur i’s utility function is given by u;(w;) =
denotes his consumption financed by the proceeds from selling his firm. Investor j’s utility
function is given by v;(w;) = —p—llefpf ®3, where w; denotes her consumption financed by the
cash flows generated by the portfolio she buys from the entrepreneurs.

The timeline of the model consists of four dates, as depicted in Figure 1.1. At datet =1,
the entrepreneur of each firm i € [0, 1] chooses an effort a; and personally bears a quadratic
cost %a?. The level of the effort is private information to the entrepreneur who made the
choice. At date t = 2, the accounting system of each firm produces a public signal about the
cash flow that will be generated by the firm. Investors then use all the accounting signals
to make portfolio decisions. At date ¢ = 3, the trading takes place. Entrepreneurs sell the
firms to investors and consume the price of their firms. At the last date t = 4, cash flows of
all firms are realized, and investors consume the cash flows generated by their portfolios.

All random variables are independent from each other and all parameters are common

knowledge unless specified otherwise.
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1.2.2. Measure of Comparability

Our theoretical measure of comparability is based on its statistical and informational
properties. Wang (2014) defines comparability as the correlation between the measurement
processes of two firms’ accounting earnings. Because the measurement errors capture the
informational properties of the measurement process in our informational framework, the
correlation between the measurement processes of the two firms, 7 and 7/, is

- - ELf EaE, -1
Cc = COI'I'(gi — (91', §i/ — 91/) = COV(E + éz; €t éz ) T = Te (14)

[Var(€ + éi)Var(g + éz’)] 5 T 4 Tg_l'

In other words, we measure comparability as the proportion of variance from the common
measurement error, ¢ € [0,1]. Thus, controlling for the precision of an individual report as
T, we have

T t=cr 7'5_1 =(1-cr (1.5)

According to the FASB (2018, QC21) and the IASB (2018, 2.25), comparability enables
users to identify and understand differences among firms. Taking the difference between
the accounting reports of firm ¢ and i’ renders a noisy signal of the difference between their

fundamentals:

§i— 8= (0; — 0u) + (& — &), (1.6)

The common measurement error is cancelled out during the comparison, and the variance of
the noise is 27, ! which decreases in c. That is, the amount of information conveyed through
the comparison of accounting signals is positively associated with comparability.

This measure is also consistent with the notion that financial reports are more comparable
through the application of a common standard because applying a common standard can
be associated with a larger common measurement error (Dye and Sridhar, 2008; Zhang,
2013). However, it should be noted that comparability is not equivalent to uniformity. In

our setting, comparability not only increases common measurement error, but also reduces
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the idiosyncratic measurement error so that “like things look alike and different things look
different” (FASB, 2018, QC23; IASB, 2018, 2.27).

Limitations of the measure. First, we do not attempt to model how accounting
standards map transactions into financial reports. Therefore, the proposed measure of com-
parability can neither be used to study the frictions in the measurement process nor to
provide any operational guidance on evaluating alternative accounting rules (Gao, 2013).
Specific accounting rules differ in multiple dimensions in terms of all qualitative charac-
teristics. One qualitative characteristic may have to be diminished to maximize another
qualitative characteristic (FASB, 2018, QC34; TASB, 2018, 2.38). Choosing one accounting
rule over another may increase comparability but impair other qualitative characteristics,
which reduces the informativeness of a report about its reporting firm. In our theoretical
inquiry, we hold constant the precision of each stand-alone report in order to focus on the
information-externality effects.

Second, our measure does not capture firm-wise heterogeneity in the level of compara-
bility. The level of comparability between any two firms’ reports may be affected by their
reporting firms’ characteristics, including to what extent their transactions are regulated by
the standard or if they are in the same industry (De Franco et al., 2011). In other words,
¢ can only be interpreted as a regime-level measure of comparability among all reports.
Studying a setting with heterogenous exposures to correlated measurement errors requires
carefully specifying the distribution of the exposures, which has nontrivial implications for
the way investors use the reports. Nevertheless, in section 1.5, we simplify the analysis by
considering an extension with only two groups of firms, with firms in each group only subject
to a group-wide common measurement error besides idiosyncratic errors. Our main results
remain qualitatively robust in this extended setting.

Third, our measure of comparability captures the notion that applying a common stan-
dard enhances comparability in a reduced-form manner of modelling the common measure-

ment error. It omits other aspects of adopting a common standard. For example, applying
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a common disclosure regulation to all firms can economize on the information processing
costs of users confronted with multiple reports (Gao, Jiang and Zhang, 2019), reduce the
distortion created by lobbying (Friedman and Heinle, 2016), and impose rigidity on financial

reporting thus reducing opportunistic reporting (Dye and Sridhar, 2008).

1.2.3. Equilibrium Analysis

The equilibrium in this model consists of the effort choices simultaneously made by the
entrepreneur of each firm and the pricing rules applied by the investors in the capital market.
We characterize a perfect Bayesian equilibrium in which all players make optimal decisions
that maximize their utility given all their available information as well as their rational
expectations regarding the strategic behavior of the other players, utilizing Bayes’ rule to
make inferences and update their beliefs. Formally, denoting by a; the conjecture of the
players about the effort level af and P, : R? — R the pricing equation, respectively, any
perfect Bayesian equilibrium must satisfy the following conditions for any 7 € [0, 1] and for

any s;, s € R:

(i) a; € argmaxE[F;] — 22 Var(F;) — sa?;

(il) Pi(si, 8) = E[§i|s,~, 5| — prVar(n|s;, §); and

(iii) a; = a.

Condition (i) pertains to the efforts simultaneously chosen by the entrepreneurs. Each
entrepreneur chooses the level of the effort that maximizes his expected utility, given his
rational expectations about the other entrepreneurs’ efforts and the investors’ pricing rule.
Condition (ii) describes the pricing rule applied by the investors following firms’ issuance

of accounting reports.® Here, the risk-averse investors are only compensated for bearing

6The pricing equation is taken as given in this definition of equilibrium for succinctness. In fact, since
there is no asymmetric information among individual investors, it is directly solved by no-arbitrage and
market clearing. A similar characterization can be also found in Gao (2019). The complete proof is provided
in Appendix A.
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nondiversifiable risks, and the risk premium equals their marginal cost of bearing such risk.
Condition (iii) ensures that all players have rational expectations regarding each other’s
behavior.

We derive the interrelated equilibrium outcomes of entrepreneurs’ efforts and the capital

market prices using backward induction.

Lemma 1.1. Fach investor holds an identical proportion of the market portfolio and is only
compensated for bearing nondiversifiable risks. With conjectured levels of effort a; and a
for firm © and the economy-wide average, respectively, the pricing equation applied by the

nuvestors 1s:

T, T, o 1
£ (s, —5) + (5—a)—pr

Pi(s;,8) = a; + :
Ts + T¢ Ty + Te Ty + Te

(1.7)

In equilibrium, investors’ conjecture coincides with the actual effort exerted by the en-

trepreneurs:
¢

Ts + Te

In the presence of cash flow uncertainties, investors cannot precisely infer each firm’s
cash flow despite their rational expectations about the entrepreneurs’ efforts. They thus find
the accounting reports useful for learning about the two cash flow shocks. When pricing
a firm, the inference is decomposed into two tasks. First, they use the relative accounting
performance, i.e., the difference between the firm-specific signal and the average signal, to
learn about the idiosyncratic shock to the firm. Second, they use the average signal to learn
about the common shock to all firms. Essentially, the average report plays two informational
roles - it not only is informative about the aggregate economy, but also teases out the common
measurement error in the individual firm’s report. The latter role is similar to the efficient
use of information in relative performance evaluation schemes in Holmstrom (1982).

The equilibrium effort exerted by an entrepreneur is always lower than the efficient level,
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that is, there is a moral hazard problem.” Because the effort is unobservable to the investors,
the entrepreneur is incentivized to exert effort only to the extent it increases the firm price
through the accounting report. Although the investors cannot distinguish cash flow shocks
from the effect of the effort on the firm value, the inference about the common shock is
disciplined by the average report. Hence, the entrepreneur can only jam their inference
about the idiosyncratic shock. As can be seen from equation (1.7), the marginal benefit
of effort to the entrepreneur is the price coefficient on the relative performance. In other
words, the entrepreneur works hard to differentiate his own report from the average report.
The economic return of one additional unit of effort in improving future cash flows is 1, but
the price coefficient on the relative accounting performance is always lower than 1 due to
the imperfection of the accounting signals. This incentive effect of the pricing equation is
consistent with the conjecture in Core et al. (2003) that equity incentives of managers render
an implicit relative performance evaluation scheme.

Improving comparability has different effects on investors’ posterior uncertainty about
the two cash flow shocks. An increase in comparability leads to a simultaneous increase of
the common error and decrease of the idiosyncratic error in accounting signals (see equations
(1.5)), and thus improves investors’ knowledge about the idiosyncratic shock while impairing
their knowledge about the common shock. More precisely, the posterior variances of the two

shocks are, respectively,

- ~ 1
Var(0;]s;,5) = Var(d;|s; — §) = : (1.9)
Ts + T¢
1
Var(7|s;, s) = Var(n|s — a) = P (1.10)

Higher comparability enables the investors to learn more about a specific firm relative to

the other firms, but less about the overall fundamental of the aggregate economy. As a

"The efficient level of effort is the one that maximizes the net return of the costly effort. Denote it as

af®, then af ® = argmax a; — £a? = 1. This efficient outcome can also be achieved if there is no information
.

asymmetry regarding the level of effort.
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result, firm price depends more on the relative accounting performance and less on the
average accounting performance following an increase in comparability. This prediction is
consistent with the standard setter’s view of relevance being a fundamental characteristic
and comparability being an enhancing characteristic because for the same level of reporting
precision of a stand-alone firm, comparability increases the usefulness of the focal firm’s

report given other firms’ reports as reflected by its increased earnings response coefficient.

Remark. When both constituents are risk neutral, perfect comparability is uniquely Pareto-

optimal, i.e., ¢, = 1.

In a risk-neutral world, both entrepreneurs and investors would unanimously agree on
implementing a perfectly comparable accounting standard. Indeed, in this case, the in-
vestors break even on expectation and are indifferent about the level of comparability. The
entrepreneurs prefer perfect comparability because it resolves the moral hazard problem.
Higher comparability increases the entrepreneurs’ perceived marginal benefit from exerting
effort through the strengthened price response to the relative accounting performance, and
thus encourages the entrepreneur to work harder. Following Holmstrom and Tirole (1993),
we refer to this as the market monitoring effect of comparability. This incentive effect de-
rives from the market’s efficient use of all other firms’ reports as comparability does not
affect the precision of a stand-alone report. In a risk-averse world, however, the information
externalities of the financial reports also have effects on the risk borne by the entrepreneurs
and the investors. In the next section, we show that risk aversion is a key driver of our main
results that are consistent with the observed different attitudes toward the desirability of

comparability by the different constituents of financial reporting.

1.3. Main Results

In equilibrium, the risk premium in firm prices equals the diversified investors’ marginal

cost of bearing the residual systematic cash flow risk and is higher than the average cost.
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The gap between the two is the source of the investors’ surplus. Thus, the investors’ net
certainty equivalent from bearing the risk is half of the risk premium. With rational expec-
tations, investors’ conjectured levels of effort coincide with the actual ones chosen by the
entrepreneurs, which are in turn incorporated into the prices. As a result, an entrepreneur
internalizes the net return of his effort in addition to the risk premium. Moreover, the risk-
averse entrepreneurs also bear the price risk associated with the volatility of price which
contains both an idiosyncratic and a systematic component since they cannot diversify. For-
mally, the ex-ante certainty equivalents of a representative investor and a representative

entrepreneur are respectively:

pr 1
CE; =— 1.11
= Ty + T (1.11)
2
T, 1 T, 1 7 1 7. 1

CEp = —° ——( < ) —p—E<— 4 — )—pl . (112)

Ts+Te 2 \T5+ T 2 \T5Ts+T¢  TyTy+ Te Ty + Te

net retu;nr of effort pric:risk risk premium

Comparability impairs the investors’ knowledge about the common cash flow shock, lead-
ing to a higher residual systematic cash flow risk. Since investors earn a higher surplus by
bearing more systematic risk, their surplus is maximized with perfect comparability.® That
is, investors prefer the highest level of comparability, i.e., ¢; = 1.

Entrepreneurs’ preference for comparability is jointly determined by its effects on the
three terms in equation (1.12). Despite its positive market monitoring effect on net return
of effort, higher comparability results in a less precise inference about the common shock
and a higher risk premium, which makes the entrepreneurs worse off. We refer to this as
the risk premium effect. On the other hand, the price risk effect associated with the ex-ante
volatility of the price can go in either direction. To see this, note that the more responsive
the price to information, the more volatile it is ex-ante. As comparability strengthens the

price response to the relative accounting performance and weakens the price response to

8For a more detailed discussion on risk premium and investors’ surplus, see Gao (2010) and Bertomeu
and Cheynel (2016).

21



the average accounting performance, the price volatility first decreases and then increases in
comparability, and is minimized at an intermediate level of comparability. To summarize,
the three effects each has a different inclination to the entrepreneurs’ preferred level of

comparability cJ;:
(i) the market monitoring effect drives ¢}, toward 1;

i
™m+Ts

(ii) the price risk effect drives ¢}, toward ; and

(ili) the risk premium effect drives ¢}, toward 0.

Proposition 1.1. When both constituents are risk averse, the investors prefer perfect com-
parability, i.e., ¢; = 1, and the entrepreneurs prefer a strictly lower level of comparability,

e, 0 <cp <l

As comparability has different implications on the idiosyncratic risk and the system-
atic risk, the two risk-averse constituents desire different levels of comparability. While the
investors prefer perfect comparability, the entrepreneurs prefer a strictly lower level of com-
parability. From the entrepreneurs’ perspective, despite its positive effect on the net return
of effort, perfect comparability induces excessive price risk as well as risk premium. As
shown by Gao (2010), resolving uncertainty allocates risk from investors to entrepreneurs.
Although the systematic risk is allocated between the two generations, perfect comparabil-
ity maximizes the risk premium without minimizing the price risk. Increasing comparability
not only allocates more systematic risk to the diversified investors through the increased
uncertainty about the common shock and increases the risk premium, but also increases the
idiosyncratic risk borne by the undiversified entrepreneurs through the decreased uncertainty
about the idiosyncratic shock. Moreover, the entrepreneurs may not desire any comparabil-
ity at all when the risk premium effect dominates in the presence of sufficiently risk-averse
investors.

The different preferences for comparability by the entrepreneurs and the investors coin-

cides with the fact that the importance of comparability is often disputed by the preparers
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of financial information despite the users’ desire for comparability (Van Riper, 1994; Jiang et
al., 2018). To capture in a parsimonious way that the standard setter is influenced by both
constituents of financial reporting (Watts and Zimmerman, 1978), we assume the standard
setter aims to maximize W = (1 — w)CEg + wCE;, where w € (0, 1) is the weight placed on
the investors’ surplus, and denote the optimal level of comparability chosen by the standard

setter as c*.

Proposition 1.2. The optimal comparability c* is strictly higher than the one that would
otherwise be chosen by the entrepreneurs whenever it is non-zero, i.e., ¢ > ¢ if ¢, € (0, 1).
Moreover, there exists a threshold w € (%, 1) such that c¢* is strictly lower than the perfect
level, i.e., ¢* < 1, if and only if w < @. The interior ¢* increases (decreases) in the weight

the standard setter places on the investors (entrepreneurs).

The optimal level of comparability chosen by the standard setter is greater than that
desired by the entrepreneurs because the standard setter caters for the investors’ preference
for perfect comparability. In addition, as long as the standard setter places a sufficient weight
on the entrepreneurs, the optimal policy would not feature perfect comparability as it induces
excessive price risk as well as residual systematic cash flow risk. Indeed, the relative weight
placed on the two constituents determines not only the relative importance but also the
direction of the effect of the residual systematic risk on the optimal comparability. Since
the investors’ net certainty equivalent from bearing the risk is half of the risk premium
(see equations (1.11) — (1.12)), the effect of the residual systematic risk drives the optimal
comparability toward the minimum level 0 when w < %, but toward the maximum level
1 when w > % In other words, the standard setter’s inclination on the risk premium is
more aligned with the entrepreneurs (investors) in the former (latter) case. Moreover, even
when the effect of the residual systematic risk vanishes at w = %, the price risk effect will
still render the optimal comparability lower than 1. Thus, the threshold @ above which the
optimal comparability is perfect has to be strictly higher than %

Taken together, the above results potentially explain why we still observe diverse ac-
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counting practices despite regulatory emphasis on comparability. Without the regulatory
intervention, the level of comparability implemented by the preparers would likely not inter-
nalize the users’ preference for perfect comparability and hence be lower than the optimal
level from the standard setter’s perspective. To better understand the role played by dif-
ferent agents’ risk attitudes in generating our results, we consider the following two special

cases.
Corollary 1.1. When either constituent is risk neutral, we have

(i) pr > pr = 0: investors are indifferent, and ¢, = ¢* € (0,1); and

(i1) pr > prp =0: ¢, < ¢ < cj =1 when cj; >0 and w is sufficiently low.

When the investors are risk neutral, they are not compensated for bearing risks. As a re-
sult, the break-even investors are indifferent to the level of comparability, and the standard
setter’s optimal policy coincides with the one preferred by the risk-averse entrepreneurs.
Since the existence of the price risk effect diminishes the desirability of perfect compara-
bility, the standard setter would mandate an interior level of comparability. On the other
hand, when the investors are risk averse, they prefer perfect comparability because it max-
imizes their surplus gained by bearing the residual systematic cash flow risk. However, the
risk-neutral entrepreneurs prefer a lower level of comparability even without the price risk
effect because they sell at a lower price due to the risk premium. The standard setter’s
optimal policy is thus determined by trading off both constituents’ preferences. When the
entrepreneurs prefer some level of comparability and the standard setter places a sufficient
weight on the entrepreneurs, the optimal comparability admits an interior solution and is
higher than that would otherwise be chosen by the entrepreneurs.

To summarize, investors’ risk aversion is necessary for our model to speak to their pref-
erence for the level of comparability. In particular, to generate the joint empirical regularity
that (i) preparers of financial information prefer a lower level of comparability than users,

and (ii) perfect comparability is not an observed policy, the assumption that the investors
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are risk averse is indispensable. In other words, the higher risk premium due to the higher
systematic risk left in the market by a higher level of comparability is the key friction that
prevents the observed policy from featuring perfect comparability when the standard setter
places sufficient weights on both constituents.

Next, we explore how the primitive variables of the model affect the optimal policy that

would be chosen by the standard setter.

Corollary 1.2. The optimal level of comparability c*, whenever it admits an interior solu-
tion,
(i) decreases in investors’ degree of risk aversion py, i.e., % < 0 if and only if w < %;

dc*
dpg

2

(i) increases in entrepreneurs’ risk aversion pg, i.e., > 0, of and only if w < 3,

7'52(27'7777')
TnTs+7(Tn+7s)

1—w 7'777'(?
2—3w Ty Ts+7(Ty+Ts

pr>2

) and pg >

(iii) increases in the common cash flow volatility T i.e., 9
n dry

< 0 if and only if pp > %pl;

(1v) decreases in the idiosyncratic cash flow volatility 75_1, i.€., % > 0, and

(v) decreases in the reporting precision T, i.e., = < 0, if w < % and pp > 2=2p;.

Recall that the relative weight placed on the two constituents determines to which di-
rection the residual systematic risk drives the optimal comparability. Generally, investors’
risk aversion tends to decrease the optimal level of comparability because the associated

risk premium effect drives the optimal comparability closer to the minimum level. However,

2

5, investors’ surplus

when the weight placed on the investors is excessively high, i.e., w >
takes precedence, making the effect of the residual systematic risk drive the optimal compa-
rability closer to the maximum level instead. Hence, the optimal comparability increases in

the investors’ risk aversion in this case.

The effect of entrepreneurs’ risk aversion depends on the original level of comparability.

Recall that the price risk borne by the entrepreneurs is minimized at ¢ = - :‘fT&. When the
n

weight placed on the investors is not excessively high and both constituents are relatively
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risk averse, the market monitoring effect is dominated by the price risk effect and risk

75
) Ty+Ts

premium effect, leading the optimal comparability to lie in (O ) As the entrepreneurs

become more risk averse, it increases the optimal comparability toward its upper bound

75
Tn+T7s "

Otherwise, when the optimal level of comparability lies in (sz’ 1), the optimal
n
78

comparability moves closer toward its lower bound - .
n

as the entrepreneurs become more
risk averse.

As discussed earlier, a higher level of comparability allocates more systematic risk to the
investors. When the investors are relatively more risk tolerant than the entrepreneurs, they
are efficiently allocated more risks. Hence, in this case, an increase in the common cash
flow volatility 7, ! Jeads to an increase in the optimal level of comparability. Similarly, when
the entrepreneurs are relatively more risk tolerant than the investors, they are efficiently
allocated more risk with a decreased level of comparability.

Observe from equations (1.11) — (1.12) that the idiosyncratic volatility affects the optimal
comparability only through the net return of effort and the idiosyncratic component of the
price risk. As the idiosyncratic shock becomes more volatile, that is, as 75 U increases, firm
price is more responsive to the relative accounting performance, which results in higher
effort by the entrepreneurs but also more price risk. Hence, the optimal policy leans more
toward reducing the idiosyncratic component of the price risk than resolving the moral
hazard problem by introducing more idiosyncratic measurement error with a lower level of
comparability.

As for the effect of an improvement in the reporting precision on the optimal compara-
bility, we first consider the special case in which the two constituents have the same risk
attitude and are equally weighted by the standard setter. In this case, the standard setter’s
optimal choice of comparability is independent of both the common cash flow shock and the
common measurement error due to the risk allocation role of comparability. Consequently,
when the reporting quality improves, the optimal allocation of the reporting precision to

the idiosyncratic measurement error stays the same and it is more efficient to devote all the

26



efforts to reducing the common measurement error. Generally, when the weight placed on
the investors is not excessively high, increasing the relative risk aversion of the entrepreneurs
will only strengthen the idiosyncratic part of the price risk effect. As a result, the negative
effect of an improved reporting precision on the optimal level of comparability will even be

more salient.

1.4. Empirical Implications

Besides rationalizing the existence of diverse accounting practices despite regulatory em-
phasis on comparability, our analysis generates various additional empirical implications.
The pricing equation (1.7) suggests that firms are priced relatively to other firms given
their relative accounting performance. More recently, Jennings et al. (2020) document that
a firm’s price responds positively to an improvement in the relative ranking of its earnings
among its peers. Our theory thus predicts that such price response to the relative accounting
performance is more pronounced in regimes with a higher level of standardization.

Rewriting the pricing equation in Lemma 1.1, we have

T, 1

Pi(s;,5) = a i S — a — , wh
(84,8) = a; + as; + 55 - 7_EOL p]Tn - ere
="t , b= Te T (1.13)
Ts + T¢ Ty +Te Ts+Te

The price coefficient a captures the extent to which a firm’s price relies on its own accounting
signal, and is henceforth referred to as the direct earnings response coefficient (the direct
ERC), whereas the price coefficient § captures the extent to which a firm’s price relies on
the average accounting signal (or, equivalently, the peer firms’ accounting signals), and is

henceforth referred to as the cross earnings response coefficient (the cross ERC).

Corollary 1.3. The direct ERC increases in comparability and the cross ERC decreases

in comparability. Moreover, the cross ERC' is positive (negative) if comparability is lower
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(higher) than

75
To+Ts

Higher comparability increases the direct ERC due to the increased informativeness of the
relative accounting performance. It enables the market to learn more about the idiosyncratic
characteristic of each firm relative to the average firm (market portfolio). As a result, the
price of the firm responds more aggressively to the firm’s report when the reports are more
comparable. On the other hand, achieving higher comparability impairs investors” knowledge
of the common shock by introducing more common error. For example, a high average report
can stem from either a favorable common shock or too much false positive due to the common
measurement error. When there is more common error, the average report is used relatively
more in correcting for the common error than in updating about the common shock. The
cross ERC thus decreases in comparability and can even be negative when comparability is
sufficiently high.

We can exploit the above feature of the pricing equation to construct a regime-level
empirical proxy for comparability. The cross ERC estimated using a cross section of firms is
negatively associated with the level of comparability. A limitation of this proxy is that it does
not allow for firm-wise variations as in De Franco et al. (2011) and Fang, Iselin and Zhang
(2021). However, an advantage is that it does not require time-series data assuming that
comparability is time-invariant. Hence, this proxy can be used to compare comparability
across regimes at a particular time, or to study time-series variations of comparability in
a particular regime over time, for example, around policy changes. In addition, this proxy
can be adopted to test some of the predictions in Corollary 1.2. For example, the model
predicts that the optimal level of comparability decreases in the idiosyncratic cash flow
volatility, implying that markets with more heterogeneous firms tend to feature more diverse

accounting practices.’

9Dye and Sridhar (2008) make a similar prediction that when the level of heterogeneity is high, a flexible
regime with opportunistic reporting and no common measurement error dominates a rigid regime with a
common measurement error but no opportunistic reporting. We abstract from the reporting discretion issue
but compare regimes with a spectrum of proportions of the common error with respect to the total reporting
noise.
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1.5. Extension

In this section we extend the baseline model to allow for firm-wise heterogeneity in re-
porting comparability. For example, financial reports of firms in the same industry may be
more comparable than those in different industries. To simplify the analysis, we assume
there are two groups of firms and firms in each group are subject to a group-specific common
measurement error in addition to firm-specific idiosyncratic measurement errors. Indeed,
we restrict the cross-group comparability to be zero while allowing the within-group com-
parability levels to vary across the two groups. We obtain the results corroborating the
robustness of the analysis in the baseline setting, and discuss the potential of testing our
predictions using firm-level empirical measures of comparability such as the ones constructed
by De Franco et al. (2011) and Fang et al. (2021).1

Specifically, in this extended setting, the future cash flow of firm i in group k& € {1, 2} is
Ors = ar; + i + g + 01, (1.14)

where ay; is the effort chosen by the entrepreneur, 77 ~ N (0,7, 1) is the economy-wide
common cash flow shock, 7 ~ N'(0,7, ') is the within-group common cash flow shock, and
5k,i ~ N (0, s, 1) is the firm-specific idiosyncratic shock. Conditional on the cash flow, firm
1’s accounting signal is

Ski = ék,i + €, + ék,ia (1.15)

where €, ~ N(0,7.") is the within-group common error and 5,“ ~ N (0, Te, 1) is the firm-

specific idiosyncratic error. As in the baseline model, controlling for the reporting precision,

-1

. -1 - _—1 -1 . . .1 o Tek .

Le., T, =7, +7T, , we measure within-group comparability as ¢, = T Without loss
k

of generality, we assume that each group is of a half measure.

Lemma 1.2. With conjectured levels of effort ai; and aj for firm ¢ and group-k average,

10Those firm-level empirical measures of comparability are constructed for each firm-year against the
other firms in an identified peer group.
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respectively, the pricing equation applied by the investors is:

Tey _ — _ A
—f—#(Skﬂ‘—Sk)—l—bkk(Sk—ak)—l—bkk/(sk/ —ak/) —pImTEmsm, (116)

Pri(Sk,is Sk, Skr) = Qg
Ts, T Tey

where by, by, s, and m are constants given in Appendiz A.

In equilibrium, investors’ conjecture coincides with the actual effort exerted by the en-
trepreneurs:
T¢

_Ta (1.17)
To, + Ty,

A = ay,; =

When inferring the future cash flow of firm 7 in group k, investors first use the difference
between the firm-specific signal and the group average signal s;; — 55 to infer about the
firm’s idiosyncratic shock Skﬂ-, and then use the average signal of each group s; and s/ to
learn about the common shocks 7 + 7. Both group average signals are useful in the second
task because of the economy-wide correlation induced by the common cash flow shock 7.
Lastly, the risk premium is determined by the investors’ residual uncertainties about the

undiversifiable common shocks {7 + 71,7 + 72}, 3,5, and the mass of each group in the

n|s»
market portfolio m.
Rewriting the pricing equation (1.16) following equation (1.13), the direct ERC and cross

ERC for firms in group k are respectively:

T¢y T¢y
ap = ———, B =bpy — —————. 1.18
Ts), T Tey Ts), + Tey, ( )

Since the average signal of the other group 5;s also affects the price of a firm in group k, from
an econometrics point of view, the reports of other groups also need to be controlled in order
to have unbiased estimates of the direct ERC and cross ERC. Moreover, the direct ERC oy,
increases in comparability ¢, and the cross ERC [, decreases in comparability c¢;. At the
same time, however, the cross ERC of firms in the other group ) increases in comparability

¢,. In other words, the difference ap — ap monotonically increases in ¢, — ¢, and the
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difference (B — Br monotonically decreases in ¢, — c¢ir. Hence, the predictions in Corollary
1.3 can be tested using firm-level empirical measures of comparability. For example, Chen,
Kurt and Wang (2020) show that the empirical measure constructed by De Franco et al.
(2011) is positively associated with the direct ERC.!

