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Abstract

This dissertation presents three essays in financial literacy. In Chapter 1, I study the
information acquisition process in a simple asset pricing model with heterogeneous
beliefs about future prices. This is instrumental to investigate the effects of financial
literacy on market stability. I posit that financial literacy affects the cost of acquiring
information on the asset payoff and show that the effect on the market volatility
is non-monotone and depends on the uncertainty of the fundamentals. I conclude
that financial education programs increase price informativeness and, in a scenario
with high uncertainty of the fundamentals, stabilize the market. However, when
uncertainty is low, financial literacy improving policies increase the volatility of the
markets.

Chapter 2 develops a tractable asset pricing model where individuals acquire fi-

nancial information and face a fixed cost to participate to the market. I find out
that, on the one hand, low participation cost increases the information acquired by
the agents. On the other hand, it reduces the market participation and, therefore,
the informativeness of the market price. Furthermore, with high participation cost,
the information acquired also decreases. The effect on market price variance is non-
monotone and depends on the uncertainty of the risky asset.
For increasing inequality in financial literacy, market participation of the less literate
agents decreases, at a faster rate with low uncertainty in the fundamentals. Further-
more, the market friction prevents the market price to reveal all the private financial
information acquired by the agents, reducing the information externalities.

In Chapter 3, that is a joint work with Mario Padula, we investigate asset pricing
implications of letting individuals to decide how much financial literacy to acquire.
We assume that individuals are born with the same amount of innate financial literacy,
which they can improve upon by attending financial education programs. In a simple

market trading model with noisy supply, a risky and a riskless asset, the benefit of

v



taking the financial training is the same for all individuals and pertains to the precision
of the signal on the excess return. More financially literate individuals can buy more
precise signals at a relatively lower cost, but individuals sharing the same level of
financial literacy pay the same cost to buy the signal’s precision. Conversely, the cost
of attending the financial education program varies between individuals, depending
on their cognitive abilities. This is instrumental to investigate how cognitive abilities
relate to the decision to increase financial literacy and to the stability of financial
markets. Moreover, the model allows to discuss the implications of policy affecting the
productivity of financial education programs and show that general equilibrium effects
make the share of literate individuals a non-monotone function of the productivity of

financial education programs.
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Chapter 1

Financial Literacy, Information
Acquisition, and Asset Pricing

Implications

1.1 Introduction

In standard asset pricing models, agents maximize expected utility and choose opti-
mally financial investments. Models posit that agents are fully informed, are able to
correctly forecast future outcomes and to diversify appropriately investment risks.

Many stylized facts, such as low participation to the equity market by household
(Mankiw and Zeldes (1991), Haliassos and Bertaut (1995)), low level of diversifica-
tion of household portfolios (Curcuru et al. (2009)), or preferences for default options
(Beshears et al. (2009)), cannot be explained by standard models. Campbell (2006)
proposes that some assumptions should be dropped and some costs or other factors
must be taken into account. Haliassos and Bertaut (1995) go further and propose to
shift to non standard expected utility function.

A stream of household finance literature focus on lack of financial literacy; many



empirical studies (Lusardi and Mitchell (2009), Christelis et al. (2010), Lusardi and
Tufano (2009)) document that low degree of financial literacy is widespread among

' How-

households and suggest to improve it through financial education programs.
ever, in this literature, up to my knowledge, general equilibrium models are missed.
This kind of models allows the policy makers to investigate the effects of financial
education programs.

Our work contributes to fill this gap. Specifically, our model explains the general
equilibrium effects of financial literacy on market stability. The main intuition is that
agents with lower degree of financial literacy face higher costs of being informed. This
implies that they optimally choose to remain uninformed and they do not contribute
to increase the informativeness of the market price.

The impact of financial education programs, aimed at improving the financial
literacy of the agents, on the market stability is positive or negative, given uncertainty
of the market fundamentals. Even if the price informativeness always increases, the
market volatility decreases with high uncertainty in the fundamentals and it increases
with low uncertainty.

Moreover, we identify a channel through which policy makers can affect the infor-
mation market. We find out that the financial education programs are easily imple-
mentable and immediately effective only with high uncertainty of the fundamentals.

With low uncertainty, the cost of a successful policy increases in the financial literacy

inequality among the agents.

1.1.1 The role of Financial Literacy

In the last decades, in many industrialized countries, changes in the demographic

patterns shifted the responsibility of saving choices on individuals. Financial mar-

'We use the following definition of financial literacy: degree of knowledge of basic financial
concept, ability to manage personal finances, and confidence of own choices made in a complex
financial environment. For a review of financial literacy definitions Remund (2010), Hung et al.
(2009).



kets are complex systems, and individuals face financial decisions subject to several
behavioural biases, as it is well documented by Thaler and Benartzi (2004). Low
degrees of financial literacy lead to suboptimal financial outcomes. Empirical and
experimental studies assess the necessity to improve financial literacy among house-
holds.? Bernheim and Garrett (2003) show that the employer-based programs of
financial education affect positively workers’ saving choices. Lusardi and Mitchell
(2007) find that planning abilities and financial education are negatively associated
when they consider workers’ retirement decisions. Guiso and Jappelli (2009) show
that investors, who understand better investment products, hold more efficient port-
folios. In a Dutch households survey, van Rooij et al. (2011) find out that households
with low financial literacy are also less likely to hold risky portfolios.

Thus, policy makers provide education programs aimed at increasing individual
financial literacy, in order to improve individual financial behaviour. Implicitly, they
assume that social welfare would increase as well. Individuals can save more, and bet-
ter manage risks, through insurance. At macro level, increased demand for financial
services may improve risk-sharing and financial intermediation. The direct conse-
quences would be financial development and competition in the financial services
sector. It is still under debate the implication on markets volatility and economic
growth. The key issue is to understand if the financial literacy improving policies
lead to a more efficient allocation of capital.

Our approach takes into account feedback effects of these policies within a general
equilibrium framework. We investigate the effect of a change in the distribution of
the financial literacy among the agents on the stability of the market. As a proxy, we
use the market price variance. Individuals make their own financial choices on the
base of the information set they are able to handle. Lack of financial literacy affects

negatively their ability to acquire and process information. We model explicitly how

’Lusardi and Mitchell (2009), Christelis et al. (2010), Lusardi and Tufano (2009), Thaler and
Benartzi (2004), and Agnew and Szykman (2005)
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agents acquire information and how financial literacy affects this process. Our work
follows the literature on financial information acquisition where traders are allowed
to choose the precision of their private signal, paying a cost.® Given the CARA-
Gaussian framework, in these models the financial information always improves the
precision of subjective expectations. These model were used to explain inequalities
among households, e.g. Verrecchia (1982) through heterogeneous risk aversion and
Peress (2004) through heterogeneous initial wealth. The main implication is that
wealthier households gain more from purchasing the private information, improving
their Sharpe ratio. Thus, they end up to be more informed.

Our model differs in the source of heterogeneity. We consider heterogeneous finan-
cial literacy. Agents can acquire costly information; namely, they can purchase an
unbiased additive noisy signal on the payoff of the risky asset. They can choose the
amount of the signal precision, and what they pay is proportional to their financial
literacy. It is important to note that, in this model, policy makers can manipulate the
degree of heterogeneity of individuals through financial education programs. Similar
policies are not possible if we take into account heterogeneity in risk aversion or in
other subjective characteristics.

Our results show that more financially literate agents are, more information they
purchase and more revealing market prices are. The impact on market volatility
is non-monotone and depends on the fundamentals uncertainty. We conclude that

financial education programs increase the stability of the market only in a scenario

3The framework was developed during the 80’s by Grossman and Stiglitz (1980), Hellwig (1980),
Verrecchia (1982) and it was used to study static investment allocation and trade between agents.
Traders receive unbiased private signals and form heterogeneous posterior beliefs such that no-trade
theorems (Milgrom and Stokey (1982)) do not apply. Grundy and McNichols (1989), Wang (1993),
and others developed a dynamic version of this framework to study the effect of public and private
signals on the trade volume. It was common in this literature, to assume private unbiased normally
distributed signals, uncorrelated errors across agents.

4We figure out a situation where agents face the same financial report and extract signals on
the true payoff paying a cost in term of their utility. More expert they are, lower costs they have,
more precise signals will be. Their ability to understand financial information is exogenous. Future
research would be to take it endogenous, letting agents to choose optimally the amount of financial
literacy they want to accumulate.



with high uncertainty. Conversely, with low uncertainty, increasing financial literacy
of the agents leads to higher volatility in the markets.?

The chapter is organized as follow: in Section 1.2 we set up the model, in Section 1.3
we characterize the equilibrium and in Section 1.4 we discuss the implications of the
model. Section 1.5 concludes and points out further research steps. All the proofs

are collected in the Appendix.

1.2 Model

In this model agents face two choices: in the first period, they have to choose if and
how much information they want to purchase. In the second period, if and how to
trade in the market. There are two primitive assets available for trading. A riskless
asset pays a rate of return r (R = 1+r) and it has a perfectly elastic supply. A risky
asset, with price p, pays a payoff m with m ~ N(j,,7!). Short selling is allowed.®

The per capita supply of the risky asset is 6 ~ N(M@,To_l) which is interpreted as
noise trading in the market.” We assume that 7 and 6 are mutually independent

random variables and their joint distribution is common knowledge.

Agents

We assume agents differ in their financial literacy. Heterogeneity is expressed by c,
the financial literacy parameter. It affects the costly information acquisition process.
We assume two types of agents. Type L (literate agents) with low costs and type H

(illiterate agents) with high costs of acquiring financial information. Population of

®In this chapter, even if we do not provide a welfare analysis, we focus on a reduction of the costs
due to the volatility, having increasing price informativeness in both cases.

6Future research would consider margins and collateral to restrict short selling.

"The introduction of an exogenous aggregate risk allows to avoid the Grossman-Stiglitz paradox.
With an extra noise, market price are not fully revealing, therefore there is still some incentives to
purchase information. On the other hand, the introduction of an exogenous shock in the model is a
quite strong assumption. Wang (1993) models the noise as investors’ liquidity needs.



agents has mass one and, for each type, there are enough agents so that the law of
large numbers applies.® We call J = L{J H the set of all agents. G(j) denotes the
distribution of the agents and A the fraction of the literates.

They maximize the same concave utility function of their final wealth. For tractability,

we assume CARA utility function with absolute risk aversion coefficient p: U(W) =

_1poW 9
p

Information structure

Once 7 is realized but not revealed, each agent can purchase an unbiased signal s on

the risky asset payoff, and can observe a private realization:
S=m+E€

where € is independent of 7, #, and across agents. Its distribution is:

1
e~ N(0,-)

Xz

where x denotes the precision of the private signal.! Agents can purchase precision
x paying a monetary cost C(z,¢). We can think they pay for financial advices. More
effort the adviser needs to be understood, higher commission the advisor will ask.

However, agents cannot acquire perfect precision, namely a signal with zero variance.

8Within the group agents differ only for the realization of their private signal, if they purchase
one. Moreover, we posit that they do not realize they can act strategically, affecting market price
through their informative choice and their asset demand.

9The choice of this form for the utility function implies that it is always optimal to hold some
risky assets for all agents. The assumed shape for the utility function fully satisfies the participation
principle: given a positive equity premium, all agents invest money in the risky asset, regardless
of the degree of risk aversion or the riskiness of the asset. Therefore, the agent does not choose to
remain out of the market. Empirical studies show that the participation principle fails in reality
(the stock-holding puzzle): limited market participation and heterogeneous portfolio behaviours
characterize real financial markets (Guiso et al. (2003)). Further research will deal with this issue.

19Tn the appendix we solve the model taking into account that, when x is zero, the private signal
is fully uninformative. Technically, we approximate a normal random variable with infinite variance
to a uniform random variable with an infinite domain.

6



Formally, the cost of acquiring an amount z of precision is given by a continuous

and twice differentiable function C(x,c) over x € RT such that:

e C(z,c) is at least twice differentiable in x and ¢ with

C,>0,Cp>0 and C.>0,C..>0

e (, is increasing in ¢ (C,. > 0): acquiring information at the margin is more

costly for less financially literate agents.

e ((z,c) is continuous at z = 0: C(0,¢) = 0. Moreover, lirjl C(z,c) = 4o0.
T—>+00

The last two properties imply that a totally uninformative signal is costless and

a fully revealing signal is infinitely expensive.

These assumptions ensure the existence of a solution for the information choice. To
illustrate the main intuition, we provide a simplified example, which we follow in each

step of the model.

Example (Cost Function). The information cost function is: C(x,c) = c(z* + @)

with ¢ = {cp,cy} and ¢, < cy.

To solve the model, we focus on a partially revealing noisy rational expectation
equilibrium. All agents have rational expectations in the sense of Hellwig (1980) and
use the information revealed by the price while they form their posterior beliefs. Given
that we assume unbiased private signals spread among agents and this is common
knowledge, the agents know that the equilibrium price p contains some information
about the payoff value. Therefore, they use it as an informative signal, where its
precision is given by the aggregation of the private signal precisions through individual

asset demands. Following the literature, we solve for an equilibrium in which the risky



asset price is a linear function of m and 0: pR = a + b — df, where the coefficients
a,b,d are determined in equilibrium.!*
We denote agents’ information set as F = {s;,p} where s; denotes the private

signal observed by agent 7 € J and it is informative only if agent j acquires some

information precision.

Timing

There are three periods. In period 1, the planning period, the agent can purchase
a private signal s, and can choose its precision x. In period 2, the trading period,
observing her private signal realization s and the market price p, the agent trades
in a competitive market, choosing portfolio share a. In period 3, the consumption

period, the agent consumes the proceeds from her investments.

Figure 1.1 provides the timeline of the model.

Choice of precision x Observe s and p
Payment of cost C Choice of portfolio share Consumption of final wealth
I l | l | l 1
I T T 1
t=0 Planning period t=1 Trading period t=2 Consumption period

Figure 1.1: Timeline

1.3 Equilibrium

We solve the model by backward induction. In the third and last period, each agent
consumes her final wealth. In the second period, the agent faces a portfolio allocation
problem where she needs to choose the share of the portfolio invested in the risky
asset, in order to maximize her expected utility, given the precision purchased x and

the information cost paid C. She observes a private and a public signal (market

HTinearity is a standard assumption in the literature when the aim of the research is to find a closed
form solution for the price function. Non-linear price functions can provide a better approximation to
the real price function. On the other hand, they lose in tractability and rely on numerical methods.

8



price) and she computes posterior beliefs about the final payoff value: E[r|F]| and
Var|r|F]. In the first period, the agent chooses how much private signal precision x
she wants and pays the monetary cost C(x,c).

The portfolio share differs between types and within groups. It depends on the
realization of the private signal. The information precision differs between types, but

it is the same within groups.'?

The trading period

In this period, each agent maximizes

max EU(W,)|F;]

subject to

Wy = (W, —C)RP (1.1)
™ —pR
p

RP = of )+ R (1.2)

Equation (1.1) is the budget constraint and (1.2) is the return on the agent’s portfolio.
In this period C is a sunk cost and given by the choice made in the previous period.

The optimal share invested in risky assets differs between agents, depending on the
signal observed and the precision purchased. In the trading period, all the informa-
tion choices are already done and each trading agent transfers some of her purchased
information to the market price through her asset demand. Therefore, private in-
formation is partially revealed by the market price. While they are forming their
posterior beliefs and formulating their asset demands, agents take into account the

price informativeness and transform the market price into an unbiased public signal.

12Thus, Vj € L the optimal precision is denoted by xy, and, Vj € H, by zx.



The indirect utility for agent j’s portfolio problem, is E[U (W5 )|F;], which we note

as v(sj,p; ©) where © is {R, W1, p, fir, fto, Tr, Tos A}

The planning period

In the planning period, each agent maximizes the indirect utility for the portfolio
allocation problem with respect to the information choice. To simplify the notation,
we drop the subscript 5 and write:

max Ev(s, p; )]

x>0

subject to

Wl 2 C(.’L‘, C)

where the expected utility is computed over the joint probability distribution of s and
p. Recall that signal precision x affects, by assumption, only the distribution of the
private signal s. The optimal precision z*(¢, ©) depends on the exogenous financial
literacy cost. The agents are willing to purchase more information if there is less in
the market (price is low informative) and they are not if the market price is more
revealing. In the information market, it must hold the equilibrium condition, such

that the price informativeness is given by all private information optimally acquired.

The equilibrium

A rational expectations equilibrium is given by individual asset demand function «;
and individual information demand function z;, a price function p of 7 and 0, and a

scalar [ such that:

1. z; = 2%(¢;,0) and a; = a*(s;,p; ©) solve the maximization problems, with
c; ={cL,cu}.

10



2. p clears the market for the risky asset:

[ o) i o
jeJ p

3. The informativeness of the price I, implied by aggregating individual precision

choices, equals to the level assumed in the agents’ maximization problem:

i [ i
jeJ

In noisy rational expectations equilibrium models, investors make self-fulfilling
conjectures about prices and the equilibrium is defined as the set of allocations, such
that agents maximize their utilities, their conjectures hold true and markets clear.

The following three propositions describe the equilibrium allocations. Proposition
1 computes the price function and the optimal individual asset demand in the trading
period, taking the information choices as given. Proposition 2 provides the optimal in-
dividual amount of precision. Proposition 3 claims that there exists a unique rational

expectation equilibrium.'?

Proposition 1. The equilibrium price is given by:
pR=a+br —db

where

13 Agents conjecture an amount of the price informativeness, such that, aggregating over their
information choices, the market price ends up, in equilibrium, with that amount of aggregate in-
formativeness. We substitute the informationally equivalent signal £ = p in the information set
Fi.

11



MwTwﬂLﬁ/vbaTe I—i—f,—zTe P‘i‘fﬂ'e
O=——"""7F_ b= ————F— d=——""7—
Tﬁ—i—f—l—p—QTg Tﬂ—i-I—I—FTg Tﬂ-+1+p—27'9
The optimal portfolio share for agent 7 € J is given by:
; D (Blxls;.q) - pR)
o = s, &l —p
’ pW1 = Clzj, ¢))] ’
Proof. See the appendix. O

We provide a sketch of the proof. In the first step, we guess a price linear function
and we derive the informationally equivalent public signal £ from the price function.
In the second step, we compute the mean and the variance of the posterior beliefs
given the two unbiased signals, { and s;. In the third step, we derive the optimal
asset demand. In the fourth step, we derive market clearing conditions and, in the
last step, we impose rationality and determine the coefficients of the guessed linear
price function.

The optimal portfolio share is the standard solution for the maximization problem
of an agent with CARA utility function. It is always optimal to trade some risky
assets, if the agent believes that the expected excess return is positive. For each
agent j € J, the optimal portfolio share a; depends on the precision of the posterior
belief (k; = 7 + z; + Iﬁ—zTg) and on the expected excess return conditional to the

agent’s informative set:

Elr|s;, &l — pR = k;l(rﬂuﬂ + 2585 + %Tef) —pR

12



where £ is the informationally equivalent public unbiased signal derived by rational

agents from the equilibrium price function:

§=1(pR—a+dpuy) =7 — $(0 — o)

We rewrite the optimal portfolio share to show how the private information affects

the behaviour of the agent:

p 2,
0 = o | Talie — PR)(L = ) + (s, — pR)

02
02

*

P(Wl - Oj) I+

e o lamo  artary [2(s; — pR)]

where the first term is the optimal share of an agent who follows only market feelings,
i.e. all the public knowledge embodied in the prior beliefs and in the market price.
Thus, the uniformed agent chooses her optimal portfolio share, herding on what the
market partially reveals.!?
The second term in bracket is the risky asset’s premium as predicted by her private
signal. It is the extra portfolio share of the informed agent. She follows her private
knowledge and balances what the market suggests with a trading position consistent
with her expectation. In case she gets a private signal realization different from
the market feelings, she would like to bet against the market, in order to speculate
on her private knowledge. Furthermore, more precise private signal she has, more
aggressively she would like to trade.

In Figure 1.2 we plot the asset demand for both types. The steeper line is type

L. They are more confident about the market, given that they are better informed.

“When I = 0, no agents purchase private information. There are only uniformed and noisy
traders in the markets. The market price just reflects the noisy supply and the agents hold risky

assets in order to offset it. When I — oo, (1 — I;# 11279) goes to zero and agent j does not
I+—==

purchase any risky assets: aj = 0. The market price fully reveals the value of the fundamentals,

therefore there are no reasons to trade.

13



Therefore, with the same signal, they would trade more aggressively. When s; = pR
(point A), both types short sell to the noisy traders the same amount 6 of risky
assets. They do not know # in advance. However, in equilibrium, they end up to
hold exactly the per capita noisy supply. This result is derived endogenously from
the conjectured price function by rational agents. In order to understand the role

played by the market price, we rewrite it as:

1 .
pR = PR o, P Tre + %M(ﬂ'@‘f' (I + 1,,_29)(7T_ 79)
T Pz [%

Rearranging and considering that K =7, + [ + i—;Tg is the posterior precision of the
average agent’s beliefs, the market price can be expressed as a linear function of the

posterior mean and variance of the average investor: '

pR=K! [/LWTTF + ﬁ,um + 7l + IZ? (m—26)| — 0 — 7 — phK !

Market price is driven by two components: posterior belief of the average agent and
the discount on the price demanded in order to be compensated for the risk due to

the noisy supply. The latter term is weighted by the risk aversion coefficient.

15 We characterize the average agent as the one with posterior precision:
K= /kjdG(j) =1+ 1+ Lm
J
and posterior mean:
- /E[w|sj,£]dG(j) = K7 [uare 470 + £252]

J

It is important to note that we do not mean there exists a real agent with these beliefs. We mean
a fictitious agent with private signal precision equal to I and private signal realization equal to 7.
We can think about a shared-information economy where a central planner can observes all the
private signals, normally distributed, and take the sample mean: f] 5;dG(j) = m, with precision

14



The equilibrium market price follows a Gaussian distribution:
-1 g2 | (I’ > I &
pR~ N ( pr — ppo K™ K (p—29+1) ;+<79+p> -

When the price informativeness is zero (I = 0), it means nobody purchases private
information, nobody observes informative private signals and nothing is revealed in
the market price through the asset demand about the fundamental 7 (the coefficient
b is zero). In this case, the market price reflects the prior mean plus the discount
demanded for the presence of noisy asset supply (pR = pix — %9). Moreover, the
market price variance is just given by the variance of the noisy supply times the
square of the prior variance and the square of the risk aversion coefficient: O'IQ)R(I =
0) = (£)2.

