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Abstract

This paper studies the optimal design of a pension system together with publicly-provided
individualized financial education. Agents can invest in both a risky and a non risky asset and
can either under- or over-estimate the expected return of the risky asset. We show that, under
perfect information on the misperception biases, it is optimal for the government to impose
a uniform level of pension contributions equal to the first-best level of investment in the non-
risky asset and a U-shaped level of education. Under asymmetric information, we show that
the level of education is always distorted upward for agents with important misperception
biases (who either under- or over-estimate financial returns) but, can be distorted upward or
downward for agents with mild misperception biases. Whether we end up in one or the other
situation depends on the size of the public and private costs of education as well as on the
shape of the distribution of the misperception biases in the economy.
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1 Introduction

Despite the historical higher performance of stocks over bonds and banking accounts, agents are
still reluctant to hold stock market assets. This is often referred as the “stock market partici-
pation puzzle”. Economists have long tried to explain that puzzle, invoking, for instance, high
participation costs, ambiguity aversion, loss aversion, lack of confidence in the financial systemEl
One explanation may also be that agents misperceive expected stock returns and risk levels. For
instance, Kezdi and Willis (2009) show, using HRS data, that stock holding is low because agents
expect a lower mean return and a higher variance than the true, historical ones. In the same way,
Hurd and Rohwedder (2011) show that agents are in general more pessimistic about stock market
returns than historical outcomes justify, and would therefore prefer (riskless) saving accounts.
Another reason for explaining that puzzle relates to the low level of financial education of agents.
For instance, Van Rooj et al. (2011), in the case of the Netherlands, and Arrondel et al. (2015),
in the case of France, show that agents with low financial literacy are less likely to invest in stocks.

Misperception biases regarding the return of financial assets may have several explanations.
Kezdi and Willis (2009) and Hudomiet et al. (2011) show that individual characteristics are
strong determinants and that single households, in particular women, African-americans and less
educated agents are more likely to be pessimistic about stock market returns and thus to hold
fewer stocks. Hudomiet et al. (2011) also show that the market environment (and in particular the
great recession of 2008) influences agents’ expectations about stock market returns. Malmendier
and Nagel (2011) look at the effect of having lived through the Great Depression. Agents who
have experienced low stock market returns are also less likely to participate in the stock market
and when they do, they are more pessimistic about future returns.

Financial education may nonetheless mitigate misperception (either pessimism or optimism)
about the return of financial assets. Financial education is defined as “the process by which finan-
cial consumers/investors improve their understanding of financial products, concepts and risks

and, through information, instruction and/or objective advice, develop the skills and confidence

LFor a review of the possible explanations to the stock market participation puzzle, see Guiso and Sodini (2013).



to become more aware of financial risks and opportunities, to make informed choices, to know
where to go for help, and to take other effective actions to improve their financial well-being”
(OECD, 2005). Financial literacy or knowledge is then the outcome of this process. Lusardi et
al. (2010) show that college education as well as parental (mother’s) education and the financial
sophistication of parents are important determinants. To the opposite, African-Americans, His-
panic, women, the young and the less-educated more often fail to understand financial literacy
concepts (Lusardi and Mitchell, 2011). For this reason, public policies should primarily foster
financial education of those more disadvantaged groups. Yet, as Kezdi and Willis (2009) argue,
it takes “effort, intelligence and motivation to acquire knowledge of this body of evidence and
use it to make saving and portfolio decisions that will raise the individual’s or household’s level
of expected utility”. As such, financial education is costly not only to governments but also to
individuals.

It is clear that both misperception biaises and the lack of financial literacy have important
lifetime economic consequences as they influence the size of accumulated wealth, the choice be-
tween different financial assets and ultimately, the possibility to smooth consumption across the
lifecycle, in particular from the working-life period to the retirement periodEl As mentioned in
the OECD (2005) report, the acquisition of financial education and of financial knowledge has
become crucial in recent yearsEl On the one hand, financial products have become more complex
and more numerous. On the other hand, the changes in pension arrangements (i.e. the shift from
defined benefits to defined contribution pension plans) as well as demographic changes (i.e. in-
creased longevity and increased retirement period inducing lower replacement ratios) have shifted
the responsibility of making lifetime financial planning from governments to individualsﬁ

Of course, if agents were perfectly farsighted, perfectly rational and perfectly informed about
asset returns, no public intervention would be required and agents would be able to undertake the

right decisions, i.e. the ones maximizing their expected utility. Since this is obviously not the case,

2Van Rooj et al. (2012) show a positive relationship between financial literacy and wealth accumulation. Finan-
cial knowledge reduces transaction costs (i.e. gathering and processing information) and is positively associated
with retirement planning so that agents are better able to calculate their needs after retirement.

3We refer to financial education as the (costly) process through which individuals acquire financial literacy.