The certainty equivalents of a representative investor and a representative entrepreneur

of each group are respectively:

Pr
CE; = EmTEmSm, (1.19)
* 1 *\ 2 PE 1 * T
CEpx = a;, — 5(%) ) Eak + (2, - En|8>k,k — prmT Yy ,m, (1.20)
k

where 3, denotes the prior uncertainty about the common shocks {747,747 }. Assuming
that the standard setter aims to maximize W = %(1 — w) (CEg;1 + CEgs) + wCEy, let
{1, Clats A€k, Cha)s and {c], c5} be the pair of comparability that respectively maximizes
CE;, CEg1 + CEgg, and W .12 Consistent with our main results in Propositions 1.1 —
1.2, the investors always prefer perfect comparability for both groups of firms, whereas the
entrepreneurs prefer a strictly lower level of comparability. Consequently, the optimal levels
of comparability chosen by the standard setter lie in between.

We also illustrate the robustness of our results in this extension using numerical examples
as presented in Figure 1.2 due to computational complexity. We focus on the effect of id-
iosyncratic cash flow volatility because it is the only unambiguous and monotone comparative
statics in Corollary 1.2. As can be seen from Figure 1.2(a), although group-1 idiosyncratic
cash flow volatility affects the entrepreneurs’ preferred comparability cf ;, and the optimal

policy cj, for both groups, its effects on group-1’s tend to be in the opposite direction than

"Variations in the firm-level empirical measures are mostly cross-sectional. Hence, we need to show that
the cross-sectional difference ¢ — cxs affects the cross-sectional differences oy, — apr and S — Bi in the same
manner as c¢ affects o and 5 in Corollary 1.5.

12Here, the entrepreneurs’ preferred pair of comparability is defined as the one that maximizes their
total surpluses rather than the Nash-equilibrium outcome because we consider the entrepreneurs as a single
political constituent who influences the standard setter as a coalition. Nevertheless, solving for the pair of
comparability as a Nash-equilibrium outcome yields qualitatively similar results.
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(b) Cross-sectional difference in optimal levels
Figure 1.2: The Effects of Idiosyncratic Cash Flow Volatility on Comparability

Note: Figure 1.2(a) plots the effects of the group-1 idiosyncratic cash flow shock volatility, i.e., 5 1 on differ-
ent constituents’ preferred and the optimal levels of comparability, holding constant the group-2 idiosyncratic
cash flow shock volatility. Figure 1.2(b) plots the effect on the cross-sectional difference in the two groups’
optimal levels of comparability. Other parameter values are w = 0.5, pgp = p;r = 0.5, 7y =75, = 7, = 1,
75, = 1.0, and 71 =71 = 1.

those on group-2’s and also much more significant in magnitude. Combining it with the
observation from Figure 1.2(b), both the group-1 optimal comparability ¢ and the cross-
group difference in the optimal comparability ¢} — ¢ decrease in group-1 idiosyncratic cash
flow volatility 75 ! Indeed, the same holds symmetrically for group-2 idiosyncratic cash flow

volatility. Hence, the empirical predictions provided by Corollary 1.2(iv) can potentially be

tested using firm-level empirical measures of comparability as well.
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1.6. Conclusion

Comparability of financial information has long been a major concern of regulators, in-
vestors, and researchers. Nevertheless, the FASB and the IASB’s definitions of comparability
are highly conceptual and binary. They do not make a statement about whether one ac-
counting regime is more comparable than the other, but rather describe the characteristics
of comparable information. A proper definition of comparability from an informational per-
spective is rather important because both FASB and IASB adopt the conceptual-framework
approach to standard setting; they first define the desirable qualitative characteristics of
financial information as the guideline for further deliberation of detailed standards to fulfill
those characteristics. This paper attempts to fill the gap by developing the statistical and
informational properties of accounting reports under varying degrees of comparability, which
are arguably consistent with and faithful to the descriptions by the regulators and academics.

Our theoretical framework highlights the information externalities of comparable ac-
counting reports and the resulting trade-off in learning about similarities and differences
between firms. Such an informational trade-off leads to subsequent economic trade-offs and
implies different preferences for accounting comparability by different agents, depending on
whether they are the users or the preparers of financial information. As a result, although
preferred by the users, perfect comparability is not what standard setters should attempt to
achieve because it imposes excessive costs on the preparers. The model thus explains why
we still observe diverse accounting practices despite regulatory emphasis on comparability.
As accounting policies are influenced by constituents with different interests, the analysis of
the “optimal level of comparability”, which internalizes the interests of both entrepreneurs
(preparers) and investors (users) in the model, provides empirical predictions about the de-
terminants of accounting policies from a positive perspective (Watts and Zimmerman, 1978).
However, we abstract from any institutional frictions that affect how different interests are
incorporated into the standard setting process (Bertomeu and Cheynel, 2013).

Our study is subject to other caveats. We work with comparability as an informational
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property while assuming away a more practical problem: how standards should be set to
achieve this property. Analytical research can potentially add to understanding this practi-
cal problem. For example, most accounting measurement methods are discrete in the sense
that continuous accounting inputs are truncated at a recognition threshold (Gao and Jiang,
2020). It is thus an open question whether using the same threshold for all firms (uniformity)
enhances or undermines comparability. We also assume away opportunistic reporting by the
preparers, although the lack of comparability can be endogenously caused by opportunistic
reporting. Dye and Sridhar (2008) compare two polar cases: one with common measure-
ment error but without reporting discretion (the rigid regime) versus one without common
measurement error but with reporting discretion (the flexible regime). Future research can
extend the analysis to examine how more flexibility and opportunistic reporting cause lower
correlation of measurement errors and lower comparability. Moreover, we assume a stylized
economy in which firms do not have strategic interactions with others. In reality, firms could
be substitutes because they are competitors, or complements because there are technology

and demand spillovers.
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Chapter 2

Heterogeneous Interpretations of
Public Disclosure, Price Efficiency,

and Keynesian Beauty Contests

2.1. Introduction

The role that public disclosures play in stock markets remains a fundamental and per-
vasive concern of accounting researchers and practitioners. Conventional wisdom seems
supported by most extant theory predicting that more disclosure improves financial market
quality (Goldstein and Yang, 2017). Nevertheless, Morris and Shin (2002) argue that public
information can be detrimental in the sense that it can induce agents to coordinate in plac-
ing more weight on it than a social planner would. However, embedding such a notion of

Keynesian beauty contests into a stock market setting with overlapping generations follow-

This chapter is based on a joint work with Carlos Corona, and has benefited greatly from comments by
two anonymous referees, Anil Arya, Mark Bagnoli, Michelle Hanlon (editor), Pierre Liang, participants at
2019 Purdue Accounting Theory Conference, and seminar participants at Carnegie Mellon University and
Ohio State University.
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ing Allen, Morris and Shin (2006) (henceforth, AMS), Gao (2008) argues that more public
information unambiguously improves market efficiency. In this paper, we show that this
is not necessarily true if public information is interpreted heterogeneously by investors. In
particular, we examine the conditions under which more public information that is subject
to heterogeneous interpretations impairs market efficiency.

There is abundant evidence indicating that investors interpret firms’ disclosures hetero-
geneously (Barron, 1995; Bamber, Barron and Stober, 1997; Leuz and Verrecchia, 2000; Cho
and Kwon, 2014). The extent of such disagreements seems to be related to the disclosure’s
properties.! As stated by Barron (1995), “[e]vidence that an announcement has been com-
monly interpreted also suggests that its contents have been communicated clearly.” Following
Barron (1995) and more recent papers such as Myatt and Wallace (2012), we denote the ex-
tent to which investors agree on the interpretation of a public disclosure as clarity. However,
regardless of their clarity, disclosures may contain different amounts of information. That
is, they may differ in transparency. Formally, we measure transparency as the amount of
information investors can ultimately collectively extract from a public disclosure (see, e.g.,
Barth, Konchitchki and Landsman, 2013; Lang and Maffett, 2011; Sadka, 2011).2

We investigate the effects of public disclosures on price efficiency in a market populated
by short-horizon investors with heterogeneous public disclosure interpretations. We model
heterogeneous interpretations as private signals that are correlated conditional on the fun-
damental value of the firm. We decompose the noise of each private signal into a common
component and an idiosyncratic component.® The common noise reflects the imperfection in
the investors’ collective knowledge and leads to a positive correlation among signals, whereas

the idiosyncratic noise reflects the investors’ disagreement in interpreting the public disclo-

IFor instance, Collins, Gong and Hribar (2003) provide empirical evidence that earnings announcements
containing more accruals seem to generate more disagreement among investors.

2For example, Barth et al. (2013) measure transparency as “the extent to which earnings and change in
earnings covary contemporaneously with stock returns.”

3Myatt and Wallace (2012) provide a micro-foundation of such an information structure based on the
notion of “rational-inattention.” An investor’s understanding of a public signal is costly and, thus, depends
on the investor’s information-acquisition choice.
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sure. This results in two properties of the public disclosure: transparency, measured by the
precision of the common noise, and clarity, measured by the precision of the idiosyncratic
noise. Our analysis reveals that while increasing clarity generally increases market efficiency,
increasing transparency can decrease it. Moreover, the level of transparency that maximizes
price efficiency monotonically increases in clarity, implying that the best attainable level of
price efficiency hinges on the level of clarity. Thus, our results suggest that beyond a certain
level of transparency, fostering clarity should take precedence in promoting market efficiency.

We embed the information structure into a competitive capital market with short-horizon
investors. Investors’ short horizons are characterized through a sequence of overlapping gen-
erations, each of which lives for only one period (see, e.g., He and Wang, 1995; Bacchetta
and Van Wincoop, 2008; Gao, 2008). Each generation buys the shares from the previous
generation and sells them to the next generation, except for the last generation, who con-
sumes the terminal payoff of the firm. Therefore, investors in all but the last generation
make their trading decisions concerned only about the interim price at which they will sell
their shares.

Specifying prices as average expectations as in AMS, we first perform a preliminary
analysis that intuitively illustrates the basic underlying economic trade-offs in closed form
and extends to an arbitrary finite number of periods. Then, in our main analysis, we as-
sume that risk-averse investors form rational expectations about their future payoffs using
the information revealed by current and historical prices. Although intractability forces us
to confine the analysis to a two-period model, we are able to confirm the existence and
uniqueness of the equilibrium. We show that, although in AMS and Gao (2008) the price
formed in a short-horizon economy places more weight on the public signal than an analo-
gous long-horizon economy does, this is not necessarily the case when short-horizon investors
interpret the public disclosure heterogeneously. Short-horizon investors overweight their pri-
vate interpretations because they care only about the aggregate interpretation rather than

the fundamental. This makes their private interpretations relatively more informative in
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forecasting the future price than the common prior.

Viewing the price as a weighted average of the prior and the aggregate interpretation
blurred by the supply noise, transparency and clarity affect price efficiency through two
channels: the weight channel and the precision channel. The former is tantamount to price
sensitivity, which refers to the extent to which the price responds to the investors’ collec-
tive private information. The latter is determined by both the precision of the aggregate
interpretation and the price informativeness. The precision of the aggregate interpretation
represents the amount of the investors’ collective information about the firm’s fundamental
value, and the price informativeness measures the extent to which the price conveys such
information.

While transparency and clarity have symmetric effects on price informativeness in a
long-horizon economy, they have different effects in a short-horizon economy. Specifically, if
transparency and clarity are of the same magnitude, clarity is of first-order importance in
improving price informativeness in a short-horizon economy. Moreover, although in the long-
horizon economy a higher transparency always leads to an improvement in price informa-
tiveness, increasing transparency in a short-horizon economy can be detrimental. Intuitively,
an increase in transparency has two countervailing effects. On the one hand, it increases the
informativeness of private interpretations about the fundamental value of the firm, inducing
investors to rely more on their own interpretations (the information effect). On the other
hand, it reduces the correlation among interpretations, which makes investors’ private inter-
pretations less informative about other investors’ interpretations, thereby reducing investors’
reliance on their private interpretations (the coordination effect). If transparency is already
high, an increase in transparency does not increase the informativeness of private interpre-
tations significantly due to the existence of the idiosyncratic noise; thus, the coordination
effect dominates.

Transparency and clarity affect price sensitivity in a qualitatively similar manner. How-

ever, since investors use both their private interpretations and the prices to determine their
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demand for the risky asset in a noisy rational expectations equilibrium, the aggregate inter-
pretation ends up being heavily weighted in prices. The resulting price sensitivity is thus
higher than the level that maximizes price efficiency. Consequently, any increase in price
sensitivity drags it further away from such a level and hence yields a lower price efficiency.
Taking the above two channels together, although increasing clarity improves price informa-
tiveness, the price sensitivity channel can dominate and thus lead price efficiency to decrease
when the level of clarity is relatively low. On the other hand, while a higher transparency
leads to a more precise aggregate interpretation and a lower price sensitivity, its overall effect
on price efficiency can be negative if the price informativeness channel dominates, which hap-
pens only when transparency is sufficiently high. This implies that there exists an interior
level of transparency that maximizes price efficiency, and we show numerically that such a
level of transparency monotonically increases in clarity.

We extend our model assuming supply noise persistence. Although persistence in liquidity
trading gives rise to multiple equilibria as in Cespa and Vives (2015), our main results
remain qualitatively robust. Price efficiency can decrease in transparency in the only two
stable equilibria, the low and the intermediate information equilibria, when transparency is
sufficiently high and clarity is sufficiently low. Moreover, the persistence of supply shocks
relaxes the conditions under which price efficiency decreases in transparency. Indeed, the
presence of persistence in liquidity trading reinforces investors’ coordination motive and
hence strengthens our main results.

The rest of the paper is organized as follows. The following section provides a review
of related literature. Section 2.3 introduces the information environment and studies the
iterated average expectations model. Section 2.4 characterizes the noisy rational expectations
equilibrium and examines the effects of transparency and clarity on price efficiency. Section
2.5 confirms that our main results are robust to an extension with correlated supply shocks.

Section 2.6 discusses our results and concludes.
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2.2. Literature Review

In the economic context of what Keynes (1936) first called a beauty contest, Morris
and Shin (2002) show that public information can have a detrimental effect on welfare if
individuals also have access to private information. Applying this insight to an asset pricing
setting with short-horizon investors, AMS illustrate the dual role of public information.
Short-horizon investors are concerned about the price at which they expect to sell the firm,
which depends on the expectations of other investors about such a price. As a result, public
information is informative about the firm’s fundamental value (informational role) and about
the other investors’ beliefs (coordination role). Such a dual role drives investors to excessively
use public information, biasing the price away from the firm’s fundamental value.

A few subsequent papers have examined the effects of public information on price effi-
ciency (Gao, 2008; Chen, Huang and Zhang, 2014b; Dugast and Foucault, 2018; Banerjee,
Davis and Gondhi, 2018). Gao (2008) shows that, in the asset pricing setting of AMS, more
public information always increases price efficiency. While Morris and Shin (2002) decouple
the coordination and informational roles of public information, Gao (2008) shows that these
roles are endogenously linked in an asset pricing setting, allowing the informational role to
dominate and driving the price closer to the firm’s fundamental value. However, Chen et al.
(2014b) find that investors endowed with asymmetrically precise private information will fur-
ther overweight public information, making public information detrimental again.* Indeed,
in the above studies, the excessive weight results from the fact that the informational and
coordination roles of public information always go in the same direction. In our setting, how-
ever, increasing transparency has countervailing effects: it still provides more information
about the fundamental, but it also lowers the correlation between private interpretations,

making them less useful in predicting the other investors’ beliefs. Such a trade-off yields a

4In addition, Chen et al. (2014b) show that heterogeneity in private information precision generates a
multiplicity of equilibria for low precisions of public information. The existence of multiple equilibria can also
emerge with a discontinuity in the marginal value of additional public information (Hellwig and Veldkamp,
2009) or with the coexistence of a competitive effect and an informational leverage effect (see, e.g., Froot,
Scharfstein and Stein, 1992; Lundholm, 1988; Dow, Goldstein and Guembel, 2017).
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starkly different result: if transparency is large enough to start with, increasing it further can
harm price efficiency. Moreover, we show that the coordination motive can actually induce
agents with rational expectations to underweight, rather than overweight, public information
when it is heterogeneously interpreted by investors.

Our paper contributes to the growing literature in accounting theory examining the effects
of information in coordination games. To name a few, Gao and Jiang (2018) examine banks’
misreporting decisions under the threat of bank runs. Arya and Mittendorf (2016) analyze
the voluntary disclosure of actions in an investment complementarity setting with public
and private information. Corona, Nan and Zhang (2019) examine stress tests disclosure
when the regulator may be forced to bail banks out if enough of them fail concurrently. The
information structure in our model has also been used previously in the higher-order beliefs
literature. For instance, Myatt and Wallace (2012) embed this information structure in a
setting similar to that of Morris and Shin (2002) and show that investors pay attention to
the clearest signals available. Banerjee, Qu and Zhao (2022) experimentally corroborate the
importance of clarity in beauty contests, to the extent that participants may completely
ignore a public signal if it is not clear enough. Finally, Liang and Zhang (2019) examine
the effects of a similar information structure in a bank run setting and show that objectivity
can be more important than accuracy in mitigating inefficient panic-based bank runs. We
contribute to this thread of literature by examining an asset pricing setting and focusing
on the effects of transparency and clarity on price efficiency. In addition, we show that our
main results are reinforced if supply shocks are correlated, as in Cespa and Vives (2015),
notwithstanding the multiplicity of equilibria.

Overall, our paper can be viewed as a marriage of two streams of literature. On the
one hand, we borrow our setting from the short-horizon asset pricing literature launched by
AMS and, specifically, with a focus on price efficiency as in Gao (2008). On the other hand,
we analyze the effects of correlated private signals in a coordination game as in Myatt and

Wallace (2012), Banerjee et al. (2022) and Liang and Zhang (2019). Therefore, our work
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extends the former by introducing a new information structure with practical significance,
and augments the latter by examining price efficiency in an overlapping generations noisy

rational expectations setting with short-horizon investors.

2.3. Information Environment

2.3.1. Information Structure

There is a risk-free asset and a risky asset in the economy. The risk-free asset acts as the
numeraire of the economy and its return is normalized to zero. The risky asset is a firm’s
risky stock, the per share random payoff of which, denoted by v, is unknown to investors until
the last period when it liquidates. We refer to v as the fundamental value or liquidation value
of the firm. Investors share the common prior belief that ¢ is normally distributed with mean
v and precision 7,. Investors’ short horizons are characterized by the overlapping generations
assumption. Each generation has a unit continuum of investors indexed by ¢ € [0, 1]. They
are born with an endowment, live for only one period, and transfer the firm’s ownership to
the next generation through trading. Thus, the firm is priced repeatedly by a sequence of
overlapping generations of investors until its liquidation at the end of the last period.

At the beginning of the first period, there is a public disclosure regarding the firm’s lig-
uidation value. The public disclosure is available to all generations of investors, but they
cannot directly use it to assess the firm’s value without first interpreting it. Each investor
analyzes the public disclosure independently but imperfectly, resulting in heterogeneous in-
terpretations.” Formally, each investor ¢ € [0,1] of generation ¢t € {1,2,...,T} privately
processes the public disclosure, obtaining a private interpretation sy = v + 1) + €, where
i~ N(0,7,; 1) is an noise term that is common to all investors’ private interpretations and
& R (0,771) is an investor-specific (idiosyncratic) noise. We assume information quality

is well defined, i.e., 7, 73;,, and 7. are positive and finite, and that all random variables are

°See, for example, Lundholm (1988) and Holthausen and Verrecchia (1990).
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independent of each other.

We denote the aggregate interpretation of all investors in one generation by g = fol Sudi =
0+1). The precision of the common noise, 7,,, measures the transparency of public disclosure,
capturing the collective knowledge of all investors. When the public disclosure is perfectly
transparent (7, = 00), the information that investors collectively know reveals the funda-
mental value perfectly. When the public disclosure is not transparent at all (7, = 0), neither
any investor’s private interpretation nor the aggregate interpretation is informative about the
fundamental. That is, transparency is a characteristic of public disclosure whose deficiency
bounds investors’ collective knowledge about the public disclosure. Even if the price perfectly
conveyed all information available to investors in capital markets, a lack of transparency in
a public disclosure would prevent the price from perfectly revealing the fundamental value.

The lack of transparency could potentially come from the measurement limitations of the
original signal. For instance, take two alternative methods of reporting tradable securities
on the balance sheet: historical cost and fair value. A firm that reports the aggregate value
of the securities it owns at fair value provides much more precise information about the
current value of its securities than reporting them at their historical cost. In other words,
fair value measurement increases transparency in the sense that the information that can
be potentially gleaned collectively by investors under this method is more informative about
the underlying assets.

The precision of the idiosyncratic noise 7. measures the clarity of public disclosure. A
direct interpretation of clarity is the extent to which investors form similar interpretations
about the public disclosure. All investors interpret the public disclosure in the same way
when it is absolutely clear (7. = c0). At the other extreme, if the public disclosure is not
clear at all (7. = 0), each investor’s private interpretation is entirely independent of other
investors’ interpretations and carries infinite noise about the fundamental. Nevertheless, in
contrast with the case of zero transparency, investors as a whole are still able to eliminate

such a lack of clarity in the aggregate interpretation.
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We view clarity as a characteristic of public disclosure that shapes the consensus among
investors’ interpretations. The presentation of public disclosure can render it more or less
susceptible to being interpreted heterogeneously by investors. For instance, a firm may
report its profit in a more aggregated or disaggregated way. A more disaggregated method
can potentially increase transparency by giving more detailed information. However, each
investor may make different judgments regarding the properties of each profit component and
about how to aggregate them into a profit number, leading to a decrease in clarity. Indeed,
as noted in the above examples, one caveat of our model is that transparency and clarity can
be interdependent in the real world. Nonetheless, some accounting policies may improve the
transparency of an accounting measure, decreasing clarity to a much lesser extent, or vice
versa (Ijiri and Jaedicke, 1966).

The information structure we examine can also be seen as an extension of AMS and
Gao (2008) where investors price the firm relying on both a public signal and uncorrelated
private signals. We extend these models by assuming that private signals are correlated,
leading to different economic implications. We contend that if public disclosure is subject to
heterogeneous interpretations by investors, the resulting information structure is one with

correlated private signals.’

2.3.2. TIterated Average Expectations

The average expectations specification of prices spotlights the role of higher-order be-
liefs, and facilitates the illustration of the effects of heterogeneous interpretations in capital

markets as a beauty contest metaphor. Following AMS, the asset price formed by investors

6Such an information structure can also be seen as an approximation of a more nuanced setting where
each investor observes a public signal Z = © + 7 + ¢ and is also endowed with a complementary private
signal z;; = ( — €;. Here, ¢ represents the additional uncertainty that public information poses without
being interpreted. Each investor can interpret the public signal differently by using the complementary
information to obtain a signal §;; = Z — Zy; = © + 1) + €. The analysis of such an alternative information
structure shows that our results hold as long as 5 is sufficiently imprecise (available upon request).
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of generation ¢t € {1,2,..., T} can be expressed as

pe = Ei[pria] = Ey[Bepa[pego]] = -+ = ET"H[0]
(2.1)

= (1 — wy)¥ + wyy, where w, = ICT .

Investors in the last generation are long-horizon investors as they care only about the fun-

damental value of the firm. The informativeness of their private interpretations about the

fundamental, measured by [ = Cov(i?) o —T, determines the weight on the aggre-

Var(s;) To Ty 4

gate interpretation in the price. However, short-horizon investors in all previous generations

care only about the price at which they will be selling the firm to the next generation. Hence,

the weight on the aggregate interpretation is multiplied by C' = C\‘;;’r((g;?);) = Tgfi:_rfil_l , which
measures the informativeness of private interpretations about the aggregate interpretation,
for the number of periods to liquidation. As noted in AMS, “[aJn implication of the [Key-
nesian beauty contest| metaphor is that an understanding of financial markets requires an
understanding not just of market participants’ beliefs about assets’ future payoffs, but also
an understanding of market participants’ beliefs about other market participants’ beliefs,
and higher-order beliefs.” Essentially, I measures the information value of private interpre-
tations, whereas C' measures their coordination value.

If a public disclosure is interpreted heterogeneously by investors, then the aggregate
interpretation of such a public disclosure is underweighted in the price relative to that in
a long-horizon economy. As the time to maturity increases, the beauty contest incentive
intensifies and prices become increasingly biased toward the common prior; that is, w; < wyiq
for any ¢ < T. Generally, as long as a signal is not purely public (i.e., it carries some
idiosyncratic noise), it is consistently underweighted in the price in the short-horizon economy
relative to that in a long-horizon economy.

Although improving public disclosures along either dimension enhances investors’ knowl-
edge about the fundamental value, transparency and clarity have different effects on the

informativeness of private interpretations about other investors’ interpretations. An increase

45



in transparency reduces the information value of investors’ private interpretations, whereas
an improvement in clarity enhances it. This can be more readily seen when assuming extreme
values of the two precisions. If 7, — oo, investors’ interpretations reduce to purely private
signals and contain no coordination value in estimating other investors’ interpretations. If
T. — 00, individual investors’ interpretations reduce to a purely public signal that is common
to every investor and thus perfect in estimating others’ interpretations. We formalize the

above observations in the following lemma.

Lemma 2.1. While the information effect of improving the public disclosure along either
dimension 1s positive, i.e., g_fi > 0 and % > 0, the coordination effect of increasing clarity

1s positive, whereas that of increasing transparency is negative, i.e., % >0 and % < 0.
€ n

Understanding correlated private signals as heterogeneous interpretations of a public
signal thus allows us to examine how disagreement among investors changes the effects of
public disclosures on prices. In the following analysis, we refer to the weight on the aggregate
interpretation in the asset price, wy, as price sensitivity, as it measures the extent to which

the price responds to the aggregate interpretation.
Lemma 2.2. For the asset price formed by investors of generation t, price sensitivity
(i) monotonically increases in clarity, i.e., d—‘:z > 0; and

(ii) decreases in transparency if and only if transparency is sufficiently high and clarity is

sufficiently low. More specifically, 3—:’; < 0 if and only if 7, > 72 and 7. < 7¥, where

n €’

Awo TyTe ~w o _
Ty = T Te (T —t)7,.

Recall that price sensitivity is determined by both the information value and the coor-
dination value of private interpretations. Due to its positive information and coordination
effects, an increase in clarity induces investors to rely more on their private interpretations
in forming beliefs about the price at which they will be selling the firm. However, trans-

parency has two countervailing effects on price sensitivity. On the one hand, the positive
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information effect of a more transparent public disclosure leads investors in the last genera-
tion to place more weight on their private interpretations, thereby increasing the weight that
every previous generation places on their interpretations as well. On the other hand, the
negative coordination effect of the increase in transparency induces investors in all previous
generations to rely less on their private interpretations in forecasting the next generation’s
belief. With sufficient clarity, the negative coordination effect of increasing transparency is
minimal, and hence the positive information effect dominates for all levels of transparency.
However, with poor clarity, the coordination effect can dominate the information effect when
the public disclosure is sufficiently transparent. As a result, price sensitivity first increases
and then decreases in transparency.” Moreover, since the coordination effect compounds
with every additional generation of investors, it is amplified by the number of periods to
liquidation, resulting in a lower 7,7

We now proceed to investigate how heterogeneous interpretations affect the extent to

which the price reflects the fundamental value of the firm. We measure price efficiency (PE)

as the reciprocal of the mean squared deviation of price from the fundamental following Gao

(2008). That is, PE = Bl

p— 17)2]
Lemma 2.3. In an average expectations specification, price efficiency

dPE

(i) monotonically increases in clarity, i.e., > 0; and

(i) decreases in transparency if and only if transparency is sufficiently high and clarity is
sufficiently low. More specifically, dPE < 0 if and only if T, > 7' Eand 7. < 7P where

E and 7P are defined in Appendix B.3.

Viewing the price as a weighted average of the prior and the aggregate interpretation, the

characteristics of public disclosures affect price efficiency through two channels: the weight

"To see the trade-off between the countervailing effects of transparency on the price from a mathematical

perspective, note that for any t < T, ‘3‘;”5 cT—t-1 (C(fTI + (T - t)I%). For low transparency levels, C' is
n n
large and [ is small, and the positive mformation effect dominates. As transparency increases, C' decreases

and [ increases. Hence, the negative coordination effect becomes increasingly dominant.
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and the precision of the aggregate interpretation. More precisely, plugging in the average

expectations specification of prices as expressed in equation (2.1), we obtain

1
PE = ) 2.2
(1 —w)?rt +wir ! (2.2)
All else equal, price efficiency is maximized at w* = %, which coincides with the weight
Ty Tn

on the aggregate interpretation in E[0]y]. Since each individual investor does not observe the
aggregate interpretation perfectly, the actual price sensitivity is smaller than w*, i.e., w; < w*
for all t € {1,...,T}. Because idiosyncratic noises are diversified away in the aggregate
interpretation, clarity affects price efficiency only through the weight channel. A higher
clarity always increases price sensitivity, driving it closer to w*, and hence unambiguously
increases price efficiency.