Conversely, when the price informativeness tends to infinity (I — oo), the market
price variance tends to the variance of the risky asset (7.7!).!® When the market price
is fully revealing, we are back to the case where the supply of the risky asset is known
by all the agents and the market price embodies only the uncertainty about the payoff
of the asset.

In Appendix B, we check how fundamentals uncertainty, 7, and 7, and risk
aversion p affect volatility. Decreasing uncertainty with respect to the asset payoff
and the noisy supply decreases volatility. We note wider price fluctuations in Table
1.1(a) than what we observe in Table 1.1(b). This is due to the fact that the payoff
uncertainty directly affects the market price, while the noisy supply uncertainty is
weighted by the price informativeness and by the risk aversion.

Risk aversion does not monotonically affects volatility. With both high and low

risk averse agents, the market price shows high sensitiveness to fundamentals uncer-

2
16We have that the first part tends to one: K 2 (% + I) — 1 and the second term tends to

2
zero: K2 (I% + p) — 0.
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tainty. When agents are less risk averse, they trade more. Therefore, the market
price is more informative given that the agents transfer more private information to
the market through their larger asset demands. However, this also implies higher
price sensitiveness with respect to the payoff. When agents are more risk averse, they
trade less and the market price is less revealing. This implies lower market depth and
higher price sensitiveness with respect to the noisy supply.

We distinguish between two scenarios, depending on the values of ¢, and cy.
Table 1.1 report market price variance for a low degree of inequality between agents,
cy = 3¢y, while in Table 1.2, it is higher, ¢y = 10cy,.

The next proposition shows the existence and the uniqueness of the optimal infor-
mation choice and the endogenous threshold according to which is optimal to remain

uninformed.

Proposition 2. There erists a threshold ¢(©) such that all agents with lower financial
literacy cost purchase information.

For all agents with ¢ < ©(0©), the optimal information choice x* solves the following
equation:

2pRC,(x%, ) <7'7r + "+ %Te) =1 (1.3)
Proof. See the appendix. O

The proof follows three steps. First, we compute the indirect utility: v(s,p;©) =
E[U(W3)|F;]. This is given by:

_1

v(s,p;0) = —je 2

k(Ex|s,£]—pR)*—pR[W1—C(z,c)]

Then, we take expectation with respect to the joint probability distribution of the
private and the public signal. It depends on the first two moments of the expected

return of purchasing a unit of risky asset. In order to simplify the notation, we call
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f the expected excess return: f = E[n|s;,&] — pR is a normal random variable with
mean /iy and variance J]%. The expected value of the indirect utility function is:
7.5,uf2
) 1 oN—1/2 TmT_gz —PR(W1-C(z,0)
Elv(s,p;©)] = —;(1 + ko?) e !
The last step provides conditions for the existence and the uniqueness of the optimal
information choice.

To figure out a first feature of the result, we report the mean and the variance of

the posterior beliefs:

E[E[r|s, ] = pix Var[E[r|s,&]] = - — &
The expectation is the prior mean of the risky asset for both types. The literate
agents purchase more information and they end up with posterior beliefs close to the
true value. The illiterate agents rely less on their private signal and their posterior
beliefs are closer to the market price: they follow more market feelings. Therefore,
the variance of the posterior expectation is increasing in the financial literacy.
This feature is important in order to understand the distribution of the expected

excess return: f ~ N(uy, 07).

ur=pnok™oj =045 (7 1)

The expected gain from being a trader is given by the mean of the noisy supply scaled
by the risk aversion and the posterior beliefs precision of the average agent. It comes
from the opportunity to use the informational advantages against those agents who
need to trade for exogenous reasons. It is decreasing in the price informativeness.
With fully revealing price (I = 00), the expected gain is zero. With partial revealing
price (0 < I < 00), the opportunity to take advantage of noisy traders is shared with
less traders, increasing the per capita expected gain.

The volatility of the expected excess return differs among types. There is a com-

mon part % that refers to the volatility of the noisy supply scaled by the square of
17



market depth. Lower volatility of noisy supply and higher liquidity of the market
imply lower volatility of the expected excess return.
The second part, % (% — %), shows the informational gain achieved by one type
with respect to the average agent. Those with more precise posterior beliefs take
into account greater return due to the opportunity to use their informational advan-
tages. However, the informational advantages decrease as the price informativeness
increases. In this case, the literate agents reduce their investment in information and
rely more on market price.

Differentiating equation (1.3) with respect to I, we can show that the optimal

information choice is a non increasing function of the price informativeness. Formally,

we have:

ort  C, dk c, ok

b B
ol Cprk dl Cpzk +C, 01 —

which shows the strategic substitutability between private and public information. !”

Another feature of the result is the threshold ¢(O) that identifies the highest level
of the financial literacy cost for which buying information is worthwhile. It is given

implicitly by the following formula:

C,(c,0) = L

SR
T
QPR(Terp—zTa)

The threshold ¢(©) allows us to discriminate among informed and uninformed
agents.'® We continue to develop our example to get a closed form solution for the

optimal information choice.

17We have that

dl — 0z oI oI ox T

dk _ Ok Oz | Ok ok _ 1 ak:QéTeZO

8For numerical results, we set the parameters of the model such that at least one type prefer to
be informed.
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Example, ctd (Optimal Information Choice). The domain of the agent is X =
[0,Z(c)] where T(c) = (=1 + /1 + 20). The agent decides to be informed if:

1

c<c= — =
2Rp(7'7r+p—27'9)

For any positive ¢ < ¢, the FOC for the information choice is necessary and sufficient.

Formally, the FOC implies that
2pRe(2x" 4+ 1) (I* + 7+ %m) =1

It is easy to check that x* is decreasing in the price informativeness 1.

The next proposition describes the equilibrium condition for the information mar-

ket: the price informativeness is the sum of the private information of all agents.
Proposition 3. There exists a unique rational expectation equilibrium.
Proof. See the appendix. O

We prove the proposition checking that the conjectures made by the agents hold in
equilibrium. We write the price informativeness [ using the results of the proposition

2:

I - / e 0)6() (1.4)

We use a fixed point argument to prove the existince of a solution for equation (1.4)

and we apply the Leibniz’s theorem to show uniqueness.

1.4 Policy implications

In Figure 1.3 we show the main results of the model. In Figure 1.3(a), we plot the de-

mand and the supply in the information market; in Figure 1.3(b), we plot the optimal
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individual information choice given price informativeness: x*(I;c,©). Note that it
is decreasing in I for both types. This reflects the strategic substitutability between
private and public information. Higher level of the price informativeness discourages
agents to acquire private information, given that their informational advantages de-
crease. In Figure 1.3(c¢), we plot the optimal information choice for different degrees
of the financial literacy of the illiterates. We keep ¢, constant and we make cy to
increase. In equilibrium, the illiterate agent adjusts her optimal information choice
x*(cy, I; ©), taking into account the changes in the equilibrium price informativeness
due to the information choice of the literate. The threshold ¢ is implicitly given by

z(c, [*;9) = 0.

Policy evaluation

Now, we consider the role of policies aimed at improving the level of financial literacy

of the illiterates. We show the following theorem:

Theorem 1. The impact of the policy on the market stability is non-monotone, even

if the policy always increases the price informativeness.

As a proxy of the market stability, we use the market price variance. The policy
affects the information choice of the illiterate, and indirectly also that of the literate,
through its effect on the price informativeness. We decompose the effect to work out
the region of the parameter space where the impact of the policy is well determined.

Recall that the formula for the market price variance is:

T 7o

2 2
olp(1,0) =L + £ = g2 [(%Jrl) L4 <%+p> L]
Formally, the policy effect on the market stability is given by:
80}2,]% B aaf,R oI

aCH N ol 80H
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with

do? oK oK
PR _ o | L (b 0r 4 d) _ 9L 42
oI K\ ™ K p K “pR

and
ar (-3 G
dcy (14%”—}417,\)6;—;’)

Hereafter, we study the sign of equation (1.5). We distinguish between two terms:
the impact of the price informativeness on the market price variance and the impact
of the policy on the price informativeness.

The latter, 8‘2—;, is always negative for any cy < ¢(0). Otherwise it is zero. This
result is given by two effects: the first effect would drive up the price informativeness.
This is because the policy allows the illiterate agents to acquire information at a
lower cost and, therefore, they optimally acquire more information. The second effect
would drive down the price informativeness: higher private information acquired by
the illiterates implies higher price informativeness and this induces both types to
reduce their acquisition of private information. We can note that the first effect
dominates the second one and the policy leads to higher price informativeness.

2

do . .
The former term, 8’?‘, is non-monotone. In order to study it, we collapse the

behaviour of the two types into the fictitious average agent we described in footnote
15. The impact of the price informativeness on the market price variance is negative
when the market price variance is greater than a threshold. This threshold is given
by two terms: the first one is the posterior variance of the average agent’s beliefs
about the asset payoff, weighted by the equilibrium marginal effect of the payoff on

Ti. The second one is the effect of the price informativeness

. - 1
the market price, i.e. &

on the posterior belief variance, weighted by the equilibrium marginal effect of the

noisy supply, i.e. 6—5{%%. Namely, we have:

do?
oR 2 1b | 0K 1d
ar <0 0> 5o TRz, >0
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where % is the variance of the average agent with private information I (the posterior

variance of the market belief), and %—II{% is the monotone change in the posterior

beliefs when the average agent increases own private information: %—[I{ =1+ 2#79.
The effect is positive if the market price variance is sufficiently higher than %,
depending on the sensitivity of the latter to changes in the price informativeness.
If % is highly responsive to price informativeness, for market stability to decrease
as price informativeness increases, it must hold that the gap between the market

price variance and the posterior belief variance (o2 L), is high enough, i.e., the

pR T K
contribution of the noisy supply to the overall market volatility is large.'® We report
in Table 1.3, the market price variance and the partial derivative with respect to
the price informativeness for several values of the fundamentals uncertainty: 7., 7 =
[.1,.25,.5,1,5]. The first element is the market price variance. It is decreasing as the
fundamentals uncertainty decreases. The second element is the impact of the price
informativeness on the stability of the market. With high fundamentals uncertainty,
more aggregate information leads to lower instability.

We summarize the impact of the policy on market stability with the following
formula:
) oK 1 d

pR = g2 1b 4 0K 1 d
8CH>0 O’PR>KT7T+8IK2p

Jdo

The policy makers can manipulate the financial literacy cost cy and this intervention
affects the price informativeness through the agents’ behaviour. The behaviour of the
fictitious average agent helps at illustrating the effect of the policy on market stability,
which depends on the gap between the market price variance and the posterior belief
variance, and on the sensitivity of the latter with respect to the price informativeness.

In Figure 1.4 we show the market price variance, computed in equilibrium, for

different levels of the financial literacy of the illiterate. We keep constant the financial

19Recall that the market volatility reflects both the volatility of the asset and of the noisy supply,
given the assumed market structure.
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literacy of the other type. Figure 1.4 shows that when there is low fundamentals
uncertainty, improving the financial literacy of the illiterate agents has a negative

impact on the stability of the markets.

Policy effectiveness Next, we turn to the effect of ¢y, which we can see as the
baseline level of financial literacy, e.g. the knowledge that an individual develops in
the schooling period. Therefore, either increasing the mandatory years of schooling or
introducing courses related to financial matters, affects the baseline level of financial
literacy in the society. To understand the effectiveness of financial literacy improving
policies, we focus on the endogenous threshold ¢(©), derived from proposition 2, and
we use it as a proxy of the access to the information market. With higher values for

the threshold, agents are more likely to be informed. We show the following theorem:

Theorem 2. Financial literacy improving policies provide incentives to become in-

formed traders.

From proposition 3, we derive the equilibrium price informativeness I* that de-
pends on the distribution of financial literacy among agents (cr, ¢y and ). Therefore,
we can rewrite it as: I* = I*(cp,cy; ©). Substituting it back in ¢(1*;©), we derive

the reduced equation for the threshold as:
Cc= E([*(CL, CH, @), @) = E(CL, CH; @)

The policy maker should take into account how the threshold changes when he pro-

vides financial education programs. Formally, the impact of ¢y on ¢(cp, cy; ©) is:

e - G0, (4pR 5 m0) i + Cna(0,2) 525 oo

aCH - OIC(O,E)
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We can distinguish between two cases:

= if c c
9¢(cr,cH;0O) 0 H >
aCH

>0 if cyg <C
When cy > ¢, the numerator is zero, given there is no effect on the price informative-
ness. llliterate agents optimally choose to be uninformed and being more financially
literate does not change their choice. On the other hand, when cy < ¢, improving
financial literacy of the illiterate agents decreases the threshold.

Figure 1.4(c) shows that the market price variance remains constant for values
of cy greater than ¢. It means that only literate agents acquire information and
contribute to the price informativeness.

Let consider a financial education program aimed at making financially illiterate
agents more informed and, therefore, more active traders. It is crucial to understand
how far financially illiterate agents are from the threshold that triggers their status
of being informed.

In Table 1.4, we keep ¢y, constant and we make ¢y to increase, in order to compare
different scenarios. It is interesting to measure the distance between the financial
literacy cost of the illiterate and the triggering threshold. It is a measure of the per
capita cost policy makers face to make the program effective. As we can see in Table
1.4, negative values mean that marginally decreasing the financial literacy cost of
the illiterates has no effects on their behaviour: the illiterates still prefer to remain
uniformed. In order to have positive policy outcomes, the financial literacy cost must
be decreased up to the triggering threshold.

We distinguish between high and low fundamentals uncertainty. With low un-
certainty, the model does not suggest to offer financial education programs to the

illiterates: it would be not enough to provide basic programs because only sophisti-
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cated ones would be effective. And, even if the program is effective, the policy maker

should take into account the negative effects on the volatility of the market.

1.5 Conclusion

This work adopts a noisy rational expectations equilibrium with endogenous infor-
mation acquisition to analyze heterogeneity in financial literacy and its impact on
market stability. This model provides rationale for the existence of financial educa-
tion programs, aimed at improving individual financial literacy.

Financial literacy affects individual information costs. Therefore, given their fi-
nancial ability, they choose the information to acquire and the risky assets to hold.
Within a general equilibrium framework, we derive the price informativeness and the
market volatility. The key parameters are the endowments of financial literacy of the
agents. We divide them into two types, literate and illiterate, and we let them trade
against noisy traders. We point out that the more financially literate agents are, the
more information they acquire and the more information is revealed by market price.

There are two distinct features of the current chapter. First, improving the finan-
cial literacy of the illiterate agents has a non-monotone effect on market stability. The
effect depends on uncertainty in the market fundamentals. The policy implication is
to provide financial education programs only when there is high uncertainty in the
market fundamentals. On the other hand, when there is low uncertainty, improving
literacy of the illiterate agents increases market volatility.

Second, we work out an endogenous channel through which we identify informed
agents. This is instrumental to document the effectiveness of financial literacy pro-
grams on the financial behaviour, once it already has a positive effect on the financial

knowledge of the agents.
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Further research will take into account participation costs in order to explain the
limited market participation and let the individual amount of financial literacy be

endogenously chosen.
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Appendix A - Proofs

Proof of proposition 1

The distribution of payoff, supply and signals is:2°

( 1 1 )
. i 0o L 1 pL
NN M 7 Tr Tr Tr
. pe 0 L 4t b
PR | \a+bue —dpg) \dt bt bt VL)

The proof is given in five steps. In the first step, we guess a price linear function
and we derive the informationally equivalent public signal £ from the price function.
In the second step, we compute the mean and the variance of the posterior beliefs
given the two unbiased signals, £ and s. In the third step, we derive the optimal asset
demand. In the fourth step, we derive market clearing conditions and, in the last
step, we impose rationality and determine the coefficients of the guessed linear price

function.

Step 1 : Agents guess a price function linear in 7 (future payoff) and 6 (noisy
supply):

pR=a+b ()\ /EL s;dG(j) + (1= /GH sjdG(j)> —do

20Hellwig (1980) noted that a model of communication where agents are aware of the covariance
between the price and their own signals but they act as price-taker is a bit schizophrenic. To remove
this features he looked at the aggregation of information in a competitive sequence of economies.
Verrecchia (1982) removed any potential "schizophrenia" on the part of traders assuming that the
covariance between private signals (s;) and price p does not depend on z. The solution to this
kind of problem is either to assume a large economy (Verrecchia (1982) assumes "traders behave
as if their decisions concerning how much information to acquire are independent of price") or to
explicitly model strategic behaviour (Kyle (1989)).
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Applying the law of large number within each group of traders, we have that

[. €;dG(j) = 0 with probability one. Therefore we can rewrite the price function as:
j
pR=a+br —db

Agents use the private signals to update their prior beliefs m ~ N(u,,7.'). The
private signal is unbiased by construction s|m ~ N(m,z71) and conditionally inde-
pendent from prior belief yi,, E[(u. — m)(s — m)] = 0. Rational agents use the price
as a public signal. It is not unbiased: E[pR|n] = a — dug + br. To apply Bayesian

updating, agents need to transform the price in an informationally equivalent variable

&:
~ pR—a+due

¢ b

=7 — (0 — o)

where

Elm ~ N(m, 32)

52 7y

Step 2 : Agent j observes F = {s;,p} = {s;,&} and updates her prior beliefs with
the two Gaussian signals. Using the well known formula for the multivariate normal
distribution (Degroot (2004), p. 55), the posterior mean is given by:
1 2
Elrlsj, €] = px + {fﬁj (55 — Els;]) + &70(§ = E[ﬁ])}
= ki (Tﬂyw +xjs; + 2—2T9§>

J

where the precision of the posterior belief k; is given by is the sum of precisions of

the prior, of the private signal and of the public signal.

L1
7 Var[r|s;, &

b2
- T7r+xj + d_27—6'
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Step 3 : We maximize the CARA utility function with respect to the control

variable . Each agent solves the following:?!

max E [—Le=#W2@)|g ¢] = max —Le=P{EVa(@)lsgl=5VarlWe(@)lsc)
a P ’ o p

where

EWy(a)|s, &] = E |[W; — C(x, c)]oﬂ_ppR + RW, — C(x, c)]|s,§]

and

Var[Wa(a)ls, ] = =Gl y gp[rs, g]

Substituting and deriving FOC, we get that:
—plIVi — Oz, )| EHS0R 4 g2 M=Clell s, €] =

Therefore, the optimal risky asset demand for agent j is:

E[TI'|S]7£]—pR

ot 1 o _ p Elnls;, ¢l — pR
T pWi = Clayy )] Yerlrsdl o p[Wh = Oz, ¢5)] 5

The amount of wealth in risky assets depends on the precision of the posterior, the

risk aversion coefficient and the expected excess return of the risky investment.

Step 4 : The equilibrium price clears the market for the risky asset. Aggregating

over all traders yields the aggregate demand:

)\/ a;WI_C<wj’cj)dG(j)+(l—)\)/ a;Wl_C(xj?cj)dG(j):g
JEL p jeH p

21We use the log-normal distribution properties and we drop subscript j to simplify notation. We
will restore it when we aggregate individual asset demands.
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We apply the weak law of large numbers for independent and identically distributed
random variable with the same mean, such that f s;dG(j) = m. Therefore, imposing
J

market clearing condition holds the following equation:
[)\ (,uﬂﬂr +xpm+ 2—27'95 —kaL> +(1-=2X) <;L7r7'7r +xym+ 2—27'95 — ka:H)} =40

U T + Z—iTg{ +7[Azp + (1 = Nay| — pRNep + (1 — Nky] =0

where xy and kp are the information choice and posterior precision of the literate
agent (type L). Similarly, zy and ky for the illiterate agent (type H). Using the
definition of price informativeness I = Azy + (1 — A)xy, we can rewrite the price
equation as

pR=(mn+ 1+ Z—zTg)_l <,u7r7'7r + 3—27'95 + 7l — 9)

Step 5 : We impose rationality. ¢ involves undetermined coefficients b,d. We

d(0—pe)
b

substitute the expression for £ =7 — and, rearranging the terms, we have:

pR= (1o + 1+ L)~ (Mnﬂr + Sropg + (I + L15) — 0 (b7 +P)>

We derive g = ﬁ and we substitute it back in the price function. We find out the

following determined coefficients.

Coefficient of 6:

d=K! <p+1—;")

Coefficient of :
2
b=k (1+22)
Constant term, a:

a=K1 (,uﬂﬂr + —“9[1,79>

where K =7, + 1 + ;—579.
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Proof of proposition 2

In order to solve for the information choice z*, we need to compute the indirect

utility: v(s;, p5 ©) = E[U(Wa(aZ))|F).

Lemma 1. For agent j € J, the indirect utility function is:

o(s;,p;©) = —Le~ ks (Blrlsy El-pRI=pRIW~C(ry.cy)]

Y Y p
Proof. For each agent, the final wealth is Wy(a*) = [W; — C(z, ¢)][R + a*(%@)]. In
order to compute the indirect utility:

F| = —LemplBWalan)ls =5 VarWa(a)ls.l}

v(s,p;©) = E[—je ") ;

we need to compute the conditional mean E[Ws(a*)|s, ] and the conditional variance
Var[Wy(a*)|s,€]. At the trading period, the final wealth W, is given by normal
random variables 7, 6, s and p and a constant term pR[W; — C(z, ¢)]. Therefore, the

conditional mean is:

EWy(a®)|s, ] = E[[W; — C(z, c)]a*%% + R[W; — C(z,0)]|s, €]

= [Wy = C(z, )] E[==LE|s, €] + R[W; — C(x, ¢)]

p

= W = Oz, o)l sy (Elmls, €] —pR)w + RW1 = C(z, )]

= E(Elr|s,] - pR)? + R, - C(z, c)]

and the conditional variance is:

* Wi1—C(z,c)]?(a*)? W1—C(z,c)]?p?k?(E[n|s,£]—pR)?
Var[W(a)ls,€] = Mool varlr]s, f = MoCoaflo oty
= L(BElrs,¢] - pR)?
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Thus, we can rewrite the indirect utility of agent j, as:

k; k;
1Pl (Blrlsy €-pR) - RIW1~Cay )|~ § 5 (Elnlsy €-pR)%)

v(s;,p;0) =

1 —2k;(Elrls; & —pR)2—pRIW1—C(aj.c;)

= e
p

]

Once we derive the indirect utility, we need to compute the expected value. Tt
depends on the first two moments of the expected return of purchasing a unit of risky
asset. For simplifying notation, we call f the expected return: f = E[n|s;,&] — pR

that is normally distributed with mean p; and variancea]%.

