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Abstract

This dissertation studies macroeconomics and information theory. Each essay
investigates the effects of imperfect information processing on macroeconomics,
international finance, and social welfare, even when the information is transmitted
accurately but not processed perfectly by the recipients.

In Chapter 2, I explore the underlying reasons for the rapid spread of finan-
cial contagion across markets with weak correlations using a dynamic model of
rational inattention. In my model, agents invest in two assets, whose returns are
uncorrelated. Monitoring the returns on these assets entails costly information ac-
quisition. Unlike in past work, I allow for the total amount of information that
the investor acquires to endogenously respond to the change in volatility of assets’
returns. By emphasizing the decomposition of attention rather than the relative
signal weights of the two assets in the optimal signal, I find that increased volatil-
ity of one asset’s returns heightens not only investor attention to that asset (as past
research has found), but also to attention to other assets as well (counter to the
conclusions of existing research), as a result of the increased subjective correlation.
I validate these predictions using the text from the Financial Times during the 1997
Asian Financial Crisis. Furthermore, the theoretical results provide general mech-
anisms of volatility spillover in the canonical rational inattention model and the
pivotal role of information structure choice in these processes.

In Chapter 3, I examine the relationship between news media credibility, infor-
mation friction, and strategic complementarity, especially during uncertain times
like the COVID-19 pandemic. It introduces a news media verification mechanism
to the Beauty Contest model and discusses the effects of an endogenous informa-

tion cost model on the reliability perception of public information and social wel-
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tare. The study highlights how increased information costs and high strategic com-
plementarity might reduce efforts to verify public information, potentially leading
to undervalued news media credibility and increased belief polarization. It sug-
gests that, contradicting the insights of Morris and Shin (2002), improving news
media trustworthiness or accuracy of public information could almost always en-
hance social welfare, urging the need for empirical research to further understand

the news media’s impact on economic outcomes and policy-making.
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1 Introduction

This dissertation contains two essays related to macroeconomics and informa-
tion theory. These essays propose the possibility that, even if information providers
deliver accurate information, recipients can distort it, leading to potential financial
contagion and a decline in news media trust.

In Chapter 2, I primarily explore the underlying causes of financial contagion,
focusing particularly on how international investors process information. Unlike
many studies that have explained financial contagion through the Global Coordi-
nation game, this paper diverges by analyzing the dynamics of investors” attention
reallocation in response to changing information flows, moving away from the as-
sumption that international investors operate with a fixed information capacity.
Specifically, it examines how increases in asset volatility affect international in-
vestors’ focus and information processing based on the theory of rational inatten-
tion.

Specifically, the paper discusses the interaction between increases in volatility
and the allocation of attention, suggesting that, when the volatility of one asset
increases, it not only heightens attention towards that asset but also leads to in-
creased information processing for other non-correlated assets. This provides new
insights into how international investors allocate information under a fixed infor-
mation processing cost and verifies theoretical and numerical predictions through
empirical analysis using data from the 1997 Asian Financial Crisis. The study aims
to deepen our understanding of the mechanisms of information processing and
attention reallocation in financial markets, especially in the context of anticipated
versus unanticipated financial crises.

In Chapter 3, I examine the relationship between the credibility of news media



providing public information, information friction, and economic decision-making
in situations with strategic complementarity, challenging traditional assumptions.
By introducing a model in which agents receive different signals about the credibil-
ity of news media and can affect the accuracy of these signals by incurring endoge-
nous information costs, the study seeks to better understand how differing beliefs
about the reliability of public information impact economic welfare. I employ a
modified Beauty Contest model to examine the effects of the interaction between
information verification and strategic complementarity on societal outcomes.

The research investigates how the trustworthiness of news media influences
economic agents’ decisions, highlighting the potential negative consequences of
misinformation. By integrating concepts from the Global Coordination game and
rational inattention, the paper discusses the varied decision-making arising from
different posterior beliefs about news credibility, ultimately suggesting that en-
hancing the accuracy of public information can be almost always beneficial for

social welfare, particularly in contexts where news media is not fully trusted.



2 Impact of Volatility Shocks on Attention

Allocation Across Uncorrelated Assets

2.1 Introduction

Understanding the fundamental causes of financial contagion is one of the most
imperative topics in macroeconomics and international finance. Typically, such
contagions are more globally pervasive when unexpected shocks occur (Kaminsky
et al., 2003; Rigobon and Wei, 2009), and they tend to spread rapidly even among
countries considered to have weak financial market linkages. For instance, the 1997
Asian Financial Crisis, which began with the devaluation of the Thai Baht on July 2,
1997, quickly spread beyond Asia to Europe, North America, and South America.
Notably, Asian and Latin American markets, which usually move independently
in terms of stock returns, started to show similar movements of stock returns in a
negative direction with higher volatility once the contagion began.

To explain how financial contagion can spread so rapidly to markets consid-
ered less correlated in normal times, many studies have naturally begun to focus
on how international investors process information. Some papers apply the Global
Coordination game to explain financial contagion through the interactions of inter-
national investors (Carlsson and Van Damme, 1993; Morris and Shin, 2003; Vives,
2005; and Ahnert and Bertsch, 2022). In contrast, Mondria (2010) and Mondria and
Quintana-Domeque (2013) explain how contagion could rapidly occur without the
Global Coordination game. This is through a representative rational inattentive
international investor with a fixed information capacity. They argue that, when

return volatility unexpectedly increases in one market (e.g., the Asian Market), it



leads to increased attention to the more uncertain market and, simultaneously, less
attention to an uncorrelated market (e.g., the Latin American Market). These stud-
ies use static models to explain time series data implications, with the critical as-
sumption that, when an unexpected volatility shock occurs, international investors
process only a fixed total amount of information over a given period of time and
are unable to increase the total information flow.

This paper relaxes that assumption that the amount of information processed
is fixed. The Financial Times” daily news data, which is a measure of public infor-
mation, indicates that the total information flow fluctuates dramatically on a daily
basis. Consequently, when agents can directly select total information flow, in the
context of a dynamic model, I aim to investigate theoretically and empirically how
the attention reallocation dynamics of international investors changes. For this re-
search, I utilize the canonical rational inattention model proposed by Sims (2003)
and Sims (2011), where an international investor seeks to achieve a pre-specified
total portfolio return, which is a one-dimensional linear combination of two uncor-
related assets. I then analyze how the investor’s information choices change when
one asset faces a volatility shock.

More generally, this paper analyzes the interaction between volatility changes
and endogenous attention allocation. While research on volatility changes and
uncertainty shocks is separately well established (Bloom, 2009), and literature on
endogenous attention allocation within rational inattention theory is well-known
(Sims, 2011), the interaction between these two areas remains scarcely explored
(see Chiang (2022) for an exception). An interesting consequence of analyzing
these two mechanisms jointly is that it can generate volatility spillover effects. This
refers to a situation in which an increase in the volatility of one exogenous process

affects the amount of information processed about another exogenous process, in-



dependent of the first. This paper studies the volatility spillover effect both the-
oretically and empirically within the canonical rational inattention model. It also
provides analytical results for multivariate dynamic rational inattention problems
that are rarely available even in the steady-state.!

Regarding volatility spillovers, the key theoretical implications are that, when
the volatility of one asset increases, (i) attention paid to that asset increases, even
in a dynamic setting, (ii) agents’ subjective posterior correlation across assets in-
creases, and (iii) attention paid to other uncorrelated assets also increases, as a
result of the increased posterior correlation. These implications extend beyond
asset price applications and can be generally applied in cases involving a one-
dimensional target as a linear combination of two uncorrelated fundamentals (e.g.,
firm price setting, investment, or consumption/saving decisions).

Especially among the general theoretical implications, understanding how pos-
terior correlation interacts with fixed marginal information cost is essential for
understanding these results. Sims (2011) notes that rational inattention naturally
generates subjective correlation among initially independent sources of uncertain-
ties, which may suggest that an increase in information processing costs should
increase this subjective correlation. However, this paper clarifies this is not the
case. Counterintuitively, as the fixed marginal information cost decreases towards
zero, the posterior correlation does not diminish; it actually increases. This implies
that volatility spillover effects arise mainly from agents” optimal choice of target
variable, not from the presence of information constraints per se.

This paper also shows that, using Shannon mutual information as a measure

of information, the introduced attention decomposition allows for the calculation

! Papers that have provided general analytical results in the canonical rational inattention model
include Sims (2003), Sims (2011), Mac¢kowiak, Matéjka, and Wiederholt (2018), Afrouzi and Yang
(2021), Miao, Wu, and Young (2022), and Jurado (2023).



of individual attention for each asset and separates the part of individual attention
that shares posterior correlation, providing clear insights into how agents allocate
attention in multivariate rational inattention problems. Many previous studies
have used the relative signal weights on the two assets in the optimal signal as
an indicator of relative attention. This paper illustrates the problems with this in-
dicator and emphasizes why the model-implied attention decomposition is more
appropriate. Using this attention decomposition, this paper shows that, in the case
of fixed marginal information cost, when the volatility of one asset unexpectedly
increases, more attention can be allocated both to this asset and to another uncor-
related asset. This is unlike the zero-sum-game-like behavior under fixed capacity,
where an increase in attention on one asset requires a reduction in attention on
another.

All the analytical results discussed so far are obtained by analyzing only the
steady-state of the dynamic model. To go beyond this, the paper also analyzes
the transition path to the steady-state, to understand whether these steady-state
results also apply in the short run. I find that the steady-state results remain quali-
tatively the same even in the short run. Additionally, transitional dynamics can be
used to explain the dynamics of individual attention when a crisis is anticipated
versus unanticipated. A decline in asset prices due to an uncertainty shock is a
common outcome (Bianchi, Ilut, and Schneider, 2018). Especially, stock prices fall
less when an uncertainty shock is anticipated (Mondria and Quintana-Domeque,
2013). This paper examines the difference between anticipated and unanticipated
events through transitional dynamics based on the decomposition of attention.
Numerical simulations indicate that in response to an anticipated change in volatil-
ity (i.e. increase in uncertainty), agents save attention by processing less informa-

tion on assets before the shock period, and respond by increasing attention closer



to the steady-state once the shock is realized.

Lastly, as an empirical application, I perform an empirical analysis using data
on the 1997 Asian Financial Crisis to verify the analytical and numerical predic-
tions. Analyzing the number of the Financial Times news articles, I assess the
attention of international investors towards both Asian and Latin American mar-
kets. The findings confirm that, when the Asian market faced an unanticipated
volatility shock, it not only drew more attention to the Asian market, but also in-
creased attention towards the Latin American market as well, consistent with the
theoretical predictions under a fixed marginal cost of information.

The structure of the paper is as follows: Section 2 deals with the information
cost structure and outlines the model. Section 3 shows analytical and numerical
results on the transmission of volatility shocks. Section 4 shows empirical applica-

tions, and Section 5 concludes.



2.2 Model

This section describes the canonical rational inattention tracking problem used
throughout the paper and interprets it in terms of international investors seeking
to achieve a pre-specified target portfolio return. There are two uncorrelated risky
assets and a continuum of infinitely-lived rational inattentive agents of measure
one, each with a portfolio comprising these uncorrelated assets. Given arbitrar-
ily assigned weights to the portfolios, they select private signals regarding the
stock returns of two assets at each time t.2 Upon receiving these signals, they
aim to optimally allocate their attention to each asset. The optimal attention then
informs their actions, which reflect their knowledge of the exogenous target port-
folio return—a linear combination of the two risky assets. The more accurately
they perceive the exogenous portfolio return, the higher the benefit they receive.
However, due to the presence of information costs, they are unable to perfectly

achieve the optimal target return.

2.2.1 Information cost

The agents gain benefit when their actions more closely align with their target.
However, striving to reach this target entails an increase in the cost of processing
information that is helpful in reaching the target. In this framework, while there
is no direct monetary cost for using information, it is assumed that there is an im-
plicit cost related to subjective factors like mental effort or time spent processing
additional information. In rational inattention theory, a willingness to incur higher
information costs implies a desire to pay more attention or to diminish uncertainty

regarding underlying fundamentals. For the purposes of this paper, this ‘reduc-

2 This process represents the initial step in deciding on the asset portfolio. While the dynamics
of this attention problem can be extended to asset holding decisions, this paper is confined to the
allocation of attention prior to such decisions.



tion in uncertainty’ is synonymously and specifically referred to as a measure of
‘attention’ or ‘the amount of information” acquired.

The concept of information used in this paper originates from information the-
ory, first established by Shannon (1948) and subsequently integrated into economic
models by Sims (2003). Information theory quantifies information using a funda-
mental metric known as entropy. This entropy measures the level of uncertainty

in information and is defined as follows:
H(X) = —Elnp(X) = _me In p(x) dx

where X is a random variable and p(x) is a continuous probability density func-

tion. If X ~ N(X,X) which is a n-dimensional multivariate normal case:

H(X) = > In ((27e)"[2))

N~

where |Z| is the determinant of the n-dimensional covariance matrix . This en-
tropy decreases when observing the realization of another random variable Y, pro-
viding a measure of uncertainty reduction. This reduction in uncertainty is called

mutual information and is defined as:

vy I AC) _ B
1<X,Y)_”p(x,y)1 S dxdy = H(X) ~ H(XIY).

Intuitively, if Y conveys information about X, the uncertainty surrounding X di-
minishes upon observing Y, reducing its entropy to H(X|Y). Consequently, the
mutual information I(X;Y') quantifies this reduction in uncertainty.

Moreover, for two Gaussian random variables with a linear correlation, the mu-

tual information can be computed as:?

1Y) = H(X) + H(Y) — H(X,Y) = —% log (1— 0?).

3 See Gel’fand and Yaglom (1959) and Example 9.3 in Cover and Thomas (2006)



Here, p represents the correlation coefficient. With this formula, I can break down
the individual attention allocated to each Gaussian random variable, particularly
in cases where they have a posterior correlation. I will detail this method in Section
2.3.2 Attention decomposition.

In the work of Sims (2003), mutual information is constrained by a capacity
limit, which essentially caps the amount of information that can be processed, re-
flecting the human limitations in managing information. Defining the movement
of this limit, however, posed a challenge. In this paper, following Sims (2011),
the mutual information is included directly in the objective function as a fixed
marginal information cost. It is crucial to recognize that, although agents have a fi-
nite capacity for information processing, this second approach proposes that such
capacity is distributed across various domains, including economic decisions, en-
tertainment, social interactions, etc. Consequently, by reallocating attention from
these diverse and unmodeled activities, the total amount of attention on one spe-
cific economic decision, such as the predetermined target portfolio return, can be
increased.