Transparency, on the other hand, affects price efficiency through both price sensitivity and
the aggregate interpretation precision. While a higher transparency always leads to a more
precise aggregate interpretation, it may also decrease price sensitivity and drag it further
away from w*, resulting in a lower price efficiency. This happens only when the coordination
effect strictly dominates the information effect, which, according to Lemma 2.2, can take
place only for sufficiently transparent public disclosure. Therefore, price efficiency either
monotonically increases in transparency, or first increases and then decreases in transparency.
Furthermore, the coordination effect intensifies as the time to maturity increases, thus leading
to a lower %TFE.

Concisely, while price sensitivity and price efficiency always increase in clarity, they can
display an inverse U-shape with transparency. In such a case, a natural follow-up question
is how the level of transparency that maximizes price efficiency, 725 E (hereafter, the optimal
transparency), changes in clarity.

Lemma 2.4. For any given level of clarity, the optimal transparency, whenever it is interior,

~PE

. . . . d7;
increases in clarity, i.e., 3~ > 0.
€
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The optimal transparency is determined only by the coordination value of private in-
terpretations. Recall that while transparency diminishes its coordination value by reducing
common errors among investors, clarity enhances it by reducing idiosyncratic errors instead.
Suppose the initial transparency is set at the optimal level, then in order to maintain the
coordination value at its original level after an increase in clarity, transparency should also
be increased. In fact, the optimal transparency increases rapidly in clarity and approaches
infinity beyond a certain level of clarity. Moreover, since clarity always increases price sen-
sitivity and price efficiency, adjusting transparency to the new optimal level following such
an increase in clarity increases price sensitivity and price efficiency even further. In other
words, the best attainable levels of price sensitivity and price efficiency hinge on the level of

clarity.

2.4. Main Analysis

We now confine our analysis to two periods and derive equilibrium prices in a noisy
rational expectations economy with independent supply shocks.® Investors can neither sep-
arate the two noise terms in their private interpretations nor observe how public disclosure
interpretations are aggregated in the price.? Investors cannot communicate with each other
except through the stock price. We use supply noise to summarize all forces affecting stock
prices other than information. The random per capita supply noise of the firm’s shares
in period ¢ follows a normal distribution, #, ~ N(0,7, "), and is independent of all other
random variables.

A typical investor has a CARA utility function U(c) = —e™ "¢ where ¢ is his consumption
financed by selling or liquidating his holdings when he becomes old, and v > 0 is his risk

tolerance. By solving the expected utility maximization problem, the investor i’s demand

8We relax this assumption in section 2.5 by allowing supply shocks to be correlated across periods.

9Kim and Verrecchia (1997) also make the similar assumption in a setting where each investor obtains
private information about the error in a future public disclosure, effectively making the public disclosure
meaningless without the private assessment.
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for the risky asset is
_ E[@|Zi] —p

D=y,
T Var(@|T,)

(2.3)

where w is the random payoff from holding stocks. E[w|Z;] and Var(w|Z;) represent his
estimates of the mean and variance of the random payoff conditional on his information set
7;, respectively. Short horizons induce investors in the first period to be concerned with the
interim price at which they will be selling, rather than the fundamental value v. That is,

W = po for the first generation and w = v for the second generation.

2.4.1. The Equilibrium

Definition. A rational expectations equilibrium is defined as a pair of prices (p1,p2) that

satisfies the following:
(i) the stock market clears in both periods;

(ii) investors mazimize their expected utilities, conditional on all available information,

including the information gleaned from the stock price; and

(iii) investors have rational expectations in the sense that their beliefs about all random

variables are consistent with the true underlying distributions.

In addition, if (p1,ps) are linear functions of information and supply noise, then the
equilibrium is a ltnear rational expectations equilibrium.

The derivation of the equilibrium follows closely the standard procedures used in the
extant literature (e.g., Gao, 2008; Chen et al., 2014b) and is hence omitted. Strong non-
linearities and the interdependence between prices in the two periods preclude the availability
of a closed-form characterization of equilibrium prices, but we are able to prove the existence
and uniqueness of the equilibrium and characterize the equilibrium prices with the following

implicit expressions.
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Proposition 2.1. There exists a unique short-horizon linear rational expectations equilib-

rium (p1,pe), characterized by

p1 =00+ cy — dizy, (2.4)
P2 = a2p1 + bo¥ + oy — dao, (2.5)
where
by =1-q, (2.6a)
= 7_77 (TU + Tn)(Pl + Té)(pl + P2 + TE) + IOITan 7 (26b)
((TU + 7)) (1 +7e) + Tan> ((Tv + 7)) (pr + p2+7) + TUTn)
1 .
L R T C1, (2.6¢)
YTo+ Ty P2Te
To + 7 +7) + 7T,
Ao = ( 77)<p1 ) 1 P1, (26d)
(7o + 1) (o1 + 7) (p1 + p2 + 7) + P17y
b= T 2T T o (2.6¢)
(TU + 7'77)<,01 + p2 + 7—6) + TyTy
ey = Tolp2 7o) (2.6£)
(TU + Tﬂ)(lol + p2 + TE) + T’UTn’
Lpt+p2+ 7+
dy = —eTpe Ly, (2.6g)
v TeTy
2
Ty + Tn  P2Te
= — | T, 2.6h
p1 (7 ™ ,02+7'5) 1 ( )

2
TeTy )
— To. 2.61
P2 (’7 ) ) ] Tn) 2 ( )

Equilibrium prices are linear combinations of the prior, the aggregate interpretation, and
the noisy supply. Since the prior is common knowledge and in equilibrium investors know
the weights placed on each of these components, for any investor in period ¢t € {1,2}, the
information contained in the price is equivalent to a signal of the aggregate interpretation,

_ dyp

P =17 — —I. (2.7)
Cy
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The extent to which the price is incrementally informative about the aggregate interpretation

! which we refer to as price informativeness.

is measured by p; = Var(p;|y)~

We are mainly interested in p;, as we want to examine the effect of investors’ short
horizons on pricing. The short horizon is manifested in the fact that the first generation
of investors prices the firm expecting to sell it at a price po. That is not the case for the
second generation of investors since they consume the firm’s liquidation value at the end of
the second period. The only purpose of ps is to terminate the overlapping generations cycle,
allowing us to apply backward induction to solve for p;. Nonetheless, the unavailability of a
closed-form solution and the interdependence of the implicit expressions for the two prices
require us to use equilibrium characteristics of p, to analyze the equilibrium characteristics
of p;. Such interdependence is a direct consequence of the information structure. Indeed, we
extend the information structure adopted by AMS and Gao (2008) by allowing for correlation

among investors’ private signals. The following corollary relates our information structure

to the standard ones in the extant literature more formally.

Corollary 2.1. When 1, — oo, private interpretations are purely private, i.e., 5; = U + €4,
and prices coincide with those in Gao (2008). In other words, in the absence of a common
noise, the two models are equivalent.

When 1. — o0, private interpretations are purely public, i.e., 5;; = § = v + 1. In other
words, in the absence of idiosyncratic noises, all investors act as a representative investor

and no higher-order beliefs are involved.

The interdependence between price informativeness in both periods is essentially what
renders closed-form solutions unattainable (see expressions (2.6h) — (2.61)). The dependence
of p; on po, also present in AMS and Gao (2008), is not unexpected because of the first-
generation investors’ attempt to forecast p,. However, the dependence of ps on p;, absent in
AMS and Gao (2008), emerges here as a result of the correlation among private signals. In-
creasing p; produces two countervailing effects on py. First, as pl becomes more informative,

private signals become relatively less useful in estimating the fundamental, thereby reducing
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the incremental informativeness of py and, therefore, decreasing p,. Second, as pl becomes
more informative, the residual uncertainty about the fundamental decreases, thereby de-
creasing the risk perceived by investors. Thus, investors’ trading intensity increases, making
po more informative. Because p; and private interpretations are independent conditional
on the fundamental, in AMS and Gao (2008), these two effects cancel each other perfectly.
However, with correlated private signals, p; and private interpretations become correlated
as well conditional on the fundamental, limiting the decrease in the residual variance. As
a result, the symmetry between the two effects is lost, decreasing the second-period price
informativeness, p,.1°

In order to illustrate the coordination effect due to investors’ short horizons more clearly,
we also characterize the unique linear rational expectations equilibrium in a benchmark
setting where the investors’ horizon is as long as the firm’s life span. We call the equilibrium
in this setting the long-horizon equilibrium. It constitutes a helpful benchmark to contrast
the impact of correlated private signals on the equilibrium price efficiency in the presence of
investors’ short horizons. The formal characterization of the long-horizon equilibrium and

subsequent related results are relegated to Appendix B.2 for expositional brevity.

2.4.2. Price Efficiency

In a noisy rational expectations equilibrium, the first-period price efficiency in the short-

horizon economy can be expressed as

PE = = (2.8)

= en 4 o)

2
0The price informativeness in the second period can be expressed more generally as py = (7%) T2,
and Varg;(0) =
and Varg; () =

where 35 is the loading on the private signal in Eq;[0]. In Gao (2008), 85 = S Te——

resulting in py = (y7.)?72. However, in our setting, B =

1 ) Te
p1+p2+Te+Ty? ToTn+(To+75) (P1+p2+7e)

P1+p2+Te+T Tn T 2
1 2 € n M 3 n-e€
o (ot ra) (o1 Fpa oy Tesulting in p; <7p1+p2+n+rn> 72
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As in the average expectations specification, the price can be viewed as a weighted average of
the prior and the aggregate interpretation. However, the aggregate interpretation in the price
is blurred by the supply noise due to the existence of supply shocks. As a result, in addition to
transparency, price informativeness also affects price efficiency through the precision channel.
The following proposition summarizes the asymmetric effects of transparency and clarity on

price efficiency.

Proposition 2.2. Transparency and clarity have different effects on price efficiency in the
short-horizon economy, both in terms of magnitude and direction. Specifically, price effi-

ciency

1) decreases in clarity when clarity is sufficiently low and transparency is sufficiently high,
Y Y Y P Y Yy nig
i.e., there exists TJ,T; € (0,00) such that %El <0 forr. <71} and 7, > TJ if and only

if V271, > 1; and

(i1) decreases in transparency when transparency is sufficiently high and clarity is suffi-
ciently low, i.e., there exists ﬁfE,f'fE € (0,00) such that % < 0 for 1, > ﬁfE and

Te < 788 if and only if v, > 3.

The effects of transparency and clarity on price efficiency are qualitatively similar to those
stated in Lemma 2.3, yet there are two crucial distinctions in their underlying mechanisms
across the two settings. The first distinction is that the price is blurred by the supply noise,
and hence price informativeness also affects price efficiency through the precision channel.!!
In particular, as expression (2.8) indicates, a higher price informativeness results in a higher
price efficiency. In this context, the following corollary states the effects of transparency and

clarity on price informativeness.

Corollary 2.2. Transparency and clarity have different effects on price informativeness in

the short-horizon economy, both in terms of magnitude and direction. Specifically,

'The notion of price informativeness does not exist in the average expectations specification because
we shut down learning from prices. Since there is no supply shock, prices are fully informative about the
aggregate interpretation. Appendix B.1 connects the two specifications by examining a hypothetical setting
in which price informativeness is determined exogenously by assuming imperfect learning from prices.
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(i) price informativeness always increases in clarity, i.e., G > 0;
€

(ii) price informativeness decreases in transparency when transparency is sufficiently high
and clarity is sufficiently low, i.e., there exrists 70,70 € (0,00) such that (dl% < 0 for

~p P
Ty > 1) and 1. < 72 and

(#1) if transparency is of the same or larger magnitude than clarity, the marginal effect of

clarity on price informativeness dominates the marginal effect of transparency, 1i.e.,

dpr o dp1
dre > dry T 2 Te

Price informativeness summarizes how well prices reflect investors’ private information.
In the presence of supply noise, price informativeness is fostered by the investors’ trading
aggressiveness. In the long-horizon economy, the coordination motive does not exist. Trans-
parency and clarity play symmetric roles in affecting an individual investor’s demand and
hence in affecting price informativeness (see Lemma B3). In contrast, as Corollary 2.2 re-
veals, the presence of beauty contest incentives breaks the symmetry in the short-horizon
economy. Because the first generation is concerned only about the second-period price, their
trading aggressiveness depends on: (i) the informativeness of their private interpretations
about the aggregate interpretation, and (ii) the usefulness of the aggregate interpretation
in forecasting the second-period price. The former is regulated by the coordination value of
private interpretations. The latter is determined by how much the second generation uses
private interpretations, and thus, their information value.

Recall from Lemma 2.1 that clarity increases both the information value and the coordi-
nation value of private interpretations. Following an improvement in clarity, short-horizon
investors are more certain about their payoffs from selling shares and hence become more
aggressive in submitting their trading demands, rendering the price more efficient in re-
flecting the aggregate interpretation. An increase in transparency, however, increases the
information value of private interpretations but decreases their coordination value. On the

one hand, higher transparency makes the second generation more certain about their payoffs
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from liquidation. With reduced uncertainty, they become more aggressive in submitting
their trading demands, rendering the second-period price more contingent on the aggregate
interpretation. This is the manifestation of the positive information effect of transparency.
On the other hand, a more transparent public disclosure makes the first generation more
uncertain about the second generation’s aggregate interpretation and thus less aggressive in
trading. Such a negative coordination effect renders the first-period price less efficient in
reflecting the investors’ private information.

Combining the coordination effect and the information effect, the marginal effect of clar-
ity on price informativeness dominates that of transparency when they are of comparable
magnitude. This implies that, in such a case, it is more beneficial to improve clarity than
transparency from a price informativeness perspective. Moreover, as shown in Figure 2.1(a),
the negative coordination effect of an increase in transparency can dominate its positive infor-
mation effect when clarity is sufficiently low and transparency is sufficiently high, decreasing
price informativeness. Regarding the condition in Corollary 2.2(ii), numerical analysis in-
dicates that 7/ always exists and is unique, and that if 7. < 7£, then 7/ also exists and is
unique. In that case, the graph of p; is single-peaked and thus the aforementioned condition
is in fact necessary and sufficient.!?

The second and more important distinction on price efficiency across the two settings is

that, introducing price learning renders the actual price sensitivity consistently higher than

! 13

its maximizing value from the price efficiency perspective, i.e., ¢; > ¢f = T,
v n 1

This reflects the fact that in addition to their private interpretations, investors also use the
information revealed by the current prices to learn about the aggregate interpretation in
determining their trading demands. Consequently, any increase in price sensitivity drags it

further away from cj, resulting in lower price efficiency. In other words, in contrast with the

12This holds true for price sensitivity as well; that is, the thresholds of transparency and clarity beyond
(below) which the variable of interest increases or decreases, whenever they exist, are unique. Therefore, the
conditions in the following proposition are indeed necessary and sufficient.

13The level of price sensitivity that maximizes price efficiency in equation (2.8), ¢}, coincides with the
weight on the price-equivalent signal (as given by expression (2.7)) in E[9|p].
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Figure 2.1: Short-Horizon Equilibrium Price Efficiency

Note: The paramater values are v = 0.1, 7, = 35, and 73 = 79 = 10. For consistency and easy comparison,
we use the same parameter values for subsequent numerical examples in this section unless otherwise specified.

average expectations specification, the direction of any effect of transparency and clarity on

price sensitivity is reversed on price efficiency.

Corollary 2.3. Transparency and clarity have different effects on price sensitivity in the

short-horizon economy, both in terms of magnitude and direction. Specifically, price sensi-

tivity

(i) always increases in clarity, i.e., 9 > 0; and

(i1) decreases in transparency when transparency is sufficiently high and clarity is suffi-

ciently low, i.e., there exists 7,/,7¢ € (0,00) such that % <0 for T, >

~C 2C
g and T < 77

As the supply noise blurs the inference of the second-period price, transparency and

clarity affect price sensitivity through the price informativeness in both periods and through
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the investors’ private interpretations. Taking transparency as an example, we can decompose

its effect on price sensitivity as follows,

dey _ e Ocrdpy  Ocidps
dr, 0r, Opidr, Odppdr,’

The first term represents the effect of transparency on price sensitivity through the private
interpretations. This effect is analogous to and stays in the same direction as the one in the
average expectations specification characterized in Lemma 2.2(i1). The remaining two terms
represent the effect of transparency on price sensitivity through price informativeness in both
periods, an effect that is absent in the average expectations specification. Considering the
price as a signal of the aggregate interpretation as in expression (2.7) helps explain how
price informativeness affects price sensitivity. A higher first-period price informativeness p;
induces short-horizon investors to use the buying price p; more in learning about the aggre-
gate interpretation, i.e., g—; > (0. In addition, a higher second-period price informativeness
po makes the aggregate interpretation more useful in forecasting the selling price po, i.e.,
g—;; > (.1 Essentially, increases in price informativeness in both periods lead the aggregate
interpretation to be weighted more in determining the price in the short-horizon equilibrium.

Since most uncertainty about the aggregate interpretation is resolved through the first-
period price, the effect of transparency on price sensitivity through the second-period price
informativeness is dominated by its effect through the first-period price informativeness.
This effect, by Corollary 2.2, is consistent with the effect of transparency through private
interpretations. Indeed, the effect through private interpretations dominates and drives
the trend because (i) most uncertainty is resolved in the first period, and (ii) information
in the price results from the aggregation of private interpretations and thus is secondary
to the direct effect through private interpretations. Therefore, the overall effect remains
the same qualitatively as in the average expectations specification. Figure 2.1(b) provides

numerical examples illustrating the non-monotonic relationship between transparency and

14This is immediate by inspecting the expression of ¢; given by equation (2.6b).
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price sensitivity. The intuition behind the effect of clarity on price sensitivity follows a
similar argument.

It is worth noting that, in contrast to the average expectations specification, the aggregate
interpretation can be overweighted in the price in the short-horizon equilibrium compared
to the long-horizon equilibrium. Recall that price informativeness in either period increases
price sensitivity in the short-horizon equilibrium price. Furthermore, with correlated private
signals, short-horizon investors care only about the aggregate interpretation. Thus, the prior
is less useful in forecasting the second-period price than it would otherwise be if investors in-
stead cared about the fundamental as in Gao (2008). As a result, short-horizon investors rely
even more on their private interpretations and the current price in forecasting their payoffs.
With the endogeneity of price informativeness further reinforcing this process, the weight on
the aggregate interpretation in the short-horizon equilibrium can indeed exceed that in the
long-horizon equilibrium when p; is sufficiently large.'> Numerical analysis demonstrates
that this is possible when ~, 7,, and 7, are sufficiently large. In stark contrast to prior lit-
erature, this observation illustrates that the coordination motive can actually induce agents
with rational expectations to overweight, rather than underweight, their private signals when
their private signals are correlated to each other.

To summarize, the effects of transparency and clarity on price efficiency are determined
by their joint effects through the precision channel and the weight channel. Although in-
creasing clarity improves price informativeness, the negative weight channel can dominate,
thus leading price efficiency to decrease when the level of clarity is relatively low. On the
other hand, when the level of transparency is sufficiently high, the positive weight channel is
dominated by the negative precision channel following an increase in transparency. This re-
sults in an overall negative effect of transparency on price efficiency. In a nutshell, although

improving clarity of a public disclosure generally enhances price efficiency, improving its

15Tn fact, one necessary condition for price sensitivity in the short-horizon equilibrium to be larger than
that in the long-horizon equilibrium, i.e., ¢; > ¢, is for the price informativeness in the short-horizon
equilibrium to be larger than that in the long-horizon equilibrium, i.e., p; > p.
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transparency can be detrimental when there is a lack of clarity but sufficient transparency.

In the long-horizon benchmark, while price informativeness and price sensitivity both
increase in transparency and clarity, price efficiency can also decrease in transparency (see
Lemma B5). Nevertheless, in the short-horizon economy, the beauty contest incentive of
the first generation of investors strengthens the negative effect of price informativeness and
hence makes price efficiency decreasing in transparency for a much larger set of parameters.'6
Figures 2.1(c) and 2.1(d) illustrate with numerical examples where price efficiency decreases
in clarity and transparency. We also confirm with numerical examples that our results on
the optimal transparency (see Lemma 2.4) continue to hold. That is, as shown in Figure
2.2, the optimal transparency, whenever it is interior, monotonically increases in clarity,
and so is the best attainable level of price efficiency. In addition, Figure 2.3(a) presents
regions in which the condition 7,7, > 2 is satisfied or violated. Figures 2.3(b) — 2.3(d) are
calculated at different levels of clarity, and show regions in which price efficiency decreases
in transparency if the latter is large enough. The two regions coincide with each other
when clarity is sufficiently low, implying v*7,7 > % is indeed the necessary and sufficient
condition for price efficiency to ever decrease in transparency. Note that the region in which
price efficiency may decrease in transparency shrinks as clarity increases, suggesting that
71,73 > 2 no longer guarantees the existence of 7, such that d};% < 0 when 7, is large.

3

~P . . . . .
Indeed, when 7. > 7.7F, price efficiency uniformly increases in transparency.

2.5. Extension

In this section we extend the baseline model by allowing the supply shocks to be corre-
lated, and show that all of our main results continue to hold. More specifically, the supply

shocks are assumed to follow Zo = %1 + @, where 3 € (0,1) and @ ~ N(0,7, ') is indepen-

16The necessary and sufficient condition for price efficiency to ever decrease in transparency in the long-
horizon equilibrium is 27,7, > 2 (see Lemma B5) which is more stringent than that in the short-horizon
equilibrium. Furthermore, even when this condition is satisfied, numerical analysis shows that the parameter
region under which price efficiency decreases in transparency is much smaller than that in the short-horizon
equilibrium.
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Te

Figure 2.2: Optimal Transparency

Note: This figure plots the level of transparency that maximizes price sensitivity, price informativeness, and
price efficiency, respectively, from top to bottom.

T2

(d) Gt <0, 7 =7

Figure 2.3: Region Plot on the Condition in Proposition 2.2(ii)

Note: By keeping v = 0.1 and 7 = 75 for consistency but varying the combination of 7, and 7o, the blue

shaded region represents the region in which 27,7, > %, and the orange shaded regions represent the regions

d

in which fTEl < 0 is possible with different values of 7.. Every cell is an increment of two units of precision.
n
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dent of z; and the other random variables. We analytically obtain the results corroborating
the robustness of the analysis in the main setting. However, the intractability of the model
forces us to perform much of the analysis numerically.

A numerical examination of the model reveals that there can be multiple linear equilibria,
which we refer to as the low, intermediate, and high information equilibria, respectively,
ordered according to the price informativeness in the first period (see Figure 2.4). We
numerically assess the stability of the equilibria and find that, in contrast to Cespa and
Vives (2015), the low and intermediate information equilibria are always stable, but the

" Analytically, we show that for large

high information equilibrium is always unstable.!
enough transparency, only two equilibria remain. Numerically, we see that as transparency
grows, the high information equilibrium vanishes, and the low and intermediate information
equilibria persist. It is also possible to prove that for sufficiently low transparency, only one
equilibrium survives. Numerically, we confirm that it is the low information equilibrium.
Overall, the results in the main setting are qualitatively preserved. For high transparency,

the two equilibria that persist and are stable, the low and intermediate information equilibria,

both display the same qualitative features as the equilibrium in our main setting.

Proposition 2.3. In both low (LIE) and intermediate information equilibria (IIE), price
efficiency increases in clarity and decrease in transparency when transparency is sufficiently

high and clarity is sufficiently low.

The comparative statics results for sufficiently high transparency and low clarity from
the main model and the two surviving equilibria in this extension are summarized and com-
pared against each other in Table 2.1. The low information equilibrium (LIE) converges to
the unique equilibrium as the correlation between supply shocks approaches zero. Moreover,

2

since 33 is increasing in B, the parameter region under which price efficiency may decrease

1"We perform the stability analysis by introducing a small perturbation around the equilibrium value of
11 and conduct 200 rounds of numerical iterations in solving for equations (B15h) and (B15i). Whenever
the numerical solver returns more than one real root, we continue with the one that is the closest to the
initial value from the last iteration. The equilibrium is stable if the relative difference between the returned
value and the corresponding equilibrium value is within 1 x 1075,
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Figure 2.4: Multiple Equilibria with Correlated Supply Shocks

Note: This figure plots the proxies of first and second period price informativeness against each other. The
red and the blue curves correspond to 1; and 1 as given by equations (B15h) and (B15i), respectively, in
Appendix B.3. The left panel demonstrates that both proxies are positive in equilibrium. The right panel,
taken from the upper right corner of the left panel, shows the three equilibria represented by the three
intersections: the low, intermediate, and high information equilibria, respectively, from left to right. Note
that the red line to the left is not vertical and does not coincide with the y-axis either. The paramater values
are 7, = 10, 7, =100, 7. =1, 7 =1, v = 0.1, 8 = 0.5, and 7, = 8. By varying the parameter combination,
there can be only one or two equilibria, which are left out in this figure for the purpose of illustration.

in clarity shrinks as supply shocks become more correlated. On the other hand, since T7(f)
is a decreasing function in (, the parameter region under which price efficiency may de-
crease in transparency expands with an increase in the correlation between supply shocks.
In other words, albeit generating multiple equilibria, the presence of persistent liquidity
trading strengthens our main results. Essentially, the correlation between supply shocks
reinforces the short-horizon investors’ coordination motive by reducing the remaining un-

certainty about the second-period price and thus making the aggregate interpretation more

useful in forecasting their payofts.

2.6. Discussion

In contrast with most of the prior literature on asset pricing with short-term investors,
we consider the effects of heterogeneous interpretations of public disclosure by decomposing

the noise in investors’ private signals into a common component and an idiosyncratic com-
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Table 2.1: Summary of Comparative Statics Results

p=0 0<pB<1

(1o = Tu) LIE ITE
dpy
dr. + + +
© + + - iff 27,7, > To(B)
—dgfl -iff V2 > 1| - iff 27T, > ﬁ +
dpy . - -
dry
dey - - -
dmy
—dgsl -iff P > 2| - iff 27T, > Th(6) -

. _ B3+ (B+1)(B49) 1 (1 _ 233
Note: T1(8) = —— 53— 12(B) = 35 (2t+1 2t) where t = 2 € (0, 6+1+\/(95+1)(5+1))' Most of

the results above are obtained by taking limits of 7;, = 0o and 7. — 0 due to computational complexity.

ponent. This information structure leads to a positive correlation among investors’ signals
conditional on the fundamental value of the firm, which results in the precision of the two
noise components, transparency and clarity, playing qualitatively and quantitatively different
roles on the equilibrium price.

This paper can be seen as a combination of the setting used in the short-horizon asset
pricing literature (e.g., AMS; Gao, 2008) and the insights developed in the literature on coor-
dination games with similar information structures (e.g., Myatt and Wallace, 2012; Banerjee
et al., 2022; Liang and Zhang, 2019). It extends the former by introducing a new information
structure with practical implications, and extends the latter by examining price efficiency in
a noisy rational expectations setting. Introducing correlated private signals into such a set-
ting leads to several differences in the firm’s stock price behavior. We find that higher-order
beliefs can induce investors to either underweight or overweight their private signals relative
to the long-horizon economy. This observation is surprising in two ways. Economically,
the above observation implies that, due to the semi-private nature of investors’ heteroge-
neous interpretations, public disclosures can be underweighted as opposed to overweighted.
Mathematically, it indicates that, in contrast to the prior literature, private signals can be

overweighted if they are correlated. As short-horizon investors care only about the aggregate
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interpretation rather than the fundamental, the common prior belief becomes relatively less
useful in forecasting the second-period price.

More importantly, more transparent public information can decrease rather than always
increases price efficiency. This result complements the findings in Morris and Shin (2002).
Both studies cast doubt on the traditional pro-transparency view by showing that more accu-
rate public information can be bad for price informativeness or social welfare. Nevertheless,
the underlying reasons behind these two similar results are strikingly different. Morris and
Shin (2002) and subsequent papers claim that the detrimental effect of public information
arises from the fact that the coordination motive entails the overweighting of the public
signal relative to the one that would be used by the social planner. In our setting with cor-
related private signals, more transparent public disclosure can decrease price efficiency even
when it is underweighted. When the level of transparency is sufficiently high, its negative
coordination effect dominates its positive information effect. This leads investors to trade
less aggressively on their private interpretations, rendering the price to aggregate less private
information. The above distinctions are of key importance in deepening our understanding
about the effects of heterogeneous interpretations of public disclosures and the effects of
transparency of such disclosures on financial markets.

The comparative statics analyses lead to several policy implications. While improving
clarity of public information generally promotes price efficiency, the optimal level of trans-
parency that maximizes price efficiency is interior when clarity is relatively low. This predic-
tion is consistent with the observation that monetary policies are usually vague, especially
in the old days when there was not much communication among investors and thus clarity
was arguably low (Goodfriend, 1986; Stein, 1989). For example, Alan Greenspan, a former
Federal Reserve Chairman, sometimes set out to obfuscate his views on financial markets
and monetary policies on purpose (Wessel, 1995). But with increased clarity of public infor-
mation, perhaps due to the development of information technologies and the rise of social

media as a communication device and financial analysts as a profession, we should observe
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a time-series increase in the transparency of public disclosures.