Lemma 2. For agent j € J, the expected value of the indirect utility function is:

2
o —PRIW1=Cl(zj,¢5)]

-1/2 (i—l-cr )
Elv(s;,p;0)] = —% [(ki + szc)/{?j] e kit

J

1
—5uy

Proof. The expected return f = E[r|s,&] — pR is a linear function of two normally
distributed random variables. Therefore, it is a normal random variable. In order
to compute the expected value of the indirect utility function, we need to compute
the mean, uy = E[E[r|s,£] — pR], and the variance, 07 = Var[E[x|s,£] — pR], of the
expected excess return. We start computing the expectation of the posterior belief:

BlBlels, ] = B e+ 3o (s~ Els) + Lrole — )

= ,LLTK'
and the expectation of the market price:

E[pR] = Ela+ br— df]

= a+ b/’Lﬂ - dlué
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Therefore, the mean of the expected excess return is:

Py = — a— bpg + dpg

= (1 =b)tx — a+dpg = %= = piy

To compute the variance, we need the variance of the posterior belief, the market

price variance and the covariance of two terms:
aj% = Var[E[r|s,&]] + Var[pR] — 2Cov[E[r|s, ], pR]

where the variance of the posterior belief is:?

Var[E[r|s,£]] :i_i(l +l)+%(l + ) 2 Py 1

Tr T Tn P2k T

1 2 4 2 | I 2
= k2 (z° + 277 + ATo T 2ToTr + 21:,?7'9)

= Tﬂlkz ((L‘ + /I)—zTg)l{?

I =

1
T

The market price variance is:
321 21
Var[pR] = L + d*2
and the covariance between posterior beliefs and market price is:

Cov|E[r|s, ], pR] = bi

22We use the law of total variance: Var[Y] = E[Var[Y|X]] + Var[E[Y|X]]
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Thus, we can rewrite o7 as:

Once we have the first two moments of the excess return, we can compute the expected

value of the indirect utility:

1, 2
E[U(S,p,@)] = E[—%eiikf 7PR[W170(QE,C)]]

p

1 f
_1€—pR[W1—C(z,c)}E[€—§’W?(;)

2

]

Recall that f ~ N(uy,0%) and (U—ff)2 ~ x31. Therefore, we can use the moment

generating function of a non central y3. This is given by the following formula:

A
tz 61__t2t
M(t,h,/\) :E[e ] == m
In our case, we have:
h=1 t= —%ka
2 1 2
/\:(Z—;) 1—2t:]€(E+O'f)
Therefore,
flkcrz
L g 2 1f
E e—§k0f(a) ] - [k’(% + ]2‘” -1/2 k(4o
*%uﬂ
1 N
= [k(z +op)] e R
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Where the exponential term does not depend on z, given that (% + JJ%) is constant
and equal to (1 — b)2TL + d2T—19. Now, rearranging all the terms, the expected value of

the indirect utility for agent j is:

m
T . PRIW1—C(zj,¢)]
7o)

]

Lemma 3. Given ¢ > ¢(©) and I < oo, there exists an endogenous thresholds ¢(©).
The optimal information choice is:
0 if ¢>¢
x*(1;¢,0) = ,
z | 2pRC,(z,¢) (TF—|—£+£—2TQ> =1 if ec<c¢
Proof. In order to prove the existence and the uniqueness of the solution, we apply the
concave maximum theorem. We called v the positive expression that is independent

from the control variable z:

and we rewrite the expected value of the indirect utility function as:

E[_%e—pm&] — _,yk:—l/erRC(m,c) _ _7(7_% +r+ ]2;_3)—1/26pRC(w,c) (16)

The objective function (1.6) is strictly concave and defined over a compact domain
[0,Z(c)] where Z(c) solves Wi = C(T,c). The concave maximum theorem guarantees
the existence and the uniqueness of the solution. It could be an interior or a corner

solution: z* = 0 or z* = T(c). We need to specify conditions over parameter space in
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order to characterize the solution. First, we derive FOC and we compute it at x = 0:

pRC:(0,0) — — 55—

2(T7T+p_27'@)

When it is positive, agent has incentive to acquire information, x* > 0. We call
¢(0) the threshold over the financial literacy parameter space, such that the agent
with this amount of financial literacy is indifferent between being informed or remain
uniformed. Formally, it is implicitly given by:
2yt -
2pR(7x + 5570)] = Ca(050)
Therefore, given strictly convexity of the cost function, Ve < ¢, *(I;¢,0) > 0.

For an interior solution, it is enough to show that there exists an x € [0,7Z(c)] such

that FOC is negative. Formally, we check when the following condition holds:

L < Cu(T,0)

72
2pR(T+7r+ 2 T9)

We identify a second threshold ¢(©) that it is implicitly given by:

1
2pR(Z(c)+7x)

For all ¢ < ¢ < ¢, 2*([;¢,0) is an interior solution belonging to the set [0,Z] and it is
given by:

2

2pRC, (2", ¢) (Tﬂ- + a4 II)—27-9> =1

We derive implicitly the amount of information z*(I;c, ©) that an agent optimally

acquires. It depends on own financial literacy cost ¢ and on the price informativeness

I.
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The agent is indifferent between being informed or uniformed when I goes to
infinity (fully revealing market price) or if own financial literacy is equal to ¢. For
any ¢ > ¢, the optimal information choice is:?

0 if c>¢

x*(I;¢,0) =
# | 20RC,(,¢) (Tw+;f:+;—§m) —1 if e<e

[]

We conclude describing the types specific optimal choice. In this model we char-
acterize heterogeneity in financial literacy costs, distinguishing between literate and
illiterate agents. The financial literacy cost can take only two values ¢ € {cr,ch}.
Therefore, we can have three cases. If ¢ < ¢;, < cy, then both types prefer to remain
uninformed. If ¢, < € < cg, then only the literate agents acquire information. If

cr, < cyg < ¢, there is incentive to purchase information for all the agents.

23We want to avoid the case where agents prefer to spend their whole initial wealth in the infor-
mation market and nothing in the asset market. This case is possible given the form of the CARA
utility function where agents take into account both the mean and the variance of the final wealth.
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Proof of proposition 3

Let agents be distributed over J according a cdf G(j). Let ¢; be the financial literacy

of agent j € J. Let assume that c; can take any values greater than ¢(0).?* Let the

1

,m] C R* the domain of the following mapping operator

compact set Y = [0
F:Y — R

Fly) = / £ (c;, 4; ©)dG())

J

where y is an element of Y and z*(c;, y; ©) is given by:

0 if cj > c
z*(¢;, 1,0) =
& | 2pRC,(3,¢;) (Tﬁ it f)—im) —1  if <
Continuity of F(y) is guaranteed by the assumption that C, is continuous. We need
to prove that F' maps into itself to apply fixed-point Brouwer’s theorem (F(y) = y).
For all ¢; > cand y € Y, 2%(¢j,y;©) > 0. Moreover, given strictly convexity of the
cost function, C,(0,¢) < C,(z*, ¢;). This implies that:

* 1 . y? 1 1
T = e~ (Tt 2T S e S ne.mo

Forallc;j >cand y € Y,

0 < a%(cj,y:0) = max{0,2"} < 55755

Aggregating over j using the cdf G(j) implies that:

0< F(y) = /JE*(Cj7?J§ 0)dG(j) < 2pczl(0,g)

J

24In the chapter, we assume that G(j) is a discrete distribution with mass A on ¢ = ¢z, and mass
(1 = X) on ¢ = cy. The proof provided easily applies to our case.
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Thus, F'(y) maps into itself and we proved the existence of the equilibrium.

To prove uniqueness of the equilibrium we follow Peress (2004). We can rewrite
N = {j:c¢j€ ¢} and we know that z*(cj,y;0) > 0,Vj € N. Therefore,
Lo x*(cj,y;@mc:( ) = [ (es, 5 ©)AG().
Let f(y) =y — f *(¢j,y;©)dG (7). The equilibrium value y* is a root of f(y) and,
to be uniquely determined, we need monotonicity of f(y).

Total differentiation of f(y) yields:

f'ly) = —(/ 2O 4G () + *(E,y;G)g—S—w*(gy;@)g—;)

The first term in brackets is the integral of the partial derivative of the optimal
information choice with respect to the price informativeness. The second term in
brackets is zero given the optimal choice z* is zero for agents with ¢; = ¢. The last
term is also zero given that we set ¢ independent with respect to y.

Differentiating FOC we have:

Cg’ﬁ’ng<xj+rw+ >+C’( -+ 257) =0

%; [ng (a:j + T + g—iT(;) + C;} +20, 57 =0

Iy

By
y cr. (xj + T + %Tg) +C!

As long as our assumptions about the shape of the cost function hold and given
y € Y C RT, we can conclude that f’(y) is always non negative and f(y) is monotone.
Therefore, there exists a unique value of y such that the information market is in

equilibrium.
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Appendix B - Tables and Graphs

If it is not differently specified in the text, the model’s parameters are the following:
prior mean pu, and prior precision 7, are both equal to one. The noisy asset supply
has mean zero and variance one tenth. The risk free asset is zero return (R = 1) and
the risk aversion coefficient (p) is one. Initial wealth (WW7) is one. Literate agents are

a fourth of the total (A = 0.25). In short notation, we have:

O={R=1,Wi=1p=1p=1u=0,7, =1, 79 =10, A = 0.25}

Table 1.1: Market price variance when c¢;, = 0.01 and ¢y = 0.03. R=1, W} =1,
pe =1, g =0, A = 0.25.
(@) p=1&p=1

b)mm=1&p=1 (c)mm=1&m=1

= | oo 9 ooR p ooR
0.25 | 3.9104 0.25 | 1.0950 0.25 | 0.9658
0.50 | 1.9089 0.50 | 0.9622 0.50 | 0.9284
0.75 | 1.2408 0.75 | 0.9232 0.75 | 0.9051
1 0.9063 1 0.9063 1 0.9063
2 0.4028 2 0.8887 1.5 | 1.0085
5 |0.1034 5 | 0.8913 2 | 1.2767

Table 1.2: Market price variance when ¢, = 0.01 and ¢y = 0.1. R=1, W; = 1,
e =1, g =0, A = 0.25.
(c)mm=1&1m=1

(@A) p=1&p=1

b)) m=1&p=1

Tr U;R To agR p aﬁR
0.25 | 3.9094 0.25 | 1.2669 0.25 | 0.9510
0.50 | 1.9026 0.50 | 1.0079 0.50 | 0.8967
0.75 | 1.2299 0.75 | 0.9278 0.75 | 0.8703

1 ]0.8912 1 10.8912 1 10.8912

2 103771 2 10.8473 1.5 | 1.1130

5 | 0.0802 5 | 0.8409 2 | 1.6197
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Market Price Variance

Market price function is pR = a + br — df. Given gau

fundamentals 7 and 6, the market price variance is:
2 21 21
UpR(I,@) =b E_l_d T2

Deriving with respect to the price informativeness holds

%%k _ 206 | 2dod
oI — 1.0l 9 OI
with
0K 7o 0K
o _ or1-b od _ p_or? oK
ol — = K oI K ol
Rewriting it, we have:
K To 0K
dopr _ 2b | LY | L 2d [ p ol
ol T« K To K
O 2 B_K 8_K
%R _ 9|1 (b ar d) _ oL ,2
oI K ™ K P K “pR

ssian distribution of the

that is negative when the market price variance is greater than the posterior variance

of the average agent times the sum of the prior variance multiplied by the marginal

effect of m on the market price and the inverse of the growth rate of the posterior

precision of the average agent multiplied by the marginal effect of # on the market

price:
QO'Z%R

ol

a1
P K

L4

T

2 1
<0<:>apR>?<

)

We consider two extreme case: I =0 and I — oo.

When [ =0, we have:

oo,
7t =0 < 0 <=

41
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When I — oo, we have:

80';2;R _ 1
T[ﬁoo—)() <:>E>O

Price informativeness

The impact of the policy on the price informativeness is given by:

AL _ pdvp 4 () \)den

dey dey dey

It is a linear combination of the effects on the information purchased by the two
types. Formally, we have that improving financial literacy of type H has a positive
direct effect, lowering their cost of information. This effect is mitigated by the price

informativeness, that decreases their optimal information choice:

d.IH 8xH al‘H ol - kHCﬂCC + Czag_fa?:;

den Oy 0L Den . kmC (L

On the other hand, the policy has a negative indirect effect on type L, through the

price informativeness:

d&?L . aZ'L ol _ CwaaL[La(Z_;
dCH N ol 8cH N kLCxI—i‘Cx

Therefore, the total impact on the price informativeness is:

oI :)\(%_L oI +(1_)\>(8xH+<‘)33_H8[>

deyr o0l Ocy dcpr ol Ocy
and, recollecting the terms, we have:
(1— N)Zzen
or dcn
- 0 0
Oen (L= AF = (1= N)75F)
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It is easy to check that 686—2 < 0.%° Similarly, thepartial derivative with respect to c,

1S:

ol NGk
dep (1 — A%k — (1 — \)%un)

Information threshold

All the agents with lower financial literacy costs than the threshold ¢(©) prefer to be

informed. The threshold is given implicitly by the following formula:

C.(0,¢) = L

12
20R(7r+ 53 70)

We differentiate with respect to cy

Cocl0, )55 + Co(0, D525 om0 = ~Ca(0,8°(UpR5m) 32,

and we solve for the marginal effect of ¢y on the threshold ¢:

e C(0,2)?(4pR2579) g + Ci (0, 2) 52 Lo

80H Cxc(O, E)

25Numerator is negative g‘fg = 7% < 0. Moreover, the denominator is the sum of two
- T €T

positive terms given that the linear combination of two negative terms is still negative.
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Figures and Tables

Agents optimal share
5 T T T T

Optimal portfolio share

0 0.5 1 1.5 2 25 3
Private Signal

Figure 1.2: The optimal portfolio share as a function of the observed private signal
for both types. The literate agents trade more aggressively than the illiterates: the
solid line is steeper than the dashed line. The two vertical lines are the realized payoff
(right) and the market price (left). R=1, Wy =1, p=1, ur =1, pp =0, 7 = 1,
Tp = 10, A = 0.25, ¢, = 0.01, ¢y = 0.05.
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Figure 1.3: In these three plots we report the market equilibrium allocations. We set
R=1Wi=1Lp=1 =1, pu=0,7. =1, 79 =10, A = 0.25. ¢, = 0.01 for all
figures, while in Fig. 1.3(a) and in Fig. 1.3(b) ¢y = 0.03. In Fig. 1.3(c) we make cpy
to increase and we compute the optimal information choice for the illiterate agents.
We distinguish between two scenarios: high uncertainty with (7., 79) = (.5,.5) and
low uncertainty with (7,,79) = (5, 5).
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Figure 1.4: In these three plots we report the market price variance, computed in
equilibrium, as a function of financial literacy cost of type H. R=1, W, =1, p =1,
e =1, pg =0, A =0.25, ¢, = 0.01.



Table 1.3: We report the equilibrium values for the market price variance O'IQ)R and its

partial derivatives with respect to the price informativeness (

to the financial literacy cost of the illiterates (

fto =0, A = 0.25, ¢, = 0.01, cr = 0.05.

2
80’pR

ol

0.2
aacif)' R:LWIZL/}:LMW:L

Tr To 0.1 0.25 0.5 1.0 2.0
U;%R 11.0355 | 10.2567 | 10.0139 | 9.9085 | 9.8670
0.1 OI |-1.0656 | -0.4151 | -0.1594 | 0.0013 | 0.2092
Ocy | 2.1601 | 0.7115 | 0.2259 |-0.0014 | -0.1034
UI%R 4.9797 | 4.2385 | 4.0070 | 3.9065 | 3.8675
0.25 09I | -0.9800 | -0.3788 | -0.1419 | 0.0079 | 0.2062
Ocy | 1.9289 | 0.6332 | 0.1968 | -0.0086 | -0.1003
aﬁR 2.8921 | 2.2099 | 1.9963 | 1.9034 | 1.8684
0.5 oI |-0.8512 | -0.3238 | -0.1156 | 0.0178 | 0.2013
Ocy | 1.5915 | 0.5181 | 0.1544 | -0.0187 | -0.0953
agR 1.7353 | 1.1586 | 0.9772 | 0.8982 | 0.8701
1.0 9l | -0.6378 | -0.2330 | -0.0721 | 0.0336 | 0.1915
Ocy | 1.0692 | 0.3392 | 0.0888 | -0.0329 | -0.0857
aﬁR 0.3327 | 0.1679 | 0.1151 | 0.0917 | 0.0875
5.0 0I | -0.0576 | 0.0028 | 0.0286 | 0.0499 | 0.1119
Ocy | 0.0315 | -0.0015 | -0.0138 | -0.0213 | -0.0251

) and with respect

Table 1.4: The difference between the baseline financial literacy cy and the triggering
threshold ¢. Negative values imply that financial literacy improving policies do not
change the behaviour of the illiterates. R =1, Wy =1, p =1, ur = 1, pg = 0,
A =0.25, ¢, = 0.01.

CHy C — CH

Te =0 | Tpr =95

Ty — . Ty — 5
.01 | 0.0990 | 0.0286
1] 0.2163 | -0.0248
2 0.1898 | -0.1248
3 0.1304 | -0.2248
4 | 0.0575 | -0.3248
D | -0.0277 | -0.4248
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Chapter 2

Financial Literacy and Limited

Market Participation

2.1 Introduction

Households do not invest in either stocks or other financial assets. Rational agents
in standard financial models would hold efficient and well diversified risky portfolio.
Campbell (2006) points out that "textbook financial theory implies that all house-
holds, no matter how risk averse, should hold some equities as long as the equity
premium is positive. It follows that limited participation in the equity market must
be due to a failure of one of the standard assumptions."

In their paper, Haliassos and Bertaut (1995) describe limited market participation
as a puzzle. According to the standard theory, the zero stockholding share violetes
first order optimality. Several explanations are proposed. However, most of them fail
to fully explain the nostockholding puzzle.

Participation and information costs are the most common reasons why house-
holds do not hold stocks. Several financial market barriers prevent households to

hold financial assets in order to accumulate efficiently and to smooth consumption
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with relevant effects on their welfare.! Campbell (2006) argues that the main reasons
of nostockholding come from psychological factors that make stockownership uncom-
fortable for some households. Haliassos and Bertaut (1995) refers to the same reasons
as "inertial" factors that are not usually taken into account in standard models. Ag-
new and Szykman (2005) provide experimental evidences about the role played by
information overload on the choice of defined contribution plans and on the "path of
least resistance" (Choi et al. (2001)). Wurman (2000) describe the main consequence
of information overload as information anxiety: it is "produced by the ever-widening
gap between what we understand and what we think we should understand. It is the
black hole between data and knowledge, and what happens when information does
not tell us what we want or need to know".

In this chapter we distinguish between participation cost and information cost.
The former refers to all the opportunity costs such as time and effort spent in handling
risky portfolio.? The latter refers to the costs of collecting and processing information,
where these activities allow households to perform better in their market trading.

We think that financial literacy affects both participation and information costs.
However, in the literature, its effect is not clearly identified. More experienced house-
holds” portfolio reflect higher participation, and higher overconfidence as well.? Ko-
rniotis and Kumar (2006) provide empirical evidence about the hypothesis that, "on
the one hand, older investors would have relatively greater knowledge about the
fundamental principles of investing, but on the other hand, effective application of

those principles requires efficient processing of information, which they may lack".

'Haliassos and Bertaut (1995) claim that "education and the free acquisition of information are
important in overcoming the barrier to stockholding erected by ignorance and misperceptions".

2Luttmer (1999) provides a theoretical framework in order to compute the participation cost
in monetary terms. He reports a lower bound of at least 3 per cent of the monthly per capita
consumption.

30dean (1998) describes over confident investors as those who over-estimate the precision of their
private information and/or their ability to process that information. Consequently, they trade more
frequently but earn lower net returns.
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Households with lower degree of financial literacy could misperceive participation or
information costs, leading to suboptimal performances.

Our paper provides a theoretical framework to understand the interaction between
participation cost and information acquisition costs. We discuss how heterogeneous
financial literacy affects the costs to purchase more informative signals, while the
participation cost is homogeneous among the agents.? Trading choice is taken after
agents learn the realization of their private signal. This allow us to take into account
the behaviour of agents who make informed entry choices. A similar model provided
by Peress (2005) assumes that the entry choice is made before the information choice
and checks if the lowest level of wealth for being a trader changes. His source of
heterogeneity is wealth and risk aversion is increasing with it. He found out that
poorer agents stay out of the market and, among traders, only wealthier ones become
informed.

Understanding the limited market participation phenomena could help policy
makers to design adequate policies in order to increase household stockownership
through financial education programs. The consequences of these policies have direct
effects on individual welfare: Cocco et al. (2005) show an increase of available con-
sumption from increased stockholding; Guvenen (2006) provides a framework where
limited market participation creates substantial wealth inequality similar to the dis-
tribution of wealth between the stockholders and the non-stockholders in the data;
Bernheim and Garrett (2003) claim that employer-based financial education signifi-
cantly stimulates retirement saving among low and moderate savers.

Moreover, effects of such financial education policies on aggregate welfare are
already studied in the literature: starting from the seminal paper of Mankiw and
Zeldes (1991), researchers provide explanations of the equity premium puzzle through

market participation rate and find out that the consumption of stockholders is more

“In an extension of the model we focus on a participation cost that depends on financial literacy.
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volatile and more correlated with the market excess return. Attanasio et al. (2002) get
similar results for consumption growth. Pagano (1989) focus on the relation between
market thinness and market price volatility. Multiple equilibria arise when the excess
return depends on the depth of the market. Allen and Gale (1994) find out that thick
markets can better absorb liquidity shocks reducing volatility of the market price.