Reflecting these aspects, in this model, agents are able to decide the amount
of information they want to process. If agents were dealing with multiple targets,
a fixed information capacity model might be appropriate. However, given our
concentration on a one-dimensional target, it seems reasonable to enable agents
to instantly choose their total information flow. Notably, the influence of a fixed
information capacity on volatility spillover is quite different from the effects of a
tixed marginal information cost. This distinction plays a central role in the follow-

ing analysis.
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2.2.2 Investors’ objective function

The benefits for a representative rational inattentive agent are represented by:
2
— (e —alsh)”.

Here, x; is the exogenous target variable which is a total portfolio return, and 4; is
the agent’s action based on the history of signals observed up to time ¢, denoted
by s!. The benefit arises as the agent’s actions more closely approximate the tar-
get. The target x; is a linear process driven by Gaussian shocks, so this quadratic
objective implies that the optimal action is equal to the conditional expectation as
follows:

ar = ]E(Xt|St).

The target variable x; is constructed as a linear combination of the exogenous

returns from two risky assets, 6; and z;, described by:
91’ = 9691‘—1 + Ut, Uy ~ N(OI 0-62)/ 0 < P() < 1/

zt = p.zi_1+ €, € ~N(0,02), 0<p,<]1,

where u; and €; represent independent noise processes with normal distributions,
which remain independent over time. It is also known to the agents that u; and €;
are independent, and 6; and z; are not correlated at any point. Although ag and
(722 do not have a time subscript, I later introduce an unexpected one-time shift in
volatility. This allows us to explore how such a shift endogenously influences the
choice of attention. The returns follow either AR(0) or AR(1) patterns. When both

variables are AR(0), the dynamics of the problem simplifies to the i.i.d. case.

11



The signal related to x; is denoted by s;, with the initial signal, s—L

7

| Coe
T [Czu] O +
——

Cit Cot Vi

Cio,t 0| |11, V12,4

oz e, e ~N ’ ’
[szt ’ 0] " |v21,t, V22t
—

¥__V___J

In this equation, C; ; and C, are the endogenous tracking coefficients for the fun-
damentals, 6; and z;, respectively, and e¢; symbolizes the noise due to rational inat-
tention. Importantly, the dimension of this signal is itself endogenous. This allows
agents to receive independent information about each asset return separately or
information about arbitrary linear combinations of the returns. The decision vari-
ables for the agent include the matrix C; = [Cy 4, C24] and the variances of the noise,
represented by V;. The matrix C; is unconstrained, suggesting that agents have the
flexibility to identify each fundamental separately by opting for a diagonal matrix.
As the signal’s precision increases, so does the information cost. For instance, if
the agent receives the signal a; = s; = x; = 0; + z;, then the cost of information
becomes infinite. As a result, when the marginal cost of information is positive,
the agent cannot select a perfect signal regarding x;.

The total cost of the signal s; is given by:
wl((8',21);s"s'1).

Here, w signifies the fixed marginal information cost, and T( (6%, z});sf|s'1) is the
mutual information contained in the signal s’ about the history of asset returns

(6,z"), conditional on the history of prior signals s!~1.

This allocation of atten-
tion then determines the agent’s action, following the principle a; = E(x;|s) as
previously stated.

To summarize, the representative investor faces a dynamic attention problem

12



of the following form.

Problem 2.1. Dynamic Attention Problem

o0
max [E_; Z BH{—0.5 (x; — ]E(xt\st))2 — wI((6,2");s! s 1)} s
{Cl,t/CZ,t/Vt}tBO =0 - _ - 4

~

Benefit Information Cost

s.t. x; = blgt + bZZt/

Sy = {Cll,t} 0; + {glz,t} zr+ ey, e~ N [0} ’ |:Ullrt’012,t:|
22

Cor e ) 0" |v21,4, 022t
—— — - =
Ci Co Vi

Or = pot—1 +ur, ur ~ N(O,ng), 0<pp <1,
zt =02 1+e, e~N(0,02), 0<p,<1,

s~ given.

Here, by and b, denote the holding ratios for the two assets, respectively. For
simplicity and to gain a clearer understanding of the analytical outcomes, I set both
b1 and b; to 1. However, the qualitative results remain consistent with arbitrary b;
and by if by > 1 and by > 1. It is important to realize that these parameters them-
selves should be interpreted as endogenous with respect to the investors” optimal
asset allocation problem. To focus on the attention allocation, this analysis treats
those parameters as exogenously pre-specified. This is done for simplicity but is
not innocuous. For example, in response to changes in uncertainty, b; and b, may
in principle respond.

The choice of signal s; in Problem 2.1 is without loss of generality, due to the

linear-quadratic-Gaussian nature of the problem. However, it is not unique with-

13



out further restrictions. Nevertheless, with a target defined as a linear combination
of two exogenous components, there is a distinctly unique Gaussian posterior be-
lief that corresponds precisely to each action. Therefore, it is convenient to re-write
Problem 2.1 so that the agent directly chooses a set of posterior beliefs. Given these
beliefs, it is always possible to reverse engineer an appropriate signal that gener-
ates these beliefs and obtain the corresponding optimal action. Specifically, I first
determine the unique posterior beliefs—namely, the posterior covariance matrix
for this scenario. With this matrix, I can then trace our steps back to pinpoint the
particular signals and optimal actions.*

Using well-known results in rational inattention theory, I can rewrite the model,

which brings us to Lemma 2.1.° A solution to Problem 2.1 can be found by first

solving this problem:

Lemma 2.1.

= parpay
max [Ep= H—tr (Z,Q) —wlo ‘Z 1l (2.1)
{Z4: =0} =0 2 gﬁ { ( i ) & < |Zt|t’ 0=
AD A

% 08,z /
b D= 0 T, S = AT A 2.2
yp—1 — Zyp = 0 No-forgetting Conditions, (2.3)
0 < g1 < o given. (2.4)

4 Refer to Afrouzi and Yang (2021), Miao, Wu, and Young (2022), and Jurado (2023) for detailed
discussions

5 To gain a detailed understanding of how Problem 2.1 changes to Lemma 2.1, refer to the Afrouzi
and Yang (2021).
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This problem becomes equivalent to the original model when I write:

oy el o[ 9

11 0 p: o

In the model, the matrix () signifies the marginal benefit derived from each ele-
ment of the posterior covariance matrix, Xy ;.

The second term separately represents the information cost. The condition
shown in Equation (2.3) is often called the ‘no-forgetting’ condition, a concept that
originates from the updating rules in the Kalman Filter.® The assumption here is
that uncertainty should consistently diminish with the acquisition of new informa-
tion. Though this notion is logical, it complicates the pursuit of a straightforward
solution, particularly when ensuring the matrix’s positive semidefiniteness. In this
study, I present an exact solution for the scenario where pg = p,. When pg # p, 1
resort to using the implicit function theorem based on steady-state optimal condi-
tions or numerical techniques.

Lemma 2.1 allows us to deduce the optimal posterior covariance matrix, X,
thus recovering the signal’s nature and the consequent action. With a given (), A,
and W, the agent selects an optimal ¥;;, which guarantees a unique action, irre-
spective of multiple potential signal structures. Once an optimal sequence {Zt|t}tT:0
is identified, we can map the optimal Gaussian posterior into the signal-to-noise

ratio (SNR)?, symbolized by ®; = C,V;"'C; to recover the optimal signals.?

® See Chapter 4 of Hansen and Sargent (2008) for further reading. The linear-quadratic-Gaussian
Tracking Problem has a direct connection to the Kalman Filtering framework through duality.

7 The signal-to-noise ratio (SNR) is a commonly used metric in the fields of information and com-
munication theory. It is used to assess the power of a signal (representing the quantity of infor-
mation) against the level of noise (which represents irrelevant or extraneous data). When the SNR
is high, it signifies that the signal is more pronounced relative to the noise, implying a superior
quality of information transfer or processing.

8

N
0= TRy 2.5)
D =% — (A S 1Al +Weq) ' fort>1.
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2.3 Volatility spillover effect: Theory

This section presents theoretical results regarding the volatility spillover effects.
These results explain the mechanisms by which volatility shocks to one asset in-
fluence the reallocation of attention across two uncorrelated assets. Intuitively, a
volatility shock to one asset may result in increased attention to both: (i) the asset
experiencing heightened uncertainty, and (ii) the uncorrelated asset, as the agent
tfeels compelled to amplify the total attention due to a perceived increase in un-
certainty of a linear combination target. This study aims to explore the impact of
changes in the volatility of z; on the attention allocated to 6;. Both 6; and z; can
follow an AR(0) or AR(1) process, with their structures being perfectly symmet-
ric, suggesting that insights derived from one are applicable to the other. In this
section, the analysis is conducted at the steady-state.

At a general level, the results presented in this section can be applied to any
scenarios where there is a one-dimensional target formed by a linear combination
of two-dimensional states within the canonical model, such as in firm price set-
ting, investment, or consumption/saving decisions. Even with a one-dimensional
target formed from two-dimensional states, analytical insights in a steady-state
remain largely unexplored.” The principal challenge lies in the semidefinite con-
straint, which impedes the derivation of a closed-form solution. My methodology
for examining the volatility spillover effects begins with analytical findings in the
static case—where the persistences between the two exogenous shocks are zero—

to acquire a more transparent comprehension of the model’s mechanism. This will

The dimension of ®; determines the dimension of the signal. For details, refer to Proposition 1 in
Miao, Wu, and Young (2022)

9 Significantly, Ma¢kowiak, Mat&jka, and Wiederholt (2018) examined the univariate scenario—
one-dimensional target with one-dimensional states in a dynamic setting—while Miao, Wu, and
Young (2022) illuminated some aspects of the multivariate case. Jurado (2023) provided some ana-
lytical results in the frequency domain.
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serve as a foundation for intuitively understanding the origins and implications of
volatility spillover. Subsequently, in Section 2.3.5, Adding persistence, I will demon-
strate that the results hold consistently through further analytical and numerical

analysis.

2.3.1 Interaction between posterior correlation and fixed marginal
information cost

This subsection focuses on the relationship between posterior correlation and
fixed marginal information cost. As Sims (2011) indicated, canonical rational inat-
tention theory is known for generating posterior correlation among initially in-
dependent sources of uncertainties. When the posterior correlation is zero, the
two uncorrelated assets remain independent after information processing, and no
volatility spillover occurs. Therefore, it is imperative to first examine why poste-
rior correlation arises and how it responds to changes in the fixed marginal infor-
mation cost, the key driver in rational inattention theory.

The following well-known result provides the foundational underpinning for

volatility spillover.!

Proposition 2.1. Let pg = p, = 0. For any non-zero value of w, the optimal signal is

one-dimensional and can be represented as:

st = C10; + Cozs + ey, (2.6)

10 Proposition 2.1 is a well-known result. Mackowiak, Matéjka, and Wiederholt (2018) proved that
the agent optimally chooses a one-dimensional signal when persistences are the same each other
with fixed capacity, and Miao, Wu, and Young (2022) proved that the agent optimally chooses
a one-dimensional signal when persistences are the same each other with fixed marginal cost as
B — 1. Jurado (2023) generally showed when the target dimension is one with fixed capacity,
agents will receive one signal no matter what dimension of state variables. Here, I showed that the
agent optimally chooses a one-dimensional signal, in the case of different persistences, with fixed
marginal costs by different way. See Appendix.
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where e ~ N (0,0).

Proposition 2.1 says that agents, when given the option to receive two dis-
tinct signals for the stock returns of two assets, 6; and z;, will optimally choose a
one-dimensional signal. This preference is typical in rational inattention scenarios
where the target is a one-dimensional linear combination of two exogenous shocks.
This means that a one-dimensional signal that is a linear combination of the stock
returns from two assets is generally more beneficial for enhancing net benefit than
two separate signals. From an intuitive standpoint, the optimal forecast is one-
dimensional because it is always cost-effective just to buy a one-dimensional pri-
vate signal which is the optimal forecast itself than to buy two signals.!!

Receiving a one-dimensional private signal that encapsulates both shocks in-
duces a subjective posterior correlation, even though it is known that the two ex-
ogenous shocks are uncorrelated. This means that the agent optimally chooses not
to fully distinguish between the sources of uncertainty. If the agent had the means
to deconstruct the composition of the one-dimensional signal, it would be tanta-
mount to receiving two distinct signals, thereby allowing for more precise predic-
tions concerning the magnitude of shocks in both assets. Hence, the presence of a
non-zero posterior correlation indicates the agent’s inability to know the signal’s

composite nature perfectly, forcing an estimation of one shock’s fluctuations as in-

1 Even when agents have the option to select two independent signals, they tend to favor a one-
dimensional correlated signal with posterior correlation, as it usually enhances net benefit. In
essence, receiving two independent signals could potentially increase the agent’s mental cost. This
phenomenon is consistent only when the targeted fundamental variable is a linear combination of
two underlying fundamentals. Should the target be defined separately with benefits represented
by —(a1; — 0¢)? — (az — z¢)?, agents would favor two distinct signals. However, when benefits are
defined as —(a; — (0; + zt))2 and despite knowledge of the independence between §; and z;, agents
would opt for a one-dimensional signal encompassing a non-zero posterior correlation between the
two unseen exogenous shocks. Please see more discussion in Section 2.3.7 Interaction between target
dimension and information cost in this paper.
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dicative of the other’s through the one-dimensional signal. The one-dimensional
nature of the optimal signal leads to the volatility spillover effect, as documented
in prior research (Mondria, 2010; Miao, Wu, and Young, 2022).

Therefore, this posterior correlation acts as a precursor to volatility spillover
effects, necessitating an in-depth analysis of how it interacts with the information
cost structure for a thorough understanding. The following proposition shows
that, when the marginal cost of information approaches zero, the steady-state pos-

terior features a perfect negative subjective correlation between asset returns.

Proposition 2.2. Let pp = p, = 0. As w approaches to 0, the steady-state posterior

. N Fog . . . .
correlation, 0 = UGL;, converges to -1 since the steady—state posterior covariance, %, 1s
z

given by:
2.2
K —K y0
= , where K = —"——-. 2.7
{K K ] N ). &0

Proposition 2.2 clarifies why an agent prefers a one-dimensional signal. It re-
veals that the best strategy does not involve obtaining complete information—two
perfect signals for each stock return—even if the cost of information is vanish-
ingly small. Intuitively, if the agent could directly observe x; which is a linear
combination of 6; and z;, then a one-dimensional and precise signal of the form
st = xy would suffice for optimal decision-making, and attempting to separate 6;
and z; would bring unnecessary costs. Indeed, it is evident that, with just a one-
dimensional signal, agents can still maximize their benefit since the benefit term in
the objective function still attains its upper bound of zero:

) 11 ) N N A
(o - st
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In this situation, the posterior correlation is exactly —1, indicating a perfectly
inverse relationship between the two undisclosed shocks. For instance, if the agent
knows that x; is zero and presumes 6; to be 2, they would logically deduce that z;
must be —2. However, even in this situation, the agent cannot distinguish the
source of uncertainty even though they can achieve the maximum benefit.