4On this, see also Lusardi and Mitchell (2007, 2014) and Lusardi et al. (2014).



the government may intervene through at least two mechanisms: public pensions and / or financial
education. Historically, the first mechanism has been preferred and public pensions were meant
to insure agents against the risk of having no (or too little) resources at retirement. However,
because of increased financial pressure on public pension systems in most OECD countries, we
have observed a shift from defined benefits (DB) retirement plans toward defined contributions
(DC) plans, and therefore, a risk shifting from financial institutions to agents (e.g. future retirees).

When operating this shift from DB to DC plans, governments generally undertake additional
measures to encourage the acquisition of financial literacy and to ensure that agents make ap-
propriate financial decisions. One of these measures is providing or making mandatory financial
education. For instance, in the Canadian context, Schwartz (2010) emphasizes that financial edu-
cation should be a complement to changes in the pension structure. Lusardi and Mitchell (2011)
also show that financial knowledge has a positive and statistically significant impact on retirement
planning. In the same way, using data from Quebec, Lalime and Michaud (2014) show that there
is a positive link between financial literacy, retirement preparation and the level of savings.

This paper precisely deals with the issue of the optimal mix between financial education pro-
grams and pension plans when agents have misperception biases regarding the expected return
of their saving plansEl Misperception biases can take the form of either optimism or pessimism
regarding the return of financial assets. The questions we ask are the following. Given the ex-
istence of misperception biases in the society, can the introduction of a DC plan make agents
better-off? Equivalently, is the pension system a perfect remedy for the consequences of risks
misperception on financial planning? If not, would financial education help solve these inefficien-
cies? To answer these questions, we model misperception biases as the combination of both an
exogenous individual characteristic which accounts for optimism or pessimism and of financial
education which can mitigate the impact of the initial misperception bias. We assume that agents
are naive so that they never realize that their perception of the expected return on their assets is

not correct. The government is utilitarian and paternalistic and thus maximizes the sum of the

5In this respect, our model is relevant for agents who are able to save. It does not apply to agents whose income
is so low that they live hand-to-mouth.



true utilities, i.e. as if there were no misperception biasesﬂ We solve the model assuming first
that the government can perfectly observe individual biases. Second, we relax this assumption
and assume more realistically that the government only knows the distribution of misperception
biases in the society.

We obtain the following results. In the laissez faire, pessimistic agents invest too much in
the riskless asset but too little in the risky one in comparison to the first-best optimum. The
reverse is true for optimistic agents. As a result, the decentralization of the first-best optimum
requires that pessimistic (resp. optimistic) agents face an individualized tax (resp. a subsidy)
on the riskless asset and an individualized subsidy (resp. a tax) on the risky asset, together
with individualized lump-sum transfers. We further assume that such a tax-and-transfer scheme
is not available to the government, because, for example, it is impossible to observe savings or
their allocation between risky and riskless assets. Instead, we assume the existence of a public
pension system, such that agents must make mandatory contributions in the riskless asset for their
retirement. We show that the level of contributions should be set equal to the amount of savings
in the riskless asset that agents would choose if they were unbiased. Yet, such a system cannot
alone solve all misperception problems. Optimistic agents get closer to the first-best solution, but
they still invest too much in the risky asset. Furthermore, the introduction of the pension system
is never a solution for pessimistic agents since it does not constrain their choices. They still end up
at the laissez-faire solution. Hence, a pension scheme only constitutes a limited improvement of
social welfare with respect to the laissez faire. We then allow for personalized levels of education
in addition to the pension plan, and show that, because education is costly, it should be null
for agents who are not too biased. However, beyond some threshold, education should increase
with the size of the bias. We finally consider the more realistic case where the government
does not observe individual biases and show how the optimal allocation is modified. We assume
that agents are naive: they never realize that education has an impact on their misperception
bias and thus, on their saving decisions, although it effectively has one. This proves to affect

the design of the incentive compatibility constraints and of the second-best contracts in a non

SFor a theorization of paternalistic social welfare functions, see Bernheim and Rangel (2007, 2009).



standard way. As a consequence, the single crossing condition does not hold. We show that,
under asymmetric information, it is still optimal to set the pension benefit equal to the first best
level of riskless investment. Education should always be distorted upward for every agent with
a large misperception bias (whether optimistic or pessimistic). Agents with a low misperception
bias should face a downward or an upward distortion of their education level. The direction of
the distortion depends on the costs of education and on the distribution of the misperception bias
in the economy.

The paper is organized as follows. The next section reviews the related literature. In Section
Bl we describe the model, we derive the first best allocation and compare it with the laissez-
faire. In Section [ we focus on the case where the government can observe individual biases
and we study to which extent a pension plan can help correcting misperception biases. Then, we
introduce publicly provided education in this setting. In Section [f] we consider the case where
the government cannot observe individual biases and has to rely on agents’ self-reporting. The

last section concludes.

2 Related literature

This paper builds on different strands of the literature. First, it is related to the prolific economic
literature studying lifecycle decisions on consumption and savingsﬂ These papers have shown
how these decisions are affected by consumer preferences, economic shocks, public policies, etc.
Yet, they generally assume that all agents are perfectly able to anticipate financial returns, ruling
out any role for financial education.