Our paper explains, through a general equilibrium framework, the direct and the
indirect effects on asset markets when agents become more financially literate. We
focus either on the market participation rate and on the market stability. Increasing
the inequality in the distribution of the financial literacy among agents implies a lower
participation rate among the less literate agents.

The paper proceeds as follow: in Section 2.2, we review the literature about the
stockholding puzzle. In Section 2.3, we set up the model and we define the equilibrium
while in Section 2.4 we derive the equilibrium allocations. We discuss the main results

in Section 2.5. In Section 2.6 we conclude and discuss further research steps.

2.2 Literature review

Households have limited participation in the financial market. Even around the pick
of the dot.com bubble, no much more than half of the population hold directly or
indirectly financial stocks. For US, Mankiw and Zeldes (1991) report a stock own-
ership percentage equal to 27,6% of the sample of PSID. Similar estimation comes
from SCF: 36,8% from wave 1983 (Haliassos and Bertaut (1995)) and 37,2% from
wave 1992 (Poterba and Samwick (1995)). Recently, Bucks et al. (2009) report values
around half of the SCF sample for the last decade.?

Many empirical papers find correlation between limited market participation and

other factors than income and wealth. Bernheim et al. (2001) and Cole and Shas-

SFor wave 1998 a percentage of 48.9, for 2001, 52.2, for 2004, 50.2 and, for 2007, 51.1. See table
7, p. 27 of Bucks et al. (2009).
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try (2009) point out that schooling affects market participation while the effect of
school financial literacy programs is not significant. However, they argue that edu-
cation affects cognitive abilities, which in turn increases participation as it has been
shown by Christelis et al. (2010) in a cross country analysis. Participation is also
increasing in measured financial literacy (Lusardi and Mitchell (2007) and van Rooij
et al. (2011)). Notwithstanding the measurement of financial literacy is very sen-
sitive to the wording of survey questions, van Rooij et al. (2011) reports empirical
evidences of lower stock ownership among those households who have low financial
literacy, while Lusardi and Mitchell (2007) show that financially literate households
plan for retirement and behave more conscious than others, accumulating more assets
in the retirement accounts. Bernheim and Garrett (2003) suggest to promote finan-
cial education in the workplace in order to significantly stimulate retirement saving
among low and moderate saver. Malmendier and Nagel (2011) report that market
experiences strongly affect market participation and risk aversion.

Haliassos and Bertaut (1995) test and reject risk aversion and belief heterogeneity
as the main sources for explaining limited market participation.® They suggest some
"inertial" factors such as cultural influences and costly information and to departure
from expectation utility maximization.

Several papers refer to cultural influences in order to explain limited market partici-
pation. Guiso et al. (2008) introduce the concept of trust that affects the perception
of the reality of the individual, in the updating beliefs process. Hong et al. (2004)
refer to social connection in order to explain individual financial behaviour and the
role played by network’s information.

Departures from expectation utility maximization focus on behavioral biases such as
loss and ambiguity aversion (Knox (2003) and Ang et al. (2005)), optimism (Puri and

Robinson (2007)), subjective beliefs (Dominitz and Manski (2005)), and model uncer-

60ther tested possible explanations are habit persistence, time-nonseparability, borrowing con-
straints, differential borrowing and lending rates, and minimum-investment requirements.
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tainty (Cao et al. (2005)). However, these biases do not fully explain the stockholding
puzzle (Barberis et al. (2006)).

Costly information has been studied under several aspects: simple monetary costs
to participate in the stock market or more related to the information set available to
the individual. Luttmer (1999) provides a theoretical framework in order to measure
the amount of the participation cost that is able to explain the current market partici-
pation rate. He calibrates his model on US economy and he works out that the implied
amount is 3 percent of monthly per capita consumption. Vissing-Jorgensen (2003)
and Paiella (2001) apply the econometric framework to the PSID, finding a median
value around 350$, and to the CEX (95 — 175%). While, for Italy (SHIW), Guiso and
Jappelli (2005) report a median of 750 euro.” These estimations give the degree of the
impact of the participation cost on household’s welfare. For poor households, facing
a participation cost is a consistent explanation for their not-stockholding. However,
the welfare effect decreases its impact once we focus on wealthier households, leaving
unsolved the nostockholding puzzle.

From the point of view of the information acquisition, familiarity (Huberman
(2001)), local knowledge (Coval and Moskowitz (2001)), limited information (Merton
(1987)) and stock awareness (Guiso and Jappelli (2005)) represent factors that affect
the performance of the individual, no matter how much rich she is. However, on the
one hand, we know that wealthier households can easily afford costly information
provided by financial advisor in order to deal better with stocks and bonds. On
the other hand, even if they can afford the advisor’s fees, they have to trust them.

Guiso et al. (2008) discuss the role of trust in the stock market and find, in Dutch

TLuttmer (1999) estimates "lower bounds on the fixed cost required to ensure that a hypothetical
consumer with a consumption process equal to U.S. per capita consumption of nondurables and
services does not choose to deviate from that consumption process when given the opportunity to
trade in U.S. Treasury bills and in stocks on the NYSE".
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and Italian micro data, empirical evidences that lack of trust implies limited market
participation, even for wealthier households.®

We include all these complementary features in the concept of financial literacy,
without making distinctions. We synthesize them in the costs of the information
acquisition process. Our aim is to check the effects of the inequality in financial
literacy on welfare distribution and our simplification does not affect the outcomes of

the model.

2.3 Model

Agents face two choices: in the first period, they have to choose if and how much
costly information purchase and, in the second period, if and how much to trade in
the market, after having paid a participation cost. Agents can trade a riskless and
a risky asset. The former pays a rate of return of r (we set r = 0) and its supply is
perfectly elastic. The latter has a normalized price p and a payoff m ~ N (pr, 7.1).
Agents can short sell it. The risky asset supply is § ~ N(0,7,~!) which is interpreted
as noise trading in the market.” We assume that 7 and 6 are mutually independent

random variables and their joint distribution is common knowledge.

8They define trust as the subjective probability individuals attribute to the possibility of being
cheated. In the absence of any cost of participation, a low level of trust can explain why a large
fraction of individuals does not invest in the stock market. Moreover, their model shows that lack
of trust amplifies the effect of costly participation.
A similar approach (Cao et al. (2005)) introduces model uncertainty as a key issue in order to explain
market participation. When uncertainty dispersion is large, investors with high uncertainty choose
not to participate in the stock market.

9The introduction of an exogenous aggregate risk allows to avoid the Grossman-Stiglitz paradox.
With an extra noise, market price are not fully revealing, therefore there is still some incentives to
purchase information. On the other hand, the introduction of an exogenous element in the model is
a quite strong feature. Wang (1993) models the noise as investors’ liquidity needs.
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Agents

We assume a costly information acquisition process, where agents differ in their fi-
nancial literacy cost, c. We assume two types of agents. Type L (literate) with
low costs and type H (illiterate) with high costs of acquiring financial information.
Agents are continuously distributed according to a cumulative density function G(j)
over J = [0,1] and the fraction of the literates is denoted by A.

They maximize the same concave utility function. For tractability, we assume
CARA utility function and risk neutrality U(W) = —e"'.1® To study the impact
of the financial literacy on the market participation, we introduce a friction in the
model. All the agents have to pay a homogeneous participation cost F' in order to
trade. Limited market participation arises when a fraction of agents optimally decides

to stay out of the risky asset market.

Information structure

Once 7 is realized but not revealed, each agent can purchase an unbiased signal s of
the risky payoff and can observe a private realization s = 7+ \/%e, where € is a white
noise, independent with respect to 7, , and across agents.'’ For positive amount of
precision x, she gets an informative signal on the payoff of the risky asset. While for
zero precision, she gets a completely uninformative signal.

In this framework, we think about a situation where agents need to pay for finan-

cial advices. We assume there is an external adviser who shows a detailed report.

10We assume wealth homogeneity. Therefore, the limit of the CARA utility function, i.e., optimal
portfolio share independent from wealth, does not affect our analysis.

1 Actually, we distinguish between two cases: if the agent acquires some information, then the
private signal has a normal distribution. While, if the agent is uninformed, she observes a fully
uninformative signal:

{0} if z=0

For z — 0, the distribution of the beliefs of an informed agent converges to that of an uninformed
one.

S:{ﬂ—i—\/ge if >0
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The degree of technicality is chosen by the agent. However, the literate agents need to
spend less time in order to understand it, or the adviser needs to spend less effort in
order to make the report understood. Therefore, they pay lower fee than the illiterate
agents.'?

To model this feature of the information acquisition process, we introduce a cost
function that is affected either by the degree of technicality and by the financial
literacy. Formally, the cost of acquiring an amount x of precision is given by a
continuous and twice differentiable function C(x,c¢) over z € R such that C(z,¢) is
at least twice differentiable in x and ¢ with C, > 0, C,, > 0and C. > 0, C.. > 0. The
marginal cost C} is increasing in ¢: C,. > 0. This means that acquiring information
at the margin is more costly for less financially literate agents. The cost function
C(z,c) is continuous at x = 0: C'(0,¢) = 0, and xl_l}r_{loo C(z,c) = +oo. The last two
properties imply that a totally uninformative signal is costless and a fully revealing
signal is infinitely expensive. These assumptions ensure the existence of a solution

for the information choice.

To illustrate the main intuition, we provide a simplified example.

Example (Cost function). The information cost function is C(z,c) = c(x® + x) with

c=A{cp,cu} and ¢, < cq.

To solve the model, we focus on a partially revealing noisy rational expectation
equilibrium.*® Following the literature, we solve for an equilibrium in which the price

is a linear function of 7w and #: p = a + bwr — df, where the coefficients a, b, d are

12Let’s take two extreme cases: a genius and a stubborn agent. No matter what the adviser does,
the former perfectly understands the most technical report and ends up being fully informed. While
the latter is not able to understand at all the report and remains uniformed.

I3 Al agents have rational expectations in the sense of Hellwig (1980) and use the information
revealed by the price, while they form their posterior beliefs. Moreover, given that we assume
unbiased private signals observed by the agents and this is common knowledge, agents know that
the equilibrium price p contains some information about the payoff. Therefore, they use it as an
informative signal, where its precision is given by the aggregation of the private signal precisions
through the individual asset demands.
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determined in equilibrium.!

We denote agents’ information set as F = {s;, p} where s; denotes the private signal
observed by agent j € J and it is informative only if agent j acquires some information

precision.

Timing

We assume that agents observe their private signal before their trading choice. They
submit a limit order that includes their participation choice.'® Given the presence of
the participation cost, the agent optimally chooses to stay out of the market for a
range of realizations of the signals, belonging to her information set F.

There are three periods. In the first one, called the planning period, agents can
purchase a private signal s and choose its precision z. In the second one, called the
trading period, after having observed the own private signal realization s and the
market price p, the agent submits a limit order in a competitive market and chooses
the optimal portfolio share «. In the last period, called the consumption period, the
agent consumes the proceeds from her investments. Figure 2.1 provides the timeline

of the model.

Choice of precision x Observe s Choice of being a trader
Payment of cost C Observe p Choice of portfolio share Consumption of final wealth
I l | l l | l |
r 1 1 1
=0 Planning period (=1 Trading period t=2  Consumption period

Figure 2.1: Timeline with entry choice.

4Linearity is a standard assumption in the literature when the aim of the research is to find a
closed form solution for the price function. On the one hand, guessing a non linear function can
provide a better approximation. On the other hand, the model loses tractability and we should rely
on numerical methods. We consider this extension in further research.

15 A limit order is an order placed with a brokerage to buy or sell a set number of shares at a
specified price or better
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2.4 Equilibrium

We solve the model by backward induction. In the consumption period, each agent
consumes her final wealth. In the trading period, the agent faces a portfolio allocation
problem where she needs to choose «, share of the portfolio allocated in the risky asset,
in order to maximize her expected utility, given x, the precision purchased, and C,
the information cost paid. She observes a private and a public signal (the equilibrium
price) and she computes posterior beliefs about the final payoff value: E[r|F]| and
Var|n|F|. If she trades, she pays participation cost F. In the planning period, the
agent chooses how much precision x of her private signal she wants and pays the
monetary cost C(z,c).

The risky asset price p clears the market and partially reveals private information
of the traders. When agents submit their limit orders, they take into account how
many traders are in the market. They identify a region over signals space according to
which it is not optimal to trade. Given that the joint distribution of the two signals is
common knowledge, agents are able to compute the probability to be a trader, for any
agent. Therefore, they are able to compute the size of the market for any equilibrium
market price.'® An implication of this model is that the market size is endogenous.
We call M = {j € J: o # 0} the set of traders and @1, (Qp) the fraction of literate

(illiterate) agents who become traders.

The trading period

In the trading period, each agent maximizes

max E[U(W3)|F] (2.1)

16 Agents conjecture two thresholds on private signal domain, for given market price, such that
only those agents with lower or higher private signal realizations become traders.
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subject to

Wy = (W1 — C)Rp —F ll[ogéo] (2.2)

)+1 (2.3)

The budget constraint is characterized by the participation cost, F', that the agent
pays in order to trade, a # 0. The information costs, C, are already paid in the
previous period. The portfolio share invested in risky assets differs between types
and within groups. It depends on the realization of the private signal.

The optimal share differs between agents, depending on the signal observed and on
the precision purchased. In the trading period, all the information choices are already
done and each trading agent transfers some of her private information to the market
price through her asset demand. Therefore, private information is partially revealed
by the market price. While they are forming their posterior beliefs and formulating
their asset demand, agents take into account price informativeness and transform
the market price into an unbiased public signal. We substitute the informationally
equivalent signal £ = p into the information set F.

The indirect utility for agent j’s portfolio problem is E[U(W5)|F;], which we note
as v(s;,p; F, ©) where © is {Wy, fir, T, 79, A}

The planning period

In the planning period, each agent maximizes the indirect utility of the portfolio
allocation problem with respect to the information choice. To simplify the notation,

we drop the subscript 7 and write:

max Flv(s,p; F, O)] (2.4)

x>0
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subject to

Wl 2 C(.’ﬂ, C)

where the expected utility is computed over the joint distribution of s and p. Recall
that signal precision x affects, by assumption, only the distribution of the private
signal s. The optimal precision z*(c, F, ©) depends on the exogenous financial literacy
cost and on the participation cost.!” Agents are willing to purchase more information
if there is less in the market (price is little informative) and they are not if market
price is more revealing. This feature reflects substitutability between the two sources

of information.

The equilibrium

We define the concept of equilibrium with the participation cost. In noisy rational
expectations equilibrium models, investors make self-fulfilling conjectures about prices
and the equilibrium is defined by the set of allocations such that agents maximize
their utilities, their conjectures hold and markets clear.

Therefore, a rational expectations equilibrium with the participation cost is given by
individual demand function o; and information demand function z;, a price function

p of m and #, and a scalar I such that:

1. x; = 2*(¢;, F,©) and o = a*(s;, p; F, ©) solve the maximization problem, with

c; ={crL,cu}

2. p clears the market for the risky asset:

/ O[le_C(xj’cj)dG(j)ze
jeJ p

1"The information precision differs between types, but it is the same within groups. Thus, we
have Vj € L the optimal precision will be x;, and Vj € H it will be z .
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3. The informativeness of the price I implied by aggregating individual precision

choices equals to the level assumed in agents’ maximization problem

1= [ aa60)
JjEM

The following three theorems describe the equilibrium allocations. Theorem 3
computes the price function and the optimal individual asset demand. Theorem 4
provides the optimal individual information choice. Theorem 5 describes the equi-
librium in the information market. The agents assume an amount of price informa-
tiveness, such that, aggregating over the individual information choices, market price

has, in equilibrium, that amount of aggregate informativeness.

Theorem 3. The equilibrium price is given by:
p=a+br—df

where

(Z:K_l([Lﬂ-Tﬂ-) b:K_l(I+[2T9) d:K_1(1+[Tg)

and K =1, + I + I*7,.

The optimal portfolio share of risky asset for agent j € J is given by

kj .
m(E[ﬂsja ¢l —p) otherwise

where thresholds {s, s} are defined, respectively, by 2.7 and 2.8.
Proof. See the appendix. O

We provide a sketch of the proof. In the first step, agents guess a price linear func-

tion and they derive the informationally equivalent public signal £ from the market
61



price. In the second step, they compute the mean and the variance of their poste-
rior beliefs, given the two unbiased signals, ¢ and s. In the third step, they derive
their optimal asset demand and submit it to the market. In the fourth step, market
clears and, in the last step, rationality condition must hold and the coefficients of the
guessed linear price function are determined.

The optimal portfolio share depends on the realizations of the signals. We call
the trading region, the subset of the signals space such that the agent becomes a
trader. We plot it in Figure 2.2. If the agent receives signals belonging to the trading
region, she updates her beliefs such that her expected excess return is greater than
the participation cost. When the agent trades, a* depends on the precision of the
posterior belief (k = 7, + x + I?1y) and on the expected excess return, conditional to

agent’s informative set:

E[ﬂ-’suﬂ —pP= kil(ﬂrﬂﬂ +axs+ [27-95> —D

where £ is the informationally equivalent public unbiased signal derived by rational

agent from the equilibrium price function: £ =7 — %9.

Participation We characterize the market participation when the asset market is
in equilibrium. We distinguish between the participation of the uninformed (z = 0)

and that of the informed (z > 0) agents.

The uninformed agents trade only for public signal realization & ¢ [£, ] where

E(F,0) = pir— -1/2F (75 + I*1y) (2.5)
EF0) = px+ £-V/2F (r + 1) (2.6)
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Trading Region
6 T T T

Public signal realization - &

Private signal realization - s

Figure 2.2: The trading region for the uniformed (dotted line) and the informed (solid
line) agent.

These two thresholds are the horizontal lines in Figure 2.2.

The informed agents trade only for private signal realization s ¢ [s(£),3(£)] where

s(6F0)=1 {(% — Ve + € (5 = D) P79 + 1] — \/2Fk} (2.7)
S(€F0) = H{(k = Vpuare + € [(& = D7y + I] + V2FR} (2.8)

The trading region of an informed agent who acquires really small private information
(x — 07) converges to the trading region of the uniformed. In Table 2.1, we report
the behaviour in the limits of the threshold functions. This imply that, for any public
signal &, the optimal portfolio share function is continuous in x = 0.
We plot functions (2.7) and (2.8) in Figure 2.3. When the public signal belongs to one
of the two external ranges, £ <V E§ > ¢, and the private information vanishes, the
no trading region collapses. Otherwise, it enlarges, similar to the trading behaviour
of the uniformed agents.

With the following two lemmas we derive and characterize the participation prob-

ability function ¢(&).
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Figure 2.3: The trading region for given public signal.

Lemma 4. Conditional to the market price, the probability of being a trader is:

ecle ] yoe=t (2.9)

1 - [(pﬂstst\E(g) - (bru's\577—5|§ (§)] ’[’f T > 0

-1
q(& F,0) =

where jige and Tye are the mean and the precision of the conditional distribution

function h(s|€).
Proof. See the appendix. O

Lemma 5. Let X be a compact set such that, for a given positive T < 400, X = [0, Z|.

Function q(&; F, ©) is differentiable with respect to x € X.
Proof. See the appendix. O

In Figure 2.4, we plot the participation rate, conditional to the market price, where
we keep constant the price informativeness and we let the private information vary.
When the market price is close to the expectation (the dot-dashed line), the uniformed
agent prefers to stay out of the market. Becoming informed, the agent adjusts her

beliefs, using own private information, and the probability to trade increases.
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With market price either too low (the solid line) or too high (the dashed line), the
uniformed agent always trades. She follows market feelings. However, increasing the
amount of information acquired, her participation rate does not behave monotonically.
With low precision, the agent adjusts her beliefs, becoming more skeptical about the
extreme market signals and reduces her participation rate. With high precision, she
trades against the extreme market feelings, in order to spoil profitable opportunities
given her informational advantages.

In Figure 2.5, we plot the participation rate, conditional to the market price where
we keep constant the price informativeness and we let the public signal vary. The
market participation rate for an uniformed agent is strongly affected by the market
price (curved line), while, for more informed agent, it is less affected (flatter line).
This feature reflects the ability of the informed to recognize profitable opportunities,

for any kind of market scenarios. The uniformed agent prefers to stay out of the

market when the public signal is not clear enough.
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Figure 2.4: Market participation rate for different public signals.
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Figure 2.5: Market participation rate for private signal precision and price informa-
tiveness.
The market price aggregates the whole information available in the market. We

rewrite it as:

1

e+ (L4 P — 20
7'7r+]+]27'9[ﬂ7_+( + I*1g)(m I)]

p =
Rearranging and considering that K = 7, + I + I*74 is the posterior precision of the
average agent’s beliefs, the market price can be expressed as a linear function of the
posterior mean and variance of the average trader:!®

p=K1 [,uﬂ-Tﬂ—l-[T(—i-IZTQ(ﬂ'— ?)} — % —T— 0K !

18We characterize the average agent as the one with posterior precision
K:/ kidj = 1r + 1+ Iy
jeM

and posterior mean

%:/ Eln|s;, &ldj = K™ (unTn + I + I°19€)
jeM

It is important to note that we do not mean there exists a real agent with these beliefs. We mean
a fictitious agent with private signal precision equal to I and private signal realization equal to .
We can think about a shared-information economy where a central planner can observes all the
private signals, normally distributed, and take the sample mean: fj 5;dG(j) = m, with precision

[, 2idG(j) = 1.
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The market price is driven by two components: the posterior belief of the average
agent and the discount on the price demanded in order to compensate for the risk
due to the presence of noisy supply.

The equilibrium market price follows a Gaussian distribution:

p~ N (um K [(1279 +1)° L 4 (I + 1)? LD

To

When the price informativeness is zero, market price reflects the prior beliefs plus
the discount demanded for the presence of noisy asset supply (p = pr — i ). Price
variance fully incorporates the whole variance of the fundamentals.