The question arises: when can the agent distinguish perfectly between the two
shocks? This can occur only when the fixed marginal information cost, w, is exactly
zero, not as a limiting value, allowing the agent to identify each piece of informa-

tion precisely without incurring any costs. Lemma 2.2 illustrates such scenarios.

Lemma 2.2. Let py = p, = 0. Given w = 0, to maximize the agent’s net benefit, any

values of 03, 02, and 0y , satisfies such that:

— (63 + 62 +209,) = 0. (2.8)

Equation (2.8) is the benefit term within the agent’s objective function as —(a; —
(0 + zt))z. According to Lemma 2.2, if information processing is entirely cost-free,
the agent is capable of precisely interpreting the information to hit the target accu-
rately, and can set the posterior covariance—and thus the posterior correlation—to
zero. Yet, this is merely one of infinitely many solutions when w = 0. Since the
agent’s maximum benefit is bounded above by zero, any level of correlation is
possible without information costs as long as this maximum benefit is achieved.

From the analysis provided, rational inattention theory implies that dividing
the signal into two entails its own costs, making the sum of two shocks effectively
equivalent to having complete information. Moreover, it becomes clear that, as the

tixed marginal information cost approaches zero, the source of volatility spillover
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effect intensifies because the posterior correlation tends towards -1. The following
proposition formalizes this result, showing that the posterior correlation increases

in absolute value as the marginal cost of information falls.

Proposition 2.3. Let pg = p, = 0. The square of posterior correlation, p?, between 0 and

z weakens as w increases, i.e.,

£ <o. (2.9)

Proposition 2.3 examines the relationship between fixed marginal information
cost and the posterior correlation. It shows that, as the fixed marginal informa-
tion cost rises, the posterior correlation consistently moves towards 0. This means
that, with higher fixed marginal information costs, the driving force behind the
volatility spillover effect weakens, and if the cost becomes too high, the correlation
reduces to zero, eliminating the volatility spillover effect entirely. This tells us that
fixed marginal information cost is crucial in shaping the posterior correlation and
is a key factor influencing the volatility spillover effect.

On the other hand, this finding presents a novel aspect not covered by the ex-
isting literature on rational inattention and appears counterintuitive. Sims (2011)
noted that rational inattention naturally generates correlation among initially in-
dependent sources of uncertainties. Based on this, it is tempting to think that this
correlation arises solely due to information costs. Yet, according to Propositions
2.2 and 2.3, as the fixed marginal information cost decreases towards zero, the pos-
terior correlation does not diminish; it actually increases. Conversely, when the
tixed marginal information cost goes up, the posterior correlation disappears as it

goes to zero. The importance of this behavior is particularly significant when deal-
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ing with a one-dimensional target. More details about this issue will be further

explored in Section 2.3.7 Interaction between target dimension and information cost.

2.3.2 Attention decomposition

Before investigating the impact of increased volatility in stock returns, z;, on
how attention is reallocated for each asset, I discuss the method for decompos-
ing total attention to individual attention on each asset. Using the properties of
Shannon mutual information, the method involves measuring the level of infor-
mation processing undertaken for each asset. In other words, it assesses the extent
to which uncertainty is reduced. This model-consistent method of decomposing

attention can be generally applied, regardless of the presence of persistence.

Lemma 2.3. (Attention Decomposition) The amount of attention allocated to 0; is given

by:
i 1-p2
1(6%;st|s'1) = 0.5 (log % + log —tjtz_l) . (2.10)
0,1t — Ot
Similarly, the amount of attention allocated to z; is given by:
52 A2
o 1-—
I(z!;st|st™1) =05 <log Zfz'*‘l +log Lﬁ) : (2.11)
% 1-p
Z |t tt
the measure of total attention is given by:
pIM
1((6',2%);st|s"™1) = 0.51og el
prm
1 1 1- p?\tfl
= 1(0";s"[s"1) + I(z';s'|s" 1) — 0.510g < (2.12)
~ Py
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Here, py; represents the posterior correlation at time t, while py,_, denotes the prior corre-
. . A 2 . . . . A 2 . . .
lation at time t. Also, T 411 18 the prior variance for 0;, while Ot 19 the prior variance

for z;.

2
=P+
2
10,

First, the expression 0.5log

quantifies the joint reduction of uncertainty

in 6; and z; through the subjective prior and posterior correlations. Essentially, if
I(6%;st[s'=1) > T(z!;st|s'1), this indicates that more attention is being paid to 6;.
To the best of my knowledge, this approach has not been previously utilized in
the literature, where some studies have instead focused on the relative weight of
tracking coefficients C; and C; in the optimal signal structure as a proxy for rel-
ative attention. In the next subsection, I will detail why attention decomposition
method is preferable over using signal weight as an indicator of attention, as the
latter can result in misconceptions when evaluating which fundamental receives

more attention.

2.3.3 Relationship between individual attention and subjective sig-
nal structure

In this subsection, I discuss the problems of the common practice of using the
relative weights of tracking coefficients C; and C; in the optimal signal structure
given by equation (2.6) as indicators of relative attention.!? Then, I demonstrate
the necessity of employing the attention decomposition method outlined in the
preceding subsection. Additionally, I explain the interaction between the structure
of the signal and individual attention levels.

The following proposition illustrates why it is not appropriate to use the ratio

12 The reason why the relative weights of the tracking coefficients C; and C, in the optimal signal
structure have been used as indicators of relative attention is that, although a one-dimensional
optimal signal generating one specific action is generally not unique, these ratios are unique.
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% as a stand-in for relative attention.

Proposition 2.4. Let pg = p, = 0, and suppose the relative weights of fundamentals in

the steady-state optimal signal structure are represented by % Then, for any variances

of 0; and z;, the weight remains consistently equal to one, and the following relationship

holds:

2 A2 P
% _ %t bz (2.13)
o2 0240y, '

6 ] 0,z

These results suggest that a rational inattentive agent prefers their posterior be-
liefs about fundamentals to reflect the fundamentals’ relative volatility.!3 It is intu-
itive to conclude that the agent desires to maintain this relationship, as it implies
they are aware of the actual volatility of the fundamentals. Despite information
costs preventing the posterior beliefs from fully converging with complete infor-
mation, the agent still strives to keep the ratio of these beliefs consistent with the
ratio of the fundamentals’ volatilities. To maintain this ratio, the agent adjusts the
proportion of C; to C; to be equal. However, even if C; = C,, when the volatility
of z; is greater than that of 6;, I find 1(6?;s!|s'~!) < I(zf;s?|s'~!), which means that
the agent is still paying more attention to z; than 6;.

Furthermore, considering the example of Sims (2011) where pg > p, yet oz < 02,

Miao, Wu, and Young (2022) computed the normalized steady-state signal struc-

ture, finding C; : C; = 1.3778 : 1, which aligns with my attention decomposition

13 This insight is closely related to one of the optimal conditions, as illustrated by the subsequent
equation:

A2 ~2 A2 A A \2
(‘79,—1 - ‘79)( z,—1 " z) = (Ue,z,—l - Ua,z) .
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analysis showing T(67;s![s'~1) : I(zf;s!|s'~1) = 1 : 1.1813.!% This reveals lower at-
tention to 6; relative to z;, despite a higher tracking coefficient for 0;, attributable
to its greater persistence while its smaller volatility. In an extreme case where the
volatility of 6; is zero—meaning no uncertainty exists—despite C; being larger
than C;, no information processing occurs on 6,.1°

This leads to a natural question: is the relative signal weight an appropriate
measure of relative attention when the prior variances for each fundamental are
the same? The answer is negative. Even with equal variances and py > p, along-

: 2 2
side 0y < 07

, zt's information processing might still surpass that for ;. This is in
line with Sims’ finding that rational inattentive agents are slower to react to less
volatile, slowly moving components of an aggregate. The same intuition applies
here. A rise in py increases uncertainty, but in the steady-state, as pg grows, the
accuracy of the prior observation also improves. This diminishes the incentive for
more extensive information processing for new observations for 6;.

To study the relationship between attention allocation and the weights assigned
to fundamentals in the signal structure, I consider a specific signal, s}, that gener-
ates the optimal action a;. Despite the infinite number of signals generating the
same action, if the ratio between C; and C; is fixed to one, I can then derive in-

sights about the signal’s accuracy and the scale of individual attention from the

subsequent proposition.

14 Parameters are op =095,0, =04, (7(3 = 0.0975, (722 =0.84,8 =09, w = 1. Miao, Wu, and Young
(2022) clarified that the value of 02, reported as 0.86 in Sims (2011), was identified as a typographical
error upon contacting the author. Also, the value of marginal information cost is 2 in Miao, Wu,
and Young (2022), but it is the same as 1 in my example.

15 We can interpret fundamentals with large persistence but relatively small volatility as ‘slowly
moving component’ while the ‘fast-moving component” implies a low persistence and relatively
high volatility in Sims (2011). The slow-moving component could represent the AR(1) aggregate
Total Factor Productivity, and the fast-moving component the AR(1) idiosyncratic Total Factor Pro-
ductivity. Ma¢kowiak and Wiederholt (2009) utilized such models to demonstrate that prices react
more rapidly to idiosyncratic shocks.
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Proposition 2.5. Let pg = p, = 0. One specific optimal signal structure such as sf = a;

can be expressed as:

s =C10r+ Cozi +e1, e ~ N (0,0) ’

AD A
(o UG,Z
C=1- ° - 5 , (2.14)
% (%
6,—1 6,—1
~—— ~——
Direct acquisition  Indirect acquisition
G =1 % 0o,z 2.15
2 — 52 52 . ( . )
z,—1 z,—1
S~—— ~——

Direct acquisition  Indirect acquisition

Proposition 2.5 shows how the weight of the signal is determined by both direct

acquisition of information and indirect acquisition through posterior correlation.'®
52

The second term in C, denoted by ——*—, signifies “direct’” information process-
0,—

ing for 6;. This is because ‘direct” attention without any posterior correlation is

0.5 log(&igl). Hence, as the direct information processing for 6; diminishes, C;
drifts increasingly below 1, which means it follows 6; less closely. Yet, an upswing
in the volatility of z; can trigger a more significant increase in —0p , may increase
Cy, even if there were no changes in the uncertainty of the fundamentals of 6;. In

other words, ‘indirect” information acquisition can be larger. To gain a clearer un-

derstanding, I will show main results of this paper in the next subsection.

16 If both components follow an AR(1) process but with different persistence levels, the forms may
become more intricate, yet the underlying intuitions remain consistent.
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2.3.4 Volatility shocks and attention reallocation

In this subsection, I present the main findings on how volatility spillover effects
operate and then explain how these results are closely linked to changes in poste-

rior correlation.

Proposition 2.6. (Fixed Marginal Information Cost) Let pg = p, = 0. As the volatil-

ity of one component increases, the attention to both components increases. i.e.,

o (6 st|st1)
00?2

oll(z!; st|s! 1)

> 0.
002

=0,

Proposition 2.7. (Fixed Marginal Information Cost) Let pg = p, = 0. As the volatil-
ity of one component increases, the attention allocated to that component increases more
than to the other if and only if w < 202. V i.e.,

ol(z!;st|st=1) _ OI(6Y;st|stT) |
502 > 2 iff w < 202, (2.16)

Figure 2.1 visually shows the main results. The analysis shows that the amount
of attention to 6; consistently increases when the volatility of z; rises, but the rel-
ative attention to 6; decreases.!® The principal observation here is the intensified
attention on 0, which strengthens even without any inherent fundamental changes

in Gt.

17 Even with an increase of one standard deviation of z;, this condition can be readily met since the
agent will not process any information if w > 07 + 02.

18 Propositions 2.6 and 2.7 state that, as the volatility of z; grows, the information concerning z;
also increases in a consistent manner. This finding is in line with the general conclusion from the
static model of rational inattention by Mac¢kowiak, Matéjka, and Wiederholt (2023), which asserts
that more volatile variables receive more attention. These propositions suggest that this pattern
holds true in dynamic models as well.
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FIGURE 2.1: Attention decomposition: Parameter values are f =
0.9,00 = 0.8,0. = 0,07 =0.8,and w = 1

One might question the fundamental reason behind this pattern. The explana-
tion is closely related to Proposition 2.3. According to this proposition, agents are
inclined to increase the square of the posterior correlation when the fixed marginal
information cost, w, decreases in comparison to other variables. As w nears zero,
every element of the posterior covariance matrix tends to equalize, reflecting the
agent’s preference to maximize the square of posterior correlation. A rise in the
volatility of z; implies that agents are dealing with a relatively smaller information
cost compared to the degree of overall uncertainty, which leads them to a higher
posterior correlation. This dynamic consistently dominates any tendency to reduce
information processing regarding 6;, as confirmed by Proposition 2.6.

Should the marginal information cost increase, we would see a reduced pos-
terior correlation, leading to an outcome that differs from Proposition 2.6. This

reflects the scenario with a fixed capacity as analyzed by Mondria (2010). Within
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Fixed Capacity Fixed Marginal Information Cost

FIGURE 2.2: Comparison of information processing between fixed
capacity and fixed marginal information cost

such a fixed capacity setting, even if the total level of uncertainty increases, the
quantity of processed information remains unchanged. Consequently, the marginal
information cost, often referred to as the ‘shadow price’, is likely to be higher than
before the volatility shock. Therefore, understanding this phenomenon requires
consideration of both the one-dimensional signal configuration and the posterior
correlation dynamics.

Furthermore, Proposition 2.7 outlines another aspect where this finding signifi-
cantly departs from the observations in Mondria (2010). It underscores that relative
attention naturally shifts towards more uncertain elements, a behavior consistent
even within a fixed capacity context. When the total inflow of information is con-
stant, agents prioritize the more uncertain elements, despite a general tendency to
increase attention on all variables.

In the fixed capacity scenario, the relative focus on z; is anticipated to rise,

while the overall information influx remains at a fixed upper boundary. In Fig-
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ure 2.2, the diagram on the left side illustrates this concept: the red lines moving
northwest indicate the processing of information related to z;, and the blue lines
moving northeast represent the flow of information about 6;. The intersecting area
of these patterns indicates the information processing due to prior correlation. Ini-
tially, it is assumed that both variables are equally uncertain and persistent. After a
volatility shock affects z;, the relative attention to z; grows, though the total infor-
mation inflow does not change, suggesting a decrease in the individual attention
to 6;. By contrast, in the fixed marginal information cost framework of this study,
the agent aims to boost posterior correlation. In turn, this increases the individual
attention to 0;. This dynamic is believed to be at the heart of the volatility spillover
effect.