Second, our paper contributes to the literature on the optimal design of pension systems and
pension reforms. For instance, Matsen and Thorgensen (2004) have studied the optimal size of
Pay-as-you-go pension systems allowing the agents to also invest in risky financial marketsEl Yet,
they assume perfect financial knowledge of agents/future retirees. Diamond and Koszegi (2003)

and Cremer al. (2007, 2008, 2009) have also contributed to this literature by assuming that agents

7See among others, Ramsey (1928), Fisher (1930), Friedman (1957) and Samuelson (1958). For a review of the
literature, see Browning and Crossley (2001).
8See also Dutta et al. (2000).



exhibit hyperbolic discounting. Conversely, in our model, agents correctly discount the future but
misperceive financial returns, which does not only affects the overall amount of savings but also
its composition. None of the existing papers in this literature considers financial education as a
solution to such behavioral problems.

Third, we complement the growing theoretical literature studying the determinants and the
consequences of financial education and financial literacy. As mentioned in Lusardi and Mitchell
(2014), while the empirical literature is prolific (see the papers mentioned in the introduction),
there are still few theoretical papers studying the role of financial education in correctly assessing
financial returns. Some exceptions are Japelli and Padula (2013, 2015) who study, using a lifecycle
model, the role of financial literacy and of financial education in explaining individual decisions (in
terms of savings and literacy acquisition). They also show that pension benefits are substitutes to
financial education as they reduce incentives to save and to accumulate financial literacy. Japelli
and Padula (2015) consider the existence of two assets, a safe and a risky one. They find a positive
correlation between financial education and stock holding and a negative correlation between
social security generosity and stock holdingﬂ More recently, Lusardi et al. (2017) simulate a
multi-period dynamic lifecycle model to show that, in the United States, financial literacy can
explain 30 to 40% of retirement wealth inequalities. As such, our paper is different from this
strand of the literature, in that we adopt a normative approach and ask how much financial
education agents should invest in, given that they do not perfectly evaluate financial returns.
We go one step beyond by deriving the optimal combination between first-pillar pension benefits
and financial education. Our study contributes to the policy debate at a time where worldwide
pension reforms have recently transferred more responsibility regarding life-cycle saving decisions
to individuals. Furthermore, except for Lusardi et al. (2017), the above models consider an
homogeneous population while we assume a continuous distribution of misperception biases in the

population and we derive optimal policies, both under symmetric and asymmetric information.

98ee also Spataro and Corsini (2017) who provide a unified framework for studying the impact of financial
education on human capital acquisition and on capital market participation (i.e. through risky and riskless assets).
In their case, the decision to acquire financial knowledge is a 0-1 decision and is only relevant for investing in the
risky asset. This is then more limited than our framework.



Finally, the most closely related paper is Corsini and Spataro (2014), who study the optimal
individual choices between a safe and a risky pension plan as well as the optimal individual
contribution rate to that pension plan (equivalent to a second pillar pension scheme), as a function
of wage. They also assume that financial literacy decreases the cost of information related to
choosing the risky plan. Their model differs from ours in several dimensions. First, contrary
to us, they assume no mandatory first pillar of the pension system and assume instead that
contributions to the complementary pension (either safe or risky) plan are a share the agent’s
wage. Second, we consider heterogeneity in the misperception biases, and imperfect information
on the side of the government. Third, education in our model allows to better assess the true
return of the risky asset and, as such, does not decrease the information costs related to a risky

plan, which we assume to be null.

3 The model

This section first presents our assumptions. We then derive the first-best and the laissez-faire

allocations, and show how the first-best optimum can be implemented.
3.1 Assumptions

Agents live two periods with certainty. In the first period, they supply a fixed amount of labor
and earn an income w that they allocate between consumption and savings. The level of w is
assumed to be identical across agentsm In the second period, they are retired and consume their
savings. Agents can invest their savings in two assets: a riskless asset (a bond) with certain gross
return rp,, and a risky asset (a stock) with gross return equal to rs with probability 7, and equal
to 0 with probability (1 — ﬂ)E We denote by b the amount invested in the riskless asset, and
by s the amount invested in the risky asset. In Sections [d] and [5] we allow for the existence of

a public pension system, so that at, the time of retirement, agents obtain, in addition to their

10We assume no income heterogeneity to concentrate on the effects of misperception biases on the agents’
investment choices and on how the government should intervene to correct for this inefficiency, putting aside any
income redistribution concern.