When the market price is fully revealing, we are back to the case where the supply

of the risky asset is known by all the agents and the market price incorporates only

the uncertainty about the payoff of the asset.

The next theorem shows the existence and the uniqueness of the optimal infor-
mation choice and the endogenous threshold according to which is optimal to remain

uninformed.

Theorem 4. There exists a threshold ¢(F, ©) such that all agents with lower financial
literacy cost purchase information.

For all agents with ¢ < ¢(F,©), optimal information choice x* is:
z*(c, F,0) = argmax{z(z; ¢, F,0)|z € X(c)} (2.10)

Proof. See the appendix. O

In order to solve for the information choice x*, we need to compute the agent’s
indirect utility: v(s,p; F,©) = E[U(Ws(a*))|F]. Then, we need to take expectation

with respect to s and &, z(z; F,0) = Efv(s,p; F,0)]. The last step is to find the
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maximum for the expectation, z(z; F, ©), with respect to the private signal precision,
x.
The market participation Q(c, F, ©) is the probability that an agent with financial

literacy cost ¢ becomes a traders, as we show in the following lemma.

Lemma 6. The probability of being a trader for an agent with financial literacy cost

c 18:
1= [q)ﬂéﬂ'g (g) - (I),ug,Tg (é)] Zf c>¢
[ a(& F,0)g(&)d¢ if c<t

Qc, F,0) = (2.11)

Function (2.11) is decreasing with respect to the participation cost F, as we can
see in Figure 2.7. When there is low fundamentals uncertainty, the illiterate agent
has less incentives for trading in the market. However, it is optimal for her to acquire
some information, because she prefers to make informed participation choice.

The endogenous size of the market is reported in Figure 2.8. With low funda-
mentals uncertainty, the market size shrinks more with respect to the case with high
volatility. This is due to the relative higher impact of the market friction on the
expected excess returns.

The next theorem claims the existence of a noisy rational expectation equilib-
rium and identifies the equilibrium condition for the information market: the price

informativeness is the sum of the private information of all the agents.
Theorem 5. There exists a rational expectation equilibrium.

Proof. See the appendix. O

In the proof of theorem 5, we check that the price informativeness I solves:

I'=AQrzp + (1= A)@ury

where Qr = Q(cr, F,©) is the market participation rate of the agent with financial

literacy cost ¢;, and x5 = z(cg, F, ©) is the optimal information choice for the agent
68



with financial literacy cost cy. Similarly for the agent with financial literacy cost cp.
In the proof we use a fixed point argument. In order to get a clear insight of the
limited market participation, we compare the optimal information choice, the price
informativeness, and the market price variance with different levels of participation
costs (none, low and high), with just one type of agent.

We observe a non-monotone effect of the participation cost on the optimal infor-
mation choice. Low participation cost provides incentives to acquire more private
information. From Tables 2.2(a) and 2.2(b), we can see that agents purchase more
information. This is due to two main factors. First, they need more precise expec-
tations because they face a market friction. Second, some private precision is wasted
because it is not transferred into the market price. Therefore, in order to compensate
the lower price informativeness, they end up to purchase more private information.
However, when there is low uncertainty about the risky payoff, high participation
cost balances these two effects, decreasing the probability to trade and, therefore, the
benefit derived by being literate. With zero probability to trade, there is no incentive
to acquire information.

The limited market participation affects either the price informativeness and the
market price variance. Even if the individual information choice increases, the partic-
ipation cost leads to a small market size and this implies lower price informativeness
(Tables 2.3(a) and 2.3(b)). The effect on the market price is ambiguous: from Ta-
bles 2.4(a) and 2.4(b), we can see that market price variance increases when the

uncertainty of the fundamentals is high and decreases when the uncertainty is low.

2.5 Discussion of the results

In this section we discuss the results of the model and we focus on different degrees

of inequality among agents. The proxy for the inequality is given by the difference
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between types’ financial literacy cost: cy — ¢;,. We fix the amount of cy and we let
cr, decrease. The economic intuition of this exercise is to compare the effects on indi-
vidual and market behaviour when the literates are increasingly more sophisticated
than the illiterates. The goal is to check if inequality in financial literacy leads to
inequality in welfare distribution and to market instability.

The benchmark of the analysis is the case where both types are equally financially
literate (c¢p = cy). We set the participation cost equal to the ten percent of the initial

wealth (F'=0.1).1°

Individual information choice In the benchmark, agents optimally acquire some
information. When inequality increases, the optimal information choice of the two
types diverges. As we can see in Figure 2.9, the agent who is more literate acquires
more information than who is illiterate. This is due to the relative lower information
cost. As a consequence, the market price reveals more information and this result
reinforces the illiterate’s preferences to acquire less private information and to rely
more on public signals. With low inequality, the illiterate is more likely to be an
informed trader. While, with high inequality, she prefers to remain uniformed and
out of the market.

The literate agent takes into account price informativeness and is affected by
the choice of the other type. Notwithstanding her optimal information choice is
always increasing in her financial literacy, we distinguish between two cases: when
the illiterate is informed and when the illiterate is uninformed. In the former case, the
illiterate contributes to the price informativeness, the literate balances own acquisition
of private information and partially rely on the public information. In the latter case,
the literate is the only supplier of information and changes in her financial literacy

lead to wider changes in her optimal information choice.

19Results with different parameter combinations are available on request.
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When the economy is in a regime of low uncertainty, we observe the same dynam-
ics. Ceteris paribus, all the agents need to acquire lower amount of information in

order to trade optimally.

Price informativeness and market participation Although information choice
of the literate increases exponentially as she becomes more sophisticated, the price in-
formativeness does not increase with the same growth rate. In Figure 2.10, we report
the price informativeness on a logarithmic scale. Either with high and low funda-
mentals uncertainty, the price informativeness is increasing in financial inequality.
However, its growth rate is higher in the low uncertainty scenario. This is due to the
different behaviour of the two types. While with high uncertainty, the participation
rate is high for both types; with low uncertainty, there are less expected profitable
opportunities and, therefore, agents are more likely to stay out of the market. See
Figure 2.11. This implies that even with more sophisticated and well informed agents,
the individual information does not pass to the market price and the price informa-
tiveness is kept low as we discuss previously.

Another feature of the presence of more sophisticated agents is that the illiterates
optimally prefer to stay out of the market. In Figure 2.11, we can note that the
participation rates diverge for higher levels of financial inequality. With low uncer-
tainty, the literate increases her participation rate and this is due to the fact that
price informativeness is still low and the market price does not fully reveal the risky
payoff. Therefore, even with low uncertainty, the literate finds optimal to trade given
that her expectation is concentrated around the true payoff and the market price is
still anchored to the prior mean. On the other hand, the expectation of the illiterate
is driven by the market price. This leads her to stay out of the market, given that

her expected excess return is not enough to recover the participation cost. With low
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uncertainty and financial literacy inequality, the literates and the noisy traders trade

in the market .

Individual and market stability Financial literacy inequality affects market sta-
bility. The presence of more sophisticated literate agents implies that the market price
is more volatile when there is low uncertainty in the fundamentals. In Figure 2.12
we report the market price variance on a logarithmic scale. We can note that with
high inequality, the instability increases with low uncertainty (the dot-dashed line)
and remains stable with high uncertainty (the solid line).

The main intuition is that, in the latter case, the illiterate trades in the market

and mitigates the market position of the literate. The market price reflects the expec-
tation of the illiterate which is mainly based on the public information. Therefore,
the volatility of the market is stable because the behaviour of the agents does not
change with more inequality.
In the former case, the participation cost induces the illiterate to stay out of the mar-
ket as the inequality increases. The literate, becoming more sophisticated, acquires
more information and is more likely to trade. Therefore, the market price is heavily
affects by the expectations of the literates, close to the true payoff. The market price
variance reflects all the variability due to the noisy trading and to the noise of the
literate private information.

The market excess return (f,, = 7 — p) is another proxy for the stability of the

market. Its variance o is given by:

2 1 21 21 1
Ufm == ;—i‘b ;—i‘d 5—217;
(1+IT )2 T
Ky TR
It negatively depends on the price informativeness. When the market price is more

revealing, the covariance between market price and asset payoff increases and this
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reduces the volatility of the excess return. With high inequality, the variance of the
market excess return decreases (see Figure 2.13).

The impact of the financial inequality on the variance of the expected excess return
differs among types. We characterized the expected excess return as f; = E|n|s;,&|—p
and we compute the variance:

2 _ 1 1 21 21 1
Ufj = ——E+b;+d5—2b;

T

= Ot 1 (K
- K27 K\ K k;

In the right graph of Figure 2.14, we can note that when the inequality increases,
the variance of the expected excess return diverges between types. The illiterate
becomes uniformed and relies only on public information embodied in the market
price. Therefore, her expectation follows the market feelings.

The literate, given their informational advantages (£ < 1), forms expectations close
to the true value and different from the market price. Therefore, the variance of the
expected excess return increases given the low covariance between the expectation
and the market price. With high uncertainty, the price informativeness is high and
the market price and beliefs are more correlated. This implies that the variance of

the expected excess return decreases.

Individual welfare All the effects of the financial inequality on the agents’ welfare
can be measured with respect to their expected utility (Figure 2.15). The wedge be-
tween the expected indirect utilities of the two types enlarges as the literate becomes
more sophisticated. This is the premium of being more literate. The expected util-
ity of the literate always increases in financial inequality and the expected indirect
utility of the illiterate decreases when there is high uncertainty. While, with low un-

certainty, it is stable, close to the level of a non trader. The literate will benefit more
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from market participation than the illiterate and the barrier of the participation cost

exacerbates the effects of this market mechanism.

2.6 Conclusion

This paper develops a tractable asset pricing model with information acquisition,
which contemplates the decision to participate to the financial market. The model
examines the relationship between financial literacy costs, affecting the information
acquisition process, and the participation cost, paid to be a trader in the risky market.
We underline that participation costs, such as banking fees or financial asset taxation,
are relevant for policy makers. When they design financial literacy improving policies,
they take into account the role played by market frictions.

Our model provides a general equilibrium framework through which it is possible
to work out policy implications of financial education programs in the presence of
market barriers that mitigate the policy effectiveness. We conclude that, on the one
hand, low participation cost increases the information acquired by the agents. On
the other hand, it reduces the market participation and limits the informativeness of
the market price. Furthermore, with high participation cost, even the information
acquired decreases. The effect on market price variance is non-monotone and depends
on the uncertainty of the risky asset.

We focus on another policy implication of the model. For given participation
costs, we compare the behaviour of the agents and that of the market for increasing
inequality in financial literacy, i.e., the literate agents become more sophisticated.
We find out that the market participation rates of the two types diverge, pushing
the illiterates out of the market, especially with low uncertainty in the fundamentals.
Furthermore, the market friction prevents the market price to reveal private informa-

tion. Even if the literate increases her private information, the price informativeness
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does not, proportionally increase. The increased financial literacy inequality, on the
one hand does not affect the market stability and, on the other hand, accentuates the

differences between the two types.
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Appendix A

Proof of Theorem 3

The distribution of payoff, supply and signals is:

r \
0 0 L0 0 dx
o 7o
™ [ o + L bt
; T R
1 1 1 2 1 21
P L a+bu7r d% bg b; b;‘i‘da J

The proof is given in five steps. In the first step, we guess a linear price function
and we derive the informationally equivalent public signal £ from the price function.
In the second step, we compute the mean and the variance of the posterior beliefs
given the two unbiased signals, £ and s. In the third step, we derive the optimal asset
demand. In the fourth step, we derive market clearing conditions and, in the last
step, we impose rationality and determine the coefficients of the guessed linear price

function.

Step 1 : Agents guess a price function linear in 7 (future payoff) and 6 (noisy

supply):

p:a+b()\/ sjdj—l-(l—)\)/ sjdj)—dH
jELNM JEHNM

Applying the law of large number within each group of traders, we have that fj €jdj =

0 with probability one. Therefore we can rewrite the price function as:
p=a+br—db

Agents use the private signals to update their prior beliefs 7 ~ N(u., 7). The

private signal is unbiased by construction s|m ~ N(7,z7!) and conditionally inde-
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pendent from prior belief ., E[(u, —m)(s — )] = 0. Rational agents use the market
price as a public signal. It is not unbiased: FE[p|r] = a + br. To apply Bayesian up-

dating, agents need to transform the price in an informationally equivalent variable

&:

where

Elm ~ N(r, 32)

2 7y

Step 2 : The agent observes F = {s,p} = {s,{}, where s is uninformative when
x = 0. She updates her prior beliefs with the two Gaussian signals. Using the well
known formula for the multivariate normal distribution (Degroot (2004), p. 55) the
posterior mean is given by:

Elrls, ] = ir + 7 {2 (s = Bls) + (6 — Ele])}

= % <T7rﬁb7r +xs+ Z—im&)
where the precision of the posterior belief k is given by the sum of the precisions of

the prior, of the private signal and of the public signal.

1

k= =Tt a+ B
Var(r|s, €]

Step 3 : The agents maximizes a CARA utility function with respect to the control

variable a.. Using the properties of the log-normal random variables, we have that:

max E[—e V|5, ¢] = max e~ EWV @lsd=5VarlW (@)s. ]}

7



where
EW(a)ls,&] = E[[W1 = C(z, c)la™L + Wy = C(z, )] — F Ljazqls, ]

and

Var[W(a)ls, ¢ = M=Cedletyar{r]s, ]

Substituting and deriving FOC, we get that:

(Wi = C(a, )| Erietlp _ 90 =Cel v/ gri]s ] = 0

p p

Therefore, the optimal risky asset demand for a trader is:

Eln|s,&]—
of = 1 p - _ p E[7T|s,§] - D
(W, — C(z,c)] % (Wi — C(z,c)] 2

The amount of wealth invested in risky assets depends on the precision of the
posterior belief, on the risk aversion coefficient and on the expected excess return of
the risky investment.

The agent compares the expected utility of the optimal portfolio share of being a
trader in the risky market, with the expected utility of holding only risk-free assets.

She does not trade if:

Ele W F|s €] < Ele™VO|s,¢]

and this holds when:

(Elnls, & —p)* > 2Fk ™!

Formally, we need to distinguish between two cases: when the agent is uniformed (z =

0) and when she is informed (z > 0). In the former case, we compute the thresholds
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{é, E} over the public signal domain, such that, for those public signal realizations, the
agent would be indifferent between being or not being trader. In the latter case, we
solve the previous inequality for given public signal £ in order to find two thresholds
{s,5} over private signal domain. An informed agent is indifferent between trading
or staying out of the market, when she observes private signal realizations, such that

the following equations are satisfied:

Elrls,&] =p— V2Fk™!
Elx|5,€] = p+ V2Fk T

We substitute the expected value E|r|s, ] and we solve for the thresholds {s,s}. The
economic intuition is that agents submit market order such that, given market price,
they would like to trade only for certain values of private signal. After some algebra,

we derive the following linear functions:

s(&F,0) = %(%—Dumﬂtl[

36 1,0) =

8|~
===
I
—_
~—
=
N
3
+
8]
—

with K =7, + 2 + &1,
For an informed agent, the optimal portfolio choice is given by the following asset

demand function:

if se[s(£),5(8)]

[Wl—kTp(xﬁ)](E[ﬂ& £ —p) otherwise

a*(s,£;,0) = (2.12)

Similarly, we derive the optimal portfolio choice of the uniformed:

o) =1 e

%(E[ﬂg] —p)  otherwise



where

5 _ ak—Trpur—V2Fk

= 02

- d—grg—bk
Z _ ak—Trpur+V2FEk
- =z
S o—bk
Step 4 : Each agent j € J observes own private signal s; and submits an asset

demand «; given own private signal precision ;.
The equilibrium price clears the market for the risky asset. Aggregating over all

traders yields the following market condition:

/\/ ale_O(xj’C)der(l—)\)/ oM O gy
jeLNM p JEHNM p

For any given public signal £, we denote the amount of traders for each type with,
respectively, g, = #{j:j€ LN M} and gy = #{j:j € HNM}.

Let assume, for the moment, that g and ¢y are greater than g, the minimum amount
of agents such that the assumption of competitive markets still holds.?® Thus, we
apply the weak law of large numbers for independent random variable with the same
mean, such that fjsjdj = m. Moreover, given homogeneity within types, limited
participation means that only a fraction of acquired information is revealed in the
market and this fraction is ¢ in our framework. Therefore, imposing market clearing

condition, we have:
[A (Mﬂw +qrenm + 5ref — pkL> +(1=A) <,U’7r7—7r + qragm + 7€ — pkH>] =0

paTe + 5796 + wAqrzr + (1 — Ngnzn] — pAacks + (1 — Narks] = 0

20We check which conditions on parameters must hold in order to keep competitive markets.
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Using the definition of aggregate informativeness I = Aqpzy, + (1 — A\)gyzy, we can

rewrite the price equation as:
2 _ 2
p= (TTI' + 1+ %7—9) ! <,u7r7_7r + 2_27_96 +7l — 9)

Step 5 : Public signal £ involves undetermined coefficients b, d. We substitute the

expression for £ = m — %9 and, rearranging terms, we have:

p=(rs+1+8Br)" [um bl + Bry) — 0 (brp+ 1)]

b:

We can derive § = I and we substitute it back into the price function.

Coefficient of 0:
d= Kil (1 —|—I7'9)

Coefficient of 7:

b=K"(I+1I7)

Constant term, a:

a= K_l,uﬂﬂr

where K = 7, + I + I*’7y.

Proof of lemma 4

Conditional to market price, the probability of being a trader is

1—]1[ if z=0

geled]
1 - |:®:u's\§77-s|§ (E) - ®us\§7‘rs\§<§)] Zf T > O

q(& F.0) =

where pg¢ and Ty¢ are the mean and the precision of the conditional distribution

function h(s|§).
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Proof. To compute the market participation probability of an agent, we distinguish
between informed and uniformed agents. When she is informed, the joint distribution

between the public and the private signal is:

1 1 1
§ ~ N Hom T7r+.’E Tr

1 1 1
5 Hr Tr Tr + 1?7

Following Degroot (2004), p. 55, the conditional distribution h(s|) is still a normal

(slg) =y gEeamietmme?

density function:

with mean:

Cov(s, 27
Hsle = fx + V%[é)(5 - /“LW) = fr + Tﬁilgm <§ N ’uﬂ) = Hn F 7(5 B 'uﬂ)

and variance:

1 _ COU(57£)2 _ 4Ty 127-9
Ts|¢ - Var[s] Var[ﬂ T xTR TTI'(TTFJ’_IZTG)

Therefore, we can compute the probability to be a trader, conditional to the mar-
ket price, q(§; F,©), as the area below the density function over the set (—o0,s) U

(5, +00).2! Thus, we have:

- FO) = - Tsle —%Ts\g(s—us|g)2d - Ts|e —%Ts\g(s—usm)Qd
q(&F,0) = om € s+ 2r € 5

5(&F,0)

For uniformed agents, the participation probability function assumes value equal to

one when public signal is lower than the threshold £ or greater than the threshold i3

21 Given the assumptions over the two types, the conditional probability to be a trader for an agent
of one type corresponds to the fraction of the agent of the same type to receive a signal, such that
they will be willing to trade at that price. Therefore, we can say that ¢.(&; F,0) = [. dG(7)

JELNM(E)
and QH(§§ F, 6) = fjeHﬁM(&) dG(])
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It is easy to see that, when z — 0T, the thresholds s and 5 diverge to oo, as it is

report in table 2.1. The sum of the two integrals is zero if £ € [¢,¢] and it is one if

§¢1€¢] O

Proof of lemma 5

Let X be a compact set such that, for a given positive T < 400, X = [0,T]. Function

q(&; F,0O) is differentiable with respect to x € X

Proof. To prove it we apply Leibniz’s formula. We use the generalized formula to
integrals with unbounded intervals of integration.

For given &, ¢(&; F,0) : RT — [0, 1]. It is continuous with respect to x € R* by con-
tinuity of the integrand function h(s,&,z) and of the boundary functions s(&; F, ©)
and 35(&; F,0): h(z), s(r) and 5(x) are Ct. In = 0, ¢(&; F,0) = {0,1} but we know
that zlirél+ q(& F,0) — q(&; F,0)|,—0 by proof of lemma 4. Therefore, we can conclude
that ¢(&; F, ©) is continuous in R*.

To prove differentiability we need further conditions in order to apply Leibniz’s for-
mula. For any positive z, partial derivative h/(s,&,z) exists and it is continuous
in R*.?? Integrals [*_h(s,& x)ds and [°h(s, &, x)ds converge for each positive z,
by boundedness of cumulative distribution function. Furthermore, h!(s,§,x) is inte-

grably bounded.?3

Therefore, by Leibniz’s formula, ¢ (&; F, ©) does exist and it is equal to

q;(& F, @) == h(§7§7‘r)§; - h<§7£7$)§; + /sh;(57gax>d5:|

9 Oty

2 (s, €, 7) = g2 Tt = g7sjeh (Toe(s — msie)® — 55) (—32)

23In the sense that there exists a function f(s), independent of z, such that |h. (s, &, 2)] < f(s)
for all s € R and for all z > 0 and such that fj'of f(s)ds converges.

83



Moreover, lim+ 0.(&F,0) = ¢.(&F,0)|l,=0 = 0. This implies that ¢(&; F,0) is
z—0

differentiable with respect to z € X. O
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Proof of Theorem 4

In order to solve for the information choice z*, we need to compute the indirect
utility: v(s,p; F,0) = E[U(Wa(a}))|F;]. Then, we need to take the expectation of
the indirect utility function with respect to s and &, z(x; F,©) = Ev(s, p; F,©)]. The

last step is to find the maximum, z* = argmax z(x; F, ©). We compute it numerically.