In the fixed capacity model, even though the posterior correlation is assumed
to be restricted to zero, attention to 6; is expected to decrease, while attention to
zt increases due to the zero-sum nature. Therefore, subjective correlation is not a
dominant factor in fixed capacity scenarios, and as a result, volatility spillover ef-
fects do not play a significant role in terms of qualitative results. In essence, this
means that, when agents freely choose the signal to create an intentional subjec-
tive posterior correlation, attention to 0; decreases less compared to cases where

the posterior correlation is zero, due to volatility spillover effects.

2.3.5 Adding persistence

The situation regarding volatility spillover effects when the exogenous pro-
cesses are persistent is similar to the previous case. First, all qualitative results
are still consistent when persistences are the same to each other.’ For AR(1) pro-

cesses with different persistences, deriving analytical results becomes more diffi-

19 Analytical results are in the Appendix.
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cult. However, numerical evidence indicates that the underlying intuition remains
the same. A comprehensive numerical analysis was undertaken over the parame-
ters: Be (0,1), 09 € (0,1), pz € (0,1), w € (0,50), 0 € (0,50), and o7 € (0,50), with
increments of 0.1 for B, py, p> and 1 for w, 0y, and 0. For each parameter combina-
tion, the change in AI(6*;s!|s'~1) was assessed as ¢ increased from 0.001 to 49.901.
The findings reveal an increase in information processing on 0; with an increase in

the volatility of z;.

2.3.6 Transitional dynamics

In this subsection, I examine the attention allocation during unanticipated and
anticipated financial crises within the canonical rational inattention model, focus-
ing on transitional dynamics. A financial crisis generally spreads faster when it is
unexpected than when it is predicted. For example, studies by Kaminsky, Reinhart,
and Végh (2003) and Rigobon and Wei (2009) have suggested that the global impact
of unanticipated financial crises—such as those in Mexico in 1994, Asia in 1997,
and Russia in 1998—could be more significant than crises that were anticipated,
like those in Brazil in 1999, Turkey in 2000, and Argentina in 2002. Specifically,
Rigobon and Wei (2009) used the frequency of newspaper articles as a measure
of anticipation and pointed out that for the earlier events, there was no change
in news frequency before the episodes, indicating that the effects of unexpected
crises could be greater. This was particularly true for the 1997 Asian Financial Cri-
sis; despite Thailand experiencing a speculative attack, news frequency remained
unchanged, with the frequency of articles only rising after the event.

I perform numerical analyses for scenarios with one and two assets and con-
duct comparative analyses. While specific parameters are set, it shows that similar

qualitative outcomes appear across various parameters. For anticipated volatility
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FIGURE 2.3: Transitional dynamics of attention (one shock case,
AR(1)): Parameters are § =0.9,p, =09, w =2,and o, =1 — 2

shocks, I assume z; = p,z;_1 + €;, with agents knowing at period 0 that a shock is
due at period 10, thus determining an optimal path for attention in advance.
Figure 2.3 illustrates how attention changes for agents unaware and aware of
a volatility shock at period 10 with just one asset. In the situation of unexpected
shock at period 10, agents maintain a steady-state until period 9, heighten attention
at period 10, and return to a steady-state in period 11. Agents anticipating the
shock increase their posterior variance from period 9, reducing their attention in
that period and increasing attention at the shock in period 10, entering steady-state
instantly. The model, due to its AR(1) structure, does not react before period 9.
Figure 2.4 presents the scenario with a one-dimensional target with two assets.
In the case of an unexpected shock, total attention rises gradually from period
10, with a return to a steady-state from period 12. When agents anticipate the

shock, they start to increase their posterior variances from period 9, lowering total
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FIGURE 2.4: Transitional dynamics of attention (two shock case,
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attention in that period and raising it at the shock period 10, quickly entering the
steady-state.

The presence of one or two assets does not significantly alter the qualitative
characteristics of the overall attention. Without anticipation, attention is gradu-
ally heightened until reaching a steady-state. With anticipation, attention is de-
creased before the shock, favoring an increase in posterior variance. This trend
may arise from the model’s assumption that efforts to reduce volatility can only be
transmitted through persistence, implying that today’s attention cannot diminish
tomorrow’s volatility. Regardless of foreknowledge of a shock, the benefit of to-
day’s attention is optimized for today’s target x;, with future volatility considered

separately. Thus, without persistence, the anticipation of a shock does not play
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any role; the benefits of current attention are transferred solely through non-zero
persistence. Intuitively, if agents pay more attention today, it only enhances prior
observations” accuracy for tomorrow via persistence, and volatility concerns can
only be resolved on the shock day. Therefore it compels agents to conserve atten-
tion before the shock period and then apply it intensively to mitigate forthcoming
volatility. This resembles saving current income to invest in future expenditures.
In this context, agents want to save mental income for a more accurate signal upon
tomorrow’s shock.

A distinctive difference noted is in individual attention when there are two
shocks but one linear combination target. In the unexpected case, even as total
attention reaches a steady-state, attention towards the unchanged fundamental 6;
slowly increases, hinting at a slow adjustment in posterior correlation. Conversely,
in the expected case, attention towards 6; also shifts more swiftly during the shock
period. This implies that, without prior anticipation of a shock, agents fail to re-
serve attention, thereby finding it advantageous to promptly acquire direct atten-
tion towards z;, which is more uncertain, rather than investing in posterior corre-

lation.

2.3.7 Interaction between target dimension and information cost

This subsection clarifies when the volatility spillover effect is observable and
when it is not. In addition, it explains why posterior correlation emerges as an
interaction between a linear combination target dimension and fixed marginal in-
formation cost in the framework of rational inattention.

Using Lemma 2.3, with a one-dimensional linear combination target, I can re-
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formulate the objective function in the static model as follows:
A2 A2 A A2 | A2 A Uéz o2 )
U(6y,0%,00.) = — (05 + 02 +20p.) —w log&—g + loga—Z2 —log(1—p7) .

Within this equation, we can see the posterior covariance in the benefit term
and the posterior correlation in the information cost. This form allows us to under-
stand the situation more intuitively, and it highlights why attention decomposition
is useful. To begin, purchasing more of the square of posterior correlation trans-
lates into an increase in information cost. The fixed marginal information cost, w,
can be understood as the price of acquiring information. As w decreases, the agent
desires to purchase more of the square of posterior correlation. Even in the case
of fixed marginal information cost, if the prior uncertainty levels, represented by
07 and 02, increase, it implies that the cost of acquiring information, w, has rel-
atively decreased, prompting the purchase of more of the square of the posterior
correlation.

Why is buying more of the square of posterior correlation meaningful? It is
because it lowers the posterior covariance, 0 ., in the benefit term, leading to an
increase in benefit.2 In other words, the agent simplifies the understanding of one
side’s fluctuations as indicative of the other’s, allowing the action to be closer to
the target.

However, if I assume there are two targets, the situation could change com-

pletely. Given dual targets, specifically:

— (0 —E[0s))" — (2 — E[!]s))°

20 Posterior covariance is always negative since the target is a sum of two fundamentals. Therefore,
lowering posterior covariance increases the benefit of the agent.
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Then, I derive as follows:

A2 AD A A2 A2 v 3 o2 A2
U(03,07,0pz) = =0y — 07 —w (logﬁ—nglogﬁ—%—lOg(l—P )) :
In this scenario, purchasing the square of the posterior correlation has no impact
on the benefit. The optimal posterior correlation becomes zero, and no volatility
spillover effect occurs.

In conclusion, the existence of posterior correlation across independent sources
of uncertainty must be understood as a result of the interaction between a one-
dimensional linear combination target and rational inattention. More specifically,
with the previous analysis of interaction between the fixed marginal information
cost and posterior correlation, this implies that volatility spillover effects arise
mainly from agents” optimal choice of target variable, not from the presence of
information constraints per se. This understanding enables us to apply rational
inattention theory more aptly to each appropriate context.

I conclude with the theoretical implications and will move on to the empirical

application in the next section.

2.4 Empirical application

This section presents empirical findings on attention allocation shifts during the
1997 Asian Financial Crisis. The crisis is chosen for validation due to its represen-
tation of minimally connected markets, as explained by Mondria and Quintana-
Domeque (2013). They showed how a crisis starting in Asian markets quickly im-
pacted Latin American markets due to a shift in investor attention towards Asia,
and away from Latin America. In particular, they noted a reduction in attention to
the Latin American market after constructing a structural model with fixed capac-

ity. My research, however, provides contrasting implications, focusing solely on

36



how individual attention direction unfolded in each market.

Assuming international investors have stakes in both the Asian and Latin Amer-
ican markets, they strive to maximize the accuracy of their subjective signal about
the combined payoff from both markets. Consistent with the previous model, 0;
denotes the Latin American market returns, and z; symbolizes the Asian market
returns. The investors’ goal is to narrow the difference between their action a; and
the total return x;, which is a linear combination of returns from both markets. The
1997 Asian Financial Crisis is typically attributed to a volatility shock in the Thai
market. The aim here is to examine how this shock influenced attention realloca-
tion in both the Thai and Latin American markets. Specifically, if fixed capacity
assumption is more appropriate, attention to the Latin American market would
decline. Under the fixed marginal information cost assumption, this leads to a
heightened posterior correlation and an increase in attention to both markets.

To create data akin to that of Mondria and Quintana-Domeque (2013),  emulate
their strategy. The review period spans from January 1, 1997, to June 30, 1998, fol-
lowing the timeline of the 1997 Asian Financial Crisis outlined by Nouriel Roubini.

The section’s aim is to confirm three key predictions:

Prediction 1 (from Proposition 2.6 and 2.7): Increased volatility in the Asian
market heightens posterior correlation between the two markets.

Prediction 2 (from Proposition 2.6 and 2.7): Increased volatility in the Asian
market heightens individual attention to this market.

Prediction 3 (from Proposition 2.6): As attention to the Asian market intensifies,

there is a simultaneous increase in attention to the Latin American market.
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2.4.1 Data: Price volatility and attention

This study begins by examining Thailand, Argentina, Brazil, and Chile. As per
Mondria and Quintana-Domeque (2013), the latter three are economically pivotal
nations in Latin America. Thailand is chosen to represent the Asian market due to
its significant role in the commencement of the 1997 Asian Financial Crisis with the
devaluation of its currency on July 2, 1997. To assess price volatility and attention
allocation for these countries, data from the Datastream Global Index and the Lexis
Nexis Database are utilized.

From the Datastream Global Index, a stock market price index for each country
is compiled, with daily entries from January 1, 1997, to June 30, 1998. Price volatil-
ity is measured in various methodologies to conduct a thorough robustness check,
serving as a proxy for the volatility of 6; and z;.

Additionally, news article frequency from the Financial Times (FT) in the Lexis
Nexis Database is analyzed for the corresponding period. This frequency, count-
ing mentions of a country in article titles or lead paragraphs, is taken as a measure
of investor interest. An increase in article count is interpreted as a rise in attention
towards the market. This method is consistent with that used in the established lit-
erature, such as Veldkamp (2006), which considers article frequency as an indicator
of attention.

A key assumption is that FI’s coverage is an accurate proxy for the attention
paid to these countries. As Mondria and Quintana-Domeque (2013) state, FT had
a readership exceeding 1.8 million across over 140 countries in 2012, believed to
reflect the attention of international investors. Furthermore, FT was recognized
as the most influential business read by the world’s leading financial institutions

in the 2011 Global Capital Markets Survey.?! Therefore, FI’s news coverage is

2L https://aboutus.ft.com/press_release/financial-times-named-the-most-important-business-
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FIGURE 2.5: Relative attention based on the frequency of news ar-
ticles about Thailand compared to Latin America: 30-day moving
average of daily news article count

considered an appropriate proxy for the attention of international investors. In
line with Nimark (2014), I assume that news editors supply content that aligns
with readers’ interests, indicating that the news reflects the attention of readers.

Before I proceed with the econometric analysis, 1 first examine the trend in news
article frequency for each country as depicted in Figure 2.5. Here, I have marked
significant events to contextualize the relative attention. We can observe that inter-
est in Thailand gradually surpasses that in Latin America following these events.
A look at news frequency prior to June 1997 suggests that the volatility shock in
Thailand was unexpected. The reason why the relative attention during the Hang
Seng Collapse did not escalate as much as during other events might be due to
Hong Kong’s market being more globally related in 1997.

Figure 2.6 illustrates the pattern of individual attention. After the speculation

read-by-the-worlds-largest-financial-institutions
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FIGURE 2.6: Relative vs. individual market attention: 30-day moving
average of daily news article count

attack in Thailand in May, the frequency of news about Thailand began to climb,
with the number of articles about Latin American countries also rising. This trend
continued until the announcement of the IMF Bailout Package, after which the
attention towards each region began to diverge. Notably, before May 1997, Thai-
land scarcely appeared in the news. Starting in May 1997, there was a noticeable
trend where article counts for Thailand and Latin American countries rise and fall
together until December 1997. This pattern prompts us to consider whether the
attention of international investors is indeed fixed.

Adding to this observation, Table 2.1 presents the correlation coefficients, re-
vealing a positive correlation in news frequencies. This indicates that, as the vol-
ume of news about Thailand increases, so does the volume of news about Latin
American countries. With these observations in hand, I will now advance to a de-

tailed econometric analysis in the following subsection.
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Table 2.1: Correlations between Asian and Latin American news fre-
quencies

Argentina Brazil Chile Thailand
Argentina 1.0000

Brazil 0.5343**  1.0000
(0.0000)
Chile 0.4940%*  0.3434**  1.0000

(0.0000)  (0.0000)
Thailand ~ 0.2912***  0.4438** (0.2035**  1.0000
(0.0000)  (0.0000)  (0.0001)

% 5.0.01, ** p<0.05, * p<0.1

2.4.2 Econometric analysis

I begin by assuming the following linear relationship:
A;‘lsiu — “Asia + ,YAsiaVOlz‘X_si'a —|—5A5iaVOlth§in 4+ UAsia’Xt + 6;4sia

AtLtztzn — lXLatm + IBLath{lsza + ,YLathOl{l_sia + (SLathOlthtlm + ULatm Xt + etLtztzn.