11'We could assume that the return of the risky asset in the bad state of nature is strictly positive. This would
not qualitatively change our results.



private savings, a public pension benefit.
The individual utility function is linear in first-period consumption. In the second period,
agents have a utility of consumption denoted by w(.), with «/(.) > 0 and v”(.) < 0, and «'(0) — oo

(the Inada condition). The individual ¢true (T) utility function is then written as follows:
UT(c,dy,dy) = c+ Blru(dy) + (1 — m)u(ds)],

where ¢ = w — b — s is first-period consumption, and 8 < 1 is the intertemporal discount factor.
Second-period consumptions under the good state of nature (i.e. when the return on the risky
asset is positive) and the bad state of nature (i.e. when the return on the risky asset is null) are

respectively:

di = srs+bry, (1)

dy = bry. (2)

Our model also assumes that agents misperceive the probability that the risky asset yields a
positive return. They perceive this probability to be equal to ¢(a,e)m instead of w. The bias
function ¢(«,e) (which we define formally below) depends on the agent’s degree of myopia, a,
which is different across agents, and on financial education, e € [0,1]. We assume a continuous
distribution of types & € [@min, 1/7] With cms, € [0,1]. The density function is denoted by f(«)

and the cumulative distribution function by F(a). We make the following assumption:
Assumption 1 a,in > 7p/7s7.

This ensures that, in the laissez faire, when no education is available (see Section [3.3]), all agents
invest in the risky asset (even though they may be very pessimistic).

The misperception bias has the following form
d(ae) = a+ (1 —-a)e, (3)

and is defined over [0, 1/7] under our assumptions on the support of @ and e. If & = 1, the agent

has the correct perception of the risk, and education would not change this. If o # 1, the bias



can be corrected by financial education e. If there is no financial education (e = 0), then the
agent’s bias is equal to a. If a < 1, the agent is pessimistic about the expected return of the
risky asset but education reduces the size of the bias so that o < ¢(e,e) < 1. If a > 1, the agent
is optimistic. Providing education reduces the size of the bias, so that 1 < ¢(a,e) < a. Note
also that ¢.(a,e) = 1 — « is positive (resp. negative) if « is smaller (resp. greater) than one so
that education enables to converge toward the correct (unbiased) evaluation of the risk for both
optimistic and pessimistic agents in a symmetric way. Finally, if education is perfect (i.e. e = 1),
agents have no longer any bias.

Taking into account individual misperceptions, the individual perceived (P) utility function is

written as:
UF(¢c,dy,dy) = ¢+ B[o(a, e)ru(dr) + (1 — ¢(a, e)m)u(ds)] .

We make the assumption that agents are naive, thus ruling out self-control problems or so-
phistication. Agents believe they have the right perception of the risk, and that the good state
of nature will realize with probability ¢(a,e)mw. Then, they do not understand the impact of
education e on their perceptions and see no point in investing in it. For this reason, education
can only be the result of public investment. We will introduce education in Sections [4] and [f]

We also assume a paternalistic planner, which implies that the social welfare function depends
on the agents’ true preferences and not their perceived ones. Such an assumption is particularly

compelling since naive agents never realize they are biased.

3.2 First best optimum

The government is utilitarian and maximises the sum of a concave transformation of individual

utilities. This amounts to solving the following problem:

c,b,s

1/m
max WHB = / O{c+ Bru(dy) + (1 — m)u(ds)]} f(a)da

min

/T
s.t. /1 (w—c—b—3s)f(a)da >0,

min

10



where ®(.) is an increasing and concave transformation of the individual utility, and d; and ds
are defined by equations and respectively. The second line in the above problem is the

resource constraint of the economy. The first order conditions (FOCs hereafter) are:

ow

S =PU A=, (4)
O =@ (U [l (dy) + (1~ ) ()] — A =0, (5)
O W )Bram (@) ~ A =0, ©)

where A is the Lagrange multiplier associated with the resource constraint. These conditions

B and

together give the first best levels of the risky and riskless investments, which we denote s’
bF'B_ Tt is straightforward to see that UT (c,dy,ds) = U Va. Rearranging the FOCs, we obtain
that di"? = d; and d¥B = ds, for all a. This also implies that first-period consumption is the

same for every agent irrespective of their perception bias, i.e. ¢ = ¢ Va. Furthermore, we obtain

the following relationship between consumption levels:

/ —_
uldy) T msmmhy (7)

u(dy) 1—7m 1

Under Assumption[I] the RHS of this equation is always greater than 1, implying that, in the first
best, second-period consumption in the good state of nature, d;, is greater than consumption in

the bad state of nature, do, for every agent.
3.3 Laissez faire allocation

Let us then study the laissez-faire allocation and compare it with the first-best optimum.
In the laissez faire, there is no government intervention so that e = 0 and the individual
misperception bias simplifies to ¢(«,0) = «. Each agent with bias o maximizes the following

(perceived) utility function
UP(s,b) =w — s — b+ B laru(srs + bry) + (1 — am)u(bry)]

with respect to b and s, under the constraints b > 0 and s > 0. The first-order conditions are,

11



respectively:

our / /

- = —1 4+ Bry [aru’(dr) + (1 — ar)u'(d2)] <0, (8)
P

33:9 = —1+ Banrsu'(d) <0. (9)

Under the Inada condition, b is always strictly positive in order to ensure positive consumption
in the bad state of the world (i.e. if the risky asset yields a zero return). Thus, the first condition
always holds with equality and substituting this condition into equation @[), we get

our B
ds

B—(1 — am)ryu/(d2) + (rs — rp)amu’(dy)] < 0.