Lemma 7. For each agent, the indirect utility function is

( (
—e M Zf g € [§7 E] .
1 if ©=0
_ e Wi k(Elr|g-p)*+F otherwise
v(s,p; F,0) =< »
o~ W1 —C(z.0)] if s€ls,s
1 if >0
— e M -C@al=gk(Ems&l-p*+F  4horise
\ \
(2.13)

Proof. Final wealth is Wy = [W1 — C(z, ¢)][1 + o* ()] with o* given by 2.12. In

order to compute the indirect utility:2*

o(s, p: F,0) = EleW2o")| F] = — e~ (EWa(@)lsdl-3VarlWa(a)ls )

we need to compute the mean E[Ws(a*)|s, ] and the variance Var[Ws(a*)|s, €] of the

final wealth (W5). At the trading period, wealth Ws(a*) is given by normal random

24We use the properties of the log-normal distribution.
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variables 7, s, p and a constant term [W; — C(x,c)]. Therefore, the mean is:

EWy(a®)ls,&] = Wi = C(z,0)]a”E[5E]s, ] + Wi — C(, ¢)]

(

_ Wy — C(x,c)] it sels,F]
|- C(@, ) gy (Elmls, €] — p) 22 4+ (W — Oz, )] —
) Wy —C(z,c) it  sels,d]

k(E[r|s,&] —p)* + [W1 — C(z,¢)] — F  otherwise

and the variance is:

Var[Wy(a®)|s, & = LESS (226)] Var[ﬂs ¢]
0 if sels,s]
— x.c 2n2k2 s —p)? 1
(W1 C(pé[‘)}g/f’_g(i[)]é £]=p) % otherwise
(
0 if s € [s,3]
k(E[r]|s, €] — p)? otherwise
Thus, for x > 0, the indirect utility is:
(
o W1-C(z.0)] if s€ls,3
v(s,p; F,O) = 2_k 2
e~ W1=C(z,0)l+k(Eln|s£l-p)° =5 (Elmlsgl-p)*+F i1} arwise
;
e~ —C(z.0)] if sé&ls,3
N e*[WrC(%C)]*g(E[W|s’5]’p)2+F otherwise
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Similarly, for x = 0, indirect utility is:

—e M if &€l ¢

vip; F,0) =
(p; £, ©) —wi-E(Brlg-p)2+F

—e otherwise

]

In Figure 2.6, we plot the indirect utility function, for given values of market price,
price informativeness and private signal precision. We let vary the participation cost,

F', in order to note how the no trading region enlarges.
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Figure 2.6: The indirect utility function with the participation cost.

Lemma 8. The expected indirect utility function is:

—e V(g1 + g2 + g3) if =0
2(z; F,0) = (2.14)

—e~M=CEA(f + £, + fs) if x>0
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where f1, fo and f3 are defined by equations (2.15) and g1, ge and gs are defined by

equations (2.16).

Proof. We double integrate (2.13) over the domain of the two signals, given their joint

distribution f(s,§):

Efv(s,p: F,O)] = / / o(s.& F,0) f(s, €)deds

5(€;F,0) 1kE 24 F
_ - Wi—C0) / / TN p (5 ) ds | dE
s(sF@
/ / €)dsdé
s(&F,0)
/ U ‘%“E[ﬂlsva—mmf(s,f)ds] dg}
(&F.0)

We compute the integrals by steps.

1. First of all, we focus on the first one. We rewrite the joint distribution as the

product of the conditional and the marginal:
s(GRO) )
[ e e sl as | g6

2. We open the square and we rewrite it as:

—1k(Elrls, &) = p)* = —3k{} [ (s = ) + o€ — )] = (0 — i)}
= =35 [Bi(s — pn)® = 2825 — 1) (€ — pn) + B3(€ — i)’

where

sb—5) By =k(b— )
88
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Moreover, we explicit the conditional density:

h(s|¢) = /Tzsie—%Ts\g[(S—#ﬂ')—V(ﬁ—#W)]Q

. The integrand becomes:
¢~ Bl E-P) g1 6) —

_ ;ﬁef%{ﬁl(S*uw)Q7252(S*uw)(éfuw)Jrﬁs(éfuw)%rTs\g[(S*uw)Q727(37/%)(£fuw)+72(§fu«)2}}

— 2 [(Bi+7416) (s=11m)2 —2(B2+ 7o) (5=t ) (€= im )+ (B3 + 741 e72) (=i )2]

— Tslg

271'6

. We want to complete the square in the exponential term, in order to write the

integrand as a normal density function of s conditional to &.

IB+TS 87W£7Wﬁ+‘rs ﬁ+7—s 2577?2
(51+Ts\g)(3_ﬂ7r)2_2( 2 Is’Y)( (ﬁl;L)él&)ﬂ )(B1 Ié)i( 2 (/A’fl)q-s(‘{)“ ) +(ﬁ3+7's|§72)(£_ﬂ7r)2 —

{imp [P )

) 2
(ﬁ +Ts ) 6 +7_s 2 E_ ™ 2
— H - & (L%l)rs(‘g) pa) 4 (B3 + Tsev*) (€ — i)

(Bi+7s1¢)
(Ba+70e7) (E—px) 1) 2
S—prt | 2
(B1+741¢) B2+,
= o] — It (€~ ) [y — (B + )]
(B1+741¢)

. The first term can be defined as the new conditional density function of the
private signal ﬁ(s]ﬁ) after we change the measure, to take into account the risk
of being a trader. The new conditional mean is:

- (B2+Tg)e7) (E—pir)
/"LS|€ - /"Lﬂ- + (51+Ts\§)

and new conditional variance is:

1

~92 _
0-5|§ T BitTse
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6. The second part of the integral does not depend on s. Then, we can take it out

from the inner integral.

7. The first double integral can be rewritten as:

/ [ /s(s;F@) e%k(E[Trs,i]p)Qh(S‘f)dS] 9(£)d =

/62+ s|§’y
(5 pr)? —(B3+7s1eY ) {F@
Ts 2 (B1+7s
/ Ve s /2757 / h(s1€)dy g(€)de

8. We can compute the inner cumulative distribution function. It depends on &.

The first integral becomes:

2(5 IJ‘W)Z
\/ 7—5|£03§/

9. Similarly, the third integral becomes:

E ,U'7r)2
\/ TS|£05|§

10. The middle part of the double integral tells us what the unconditional expected

(B2+751e7)?
614‘76‘5) (63"’7—3\572)

O(s(&; F, O); fisje, 52j¢) 9(&)deE

(B2+Ts1e7)?
Zl-&-‘r‘ig) (B3+TS|£72)] [1

— O(5(& F, 0); fisje, 52¢)] 9(€)dE

participation rate of the agents is.

§F® 5(&:F,0)
/ / oy SOOI = / 9(6) /S@;F,@ B(sl¢) ds dé
= /1 — [B(5; sl 021e) — PS5 psje, 021 )] 9(E) dE
- / 4(€: F,0) g(€) dé = Q(x: F, ©)
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For the first equality, we write the joint as the product between the condi-
tional and the marginal. For the second one, we use the previous result of the

conditional participation rate. Then, we integrate over the public signal &.

For positive z, the expected value of the indirect utility is given by:2>

2(w; F,0) = Elu(s,p; F, 0)] = —e " =CCI(f 4 fo 4 fi)

where:
(Ba+7gem)?
ey B [ o
fi= e\ [r5e62, [e D(s(& F,©); fige, 52)¢) 9(6) d€
fa= [1-(2Ginae 00)) — @55 majes 00)e)] 9(8) dE (2.15)
(Ba+7gem)?
%(&-Hw)Z [ﬁ-([ﬁ*—ﬂﬂg"ﬁ)}
fa= ef\[red?  Je [1 - ®(5(& F, ©)i f1age, %) 9(6) de

Similarly, for x = 0, we integrate (2.13) over the domain of public signal £ ~ N (ptr, 7¢).
We tilt the public signal distribution and we get a new measure that takes into account
the market risk, £ ~ N(,uﬁ,%gl) where: 7, = (%)2 - #

Therefore, the expected value of the indirect utility is:
2(0; F,0) = Efv(p; F,0)] = =" (g1 + g2 + g3)

where

F|7¢ ~—1
- _q) s Mo
g=e ,/%5 (& phms Te )

g2 =1 = [O(& pr, 7o) — P(&; s 7] (2.16)

T = ~_
gs = e\ |21 = (& pr, 7))
Te

]

25For the results reported in tables and graphs, we compute the expected indirect utility function
through MonteCarlo numerical integration methods.
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Lemma 9. (Ezxistence)
Given continuity of the objective function and compactness of the domain, there exist

an optimal solution for the problem (2.4).

Proof. Recall that the expected indirect utility is:

—e~Wi=C@A(f 1 fo + f3) if >0
2(z;¢, F,0) =

—eM(g1 + g2 + 93) it =0

We need continuity of the objective function in order to apply Weierstrass theorem
to prove the existence of a solution. It can be seen that, for = > 0, the first term is
continuous given continuity of cost function and of the term in bracket. The latter is
the sum of three continuous functions: the integral operator preserves continuity of
the integrand.

We need to check continuity in x = 0. We can show that:

lim z(x; F,©) — z(0; F, ©)

z—01
given that:
(B2 )2 Tr 2
G — B+ mer”)]| —amor (1)
and

Ts‘f&;& —> 0+ 1

Moreover, f; goes to g3 and f3 goes to g;.

Lemma 10. (Uniqueness)
Given strictly concavity of the objective function over the compact set X (c), there
exists a unique optimal solution for the problem (2.4). It is an interior solution for

all ¢ € (¢, ©).
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Proof. To prove it, we need to show that the objective function (2.14) is strictly
concave in x € X. Then we apply the maximum theorem and we characterize the
optimal solution with respect to the financial literacy cost c.

We know that the indirect utility function is given by the pointwise maximum of two

functions:
v(s,p; F, ©) = max{vin, Vour }
where
Vin = —exp {—[W1 — C(z,0)] — %k(E[ﬂs,ﬁ] —p)+ F}
and

Vour = —exp {=[W1 = C(z,0)]}

The functions vy, and vy, are both strictly concave in z, V{s, &, F'} € R? x R, given
the assumptions of the cost function and the properties of the exponential function:
the argument is always negative.2¢

The max of two strictly concave functions is strictly concave. Thus, v(s,p; F,0) is
strictly concave with respect to z, V{s,&, F} € R? x R,.

We compute the expected value of the indirect utility function and we use the property
that the integral operator preserves convexity. Given that v(s,p; F,0) is strictly
concave in x for each {s,£} € R? and the joint density function f(s,&) is greater
than or equal to zero for each {s,&} € R?, we can say that the function z(x;c, F, ©),

defined as:
2(x;c, F,0) ://v(s,f;F,@)f(s,f)dsdf

is strictly concave in z for any given F' € R, (provided the integral exists).

26The problem is subject to the budget constraint W; > C(z,c) and the incentive compatibility
constraint:

sk(Blrls,€] —p)* > F
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Applying maximum theorem to a strictly concave objective function and recalling
that X(c) = {z|x € [0,Z(c)]} has a convex graph, we have the following results: the
solution for the problem (2.4) is unique and z*(c, F, ©) = arg max{z(z;¢c, F,O)|x €
X (c)} is continuous in ¢.?’

Furthermore, given that is X (c¢) monotonically enlarging in ¢, *(c, F, ©) is non in-
creasing in ¢: an agent with high financial literacy cost optimally purchases less
information than a more financially literate agent. We can see that, when ¢ increases
and tends to infinity, z*(c, F, ©) is zero, the lower bound of the set X (c), Ve. This is
due to the fact that financial literacy cost c affects only the marginal cost and does
not the marginal benefit. Therefore, when the marginal cost increases, the optimal
action of the agents is to decrease the information to purchase, up to zero. When the
financial literacy cost ¢ vanishes, the marginal cost for the information is null and the
agent would acquire it as much as she can, given the positive marginal benefit. In
this case, the optimal information choice would be z* = Z(0) — oo. We set a lower
bound over the domain of the financial literacy cost, ¢(F, ©)|z*(c, F,0) < ZT(c) < oo,
such that none of the agents in the market has the incentive to spend the whole initial
wealth in information.

Given the described behaviour of z*(c, F,©), there exists at least one ¢, that we
denote ¢(F,0O) such that z*(¢, F,©) = 0 and z*(¢", F,©) > 0. By monotonicity,

x*(c, F,0) =0, Ve > ¢. ]

2T%(c) is the maximum precision that an agent can purchase, given her budget constraint. It is
implicitly given by Wy = C(7, ¢).
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Proof of Theorem 5

To prove the existence of a rational expectation equilibrium, we need to check if
the there exists a distribution of beliefs according to which all the agents optimally
behave, the stock market clears and it is consistent with the behaviour of the agents.
The agents conjecture about the price informativeness. If it is equal to the aggregate
amount of their private information passed to the price through individual asset
demands, then the conjecture is true and the equilibrium exists.

Formally, we need to show the existence of a fixed point of the following function:

F(I)= /GM x*(I;¢;, F,0)dG(7)

where M is the set of the agents who trade in the market.

Recall that A\ characterizes the distribution of the literate agent and that ¢, < cy are
the financial literacy costs of the two types of agents. Moreover, recall that T(c) is
the maximum feasible amount of the information that an agent with financial literacy
cost ¢ can acquire.

Let the compact set Z = [0,Z(c,)] € RT be the domain of the following mapping

operator F': 7 — R*:
F(‘[) :)\Q(I7CL7F7@)$*(‘[’CL7F’@)+(1_/\)Q(I7CH7F7@)'T*<I’CH7F7@)

where [ € Z, x*(1;¢, F,©) is given by equation (2.10) and Q(/;c, F,©) is given by
equation (2.11). We can note that either @) and z* are continuous function with
respect to I. Therefore, F'(I) is continuous in I. If F' maps into itself, then, by
Brouwer’s theorem, a fixed-point, such that F(I) = I, exists.

Note that 0 < @Q < 1 and 0 < X\ < 1, by construction. We know that for any

c€{cp,cp} and for all I € Z, a*([;¢, F,0©) > 0. Thus, F(I) > 0, given that it is a
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convex combination of two non-negative terms.
Moreover, ZT(cp) > z*(I;¢p, F,©) > a*(I;cy, F,0), for any ¢, < cy, where the first
inequality holds because x* € X (¢) for all I € Z and the second one by monotonicity

of x* with respect to ¢ for all I/ € Z. Thus,
F(I) =AQuat+ (1 =) Quy
<Az +(1—-N)ay
< AZ(cr) + (1 =N T(ep)
<7(cr)
where Z(cr) is bounded for all ¢, > ¢, as we describe in the proof of the lemma 10.

Thus, F(I) maps into itself and we prove the existence of an equilibrium.
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Appendix B

Figures and Tables

Table 2.2: Optimal information choice: Wy =1, u, =

Table 2.1: Limits of the functions s (2.7) and 5 (2.8).

£
z—0t § 6
s —00 | +00 | +00
e —00 | —00 | +00

1,/19:0,)\20.25,CL:CH:

0.03.
(a) 79 =1 (b) 7 =1

F=0|F=01|F=05 F=0|F=01|F=05

T xr X X To xr X X
0.25 | 1.5274 | 1.8082 2.0307 0.25 | 1.8038 | 1.8913 1.9099
0.50 | 1.4863 | 1.7442 1.9468 0.50 | 1.6197 | 1.7780 1.8258
0.75 | 1.4452 | 1.6950 1.8191 0.75 | 1.4961 | 1.7017 1.7785
1 1.4043 | 1.6389 1.7148 1 1.4043 | 1.6487 1.7385
2 1.2419 | 1.4166 1.3165 2 1.1795 | 1.4995 1.5706
5) 0.7961 | 0.7455 0 5) 0.9002 | 1.2665 1.3836

Table 2.3: Price informativeness: Wy =1, u, =1, up =0, A = 0.25, ¢, = cyg = 0.03.

(a) =1 (b) =1

F=0|F=01|F=05 F=0|F=01|F=05

Tr I I I Ty I I I
0.25 | 1.5274 | 1.2199 0.9074 0.25 | 1.8038 | 1.4519 1.1004
0.50 | 1.4863 | 1.1735 0.8388 0.50 | 1.6197 | 1.2676 0.9145
0.75 | 1.4452 | 1.1195 0.7780 0.75 | 1.4961 | 1.1474 0.7780
1 1.4043 | 1.0699 0.7119 1 1.4043 | 1.0574 0.6989
2 1.2419 | 0.8631 0.4337 2 1.1795 | 0.8535 0.5547
) 0.7961 | 0.3347 0 5 0.9002 | 0.6262 0.3810
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Table 2.4: Market price variance: Wi =1, u, =

1, pg =0, A =0.25, ¢, = cyg = 0.03.

(a) 7o =1 (b) 72 =1
F=0|F=01|F=05 F=0|F=01|F=05
2 2 2 2 2 2

7}T (71)}% (7})}% (73?}% 779 (71)}% (71)}% (71?}%
0.25 | 3.9063 | 3.9156 | 3.9813 0.25 | 1.1671 | 1.2787 | 1.4671
0.50 | 1.9029 | 1.9058 | 1.9512 0.50 | 0.9798 | 1.0208 | 1.1069
0.75 | 1.2331 | 1.2305 1.2553 0.75 1 0.9228 | 0.9334 | 0.9758
1 108970 | 0.8892 | 0.8970 1 10.8970 | 0.8891 | 0.8979
2 10.3889 | 0.3660 | 0.3272 2 10.8667 | 0.8214 | 0.7632
5 10.0879 | 0.0614 | 0.0401 5 |0.8630 | 0.7854 | 0.6563
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Figure 2.7: Market participation rate for the literate and illiterate agents. We dis-

tinguish between two scenarios: high uncertainty with (7, 75)
uncertainty with (7,,79) = (5,5). Wi =1, pr = 1, py =

Cr, = 001, Cyg = 0.03.
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Figure 2.8: Size of the risky asset market. We distinguish between two scenarios:
high uncertainty with (7,,7) = (.5,.5) and low uncertainty with (7.,7) = (5,5).
Wi=1, =1 =0, A=0.25 F=0.1, ¢, =0.01, cg = 0.03.

Optimal Precision - high uncertainty Optimal Precision - low uncertainty
45 ; . . . . 45 ; . . . .
Type L Type L

0 0
0 0005 001 0015 002 0025 003 0 0005 001 0015 002 0025 003
Financial Inequality (cH - cL) Financial Inequality (cH - cL)

Figure 2.9: Optimal information choice for both types. We make ¢, to decrease,
starting from c;, = 0.045. We distinguish between two scenarios: high uncertainty
with (7, 79) = (.5,.5) and low uncertainty with (7,,79) = (5,5). Wi =1, pur = 1,
o =0, A =0.25, FF=0.1, cy = 0.045.
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Figure 2.10: Logarithm of the price informativeness. We make ¢y to decrease, start-
ing from ¢, = 0.045. We distinguish between two scenarios: high uncertainty with
(Tr,79) = (.5,.5) and low uncertainty with (7, 79) = (5,5). W1 =1, pur =1, uy =0,
A=0.25, F =0.1, cg = 0.045.
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Figure 2.11: Market participation rate for both types. We make c; to decrease,
starting from c¢;, = 0.045. We distinguish between two scenarios: high uncertainty
with (7., 7) = (.5,.5) and low uncertainty with (7,,79) = (5,5). W1 =1, pu, = 1,
e =0, A =0.25, F = 0.1, cg = 0.045.
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Figure 2.12: Market price variance, computed in equilibrium. We make ¢, to decrease,
starting from c;, = 0.045. We distinguish between two scenarios: high uncertainty
with (7, 79) = (.5,.5) and low uncertainty with (7,,79) = (5,5). Wi =1, pur = 1,
e =0, A =0.25, F = 0.1, cg = 0.045.
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Figure 2.13: Variance of the market excess return. We make cp to decrease, start-
ing from c¢;, = 0.045. We distinguish between two scenarios: high uncertainty with
(Tx,79) = (.5,.5) and low uncertainty with (7, 79) = (5,5). W1 =1, pu, =1, pg = 0,
A=0.25, F=0.1, cg = 0.045.
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Variance of expected excess return - high uncertainty Variance of expected excess return - low uncertainty
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Figure 2.14: Variance of the expected excess return for both types. We make cp
to decrease, starting from c;, = 0.045. We distinguish between two scenarios: high
uncertainty with (7, 7) = (.5,.5) and low uncertainty with (7., 7) = (5,5). Wy =1,
e =1, g =0, A =0.25, F = 0.1, cy = 0.045.
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Figure 2.15: Expected Utility of both types. We make ¢y to decrease, starting from
cr = 0.045. We distinguish between two scenarios: high uncertainty with (7,,79) =
(.5,.5) and low uncertainty with (7, 79) = (5,5). Wi =1, ur = 1, g = 0, A = 0.25,
F=0.1, cg = 0.045.
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Chapter 3

Financial literacy, Cognitive abilities,

and Asset pricing implications

3.1 Introduction

Standard asset pricing models assume rational investors who trade to maximize the
utility of their wealth. Models differ by the assumptions on preferences, beliefs and
the structure of market, and on how the information is shared between investors.
Differences in assumptions deliver a wealth of asset pricing implications, which con-
stitute the basis for the empirical validation of such models. An important aspect of
the models is how informed the investors are about the assets return distribution.
An extensive literature documents that a large fraction of the investors population
lacks of crucial information to invest in financial markets and is therefore financially
illiterate. Lusardi and Mitchell (2007) show the positive association of financial lit-
eracy with planning for retirement, McArdle et al. (2009) with wealth, van Rooij
et al. (2011) with stock market participation, Guiso and Jappelli (2009) with portfo-
lio diversification. A related work by Christelis et al. (2010) investigates the role of

cognitive ability in shaping the stock market participation decision and shows that
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other things equal, including age and education, more cognitive able individuals are
more likely to participate to financial market. This issue suggests a channel through
which cognitive abilities can affect the households behaviour on financial market, as
it is modelled by Jappelli and Padula (2011).

This chapter investigates the role of information in the formation of market prices
and recognizes that investors decide how much financial literacy to acquire, trading
off the benefit of financial literacy with its cost. In our model with noisy traders, a
risky and a riskless asset, financial literacy lowers the cost of buying a more precise
signal on the risky asset payoff, but entails a disutility cost, which varies between
individuals depending on their cognitive abilities. Therefore, while the benefit is the
same for all investors who acquire the same signal, the heterogeneity of cost delivers
interesting general equilibrium implications that provide the basis against which to
evaluate policies aimed at increasing the productivity of financial education.