In this model, X; represents a set of control variables that include an annual
indicator, a quadratic trend for each day, indicators for the days of the week, and
United States interest rates (specifically, daily rates for three-month, six-month,
five-year, and ten-year US Treasury Bills). The variable A; quantifies the level of
individual attention, which is determined by the frequency of news articles for

each country. The first model equation assesses the impact of the Asian market’s
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price volatility on the volume of news articles about the Asian market. The second
model equation gauges the influence of the Latin American market’s price volatil-
ity on its news coverage, while also considering the effect of the volume of news
about the Asian market on the volume of news about the Latin American mar-
ket. This approach aims to understand the shifts in attention through posterior
correlation, building on the insights from the previous theoretical discussion.

The exclusion of the Latin American attention variable in the Asia-focused
equation is rationalized by the time difference across the globe, which ensures
the temporal ordering in the analysis. Specifically, there is a time difference of
10 hours between Thailand and Brazil or Argentina and 11 hours between Thai-
land and Chile. Hence, when the Thai stock market ends its trading day, the Latin
American market commences after the closure in Thailand, even if on the same
calendar day. Since London’s time is between these markets, articles on Thailand
begin to emerge as its market closes, while the Latin American market is still open.
As a result, news about the Latin American market tends to be published after
those about Thailand, despite bearing the same date. In essence, reports on Thai-

land typically come first in this sequence.

2.4.3 Empirical findings: Posterior correlation and attention co-
movement

Table 2.2 presents the initial key empirical findings of this study. It examines
the correlation of attention before the speculation attack in Thailand in May 1997,
from May to December 1997 as shock periods, and from the announcement of the
IMF Bailout Package to June 30, 1998. These timeframes showcase the movement
of posterior correlation, aligning with my theoretical framework.

The results are consistent with the theoretical implications. Prior to the volatil-
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ity shock, the correlation is negligible and not statistically significant. During the
shock period, the correlation increases to 0.50 and is statistically significant. As the
shock diminishes from January 1998 onwards, the correlation decreases to 0.35.

Table 2.3 outlines the regression analysis concerning attention, presenting the
second and third major empirical results of this paper. Initially, the previous day’s
price volatility in the Asian market increases individual attention to Thailand.
This amplified attention to Thailand is associated with increased attention to the
Latin American market. Specifically, a three-article increase on Thailand corre-
sponds with a one-article increase on Latin America. The prior day’s price volatil-
ity in Argentina, Brazil, and Chile does not significantly sway attention towards
Latin America, indicating the Asian market as the shock’s origin. Multicollinearity
among price volatilities could be present but usually reduces t-values, so the sig-
nificant result that news on Thailand affects news on Latin America supports the
second forecast robustly.

In conclusion, the data indicate a swift increase in the total information flow,
suggesting a fixed marginal information cost analysis is apt for the 1997 Asian
Financial Crisis. Given the relatively stable daily number of news articles in the
paper in 1997 (before the prevalence of internet news), as focus on each stock mar-
ket heightens, coverage of other topics, unrelated to the 1997 Asian Financial Cri-
sis, appears to diminish. This pattern implies that a fixed marginal information
cost assumption is more appropriate when focusing on a one-dimensional target.
However, if multiple targets are considered alongside the combined return from
two markets, a fixed capacity assumption may be more relevant, particularly since

the total news volume is largely fixed.
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Table 2.2: Correlations between Asian and Latin American news fre-
quencies

January — April 1997

Latin America Thailand

Latin America 1.00
Thailand 0.17 1.00
(0.12)

May - December 1997

Latin America Thailand

Latin America 1.00
Thailand 0.50%** 1.00
(0.00)

January - June 1998

Latin America Thailand

Latin America 1.00
Thailand 0.35%** 1.00
(0.00)

% 520,01, ** p<0.05, * p<0.1
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Table 2.3: Regressions of individual attention measures on the price
volatilities

News Articles Thailand Latin America
Thailand 0.328***
(0.0922)
Volatility Argentina (t-1) 0.683 2.002
(0.697) (1.228)
Volatility Brazil (t-1) -0.158 -0.0695
(0.573) (1.008)
Volatility Chile (t-1) 1.320 -6.744
(2.515) (4.428)
Volatility Asia (t-1) 0.419*** 0.152
(0.146) (0.259)
Observations 379 379
R-squared 0.346 0.398

% p.<0.01, ** p<0.05, * p<0.1
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2.5 Conclusion

This paper explores the attention reallocation dynamics of international in-
vestors, to understand fundamental causes of financial contagion, focusing on a
total return which is a linear combination of two uncorrelated assets’ returns, es-
pecially when one of two assets faces a volatility shock. The 1997 Asian Financial
Crisis serves as a prime example, illustrating how a crisis can quickly propagate
from its epicenter in Asia to markets across the globe.

The paper’s key theoretical implications, from canonical rational inattention
model with a fixed marginal information cost, include the finding that increased
volatility in one asset heightens attention on that asset, even within a dynamic
framework. Additionally, it demonstrates that agents strive to increase the sub-
jective posterior correlation for uncorrelated assets as the overall uncertainty esca-
lates, resulting in heightened attention towards another uncorrelated asset in the
steady-state—contrasting the zero-sum nature of fixed capacity models. It also
establishes that these steady-state findings hold true in dynamic short-term situa-
tions in transitional dynamics. These results are broadly applicable (e.g., firm price
setting, investment, or consumption/saving decisions).

In an empirical application, this paper uses data from the 1997 Asian Finan-
cial Crisis, analyzing the Financial Times news articles to gauge the attention of
international investors on both the Asian and Latin American markets. The results
confirm that the unanticipated volatility shock in the Asian market not only gar-
nered increased attention but also led to a concurrent rise in attention towards the
Latin American market through amplified posterior correlation.

This application focuses only on the implications for attention, without con-
necting these to equilibrium asset returns. This is done because the analysis in

the paper takes the optimal portfolio weights (and so the equilibrium returns) as
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exogenous when analyzing volatility spillover effects. Therefore, it would be in-
appropriate to make inferences about equilibrium returns without further modi-
fication to make the portfolio weights endogenous as well. That is left for future

work.
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3 Beauty Contest under Uncertain Media
Credibility

3.1 Introduction

During the COVID-19 pandemic, we experienced various forms of belief po-
larization (Allcott, Boxell, Conway, Gentzkow, Thaler, and Yang, 2020; Coibion,
Gorodnichenko, and Weber, 2020; and Ternullo, 2022). Notably, in times of uncer-
tainty, even public media failed to provide accurate information, leading to greater
belief polarization. In such situations, there was a consensus on the need to en-
hance the credibility and accuracy of public information.

However, it has been known since Morris and Shin (2002) that in scenarios
with strategic complementarity among economic agents, increasing the accuracy
of public information does not always lead to better social welfare. This seems to
contradict our experience during COVID-19, where we sought more accurate in-
formation in uncertain times, believing it would lead to greater welfare. However,
Morris and Shin (2002) assumed that (i) agents had equal beliefs about the credi-
bility of public information, (ii) the nature of the information was exogenous, with
agents having no influence over the quality of information, and (iii) there was no
information cost.

In this paper, I aim to relax these three assumptions. Specifically, in situations
with strategic complementarity, I propose a more realistic yet simple assumption
that (i) agents can receive different signals about the credibility of public informa-
tion before receiving it, and (ii) they can choose to increase the accuracy of the signal

before receiving it by conducting costly additional research. More generally, this
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paper explores the interaction between the credibility of public information and
strategic complementarity, in line with the Global Coordination game and ratio-
nal inattention (Sims 2003, 2011). This research integrates the role of information
friction and news media into economic models, investigating how the reliability of
information plays a crucial role in the decision-making processes of agents, partic-
ularly in how different beliefs about news media information can impact economic
activity and welfare. Through this analysis, I seek to broaden our understanding
of the quality of public information and its effects on the economy.

Initially, I discuss how survey data and existing literature indicate that eco-
nomic agents have divergent opinions on the trustworthiness of public news, mak-
ing it a public issue. Particularly, Gentzkow and Shapiro (2006) strongly suggests
that public information covering the same phenomena can provide biased infor-
mation or different signals, interpreting the same events in almost entirely differ-
ent ways. Additionally, according to a 2019 survey by the Pew Research Center,
there are news media that are trusted or distrusted based on political leanings, in-
dicating a stark division along ideological lines. These observations form the basis
for the model in this paper.

The model focuses on the verification process by information receivers while all
agents receive the same public information from news media. It assumes Bayesian
agents with equal prior beliefs about the credibility of news media. For simplicity,
I consider a single common news media source not fully trusted by viewers. Eco-
nomic agents receive signals about credibility of public information (news media),
but these signals have a probability of being erroneous. Although all agents have
the same prior probabilities and thus measure the reliability of the signals they re-
ceive in exactly the same way, they end up with different posterior beliefs about

the credibility of news media information after receiving different signals. This is
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the source of varied decision-making emphasized in this paper.

To apply this situation effectively, I use a modified version of the Beauty Con-
test model by Morris and Shin (2002). Similar to Morris and Shin’s model but with
a significant difference: the signals from news media, which provide public infor-
mation to agents, are assumed to have a probability of error. Initially, I explore the
implications when this error probability is fixed exogenously, showing that veri-
tying public information to reduce error probability results in higher welfare than
not verifying it at all, especially in the case of news media is truly reliable.

Furthermore, I present an endogenous cost model allowing for the reduction
of signal error probability, showing that increasing the accuracy of public informa-
tion can lead to higher welfare than not verifying the signals at all. Overall, the
analysis suggests that, when agents do not fully trust news media providing pub-
lic information, it negatively affects the accuracy of that information. This, in turn,
seems to reduce the domain in which Morris and Shin’s argument, in which the
accuracy of news media can have a negative effect on welfare, applies.

The paper is structured as follows. Section 2 introduces related studies in both
macroeconomic and microeconomic contexts. Section 3 discusses some facts about
mass media through survey data. Section 4 introduces a model featuring Bayesian
agents who do not fully trust public information. This model extends the Beauty
Contest framework by Morris and Shin (2002), resulting in a divided society char-
acterized by varied posterior beliefs. Furthermore, I examine the implications of
integrating endogenous information costs into the model in terms of social wel-
fare. Section 5 then highlights the contributions of this study and discusses plans

for future research.
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3.2 Related literature

This paper is not the first to examine news media and information friction in
economic models. In macroeconomic literature, Nimark (2014) demonstrated that
agents’ posterior uncertainty could increase as news media sought to report no-
table events. In his paper, the incentive for news media is explained by intro-
ducing the Man-bites-dog signal, which includes more unusual tail events than
frequent events around the mean of the true distribution. As a result, agents up-
dating their beliefs with this signal can end up with a broader distribution than the
actual distribution, explaining significant output fluctuations in economic cycles.
Their findings share a spirit with my work, claiming a stronger response in aver-
age action when the Man-bites-dog signal is available. Similarly, in my model, the
responsiveness of average action is enhanced when public information is accessi-
ble. However, my work diverges from Nimark (2014) as I focus on how agents
receive and update their beliefs upon receiving public information.

Chahrour, Nimark, and Pitschner (2021) attempt to explain business cycle fluc-
tuations using an exogenous editorial function that mimics the gatekeeping role of
journalism. They posit that newspapers prefer to report unusual events, negative
outcomes, or incidents in sectors deemed more critical, such as finance, insurance,
and real estate. This study illustrates the significant impact news media can have
on business cycle fluctuations in a multi-sector economy, with their model repli-
cating aspects of the 2009 Great Recession.

Both aforementioned papers presuppose that information is reported to agents
in the economy exogenously by information providers, addressing significant macroe-
conomic issues with news media. My work is distinct from Nimark (2014) and
Chahrour, Nimark, and Pitschner (2021) as, in their analyses, all agents interpret

a single piece of information identically. In contrast, my analysis posits that each
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agent may hold different posterior beliefs about the credibility of public informa-
tion.

On information friction without interaction between news media and economic
agents, there is notable research to consider. Angeletos and Lian (2022) propose
a mechanism for how business cycles can be driven by shifts in aggregate de-
mand primarily through information friction. They detail a scenario where some
agents are informed about current events while others only have knowledge of
past events. This discrepancy leads households with information friction to mis-
understand whether income shocks are aggregate or idiosyncratic, causing misper-
ceptions about permanent income and leading to decreased spending and confi-
dence. This feedback loop helps explain the propagation of demand shocks through-
out the macroeconomy.

Additionally, Fajgelbaum, Schaal, and Taschereau-Dumouchel (2017) introduce
the ‘Uncertainty Trap,” illustrating endogenous information acquisition where more
risk-averse entrepreneurs refrain from market entry during recessions, causing a
cascading effect of prolonged belief updating due to missing production signals
from other firms. This sequence underscores the reinforcing nature of uncertainty,
where the absence of firms in the market begets further market abstention due to
escalating uncertainty.

Collectively, Angeletos and Lian (2022) and Fajgelbaum, Schaal, and Taschereau-
Dumouchel (2017) highlight the endogenous interactions among economic agents
under information friction, albeit without the presence of an information provider
such as news media in my paper.

On the other hand, Ilut and Valchev (2023) shift focus to the information re-
ceivers’ side similar to my paper, dealing with an exogenous information struc-

ture. They theorize economic agents with limited cognitive perception regard-
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ing their optimal policy functions, where updating beliefs incurs reasoning costs.
Hence, interpreting information becomes a costly endeavor, leading agents to ad-
just their interpretation based on the familiarity of observed states. This mecha-
nism explains macroeconomic phenomena not captured by standard models, such
as high marginal propensity to consume (MPC) and wealth inequality. While their
research shares my focus on information reception under common public infor-
mation, my paper distinguishes itself by examining the implications of strategic
complementarity in depth.

The microeconomic literature, too, has seen extensive studies, albeit with little
focus on the interplay between news media credibility, strategic complementarity,
and belief polarization, along with its welfare implications, which my research
seeks to address.

For instance, Nimark and Sundaresan (2019) analyzes how rational Bayesian
agents respond to the same public information, exploring why belief polarization
occurs among them. They found that this polarization stems from agents choosing
signal structures more likely to reinforce their prior beliefs (confirmation effect)
and opting for less informative signals when their prior beliefs are more precise
(complacency effect). In their paper, the key insight is that attention is a scarce
resource that agents allocate, in line with rational inattention.

Further bridging the gap, Nimark and Pitschner (2019) conceptualized a news
selection function based on the notion that many economic agents outsource their
information gathering to news specialists who have direct access to real-world
states or events. They posited that news providers aim to maximize readers’ util-
ity, thus favoring reports aligned with what their audience prefers to hear. These
works lay a solid groundwork for understanding the dynamics between news me-

dia and economic agents.

53



However, their research diverges from mine as it does not study the nuances of
the interaction between strategic complementarity and information cost.