Evaluating it in s = 0, we find that s > 0 if and only if ryma > r,. Under Assumption [I} this
is always the case, and every agent chooses to invest in the risky asset. Then, the first-order
condition with respect to s always holds with equality. Combined with (8)), (9) yields:

u'(dg) amr T —Tp
= 1 . 1
u/(dy) (I—am) > 1va (10)

For further use, let us define b“¥'(a) and s“¥'(a), the laissez faire saving choices of an agent

with bias . They are obtained by solving equations and @D We show in the appendix that:

% <0, (11)
), "

This also implies that d; increases with o while ds decreases with it.

Let us then compare the laissez-faire allocation with the first best optimum. The RHS of
and @ differ by the parameter . If agents have the correct perception of the risk, (i.e. a = 1)
they take unbiased decisions, and the laissez-faire allocation is first-best optimal. Using and
, it is clear that the laissez faire is in general not first-best optimal, as we summarize it in the

following proposition:

Proposition 1 Consider an economy where agents invest both in a risky and a riskless asset,
and differ in their levels of misperception o of the risk associated to the risky asset. At the laissez

faire,

12



i) Optimistic agents (i.e. with o > 1) overinvest in the risky asset and underinvest in the
riskless asset with respect to the first best optimum: st¥(a) > s'B = sL¥(1) and b*F (o) <

bFB — bLF(l)

it) Pessimistic agents (i.e. with o < 1) underinvest in the risky asset and overinvest in the
riskless asset with respect to the first best optimum: s'¥ (o) < sB = sL¥(1) and b*F (o) >

bFB — bLF(l)
i1i) Non biased agents (i.e. with o = 1) choose the optimal levels of risky and riskless assets.

As we have just shown, the intervention of the government is then required to correct for
inefficient individual decisions. In order to decentralize the first best, the government needs to set
an individualized tax on the risky asset, 7(«a), as well as an individualized tax, 6(«), on the riskless
asset. To ensure a uniform level of first-period consumption (and thus, equal expected utilities),
the government also needs to use personalized lump sum taxes, T'(«). We show in Appendix @,

that the optimal taxes are

1
™) = 1- "

m (dy) + (1 — 7)u! (ds)

* o (Jl)
l) = 1- [aﬂu’(Jl) +(1- om)u’(cZg)]'

Agents with a@ > 1 are taxed when investing in the risky asset while those with a < 1 are
subsidized. Using the first-best result that u/(d;) < u/(dz), we also find that every agent with
a < 1 faces a tax on the riskless asset (i.e. §(«) > 0), while agents with misperception a > 1 face
a subsidy on the non risky asset (i.e. #(a) < 0). These results are intuitive. In the laissez faire,
agents with a < 1 buy too much of the riskless asset and not enough of the risky one. It is then
optimal to tax the riskless asset and to subsidize the risky one. The reverse is true for pessimistic
agents. Agents with o = 1 have the correct perception of financial and are not taxed.

The optimal levels of lump sum taxes are equal to:

bLF(l) SLF(I)

Tl =w == T3] " T-m (o)




where ¢ is the first-best level of first-period consumption (set such that the resource constraint of

the economy is satisfied).

4 Pension system under symmetric information

In reality, it may be difficult for a government to implement the linear taxes on (either risky or
riskless) investments we studied in the previous section. This may be the case in particular when
total saving amounts and/or the decomposition between risky and riskless assets are difficult to
observe. This is why, in this section, we study alternative settings in which the government cannot
implement such a tax-and-transfer scheme. Instead, we are going to assume first that the govern-
ment can implement a mandatory pension system (Section to ensure higher resources in the
retirement period and partially cope for inefficient planning due to misperception biaselel Sec-
ond, we assume that, in addition to the pension plan, the government can introduce personalized
financial education (Section . Our objective is to study how these policy instruments can in-
crease aggregate welfare when agents exhibit misperception biases, assuming that the government

perfectly observes these biases. We will consider asymmetric information in Section

4.1 Pension system with no education

In the first period, agents pay mandatory pension contributions for an amount B(«) invested in
the riskless asset. In the second period, they get retirement benefits equal to r, B(«). Under the
reasonable assumption that the pension system has to be balanced ex post, individual contributions
to the pension system are never invested in the risky assetlEl We also assume that, in order to
redistribute across agents, the government implements individualized lump sum taxes T'(«).

The timing is the following. The government announces the fiscal policy, that is {B(«a), T(«)},
in the first stage. In the second stage, agents choose their investment levels in the riskless and
risky assets, taking as given the policy instruments. We assume that agents cannot borrow against

future pensions so that b(«) > 0 and s(«) > 0 for all @. As usual in this type of problem, we

12This is equivalent to the first pillar of the pension system.
13We will discuss the case where part of the pension contribution is invested in the risky asset in the concluding
section.
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proceed backward. First, we derive the agents’ choices as a function of their bias and of the policy
instruments. Second, we determine the optimal levels of B(«) and T'(«) for every agent of type
.