Lastly, our results emphasize the relevance of the information structure in determining
how information affects equilibrium prices. When a public disclosure is interpreted heteroge-
neously, ideally, it should be improved in terms of both transparency and clarity to achieve
the highest level of price efficiency. However, if investors’ information processing capacity is
constrained, priority should be given to increasing clarity and enhancing consensus among
capital market participants, because the best attainable level of price efficiency is determined
by clarity. Moreover, devoting all efforts to increasing transparency without improving clar-
ity can be harmful, especially when there is little established consensus among investors. For
instance, disaggregating information in the financial statements or requiring complex sup-
plemental information to be disclosed can increase transparency but also decrease clarity.
Future research may investigate the effects of such financial reporting requirements on price

efficiency in detail.
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Chapter 3

A Theory of Communication and

Coordination in a Polarized Society

It is our innate urge to activity which makes the wheels go round, our rational
selves choosing between the alternatives as best we are able, calculating where we

can, but often falling back for our motive on whim or sentiment or chance.

— John Maynard Keynes, The General Theory of Employment, Interest, and Money

3.1. Introduction

Social media has become increasingly relevant in modern life, and so has individuals’
expression of their sentiments on social media. Financial market regulators conclude that
“social media is landscape-shifting,” converting the traditional two-party communication into

an interactive, multi-party dialogue where users actively create content (SEC, 2012, p. 1).

This chapter is my job market paper. I appreciate helpful comments from Snehal Banerjee, Jeremy
Bertomeu, James Best, Pingyang Gao, Peicong Hu, Jack Stecher, and Hao Xue. I would also like to thank
seminar participants at Carnegie Mellon University, Columbia University, National University of Singapore,
New York University, University of California, Berkeley, and University of Minnesota.
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On one hand, individual investors regularly express their polarized opinions (e.g., bullish
or bearish) about stocks on social media (Cookson and Niessner, 2020; Cookson, Engelberg
and Mullins, 2021). On the other hand, trading strategies based on the sentiment extracted
from social media have become increasingly popular.! In the more recent GameStop mania,
retail traders not only spread their investment ideas, but also spurred mass coordination
that caused substantial disruption in the stock price (The Wall Street Journal, 2021).> The
aforementioned expression of polarized sentiments seems particularly puzzling as it may
happen even before investors take trading positions. If the sentiments are value-relevant,
why do these investors spread their investment ideas on social media, but not trade and profit
from the valuable information they possess instead? If the sentiments are value-irrelevant,
why do money managers, the most sophisticated institutional investors, base their trading
strategies on the sentiment extracted from social media? Either way, what are the incentives
for such expression of sentiments?

Besides some common behavioral intuitions for the information-sharing behavior, insiders
may share privileged information to manipulate markets (Benabou and Laroque, 1992) or
accelerate price discovery (Ljungqvist and Qian, 2016). However, neither vindicates the ob-
served variations in expression of sentiments across time and individuals (see, e.g., Cookson
and Niessner, 2020). In this paper, I propose that it is coordination motives that drive sym-
metrically informed investors to disclose their polarized sentiments. Such disclosures change
the market’s perceived population composition between agents of two polar types and hence

affect the aggregate sentiment incorporated into the average investment.® Investors will only

L As of 2012, one third of affluent investors in the U.S. are reported to have directly relied on investment
advice transmitted via social media outlets (Cogent Research, 2012). Hedge funds and high-frequency-trading
firms also use sentiment indicators for market-making strategies (The Wall Street Journal, 2015).

2Consistent with this anecdotal incident, there is abundant empirical evidence indicating that social
interactions affect investment decisions by individuals and money managers (see, e.g., Kelly and O Grada,
2000; Duflo and Saez, 2003; Hong, Kubik and Stein, 2004; Bursztyn, Ederer, Ferman and Yuchtman, 2014;
Campbell, DeAngelis and Moon, 2019). Relatedly, media sentiments is also found to affect investors’ trading
activity and stock prices. For example, Goldman, Gupta and Israelsen (2021) observe that investors respond
to news about a stock published in politically polarized newspapers by trading in the same direction as
other investors who read the same newspaper, and Tetlock (2007) finds that media pessimism predicts lower
market prices followed by a reversion to fundamentals.

3As Shiller (1992, p. 7) put it, “Investing in speculative assets is a social activity. Investors spend a

68



disclose their sentiments when doing so makes their forecasts of the average investment more
precise. In other words, sentiments are payoff-relevant to the extent of investment com-
plementarities, so even the most sophisticated institutional investors like money managers
will base their trading strategies on the sentiment extracted from social media. Neverthe-
less, they are value-irrelevant to the extent of being independent from the intrinsic value of
investment, so investors feel comfortable spreading their investment ideas. This novel the-
ory complements the existing explanations for investors’ information-sharing behavior and
provides a single consistent explanation for the aforementioned expression of sentiments.

The analysis presented here departs from the typical assumption that the unknown state
(e.g., the intrinsic value of investment or some nonstraightforward matter of fact) is the
only payoff-relevant uncertainty. Specifically, this paper examines agents’ decision-making
with multidimensional uncertainty by injecting another uncertainty about the population
composition. This additional dimension of uncertainty is non-fundamental yet affects agents’
payoffs. For example, in stock markets populated with short-term investors, stock prices can
deviate from the underlying fundamental by the aggregate sentiment. Hence, even a bearish
investor who believes the stock is overvalued may still take long positions when he expects
the bullish investors to be the dominating majority who will drive the short-term price
up. Similarly, in social interactions where individuals have a preference for conformity, an
authoritarian may instead advocate liberty when he expects the majority population are
libertarians. In a word, the perception of the population composition plays a vital role
in agents’ decision-making process, which potentially gives rise to individuals’ incentive to
communicate their polarized sentiments in social interactions.

To study investors’ disclosure incentives of their polarized beliefs in an economy with
social interactions, I abstract from a capital market setting but instead adopt a canonical

model of beauty contests, in which trading with short horizons is a special case, to capture

substantial part of their leisure time discussing investments, reading about investments, or gossiping about
others’ successes or failures in investing.”
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the coordination motives.*

There is a finite set of agents making investment decisions.
As in Angeletos and Pavan (2004), the return of the investment depends not only on a
common state of nature but also on how much other agents invest. Agents thus would like
to match their own actions with both the state (the fundamental motive) and the average
action (the coordination motive). Each agent observes a private signal about the state.
Belief polarization is operationalized as opposite sentiments across the two groups of agents,
e.g., bulls and bears, while the agents are symmetrically informed about the fundamental
in a statistical sense.> More specifically, I decompose the noise of each private signal into
a common component and an idiosyncratic component.® The division of agents into two
sentiment groups is based on the direction of their exposure to the common noise. Thus,
the common noise measures the polarized sentiment across groups, and the idiosyncratic
noise captures the within-group disagreement. Conditional on the realization of the state,
the private signals of any two agents are positively correlated within the same group, but
negatively correlated across different groups. Consequently, the private signal of one agent
is asymmetrically informative about that of an other agent across the two groups. I first
characterize agents’ equilibrium actions given their perceived population composition, and
then apply the main model to study agents’ voluntary expression of their sentiments by
introducing the option for agents to publicly disclose their types before the coordination

game is played.”

4The beauty-contest metaphor of stock markets was originally proposed by Keynes (1936), and recently
formalized by Allen et al. (2006).

5Prior literature shows that a unidimensional belief polarization can arise endogenously in the long-run
with persuasion bias (see, e.g., DeMarzo, Vayanos and Zwiebel, 2003). More recently, Nimark and Sundaresan
(2019) demonstrate that rational inattention can also lead the beliefs of ex-ante identical agents to cluster
in two distinct groups at opposite ends of the belief space. Experimentally, Plous (1991) shows that people
process information in a biased manner to support their initial beliefs, whereas Benoit and Dubra (2019)
find a population of people to be more prone to polarization if their initial opinions have largely been based
on very similar evidence.

6Myatt and Wallace (2012) provide a micro-foundation of such information structure with the notion
of “rational-inattention”; an investor’s understanding of a public signal is costly and thus depends on the
investor’s information-acquisition choice. See also Corona and Wu (2021) for a similar information structure
to operationalize correlations in private signals.

"Restricting disclosure to be only about the type but not the private signal may be justified as a con-
sequence of the communication bandwidth constraints such as character limits imposed by social media
platforms and time constraints in conversation (see, e.g., Hirshleifer, 2020).
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The central finding of the paper pertains to the agents’ strategic disclosure (nondisclo-
sure) of their polarized sentiments. I show that agents disclose their types only when doing
so increases the value of their private information. Disclosure of types affects the informa-
tiveness of an agent’s private signal about the average investment by changing the others’
perceived population composition and hence their investment decisions. Whether such dis-
closure takes place depends not only on the strength of the coordination motive and the
degree of belief polarization, but also on the expected population composition. First, it is
the coordination motive that gives rise to agents’ disclosure incentives.® Without the coor-
dination motive, the population composition has no impact on agents’ investment decisions
and hence the average investment.

Second, when forming investment decisions, agents’ reliance on their private signals is
jointly determined by the signal informativeness about the fundamental and the average
investment. We refer to the former as the fundamental value and the latter as the strategic
value of private signals. While the fundamental value of an agent’s private signal is inde-
pendent of the population composition, its strategic value is convex in the proportion of
his type. To see this, consider two extreme cases where (i) the population composition is
perfectly balanced between the two types, and (ii) the population composition is extremely
unbalanced and concentrated at one type. In the first case, the two types are symmetric
and the aggregate investment contains no sentiment. The strategic value of private signals
is the lowest as the individual sentiment is purely noise for predicting the average invest-
ment. In the second case, the individual sentiment is perfectly correlated with the aggregate
sentiment, and thus results in a higher strategic value of private signals. Moreover, strong
coordination motives will lead the extreme minority type to “follow the crowd” and use their
private signals in an opposite way when there is more uncertainty about the sentiment than
about the fundamental.

The aforementioned convexity of the strategic value of an agent’s private signal with

8This result continues to hold even if action complementarity is replaced with action substitutability.
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respect to the proportion of his type may result in nondisclosure from the minority type.
Agents disclose their types only when doing so increases the value of their private information
through the others’ perception of the population composition. Nonetheless, disclosures from
the minority type induce the majority type to rely less on their private signals due to the
perceived more neutral aggregate sentiment. This decreases the strategic value of private
signals of the minority type, leading them to “hide in the shadows.” Since agents of the same
type adopt the same disclosure strategy, a full-disclosure equilibrium, which is tantamount to
a separating equilibrium, exists only when the expected population composition is relatively
balanced. Otherwise, a no-disclosure equilibrium, or equivalently, a pooling equilibrium,
where the posterior belief about the population composition stays unchanged as the prior,
is the only equilibrium.

The model is general in that it applies to any other economic situations where agents
seek not only to adapt to an unknown state of the world but also to coordinate behavior with
others. The coordination motive may be interpreted as reputation concerns or preferences for
conformity. Thus, the interaction between agents’ use of private signals and the population
composition also sheds some light on settings of collective decision-making. To this end, the
paper provides further analysis on the efficiency of the average action. One key result is that a
diverse yet unbalanced population can jointly make a more efficient decision, especially when
the coordination motive is strong but little is known about the underlying state. Combined
with results on expression of sentiments, frequent meetings within an organization may

indicate a diverse organizational structure which leads to more efficient joint decisions.

3.2. Related Literature

The idea that sentiments can drive financial decision-making in uncertain environments
has been at the core of capital market dynamics described by Keynes (1936), which he

referred to as “animal spirits.” Meanwhile, individual sentiments have been increasingly
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polarized in various social and political contexts since the early 1990s (see, e.g., Baldassarri
and Gelman, 2008; Fiorina and Abrams, 2008). Applying these insights to a beauty contest
setting, this paper makes several contributions by examining the implications of polarized
sentiments on individuals’ communication and coordination decisions.

First, it contributes to the recent thread of the theoretical literature that studies disclo-
sure incentives of self-interested economic agents in settings of investment beauty contests.”
Closely connected to the general beauty contest model (see, e.g., Morris and Shin, 2002),
investment beauty contests are first examined in Angeletos and Pavan (2004, 2007). Among
the others, Arya and Mittendorf (2016) examine the incentives of firms to take preemptive
action and publicly disclose their investments in beauty contests. This paper complements
their findings in the sense that an investor disclose his sentiment not to establish norms, but
to influence how the others use their private information. The strategic disclosure incentives
may also explain the mixed empirical evidence on the ability of crowdsourced information to
predict financial market movements (see, e.g., Tumarkin and Whitelaw, 2001; Antweiler and
Frank, 2004; Das and Chen, 2007; Garcia, 2013; Chen, De, Hu and Hwang, 2014a). Indeed,
the optimistic conclusion of Condorcet’s jury theorem on efficient aggregation of information
is preserved only for a relatively balanced population composition.'

More generally, it complements the thread of literature on information transmission
among traders in financial markets. 1 focus on the communication of sentiments among
symmetrically informed agents due to coordination motives. Different from Benabou and
Laroque (1992) and Goldstein, Xiong and Yang (2021), agents express their sentiments not
to manipulate the market, but to increase their own prediction ability of the average action.

Although several existing papers have rationalized the information-sharing behavior of in-

9For thorough summaries on the disclosure literature, see Verrecchia (2001), Dye (2001), and Beyer,
Cohen, Lys and Walther (2010).

10Condorcet’s jury theorem states that sincere reporting of their information by each individual is sufficient
for efficient aggregation of information (Condorcet, 1785). In contrast to this background, a number of papers
argue that the selfish behavior of individuals in game theoretic situations may prevent efficient aggregation
of dispersed information (see, e.g., Acemoglu, Ozdaglar and ParandehGheibi, 2010; Acemoglu and Ozdaglar,
2011; Acemoglu, Dahleh, Lobel and Ozdaglar, 2011).
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vestors with short-termism by arguing that information revelation can be used to accelerate
price correction (Liu, 2018; Kovbasyuk and Pagano, 2020; Schmidt, 2020), to my knowledge,
the current paper is the first one among the others to focus on disclosure of non-fundamental
private information from a coordination perspective.

Second, this paper is also related to the literature of social learning. With the social
media reducing the cost of communication to almost zero, I focus on the information content
of the equilibrium disclosure strategy in a public communication setting.!'! In contrast to
Galeotti, Ghiglino and Squintani (2013), information aggregated from individual disclosures
in any disclosure equilibrium is robust to lying in my setting with a large number of agents.
One of the most closely related papers in this thread of literature is Hagenbach and Koessler
(2010), who instead focus on endogenous communication networks formed by agents with
publicly observable preference heterogeneity. Despite that, some of the main results in this
paper seem analogous. First, there is also asymmetric information transmission between the
majority and the minority groups. Second, an agent’s tendency to communicate in a public
network decreases as the population becomes more unbalanced. Empirically, Bursztyn et
al. (2014) conclude that both social learning and social utility channels have statistically
and economically significant effects on investment decisions. While the social utility effect
is captured by the coordination motive, the social learning effect differs in my model in the
sense that an investor’s expression of his sentiment does not directly inform the others about
his investment decision, but rather affects the others’ belief about his prospective investment.

Finally, this paper examines decision-making with multidimensional uncertainty. Follow-
ing Avery and Zemsky (1998), Goldstein and Yang (2015) confirm that strategic complemen-
tarities in trading and information acquisition can arise in a setting where the asset value is
affected by different fundamentals. Subsequently, they examine how public disclosures affect
market efficiency when the market and the firm possess superior information along different

dimensions (Goldstein and Yang, 2019). This paper instead studies how the fundamental

1See Mobius and Rosenblat (2014) for a complete review of the existing empirical and theoretical liter-
atures on social learning.
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uncertainty affects investors’ disclosure of their private information regarding the strategic
uncertainty. Further analysis on the efficiency of the aggregate decision in the presence of
these two dimensions of uncertainty also sheds some light on the optimal composition of
corporate boards when their members are subject to conformity bias. Prior literature has
studied the optimal board composition in various contexts (see, e.g., Warther, 1998; Chem-
manur and Fedaseyeu, 2018; Baldenius, Meng and Qiu, 2019). Among others, this paper
arrives at a similar but more robust prediction than Malenko (2014) that a board of directors
whose preferences are more diverse is desirable even in the absence of communication.

The rest of the paper is organized as follows. Section 3.3 develops the model and charac-
terizes agents’ equilibrium investment. Section 3.4 introduces an option for agents to disclose
their types before investing and derives their equilibrium disclosure strategies. Section 3.5
applies the model to two additional settings and elaborates on its implications for decision

making within firms and the stock market. Section 3.6 concludes.

3.3. Main Model

3.3.1. Setup

There are N agents with N > 2. Each agent ¢ € {1,2,..., N} is privately informed
about his type t; € {—1,1}, where ¢; = 1 with probability A € (0,1). The type affects the

information structure of the agent’s private signal about a common state of nature such that

where @ ~ N(p,07) is the state, 77 ~ N(0,07) is the within-type common noise, and & ~
N(0,02) is the idiosyncratic noise independent and identically distributed across all agents.
The opposite signs in ¢; thus captures the idea of belief polarization in the sense that the

private signals of any two agents from different groups are negatively correlated conditional
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on the realization of the state. Examples of such polarized beliefs include bulls and bears,
leftists and rightists, authoritarians and libertarians, and democrats and republicans, etc.
For the following analysis, we refer to type-1 and type-2 agents as agents with ¢; = 1 and
t; = —1, respectively, and use them in subscripts whenever it causes no confusion. Regarding

information quality, 02 measures the prior uncertainty about the state which can be based on

2

some public information, o,

measures the across-type disagreement which serves as a proxy
for the degree of polarization across groups, and o2 captures the within-type disagreement.
I assume information quality is well defined, i.e., 07, 07, and o7 are positive and finite, and
that all random variables are independent of each other.

Following Angeletos and Pavan (2004) and Arya and Mittendorf (2016), agent ¢’s payoff
function is given by
L,

ui(a,0) = (1 —w)o +wa_;) a; — =a;

S (3.2)

where a_; = 5 Y a; is the average action of the other agents, and w € (0, 1) parameterizes
agents’ coordinatij(iz motives arising from the strategic complementarity in their actions. We
may also interpret such a payoff function as one with investment complementarity, where the
marginal return of investment is a weighted average of the fundamental and the average in-

vestment of the others, with w capturing the investment complementarity, and the quadratic

cost may be interpreted as an investment adjustment cost from the status quo.

3.3.2. Equilibrium Analysis

To simplify the analysis, I assume there is a sufficiently large number of agents. Accord-

N

ingly, the payoff function is modified to u;(a, 9) = ((1 — w)0 + wa) a;—1a?, wherea = + > a;
i=1

is the average action. This modification is without loss of generality since a single agent’s

action is infinitesimal to the average action with finitely many agents.

Proposition 3.1. Denoting agents’ perceived population composition as ), then the equilib-
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rium action of agent i is

a’lz (1 - ¢1)M+¢1Sh, (33)

0’21 (1 - sz),u + ¢25217 (34)

where

b = (I—w)op(of + (1 —2w(l = \))o2 + 0?2) (3.5)
(02 + 02 +02)((1 —w)(oZ +02) +02) + 4w (1 — )\)O’UU%
(1 —w)o?(o? —|—(1—2w)\)0 + 0?)

(02 + 0'% +02)((1 —w)(o2 + 072]) +02) + 4w2)\(1 — )\)050727

$2 = (3.6)

An agent’s equilibrium action is a weighted average of his expectation about the state and
the average action. Consequently, his reliance on the private signal is a weighted average of
the signal informativeness about the underlying fundamental and the average action. That
is,

o1 =(1-w)p, +w <;\Ps¢1 +(1— S\)Pd@) ;

(3.7)
62 = (1= w)py + (Apadi + (1= Vi) |
0'2 0'2
where p, = # measures the signal informativeness about the state, and ps = %
v n €
0'2 0'2 . . . . .
and pg = 55772757 respectively represent within-type and cross-type signal correlations. In
v n €

other words, an agent’s reliance on the private signal is jointly determined by its fundamental
value and strategic value which are captured by the first and the second terms, respectively.
While being symmetrically informed about the fundamental, agents are asymmetrically in-
formed about the average action due to the existence of the common noise.

The extent of such asymmetry in the strategic value of agents’ private signals depends
on the population composition. In the special case where agents expect a perfectly balanced
population, i.e., \ = %, neither of the two types of agents expect to play a dominating role

in determining the average action. All agents expect to be equally well informed about the

average action, and hence place the same weight on their private signals, i.e., ¢1 = ¢o =
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(1-w)op

T2 iotTo?" The common noise is thus cancelled out in the average action. Consequently,
v n €

the average action is proportional to the fundamental, which confirms that no type has
an information advantage against the other. In the more general case where A #* %, the
majority type of agents influence the average action to a larger extent than their minority
counterparts, hence expecting to be better informed about the average action. As a result,
they place a higher weight on their private signals than their minority counterparts, i.e.,
$1 > ¢ whenever \ > 5 and ¢; < ¢ whenever A < .12

Nevertheless, agents’ reliance on their private signals does not always increase in the

expected proportion of their own types. The following proposition summarizes how beliefs

about the population composition affects agents’ subsequent actions.

Proposition 3.2. Agents’ reliance on their private signals, ¢1 and ¢, can be non-monotonic

in X when w > w? and o; < % More specifically, (ig" <0 for A € (0,\}), and
% >0 for A € (A5, 1), where wT € [1,1] and 0 < X} < 3 < X5 < 1 are defined in Appendiz
C.1.

Otherwise, ¢1 monotonically increases in A and @2 monotonically decreases in 5\, i.e.,

% > 0 and % < 0 for any X € (0,1). Moreover, when (2w — o} > o} 4 o2, there exist

0 <A < Ar< X3 <M <1 such that ¢y < 0 for A € (0,A]) and ¢ < 0 for A e (A, 1).

As discussed earlier, the belief about the population composition affects agents’ reliance
on their private signals only by changing the strategic value of private signals. When A= %,
the two groups are symmetric and the expected average action contains no sentiment. The
private signal is least informative because the individual sentiment is purely noise for pre-
dicting the average action. Conversely, when A #* %, the majority type influence the average
action more, and the aggregate sentiment goes in the same direction as their individual
sentiments. In other words, as )\ increases from 0 to 1, the expected average action is first

negatively and then positively affected by the sentiment. Thus, the strategic value of an

12n fact, since the weight on the private signal ¢; can be negative, this claim holds true in absolute values
as well. Figure 3.1(c) provides a graphical illustration for such a case.

78



agent’s private signal first decreases and then increases in the proportion of his own type.

The aforementioned non-monotonicity of the strategic value of private signals explains
why agents’ reliance on their private signals can be non-monotonic in the expected popu-
lation composition. Intuitively, the condition w > w’ ensures the coordination motive is
strong enough, so that the convexity in the strategic value of private signals dominates and
leads to an overall convexity of agents’ reliance on their private signals, as shown in Fig-
ure 3.1(a). Indeed, this condition makes forecasting the aggregate sentiment critical and
leads the extreme minority type to decrease their reliance on private signals following the
supermajority type even with an increased proportion of their own type. Otherwise, the
conventional wisdom prevails: agents always rely more on their private signals when they
anticipate a higher proportion of their own types (see Figure 3.1(b)).

More precisely, the perceived population composition affects the expected average action
both directly through the population of each type of agents and indirectly through each type’s
equilibrium action. Taking type-1 agents’ reliance on their private signals as expressed in
equation (3.7) as an example, its first-order derivative with respect to the expected proportion

of their types is

dey
d\

_ - . dey o d
_w(ps¢1 pd¢2}+)‘ps dS\ +( )‘) dj\ ) (38)

N J/

NV TV
direct effect indirect effect

While the direct effect is always positive, the indirect effect may be negative when agents
are of the minority type. The indirect effect is dominated by the majority type of agents’
response in their reliance on private signals. Since an increase in the proportion of the
minority type neutralizes the aggregate sentiment, the private signals of the majority type

become less informative about the average action. As a result, the majority type of agents

dgo

i < 0. The negatlve indirect effect dominates the

rely less on their private signals, i.e.
(02402)(202—02
202+02

positive direct effect only when w > w” and 0727 < leadmg the minority type to
dor

s <0 The latter condition also ensures that agents’

rely less on their private signals, i.e.
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reliance on their private signals is always positive. Otherwise, high uncertainty about the
sentiment leads the extreme minority type to “follow the crowd” by using their signals in an
opposite way. Decreased reliance in absolute terms then translates to an increase in ¢; (see

Figure 3.1(c)).

[ ¢ 0.00 A
02 04 06 08 104
. . )

(a) (b) ()
Figure 3.1: The Weight of the Private Signals in Equilibrium Actions

Note: The above figures demonstrate how the weight of the private signals in equilibrium actions change in

A. Fixing o7 = 1, the other parameter values are (a) w = To2=202=1% (bjw=12,02=2,02=1, and
(c) w= %, 02 = %, o2 = %, respectively.

3.4. Expression of Sentiments

In this section, we consider the situation where agents have the option to publicly disclose
their types before the coordination game is played. Formally, agents may send a message in-
dicating their types before taking the action, i.e., m; € {t;, @}.'* In addition, agents’ rational
expectations about the disclosure probability of each type requires ¢; = ¢; in equilibrium.

The belief updating rule as described above respectively correspond to a separating and
a pooling equilibria. When both types disclose with a positive probability, the underlying
population of each type fully unravels with a large number of agents, which is a manifes-

tation of the separating equilibrium.'*'® Otherwise, agents observe disclosures from only

13 Truthful disclosure is made possible due to the endogenous signaling costs created by the receiver’s
equilibrium choice of action rule (Crawford and Sobel, 1982; Farrell and Gibbons, 1989). For more details,
see footnote 2.

14When the disclosure probability is strictly lower than 1, “unraveling” only happens on the aggregate
level to the underlying population of each type, but not on the individual level to a particular agent’s type.

15 Alternatively, we may assume the prior belief is given by A~ Beta(a, B) instead of being a constant.
When the total population goes to infinity, the equilibrium number of disclosures of each type goes to infinity
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one type or see no disclosure at all, and hence the posterior belief does not update with the
observed number of disclosures. As a result, nondisclosure from one type necessarily implies
nondisclosure from the other type as well, which resembles the pooling equilibrium.

To simplify the analysis, we restrict our attention to ez-ante disclosure; that is, the
disclosure is made before the realization of private signals.!® Alternatively, we may think
of an agent’s type as his ideology which usually does not change over time and is more
persistent than his private signals. Since our focus is on the incentives of disclosure, we also
introduce a fixed cost of disclosure § > 0 so that agents’ default choice is nondisclosure. The
disclosure cost can be arbitrarily small and is hence omitted from the payoff function for
expositional brevity.

Before characterizing agents’ equilibrium disclosure decisions, I illustrate with the follow-
ing corollary that it is the combination of both the coordination motive and the fundamental

motive that gives rise to agents’ incentive to disclose their types.

Corollary 3.1. Without coordination motive or fundamental motive, agents (strictly) prefer

nondisclosure.

When there is no coordination motive, i.e., w = 0, agents have no disclosure incentive
because the average action is irrelevant to their payoffs and so is the aggregate sentiment.

Since agents of both types are equally well informed about the fundamental, they rely on their

o2

private signals to the same extent when choosing their actions; that is, ¢1 = ¢ = 35—
v n €

is the same across all agents and independent of the posterior belief about the population
composition A. When there is no fundamental motive, i.e., w = 1, agents have no disclosure
incentive either because the coordination motive is so strong that they coordinate solely on
the public information and ignore their private information; that is, ¢; = ¢ = 0 for all
agents and is again independent of the expected population composition A

When the coordination motive and the fundamental motive coexist, i.e., 0 < w < 1,

as well, and the true realization of X is revealed to all agents.
16T refer interested readers to Appendix C.2 for a discussion and characterization of ex-post disclosure
equilibrium where the disclosure of types is made after the realization of private signals.
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agents may be incentivized to disclose their types so as to boost the others’ belief about
the proportion of their own types. One exception as discussed earlier is that when ¢;q; =
0, agents expect no disclosure to be informative; hence, their posterior belief about the
population composition is independent of the number of disclosures of either type n; and
solely determined by the prior probability A\. As a result, no individual agent of either type
has any incentive to disclose; nondisclosure, i.e., m! = ) and ¢; = ¢» = 0, can always
be sustained as an equilibrium which I refer to as the no-disclosure equilibrium or pooling
equilibrium.'™ For the following analysis, I therefore focus on the disclosure equilibrium where

q1q2 > 0.