The chapter emphasizes that investors decide whether to improve upon a baseline
level of financial literacy by attending a financial education program. In taking this
decision, investors take into account the feed-back effects on the informativeness of
market prices. The incentive to acquire financial literacy increases with the produc-
tivity of financial literacy up to the point where the illiterate investors prefer no to buy
the signal and consequently trade more conservatively. From the policy perspective
this means that increasing the productivity of financial education programs can even
decrease the share of literate investors. Related, the market price variance, which
we take as a proxy of market price stability, varies in a non-monotone way with the
productivity of the financial education programs, for high level of uncertainty of pay-
offs and noisy supply. This warns a word of caveat on policy aimed at increasing the
productivity of financial education programs, which, by increasing the heterogeneity

between investors, can contribute to foster the instability of financial markets.
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The rest of the chapter is organized as follow. Section 3.2 sets the model up, section
3.3 characterizes the equilibrium, while in section 3.4 we discuss the main policy
implications. Section 3.5 concludes and points out directions for further research. All

the proofs are collected in the Appendix.

3.2 Model

Individuals are born with one unit of wealth and operate in two markets: the assets
and the information markets. On the assets market, individuals trade a riskless and
a risky security. On the information market, individual can acquire the precision of
a private signal on the risky asset payoff at a cost that depends on financial literacy.
Higher financial literacy grants a lower cost to acquire financial information, i.e. the
precision of the private signal.

To increase their financial literacy, individuals can attend a financial education
training. However, attending the training entails a dis-utility cost, which depends
on the individuals’ cognitive abilities. Better able individuals, face a lower cost of
attending the financial education training. Therefore, the choice to attend the training
is based on the expected utility that individuals derive from being more financially
literate, when they trade the risky asset with the less literate and the noisy traders,
who trade for exogenous reasons such as liquidity needs, and the like.

Hereafter, we describe the main ingredients of the model. The model has three

periods and we describe the decision problem individuals face in each period.

Assets market

Agents trade a riskless and a risky security. The riskless security is the numeraire,
earns the gross return R = (1 4 r), and is supplied inelastically. The risky security

has a risky payoff m with 7 ~ N(u,, 7. ') and its price, in term of the numeraire,
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is p. Short selling is allowed and the per-capita supply, provided by noisy traders,
is 0 ~ N(M@,Tg_l). Without loss of generality, we set py = 0. We assume that 7w
and # are mutually independent random variables and their distribution is common

knowledge.

Agents

Agents are distributed over the set J = [0,1]. They all maximize the same utility
function of their final wealth, but differ in their cognitive abilities. Agents are or-
dered on the set J by increasing level of cognitive abilities. Those who attend the
financial education training incur in a dis-utility cost, which is inversely related to
their cognitive abilities, meaning that better able agents face lower dis-utility costs.
Their dis-utility costs are indexed by the function ~(j) : J — Rt with v(j)" < 0.
We assume that v(-) decreases as the cognitive abilities increase and the cumula-
tive distribution function G(7v) represents the distribution of the agents on the set
J. The agent’s benefit of attending the training is a lower cost of acquiring financial
information.

We define literate agents (L) those who attend the training, and illiterate (H) the
others, who can acquire information at a higher cost. In this setting, we will provide,
as an equilibrium result, the fraction of the agents’ population L = A\J who attends
the training.

For tractability, we assume that individuals maximize a CARA utility function,
with absolute risk aversion equal to p, and that the dis-utility cost of attending the

training program is ') with j € J.

Information structure

Once 7 is realized but not revealed, each agent j € J can purchase financial informa-

tion, that we model as an unbiased signal s; of the risky payoff, of which the agent
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can privately observe realization:

/1 .
T+ 4] —€ if x; >0
5 = Lj

J

where € is a white noise, independent with respect to 7, § and across agents, and z;
is the non-negative signal’s precision. The signal is informative for the agent j € J
if z; > 0, and is otherwise uninformative. We interpret the precision of the signal as
the amount of private financial information about the risky asset payoff.

Agents can acquire private financial information incurring a monetary cost that
depends on the level of financial literacy. Higher illiteracy makes the cost of acquiring
information higher. Acquiring the amount z of information entails a monetary cost
C(z,cy) for the illiterate, and C(x,cy) for the literate, where C(z,cy) > C(z,cyp),
cy > ¢ and C(z,-) is increasing, convex, at least twice differentiable in the first
argument. !

The monetary cost of private financial information provides the metric to evaluate
the productivity of financial education programs. Becoming literate, as the result of a
financial education training, reduces the cost of acquiring the amount x of information
from C(x,cpy) to C(x,cr).

Public financial information is freely available. We model this feature with the
common knowledge about the distribution of the risky asset payoff @ ~ N(p., 7 1)
and with the assumption that all the agents know that the other agents can purchase

private financial information and some of that is revealed by the market price.

!The assumptions on the cost of acquiring private information ensure the existence of an optimal
information choice.
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Timing

There are three periods: the training, the planning and the trading period. In the
training period, the agents decide whether to attend a financial education training to
improve their financial literacy from the baseline level at a cost that is inversely related
to the cognitive abilities. In the planning period, the agents purchase a private signal
s and choose its precision z, which amounts to acquiring private financial information.
In the trading period, the agents observe the private signal realization and the market
price and trade in a competitive market, choosing optimally the portfolio share a.
Once uncertainty is revealed, the agents consume the proceeds from their investments.

Figure 3.1 provides the timeline of the model.

Choice of precision x Observe s and p

Payment of cost C Choice of portfolio share

L | :

=0 Training period Planning period =2 Trading period =3

T I T !
Payment of cost C Choice of portfolio share

Choice of precision x Observe s and p

Figure 3.1: Timeline of the model

To solve the model, we focus on a partially revealing noisy rational expectation

equilibrium.? Agents conjecture a price function: p = a-+br—df where the coefficients

2All agents have rational expectations in the sense of Hellwig (1980) and use the information
revealed by the price while they form their posterior beliefs. Moreover, given that we assume
unbiased private signals spread among agents and this is common knowledge, agents know that the
equilibrium price p contains some information about the payoff value. Therefore, they use it as an
informative signal, where its precision is given by the aggregation of the private signal precisions
through individual asset demands.
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3

a,b,d are determined in the equilibrium.® We turn next to solve the model and

describe the equilibrium.

3.3 Equilibrium

We solve the model by backward induction. At the end, each agent j € J consumes
all the wealth earned by his investments. Therefore, in the trading period, the agent
chooses his share of the portfolio allocated in the risky asset, a;, in order to maximize
the expected utility of his final wealth, given the precision purchased and the infor-
mation cost paid. Fach agent observes a private and a public signal (the equilibrium
price) and computes the posterior beliefs about the final payoff value: E[r|F;] and
Var|m|F;], where F; = {s;,p} is the agent j € J information set, made of the private,
s; and the public, p, signals. Recall that the private signal is informative only if agent
J acquires some information precision. In the planning period, the agent chooses how
much precision to acquire, z;, and pays the monetary cost, which depends on whether
he attends the financial training program in the training period. Since all agents face
the same decision problem in each of the three periods, we drop the index j to ease
the notation. The index will be restored to write the equilibrium conditions in the

assets and in the information markets.

The trading period

In the trading period any agent maximizes:

Hl(iiXE[U(Wg)LF] (3.1)

3The assumption of linearity is standard and is made for tractability to ensure a closed form
solution for the price function.
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subject to:

Wiy = W,oRP (3.2)
Wy = Wy —C (3.3)
R = a(”_ppRHR (3.4)

where the budget constraint (3.2) - (3.4) implies that the final wealth W3 is the
investment return of the agent’s portfolio choice, a. The return of the portfolio R”
depends on the returns of the two assets and on the market price. The amount of
wealth invested, W5, depends on the homogeneous initial wealth 1/} and on the cost
of acquiring information, C, which is sunk in the trading period and depends on the
choices made in the training and in the planning period.

The optimal share of wealth invested in risky assets varies between agents, depend-
ing on the signal observed and on the precision purchased. In the trading period, all
the private information choices are already done and each trading agent transfers
some of his purchased information to the market price through his assets demand.
Therefore, private information is partially revealed by the market price. While they
are forming their posterior beliefs and formulating their assets demand, agents take
into account the informativeness of p, which is transformed into an unbiased public
signal, &.

The indirect utility of solving the trading problem is E[U(W3)|F]|, which we note
as v(s,p;©) where © is {R, Wy, p, tr, T, To}, to emphasize its dependence on the

private and public signal.
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The planning period

In the planning period, each agents maximizes the indirect utility for the portfolio
allocation problem with respect to the information choice, i.e.

max Efv(s, p; ©)]

x>0

subject to:

Wl Z O('T7 C)

where the expected utility is computed over the joint distribution of s and p and
¢ = {cp,cy}. Recall that the signal precision z affects, by assumption, only the dis-
tribution of the private signal s. In deciding how much precision to acquire, agents
compare the costs and the benefit of private information. The former depends on
financial literacy, in that higher level of financial literacy allows purchasing informa-
tion at a lower cost. The latter depends on how much information is present already
in the market, which in turn depends on the amount of information purchased by
all agents. To the extent that p reveals a lot of information, the benefits of private
information are limited.

The indirect utility of solving the planning problem is E[v(z*)], which we note as

z(c; ©).

The training period

In the training period, the agent maximizes his utility with respect to the choice to

attend the financial education training. The agent problem can be summarized as:

mng 2(cr;0)e” + (1 — D)z(cy; ©)
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where D is binary variable which takes value 1 if the agent attends the training and
0 if he does not. The notation makes clear that the productivity of financial training
has a direct effect on the decision to attend the program. Less apparently, the fraction

of the agents who become literate, A, also affects the decision to acquire information.

The equilibrium

A rational expectations equilibrium is given by the sequence of attending choices D,
assets «; and information x; demands, a price function p of 7 and 6, and two scalar

I and X such that:

1. D; = D*(v());©), z; = 2*(¢;;©) and o = a*(s;,p; ©) solve the training, the

planning and the trading problems.

2. p clears the market for the risky asset:

jeJ p

3. The informativeness of the price I, implied by aggregating individual precision

choices, equals the level assumed in agents’ planning maximization problem:

jeJ

4. The fraction of literate agents A implied by aggregating individual training

choices equals the fraction assumed in agents’ training maximization problem:

)\:/ D; dj
Jje€J
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In noisy rational expectations equilibrium models, investors make self-fulfilling
conjectures about prices and the equilibrium is defined as a set of allocations such
that agents maximize their utilities, their conjectures hold and markets clear.

The agents conjecture that there are A financially literate agents in the market
and they choose optimally to attend the training. Moreover, they conjecture market
price informativeness I such that they choose optimally their private information.
Finally, they conjecture a market price function pR such that they choose optimally
their portfolio shares. The following propositions describe the equilibrium allocations.

Proposition 4 computes the price function and the optimal individual asset de-
mand in the trading period for given price informativeness and distribution of financial
literacy among the agents. Proposition 5 describes the optimal information choice,
implicitly through the first order conditions. Proposition 6 computes the individuals
training choice, given the cognitive abilities. Proposition 7 claims the existence of a

noisy rational expectation equilibrium.

Proposition 4. The equilibrium price is given by:

pR=a+ br —db

where

__ faTn Lt g Pt
R SIS T4+ L T Fil
T 02 0 Tr + p27—9 + 7+ p27_9

The optimal portfolio share for an agent j € J is given by:

kj
ol = Eln|s;, &] — pR
T W= Clayg R
where ¢; = {cp,cu}
Proof. See the appendix. O
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The proof proceeds in five steps and takes A and [ as given. In the first step, we
guess a price linear function and we derive the informationally equivalent public signal
¢ from the price function. In the second step, we compute the mean and the variance
of the posterior beliefs given the two unbiased signals, § and s;. In the third step,
we derive the optimal asset demand. In the fourth step, we derive market clearing
conditions and, in the last step, we impose rationality and determine the coefficients
of the guessed linear price function.

Here, we report the distribution of the equilibrium market price:
pR~ N (Mm L4 d2%>

which variance is our proxy for the market volatility. In the next section we studied
the impact of financial literacy improving policies on market stability and we focus
on the changes in the market price variance.

Next, we show the existence and the uniqueness of the optimal information choice
and describes an endogenous threshold that triggers the decision to acquire private

information.

Proposition 5. There exists a threshold ¢(©) such that all agents with lower financial
literacy cost purchase information. For all agents with ¢ < ¢(©), the optimal financial

information choice x* solves the following equation:
2pRC! (z*, ¢) (’T,T + "+ %Te) =1 (3.5)

Proof. See the appendix. O

The proof follows three steps. First we compute the indirect utility: v(s,p;©) =

E[U(W5)|F] conditional to the agent’s information set. This is given by:

o(s,p: ©) = _%e—%k(E[w\s,sl—pRV—pR[wl—c<x,c>1
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Then, we take the expectation with respect to the joint distribution of the private
and the public signal. It depends on the first two moments of the expected excess
return of purchasing a unit of risky asset. In order to simplify notation, we call f
the expected excess return: f = Elr|s,&] — pR where ji; is the mean and o7 is the

variance. The expected value of the indirect utility function is:
Blu(s,p;0)] = —L(1 + o2k) ™/ 2erR1-Clel]

The last step provides conditions for the existence and the uniqueness of the optimal
information choice.

The next proposition characterizes the individual optimal training choice and
identifies a threshold over the cognitive abilities space according to which all the

agents who are smarter attend the training.

Proposition 6. There exists a threshold 5(cp,cy;©) such that for all agents with
higher cognitive ability (v < 7) it is optimal to attend the training. The agent opti-

mally chooses to attend the training (D = 1) if:
2(cr;©)e” > z(cy; O)

Proof. See the appendix. O

The proof relies on the function z(c; ©) to be non-increasing in c.
The next proposition establishes the existence of a noisy rational expectation

equilibrium.
Proposition 7. There exists a noisy rational expectation equilibrium.

Proof. See the appendix. O

To prove the existence of the equilibrium we need to check that the conjectures of

the agents about the price informativeness and the distribution of financial literacy
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are consistent with the aggregate amount of their optimal choices. Formally, we check

that, in equilibrium, the price informativeness I solves:
I =Xx"(c;0©)+ (1 = N) 2" (cy; O) (3.6)
and the percentage of the literate agents A is:

A= / D) ©)G() (3.7)

In the appendix B, we provide a simplified example in order to understand the
main intuition of the model.

In the next section, we draw the implications for policy of the above proposi-
tions. We focus on policies designed to reduce ¢y vis-a-vis ¢y, which amplifies the
heterogeneity in financial literacy, and makes the financial training program more

productive.

3.4 Policy implications

In this section we examine the effects of policies aimed at reducing c; on the agents’
choices, on price informativeness and on market stability.*

Policies reducing c; but leaving ¢y unchanged increase the productivity of the
financial education training, but also increase the level of inequality on financial

literacy. Therefore, the analysis will allow to check if increasing the productivity of

4We develop policy implications and we use some graphs to get insights. The vector of parameters
O is set as follow: zero return for the riskless asset R = 1; normalized initial wealth: W = 1; risk
neutrality of the agents p = 1; the prior mean of the risky asset is equal to one: p, = 1 and zero
mean noisy supply g = 0. The variance of the risky asset and that of the noisy supply are our
proxy to characterize two kind of scenarios, with high and low uncertainty in the fundamentals.
The financial literacy cost ¢y equals to 0.04, while we let ¢y, take values in [0.005,0.04]. The cost
function is linear: C'(z,¢) = cx. The assumed cumulative distribution function G(v) is a T'(1.1,1).
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financial education training, but also the inequality in financial literacy, fuels market

instability and wealth inequalities.

Optimal information choice

We start by analyzing the effect of the training productivity on the decision to ac-
quire private financial information. Understanding the factors leading the individual
decision to acquire private information sets the stage to discuss the effect of financial
education programs on the informativeness of market prices and, ultimately, on the
stability of markets.

Figure 3.2 shows the effect of increasing the productivity of training on the amount
of financial information acquired by those who attend and those who do not attend the
training. The horizontal axis records cy — ¢y, the vertical one the optimal amount
of financial information acquired. The Figure 3.2 focuses on two scenarios, a high
(1. = 79 = 0.2) and a low uncertainty (7, = 7p = 5) scenario, and draws two lines, for
those who attend (the continuous line) and those who do not attend (the dotted) the
financial education training. We take into account the endogeneity of the attending
choice and we compute, for any given level of ¢, the lowest level of cognitive abilities
for which attending the training is worthwhile.?

If cg = ¢;, no one attends the training program and the two lines merge in one
point. Agents still optimally acquire some financial information, which is revealed in
market price. If ¢y decreases, some individuals, depending on their cognitive abilities,
finds it optimal to attend, others will not attend. The financial information acquired
increases for the literates and decreases for the illiterates, in both the high and the
low uncertainty scenario. Agents who become literate acquire more information than

those who remain illiterate.

®We report the cognitive abilities of the marginal agent (7) in the third panel of the Figure 3.3.
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The information is revealed in the market price and the more informative the
market price, the lower the incentive to acquire private information for the illiterate.
When the financial education program productivity is too high, the illiterate agent
stays out of the information market and fully relies on public signal. That the illit-
erates do not acquire financial information makes the incentive for the literates to
acquire financial information even stronger, which explains why the continuous line
becomes steeper when the dotted line crosses the horizontal axis.

When the economy is in a regime of low uncertainty, we observe the same dy-
namics. Ceteris paribus, agents need to acquire lower amount of information in order
to trade optimally. In the low uncertainty scenario, the illiterate prefer to remain

uninformed for a higher value of ¢, compared to the case of high uncertainty.

Price informativeness and financial literacy distribution

Next, we turn to analyze the effect of reducing c; on aggregate variables. The left
panel of Figure 3.3 focuses on the informativeness of market prices, distinguishing
between a high (continuous line) and low uncertainty (dotted line) scenario. How
much informative the market price is depends on the agents’ decision to acquire
private information. In both scenarios, for high level of ¢y, all agents decide to
acquire some financial information. As ¢ decreases, the productivity of the training
increases and the private information acquired by the literates increases, while that of
the illiterates decreases up to a point where the illiterates prefer to remain uninformed.
At that point, the literates are the sole contributors to the informativeness of market
prices, which keeps on increasing, since the financial information acquired by the
literates explodes when the illiterates decide to remain uniformed and cj decreases.

The effect of the training productivity on the informativeness of market prices
hides the effect on the decision to attend the training program. While it is intuitive

that lowering c¢; cannot reduce the informativeness of market price, the effect on \*
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is less obvious, as shown in the central panel of Figure 3.3. The optimal fraction
of literate agents is zero if there is no benefit from attending the training program,
i.e. ¢y = ¢, and is larger in the high uncertainty scenario than in the low one. As
the productivity of the training increases, the fraction of agents who are attending
also increases. The maximum attendance rate is given by the level of ¢ such that
the illiterates still acquire some information: ¢(cp,cy;©) > cy. When the illiterates
prefer to be uniformed, A* drops as the incentive of being literate in a market with
uniformed and noisy traders decreases. As shown in Figure 3.4, when the productivity
of the training grows too high, the illiterates have no incentives to acquire information.
They realize that in the market there are well informed agents and noisy traders, aside
themselves, and react by reducing their exposure to risk. Their utility decreases (the
dotted line), but they limit eventual losses by trading more conservatively. This
reduces the gains for the literates. Comparing the left panel of Figure 3.4 with the
right panel shows that the premium of financial training (the wedge between the
continuous and the dotted lines) is larger in the high that in the low uncertainty
scenario. This premium is fully offset by the dis-utility cost of the marginal agent,
who has the lowest amount of cognitive abilities, so that it is optimal to attend the

training.

Financial market stability

We are now ready to analyze the effect of increasing the productivity of training on
market stability. We consider two proxies: the market price variance, reported in
Figure 3.5, and the variance of the excess return, reported in Figure 3.6, that takes
into account the covariance between the payoff and the market price.

In general, market price variance increases if c¢; decreases. Therefore, increasing
the inequality in financial literacy fosters market instability. The literates rely more

on their private information and they trade more aggressive. Market price fluctuates

119



more in order to clear excess demand. Allowing for short selling exacerbates this
feature.

For low level of uncertainty (dotted line in Figure 3.5(b), 7. = 79 = 5), the
market price variance is increasing with the price informativeness and, therefore, with
productivity. Instead, for high level of uncertainty (continuous line in Figure 3.5(a),
T, = 179 = 0.2), the market price variance is non-monotone with respect to the effects
of the policy, i.e. increased productivity of the training. For low productivity, the
market price variance decreases, while for high productivity increases. The turning
point corresponds to the change in the information status of the illiterates. However,
with high inequality, either with low and high uncertainty, price informativeness is
high enough to clear the noise due to the uncertain supply. Therefore, market price
variance reflects only the prior volatility of the asset payoff.

Once we focus on the variance of the excess return, we check the incentives the
agents have to trade risky asset. When the productivity of the training increases
and only the literates contribute to price informativeness, the variance of the excess
return of the market decreases, as shown for the high (left panel) and low (right
panel) uncertainty case (see Figure 3.6). This is due to the fact that more price
informativeness implies higher covariance between the market price and the asset

payoff.