Introducing T'(«) and B(«), the individual problem is nowﬂ
max UP(s,0) =w—s5—b—B—T+ Blaru(srs + (b + B)ry) + (1 — an)u((b+ B)ry)] .

The FOCs with respect to b and s of an agent with bias « are:

(9UP ! /

5 = —Ltnlamd(d)+ (1 - amu(d2)] <0, (14)
P

ags = —1+r.Baru'(d) <0 (15)

where d; and ds now include the pension contribution B(«). These conditions give the individual
choices in terms of riskless and risky assets, denoted by b(«, B) and s(«, B) respectively. Because
preferences are quasi-linear, individual choices are independent of the level of the lump sum tax
T (). Regarding the levels of b(«, B) and s(a, B), two cases can arise depending on the comparison
between the levels of B(a) and b™F'(a).

If B(a) < bEF(a), the agent chooses to top up the pension contribution B(a) by further
investing in the riskless asset. Hence, the investment in the riskless asset when there exists a
pension system is b(a, B) = b'¥(a) — B(a), and db(a, B)/OB = —1. Since total investment in
the riskless asset remains the same as in the laissez faire, the investment in the risky asset is not
affected by the existence of the pension plan, so that s(a, B) = s“¥(a) and 9s(a, B)/0B = 0.

If B(a) > bEF'(a), agents would actually prefer a lower level of investment in the riskless asset
than the level obtained through the mandatory pension plan. As a result, they set b(«, B) = 0,
so that 0b(a, B)/0B = 0. The FOC with respect to s(«, B), , simplifies to

—1+ marsu(srs + Bry) = 0.

Fully differentiating this condition, we also find that

0s(o, B) 1
OB r <0,

l4For ease of notation, we drop the arguments of the functions whenever this does not lead to ambiguity.
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so that as B(a) increases, s(«, B) decreases. This result is not surprising. Since agents are pushed
to invest more in the riskless asset than what they would want to, their marginal utility in the
good state of nature, u'(dy), is lower and they prefer to reduce their investment in the risky asset.

Taking into account the individual responses, in the second stage the paternalistic government

maximizes the social welfare function subject to the resource constraint:

1/
max W = / P{w—s—b—Bla) —T(a
5 i { (o) = T(cr)

min

+  Blrulsrs + (04 B(@))rp) + (1 = mu((b + B(e))ry)]} f(a)da

/T
s.t. /1 T(a)f(a)da >0,

where b and s are obtained from and . In what follows, we assume that the pension

contribution cannot be negative, B(a) > 0 VYa. The FOCs with respect to B(a) and T'(«), for

each a type are

8%1?;) = fl@)®'(U") x { {=1+ Bry [ru/(dy) + (1 — m)u' (d2)]} <1 + gg)
+{—1+ Brrsu(dy) g—;} <0, (16)
ow . B
T (ax) = [fla)(-@ (UT) +A) =0, (17)

where ) is the Lagrange multiplier associated with the government’s budget constraint. As in the
first best (see Section 7 condition states that T'(«) should be set such that true indirect
expected utility levels are equalized across all agents.

Let us then study condition . To do so, we evaluate the RHS of (16]) in B(a) = b (o). If
B(a) further increases above that level, then 0b/0B = 0 and ds/0B < 0. Then, substituting for
and (set to equality), the first term in is negative if a < 1, and positive if o > 1.
Similarly, the second term in is negative if a < 1, and positive if a > 1.

Hence, for optimistic agents (a > 1), OW/0B(a)|p(a)=pL7(a) > 0 so that the optimal contri-
bution B () should be greater than the laissez-faire riskless investment level, b“¥ («). Indeed, in
the laissez faire, these agents underinvest in b and overinvest in s, so that a mandatory contribu-

tion into the riskless asset improves their welfare. As a result, they will choose b(a, BC(a)) = 0.

15We assume that the second-order conditions hold.
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Moreover, differentiating with respect to a and using the implicit function theorem, we obtain
that B (a)/da has the same sign as

0%s

da \ OB OBoa’

ds (0
Brrsu” (dy) 5 <Srs + rb> + {1+ Brrsu'(dy)}
Recalling that 9s/0B = —ry/r,, the above equation is equal to zero so that 9B°(a)/da = 0.
This implies that the optimal level of contributions for optimistic agents does not depend on «.

From eq. (20), the optimal level of the uniform contribution for optimistic agents satisfies

ow

55 = J@®UT)x (=14 bry rol(d) + (1= mu(do)] = (=1 + Brraad ()] 22} = 0

Ts

(18)

= ) (UT) x {-1+ :i’ + B(1 — m)ryad (do)} = 0 Vau.

Replacing @ and @ into , one can easily see that the condition above and condition are
identical. We then obtain that B®(«) should optimally be set at b for all a > 1.