3.4.1. Equilibrium Disclosure Strategy

Consider an agent’s expected payoff given the disclosures from each type:

JN 1
E[ui|ti§ <n1,n2), qi, q2] =K {Ea?

o 1
ti;<n1an2>7Q1>QQ:| = §(M2+(03+02+062)¢?>7 (3.9)

where ¢; is defined in equations (3.5) — (3.6). By deviating from his equilibrium disclosure
strategy, the agent is only able to marginally affect the other agents’ posterior belief about
the population composition by making one more or one fewer disclosure. He then adjusts
his own action accordingly in response to the change in the other agents’ action, hence the
average action, following his deviation. On the other hand, his off-equilibrium disclosure
decision does not affect his own posterior belief. With sufficiently many agents, the agent’s
posterior belief about the population composition converges to the prior probability A by the

central limit theorem.'® More formally, suppose following his deviation from the equilibrium

1"The no-disclosure equilibrium is not neologism-proof whenever it coexists with a disclosure equilibrium.
For more details, see Farrell and Gibbons (1989) and Farrell (1993).
I8]f X is a random variable ez-ante as described in footnote 15, then the left-hand-side of the IC constraints
dE; [wjt:]

d¢; ]
(<D U VN verl

(2 2 2 4oy

- (Uv + Oy + Ue)E)\ |:¢Z aN
which admits no closed-form solutions due to the complexity in the nonlinear moment function. Alternatively,
we may view the conditions we derive in Propositions 3.3 as one class of distribution whose probability

is
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disclosure, the agent’s posterior belief stays unchanged at A, but the other agents’ posterior
belief becomes X', then the deviating agent’s best response in terms of his reliance on the

private signal ¢} is

¢ = (1 = w)py +w (Apsdr(N) + (1 = A)paga(N))

¢y = (1 —w)py +w (Apad1(N') + (1 = X)psga(N))

(3.10)

respectively. As discussed earlier, the first term of the above expression captures the funda-
mental value of private signals, and is independent of the expected population composition.
The second term captures the strategic value of private signals, where ¢;()\’) represents the
other agents’ action, which is given by Proposition 3.1, with the adjusted posterior belief \’
due to the agent’s deviation from his equilibrium disclosure strategy.

The assumption of finitely many agents simplifies the analysis of the agents’ disclosure
decisions by rendering the effect of each agent’s disclosure on the other agents’ posterior belief
marginal and consequently his disclosure incentive independent of the total population. That

is, the incentive compatibility constraints for disclosure are

dE, [u); do,
Bl _eiraet] s
d [ / ] )\/:)\ d¢/ )\l:A (IC>
Ko |us, ) 2 2 2
| = (o, + o, + 07) ¢2 |, < 0.

A disclosure equilibrium exists only when the above IC constraints hold for both types,
which is analogous to the single-crossing condition in signaling games. The following lemma
establishes how the deviating agent’s action is affected by his deviation through its marginal

effect on the other agents’ posterior belief.

Lemma 3.1. When o < o, there exist 0 < A} < A< 1< N < X5 < 1 such that

a2 g g
|y < 0 for A € (0,\), and |y 0 for A € (AL, 1). Otherwise, T s > 0 and

density is sufficiently concentrated around A among all potential distributions that allow for the existence of
a disclosure equilibrium.
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% Vs < 0 for any X € (0,1).

Similar to all agents’ common belief as described in Proposition 5.2, the population
composition affects an agent’s equilibrium action only through the strategic value of his
private signal. But since a deviation from an agent’s equilibrium disclosure strategy changes
only the others’ belief about the population composition, it affects the strategic value of his

private signal only indirectly through others’ reliance on their private signals; that is,

dér :w()\ %Hl—A) dd)z). (3.11)

dN

Ps I Pda

A=A

In order for the minority type to rely less on their private signals following an increase in the
other agents’ belief about the proportion of their type, we only need the indirect effect to be
negative, which is a less stringent condition compared to that in Proposition 3.2. The indirect
effect may be further decomposed as a weighted average effect on the action of each type.
When the population composition is perfectly balanced, the two types change their reliance
on private signals to the same extent but in opposite directions. However, since within-
type signal correlation p is always higher than cross-type signal correlation pg, the indirect
effect is positive. When the population composition is relatively unbalanced, the indirect
effect is dominated by the majority type’s response in their reliance on private signals. In
particular, the majority type decreases their reliance on private signals drastically following
an increase in the minority population. The condition 02 < o2 ensures that the cross-type
signal correlation py is positive. As a result, the negative effect through the majority type’s
action translates to the minority type’s decreased reliance on their private signals.
Recognizing the consequence of an agent’s disclosure (nondisclosure) on his reliance of
the private signal due to its impact on the others’ belief, we now proceed to characterize

agents’ equilibrium disclosure strategy.

Proposition 3.3. Agents of both types fully disclose in the disclosure equilibrium. More

specifically, there exist )\I, )\f € (0, %) and )\; A% € (%, 1) such that:
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i) if 2w — 1)o2 > 02 + o2, then
(i) if ( n >0yt o

(a) when )\J{ <A< )\E, m; =t q1=q=1;

(b) when \ < )\J{ or A > )\g, there does not exist a disclosure equilibrium;

(i) if o} < o7, then

(a) when \Xf < X< Xy, mf =t;,q1 = qp = 1;

(b) when \ < )\i or A > )\g, there does not exist a disclosure equilibrium;
(iii) otherwise, m! =t;,q1 = qo = 1.

As implied by the IC constraints, agents prefer to disclose their types whenever such dis-
closure induces them to rely more on their private signals. Intuitively, the more informative
an agent’s private signal is about the aggregate sentiment, the more he relies on the private
signal, and the more valuable his information is. Because the marginal effect of a disclosure
on agents’ use of their private signals is the same to all agents of the same type, they make
the same disclosure decision. Thus, there is either full disclosure or no disclosure, but not
partial disclosure, from each type.

Moreover, the only disclosure equilibrium is the full-disclosure equilibrium, i.e., ¢ = ¢ =
1. Recall that when agents observe disclosures from only one type, the posterior belief does
not update with the number of disclosures. Hence, nondisclosure from one type necessarily
implies nondisclosure from the other, even though agents of the other type would have an
incentive to disclose if their disclosure could affect the others’ posterior belief about the
population composition. Therefore, a disclosure equilibrium can only be sustained when
agents of both types strictly prefer disclosure. In other words, the full-disclosure equilibrium
exists only when (i) all agents use their private signals in a positive way, and (ii) agents’
reliance on their private signals increases in the others’ posterior belief about the proportion

of their own types. Table 3.1 below provides a summary of the sign of agents’ reliance on
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their private signals and how such reliance changes in the others’ posterior belief in various

cases.

Case A 01 déy 103 ddy

dx dx

0,\) - + + -

@O LA + o+ + -
Ay o+ - =
0,\) + - + -

@ L) + + + -
A\ + + o+ +

(i) (0,1) + + + -

Table 3.1: Summary of the Signs of ¢; and %’% in Different Cases for Different \'s
=X

Note: The indices of cases are consistent with Propositions 3.3. More specifically, the above cases correspond
aﬁ+a’€2
2w—1"

to parameter regions where (i) (2w — 1)o7 > o7 4 02, (ii) 07 < 0, and (iii) w > # and 02 < op < or

w< % and 0727 > 03, respectively.

Since the posterior belief about the population composition converges to the prior prob-
ability A in any disclosure equilibrium, the satisfaction of the above conditions is contingent
on parameter values as well as the prior probability \. More specifically, in the first case
where (2w — 1)o7 > o7 + o2, condition (ii) is always satisfied, but condition (i) is satisfied
only when the population composition is expected to be relatively balanced, i.e., )\I <A< )\g
(see Proposition 3.2). Otherwise, the strong coordination motive will induce agents of the
extreme minority type to use their private signals in an opposite way as the strategic value
of private signals dominates their fundamental value. This results in nondisclosure of the
extreme minority type and consequently nondisclosure of the other (supermajority) type as
well.

On the contrary, in the second case where O'% < 02, while condition (i) is always satisfied,
condition (ii) is satisfied only when the population composition is expected to be relatively

balanced, i.e., A\l < A < A} (see Lemma 3.1). Otherwise, the convexity of the informativeness

of private signals about the average action can lead the agent of the extreme minority type
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to rely less on his private signal following an increase in the others’ posterior belief about
the proportion of his type. This results in nondisclosure of the extreme minority type and
consequently nondisclosure of the other (supermajority) type as well. Lastly, in the third
case, both conditions are always satisfied regardless of the expected population composition.
Hence, the full-disclosure equilibrium always exists.

Indeed, both types always have an incentive to disclose their types when the population
is relatively balanced. In the special case of a perfectly balanced population, i.e., A\ = %,
the two types of agents adjust their reliance on private signals to the same extent but in
opposite directions following a change in the perceived population composition. Since within-
type signal correlation is always higher than cross-type signal correlation, an agent is always
induced to disclose his type in order to increase his reliance on the private signal (see equation
(3.11)). When the population is relatively unbalanced, the minority type may no longer have
an incentive to disclose. To see this, consider the case where the population is extremely
unbalanced, i.e., A = 0 or A = 1. Since the majority type decreases their reliance on private
signals following an increase in the minority population, less sentiment gets incorporated
into the average action. When the minority type’s initial reliance on their private signals are
of the same sign as the cross-type signal correlation, this results in decreased strategic value
of the minority type’s private signals and hence their nondisclosure.

To illustrate the validity of a large number of agents as a simplifying assumption, an
example of two agents is provided below. Indeed, the analysis with a large number of agents

provides a sufficient but not necessary condition for the existence of a separating equilibrium.

Example (N = 2). In a separating equilibrium, we have

1-w)oy e,
¢s = W ift; =t;,

b =

— (17“’) v :
o = (1-w)oi+(1+w)o+o? if t; 7 t;.

Recall from equation (3.9) that an agent’s ex-ante expected utility increases in his (ex-
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pected) squared reliance on the private signal, hence a separating equilibrium can be sus-

tained if and only if

Ap; + (1= Ny > 67 and Agg+ (1 — N\)g; > 3,

which is always satisfied around A\ = %

Suppose t; = 1, note that ¢, = ¢;(1). By the convexity of ¢; and hence ¢? (see Propo-
sition 3.2), the relative magnitude of A\¢? + (1 — \)¢?2 to ¢? then depends on that of ¢ to
(61(0))%.1 More specifically, if ¢2 > (¢1(0))?, then A2 + (1 — N)¢2 > ¢2 for any A € (0,1);
otherwise, there exists 0 < A y_, < 3 such that A¢2 + (1 — N)¢ < ¢ for A < A{ y_,, and
AQ2+ (1= N)p7 > ¢ for A > Al y_,. The case of t; = —1 is symmetric to ¢; = 1 about A = %

and thus follows the similar analysis.

To conclude, pooling equilibrium is the only equilibrium when A < Af Neg OT A > /\2T’ Ne2s

e s tol+y/(03+02)(03+502
where 0 < Ay p < 3 < Ay < 1, if (i) o) > 2 (73 +o2)(od+502)

T
5 " 5 and w > wy_s

2 2

2 2 2
T o T 35 i_ 2 2 Oy +o,+0¢ .. .
where wii_, = (/o0& — 20202 + 50} — 02 — 07) 5oat—s > % or (ii) 02 < o5. Otherwise,

1
n/) 202(02—02) 2

separating equilibrium is the only equilibrium.

Comparing with Proposition 3.3, the conditions under which there exists a pooling and a
separating equilibrium are the same qualitatively. Moreover, the conditions for the pooling
equilibrium to be the only equilibrium are more stringent in the two-agent example than the
sufficiently-many-agent example. In other words, the analysis with a large number of agents

provides a sufficient but not necessary condition for the existence of a disclosure equilibrium.

3.4.2. Disclosure Region

By Jensen’s inequality, agents’ ex-ante expected payoff with disclosure is always higher

than that without disclosure. In other words, with negligible disclosure costs, the full-

19To be more precise, it is possible that ¢2 > (¢ (0))? yet ¢? is concave for small values of X\. Nevertheless,
ApZ + (1 — \)¢3 > ¢% for any A € (0,1) whenever that is the case. Therefore, the concavity of ¢7 does not
affect our following analysis.
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disclosure equilibrium is Pareto superior to the no-disclosure equilibrium. The intuition is
that information about the exact realization of population composition facilitates coordina-
tion among all agents. Accordingly, we examine how the disclosure region is affected by the

information structure and the coordination motive.

Corollary 3.2. The disclosure region may expand or shrink with the information structure

and the coordination motive. More specifically,
(i) if (2w —1)o2 > o7 + 02, then AT = A =M and

dAT daf dAT
(CL)T'%>O <O,T‘g>0;

’ do?

(b) dAaf <0;

“dw
(i) if o} < o7, then At =2 - A}, and
: : :
(a) Gz <O,% >0, 507 > 0;

(b) A% <,

The information structure affects the disclosure region through agents’ reliance on their
private signals. When (2w — 1)o7 > 07 4 07, an agent prefers to disclose his type only when
he uses his signal in a positive way. Thus, whether the disclosure region expands or shrinks
following a change in the information structure depends on whether such a change increases
or decreases agents’ reliance on their private signals. Since higher prior uncertainty increases
both the fundamental value and the strategic value of private signals, it makes agents rely
more on their private signals and hence more inclined to disclose their types.

Although both cross-type and within-type heterogeneities render a private signal noisier
about the fundamental and hence reduces its fundamental value, they have qualitatively
different effects on the disclosure region due to their different impacts on its strategic value.
More cross-type heterogeneity increases within-type signal correlation, but decreases cross-
type signal correlation. Consequently, when the agent is of the minority type, it decreases

both the fundamental value and the strategic value of his private signal and results in a
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smaller disclosure region. Conversely, more within-type heterogeneity increases the strategic
value of his private signal by attenuating the negative cross-type signal correlation. Moreover,
this positive effect on the strategic value of private signals dominates the negative effect on
the fundamental value of private signals. The overall positive effect makes agents more
inclined to disclose their types and thus results in a larger disclosure region.

When o7 < o7, the effect of a change in the information structure on the disclosure
region depends on how it changes the importance of the population composition in agents’
investment decisions. Intuitively, as across-type or within-type heterogeneity increases, the
strategic value of private signals becomes more important. Thus, the impact of disclosure
on the others’ actions gets larger, inducing more disclosures. Conversely, prior uncertainty
about the fundamental has an opposite effect to that of both cross-type and within-type
heterogeneities. Higher prior uncertainty induces agents to use their private signal more
towards forecasting the fundamental, which makes the population composition less important
in agents’ investment decisions and hence results in fewer disclosures. This result implies
that there can still be heated discussions on some social topics even as more information
about the fundamental becomes publicly available.

In a nutshell, although the effects of within-type heterogeneity are qualitatively the same
in part (i) and part (ii) of Corollary 3.2, their intuitions are quite different. Nevertheless, in
both cases, a stronger coordination motive leads to a tighter disclosure region. Intuitively, as
the coordination motive becomes stronger, agents are inclined to rely more on the common
prior rather than their private signals in making investment decisions, which makes the
aggregate sentiment and hence the population composition less important. As we see from
Corollary 3.1, in the extreme case where there is no fundamental motive, the coordination
motive is so strong that agents rely solely on the common prior belief and ignore their private

information in making their investment decisions.
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3.5. Additional Applications

3.5.1. Board Composition

The main model can also be applied to settings of collective decision-making by the board
of directors in corporations where the coordination motive may be interpreted as pressure
for conformity.?? This section examines how board composition should be optimally chosen
to maximize the efficiency of the average action. Defining action efficiency as the inverse
of the expected squared distance between the average action and the fundamental, i.e.,

AE = the following proposition indicates that a perfectly balanced board is not

1
E[(5-a)?]”

necessarily optimal all the time, and neither is an extremely unbalanced board.

Proposition 3.4. The efficiency of the average action is maximized at X = % if w < .
Otherwise, it is mazimized at X € {0,1} if 02 < 62, or at A € {\E, \2E}, where 0 < ME <

% < M < 1 are defined in Appendiz C.1, if 02 > 62.

Population composition affects action efficiency through the loadings on both the funda-
mental component and the common noise component in the average action. The conventional
wisdom suggests that action efficiency should be maximized when the population composi-
tion is perfectly balanced, i.e., A = % The two groups of agents are symmetric and use their
private signals to the same extent. The average action thus carries no common noise, i.e.,
a =+ ¢(0— pu) where ¢ = % However, agents’ reliance on their private signals
decreases in the coordination motive. In the extreme case where there is no fundamental
motive but only coordination motive, agents coordinate solely on the public information and
ignore their private information, which makes the average action not informative about the

fundamental at all. Therefore, the seemingly intuitive result that action efficiency is maxi-

mized with a perfectly balanced population composition holds only when the coordination

20 According to one director, “Groupthink is one of the greatest problems boards face” (Leblanc and
Gillies, 2005). Among others, Sonnenfeld (2002) conducts case studies of conformity in the boardroom,
and Schwartz-Ziv and Weisbach (2013) provide empirical evidence on the rareness of dissension in boards
by examining board minutes of Israeli companies. See also Malenko (2014) for a discussion on different
microfoundations for conformity.
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motive is sufficiently low (see Figure 3.2(a)).

Conversely, when the coordination motive is relatively high, the optimal population com-
position hinges on the prior uncertainty about the fundamental. Ideally, we would like to
maximize the loading on the fundamental component and minimize the loading on the noise
component in the average action. Yet the two loadings go hand in hand: they are both min-
imized with a perfectly balanced population and maximized with an extremely unbalanced
one in absolute terms. When there is sufficient prior knowledge about the fundamental,
investors’ reliance on their private signals is relatively low. This bounds the aggregate sen-
timent that could potentially be incorporated into the average action, and maximizing the
loading on the fundamental component becomes a major concern. Hence, in contrast to
Figure 3.2(a), action efficiency is instead maximized when the population composition is
extremely unbalanced, but minimized when it is perfectly balanced in Figure 3.2(b). With
an extremely unbalanced population composition, the two loadings are both maximized and
equal to each other, i.e., a = pu+ ¢(0 £ 7 — ) where ¢ = %

On the other hand, great uncertainty about the fundamental increases the usefulness of
private signals and induces investors to use more of their private signals. Since great uncer-
tainty about the fundamental attenuates agents’ underweighting of private signals caused by
coordination motives, it is beneficial to decrease the loading on the noise component to some
degree at the expense of a simultaneous decrease in the loading on the fundamental com-
ponent. By symmetry, there exist two interior optimal population compositions, A*¥ and
M3 where the marginal benefit of decreasing the loading on the noise component equals the
marginal cost of decreasing the loading on the fundamental component (see Figure 3.2(c)).

The above result on action efficiency may shed some light on the optimal board com-
position in corporations. For example, in the context of a takeover, a board that includes
both insiders, who are biased against the takeover, and bidder representatives, who are bi-
ased in its favor, can jointly make a more efficient decision than a board in lack of variety,

especially when they know little about the target’s value. Nevertheless, a perfectly balanced
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(a) Inverted U-Shaped (b) U-Shaped (c¢) Double-Humped
Figure 3.2: The Efficiency of the Average Action

Note: The above figures demonstrate how the efficiency of the equilibrium average action changes in the
population composition. The parameter values are (a) w = 5,02 = 1,03, = é,az =1, (b)w= 1 02 =

32 v € 32200
1 2 _ 1 2 _ 17T 21 2 _ 1 ,2_ T :
5,05 = 5,0c =1, and (c) w = 55,0, = 1,07 = 1,07 = g7, respectively.

board between insiders and bidder representatives may not be optimal either, when board
members have a strong preference for conformity. Essentially, unbalancedness encourages
board members to contribute their ideas in the decision-making process, and diversity limits
how their own sentiments can bias the joint decision. This prediction is consistent with
the empirical evidence documented in Coles, Daniel and Naveen (2008) that firm value is
non-monotonic in board structure. Combined with the results from the previous section,
they jointly indicate a positive association between the efficiency of board decisions and the
frequency of board meetings over which board members may freely express and communicate

their polarized sentiments.

3.5.2. Price Volatility

This section extends the main model to incorporate an endogenous price. Interpreting
the fundamental in the main model as the growth opportunity of a firm, the market maker
then sets the price at his conditional expectation about the asset-in-place, whose value is

identical to the growth opportunity, given the aggregate demand from the traders. That is,

()\<Z51 +(1 - )\)¢2)03
(A1 + (1= N)a) 02 + (Ad1 — (1 — X)) “2

P =E[pla] = p+ (@—p), (3.12)
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where a = pu+ A1 (51 — p) + (1 — N)p2(52 — p) and ¢;’s are as defined in Lemma 3.1. Such a
price may be justified with a separation of the asset-in-place from the growth opportunity,
where the asset-in-place is publicly traded but the growth opportunity is not (see, e.g.,
Subrahmanyam and Titman, 1999; Foucault and Gehrig, 2008; Goldstein and Yang, 2017).
Alternatively, we may interpret the agents in the main model as financial analysts who not
only aim at maximizing their forecast accuracy but also want to minimize their deviation

from the consensus forecast made by the other analysts due to reputation concerns, and then

the price is determined by the conditional expectation given the average forecast.?!
Proposition 3.5. The price volatility is symmetric about and maximized at N = % In
particular, when (2w — 1)o7 > o7 + 02, dvar(P <0 for A€ (0,4 (1 — —gg+(1::;ag+ag>)7 and
dvar( >0 for XA € (3 (1 + %) ,3); otherwise, dvar(P >0 for XA € (0,3).

Var(P) Var(P)

0.5+

05

0.4+

0.3+

02r

0.1

02 04 06 08 10 H 02 0.4 0.6 08 10
(a) Inverted U-Shaped (b) U-Shaped
Figure 3.3: Price Volatility
Note: The above figures demonstrate how price volatility changes in the population composition. Fixing
2 -1 the coordination motive is set at (a) w = § and (b) w = I, respectively. Price

1 62 =2 and o2
0y, =73, 0,=2an 06—20,
volatility is minimized at A = 0 and A = 1 on the left panel, but at A = 0.16 and A = 0.84 (highlighted by
the red dashed lines) on the right panel.

The intuition for why price volatility is highest when the population composition is
perfectly balanced is straightforward. It is well known that prices are more volatile when

there is more information.?? As discussed earlier, the common noise is cancelled out in the

2lFor example, Hong, Kubik and Solomon (2000) document empirically that controlling for forecast
accuracy, analysts are more likely to be terminated for forecasts that deviate from the consensus.

22Essentially, by law of total variance, price volatility in our setting is equal to the prior uncertainty about
the fundamental minus the residual uncertainty given the average action, i.e., Var(P) = 2 — Var(?|a).
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average action at A = %, which renders the average action fully revealing of the fundamental.
The price is then set exactly equal to the fundamental and reaches its highest volatility,
i.e., Var(P) = ¢2. This result is consistent with the empirical observation on the positive
association between message volume on social media and price volatility (see, e.g., Das and
Chen, 2007; Antweiler and Frank, 2004). Instead of justifying such relationship with the
presence of noise traders whose actions also induce market volatility (Antweiler and Frank,
2004), my setting provides an alternative explanation by showing that a relatively balanced
population composition may be an omitted variable that leads to both stronger incentives
for expression of sentiments (see Proposition 3.3) and a higher price volatility.

A counterintuitive observation is that price volatility is not necessarily lowest when the
population composition is most extreme, but rather when the two groups are somewhat
unbalanced. As demonstrated in Figure 3.3, when (2w — 1)0727 > 02 + 02, price volatility is
minimized at A\ = 3 (1 — M) €(0,2)and A\ =1 <1 + M) e(i1).

2 2 )
woy woy 2

Recall from Proposition 3.2 that strong coordination motive can induce agents of the minority
type to use their private signals in an opposite way when the across-type heterogeneity is
high. Such a negative reliance on the private signal simultaneously decreases the loading
on the fundamental component and increases the loading on the noise component in the
average action. Hence, it renders the average action less informative about the fundamental

and leads to a lower price volatility.

3.6. Conclusion

Polarized beliefs have been pervasive in various social and political contexts (see, e.g.,
Baldassarri and Gelman, 2008; Fiorina and Abrams, 2008). On one hand, media and polit-
ical interpreters of American politics have been promulgating a polarization narrative since
the early 1990s. On the other hand, prior literature shows that belief polarization can arise

endogenously in the long-run with persuasion bias (DeMarzo et al., 2003) or rational inat-
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tention (Nimark and Sundaresan, 2019). Yet there is little work examining the implications
of belief polarization. This paper thus attempts to fill the gap by examining individuals’
strategic expression of their polarized sentiments and the efficiency of their joint action under
varying degrees of polarization in a setting with strategic complementarities.

Although sentiments are value-irrelevant in the sense of being uninformative about the
common state of nature, they are payoff-relevant in the presence of strategic complemen-
tarities or conformity bias. Individuals express their polarized sentiments not aiming at
manipulating the others’ beliefs about the fundamental, but to influence subsequent actions
of the others in a way that maximizes the value of their own information in forecasting the
others’ actions. In addition, the analysis on individuals’ subsequent actions sheds some light
on the optimal composition of corporate boards or state legislatures such as a congress and
a parliament in terms of maximizing the efficiency of the aggregate decision made by their
members. The result implies that a diverse yet unbalanced board or legislature can jointly
make a more efficient decision, especially when the coordination motive is strong but little
is known about the underlying state.

The framework set up in this paper also opens up many new opportunities for future
research. One direction is to endogenize belief polarization in the presence of coordination
motives, perhaps as a consequence of private communication with endogenous communica-
tion networks. Moreover, as implied in this paper, expression of polarized beliefs may have
substantial implications on trading volume and price efficiency in a trading model with en-
dogenously determined prices. Another interesting direction is to allow for disclosure about
both the fundamental uncertainty, i.e., private signals, and the strategic uncertainty, i.e.,
polarized beliefs, and see how they interact with each other and if Pareto optimality can be

achieved.
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Appendix A

Proofs to Chapter 1

Proof of the Pricing Equation. The price of each firm given all available information 7 =
{si}icjo,1) follows a strict factor structure. As shown by Al-Najjar (1998), strict factor struc-
ture and no-arbitrage imply that for almost every asset (or a portfolio of assets) i with payoff
i,

E[0)Z] = P, + F

where P; is the price of asset i, the constant F' is the factor price, and by assumption, the
loading on the factor F'is 1 for all assets in our setting. Given the above relationship between
price and return, the payoff of holding any portfolio is a (weakly) mean preserving spread of
the payoff to the market portfolio.! The price of market portfolio P,, must clear the market

such that
a+ERQZ] — P,
prVar(7|Z)

=1,

which gives the risk factor F' = p;Var(n|Z). Hence, the risk-averse investors are only com-

pensated for bearing non-diversifiable risks, and the price of firm i is

P, = E[§|Z] — F = E[§,|Z] — prVax(ij|T).

!The argument resembles the two-fund separation theorem in Ross (1978) and Connor (1984).
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]

Proof of Lemma 1.1. Given investors’ conjectured levels of effort a; and a for firm ¢ and the

economy-wide average, respectively,

P;(si, 5) = E[6:|T] — p;Var(q|T)

= &; + E[5i|s; — 3] + E[fi|5 — 4] — p;Var(ii|5 — a)
Te Te _ 1

(Sz—(_l)—i— .
Ts + Te Ty + Te Ty + Te

=q; +

In equilibrium, a; = a; for all firms, where

1
a; = argmax E[P;] — %Var(ﬂ-) - QG?

aq

. T, 1 1 7. 1 1
=a; + ¢ (&i—EL)—p[ —IO—E(— + — ¢ )——CL?
Ts + T¢ Ty + Te 2 \1y Tyt Te T5Ts+T: 2
_ T
s+ Te
O
Proof of Proposition 1.1. From equations (1.11) — (1.12), we have
dCE; 1 -\’
. - >0, (A1)
de T2 \7y)+Te
de Ot dc or. dc
2,2 2 2 2
1 5T PE Te Te Te
N A - s C(A2)
T (75 + T¢) 2 Ts + Te Ty + Te Ty + Te
—— N L, N——
market monitoring pric?}rrisk risk premium
effect effect effect

where 7. = 7.(c) and 7¢ = 7¢(c) are defined in equations (1.5). It follows that sgn (4522) =
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1 _ 2
O(c) = —( )7
(I—c)rs+7
Let @, (c) = 2,0
272

lim @, = —%— —
Cl_f)% 1 P PE
c—1

As a result, we have lim ®; > lim ®, if and only if pg >
c—0 c—0

(1 —c)¢5+rr

e — (20, —
pe — (2p1 PE){ P

2
— pr and ®y(c) = (2pr — pE) [(1_6)—””] , then

cTy+T

lim @y = (2p; — pg)

c—0

Ts +T 2
T
2
.
(Tn“’T) '

2(7‘5-‘1—7‘)3p[—27'27'52
75 (Ts+7)(Ts4+27)

c—1

and lim ®; <
c—1

lirr% ®, for any pg,p;r > 0. Hence, ¢ = 1 is not desirable for the entrepreneurs. Next, we
c—

characterize the conditions when the entrepreneurs prefer an interior level of comparability.

Observe that

0P 77} <0,
dc (1 —¢)75 + 7]
2(1) 3
0 21 _ Ty <0
dc (1 —¢)1s + 7]
0P, (I1—c)ms+7
2 9 (e —9p ) V0T
o (pE — 2p1) et 1) [TyTs + T(70) + 75)]
0D
= sgn (6—62) = sgu(pr — 2p1),
0?®, 7s(cry, + 1) + 37 [(1 — ¢)75 + 7]
= 2(2p; — ! .
502 (2p1 — pE) CXTL [Ty Ts + T(T) + 75)]
0*d
—> sgn ( 0022> = sgn(2p; — pE).