3.5 Conclusion

The ongoing demographic transition and the recent financial crisis have put on
the agenda of policy makers around the world the issue of whether individuals
are equipped to face complex financial decisions. A consensus is emerging on the
need of increasing the level of financial literacy in the general population, i.e. the

minimal amount of knowledge on financial matters needed to take decision involving
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long-term welfare consequences, such as those regarding saving for retirement or
mortgaging to purchase the primary home, Lusardi (2008) for more details. To
foster financial literacy, many authors have pointed out the importance of financial
training programs and also emphasized the need of starting financial education early
on in the school.” Understanding the effect of financial education on behaviour is
hard, but is of paramount importance for those who advocate the need of financial
education. Savy financial behaviours are associated in the data with high levels
of financial literacy, which raises the issue of the endogeneity of financial literacy.
Beyond the data complications, to understand the effect of financial education on
individuals’ welfare, one should take into account the possible general equilibrium
effects of financial training programs, an exercise that is lacking in the literature.
Our work fills this gap by focussing on a particular aspect of financial training, i.e.
its productivity, and endogeneizing the individuals’ decision of whether or not to take
financial training, as in Jappelli and Padula (2011). We assume that financial training
increases financial literacy over and above some innate level at a rate that is the same
for all individuals. However, individuals differ for their cognitive abilities, which in
turn affect the dis-utility of taking financial education. Better able individuals face a
lower dis-utility cost and, therefore, are more willing to take financial education, other
things being equal. On the information market, individual can acquire the precision
of the private signal on the risky asset payoff at a cost that depends on financial
literacy. Attending financial education programs grants a lower cost to acquire fi-
nancial information, i.e. the precision of the private signal, providing informational

advantages with respect to those agents who do not attend it. Therefore, in deciding

6A concurrent line of thought, Willis (2008), suggests instead that financial products, whether
dedicated to the household assets or liabilities side, should be structured in such a way to induce
the optimal behaviour on the individuals’ part. While not addressing the implications of changing
the financial architecture, our results help at striking the balance between the financial architecture
and the financial education views by describing the general equilibrium effect of increasing the
productivity of the financial training.

"See PISA 2012, the recent large-scale international study to assess the financial literacy of young
people OECD (2012).
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whether to become literate through financial education programs individuals factors
the decision of the other individuals’ on the informativeness of market prices.

Our main results show that policies aimed at increasing the productivity of finan-
cial education programs foster the market instability and inequality among the agents.
Increasing the productivity leads to higher price informativeness, that is mainly pro-
vided by the literate agents. The share of literates increases up to the point where the
illiterate agents stop to acquire private financial information. Once the productivity
is too high, the illiterate agents prefer to trade conservatively, without acquire any
private information. The literate’s expected utility drops and only the agents with
lower dis-utility costs attend the training. As a result, the share of literates decreases.
Our general equilibrium model enlightens non-monotone effects of the productivity of
financial education programs. Policy makers should be aware of the possible feed-back
effects on market stability, once they decide to provide financial education programs.
Further research should focus on welfare analysis and ways to finance the programs

through the general taxation.
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Appendix A - Proofs

Proof of Proposition 4

The distribution of payoff, supply and signals is:®

( )
0 0 L0 0 dt
To To
™ e o + L b
NN ) ™ Ky K
. p 0 L Lelopt
PR | \ao+bux) \di bm b VP4 dl )

The proof is given in five steps. In the first step, we guess a price linear function and
we derive the informationally equivalent public signal £ from the price function. In
the second step, we compute the mean and the variance of the posterior beliefs given
the two unbiased signals, { and s;. In the third step, we derive the optimal asset
demand. In the fourth step, we derive market clearing conditions and, in the last
step, we impose rationality and determine the coefficients of the guessed linear price

function.

Step 1 : Agents guess a price function, linear in 7 (future payoff) and 6 (noisy

supply):

JEL JjeEH

8Hellwig (1980) noted that a model of communication where agents are aware of the covariance
between the price and their own signals but they act as price-taker is a bit schizophrenic. To remove
this features he looked at the aggregation of information in a competitive sequence of economies.
Verrecchia (1982) removed any potential "schizophrenia” on the part of traders assuming that the
covariance between private signals (s;) and price p does not depend on z. The solution to this
kind of problem is either to assume a large economy (Verrecchia (1982) assumes "traders behave
as if their decisions concerning how much information to acquire are independent of price") or to
explicitly model strategic behaviour (Kyle (1989)).
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Applying the law of large number within each group of traders, we have that fj €;jdj =

0 with probability one. Therefore we can rewrite the price function as:
pR = ag+ br — df

Agents use the private signals to update their prior beliefs m ~ N(u,,7.'). The
private signal is unbiased by construction s|m ~ N(m,z71) and conditionally inde-
pendent from prior belief fi,, E[(tr —7)(s —7)] = 0. Rational agents use the price as
a public signal. It is not unbiased: E(pR|m) = ag + br. To apply Bayesian updating,

agents need to transform the price in an informationally equivalent variable &:

_pR—a 4,

=12 ;

where

€~ Nir, £1)

Step 2 : Agent j observes F = {s;,p }= {s;,&} and updates his prior beliefs with
the two Gaussian signals. Using the well known formula for the multivariate normal

distribution (Degroot (2004), p. 55), the posterior mean is given by:

Elrls;,&] = pr + ! {ffj (s; — Els;]) + &7o(& — E[ﬂ)}

= ki (7'7r,u7r +xjs;+ 2—2795)

J

=N

where the precision of the posterior belief k; is given by is the sum of precisions of

the prior, of the private signal and of the public signal.

1

kj= =Ty +x; + &
T Var(r|s;, €] Tt
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Step 3 : We maximize the CARA utility function with respect to the control

variable . Each agent solves the following:?

max E [_;e—pwm),s 5] — max — Le—PAEW (@)s.8-5Var(W ()]s}
o P ’ o P
where
E[W(a)ls,€] = E |[Wi = Clz, ]a™E + RIW, - C(a,0)]|s, ¢
and

VarW(a)|s, §] = W=Ceadlaly g 75 ]

p

Substituting and deriving FOC, we get that:
I — O, )| Bslonl 2 WeCledl g5, ] = 0

Therefore, the optimal risky asset demand for agent j is:

E[ﬂ—lsj 75] _pR

o 1 — b _ p Elr|s;,£] — pR
T pW = C(wj, ¢;)] —V“”;!Sf’“ W1 = Clzj, ¢)] b

The amount of wealth in risky assets depends on the precision of the posterior, the

risk aversion coefficient and the expected excess return of the risky investment.

Step 4 : The equilibrium price clears the market for the risky asset. Aggregating

over all traders yields the aggregate demand:

jEL p jeH p

9We use the log-normal distribution properties and we drop subscript j to simplify notation. We
will use it again later when we aggregate individual demands.
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We apply the weak law of large numbers for independent and identically distributed
random variable with the same mean, such that fjsjdj = m. Therefore, imposing

market clearing condition holds the following equation:
[)\ (,uﬂﬂr +xpm+ 2—27'95 —kaL> +(1-=2X) <;L7r7'7r +xym+ 2—27'95 — ka:H)} =40

U T + Z—iTg{ +7[Azp + (1 = Nay| — pRNep + (1 — Nky] =0

Using the definition of aggregate informativeness I = Az + (1 — \)zy, we can rewrite

the price equation as:
pR= (7o + 1+ 2—279)_1 (,uWT7r + 2—27'95 +7l — 0)

Step 5 : We impose rationality. ¢ involves undetermined coefficients b,d. We

substitute the expression for £ =7 — % and, rearranging the terms, we have:

pR= (1 +1+ Z—Zm)‘l (,uwﬂr +7(I+ 3—279) -0 (C%Tg + p))

We derive g = ﬁ and we substitute it back in the price function. We find out the

following determined coefficients.

Coefficient of 0:

d= K1 <p+1—;")

Coeflicient of 7:

b:K—l(H%)

Constant term, ag:

-1
g = K HrTr

where K =7, + 1 + ;—57'9.
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Proof of Proposition 5

In order to solve for the information choice z*, we need to compute the indirect

utility: v(s;, p; ©) = E[U(Wy(aZ))|F).

Lemma 11. For agent j € J, the indirect utility function is:

1
v(sj,p;©) = _%6—5’%’(E[WIS]'1£]—pR)2—pR[W1—C(ij%Cj)]

Proof. For each agent, final wealth is W3(a*) = [W; — C(z,c)][R + oz*(”*Tf’R)]. In
order to compute the indirect utility:

e

* P *
F] = _% —pE[W3(a™)|s,8]—5Var[Ws(a)|sE]

v(s,p;0) = E[—je ")

we need to compute the conditional mean E[W3(a*)|s, £] and variance Var[Ws(a*)|s, £].
At the trading period, wealth W3 is given by normal random variables 7, €, s and p

and a constant term pR[W; — C(z, ¢)]. Therefore, conditional mean is:

E[Ws(a")]s,§] = E[[Wi—C(x,0)ja” 2% + RWy — C(,0)]s, ¢
= W= C(x,0)la” B[=22|s, ¢ + RIW) — C(x,c)]
= W1 = C(a,0)| sty (Elrls, €] — pR) EEE=2R 4 R, — O, )]

— E(E[n|s,€] — pR)? + R[W; — C(x, ¢)]

p

and conditional variance is:

* —C(z,0)]?(a*)? —C(x,0)]?p?k?(E[r|s,£]— 2
VarWa(a")ls, €] = W=CledeDyar(r]s, 6] = W=ClolrirtEsdpii )

— &(B[n]s,&] - pR)
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Thus, we can rewrite the indirect utility of agent j, as:

ki o Clayey LR -
o(s;,p; ©) :__%e—p{;<Ewwya PR)?+RWi—C(w).¢;)]= 5 73 (Blrls; €] —pR)*}

1~ 2ky(Blr|s; £ -pR)>—pRIW1—C(z ¢, )

= e
p

]

Once we derive the indirect utility, we need to compute the expected value. Tt
depends on the first two moments of the expected excess return of purchasing a
unit of risky asset. For simplifying notation, we call f the expected excess return:
f = Elr|s;,&] — pR where piy is the unconditional mean and ¢7 is the unconditional

variance.
Lemma 12. For agent j € J, the expected value of the indirect utility function is:

Elv(sj,p;0)] = — [(% + 0]2«)7@} T R Cta )

Proof. The expected excess return f = (E[n|s,&] — pR) is a linear function of two
normal distribution random variables. Therefore, it is a normal random variable.
In order to compute the expected value of the indirect utility function, we need to
compute the mean, y; = E[E[r|s,{|—pR], and the variance, 07 = Var|E[n|s, {]—pR],
of the expected excess return. We start computing the expectation of the posterior
belief:

E[E[r]s,¢]] = E MW+%[I(5—E[5])+i—iT@(g—E[g])}

= ,LLT('
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and the expectation of the market price:

ElpR] = FElay+ br — db]

= ao+ by = pir

Therefore, the mean of the expected excess return is zero, py = 0. To compute the
variance we need the variance of the posterior belief, the market price variance and

the covariance of two terms.

o} = Var|Eln|s,&]] + Var[pR] — 2Cov|E[r|s,¢], pR]

where the variance of the posterior belief is: !

irg 2 zl*T
Var[Blrls,£]] = &(E+1)+ (& + 4) + 243 L

Tr x T Tr

1 2 o2 12 2
= (@ +ar + Ty + 2ToTx + 295?7'9)

= #(JI + i—zTQ)l{?

1
T

I =

Market price variance is:

Var[pR] = bQi + dz%

and covariance between posterior beliefs and market price is:

Cov|Er|s,&],pR] = bi

'"0We use the law of total variance: Var[Y] = E[Var[Y|X]] + Var[E[Y|X]]
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Thus we can rewrite O'ch as:

Once we have the first two moments of the excess return, we can compute the expected

value of the indirect utility:

1
Elo(spi©)] = Bl e 2t/ e
—lk‘ 2 i 2
_ _le—pR[Wl—C(x,c)]E[e 2 Uf(af) ]

p
We know that f ~ N(uy,07) and (%)2 ~ x3. Therefore, we can use the moment

generating function of a x?. This is given by the following formula:
M(t,h) = E(e”) = (1 —2t) "/
In our case, we have:
h=1 t = —3ko; 1 =2t = k(; + 0})

Therefore,

Ble 2150 | = k(L + 03]

Now, rearranging all the terms, the expected value of the indirect utility for agent j

is:
~1/2
/ e~ PRIW1=C(zj5¢;)]

B[—LerWstedl] = _1 [kj(k% i 0}20)]
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Lemma 13. Given ¢ > ¢(0) and I < oo, there exists an endogenous thresholds ¢(0©).
The optimal information choice is:
0 if ¢>¢
x*(c, I,0) = ,
| 20RC, (2, ¢) (TW v ar %rg) —1 if c<c
In order to prove the existence and the uniqueness of the solution, we apply the
concave maximum theorem. We called ¢ the positive expression, independent from
the control variable x:
1 2\~1/2__prW
(5 +op) e

o=

1
p
and we rewrite the expected value of the indirect utility function as:

E[_%e—pW:s] — _¢k—1/26pRC($,C) _ _¢(7_7r +r+ IQ;_%)—l/erRC(:E,C) (38)

The objective function (3.8) is strictly concave and defined over a compact domain
[0,Z(c)] where Z(c) solves Wi = C(Z,c¢). The concave maximum theorem guarantees
the existence and the uniqueness of the solution. It could be interior or a corner
solution: z* = 0 or z* = T(c). We need to specify conditions over parameter space in

order to characterize the solution. First, we derive FOC and we compute it at x = 0.

OF|v ~1/2
Lt o) pRC (0,0
ox p 2(T7r+p_27'9)

When it is positive, agent has incentive to acquire information, x* > 0. We call
¢(©) the threshold over the financial literacy parameter space such that agents with
this amount of financial literacy are indifferent between being informed or remain

uniformed. Formally, it is implicitly given by:

20R (e + L)) = Cu(0;0)
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Therefore, given strictly convexity of cost function, Ve < ¢, x*(¢, I;©) > 0.

In order to get an interior solution, it is enough to show that there exists an = €
[0,Z(c)] such that FOC is negative. Formally, we check when the following condition
holds:

L < C.(T(c), )

20R(T()+ 7+ 5370
We identify a second threshold ¢(©) that it is implicitly given by

= C.(z(¢); ¢)

1
2pR(z(¢)+7x)

For all ¢ < ¢ < ¢, 2*(c, I;©) is an interior solution belonging to the set [0,Z] and it is
given by:

2pRC,(z, c) (7’7r +x+ ;—27'9) =1

We derive implicitly the amount of information z*(c, ; ©) that an agent optimally
acquires. It depends on the exogenous financial literacy cost ¢ and on the endogenous
price informativeness 1.

The agent will be indifferent between being informed or uniformed when I goes
to infinity (fully revealing market price) or if own financial literacy is equal to ¢. For

any c > ¢, the optimal information choice is:*!

0 if c>¢
z*(c,1,0) = ,
T | 2pRC,(z,¢) (7’7r + 2+ f)—QT(;) =1 if e¢<e

'We want to avoid the case where agents prefer to spend their whole initial wealth in the infor-
mation market and nothing in the asset market. This case is possible given the form of the CARA
utility function where agents consider both the mean and the variance of the final wealth.
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Proof of Proposition 6

Recall that
2(¢,0) = Blo(a’ (¢, 0))] = =4(1+ o7k?) e M=Clr)

For any given A\, we can show that z(c, ©) is negative and non increasing in c:

Ver, ey with cp < ey, z(cp,©) > z(cy, ©). Formally, monotonicity is satisfied when

20 — — [% (1+ k" pRC,) + k*pRC,] < 0

dc
—pR[W1—C(z*,c)] . k*Ca:c + Cm%ﬂ
where ¢ = = >0 and 225 = — 91.9¢ This holds when:
L + 0'2 ¢ k*cxx + C;p
PA/ &~ ¥
d* k*pRC.,

> —
dc 1+ k*pRC,
Let the function f: R — R define as follow:

f(’y) = Z<CL7 @)e'y - Z(CH7 8)

It is continuous and monotone (f! < 0). For any given A and for all ¢z, cy with

cr, < cy, we can show that the optimal attending choice is:

1 if f(v) >0

0 iff(7) <0

D*(v,0) =

Moreover, we can show there exists a 7 such that the marginal agent j|y(j) = 7
is indifferent between attending or not attending the training. For v equals zero,

f(0) = z(cp,©) — z(cy,®) > 0, by monotonicity of function z(-). For v goes to
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infinity, hI_iI_l f(7) < 0. Therefore, applying Bolzano’s theorem, there exists a 7 € Rt
’Y—) oo
such that f(¥3) = 0, by continuity of the function f(-).

Therefore we can rewrite the optimal attending choice as:

1 ify <7y
D*(v,0) =

0 ify>7%

where 7 = log z(cg, ©) — log z(cr, ©). Moreover, 7 is continuous with respect to .
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Proof of Proposition 7

To prove the existence of a noisy rational expectation equilibrium, we follow two
steps: in the first one, for given distribution of financial literacy, A\, we check the
equilibrium condition in the information market, i.e. the price informativeness that
is consistent with the aggregate amount of the optimal individual information choices.
In the second step, we check the equilibrium financial literacy distribution that it is
consistent with the optimal attending choice of the agents.

For any A € [0, 1] and for any ¢y > ¢, > ¢, let the compact set Z = [0 C

1
RO

R* the domain of the following mapping operator F': Z — R*:

F(I) = Xe*(cp, I;©) + (1 = N)a*(cu, I; ©)

where [ is an element of Z and x*(c, I; ©) is implicitly given by:
2pC" (%, ¢) (a:* + 7+ £—§T9> =1

Continuity of F'(I) is guaranteed by the assumption that C! is continuous. We
need to prove that F' maps into itself to apply fixed-point Brouwer’s theorem ( F'(I) =
I).

For all ¢ > cand I € Z, 2*(¢, I;©) > 0. Moreover, given strictly convexity of cost
function, C’(0,c) < C’(z*,¢). This implies that:

x 1 _ 2 1 1
T = e Tt 270) S goree S mpo00)

Forallc>cand I € Z,

0<2"(c,1;0) < 5500
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The linear combination of two terms belonging to Z, still belongs to Z:

0<F(I)=Xe"(cr,1;0)+ (1 = N)z"(cy, [;0) <

1
2pC7(0,c)

Thus, F(I) maps into itself and we prove the existence of the equilibrium condition
in the information market for any given \.

The equilibrium condition for the financial literacy distribution implies that the
amount of agents who optimally choose to attend the training is consistent with the
financial literacy distribution conjectured. Let the compact set A = [0,1] be the

domain of the following mapping operator S : A — R*:

S0 = / D*(1(4), ©)dG(7)

Recalling the results of the proposition 6, according to which D*(v(j), ©) takes value
one if v(j) < 7 and recalling that ~(-) is a continuous and monotone function, we
can show that f] D*(v(3),0)dG () = G(7) where G(-) is the cumulative distribution
function, derived by the distribution of the agents over the cognitive abilities space.
Given that G(vy) € [0, 1], by the properties of the cumulative distribution function,
and () is continuous, by proof of proposition 6, the function S(A) is continuous and

maps into itself. Thus, the Brouwer’s theorem applies and we prove the existence.
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Appendix B - Example and Graphs

Example. We specify a linear cost function: C(x,c) = cx. The domain of the private

signal precision is X = [0,T| where T = % s the mazimum amount of information

that an agent can purchase. The threshold that trigger the choice to be informed is:
12 !
C = |:2Rp(7'ﬂ— + p—QTg)]
and, for any positive ¢ < ¢, the optimal information choice is:

* [ . o 1 12
A (C,@)—m—Tﬂ—p—QTg

It is easy to check that it is decreasing in price informativeness I and decreasing in

c. The expected indirect utility is:

—cpR(T, ET -1
oy | VIR T ey <
z(c;9) =
) —1
I (e 4 Berg) (K + 5 1) e if e>e

We need to distinguish between two cases. Case A, when both types optimally
prefer to be informed: cp, < cyg < ¢, and case B, when the illiterates prefer to remain
uniformed, cp, < ¢ < cy.

In case A, the agent attends the training if:

Z(’}/, CL; @)e"{

>1
Z(’YvCHa@)

which holds when:

2

I
[o7 —pR(cr—cy)(tet g
CCIL:Ie p- (CL CH)(T +p27—9)+7 < 1
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i.e. for any v <7 such that:

¥ = pR(cp —cpy)(mr + ;—27'9) — $log oL

In case B, the agent attends the training if:

Z(’YvCL ;6)87
om0 1

which holds when:

2pRer =P eL(Tnt 2 To)+ 5+ <1
12

T7r+p_27'6

i.e. for any v <7 such that:

2pRc

—IQL]

Tﬂ—-‘rp_QTQ

5 = pRep (7 + ;—27'9) — %[1 + log

In equilibrium, the price informativeness is given by:

_1+\/1+;—3<ﬁ5—n>]

=2
To

where ¢ = A2 + (1 — )L,
cL CH

. . g ~ A . . . . .

I 1s strictly positive when ¢ < S The fraction of the literate agents is given by:

i )

A= / D*(1(4); ©)dG () = / a6 = 6
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Optimal precision - High uncertainty Optimal precision - Low uncertainty
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Figure 3.2: Optimal information choice for both types in high (7, = 0.2, 7 = 0.2) or
low (7, =5, 79 = 5) regime of uncertainty: R=1, Wy =1, p=1, u, =1, ug = 0.
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Figure 3.3: Price informativeness, optimal fraction of literate agents and threshold
over cognitive abilities domain in high (7, = 0.2, 7p = 0.2) or low (7, = 5, 79 = 5)
regime of uncertainty: R=1 Wy =1, p=1, pu, =1, ug = 0.
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Expected indirect utility - High uncertainty Expected indirect utility - Low uncertainty
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Figure 3.4: Expected utility for both types in high (7, = 0.2, 7p = 0.2) or low (7, = 5,
Tp = 5) regime of uncertainty: R=1, Wy =1, p=1, ur =1, g = 0.

Market Price Variance Market Price Variance
4.99 T T T T T T 0.19
\/ e /
4.98f l,'— ,/
4 !
/ 0.17 V4 1
4.97 / 1 s
4
/ V4
s 0.16 % 1
4.96 / J/
! 4
Vd 0.15 0 1
S/ 7
4950 / , J
’ 0.14 7 4
Il _I’
494 /' =02 P - =02
___,.—"‘ _____ w5 [l 1,=5
493 e ; 012 ; . : ; ; ‘
0 0005 001 0015 002 0025 003 0035 0 0005 001 0015 002 0025 003 0035
Productivity: ¢, - ¢ Productivity: ¢, - ¢
HoL HOoL
(a) Prior precision: 7, = .2 (b) Prior precision: 7, =5

Figure 3.5: We report market price variance, computed in equilibrium. We set cgy
equal to 0.04 and we let ¢, decreases up to 0.005. Moreover, R=1, W, =1, p =1,

pr =1, po = 0.
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Figure 3.6: Variance of the excess return. R=1, Wy =1, p=1, u, =1, ug = 0.
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