Here, the government has only one instrument (i.e. the mandatory contributions in the riskless
asset) to correct for two inefficiencies: underinvestment in the riskless asset and overinvestment
in the risky asset. With mandatory contributions B (o) = b"P invested in the riskless asset,
optimistic agents are forced to invest the optimal amount in the riskless asset (they will now do
so exclusively through the pension system). In addition, as shown by the second term in ,
by setting the level of the public contribution, the government will indirectly partially correct
for the overinvestment in the risky asset. Optimistic agents will lower their investment s (recall
that s and B are substitutes) and make it closer to its first-best level. Increasing B above its
first-best level would further decrease the overinvestment in the risky asset, but this would imply
overinvesting in the riskless asset as well. All in all, the government policy enhances the welfare of
optimistic agents with respect to the laissez faire but does not fully correct for the consequences
of the misperception bias.

Let us now consider pessimistic agents (i.e. a < 1). Their optimal contribution B () should
be smaller than or equal to b“¥ (), since, at the laissez faire, these agents overinvest in b. Thus, a

retirement contribution invested in the riskless asset higher than their laissez-faire investment in
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that asset can never be optimal. In addition, any level of B (a) smaller than b%¥'(a) yields the
same welfare as in the laissez faire: agents will simply top-up the retirement contribution with
their voluntary savings so as to exactly invest b (o) = BP(a)+b(a, B®(a)) in the riskless asset,
and choose accordingly s“*'(a). Thus, any contribution level, B?(a) € [0,b"F ()] has no impact
on the investment decisions of pessimistic agents as well as on their utilityEl The pension system
is therefore not a solution to the behavioral bias of pessimistic agents.

Our results are summarized in the following proposition:

Proposition 2 Consider an economy where agents invest both in a risky and a riskless asset,
and differ in their levels of misperception o of the risk associated to the risky asset. If a paternal-
istic government observes individual biases and can only intervene through a mandatory pension

system,

i) For optimistic agents (i.e. with o > 1), the optimal contribution is B9 (a) = b = b ¥ (1).
Agents do not invest privately in the riskless asset and adapt accordingly their investment in

the risky asset, s¥¥'(a) > s9(a).

ii) For pessimistic agents (i.e. with a < 1), the optimal contribution is B (a) € [0,bLF(a)].
They complement with investment in the riskless asset so as to obtain exactly b'F (). In-

vestment in the risky asset is the same as in the laissez faire.

Given these results, it is then optimal for the government to set a uniform level of contributions,
bF'B = bLF (1) for all agents with different . Interestingly, such a solution does not require any
information on the agents’ bias.

Nonetheless, we find that introducing a pension system alone cannot solve all misperception
problems. Optimistic agents get closer to the first best solution, but the introduction of the
pension system is not enough to make them invest the right amount in the risky asset. It is also

never a solution for pessimistic agents since it does not constrain their choices and they end up at

161f public funds were costly, the optimal contribution would be equal to zero, as the same (laissez-faire) welfare
level could be attained either through B or b but at a smaller cost for the society in the latter case.
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the laissez-faire solution. In the next section, we study how publicly provided financial education,

in addition to a pension plan, could help solving these inefficiencies.
4.2 Pension system with financial education

In this section, we introduce an additional policy instrument: a personalized mandatory level
of financial education in the first period, e(a), set by the government. Here, we assume that
the government can observe the individual behavioral biases and we look at whether education,
together with the pension scheme, increases social welfare.

The timing is the same as in the previous section so that, as above, we first solve the indi-
vidual problem, for a given menu of policy instruments {B(a),e(a), T(«)}, and then derive the
government’s problem.

We assume that education entails a linear disutility cost, pe(a) to the agent, where p is the

unit private cost of education. The utility of an agent with bias « is modified as follows
UP(s,b) =w—5—b—pe—B—T+ B [p(c, e)mu(srs + (b + B)ry) + (1 — (e, e)m)u((b + B)ry)]

where ¢(a, e) is defined by . The FOCs with respect to b and s are, respectively:

aUP ! /
W = 1t Bl cm () + (1 — dla eyl ()] < (19)
our /

el —1+rsBo(a,e)mu’(dy) <0, (20)

where, as before, d; and dy include the pension benefit. These equations define the investments
in the risky and riskless assets as a function of the policy instruments and of the agent’s type:
s(a, B, e) and b(a,B,e)E

When both s(a, B,e) > 0 and b(a, B, e) > 0, we show in the Appendix that

Ob(a,B,e) | <0 ifa<l
de >0 ifa>1

and
Os(a,Bye) | >0 ifa<l
Oe <0 ifa>1.

17 As before, due to the quasi-linearity of preferences, individual decisions do not depend on the level of T'(«).

19



Intuitively, for a given level of B(«), increasing the investment in education e leads to an increase
in s and a decrease in b for pessimistic agents and to a decrease in s and an increase in b for
optimistic agents. We also show in the Appendix that, as in the previous section, whenever «
increases, b(«a, B, e) decreases and s(«, B, e) increases.