When pg > 2p;, ¢ € (0,1) if pp > >

When PE < 2p[,

2(T§+T)3p1—2T2T52 .

W) it e > S

Sy - 2(rs+71)3pr—27272
() i pp < S e e

(15+7)3pr1 —27’27'52 .

. .
W, otherwise Cp = 0.

then ¢}, € (0,1); and

if ®1(c) < Py(c) Ve € [0,1], then ¢}, = 0; and if &y(c) =
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®,(c) has two interior solutions 0 < ¢k < ¢% < 1 where c}; is the local minimum

and c% is the local maximum, then ¢ = 0 or c%.

O
Proof of Proposition 1.2. Given the standard setter’s objective function, let
_dw dCEg dCE;

Whenever c}; is interior, evaluating the first-order derivative at ¢ = ¢}, yields

. dCE;
A(cg) =w oy > 0,

— %
C—CE

implying ¢* > ¢}, since CE; is monotonically increasing in c.
Next we derive the condition under which ¢* admits an interior solution. Rewriting the
certainty equivalents of the two constituents as functions of ¢, suppose to the contrary that

¢* =1, then for any ¢ € (cj;, 1), we have

(1 - w)CEx(1) + wCE;(1) > (1 — w)CEx(c) + wCE;(c)
CEg(c ) CEE(l)

= w>h= su CEE(C) CEgp(1)
T e cpl CEg(c) — CEg(1) + CE;(1) — CE;(c)

— w>

since CEg(c) — CEg(1) > 0 and CE;(1) — CE;(c) > 0 by the proof of Proposition 1.1.

Further note that by L’Hopital’s rule, we have

) CEg(c) — CEg(1) . CEy(c)  CER(1)
1~ CEp(c) — CEg(1) + CE/(1) — CEf(¢)  eni- CEp(e) — CEj(e)  CEp(1) — CEj(1)’

Since CE};(1) < 0 and CE/(1) > 0, we conclude that & € (0,1).

To see that & > £, we plug in w = 2 and evaluate A(1), which yields A(1)|w:% < 0.
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Now we proceed to examine how the interior ¢* changes with respect to w. When ¢* €

(0,1), we have

oA dCE; dCEg
—_— = — >0
aw c=c* dC c=c* dC c=c*
since dg% . >0and d(fiﬁ‘ _ . < 0. Further note that %—A| _ . < 0 by local concavity.
c=c c c=c C lc=c

Therefore, by implicit function theorem,

* OA
dc o 50
dw 24 :
80 c=c*

]

Proof of Corollary 1.1. The proof follows immediately from the proof of Propositions 1.1
and 1.2.
m

Proof of Corollary 1.2. Plugging in equations (1.11) — (1.12) to the standard setter’s objec-

tive function, we have

2
T, 1 T, 1 7 1 7 2 — 3w 1
W=(1l-w) . : o N - - 3 :
s+ T 2\ 75+ T 2 \1s15+T1 T, T+ T 2l —w) "1+

Comparing to expression (1.12) and following the proof of Proposition 1.1, we have sgn (%) =

sgn (I'(¢)), where

() = o oo (2_3wm —pE> {mr

(I1—=0c)1s+7 l—w T+ T

and that when ¢* € (0,1), if pp > 2%p;, then ¢* is the only critical point; otherwise, ¢*

is the only critical point or ¢* = ¢y where 0 < ¢; < ¢3 < 1 are the two critical points. By
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implicit function theorem,

dc* a de* or for o € { )
= — 3% = sgn =sgn | — or x To, Ts, T
dz gI; o g dz g Oz e PrI, PE, Ty, Ts, )

since g—g wee < 0 by local concavity. In particular,

or 2—3w [(1—c)rs+7]° . dc* 2
— =— sgn =sen|w——|;
OPr1 | o 1—w Ty + T & dpr & 3)7
or _ Tt T (1—0*)T5+T+1 ‘

OPE | pepe  CTy+T \ Ty + 75 Ty T

T T2
Note that sgn (F(C*) -T (#Lé)) = sgn (%p[ — 2%), then

(i) if w > 2, then ¢* > 2

Tn+T75"’

2(1—w) TS
2—3w TyT5+T(TH+Ts

75
Tn+Ts "

(i) if w < %, then when p; < 7, we have ¢* > Otherwise, plugging

T(T+7s5)% ((T(Tn-i-T(;)-‘rTnTg)pE +72 (T—27’n))
(T(rg+7s)+7n7s)* ’

2(17&)) 7—7]7_3
2—-3w TyTs+T(Ty+75)’

we have _gr| 5 = —
cle=—10__
™+7s

implying sgn ( —2— — ¢*) = —sgn [ &L — son __Tiem-T)
Py g g T o g dc C:‘rnzf‘r& N g pE T(Tﬁ+75)+7_n7_5 ’

in py =

: 2 dc* . 2 2(1-w) TS
To conclude, if w > £, then dn < 0; if w < 5, then when p; < S—= )
de* i 2(1—w) Tn7'52 dc* 73(2777*7') de*
dn < 0; when p; > 5=~ s s S Pl 0 for pp < P o, . and don > 0 for

2
75 (27 —7)
pp > -
T(Tp+78)+TnTs

2 — 3w 1—c*7+7’2 c*
(222, ) [on]

1—w T+ T Ty + T

dc* 2 — 3w
= sgn 1 = sgn Pr—PE ),
T 1l—w

o
or,

or (1—c*)r5+ 27 ( 2 — 3w > (1—c)ms+7
T =2 -—e)r + (ps —
75| ( ){ M=+ P T1=w™) (e 70
de* 2 — 3w
= >0 when pg > pr-
dT5 1—w
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) since gdd_w . <O0.
c—=c* c dc le=c

When pp < &pb sgn (d76> = sgn (8‘35 dc{f

o dW

22(1 — )75 — 7] [ Ts T,
_—— =(1-w)rd =2 — + 1
dc de | ( ) { (1= c)rs+ 7] o (1—c)s+7° (e +7)3
2 — 3w Ty
P17 <0
l—w'  (c 7},—1—7’)3}
2— 3w T 73[2(1—(:*)75—7} T Tg[Q(l—C*)Tg—T]
—w PTG, 173 —c*)rs+7]2 PE Gy tr —c*)7s+7]
— pp > T T el PR T ey
[(A—c*)rs+7]° + (c*my+7)3 [(1—c*) 547 + (c*my+7)3
N - 20 = )5 — 1
-
PE o (I1—c)1s+7
o dWw (1 —c*)
=(1—-w (1—C*T+T - 1—c*7’—27>
o de |~ T A ey T I Tl =l = s =)
1 _ *
(1 =)= ->0
[(1— )15 + 7]
dc* 2 — 3w
— >0 when pgp < Pr-
d7'5 1—w
or 2 — 3w (1—-c)ms+7 (1—c*)r?
— =2 — () +75) — 75 — 2
=2 e T ) e T ) -2
Nrs+T 2 c*(tn+T, T,
FOC (pe — 522p1) [(1;07,7)4;5: ] [2 (cnj -(:-)7' t+ 1 —pe
N (I—c)s+7

2
Note that [(1_6)7‘5”} [QC(T"M‘S)_” + 1] < 1 with the upper bound achieved at ¢ = -2

cTn+T cTp+T Tn+Ts

Hence, 9 < 0 if w <3 2 and pp > 2= 3”,01. m

Proof of Corollary 1.3. The proof follows immediately after plugging in equations (1.5). [

Proof of Lemma 1.2. Recall that the price of each firm given all available information Z =
{skj}ie[oé] req1,2y follows a strict factor structure. The risk premium is determined by the
non-diversifiable risk of market portfolio, 77 + = (771 + 72). Denote X, and X, as the 2 x 2
variance-covariance matrix of {7+, 7+ 72} and {51, 2}, respectively, and X, as the 2 x 2

covariance matrix of the two sets of variables. Then given investors’ conjectured levels of
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effort a,; and a; for firm 4 and the group £ average, respectively,

—_

Pk,i(sk,iy Sks =§k’) = E[ék,i|z] - pIVar(ﬁ + —(771 + 772>|I)

N}

T&s

= Ak, (8k, — k) + bir(5k — ax) + b (S — ar) — pymT3,m,

T, T T

where m is a 2 x 1 vector with % in each element that denotes the mass of each group, and
the coefficients on the average signals and the residual uncertainties about the undiversifiable

common shocks {7+ 7y, 7 + 72} are:

. 1 1 | 7a ((Tn + Tm)(Tn2 + Tey) + T7727—52) T Tna Tea
(bij)2><2 = Znszs - E
T TnaTey Tea ((Tn + T ) (Toy + Ter) + Ty 7—51)
_ 1 (Tn + Tn1)<Tn2 + 7'62) T Ty Tes T Tne
Xols = Xy — X3, 1258 - B
T Tz (Ty + T ) (Toy + Tey) + T Ty

where B = (7, + Ty + Ty ) Ter Teo + Tin T (Ter + 7o) + T (T Ty + T Ty, + T e )-
The rest of the proof follows in a similar way to the proof of Lemma 1.1 and is hence

omitted. O
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Appendix B

Proofs to Chapter 2

B.1. Noisy Price Interpretation

Instead of random supply, we now assume imperfect price interpretation to prevent prices
from being fully revealing. That is, when forming beliefs about the aggregate interpretation,
each investor 7 interprets the information in the price as q;; = pj +&, where &; RN (0, Te o)

is the additional noise of interpretation.!

Lemma B1. There exists a unique short-horizon linear rational expectations equilibrium

(p1,p2) with noisy price interpretation, characterized by

D1 = b7 + 1y, (B1)
Pa = Gapy + by + ), (B2)

where
by =1 — ¢, (B3a)

!Similar to private interpretations of public disclosures, noisy price interpretation is supported by
bounded rationality. See Mondria, Vives and Yang (2021) for related discussions and theoretical foundations.
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(Ty + ) (Te + Te) (Te + 27¢) + 7Ty Te

él = 7—7] s (B3b)
(70 + 7 (e 7) + 7y ) (70 + 7) (7 + 27) + 77, )

iy — (1o + 7)) (Te + T¢) + 10Ty . (B3e)
(Ty + 7)) (Te + T) (Te + 27¢) + TuTyTe

; v\le 2 .

by — To(Te + ) + 27¢) + Ty 7 C (B3d)
(Ty + 7)) (Te + 27¢) + TyTy

by = Tyl(7e + 7¢) (B3¢)

(1o + 7y) (Te + 27¢) + TuTyy

This equilibrium reconciles the average expectations specification and the noisy rational
expectations equilibrium with noisy supplies. By inspecting equations (B3), when there
is no learning from price, i.e., 7 — 0, the prices coincide with the average expectations.
Compared to the equilibrium characterized in Proposition 2.1, everything else stays the
same except that the p’s are exogenously fixed at 7¢. Thus, the key distinction between the
pricing equations in the two specifications is whether price informativeness is endogenously
determined through the supply noise or exogenously fixed by the imperfectness of learning

from prices.

B.2. Long-Horizon Equilibrium

Lemma B2. The unique long-horizon equilibrium is described by

p=bv+ cy — dxq, (B4)

where
b=1-c¢, (B5a)
c= Tn(P + T€) (B5b)

(70 + 1) (p + 7)) + Tan,

2For simplicity, we intentionally choose the supply x; = 0 for ¢ € {1,2} because it represents a constant
term in the price equation and does not affect the other coefficients.
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1p+7.
_lptretmy, (B50)

d :
v TeTy
TT, 2
= — <" ) . B5d
P <,yp+76 —1—777) ! ( )

Lemma B3. Transparency and clarity have symmetric effects on price informativeness in

the long-horizon economy. Moreover, increasing either one always improves price informa-

tiveness. Specifically,
(i) price informativeness monotonically increases in clarity, i.e., STP > 0y
€

(ii) price informativeness monotonically increases in transparency, i.e., ;7” > 0; and
n

(71i) when transparency and clarity are of the same magnitude, their marginal effects on

price informativeness are the same, i.e., d%_ﬂ = d%ﬂ if e =T,
€ 7

Proof. By the implicit function theorem,

d 2 2 .
P — (77_77) (p+T77)T "> O, (BG)
dre  (p+ 7+ 1)+ 2(y7ey)?n1
d 2(v7)*(p + 7
@ _ ) ptrdm (B7)
dry  (p+ 7+ 1) + 2(y7ey)* 11
Comparing equation (B7) with (B6), we have
d d
s | 42 — 32| =sen o+ ) = rlo+ )] = sl 7).
0

Lemma B4. Transparency and clarity both increase price sensitivity to the aggregate inter-

pretation in the long-horizon economy, 1i.e., 5176 >0 and 5176 > 0.
€ n

Proof. Note that

Ty

= )
or. 0p (To + 1) (p+7e) + 10Ty

Ty > 0,
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dc < P+ Te >2 50
- = To )
or, (1o + 1) (p+7e) + Ty

Therefore,

de  dc  dcdp -
dr.  or. Opdr.
de dc  Oc dp

= — 4>
dr, 0, Opdr,

O

Lemma B5. Transparency and clarity have different effects on price efficiency in the long-

horizon economy, both in terms of magnitude and direction. Specifically, price efficiency

(i) increases in clarity when transparency is sufficiently high, i.e., there exists ﬁ € (0,00)

such that %LE > 0 when 1, > 7+ and
Te n

(ii) decreases in transparency when transparency is sufficiently high and clarity is suffi-
ciently low, 1i.e., there exists TPE 7PE € (0,00) such that ‘(liP—E < 0 for 7, > ﬁfE and
™

7. < 7PE if and only if v*1,m > 2.

Proof. Note that PE™! = (1 — ¢)?7;! + (1t + p7t) where ¢ > ¢t = ﬁ is defined
Tv qu

in equation (B5). We have

dPE dPE~? . . de [\ dp
sgn [ d75:| = —sgn{ s } = sgn [2(% —c(r, +T1, Yy pm )) O + (;) I |

dPE dPE™ _ _ _ i de L, dp
sgn[d }:—sgn{ = ]zsgnP(Tvl—c(Tvl—anl—kp 1))——1—0( 24 2d—)},

dr, Tn

Where - > 0, ;Tc > 0, (if’ > 0 and dp > 0. Define p>® = lim p = (y7.)?, then

Tn—>00

. dPE . ~ L de c\? dp
o [] < n o —et (5) 2]

€

= sgn [276

P1r((p +7)° + l((02) +72) — P70 |
(p>)2(p> + 7, + 7)?
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) dPE . T 1 1 -1 _1yy de —2 o dp
lim sgn{d }: lim sgn[T—g<2(TU —c(r, 471, +p ))d——l—c +pi

Tn—>OO 7—,,7 Tn—>00 7—77
7o (%) (p™ — 7o) + 2p°72(v*p°11 — 1) + 29%77y)
+ (0™ +7)2((p™)? + 2927271 (p™ +Te))
(pOOTE)2<pOO + 7+ Te)

=sgn |(p+7)

i dPE [2 — 27,1 9
lim sgn = sgN | ——5—5—— | = sgn [2 — TUTl] )
oy Ld YT

t dPE

As a result of continuity of @, there exist some %i € (0,00) such tha > 0 when

7, > 7f. Similarly, by continuity of 9%, there exist some 7,F, 7P € (0700) such that

dPE < 0 for 7, > 7' Eand 7. < 7PF if and only if 27,71 > 2. Moreover, numerical analysis

demonstrates that price efficiency increases in clarity even when transparency is extremely

~PE ~PE

low, that 7. always exists and is unique, and that 7, also exists and is unique when
7. < 7PE. These results suggest that price efficiency always increases in clarity and that the

condition in Lemma B5(ii) is in fact necessary and sufficient. ]

B.3. Proofs

Proof of Lemma 2.2. For t =T, wy = I and increases in both 7. and 7,,. For ¢t < T,

dow; r_pdl dC

— C t CT t—1 0
dr, dr. (T =01 dT6 -

I

der _ OT—td— + (T — WCT—H£
dr, dr, dr,

S GRS, PSS

T+ 1 dr,
-1
— C< (T -1 R —
T,  + T, + 7,
ToTe

= T, > T,

wo T = (T,
n (T—t)TU—TE’T = i
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1
(1—we)27y +wt27',7_1

Proof of Lemma 2.3. The price efficiency is given by PE =

dPE VT2 dw,
=2 T S(1—CTh—= >0,
dTe (thTv + (]_ — wt)QTn) dTe
dPE , d
- T 5 (thTv +27,%(1 = CTHhH— e ) <0
dr, (wﬂﬂ, + (1 - wt)QTn) dr,
dw, W T,

< J—
dr, 27,2(1 — CT-t+1)

Let M(C) =1+ —gr=7 —2(1 = C)(T —t + 1), where C' = o € ("5, 1). Notice
TUJFT',] v €
re \T—t+1
7(7'1;"!’7'5 )T7t+1 .
-(5%%)

Tv+Te

that M'(C) > 0and M(1) > 0. M(-7) > Oif and only if 22— (T'—t+1) <

Therefore, dPE > 0 for any 7, if and only if 7. > 7.°F where 7FF is the unique solution to

~PE T—t+1
Te
Tv +7A'€PE>
=0

Ty

(T—t+1)—2_<

27.v | FPE o N\TH (B8)
€ 1 - (TU jipE>
Otherwise, 428 > 0 for 7, < 7/ and 9E2 < 0 for 7, > 71" where 71" is the unique solution
to
T—t+1 T—t+1

Te Te Te

20T—t+1) [ 1 - 1-— = + - —2=0
TUT,'] TUTU TUTn
T€+T+’?£)E T5+TU+’?}IDE T€+T+7A'£’E

(B9)
]

TuTe

Proof of Lemma 2.4. The optimal transparency in the sense of maximizing wy, 7,” = (i p—r
whenever it is interior, increases in 7.. By inspecting equation (B9), the optimal transparency

in the sense of maximizing price efficiency, 7,7, is determined only through C'. Applying the

T . d#PE C
implicit function theorem, we have —1— = —de > Q. ]
€
d'rn

Proof of Proposition 2.1 (Existence and Uniqueness). From equation (2.61) we have
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1

7\ 2

pP1 = VTTy (p—Q) —(p2+ 7.+ 7); (B10)
2

then psy in equilibrium solves the following equation:

[

2 4
To + Ty P2Te Ty \ 2
R = =1 ) - TeTn | — +po+ 7.+ 71,=0. B11
(p2) (7 T p2+n) 1= n(pz) P2 7 ( )

The slope of R(p2) is represented by

2 1
To + Ty  Te PaTe 1 T2\ 2
R =2 1 T1 + =TT, (—) +1>0. B12
) =2 (PR T ) O S (2 (B12)
Therefore, R(ps) is monotonically increasing in p,. Moreover, since limo R(ps) = —00 < 0
p2—

and lim R(py) = oo > 0, there always exists one unique equilibrium solution for ps. Because
p2—00
there is a one-to-one correspondence from p, to p1, there always exists a unique equilibrium

satisfying equations (2.6). O

Proof of Corollary 2.1. When 7,, — o0,

lim py = (y7)%7 = 5,

Tyn—>00
. 2
lim p; = | y7e P2 T = Py,
Ty—00 pgo + 7.
lm o — (et PT) (T + 07 + p5°) + 7o

oo (To A T P (T + Te 4 P+ 7).

]

Proof of Proposition 2.2. Note that PE;" = (1 — ¢1)?r," + ¢i(7, ' + p;') where ¢; > ¢] =

——+—— is defined in equation (2.6). We have
Ty  +Tn +pP1

dPE d ’d
sgn{ : 1} = sen [2(751—01(T;1+T;1+p51>) Cl+(ﬂ) ’”],

T, dr, p1 dr,
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dPE _ dc _,dp
sgn{d llzsgn{Z( ' —e(ry —I—T Yy >)d_7-:7+cl( +p12d1>}

T

dp1 dp1 der dey ~c ~c
where '+ > 0, dn > 0, 3= > 0 and i < 0 for 7, > 77 and 7. < 7¢ by Corollary 2.5.

Observe that

Te(p3° + 7e)

lim 7, — ey (7, —I—T L) =—

=00 P (P + Ty + 1) (P 4+ p3° + To + 7))
hm = (pc1>o + Te)(pclx) + pgo + Ty + TE) — TyTe
it (03 + 70 + 1) (P + 5 + 7+ 7)
. dp1 pgo + 27'E
Iim —

= 29°7.(p5°)*7 1m,
2

d 2 ; (5 + 7.
i 1+ (2 ) D1 _ 2o, 2L R P 70T — T (o 4 )
Ty—>00 P1 dTn (:01 ) (p2 +T€)

Tn—>OO 7—6

Therefore,

C]-PEl — _ dCl C1 2 dpl
771]1_1}100 sgn [ & ] = ﬂl}l_r)noo sgn [2(@ Y=ot oY) T - (E e
Te—0 Te—0

4 — 4y 1Ty

= sgn { ] = sgn [1 —¥*7,7)

2
VST TS

dPE, 1 . des 7\ do
e | = [_ (2(”1“/“ Fr g, (” () >d—7,7

Te—0 Te—0
4 — 677,71y 9
=s ————— | =sgn |2 -3y 71,72 .
gn [ ,}/67—5)7—17—22 gn |: Y 2]

As a result of continuity of 2L, there exist some 71,71 € (0,00) such that &El <0

for 7, > %T and 7. < 71 if and only if v27,7 > 1. Similarly, by continuity of dP E1 , there
exist some 7, 7°F € (0, 00) such that 8 < 0 for 7, > 7% and 7. < 777 if and only if
™

V1 > 2. O

Proof of Corollary 2.2. Define

Ty + Ty pPaTe )2
=" =

) ;JTU7T7TE7T7T E
fi(prs p2;y n 1,T2) (7 T Pt
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2
7—57—7]
9 Y Ty Ty Te, T1, T2) = Ty — .
fap1s pas v, Tos Ty e, T1, T2) (7,01+,02+Te+7'n> 2 — P2

Note that in equilibrium, fi(p1,p2) = fa(p1,p2) = 0. Applying the implicit function

theorem, we have

der A Oh of1 1 0fd0fr _ 0fe0f1
dre - op1  Op2 OTe o Op2 OTc 0p2 OTe
- - ’
dpy ofs of2 of | GHSL _SLER \ opon _ opof
dre 891 892 87—6 £1.op2 P2 Op1 891 87—6 801 aTs
—1
dp1 of Ofr ofr 1 0f10f2 _ 9f2001
dm, _ | 91 Op2 omy o Op2 O™y Op2 0Ty
dps of 0k op | ShoR _SMOR | gp 0 onop
dry, dp1 Opa oty p1Op2 P2 OP1 Op1 O™y Op1 Oy

Note that glt <0, g >0, 32 <0, 52 <0and 52 >0, 92 >0, 5 <0, 52 >0, 50

8p2 OTe ) 87-,]
on ok _ 0fof o (3 i
0p1 Op2 dp2 Op1 > 0. ThUS, dre > (0 and

son | 91| _ op |0F10f2 0200
ar, | T apmor,  Ops o,
= sgn[2(y7e7)? (7e(70 + 7)) (p1 + pa + 7o) = 27upa(pa + 7)) T

— Tup2(p2 + 7)(pr + p2 + T + Tn)g]’

Lo[do dp] [0 (05 0B\ 0 (05 _0h
& & Ops \ Ot 01y Opy \ 01 01y

= sgn [92 (%7}2 + (7}? + 7y (Te + Tn))P2> ((Pl + p2 + Te + Tn)g + 2('77-67—77)27_2)

+ 2(y7emy)) 2 7e(Ty — ) (T + ) (p1 + pa + T + 7',7)7'2]

=1lifr. <7,
A A Tof (05 ORY 0% (0 O
& dr.  dm, & op1 \ Ot  Om, op1 \ Ot  Omy

1 pote 2 Ty + Ty 9 9
o [ - (777102 + TE) P2 + Te <TUTE + (T" + o7 + T"))’O2>Tl

— (e =m)(pr + p2+ 7+ 1)

3Details on the derivations are omitted for brevity and are available upon request.
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=—1lifr. > 7,

(v1e)?72

2
7QTJQH) 71 and p° = T%iinoo p2 = (77¢)*T2. Then

Define p* = lim p; = (7
Tn*)OO

. d o0 o0 o0 o0
lim sgn [d—ﬂ = sgn [27°72(p° + p3° + 7) T2 — Tup (57 + 7o)

Tp—>00 n
2747'37'17'2
_ 2 €
= sgn {’y TeT2 (m 4+ 27, — 71y | +27. — 7|,

d
o [22] it
Te—0

By continuity of %1], there exist some 7,77 € (0,00) such that j—ﬁ:] < 0 for 7, > 7/ and

Te < 7P O

Proof of Corollary 2.3. First note that 2—2 > 0, g—;i > 0, and g—;; > 0 by inspecting equation

(2.6b). Next we prove that g—;lv < 0 for sufficiently small 7. and sufficiently large 7,.

0
sSgn |:a_j'1:| = 8Sgn |:(7—v + Tn)(pl + 7—6)2((7—’[} + Tn)(ﬂl —+ P2 + Te) + TUTn)Q
n

+ 7}(7'@7'77)2((7'@ + 7)) (1 + 7)) + Tan)
_ TUTeTn(<TU + 7)) (1 + p2+7) + Tan) (Z(Tv + 7)) (p1 + Te) + Tan)],

0
lim sgn [ﬁ} = sgu[ (3" +7) (p° + o5 + 7 + 7))’

— ToTe (pgoTv +2(p1° + 057 + 7 + 1) (P17 + 7—6)”

00 2
=sgn[((p7—1+1) (p‘1’°+p§°+n+n))

€

— Ty (pgoTv +2(p7° + p3° + T + T (pT_l + 1)) ]’
801
lim sgn |— | = sgn [—72] = —1.
Ty —>00 & |:a7—77:| & [ ’U}
Te—0
Since g—;;, i%, and 3%5 are very small compared to the other terms as shown below, ‘j%
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and gﬂ go in the same direction as the first two terms, respectively, i.e.,
Tn

dey - decy n %dpl %dpz
dr.  0r.  Opidr.  Op, dr.
dey  Oer  Oc % Jcy %

I, o7, Opdm, | Bpsdr

> 0,

< 0 when 7, = 00, 7. — 0.

2
In fact, we can show that lim <T—"> jﬂ = —1 < 0. Therefore, by continuity of gﬂ, there
Tn—00 \ Te Tn Tv Tn
Te—0
exist some 77, 7¢ € (0, 00) such that g% <0 for 7, > 77 and 7. < 7. O

Proof of Proposition 2.3. We first characterize the linear rational expectations equilibria

(p1, p2) with correlated supply shocks,

D1 = 13177 + Gy — CZ1$17 (B13)
P2 = Gap1 + by¥ + Coy — daa, (B14)
where
by =1— ¢4, (B15a)
5= (7o + ) (W77 + 1) (Wi + (Y2 — BY1)?Tu + 7) + 7Ty (YT +ﬁ%ﬁ) (B15b)
K ((Tv + 7)) (Vi + 7)) + TUTn) ((Tv + 1) (Vi1 + (Y2 — B1)? Ty + Te) + Tan) ’
7 1 Tn ¢2(¢2_6¢1)Tu+7—6A
dl B ;Tv + T'q ¢2(¢2 - 61/}1)7—1[7—5 b (B15C)
o e+ m)Whn 1) + m) (U = Bt — BYu)m) (B15d)
’ (70 + Tn)(ﬁ’%ﬁ + 1) (V3T + (Yo — Bn) Ty + Te) + Tan(¢%Tl + 5%7}),
b — 7o (V71 4 (o = B1)* T + e + 1) + Ty (V711 — B (Y2 — BT g (Bl5e)
? (1o + ) (Wi + (Y2 — Br1)?Ty + 7)) + TuTyy -
. Ty (V2 (g — Bip1) Ty + 7o)
2= (7o + 7)) (371 + (Yo — B )70 + Te) + TuTy (B15f)
2 2
dg _ %%7'1 + (¢2 - qu_l) Ty + Te + 7—77627 (B15g)
eTn
1/}1 Ty + 7—77 ¢2 (¢2 - 6¢1)Tu7_5 (B]_5h)

Ty Yoo — BTy + 7
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TeTy

7,0171 + (g = )21y + T+ Ty

Yy = (B15i)

Plugging in 7,, — oo to equations (B15h) — (B151) generates two solutions:

(14+B8)V2Tetu+1—+/ (1+B)V2TeTu+1)2 —48(72 Ty )2
( ) 77DIL - \/ 2877 7¢§o = VTe; and

i (1+8)7* rerut 144/ (14812 remut 1) 2 —4B(127e7)2
(11) ¢f? - \/ 2ByTy 7#50 = YTe.