On the empirical front, there have been studies on how news media or so-
cial networking services (SNS) influence decisions. For example, Martin and Yu-
rukoglu (2017) empirically demonstrated how biased news can politically sway its
audience, estimating that Fox News could potentially persuade viewers to vote
Republican by a margin of 0.3 percentage points for every additional 2.5 minutes
watched per week. In another context, Bianchi, Kind, and Kung (2023) analyzed
the impact of President Trump’s Twitter activity on expectations regarding mone-
tary policy, concluding that markets perceive the Federal Reserve as susceptible to
political pressure. These findings underscore the significant influence of media on
public opinion and policy perceptions, offering valuable insights into the interplay
between media exposure and political and economic decision-making processes.

However, while these macroeconomic and microeconomic studies provide a
foundation, they have not studied the nuances of the accuracy of news media,
strategic complementarity, and the resulting belief polarization and its welfare ef-
fects, areas my research aims to explore. This paper seeks to offer a comprehen-
sive analysis of how news media credibility and strategic complementarity among

agents shape economic outcomes and social welfare.
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FIGURE 3.1: Information receiving process

3.3 News media perspectives and process for receiving
information

There are two distinct processes for receiving information: one directly from
the source, the true data generating system, and another mediated by news out-
lets, which is far more common and potentially introduces significant biases, espe-
cially if trust levels in these outlets vary widely. Figure 3.1 briefly illustrates this
phenomenon through a diagram.

Many studies have traditionally assumed economic agents directly receive in-
formation, sometimes tainted by noise. However, in some previous studies, eco-
nomic agents primarily get their news through news media channels (Blinder and
Krueger, 2004; Nimark, 2014; and Chahrour, Nimark, and Pitschner, 2021), and
it has been pointed out that this can significantly impact political and economic
outcomes.

In Figure 3.2, the 2020 survey by the Pew Research Center! unveils a varied

1 https:/ /www.pewresearch.org/journalism /2020/08/31/americans-see-skepticism-of-news-

media-as-healthy-say-public-trust-in-the-institution-can-improve/
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FIGURE 3.2: American perceptions of trust in news media and its
societal impact
Source: Survey of U.S. adults conducted Feb 18 — March 2, 2020, Pew Research

Center

landscape of trust in news media among economic agents in the United States.
This challenges the assumption of earlier research (Morris and Shin, 2002; Ni-
mark, 2014; and Chahrour, Nimark, and Pitschner, 2021) that modeled economic
agents as uniformly processing and accepting public information in their decision-
making processes. As illustrated in the figure, only 36 percent of American adults
expressed trust in the news media, whereas a significantly higher percentage, 63
percent, responded that they are pessimistic about the news media’s impact on

society. In essence, this survey clearly demonstrates that there is a significant di-
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DOES THE NEWS MEDIA DO A GOOD JOB IN HELPING
SEPARATE FACT FROM FICTION?

35%

FIGURE 3.3: Public trust in news media: evaluating its role in fact-
checking throughout nine nations (United States, UK, Ireland, Spain,
Germany, Denmark, Australia, France, and Greece)

Source: Newman and Fletcher (2017)

versity in individuals’ trust in the news.

Additionally, in Figure 3.3, Newman and Fletcher (2017) conducted a study
through the Reuters Institute, surveying perceptions of public trust in news me-
dia across nine countries (United States, UK, Ireland, Spain, Germany, Denmark,
Australia, France, and Greece). In this survey, 40 percent responded that they are
doing well in evaluating its role in fact-checking, while a significant proportion, 25
percent, believed they were not. This survey demonstrates that belief polarization

regarding the trustworthiness of news media is not confined to the United States
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AMERICAN THINK NEWS ORGANIZATIONS ARE LOSING IN
INFLUENCE IN THE COUNTRY

Growingin
Influence
32%

Neither
growing nor
decliningin
Influence
19%

FIGURE 3.4: The influence of news media
Source: Survey of U.S. adults conducted Feb 18 — March 2, 2020, Pew Research
Center

alone.

In Figure 3.4, the survey by the Pew Research Center goes beyond the issue
of trust, showing that the influence of news media has been gradually weakening
recently. These results could indeed be seen as stemming from a decline in trust
in news media and a weakening of strategic complementarity due to belief po-
larization. In other words, the current situation is not so much that the accuracy
of public information has become too high, causing a negative effect on welfare,
but rather that opinions on public information are extremely divided or there is

a notable lack of trust, presenting a basis for the new modeling discussed in this
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Table 3.1: Trust of 30 media and polarization in the United States

Trust Neutral Distrust

Republicans 22 0 8
Democrats 7 3 20

Source: Survey of US adults conducted Oct 29 — Nov 11, 2019. US Media
Polarization and the 2020 Election: A Nation Divided by Pew Research Center.

paper.
Especially, the phenomenon of belief polarization is closely associated with is-
sues of political ideology. The current landscape of news media consumption indi-
cates that viewers may exhibit more partisan tendencies than previously thought
when receiving public information. For instance, Table 3.1 highlights the potential
for extreme polarization, showing how Americans’ trust varies across 30 major US
news media outlets.? According to a 2019 Pew Research Center survey, the politi-
cal leanings of viewers or readers significantly influence their trust in news outlets,
with Republicans and Democrats showing stark differences in whom they trust.
This polarization suggests that if economic agents come to trust only specific
news sources, the issue could extend to economic perceptions and decisions. Even
when presented with identical information, differing views on its relevance or ac-
curacy can lead to varied interpretations of its economic implications. For exam-
ple, the perceived threat of North Korean missile tests to the market might alarm

some groups more than others. An announcement by North Korea of intent to

2 The 30 news outlets include ABC News, BBC, Breitbart, Business Insider, Buzzfeed, CBS News,
CNN, Daily Caller, Fox News, HuffPost, MSNBC, NBC News, New York Post, The New York
Times, Newsweek, NPR, PBS, Politico, Rush Limbaugh Show (radio), Sean Hannity Show (radio),
The Guardian, The Hill, Time, Univision, USA Today, Vice, Vox, The Wall Street Journal, Washing-
ton Examiner, and The Washington Post.
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“turn Seoul into a sea of fire” could cause significant market reactions among
those who see it as a serious issue, while others might disregard it. This variability
in response could depend on factors such as age, gender, occupation, and politi-
cal beliefs, illustrating the widespread nature of differing perceptions based on the
same information.

Moreover, even when different news media outlets report the same event, their
narratives can vary dramatically. Gentzkow and Shapiro (2006) illustrate this with
an example where Fox News, The New York Times, and Al Jazeera cover the
same incident in Samarra, Iraq, but with markedly different tones and perspec-
tives.* This divergence in reporting could lead to significantly different percep-
tions among viewers who exclusively follow one of these sources.

To summarize the above-described phenomena into two questions, it would
be: (i) what are the reasons economic agents interpret their same public informa-
tion differently, and (ii) what are the economic implications of such cases? Figure
3.5 briefly depicts this scenario, prompting a deeper investigation into how di-
verse interpretations of news media information among viewers can affect overall
economic behavior and decisions. To explore this, the next section applies these

concepts to the extended Beauty Contest model of Morris and Shin (2002)

3 https:/ /www.cnn.com/2011/11/24 /world /asia/north-korea-sea-of-fire /index.html

4 Gentzkow and Shapiro (2006) mentioned as follows:

“On December 2, 2003, American troops fought a battle in the Iraqi city of Samarra.

(1) Fox News began its coverage of the event with the following paragraph: In one of the deadliest
reported firefights in Iraq since the fall of Saddam Hussein’s regime, US forces killed at least 54 Iraqis
and captured eight others while fending off simultaneous convoy ambushes Sunday in the northern city of
Samarra.

(2) The New York Times article on the same event began: American commanders vowed Monday that
the killing of as many as 54 insurgents in this central Iraqi town would serve as a lesson to those fighting
the United States, but Iraqis disputed the death toll and said anger against America would only rise.

(3) And the English-language website of the satellite network Al Jazeera began: The US military has
vowed to continue aggressive tactics after saying it killed 54 Iragis following an ambush, but commanders
admitted they had no proof to back up their claims. The only corpses at Samarra’s hospital were those of
civilians, including two elderly Iranian visitors and a child.”
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FIGURE 3.5: The process of interpreting the same information differ-
ently among agents

3.4 Social value of information with verification process
for public information

As discussed earlier, this model predicts that society will fragment into two
groups holding different posterior beliefs about public information following the
process of verifying media credibility. Specifically, in this simplified model, agents
diverge in their perceptions of the variance of public information after Bayesian
updating. It is assumed that agents start with neutral priors regarding media cred-
ibility but encounter some errors during the verification process.

I outline the model setup and explore the linear rational equilibrium in the
subsequent subsection. Following that, I examine how each agent’s decisions are
influenced by their access to public and private information. Initially, the error
probability of news media credibility is treated as exogenous in this section, but

it will later be extended to include an endogenous cost model within the same
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section.

Lastly, I discuss the impact on social welfare. The model primarily draws upon
Morris and Shin (2002), which in turn, is inspired by the Beauty Contest exam-
ple presented in Keynes (1936). Essentially, these models explore the dynamics of

agent interaction under the influence of strategic complementarity.

3.4.1 Model

In this subsection, I will discuss the key assumptions of this model. First of all,

there is a continuum of players as follows:

¢ Players

— There is a continuum of (ex-ante) homogeneous players i € [0, 1].

They are all homogeneous before the verification process with errors. The exact
verification process and private information structure that lead to differing post-
hoc beliefs will be introduced later.

Second, the utility function and actions of each player are as follows:

¢ Utility function

. J/

ui(ajla_s,x)=— (1—r)(a; —x)*> — r(L;—L) (3.1)
—_——

~
standard quadraticloss  beauty contest
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[0,1]

where a; € RYY, and r is a constant with 0 < » < 1 and

1
Lz’ = JO (11] — lli)zdj,

u;(ajla_j, x) is a utility function of each player. a_; is a vector including every
action of all the players except for 4;. x can be interpreted as fundamental of the
economy or underlying state. The first term in equation (3.1) measures standard
quadratic loss as the distance between one’s action and the underlying state. It
can be interpreted as one’s own interest in the game. In other words, each person
wants to get close to the underlying state.

The ‘beauty contest’ component, as described by Morris and Shin (2002) within
equation (3.1), introduces a motive for second-guessing, implying that players
must consider the actions of others to maximize their utility. This element becomes
zero when the actions of all players align perfectly.

However, this beauty contest term would not become zero in the end, and ul-
timately, agents should conjecture that any deviation in actions is quantified by
the aggregate of the distances between each player’s choices. For instance, if a
player i selects action 4;, they must also account for L;, representing the distance
from every other player’s choices. The collective deviation, L, encompasses these
individual discrepancies.

Additionally, the parameter r assigns importance to this second-guessing as-
pect. A value of r equal to zero indicates a lack of incentive for coordination among
players, whereas an r value of one signifies that players prioritize minimizing the

distance in their actions over the actual state x.
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Third, I express social welfare as follows:

¢ Social welfare

1 (! .
W(a, x) = T u;(a;la_y, x)di
1
= — J (a; — x)*di. (3.2)
0

Social welfare is the normalized average of each player’s utility as in Morris
and Shin (2002). If there is a social planner, each a; should be controlled going to
close to the underlying state x.

Each player’s action 4; is determined by the first order condition of each player

as follows:
* First order condition
a;, = (1 — r)EZ-(x|Ii,si = k) + VEi(ﬁH,', S; = k) (3.3)
where i = S(l) a;dj.and k € {0, 1}.

The average action across all players is denoted by 4, while E;(x|I;,s; = k)
represents player i’s expected value of the underlying state x, based on their infor-
mation set I;, which includes both public and private signals, and the credibility
signal s; of the public information.

In a scenario where players have access to complete information, a rational

decision-making process would lead them to choose an action a; = x, aligning the
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social optimum with the equilibrium derived from individual actions, without the
need for a social planner’s intervention.

However, the presence of information friction, stemming from individual play-
ers facing distinct private signals and developing divergent posterior beliefs after
evaluating the credibility of public information, can deviate outcomes from the
socially optimal equilibrium.

Finally, I present the public and private information structure as follows:

¢ Information structure

— Each player i € [0, 1] observes a private information:
Xi=x+¢; (3.4)

where ¢; L x, §; ~ N(0,0%), and E(§;¢;) = 0 for i # j.

— In addition, the players commonly observe a public information:
y=x+y (3.5)

wherey L x,and # ~ N(0, (0 + y(1 — 9))(7,%) where v > 1and 6 € {0, 1}.
(60 = 1: News media is reliable, # = 0: News media is unreliable)

— Each agent’s prior belief for the variance of the public information is 0.5
for 0’% and 0.5 for ’)/(7,?. In other words, Pr(6 = 1) = Pr(6 = 0) = 0.5 for
allie [0,1].

— The precision of the public and the private information with prior be-

liefs:

1 b= 1
(05+057)07" " o2

— The information set for i is as follows:
I = (y, xi) (3.6)
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— Player i’s expected value of x with prior beliefs is as follows:

Ei(x) = %‘;’C’ (3.7)

Each player i bases their action on the information set I;, which allows us to
express one’s action as a;(1;, sy). The actual state of affairs, denoted by x, a real
number, is established before any actions are taken, yet it is shrouded in uncer-
tainty. Although each player receives a private signal x;, the precise value of x
remains unknown to them. Therefore, they also turn to an information agency,
news media, for an additional source of information, which provides a common
public information y.

However, this public information y is also subject to noise, represented by 7,
as illustrated above. A more challenging issue arises from the players” uncertainty
regarding the credibility of this information. Initially, it is assumed that players
are somewhat skeptical about this credibility, holding half priors as previously
mentioned. Therefore, they go through a stage of investigating whether the news
media, providing the public information, they will receive is trustworthy. The next
subsection will detail a process for verifying the credibility of public information

more thoroughly.

3.4.2 Verification process for the public information

First of all, nature determines the state of the news media 6 € {0,1}. An agent
cannot directly observe this state of the news media and their prior is 7 = p(6 =
1) = p(0 = 0) = 0.5. Instead of observing the real state, they receive one signal
about news media credibility without any costs. I refer to the information structure

defined by the error probability e.
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Table 3.2: Signals about news media and its errors

s=1 s=20

=1 1—¢ €
0=0 € 1—¢€

0 = 1: News media is reliable, 6 = 0: News media is unreliable

Definition 3.1. A channel S € (0,1) x (0,1) is defined by the error probabilities € =
p(s =1/ =0) = p(s = 0|6 = 1) where e € [0,0.5]

Table 3.2 shows how agents will have different signals by Definition 3.1. For
the simplicity of the model, I assume every agent will have signals concerning me-
dia credibility before receiving public information y. With this information structure

in Table 3.2, agents update their beliefs before taking action.