Note that p; = 1}7;. Following the same proof strategy of Corollary 2.2 through Propo-

sition 2.2, in the low information equilibrium,

lim sen _dplL 1 dyig 1
7—7]_>OO g L dTe TE dT€ ’
. [dpir T diip
1 - = —? vTu| = -1
B gy, | = B g, | o T =
I [des g, . 1 deyg 2 + 2821, 7, !
im sen = lim — —gopn |—— L 72| =
g 330 0 dr Tnl—ms 7. d7. % T2 ’
Te—0 -
dClL . 7—73 deyg, 1 9
T%ll)noo Ssll dTT] :| - T},gnoo sgn |:7__62 dTn = 5gn _7—_1; - ﬁ’y Tu| = _17
Te—0 - Te—0
dPElL _ d — dwlL
S R R e A

{(BVQTUTU + (8 - 2)727—v7'u +2)

_ 9
(V27uTu) 2273 } =sgn (2= (2= f)v'nrl,

= sgn

2

i dPElL T, _ dClL
ﬂ%gnoosgn{ ar, ]:T;%n%osgn[é <2(TU — (1, —|—T —i—plLl))d—Tn—i—c%L -2 4 o'

Te—0

; [ (ﬁ'y ToTu + 1) (28(*7,70)? + (3 — B)V2 71Ty — 2)]
= sgn
(’7 ToTu) V2 ToT1

45

Similarly, in the intermediate information equilibrium,

lim sgn {dm[} = lim sgn [dlﬁu] =1,

Ty—+00 dr. Tp—00 dr,
lim sgn dowur = lim sgn ngwu = sgn —Lﬁ%“ =1
woy o Ldn ] Ty s, e

pir dip

i dm,



lim sgn deu ] _ lim sgn dey = sgn | V7, Ty — b__ 2<ﬁ+1)7’1+ﬁ2(3ﬁ+1)7’“7
a0 B | dr, | oo & dr. | ST ToTu B+1 BB +1D@2n + Br)r )]

Te—0 Te—0

lim sgn __dcu} lim sgn [TQ—dCH} =sgn | — ( n+ 5o )2 T, | =—1
77,_76—:}%0 L dTW T—Z—>0 ! dTTI 1+ ﬂQTu(VvaTu + 1) ° 7
dey 2 P diﬂu]

[APE,; e
| dr. dr. ary. vy dr

lim sgn =1
Ty —00 S8 ’

Te—0

. [dPEy; : _ iy darr pir dpig
T}I1_1>1100 sgn } = T,%gnoo sgn [7‘3 <2(7’U — ey, + T, 14 plll))? +c2; < + QE ar,

dr,
Te—0 - n Te—0 n

5! + 2627—11 T1 + 527_11 2
_ = 1.
T 7+ 8?71, (V2T + 1)

= lim sgn {(Tv_l —eu(r )

Te—0

= sgn
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Appendix C

Proofs to Chapter 3

C.1. Proofs

Proof of Proposition 3.1. Taking the FOC yields af = (1 — w)E;[0] + wE;[a*]. To solve for

the linear equilibrium, we thus assume af = p + ¢;(s; — ). Hence,

_ Ny _ No _
_ _ - — ). C1
a=p+ N1+N2¢1(31 1) + N1+N2¢2(52 ) (C1)
Then
x )\(b1<0-12; -+ 0'2) + (1 — )\)ng(O'g — 0'2)
EM[CL]IIU/—F 772 2 D) ! (sli_lu)a
o, + 05, + 0 (C2)
Ap1(02 = 02) + (1 — N)ga(02 + 02)
Egila™] = — (595 — 1),
here \ = E[—N1__ : Pluceine E.[5] — 0 (e _ d ;
where A = [N1+N2‘<n1,n2>>Q1,Q2]- ugging E;[0] = p + P (si — p) and equation

(C2) in the FOC, the coefficient array (¢1, ¢o) is determined by the following system of

simultaneous equations obtained from matching coefficients:

o2 A1 (o3 +07)+(1-N) b2 (05 —07)
(bl:(l_w)Uz 5 t W 31 21 2 ’
Stortog oitos+o¢
n ) n ) (CS)
_ o2 A¢1(op—02)+(1=A)¢2(05+07)
2= (1 - W)z Tw TTroT ol :
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Proof of Proposition 3.2.

(1 —w)o?(o?+ (1 - 2w)oy + o?)
(0F + 02 +02) (1 —w)(of +07) +02)

$1(0) = ¢o(1) = > 0iff o) + (1 — 2w)op 4+ 02 >0

(1-w)o(o2+ 02+ 02 1 —w)o?
¢1(1):¢2(0): 2 2 2 (_ 172 2 2N _ ( 2 ) 2 2 >0
(02 +o2+o2)((1 —w)(o2+02) +02) (1-w)(of+02)+ 0!
8 3 1 — 2 -2)\2 .
dqil = w1 = w)o,0,) 5 F1(A) where
d\ ((03 +o2+ o2)(1 — w)(o2 + 02) +02) + 4w2)\(1 — )x) va%)
A = (X+aﬁ+(1—2w2)az+ae>2_ (02 — 02) (02 + 02 + 02) (02 + (1 — w)o? + 0?)
2wo? dw?aioy

If o7 + (1 — 2w)o; + 02 < 0, then % > 0. Moreover, ¢; < 0 for A € (0,Al), and ¢ > 0 for
A e (A1) where
o; + (1 —2w)o; + o?

2
Qwan

>
=t
Il
|

(C4)

Otherwise, if 07 + (1 — 2w)o. + 07 > 0, ie, w < § orw > 3 and (2w — 1)o7 < 07 + 07,

then ¢;(\) > 0 for all A € [0,1], and

i) if (624 02+ 02)((1 —w)(02 + 02) + 02 — 2wo?) + dw?c?o Othend¢1>0 and
( ) v n € v n €
(ii) otherwise, (Z’ﬁ)\l < 0for A € (0,Xr), and % > 0 for A € (A%, 1) where
\/ )02+ 02+ 02) (02 + (1 —w)oZ + 02) — 0 (02 + (1 — 2w)o; + 02)
Al = )
2wava%
(C5)

(05 +02)(205—02)

The condition for this case further reduces to a% < o and w > w’ where

o; + o) +o? 1
E (30’ +O' — \/(0'12) — 0'2)<90'2 0'727)) W € <§, 1) . (C6)

ven

119



Since gbg(j\) is symmetric to gzﬁl(;\) about \ = %, the proof for ¢, is omitted.! Instead, the

expressions for A} and \j are specified as follows:

2 2 2
0, + 0, +og

M= C7
2 2&)0’% ( )
av<03 + 0727 + 062) — \/(ag — 03])(03 + 072] + 02)(03 +(1- w)a% + 062)
Ay = 5 ) (C8)
Zwavm7
O

Proof of Corollary 3.1. The proof follows immediately by plugging in w = 0 and w = 1,
respectively, into equations (3.5) — (3.6), and observing that ¢;’s are independent of \ in

both cases. O

Proof of Lemma 3.1. Taking the first-order derivative of ¢/ expressed in equation (3.10) with

respect to \ yields

dgq :w)\%(agnLag)—f—(l—)\)%(03—05)
4N Ver Jg—l—ag—i-az
2w(1l — w)o?o?
- ( 9,7 5G(\) where
((03 + 02+ o2)(1 —w)(o2 + O'%) + 02) + dw?A(1 — A)agag)

0'12]0'2
G()\) = 4w20'30'%F1 — ((1 — w)(Ug + 03]) + 052 + 4w2>\(1 - )‘) o2 + O.2n+ 02>
v n €

((1 —w)(o? + 03) + 0%+ 2on—3)

G(0) = w(ai — a?,)((l +w)o? + (1 - w)a?7 + ‘752)

'More formally,

d 8w3(1 — w)(c202)? .
ﬁ - ( ) ’7) _ _ 5 F>(A) where
dA ((03 +02+02)((1 —w)(o2 +02) +02) + 4w A(1 - )\)03072])
2
o . ovtor+a? (02 —02)(02 + 02 +02) (02 + (1 —w)op +0?)
B =—-{A- 2wo? 4w?o2ap '
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— sgn (G(0)) =sgn (0] — o))

G(1) = w(og +02) (1 +w)os + (1 — w)afy +07) >0
dG 2wo?

= Tmv G h
dA 0§+072]+03G( ) where

G'N) = (oh 407+ 02) (L +w)(o} + 0)) + 02 — 4w(l — N)o?)

—2w(1 = 2\)o (1 —w) (o) + 02) + 02) — 4w A2 — 3\)osor

GH0) = (o) +0r + 02) (1 +w) (0l + 07) + 07 — dwloy) — 2wo ((1 — w)(op 4 07) 4 07)
G'(1) = (o5 + 0.+ 02) (1 +w)(os +07) + 07) + 2wop (1 —w) (o) + 07) + 07) + dw’oio; > 0
dG!

I 4w02G2()\) where Go(A) = (Bw(2A — 1) +2) 07 + (2 — cu)a,z7 + 202

G*(0) = (2 — 3w)op + (2 —w)o; + 207

G*(1) = (24 3w)oy + (2 —w)o. 4207 > 0

1 If G2(0) > 0, ie., o2 > B=20a208 ghep 4G > ) 4y

g [op g, o;,—0¢)— 0'2
(a) if G*(0) <0, i.e., o7 > Vorirslait 622(17 L

(503-02—+/(03 =02 (1T73—0%) ) (03+3 +7
4o2(02+02)

and

w >

) then G()\) > 0 for all A € (0,1);
(b) otherwise, G'(\) > 0 for all A € (0,1), and

i if G(0) < 0, ie., 02 < 02, then G(\) < 0 for A € (0,\]), and G(\) > 0 for
A e (AL, 1), where A is the unique solution to G(A}) = 0 on (0, 1).

ii. otherwise, G(A) > 0 for all A € (0,1).

2. Otherwise, if G?(0) < 0, i.e., 02 < 27272202 thop G1(X) > 0 for all A € (0,1), and

we go back to case 1b.

To conclude, if 07 < o7, then f;f\l} iy < 0 for A € (0,A\}), and ff\l} N 0 for A € (AF,1);

otherwise, % N 0 for any A € (0,1). Moreover, since G(A\}) < 0 and G(3) > 0,
A< A} < 3
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<Z>’z
aN

The analysis for is similar and thus omitted. O]
=X

Proof of Proposition 3.3. Suppose §1G» > 0, then the expected population composition is
”l
given by \ = E[ Nt N2|(n1, na2); q1, Q2] = wrttmy . 1 first show that the incentive compatibility

q1 a2

constraints can indeed be determined by the sign of T//] where A and )\ are the other
N=A

agents’ equilibrium belief and off-equilibrium belief following a deviation, respectively.

Consider agent ¢ whose type is t; = 1 and equilibrium disclosure is m; = t; = 1. Let

R ”1 nj—1
A= +n2, then by deviating to m; = O, N = =t Let § = 60()\ )\’) where 0y > 0
a1 42
can be arbitrarily small, since A> N and ]\iim A= ]\iim N = \, no-deviation of agent ¢ from
—00 —00

m} =1 to m; = O requires

Ey[uyi] — Eq[u); dE
lim El [ulz] — El[ullz] 2 ) <— lim 1[U1A] _ 1iu1’bi Z 60 — 1[“’11] >0
N—o00 N A— Py dN S
Similarly, for agent ¢ whose type is ¢; = —1 and equilibrium disclosure is m; =t; = —1,
no deviation to m; = @ requires
o [ug;] — Eolus, dE
lim Bafu] — Bafiy] > 6 = i 2l =Bolin] o dBla])
N—o0 Mo i+ )\ )\/ dN SR

Otherwise, the agent prefers nondisclosure.
The only disclosure equilibrium is full-disclosure equilibrium where m; = t; and ¢; =

<0
N=X

g2 = 1. Notice that such a disclosure equilibrium requires gzﬁl . > (0 and qbg v
AN =

(see IC constraints). Combining the results from Proposition 3.2 and Lemma 3.1, we have

2Suppose disclosure is not constrained to be truthful, i.e., lying is also allowed, denote the disclosure
do2n]—d21m2

. B .. .. . . 1 411922 —d12421
probability as ¢;; > 0 where i is the type of agent, and j is his disclosed type, then A = 2222
o 411422 —d12421
By deviating from m} =1 to m; = @ or m; = —1,
G22(n1—1)—G21m2 G22(n1—1)—Gd21(n2+1)
A G11G22—G12G21 and 5\// _ d11G22—G12421
(g22—G12)(n1—1)+(d11—G21)n2 (d22—G12)(n1—1)+(d11—G21)(n2+1) "’
G11422—G412421 q11422—G12421

respectively. Suppose §11G22 — G12G21 > 0, then A> N> ) and hm A= lim M = lim \/ = A, implying

N —oc0 N —oc0

m; = @ is a strictly dominated strategy whenever d]i)[f,‘ 7& 0.
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> 0for A e (A1),

< 0 for A € (0, ), f;ii
N=A

(i) if (2w—1)o? > o7 +07, then ¢’d>\’

and hence there exists a full—dlsclosure equilibrium iff ){ <A< )\g;

g/

(ii) if o7 < o7, then qbi%‘/\, < 0 for A € (0,\}), ¢; 5 N 0 for A € (A}, 1), and hence

there exists a full-disclosure equilibrium iff )ﬁ <A< /\g;

> 0 and ¢o—2 déy < 0, and hence there always exists a full-
N=X

(iii) otherwise, gzﬁl T I
M=)

disclosure equilibrium.

]

Proof of Corollary 3.2. For the first part where AT = )\g — )\]i7 the proof follows immediately
by inspecting equations (C4) and (C7). For the second part where At = A — X! note that

M+ AL =1 and hence

27
dA? dA!
sgn <E> = —sgn (a) for z € {0}, 07,02, w}.

Recall from the proof of Lemma 3.1 that 80 > (. Therefore, by implicit function theorem,

dx! 9
sgn a = sgn —é
& de ) & ox

In particular, since 02 < o2 and Aj € (0, §), we have

(1) o2 ot 0: Note that 526> < 0, and hence,
oG oG
) < ) —W(2O'T2] + 052) < 0.
007 xoxt 097 5203 Amrt
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S\ 96 : 0%a
(ii) AN > (0: Note that a2 > 0 and hence,

oG oG
W > W ZW((l—W)Ug+U€2)>O.
T Ia=t Tl 2—0, x=at

(iii) %

> 0: Note that % > (0 and hence,
A=Al ¢
(07 + 07)* (07 — (1= 2A})o?)
— 4w\ (1 = A\)o202((1 — 2M\})o? + o2)

(02 + 0,27)2

oG

>
2
Oo?

oG

2
002

> 0.

= W
02=0, A=A}

PESY:

In addition, A} > lim A =1 (1 - j—)

02—00

(iv) g—g‘)\:)ﬁ < 0: Note that 237? > 0 and hence,

oG

)
w=0, A=A} Ow

oG

oG < max<{§ —
a=ad O

Ow

=0.
w=1, A=A}

Proof of Proposition 3.4. Notice that

E[(5 — )] = (Aér + (1= Ny — 1)°0% + (Apy — (1 = N)¢) 0

dAE dE[(7 — a)?]
— sgn—— = —sgn————

_ _ __ \AE\/y _ \AE

02+ (1—w)o2+o?2
where MF = 2 [ 1+ (72+01-w)0h02) o and A = (02 + 062)( — (1 —w)?c? -
w2oio2 ((3—w)(012)+072] +U?)—2ua%)

207 + (2w — 1)0?) + 0} (w(5 —w)or 4+ (1 —w)(2w — 1)o; + 2w(3 — w)af).

Further observe that A < 0 if and only if w < @& where

2(03%—0%—1—062) (1 )
€31
202 4 302 + 302 + \/ (02 + 02)(802 + 02 + 902)

w
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In this case, AE is inverted U-shaped in A, with d(f—/\E > (0 for A € (0, %), and dAE < 0 for
A€ (3,1).

When w > @, ME € (0,1) if and only if 02 > 62 where

(@5 —w) = 2)02 — 2(1 — )02 + wy/ (21 — w)202 + (1 +w)02)” — 8w(l - w)2o202
v 2(1 — w)? '

In this case, AE is double-humped in A, with 932 > 0 for A € (0, A{¥)U(3, A3F), and 43 < 0
for A € (AYE, 1)U (A3®,1). Otherwise, AE is U-shaped in A, with 932 < 0 for A € (0,1),
and 92E > 0 for A € (3,1). O

Proof of Proposition 3.5. By equation (3.12), we have

[\

Var(P) = ()\¢1 —|2‘ (1 >\)¢2) Oy = g
(A1 + (1= Nd2) 02 + (b1 — (1= Nd2) 02 1+ (35H%
dVar(P) _ (A¢1—( — )@)2
P BN \ N + (1= Ny

— sgn(1 —2)) (02 + (1 — 20(1 — 20(1 = A))o? + 0?)

<

I
0.2

v

e
v

= sgn

wU%i\/wO'WZ(U%ﬁ*(l*w)O'%ﬁ*o'?)

2
2(&)077

Solving for o7 + (1 — 2w(1 — 2X\(1 — A))o; + 02 = 0 yields A =

Moreover, notice that

0_4 0.20_2

Var(PN)\:% - Var(P)|>\:0 = 012) B o2 _:0_2 - 0.2:_22 > 0.
v n v n

wa%:l:\/wJWQ(Ug—i—(l—w)a%—&-ag)

2
2wan

and only if (2w — 1)o7 > 07 + o7 O

The rest of the proof follows immediately by noting that

€ (0,1) if
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C.2. Ex-Post Disclosure

Suppose disclosure is made after the realization of private signals, then the left-hand side

of the IC constraints for disclosure becomes

]

dxN

da; dg;
= digy = (p+ 9i(si — ) (si — )
A=A\

!
MN=X dA N=A

(C9)

There exists a disclosure equilibrium only when the above expression satisfies the single-
crossing condition with a positive probability for both types, which is a less stringent condi-
tion compared to the ex-ante IC constraints due to the large population.

As implied by the above equation, how an agent’s disclosure choice influences his expected
utility is not only determined by the direction of its impact on his reliance on the private
signal as in the ez-ante disclosure, but is also affected by the realization of his private signal.
One special case of the ex-post disclosure is when the prior mean of the fundamental is
unbiased, i.e., u = 0. In this case, an agent’s equilibrium action is proportional to his private
signal. The more an agent relies on his private signal, the further away his action is from zero,
and hence the larger his expected utility is. Consequently, the ez-post disclosure equilibrium
replicates the ez-ante disclosure equilibrium, except for those agents whose private signal is

realized at s; = 0 as their equilibrium actions are always zero whatsoever.

Proposition C1. When u = 0, agents’ ex-post equilibrium disclosure decisions are almost
tdentical to their ex-ante disclosure decisions as described in Proposition 3.5. In particular,

those agents whose private signal is realized at s; = 0 never disclose.
Proof. Plugging in u = 0 to equation (C9) gives us

1

dg;
N =2 9.3

N N

, (C10)

A=A

the sign of which is the same as the ez-ante disclosure case except for agents whose private

signal is realized at s; = 0. Since Prob(s; # 0|t;) = 1, the only disclosure equilibrium is
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full-disclosure equilibrium where m; = t; iff s; # 0 and ¢; = ¢ = 1. The rest of the proof

follows immediately from Proposition 3.5. [

When p # 0, the ex-post disclosure is contingent on the realization of private signals.
Disclosure (nondisclosure) delivers more information beyond just the agent’s type when the
total number of agents is small. Assuming a large number of agents is a way to circumvent
this issue and simplify the analysis in the sense that the ex-post disclosure strategy is sum-
marized as a disclosure probability on the aggregate level for each type so that the observed
disclosures are only used to calculate the underlying population of each type but not update
about the disclosing agent’s private signal. In addition, the law of large numbers makes the
division of the number of disclosures of each type by its associated disclosure probability
equal to the true underlying population of its corresponding type.

The following proposition characterizes the ex-post disclosure equilibrium in the case of

1 > 0 without loss of generality.

Proposition C2. When p > 0, agents of both types partially disclose in the disclosure

equilibrium. More specifically, there exist X, X € (0, 3) and AL e (5, 1) such that:

(i) if 2w — 1)o7 > o} + 0?2, then

(a) when N < X, my =1 iff s, — p € (0, —3r)y mai = =1 iff 3 — € (=00, =) U

(0,00),01 = B1(—L) — B3(0), s = o~ L) — B5(0) + 1;
(b) when \ = /\];, my =1 iff s1;, — p € (0,00), mo; = —1 iff s9; — p € (—00, —
(Oa oo)an =1~ @1(0),(]2 = ®2<_£) - q)Z(O) + 1"

(¢) when N < X< AL, m; =1 iff si—p € (—o0, —£)U(0,00), ¢ = Pi(—£) —:(0)+1;

(d) when A = A;, my; = 1 iff sy —p € (—oo,—ﬁ) U (0,00), mo; = —1 iff s9; — 1 €
(OJ 00)791 = (I)l(_ﬁ> - q)l(o) + 17(]2 =1- (1)2(0>7
(e) when X\ >N, my =1 iff syy—p e (—oo,—ﬁ) U (0,00), mo; = —1 iff s9; — p €

(0,—£), a1 = B1(—£) = D1(0) + 1,42 = Do(— ) — B(0);
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i) if 02 < 02, then
n v

(a) when A\ < )\Ji, my =1 iff s, —p € (-ﬁ)())} Mo = —1 iff S0 — p € (—00, =) U
(0,00), 1 = @1(0) = P1(—=5-), g2 = Po(— ;) — P2(0) + 1;

(b) when \XE < X < X\, m; = t; iff si—p € (—o0, —£)U(0,00), gi = Pi(—5-)—D;(0)+1;

(c) when X > Ny, my =1 iff sy, — pu € (=00, =5+

(_ﬁy(]),ch = ‘P(_ﬁ) —©1(0) +1,¢0 = ©2(0) — q)Q(_é);

)U(()?OO); mo; = —1 iff s9; — pu €

(d) when A = )& or\ = )\é, there does not exist a disclosure equilibrium;

(iti) otherwise, m; =t; iff si — p € (—o0, =5-) U (0,00),q; = Pi(—F-) — 2:(0) + 1.

Proof. Since the probabilities of (1 + ¢;(s; — p))(s; — p) > 0 and (p + ¢i(s; — p))(si —

1) < 0 are both strictly positive for any ¢;, the only disclosure equilibrium is partial-

disclosure equilibrium. Recall that such a disclosure equilibrium requires dEz—EL/“] R >0
and dEf;—/W < 0. Denoting by ®;(-) (resp. ®2(+)) the cumulative distribution function

N=A
of a normal distribution with mean v + n (resp. v —n) and variance o2, the rest of the proof

follows immediately after Proposition 3.2 and Lemma 3.1. O]

When p # 0, the only disclosure equilibrium is partial-disclosure equilibrium, i.e., ¢, ¢a <
1.3 Nevertheless, the disclosure decision is deterministic for each agent and depends on the
realization of their private signals. That is, the notion of disclosure probability is only on
the aggregate level for each type but not on the individual level. To be more precise, with
the objective of taking a more extreme action, when an agent receives an optimistic signal,
i.e., s; — p > 0, he prefers to disclose his own type when (i) his action is positive and such

a disclosure induces him to use more of his signal, or (ii) his action is negative and such a

3If lying is allowed, then the partial-disclosure equilibrium will become a full-disclosure equilibrium with
partial truth-telling in the sense that ¢; will be the probability of truthful disclosure and 1 — ¢; will be the
probability of lying (see footnotes 13 and 2). The only exception is those agents whose private signal is
not informative at all, i.e., s; = u, and those agents whose private signal leads them to take a zero-valued
action, i.e., s; = p — £. Their equilibrium actions do not respond to changes in the other agents’ posterior
belief, and hence theylstrictly prefer nondisclosure in the presence of a disclosure cost. Nevertheless, since
these two events happen with a probability measure 0, this exception does not affect our prediction of full
disclosure from both types.
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disclosure induces him to use less of his signal. Conversely, when he receives a pessimistic
signal, i.e., s; — pu < 0, he prefers to disclose his own type when (iii) his action is positive
and such a disclosure induces him to use less of his signal, or (iv) his action is negative and
such a disclosure induces him to use more of his signal.

Similar to the case where u = 0, the satisfaction of the above conditions is contingent
on parameter values and potentially also on the expected population composition. In the
first case where (2w — 1)0’,2] > 02 + 0., an increase in the others’ posterior belief about the
proportion of his type induces an agent to use more of his private signal. Thus, he prefers
to disclose whenever his signal is optimistic and induces a positive action, and whenever
his signal is pessimistic and induces a negative action. When the population composition is
expected to be relatively unbalanced, i.e., A < )\J{ or A > )\;, agents of the supermajority type
disclose when the realization of their private signals is optimistic or extremely pessimistic,
ie., s; —p € (—oo, —ﬁ) U (0,00). Meanwhile, their minority counterparts use their private
signals in an opposite way and thus disclose only with moderately optimistic private signals
instead, i.e., s; — u € (0, —ﬁ) Otherwise, agents of both types disclose with optimistic or
extremely pessimistic private signals.

In the second case where a% < o2, all agents use their private signals in a positive way.
Nevertheless, the convexity of the informativeness of private signals about the average action
can lead the agent of the extreme minority type to rely less on his private signal following an
increase in the others’ posterior belief about the proportion of his type. Whenever this is the
case, an agent prefers to disclose only when his signal is optimistic but induces a negative
action, and when his signal is pessimistic but induces a positive action. Consequently,
when the population composition is expected to be relatively unbalanced, i.e.;, A < )\i or
A > )\g, agents of the super-majority type disclose when the realization of their private
signals is optimistic or extremely pessimistic, i.e., s; — pu € (—o0, —ﬁ) U (0,00), whereas

their minority counterparts do so only with moderately pessimistic private signals instead,

le., s;—u € (—i, 0). Otherwise, agents of both types disclose with optimistic or extremely
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pessimistic private signals. Moreover, note that when \ = )\f, the equilibrium actions of
the minority type do not respond to changes in the other agents’ posterior belief. Agents
of the minority type hence strictly prefer nondisclosure in the presence of a disclosure cost,
which results in nondisclosure of their majority counterparts as well. In other words, there
is a discontinuity in disclosure probabilities at A = )\f where disclosure probabilities of both
types suddenly drop to ¢; = 0 and no-disclosure equilibrium is the only equilibrium.

Lastly, in the third case, all agents always use their private signals in a positive way, and
such reliance on private signals monotonically increases in the others’ posterior belief about
the proportion of their types. As a result, agents of both types disclose with optimistic or
extremely pessimistic private signals, i.e., s; — u € (—o0, —(ff) U (0, 00).

The above intuition holds for both cases where o > 0 and where p < 0, but the disclosure
choice of each agent might be different depending on whether the prior mean is positive or
negative due to changes in relative positions of private signals and actions to zero. Thus,
the equilibrium disclosure probabilities of each type also differ between the two cases. In
particular, the disclosure probability of one type is generally larger when the aggregate signal
of that type goes in the same direction as the prior. For example, the disclosure probabilities
of type 1 under the two cases ¢ >0 > ¢i <0 When their aggregate signal 5, = v + 7 is
positive, and vice versa. The only exception happens in the second case where the disclosure
probability of the extreme minority type becomes smaller when their aggregate signal goes
in the same direction as the prior.

Comparing Proposition C2 with Proposition C1, we find that the sign of the prior mean
leads to a stark contrast in the disclosure equilibrium. In particular, a nonzero prior mean
gives rise to a partial-disclosure equilibrium instead of the full-disclosure equilibrium. Inter-
preting the prior as a belief based on some public information about the fundamental, a zero
prior translates to an unbiased public disclosure in the sense that it does not shift agents’
posterior belief to either direction. Hence, the private signal realization does not alter an

agent’s disclosure incentive. On the other hand, a positive (negative) public disclosure shifts
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the posterior belief upwards (downwards). The induced posterior belief can be consistent or
contradictory to each agent’s private signal depending on its realization, which gives rise to
different disclosure incentives even among agents of the same type. Consequently, partial
disclosure arises in equilibrium. More importantly, the disclosure probabilities of the two
types are positive and continuous, which results in unraveling of the population composition,
almost everywhere with a nonzero prior mean.

A zero prior can be thought of as a limiting case of the more general case with a nonzero
prior. The only diversion is at A = Al when (2w — 1)o? > o5 + o2 Proposition C2 predicts
¢; = 1 — ®;(0) for the minority type and ¢; = 1 for the majority type, whereas Proposition
C'1 prescribes that there is nondisclosure of either type. The reason for such divergence lies
in the sign of action which in turn translates to the sign of . When A\ = )‘va agents of the

minority type do not use their private signals at all and equation (C9) reduces to

dE[u!]

]

dN

= pls— .
N=X\ dx A=A

Therefore, while a zero prior leads agents of the minority type to strictly prefer nondisclosure,
a prior approaching zero from either direction still provides some agents with the incentive
to disclose.

One caveat of the above analysis, however, is that it relies on two strong assumptions
beyond rational expectations. First, there is a mediator who commits to providing agents
with the actual disclosure probabilities of the two types after disclosures are made.* This
assumption guarantees an unbiased posterior belief about population composition with a
large number of agents. Otherwise, each agent will use his private signal to conjecture the
disclosure probabilities. As a result, agents’ conjectured disclosure probabilities are not only

different from each other, but also biased away from the actual ones in general.® This will

4“We may think of the mediator as the social media platform whose algorithm is able to infer the true
identity of each agent based on the other available information.

®See Morgan and Stocken (2008) for a similar prediction that ignoring constituents’ strategic behavior
yields biased estimators in polls. Nevertheless, in our setting, there potentially exists an exception where
the disclosure probabilities of the two types equal to each other so that a naive estimator ignoring strategic
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prevent the existence of linear equilibria in the investment stage in general and renders the
model untractable. Second, the agents are naive in the sense that they cannot uncover the
realizations of the fundamental and the common noise from the actual disclosure probabilities
of the two types provided by the mediator. In other words, they only use the actual disclosure
probabilities to update about the underlying population composition, but not to learn about

the state of nature.

Corollary C1. When u # 0, the equilibrium ex-post disclosure probability can be non-

monotonic in A when 0' < 02. More specifically,

(i) ifo; < % andw > W', then S& > 0 for A € (0,\}), $& < 0 for \ € (A5, Ah),

dez

dq1 >0 for A € (A1), and dQQ <0 for A e (0,Ah), 99 > 0 for X € (A5, \5), Y

7 dA

for X € (A3,1);

(i1) Zf% <op<oporw < W then S < 0 for X € (0,Ah), > 0 for

Ae (A1), and 92 <0 for A€ (0,M5), 9 > 0 for A e (A, 1).

Otherwise, ¢ monotonically increases in A and gz monotonically decreases in X, i.e.,

d‘“ >0 and d‘” < 0 for any A € (0,1).

Proof. 1 present the proof of the monotonicity (non-monotonicity) of ¢; with respect to A.
The monotonicity (non-monotonicity) of g2 can be derived in a similar manner, and is thus
omitted.

2 2
When o}, < oy,

d
dg |~ (- EsR it A < A
R ! (C11)
d 1
pr=EER AN
2 2
When 0, > Oy
day _ ¢1(_|ﬁ’)|_“’d¢1 (C12)
d o1 @7 AN
disclosure A = 74, is unbiased. Indeed, there exists a A for each moderately valued (v,n) combination
such that ¢ = ¢». To see this, note that when v =n =0, g1 = ¢ at A = ; changing the value of (v,n)

within certain range shifts the disclosure probabilities around and results in a different value of A at which
the two disclosure probabilities equal to each other (see Figure C.1).
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where ;(+) is the probability distribution function of a normal distribution with mean v+ 7
and variance ¢2, and is thus always positive. The rest of the proof follows immediately from

Proposition 3.2. O]

Generally, the disclosure probability of each type increases in the proportion of the corre-
sponding type. This makes intuitive sense because an agent is more willing to disclose when
there are more people of his type, which increases the value of his private information and
induces him to rely more on it.

The intuition for the non-monotonicity of disclosure probabilities with respect to the pro-
portion of their corresponding types is more convoluted. When 02 < 02, all agents use their
private signals in a positive way. Nevertheless, when the population composition is expected
to be relatively unbalanced, i.e.; A < )\i or A > )é, the convexity of the informativeness of
private signals about the average action can induce agents of the minority type to rely less
on their private signals when the others expect a higher proportion of their type. Whenever
this is the case, only those agents whose private signals are optimistic (pessimistic) but in-
duce a negative (positive) action are willing to disclose in the case of a negative (positive)
prior. The higher their reliance on the optimistic (pessimistic) signals, the more positive
(negative) their actions are likely to be, and hence there are fewer agents disclosing. As a
result, a higher reliance on private signals of the minority type induced by an increase in the
proportion of that type ends up leading to a lower disclosure probability of the corresponding
type. Figure C.1(a) provides a demonstration of non-monotonic disclosure probability of the
extreme minority type due to their non-monotonic reliance on private signals (see Proposi-
tion 3.2). In contrast, the disclosure probability of the extreme minority type decreases in
the proportion of the corresponding type in Figure C.1(b) given their monotonic reliance on

private signals.
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o
5 2 _ 3 1. 2_9 2_ 2 _ :
3,0: = 5, and (b) w= 3,04 = 1,0, = 2,07 = 2, respectively.

_ 2 _
_2’0'77_

32" %

134



Bibliography

Acemoglu, Daron, and Asuman Ozdaglar (2011) ‘Opinion dynamics and learning in social

networks.” Dynamic Games and Applications 1(1), 3-49

Acemoglu, Daron, Asuman Ozdaglar, and Ali ParandehGheibi (2010) ‘Spread of (mis) in-

formation in social networks.” Games and Economic Behavior 70(2), 194-227

Acemoglu, Daron, Munther A Dahleh, Ilan Lobel, and Asuman Ozdaglar (2011) ‘Bayesian

learning in social networks.” The Review of Economic Studies 78(4), 1201-1236

Al-Najjar, Nabil I. (1998) ‘Factor analysis and arbitrage pricing in large asset economies.’

Journal of Economic Theory 78(2), 231-262

Allen, Franklin, Stephen Morris, and Hyun Song Shin (2006) ‘Beauty contests and iterated

expectations in asset markets.” The Review of Financial Studies 19(3), 719-752

Angeletos, George-Marios, and Alessandro Pavan (2004) ‘Transparency of information and
coordination in economies with investment complementarities.” American Economic Re-

view 94(2), 91-98

— (2007) ‘Efficient use of information and social value of information.” Econometrica

75(4), 1103-1142

Antweiler, Werner, and Murray Z Frank (2004) ‘Is all that talk just noise? The information

content of internet stock message boards.” The Journal of Finance 59(3), 1259-1294

135



Arya, Anil, and Brian Mittendorf (2016) ‘On the synergy between disclosure and investment

beauty contests.” Journal of Accounting and Economics 61(2-3), 255-273

Avery, Christopher, and Peter Zemsky (1998) ‘Multidimensional uncertainty and herd be-

havior in financial markets.” American Economic Review pp. 724-748

Bacchetta, Philippe, and Eric Van Wincoop (2008) ‘Higher order expectations in asset pric-
ing.” Journal of Money, Credit and Banking 40(5), 837-866

Baldassarri, Delia, and Andrew Gelman (2008) ‘Partisans without constraint: Political polar-

ization and trends in american public opinion.” American Journal of Sociology 114(2), 408—

446

Baldenius, Tim, Xiaojing Meng, and Lin Qiu (2019) ‘Biased boards.” The Accounting Review
94(2), 1-27

Bamber, Linda Smith, Orie E Barron, and Thomas L Stober (1997) ‘Trading volume and dif-
ferent aspects of disagreement coincident with earnings announcements.” The Accounting

Review pp. 575-597

Banerjee, Sanjay, Hong Qu, and Ran Zhao (2022) ‘Clarity trumps content: An experiment on
information acquisition in beauty contests.” Journal of Economic Behavior € Organization

195, 381-407

Banerjee, Snehal, Jesse Davis, and Naveen Gondhi (2018) ‘When transparency improves,
must prices reflect fundamentals better?” The Review of Financial Studies 31(6), 2377

2414

Barron, Orie E (1995) ‘Trading volume and belief revisions that differ among individual

analysts.” The Accounting Review pp. 581-597

Barth, Mary E, Yaniv Konchitchki, and Wayne R Landsman (2013) ‘Cost of capital and

earnings transparency.” Journal of Accounting and Economics 55(2-3), 206224

136



Benabou, Roland, and Guy Laroque (1992) ‘Using privileged information to manipulate mar-

kets: Insiders, gurus, and credibility.” The Quarterly Journal of Economics 107(3), 921-958

Benoit, Jean-Pierre, and Juan Dubra (2019) ‘Apparent bias: What does attitude polarization

show?’ International Economic Review 60(4), 1675-1703

Bertomeu, Jeremy, and Edwige Cheynel (2013) ‘Toward a positive theory of disclosure reg-

ulation: In search of institutional foundations.” The Accounting Review 88(3), 789-824

_ (2016) ‘Disclosure and the cost of capital: A survey of the theoretical literature.” Abacus
52(2), 221-258

Beyer, Anne, Daniel A Cohen, Thomas Z Lys, and Beverly R Walther (2010) ‘The finan-
cial reporting environment: Review of the recent literature.” Journal of Accounting and

Economics 50(2-3), 296-343

Bullen, Halsey G., and Kimberley Crook (2005) A New Conceptual Framework Project:

Revisiting the Concepts (Financial Accounting Standards Board)

Bursztyn, Leonardo, Florian Ederer, Bruno Ferman, and Noam Yuchtman (2014) ‘Under-
standing mechanisms underlying peer effects: Evidence from a field experiment on financial

decisions.” Econometrica 82(4), 1273-1301

Butterworth, John E (1972) ‘The accounting system as an information function.” Journal of

Accounting Research 10(1), 1-27

Campbell, John L, Matthew D DeAngelis, and James R Moon (2019) ‘Skin in the game:
Personal stock holdings and investors’ response to stock analysis on social media.” Review

of Accounting Studies 24(3), 731-779

Cespa, Giovanni, and Xavier Vives (2015) ‘The beauty contest and short-term trading.” The
Journal of Finance 70(5), 2099-2154

137



Chemmanur, Thomas J, and Viktar Fedaseyeu (2018) ‘A theory of corporate boards and
forced CEO turnover.” Management Science 64(10), 4798-4817

Chen, Bingyi, Ahmet C Kurt, and Irene Guannan Wang (2020) ‘Accounting comparability
and the value relevance of earnings and book value.” Journal of Corporate Accounting €

Finance 31(4), 82-98

Chen, Hailiang, Prabuddha De, Yu Jeffrey Hu, and Byoung-Hyoun Hwang (2014a) ‘Wisdom
of crowds: The value of stock opinions transmitted through social media.” The Review of

Financial Studies 27(5), 1367-1403

Chen, Qi, Zeqiong Huang, and Yun Zhang (2014b) ‘The effects of public information
with asymmetrically informed short-horizon investors.” Journal of Accounting Research

52(3), 635-669

Cho, Myojung, and Soo Young Kwon (2014) ‘Trading volume and investor disagreement
around management forecast disclosures.” Journal of Accounting, Auditing € Finance

29(1), 3-30

Cogent Research (2012) ‘Social media’s impact on personal finance & investing.” Available
from: http://www.cogentresearch.com or https://www.businesswire.com/news/
home/20130222005037/en/Cogent-Research-Now-Trending---Social-Media-Fuels-

Investor-Decision-Making

Coles, Jeffrey L, Naveen D Daniel, and Lalitha Naveen (2008) ‘Boards: Does one size fit all?’

Journal of Financial Economics 87(2), 329-356

Collins, Daniel W, Guojin Gong, and Paul Hribar (2003) ‘Investor sophistication and the

mispricing of accruals.” Review of Accounting Studies 8(2), 251-276

Condorcet, N.C. (1785) Essai sur 'application de l'analyse a la probabilité des décisions

rendues a la pluralité des voiz (L’imprimerie royale)

138


http://www.cogentresearch.com
https://www.businesswire.com/news/home/20130222005037/en/Cogent-Research-Now-Trending---Social-Media-Fuels-Investor-Decision-Making
https://www.businesswire.com/news/home/20130222005037/en/Cogent-Research-Now-Trending---Social-Media-Fuels-Investor-Decision-Making
https://www.businesswire.com/news/home/20130222005037/en/Cogent-Research-Now-Trending---Social-Media-Fuels-Investor-Decision-Making

Connor, Gregory (1984) ‘A unified beta pricing theory.” Journal of Economic Theory 34(1-
2), 13-31

Cookson, J Anthony, and Marina Niessner (2020) ‘Why don’t we agree? Evidence from a

social network of investors.” The Journal of Finance 75(1), 173-228

Cookson, J Anthony, Joseph Engelberg, and William Mullins (2021) ‘Echo chambers.” Work-
ing Paper. Available at SSRN: https://papers.ssrn.com/sol3/papers.cfm?abstract_

1d=3603107

Core, John E., Wayne R. Guay, and David F. Larcker (2003) ‘Executive equity compensation
and incentives: A survey.” Federal Reserve Bank of New York Economic Policy Review

pp- 27-50

Corona, Carlos, and Sang Wu (2021) ‘Heterogeneous interpretations of public disclosure,
price efficiency, and keynesian beauty contests.” Working Paper. Available at SSRN:

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3388309

Corona, Carlos, Lin Nan, and Gaoqing Zhang (2019) ‘The coordination role of stress tests

in bank risk-taking.” Journal of Accounting Research 57(5), 1161-1200

Crawford, Vincent P, and Joel Sobel (1982) ‘Strategic information transmission.” Economet-

rica pp. 1431-1451

Das, Sanjiv R, and Mike Y Chen (2007) ‘Yahoo! for Amazon: Sentiment extraction from

small talk on the web.” Management Science 53(9), 1375-1388

De Franco, Gus, Sagar P Kothari, and Rodrigo S Verdi (2011) ‘The benefits of financial

statement comparability.” Journal of Accounting Research 49(4), 895-931

DeMarzo, Peter M, Dimitri Vayanos, and Jeffrey Zwiebel (2003) ‘Persuasion bias, social
influence, and unidimensional opinions.” The Quarterly Journal of Economics 118(3), 909

968

139


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3603107
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3603107
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3388309

Dow, James, Itay Goldstein, and Alexander Guembel (2017) ‘Incentives for information pro-

duction in markets where prices affect real investment.” Journal of the Furopean Economic

Association 15(4), 877-909

Duflo, Esther, and Emmanuel Saez (2003) ‘The role of information and social interactions
in retirement plan decisions: Evidence from a randomized experiment.” The Quarterly

Journal of Economics 118(3), 815-842

Dugast, Jérome, and Thierry Foucault (2018) ‘Data abundance and asset price informative-

ness.” Journal of Financial Economics 130(2), 367-391

Dye, Ronald A (1990) ‘Mandatory versus voluntary disclosures: The cases of financial and

real externalities.” The Accounting Review 65(1), 1-24

— (2001) ‘An evaluation of “essays on disclosure” and the disclosure literature in accounting.’

Journal of Accounting and Economics 32(1-3), 181-235

Dye, Ronald A, and Sri S Sridhar (2004) ‘Reliability-relevance trade-offs and the efficiency

of aggregation.” Journal of Accounting Research 42(1), 51-88

_(2007) ‘The allocational effects of the precision of accounting estimates.” Journal of Ac-

counting Research 45(4), 731-769

_ (2008) ‘A positive theory of flexibility in accounting standards.” Journal of Accounting and
Economics 46(2-3), 312-333

Fang, Vivian W, Michael Iselin, and Gaoqing Zhang (2021) ‘Consistency as a means to

comparability: Theory and evidence.” Management Science

Farrell, Joseph (1993) ‘Meaning and credibility in cheap-talk games.” Games and Economic
Behavior 5(4), 514-531

Farrell, Joseph, and Robert Gibbons (1989) ‘Cheap talk with two audiences.” American

Economic Review 79(5), 1214-1223

140



FASB (2018) Conceptual Framework for Financial Reporting (Financial Accounting Foun-

dation)
Feltham, Gerald A (1972) Information Evaluation (American Accounting Association)

Fiorina, Morris P, and Samuel J Abrams (2008) ‘Political polarization in the american pub-

lic.” Annual Review of Political Science 11, 563588

Foucault, Thierry, and Thomas Gehrig (2008) ‘Stock price informativeness, cross-listings,

and investment decisions.” Journal of Financial Economics 88(1), 146-168

Friedman, Henry L, and Mirko S Heinle (2016) ‘Lobbying and uniform disclosure regulation.’
Journal of Accounting Research 54(3), 863-893

Froot, Kenneth A, David S Scharfstein, and Jeremy C Stein (1992) ‘Herd on the street: In-
formational inefficiencies in a market with short-term speculation.” The Journal of Finance

47(4), 1461-1484

Galeotti, Andrea, Christian Ghiglino, and Francesco Squintani (2013) ‘Strategic information

transmission networks.” Journal of Economic Theory 148(5), 1751-1769

Gao, Pingyang (2008) ‘Keynesian beauty contest, accounting disclosure, and market effi-

ciency.” Journal of Accounting Research 46(4), 785-807

_ (2010) ‘Disclosure quality, cost of capital, and investor welfare.” The Accounting Review

85(1), 1-29

_ (2013) ‘A measurement approach to conservatism and earnings management.” Journal of

Accounting and Economics 55(2-3), 251-268

_ (2019) ‘Idiosyncratic information, moral hazard, and the cost of capital.” Contemporary

Accounting Research 36(4), 2178-2206

141



Gao, Pingyang, and Gaoqing Zhang (2019) ‘Accounting manipulation, peer pressure, and

internal control.” The Accounting Review 94(1), 127-151

Gao, Pingyang, and Xu Jiang (2018) ‘Reporting choices in the shadow of bank runs.” Journal

of Accounting and Economics 65(1), 85-108

— (2020) ‘The economic consequences of discrete recognition and continuous measurement.’

Journal of Accounting and Economics 69(1), 101250

Gao, Pingyang, Xu Jiang, and Gaoqing Zhang (2019) ‘Firm value and market liquidity
around the adoption of common accounting standards.” Journal of Accounting and Eco-

nomics 68(1), 101220
Garcia, Diego (2013) ‘Sentiment during recessions.” The Journal of Finance 68(3), 1267-1300

Goldman, Eitan, Nandini Gupta, and Ryan D Israelsen (2021) ‘Political polarization in
financial news.” Working Paper. Available at SSRN: https://papers.ssrn.com/so0l3/

papers.cfm?abstract_id=3537841

Goldstein, Itay, and Liyan Yang (2015) ‘Information diversity and complementarities in

trading and information acquisition.” The Journal of Finance 70(4), 1723-1765

— (2017) ‘Information disclosure in financial markets.” Annual Review of Financial Eco-

nomics
— (2019) ‘Good disclosure, bad disclosure.” Journal of Financial Economics 131(1), 118-138

Goldstein, Itay, Yan Xiong, and Liyan Yang (2021) ‘Information sharing in financial mar-
kets.” Working Paper. Available at SSRN: https://papers.ssrn.com/sol3/papers.

cfm?abstract_id=3632315

Goodfriend, Marvin (1986) ‘Monetary mystique: Secrecy and central banking.” Journal of
Monetary Economics 17(1), 63-92

142


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3537841
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3537841
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3632315
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3632315

Guttman, [lan, Ohad Kadan, and Eugene Kandel (2006) ‘A rational expectations theory of

kinks in financial reporting.” The Accounting Review 81(4), 811-848

Hagenbach, Jeanne, and Frédéric Koessler (2010) ‘Strategic communication networks.” The

Review of Economic Studies 77(3), 1072-1099

He, Hua, and Jiang Wang (1995) ‘Differential information and dynamic behavior of stock
trading volume.” The Review of Financial Studies 8(4), 919-972

Hellwig, Christian, and Laura Veldkamp (2009) ‘Knowing what others know: Coordination

motives in information acquisition.” The Review of Economic Studies 76(1), 223-251

Hirshleifer, David (2020) ‘Presidential address: Social transmission bias in economics and

finance.” The Journal of Finance 75(4), 1779-1831

Hirshleifer, Jack (1971) ‘The private and social value of information and the reward to

inventive activity.” American Economic Review 61(4), 561-574

Holmstrom, Bengt (1982) ‘Moral hazard in teams.” The Bell Journal of Economics
13(2), 324-340

Holmstrom, Bengt, and Jean Tirole (1993) ‘Market liquidity and performance monitoring.’

Journal of Political Economy 101(4), 678-709

Holthausen, Robert W, and Robert E Verrecchia (1990) ‘The effect of informedness and

consensus on price and volume behavior.” The Accounting Review pp. 191-208

Hong, Harrison, Jeffrey D Kubik, and Amit Solomon (2000) ‘Security analysts’ career con-

cerns and herding of earnings forecasts.” The RAND Journal of Economics pp. 121-144

Hong, Harrison, Jeffrey D Kubik, and Jeremy C Stein (2004) ‘Social interaction and stock-

market participation.” The Journal of Finance 59(1), 137-163

IASB (2018) Conceptual Framework for Financial Reporting (IFRS Foundation)

143



[jiri, Yuji, and Robert K Jaedicke (1966) ‘Reliability and objectivity of accounting measure-

ments.” The Accounting Review 41(3), 474-483

Jennings, Jared, Hojun Seo, and Mark Soliman (2020) ‘The market’s reaction to changes in

relative relative performance ranking.” Review of Accounting Studies 25, 672-725

Jiang, John Xuefeng, Isabel Yanyan Wang, and Daniel D Wangerin (2018) ‘How does the
FASB make decisions? A descriptive study of agenda-setting and the role of individual

board members.” Accounting, Organizations and Society 71, 30-46

Kelly, Morgan, and Cormac O Grada (2000) ‘Market contagion: Evidence from the panics
of 1854 and 1857." American Economic Review 90(5), 1110-1124

Keynes, John Maynard (1936) The general theory of employment, interest, and money

(MacMillan Cambridge University Press)

Kim, Oliver, and Robert E Verrecchia (1997) ‘Pre-announcement and event-period private

information.” Journal of Accounting and Economics 24(3), 395-419

Kovbasyuk, Sergey, and Marco Pagano (2020) ‘Advertising arbitrage.” Working Paper. Avail-

able at SSRN: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2431270

Kurt, Ahmet C (2020) ‘Don’t overlook accounting comparability.” CFA Institute
Blogs. Available at https://blogs.cfainstitute.org/investor/2020/08/18/dont-

overlook-accounting-comparability/

Lang, Mark, and Mark Maffett (2011) ‘Transparency and liquidity uncertainty in crisis

periods.” Journal of Accounting and Economics 52(2-3), 101-125

Leblanc, Richard, and James Gillies (2005) Inside the boardroom: How boards really work

and the coming revolution in corporate governance (John Wiley & Sons)

Leuz, Christian, and Robert E Verrecchia (2000) ‘The economic consequences of increased

disclosure.” Journal of Accounting Research pp. 91-124

144


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2431270
https://blogs.cfainstitute.org/investor/2020/08/18/dont-overlook-accounting-comparability/
https://blogs.cfainstitute.org/investor/2020/08/18/dont-overlook-accounting-comparability/

Liang, Pierre Jinghong, and Gaoqing Zhang (2019) ‘On the social value of accounting ob-

jectivity in financial stability.” The Accounting Review 94(1), 229-248

Liang, Pierre Jinghong, and Xiaojun Zhang (2008) ‘Information economics and accounting

measurements: A blueprint for scholarly research.” China Accounting Review 6(1), 107-107

Liu, Ying (2018) ‘Why do large investors disclose their information?” Swiss Finance Institute

Research Paper

Ljungqvist, Alexander, and Wenlan Qian (2016) ‘How constraining are limits to arbitrage?’

The Review of Financial Studies 29(8), 1975-2028

Lundholm, Russell J (1988) ‘Price-signal relations in the presence of correlated public and

private information.” Journal of Accounting Research pp. 107-118

Malenko, Nadya (2014) ‘Communication and decision-making in corporate boards.” The

Review of Financial Studies 27(5), 1486-1532

Mobius, Markus, and Tanya Rosenblat (2014) ‘Social learning in economics.” Annual Review

of Economics 6(1), 827-847

Mondria, Jordi, Xavier Vives, and Liyan Yang (2021) ‘Costly interpretation of asset prices.’

Management Science

Morgan, John, and Phillip C Stocken (2008) ‘Information aggregation in polls.” American
Economic Review 98(3), 864-96

Morris, Stephen, and Hyun Song Shin (2002) ‘Social value of public information.” American

Economic Review 92(5), 1521-1534

Myatt, David P, and Chris Wallace (2012) ‘Endogenous information acquisition in coordi-

nation games.” The Review of Economic Studies

145



Nimark, Kristoffer P, and Savitar Sundaresan (2019) ‘Inattention and belief polarization.’

Journal of Economic Theory 180, 203-228

Plous, Scott (1991) ‘Biases in the assimilation of technological breakdowns: Do accidents

make us safer?” Journal of Applied Social Psychology 21(13), 1058-1082

Ross, Stephen A (1978) ‘Mutual fund separation in financial theory — the separating distri-

butions.” Journal of Economic Theory 17(2), 254-286

Sadka, Ronnie (2011) ‘Liquidity risk and accounting information.” Journal of Accounting and

Economics 52(2-3), 144-152

Schmidt, Daniel (2020) ‘Stock market rumors and credibility.” The Review of Financial Stud-

ies 33(8), 3804-3853

Schwartz-Ziv, Miriam, and Michael S Weisbach (2013) ‘What do boards really do? Evidence

from minutes of board meetings.” Journal of Financial Economics 108(2), 349-366

Securities and Exchange Commission (2012) ‘Investment adviser use of social media.” Na-

tional Examination Risk Alert 2(1), 1-7
Shiller, Robert J (1992) Market volatility (MIT press)

Sonnenfeld, Jeffrey A (2002) ‘What makes great boards great.” Harvard Business Review
80(9), 106-113

Stein, Jeremy C (1989) ‘Cheap talk and the Fed: A theory of imprecise policy announce-

ments.” American Economic Review pp. 32-42

Subrahmanyam, Avanidhar, and Sheridan Titman (1999) ‘The going-public decision and the

development of financial markets.” The Journal of Finance 54(3), 1045-1082

Sunder, Shyam (2010) ‘Adverse effects of uniform written reporting standards on accounting

practice, education, and research.” Journal of Accounting and Public policy 29(2), 99-114

146



Tetlock, Paul C (2007) ‘Giving content to investor sentiment: The role of media in the stock
market.” The Journal of Finance 62(3), 1139-1168

The Wall Street Journal (2015) ‘Firms analyze tweets to gauge stock sentiment.’
Available from: https://www.wsj.com/articles/tweets-give-birds-eye-view-of-

stocks-1436128047

— (2021) ‘When social media enters the stock market.” Available from: https://www.wsj.

com/articles/when-social-media-enters-the-stock-market-11612914443

Tumarkin, Robert, and Robert F Whitelaw (2001) ‘News or noise? Internet postings and

stock prices.” Financial Analysts Journal 57(3), 41-51

Van Riper, Robert (1994) Setting standards for financial reporting: FASB and the struggle

for control of a critical process (Quorum Books Westport, CT)

Verrecchia, Robert E (2001) ‘Essays on disclosure.” Journal of Accounting and Economics

32(1-3), 97-180

Wang, Clare (2014) ‘Accounting standards harmonization and financial statement compara-
bility: Evidence from transnational information transfer.” Journal of Accounting Research

52(4), 955-992

Warther, Vincent A (1998) ‘Board effectiveness and board dissent: A model of the board’s

relationship to management and shareholders.” Journal of Corporate Finance 4(1), 5370

Watts, Ross L, and Jerold L Zimmerman (1978) ‘Towards a positive theory of the determi-

nation of accounting standards.” The Accounting Review 53(1), 112-134

Wessel, David (1995) ‘Clearly, the chairman tries to obfuscate or maybe he doesn’t.” The

Wall Street Journal. https://www.wsj.com/articles/SB112404192550712625

Zhang, Guochang (2013) ‘Accounting standards, cost of capital, resource allocation, and

welfare in a large economy.” The Accounting Review 88(4), 1459-1488

147


https://www.wsj.com/articles/tweets-give-birds-eye-view-of-stocks-1436128047
https://www.wsj.com/articles/tweets-give-birds-eye-view-of-stocks-1436128047
https://www.wsj.com/articles/when-social-media-enters-the-stock-market-11612914443
https://www.wsj.com/articles/when-social-media-enters-the-stock-market-11612914443
https://www.wsj.com/articles/SB112404192550712625

	Abstract
	Acknowledgements
	List of Figures
	List of Tables
	Introduction
	1 Accounting Comparability and Relative Performance Evaluation by Capital Markets
	1.1 Introduction
	1.2 Model
	1.2.1 Setup
	1.2.2 Measure of Comparability
	1.2.3 Equilibrium Analysis

	1.3 Main Results
	1.4 Empirical Implications
	1.5 Extension
	1.6 Conclusion

	2 Heterogeneous Interpretations of Public Disclosure, Price Efficiency, and Keynesian Beauty Contests
	2.1 Introduction
	2.2 Literature Review
	2.3 Information Environment
	2.3.1 Information Structure
	2.3.2 Iterated Average Expectations

	2.4 Main Analysis
	2.4.1 The Equilibrium
	2.4.2 Price Efficiency

	2.5 Extension
	2.6 Discussion

	3 A Theory of Communication and Coordination in a Polarized Society
	3.1 Introduction
	3.2 Related Literature
	3.3 Main Model
	3.3.1 Setup
	3.3.2 Equilibrium Analysis

	3.4 Expression of Sentiments
	3.4.1 Equilibrium Disclosure Strategy
	3.4.2 Disclosure Region

	3.5 Additional Applications
	3.5.1 Board Composition
	3.5.2 Price Volatility

	3.6 Conclusion

	Appendix A Proofs to Chapter 1
	Appendix B Proofs to Chapter 2
	B.1 Noisy Price Interpretation
	B.2 Long-Horizon Equilibrium
	B.3 Proofs

	Appendix C Proofs to Chapter 3
	C.1 Proofs
	C.2 Ex-Post Disclosure

	Bibliography