Lemma 3.1. When a prior belief is m = 0.5, agents update their belief as follows by

Bayesian updating:

p0=1s=1)=p@=0s=0)=1—¢€ (3.8)

Then, I consider two distinct scenarios. The first involves a group of agents
who receive the signal s = 1, indicating that the news media is considered reliable.
Conversely, the second group is presented with the signal s = 0, suggesting skep-
ticism towards media reliability. The following lemma delineates these two cases

in detail.
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Lemma 3.2. Consider two cases for an agent i based on the received signal s; as follows:

(1) When an agent i receives s; = 1,

a1y + Bx;
l( ‘l 1 ) 0(1+‘B
where iy = 1
LT (=€) +velo?
(2) When an agent i receives s; = 0,
xoYy + Px;
l(x| 1 Sl ) 0(0"“8

1
e+ (1 —-e)loy

where ng =

For an agent i to calculate E;(a|l;,s;) in his first order condition to maximize
his utility, he should conjecture how many agents will have same signals and how

many agents will have different signals given his own signal.

Lemma 3.3. Each agent conjectures as follows:
p(s; = 1lsi = 1) = p(s; = Ofs; = 0) = 1 - f(e)

p(sj=0[s;i =1) = p(s; = 1|s; = 0) = f(e)

for i # jwhere f(€) = —2€? + 2¢ and s; for an agent i's signals.

With Lemma 3.3, an agent i can calculate E;(a|I;,s;). In the next subsection, I
solve for a unique equilibrium of the model showing how E;(a|I;, s;) can be differ-

ent by signals.
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3.4.3 Linear equilibrium

In this subsection, I solve for a unique equilibrium of the model. I focus on a

linear strategy of the form:
ai(Ii/ S = k) = KrX; + (1 — Kk)]/ (3.9)

where k € {0,1}. It means that players who received s = 1 choose the strategy «;
while players who received s = 0 choose the strategy xp. In order to get x; and x,

I need to solve E;(a|l;, s; = k) for k € {0, 1}.

Lemma 3.4. Consider two cases for an agent i based on the received signal s;:

(1) When an agent i received s; = 1,

Ei(alLys; = 1) = x1(1— f)myi;;x,+Kof%+(1—K1)(1—f)y+(1_xo)fy

(3.10)

(2) When an agent i received s; = 0,

x1y + Bx;

B aoy + Bx;
Ei(guilsi:()):;(lf 0(1+‘3 0]/—,51

e Ry (R )y

(3.11)

+xo(1—f)

With Lemma 3.2 and Lemma 3.4, I can solve for an agent i’s optimal action.

Proposition 3.1. The linear equilibrium of action a;, for k € {0, 1}, is given by
a;(Li,;si = k) = xx; + (1 =)y (3.12)

(1 . 1’) + r 061+ﬁ ﬁ(l_r)
p JBotp Bi=r rarrrp ifs; =1, and

7 2
5(1—r)+“1+7fﬁ—m

where k1 =
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FIGURE 3.6: Responses of k; and ky as the change of error probability
€: Parameters are y = 20,0, = 1, 0. = 1, andr=0.5

g+ B(1-r)
PO + B e
(rfp) P
ﬁ(l B 1”) + a0+ l’fﬁ - B(—r)tar+rfB

where Ky =

The implication of Proposition 3.1 is straightforward. The next proposition

shows its implication.

Proposition 3.2. Agents who receive the signal that public information is reliable assign

more weight to the public information. That is, k1 < K.
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Furthermore, numerical simulations reveal that, as the error probability in-
creases, agents who receive the signal s = 1 (indicating that public information
is reliable) tend to rely more on their private information. Conversely, for agents
receiving s = 0, there appears to be a clash between the incentive to focus on pri-
vate signals and the incentive to concentrate on public signals for coordination,
leading to fluctuating tendencies. This outcome aligns with intuitions: (i) when
faced with higher error probabilities, agents informed that public information is
reliable are inclined to trust it less, as illustrated in Figure 3.6 and (ii) regardless
of the signal received, as the error probability approaches 0.5, xy and x; become
equivalent. This reflects a scenario where no verification of news media is per-
formed, and regardless of the signal received, the probability becomes one-half,

thus rendering the signals themselves inconsequential.

3.4.4 Welfare effects of public information and verification pro-
cess

In this subsection, I study the welfare implications of public information and
the verification process. To begin with, a comparison between the ex-ante expected
welfare, absent the verification process for news media, and the social planner’s
perspective, incorporating the verification process, seems prudent.

The welfare of the ex-ante expected welfare is as follows:

EpW(@,2)13] = — [(1~ Kyrior PE(P) + iy E(ED)]

Considering that the social planner, like any other agent in this economy, lacks
precise knowledge of the true value of x, it is assumed that the social planner also

has a prior belief, with a probability of 0.5, regarding the state of the news media.
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Welfare Analysis (Uncertain Media vs. Ex-ante)
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FIGURE 3.7: Welfare analysis when “the social planner does not ex-
actly know the state of news media” vs. “ex-ante expected welfare”:
Parameters are y = 20, 0;, = 1, 0z = 1, r = 0.5, and prior belief of the
social planner is 0.5

It is given by:
Ep[W(a,x)lx] = ~0.5 | (1. )2E(y?) + KE(E)| - 05 | (1 x0)2E(r?) + K3E(ED)|

When the parameter of unreliable news media <y is small, the social planner’s
expected welfare decreases as the divergence between «; and xg increases. There-
fore, in such circumstances, the planner prefers scenarios where there is no verifi-
cation process for public information. However, when v is sufficiently large, the

verification process consistently benefits society compared to the ex-ante expected
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Welfare Analysis (Reliable vs. Ex-ante)
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FIGURE 3.8: Welfare analysis when “the social planner knows the
state of news media (reliable)” vs. “ex-ante expected welfare”: Pa-
rameters are y = 20,0, =1,0; =1,and r=0.5

welfare. This is depicted in Figure 3.7, where the blue dotted line represents sce-
narios with the verification process, and the red solid line represents scenarios
without it.

Moreover, consider a second scenario where the planner can observe the true

state of the public information. This scenario further divides into two distinct cases
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Welfare Analysis (Unreliable vs. Ex-ante)
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FIGURE 3.9: Welfare analysis when “the social planner knows the
state of news media (unreliable)” vs. “ex-ante expected welfare”:
Parameters are y = 20,0, =1,0; =1,and r=0.5

as follows:
Ep[W(a,x)|x,0 = 1] = —(1— ) | (1~ :)2E(?) + E(ED)]
e |(1- ) E(?) + FE@E)]
Ep[W(a,x)}x,0 = 0] = —¢ | (1 - x1)2E(r?) + FE(ED)|

—(1-€) [(1 - xo)E(n?) + GEED) |

If the news media is indeed reliable (f = 1) and the social planner is aware of this,

the verification process consistently results in higher welfare compared to the ex-
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ante model, as shown in Figure 3.8. In this case, investigating the news media in
advance always results in better welfare than not investigating at all.

Conversely, if the news media is unreliable (¢ = 0) and the social planner is
aware of this, the meticulous verification process can detrimentally affect welfare
because excessive coordination drives agents” actions away from the fundamen-
tals, as illustrated in Figure 3.9. This region corresponds with the scenario de-
scribed by Morris and Shin (2002) where increasing the accuracy of public infor-
mation can impair welfare. However, if there is a significant information cost asso-
ciated with the agent’s verification process, moving away from an error probability
€ of zero, this area decreases.

In other words, in cases where there is a verification process and belief polar-
ization regarding the reliability of news media providing public information, it can
be concluded that generally, moving towards increasing the accuracy of public in-

formation tends to improve welfare.

3.4.5 Adding endogenous information cost

In this subsection, I add an endogenous cost to the model presented in the pre-
vious section and examine its implications. The steps of the game remain the same
as in the previous model. That is, in the first step, an investigation into the cred-
ibility of the news media is conducted, where more detailed information about
whether the news media is reliable or not is obtained. However, unlike the previ-
ous model, the cost of information must be paid for this investigation, and paying
more for information costs can reduce the error probability of the signal. Then, in

the second step, as before, an action is chosen.
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In this scenario, the utility function is modified as follows:s:

- -

ui(ajla_j, x,€) =— (1—r)(a; —x)*> — r(Li—L) + Alog(2e) (3.13)
— —

~
standard quadratic loss  beauty contest  information cost

where A > 0 and € € [0,0.5]. In this formulation, the utility function indicates
that, when the error probability € remains at the prior of 0.5, the information cost
is 0, and as € approaches 0, the cost becomes infinitely large, implying that it is
impossible to reduce the error probability to zero completely.

The form of the solution for a4; remains similar to the model discussed earlier
because, in the second step, € is considered given for calculation. The only differ-
ence here is the possibility of reducing € in the first step.

Given that we already know the solution for 4;, I can insert the solution into
the above equation and derive the first-order condition for €. The challenge arises
when determining the policy function for € as it results in the form of an implicit
function, making it impossible to find an explicit solution. Also, it is impossible to
analytically determine the direction of € as r changes because of the complexity of
the system.

However, by comparing the values of € at r = 0 and r = 1 or through numerical
simulations, we can obtain some idea of the situation. Figure 3.10 presents the
numerical simulation results for a specific scenario graphically.

In Figure 3.10, we can observe that, as the strategic complementarity term r in-
creases, the error rate in news media credibility gradually increases. In an extreme
case, when r = 1, agents leave € at 0.5. From several simulation results, as -y de-
creases, this monotonically increasing behavior disappears, and areas of increase
and decrease appear non-linearly. However, generally, an increasing tendency is

observed as 7 increases.’ Furthermore, the following proposition provides us with

5 It does not necessarily increase monotonically.
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Strategic Complementarity and Media Credibility Error
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FIGURE 3.10: The optimal error, €, to the strategic complementary
term, r: Parameters are v = 20,0, = 1,0z =1, and A = 0.1

greater insight.

Proposition 3.3. When agents place a weight of 1 on the strategic complementarity term,

1, they do not investigate the credibility of news media at all. That is, e(r = 1) = 0.5.

The proof of Proposition 3.3 is straightforward. Since agents do not concern
themselves with the fundamental x but only with the average action of others,
they simply adopt the public information y as it is, even though this public infor-

mation may be highly uncertain. In other words, high strategic complementarity
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undermines the benefit of enhancing accuracy by investigating the news media.
Conversely, when r is not equal to 1, that is, when moving closer to the fundamen-
tal provides some utility, they become incentivized to investigate the news media.

These results effectively moderate the main findings of Morris and Shin (2002).
Their principal conclusion was that, as the term of strategic complementarity in-
creases, the precision of public information could have a negative impact on wel-
fare. In this analysis, instead of choosing to increase the accuracy of public infor-
mation by paying an information cost, agents opt to forego accuracy, maintaining €
at 0.5 and seeking coordination among themselves. This implies that agents do not
trust any signal they receive, meaning this approach generally leads to a decrease
in welfare due to overly inaccurate public information, as compared to the welfare
analysis in the previous subsection.

Additionally, even when assuming that the information from the news media
is completely accurate, 0 = 1, endogenous information costs lead agents to choose
a significantly larger € than zero. This is because an € of zero would incur infinite
information costs. Hence, there is an incentive for agents to endogenously make
news media more uncertain, which slightly modifies the results of Morris and Shin
(2002).

The key implication of this analysis is that, in cases of significant strategic com-
plementarity, individual agents may not have an incentive to investigate the news
media, but government intervention trying to increase the accuracy of public in-
formation can increase welfare. Therefore, in this scenario, enhancing the accuracy
of public information can still be beneficial to society.

In conclusion, while empirical research is needed to determine where we cur-
rently stand, if belief polarization is indeed significant, policymakers should work

to increase the accuracy of public information.
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3.5 Conclusion

This paper explores the intricate interplay between the credibility of news me-
dia, information friction, and strategic complementarity in an economic context.
By incorporating a news media verification process into the Beauty Contest model
and analyzing based on an endogenous information cost model, it reveals how eco-
nomic agents perceive the reliability of public information, the resulting decision-
making process, and its impact on social welfare.

This research begins with the exploration of belief polarization phenomena,
prominently observed during periods of uncertainty, such as the COVID-19 pan-
demic. If we indeed live in an era of significant uncertainty and pronounced belief
polarization, this paper suggests a possibility that contradicts the insights of Mor-
ris and Shin (2002). It proposes that enhancing the accuracy of public information
could almost always improve social welfare, by reducing the region in which pub-
lic information decreases welfare.

The addition of the endogenous cost model brings a nuanced layer to the narra-
tive. This illustrates that, in the absence of strategic complementarity, agents who
were initially motivated to uncover the truth might collectively opt for less inves-
tigative actions due to the information costs associated with strategic complemen-
tarity. This phenomenon can lead to a societal equilibrium where the credibility
of news media, providing public information, is undervalued, undermining the
potential welfare gains from more accurate information dissemination and exacer-
bating belief polarization.

Exploring the welfare implications of these dynamics reveals the crucial role
of social planners in mitigating the negative effects of information friction and

strategic behaviors. The analysis suggests that, in specific scenarios, governmental
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measures to boost the trustworthiness of news media can notably improve social
welfare. This highlights the importance of securing information reliability in the
modern era of uncertain media credibility, presenting new challenges and oppor-
tunities for economic policy and research. This research lays the groundwork for a
deeper understanding of the role of news media and the quality of information on
economic outcomes.

However, this paper does not fully reveal whether we are currently at a point
where enhancing the accuracy of public information is necessary. Determining
where we stand requires thorough empirical research, which remains a task for

future work.
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4 Conclusion

This dissertation contains two essays related to macroeconomics and informa-
tion theory. Both essays share a common focus on the recipients of information,
rather than the providers. That is, despite efforts by providers to accurately con-
vey information, distortions arise due to the costs associated with analyzing infor-
mation on the part of the recipients.

In Chapter 2, I investigate the dynamics of attention reallocation among inter-
national investors to understand the fundamental causes of financial contagion,
using the 1997 Asian Financial Crisis as a primary example of how a crisis can
globally propagate. It utilizes a theoretical framework based on the canonical ra-
tional inattention model, demonstrating that increased volatility in one asset not
only heightens attention to that asset but also to an uncorrelated asset, due to an
increased subjective posterior correlation, challenging the assumptions of fixed ca-
pacity models.

Through an analysis of Financial Times news articles during the 1997 Asian
Financial Crisis, the study finds that a volatility shock in the Asian market not
only heightened investor attention towards the Asian markets but also towards
uncorrelated markets such as Latin America. This shift in attention is significant;
however, the paper refrains from directly linking these shifts to equilibrium asset
returns, pointing out the necessity for further research to include endogenous port-
folio weights for a comprehensive understanding of volatility spillover effects and
equilibrium returns. However, more importantly, theoretical results of the volatil-
ity spillover effects can be broadly applicable (e.g., firm price setting, investment,
or consumption/saving decisions).

In Chapter 3, I study how the credibility of news media, information friction,
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and strategic complementarity interact within an economic framework, particu-
larly highlighting the impact of a news media verification process on agents’ per-
ceptions of information reliability and social welfare. It posits that in times of
uncertainty, such as the COVID-19 pandemic, improving the accuracy of public
information might counteract belief polarization and enhance social welfare. The
study introduces an endogenous information cost model to explain why agents
might reduce their efforts to seek truth due to strategic complementarity, poten-
tially leading to a societal undervaluation of news media credibility and worsening
belief polarization.

The research underscores the importance of governmental intervention in en-
hancing news media trustworthiness or accuracy of public information to improve
social welfare in an era marked by uncertain news media credibility. However,
it also acknowledges the need for further empirical research to conclusively de-
termine our stance, setting a direction for future investigations into the interplay

between news media credibility and economic outcomes.
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Appendix A. (Appendix for Chapter 2)

A.1 Closed-form solutions to Problem 2.1 for py = p, €
0,1)

From Lemma 2.1, first order conditions are stated as follows:

- pawpg (207 + 02) L wo?
(0303 +03) (0202 + 02) — p3o263.) 602~ 0.
+A(Bpg —1) (202 + 07 —02) =0,

L Pwpz (P05 + %) L WO
(0303 +03) (0202 + 02) — p3o263.) 602~ 0
+A(Bp2 —1) (0305 + 05 — 75) =0,

14 Bwpgoido,-  wop
(0303 +03) (0202 +02) - pp203,)  T30% — %

+ A (—Bpgp? + Bpep= + pepz — 1) o= =0,

. . . . 2 A
(0305 + 05 — 03) (0207 + 07 — 62) — (pop= —1)" 0. = 0.

When pg = p, # 0,

s oz (20';‘/15 +03(—1+3p3)0% + (—1+p3)oa ((—1 +B)pjw + 07 + \/Vg + (-1 +/5)2p3w2 +2(1 +ﬁ)p§wazz +o2 +20§((] +ﬁ)p§w+a§)))
! 265(=1+03)(cF + 2)? ’

o? (203,05 +03(—1+3p3)0% + (—1+p3)0? ((—1 +B)pjw + 0% + /0§ + (=1 + B)20jew? + 2(1 + p)pjewo? + of + 207 (1 + p)pjw +a§)))

~2
203(—1+ p3) (02 + 02)?

07 =—

X oZo? (ag(l +03)+ (1+p3)02 — (—1+p3) ((—l +B)pjw — \/ag +(—1+ B)2pjw? +2(1 + B)pgwo? + o2 +203((1 + B)pjw +0'22)))
70z = > 202 4 o2)2 :
ng(_l+P9)(Vg +0%)
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When py = p, =0,

52— 0g (03w + 030? + o)
’ (07 +02)2

24 2.2 2
A2 UZ((TG +0—90-z +CUO'Z)

= (07 + 02)?
52 _0'5(73(0’5 —w+0?)
’ (03 +02)?

A.2 Proofs

Proof of Proposition 2.1. (1) Ishall extend the proof to a more general scenario, where
pg € [0,1) and p; € [0,1), as opposed to the specific instance where py = p; = 0.
This approach allows for a broader examination of the underlying principles. (2)
According to Proposition 1 by Miao, Wu, and Young (2022), the dimensionality of
C'V~1C is indicative of the dimensionality of the optimal signal structure. Then,

from Lemma 2.1:

_fpe O _[og 0
A_[O PJ’W_[ oz]’

Then, without loss of generality, C and V can be normalized as:

C:[l C1:|’V:|:Z)1 02:|.
1 Co Uy U3
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Then,
cvilc=x"1-(AzA" +wW)!

1 U1 — 207 + U3 V3C1 — V201 + 01C2 — U202
2 2
0103 — 03 | U301 — U201 + 0162 —U2C2  U3CT — 2020102 + V165

oz p202+0? —09,; 000200,
_ | w05, (0505 +og) (203 +02)—pgedoy, 050205, | (pg0y+0g) (0202 +02)—p5020;,
- _&6,2 + Pﬂpzﬁﬁ/z ﬁ—92 _ p%ﬁg-‘rag
030205, (0505+05)(202+02)—pgp2ty.  0307—0;.  (p505+05)(p202+02)— P52ty .

. . —20p40 U301 —0pC1+0V1Cp—UCy =
In the given context, if 91—<02 103 = oLl T 222t follows alge-
the given context, V301 —0201+0102— 0202 032 —2v5c104v105 &

braically that ¢; = ¢, and, consequently, the signal dimension is one. To show this,
it is sufficient to show that the dimension of Z~! — (AXZA’ + W)~! is one. That is,
if the determinant of Z~! — (AZA’ + W)~ is zero, then the proof is complete. The
numerator of the determinant is given by:

(0308 + 0§ — 0§) (0202 + 02 — 02) — (pap= — 1)%05 .
This equation, being one of the first order conditions from Appendix A.1, should

equal zero. O

Proof of Proposition 2.2. Considering the Riccati equation for the full information

case about the target variable:
Y =AY A"+ W - AX_H'(HZ_H)'HZ_, A/,

we can derive the optimal steady-state posterior covariance matrix, . O

Proof of Proposition 2.3. By the Implicit Function Theorem and Cramer’s rule from

steady-state optimal conditions, I can show

. )
062 062 007
—f%>0,—%>0and —= <0.
ow ow ow
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These three inequalities directly show the proposition. O

Proof of Lemma 2.3. We begin the proof with an algebraic assertion that holds gen-

erally:

) ) )
05 0., 1—p5,_

=0.5 <10g (Z’Qt ! + log ZA;“ ! + log —i'é 1) .
Tg 1t Ut =03,

Applying the chain rule of mutual information! yields:
I((0°,2");s"s™1) = I(%;s![s' 1) + I(2; 707, " 1),
Consequently, we deduce:
1(0%;s's' 1) = M((6',2%);s"s"1) — (2! 87|07, 8" ).

The last term exclusively represents the direct reduction in uncertainty about z*

upon observing s’. Hence:

i o2 1 — p? o2
I(6%;s's'!) =05 (10g% +log 2L 4og —p'i'”> ~05log 4"

2 2 52
Uo )t Ut Py Ut
42 A2
oy 1—-p5,_
=05 (log % +log #) .
o1t — P
This proves Lemma 2.3. O

1 See Theorem 2.8.1 in Cover and Thomas (2006)
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Proof of Proposition 2.4 and 2.5. Consider the system where Y; represents the load-

ing of optimal signals on the state at time . The dynamics are described by the

following relationship:
ar — E[ay|s™1] = Y/ (x; — E[xs"™1]) + e, V¢
Kalman Filtering provides the update for the covariance as:
St = Zro1 — S YeViSgpo1 Ve + Zep) Y Syq, VL.

In the steady-state, we arrive at the following equilibrium:
Y= -2 4Y(YZ_,Y) YE_,,
Y )t =T-Z,Y(YZ V)Y,
HE_ YYZ_ V)WY =H(I-2(2_1) '), where H = H
YELYYEZLY) YWH=(I-2(21)"YH,

Y=(1-2(z_1) YH,

1 o (Te . &Q,Z
02 02

Y — 0,—1 0,—1
= ) P

1 o UZ 9,2
~2 (\72

z,—1 z,—1

This proves Proposition 2.5.
Subsequently, the ratio of the elements of Y is shown to be 1 when the closed

solutions for the posterior variances and covariances are substituted under the con-

dition pp = p:

1 o A‘;g _ ze,z

%1 %1 _ 1.
1— Agzz AZB’Z

z,—1 Uz,fl
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Specifically, in the case where py = p, = 0, the variances reduce to ?73,_1 =0

A2 2 . .
and 0, 1 =03, leading to:

0'5 . @'7? + 6'9,2
02 02406y,
0 0 0,z
This proves Proposition 2.4. O]

Proof of Proposition 2.6 and 2.7. Utilizing the closed-form solutions from Appendix
A.1 and the individual attention formula articulated in Lemma 2.3, we derive the

respective results. N

A.3 Fixed capacity

Proposition A.1. (Fixed Capacity) Let pg = p; = 0. As the volatility of one component
increases, the attention given to that component increases, while it decreases for the other.
ie.,

ol (6;st|st1)
00?2

oll(zf; st|s! 1)

<0
= 002

> 0.

Proposition A.2. (Fixed Capacity) Let pg = p, = 0. As the volatility of one component

increases, the attention allocated to that component increases more than to the other. i.e.,

ol (z!;st|st1) N on(6;st[s1)
002 - 002 '
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A.4 Dynamic cases

Proposition A.3. As the marginal information cost, w, approaches to zero, the steady-

state posterior covariance, %, is given by:

== [—KK _KK} ’
where K= 5 L PRETS (—Pepzaé + PoP305 — Pop=07 + Pp=07
- feae2 [a0o — . Pego2 + (1 +207 + (142 ),
if po # Pz,
_ 0§02
(=2 (o + )
if pp = pz = p.

Proof. Considering the Riccati equation for the full information case about the tar-

get variable:

Y =AY A"+ W— AL _H'(HZ_H) 'Hx_, A/,

we can derive the optimal steady-state posterior covariance matrix, X.

Proposition A.4. Let pg = p; € [0,1). The square of posterior correlation, p?, between 0

and z weakens as w increases, i.e.,

A2
o

P~ <o,
ow

Proof. By the Implicit Function Theorem and Cramer’s rule from steady-state op-

timal conditions, I can show

A R A2
002 002 00,
—f%>0—%>0and =2 <0
ow ow ow



These three inequalities directly show the proposition. O

Proposition A.5. (Fixed Marginal Information Cost) Let pg = p; € (0,1). As the

volatility of one component increases, attention to both components increases. i.e.,

oL(0%;st|st1)
002

oll(z!;st|st1)

>0, o002
z

> 0.
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Appendix B. (Appendix for Chapter 3)

B.1 Proofs
Proof of Lemma 3.1.

1) = p(s=10=1)p(6 =1)
p(s=10=1)p(0@=1)+p(s=10=0)p(6 =0)

p(6=1ls =

(1—€)x05
(1—€)x05+ex05

=1-—¢

p(s =0]0 =0)p(6 =0)

0=0ls=0) =
PO =05 =0) = =0 = 1)p(8 = 1) + pls = 010 = 0)p(8 =)
B (1—€)x0.5
- (1-€)x05+€ex05
=1-c¢
This proves Lemma 3.1. O

Proof of Lemma 3.3. Each agent conjectures as follows:
p(S] = 1|Si = 1) = p(s] = O|Si — O) — (1 —6)2 +€2 -1 —f(é')

p(sj=00si=1) =p(s;=1fs;=0) =1~ (1-e€)? ~e* =1~ f(e)

for i # j where f(€) = —2€? + 2¢ and s; for an agent i’s signals. O

Proof of Proposition 3.1. In this proof, I show the derivation of x; and xg. First of all,

Note that, for k € {0, 1},

a;i(li,s;i = k) = (1 —r)E;(x|s; = k) + rE;(als; = k)
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Combining Lemma 3.2 and Lemma 3.4 with the above equations, I can get two
equations as follows.

First, fors; =1,

o= Eg s by

ai(li,si =1) = x; {(1 —7) iy

B
0&1+,3

+y =N (- f) HA-x)A- )+ (1= m)f)]

X0
+ K
+ ,3 Oleo

X1
DC1+,3 +,B

Second, fors; =0,

a;(I;,;s; = 0) = x; {(1 _r)ocoiﬁ +7{K1fa1i5 +K0(1_f)txo[jr[3}}

+ (1 — f)—20 +(1—K1)f+(1—7€0)(1—f)}]

X0
+y[<1—r>a0 -

5]
—+ 7K
—f—ﬁ { 1f0(1

+P
Comparing coefficients in 3.12 and the above two equations, I have two vari-
ables with two simultaneous equations.

(1= 1r)B+ rfprozh
(1=r)p+ar+rfpB

(1-1r)B+ rfprsh
(1-r)B+ag+rfB

K1 =

Ko =

From these equations, I can algebraically get x; and g as follows:

a1+p B(1—r)
BO—1) + 1/ Bt p Bt +aoi7p

K1 = p 5
ﬁ(l—r)'k“]_—l'rfﬁ—%
ag+ (1-7)
Ko = BL—1) + 1B p i raroTs

2
ﬁ(1—7)+“0+7f5—%
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Proof of Proposition 3.2. Using the solution in Proposition 3.1, calculate xg — k1 alge-

braically as follows:

(1-r)B+rfBrasish  (1—r)B+rfProsih
(1—rB+ao+rfp  (1—r)B+ar+rfp

Blar—ap) (1—r){B(ar+B—a1 fr—2Bfr)+ao(t1+B—pfr)}
_ (xo+B) (11 +p)

~aoar + B+ B(=14 f)r) + Blar +ar (=14 f)r — B(=1+7)(1+ (=1 +2f)r)}

Ko — K1 =

From Lemma 3.3 f = —2¢? + 2¢, we find that € = % maximizes f at % Therefore,
the denominator is clearly positive since 0 < r < land 0 < f < % Also, in the
numerator, apart from the term {B(a1 + p — a1 fr — 2Bfr) + ag(ag + B — Bfr)}, all
other terms are clearly positive because a1 > ay.

Since the maximum value of 7 is 1 and the maximum value of f is %, the mini-
mum value of —fr is —3. Substituting this into the term {B(a1 + B — a1 fr — 2Bf7) +

ao(a1 + B — Bfr)},

1
xowq + Eﬁ(wo +a1) =0

Hence, it follows that kg — k7 = 0. O

Proof of Proposition 3.3. Consider the case where r = 1. Under this condition, the

utility function for agent i simplifies to:
ui(ajla_j, x,€) = —r(L; — L) + Alog(2e)

This simplification implies that the term encouraging agents to align their actions
with the fundamental value x vanishes. Hence, a; = y.

More specifically, in the second step, each agent aims to synchronize their ac-
tions based solely on the given public information y, disregarding their private

information. Under these circumstances, the precision of the public information y
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is irrelevant to their utility, prompting them to select € = % in the first step. Conse-

quently, this choice equates to opting out of media verification. O
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