Let us now derive the problem of the paternalistic government. It consists in solving

1/7
W = / &{w —s—b— B(a) —pe(a) — T'()

min

max
B(a),e(a),T ()

+B [ru(srs + (B(a) +b)ry) + (1 = m)u((B(e) + b)re)] 1 f (@) dax

subject to the resource constraint of the government

Lwﬁnwmean/”ﬁawfmmm

min Amin

where ¢ is the unit public cost of education and where s and b are obtained from FOCs and
(20).

The FOCs of the government problem are

o = s + (- mua) (1+ 27)

b1t Brral(d)) 22 <0 (21)
8?(/‘;) = —(p+q) + {148 [ru'(d) + (1 — m)v/(d2)] %

b Bl 2 <o, 22

where A is the Lagrange multiplier associated with the government’s budget constraint.

As in the previous section, T'(«) is set so as to equalize the expected true utilities of agents
with different «. The FOC with respect to B(a), , is identical to the one with no education,
, so that it can be analyzed exactly in the same way. For optimistic agents, it is optimal to
set the level of mandatory contributions to % = b%¥'(1). For pessimistic agents, such a pension
contribution has no effect, since they top up the contributions with extra investment in the riskless

asset, and therefore end up with the laissez-faire allocation. In the following and without loss of
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generality, we therefore set B*(a) = bf'B = bL¥ (1) for every (optimistic or pessimistic) agent,
where a * denotes the optimal level of B when education is also publicly provided.
Let us now study the condition on financial education. Using the agent’s FOCs and ,

it can be rewritten as

O =+ + (Bl - s, N[/ (dh) — ' (@]} 5
+{Brrs(1 — ¢(a,e))u’(dr)} % <0 Va. (24)

If the paternalistic government sets e = 1, ¢(a, e) = 1 and there is no misperception any longer.
Yet, investing in education entails costs (both public and private) in terms of first-period con-
sumption, so that it is optimal to have e(a) < 1, Vaﬂ For that reason, it is optimal to implement
both a pension system, which is at no cost for the economy, and financial education.

By fixing the contribution to B*(a) = b¥'B, optimistic agents are constrained to invest in the
riskless asset more than they wish (even if education lowers their misperception bias) and so they
choose b(a,b"B e) = 0. For them, education only has an impact on the level of the risky asset,
s(a, b8 ). Conversely, for pessimistic agents, who end up with their laissez-faire allocation when
B*(a) = bF'B | financial education is useful to correct both overinvestment in the riskless asset and
underinvestment in the risky asset.

Using the comparative statics on b(c, b2 e) and s(«r, b¥B, e) derived above, we obtain that the
second term in is positive if & < 1 and null if o > 1, while the third term is always positive.
These terms represent the benefits of education on b(c, b2, ) and s(a, b5, e), respectively. The
first term in represents the social marginal cost of education and it is always negative.

When a = 1, equation reduces to —(p + ¢) and the optimal level of financial education
is zero. This is a direct consequence of the agent not being biased. In this case, education only
creates a cost but no benefit. Since, for all p 4+ ¢ > 0, equation evaluated in a =1 and e =0
is strictly negative, there exist two thresholds {a1;as} with @1 < 1 < ag such that the optimal

level of education is constrained to zero for agents with « € [aq, QQ]H The intuition here is that,

181t is straightforward to see that 1' evaluated at e = 1 is negative.
19The thresholds are obtained such that (24) evaluated in {e = 0,0 = a1} or in {e = 0, = a2} is equal to zero.
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for low levels of misperception (no matter whether pessimistic or optimistic), the marginal cost
of correcting the bias through education is higher than its marginal benefit. Hence, agents need
to be “sufficiently” biased for the government to intervene.

We obtain the following results regarding the optimal government intervention:

Proposition 3 Consider an economy where agents invest both in a risky and a riskless asset,
and differ in their levels of misperception o of the risk associated to the risky asset. If a pater-
nalistic government observes individual biases and can intervene through a pension system and

personalized levels of financial education, the optimal policy consists in
i) a uniform pension contribution B*(a) = bF'B = bl (1) Va,
i) a zero level of financial education e*(a)) =0 for agents with « € [, aa),

iii) a positive level of financial education otherwise. If preferences display constant absolute risk
aversion (CARA), e*(a) is decreasing in a whenever a < ay, and increases in o whenever

> Q3.

Proof. For points i) and i), see above. For point 4ii), see the Appendixm ]

To understand the above proposition, consider two agents who are both pessimistic. According
to our results, the more pessimistic one should receive more education than the less pessimistic
one (who is closer to the right perception). Similarly, consider two optimistic agents. The more
optimistic one should receive more education than the less optimistic one. Note however that an
optimistic and a pessimistic agents whose bias is the same in absolute size will not receive the
same amount of education. This is due to the fact that pessimistic agents misinvest in both assets,
while optimistic agents invest the right amount in the riskless asset (b7'7).

We now turn to studying the optimal lump sum tax, T(«). Equation shows that true

indirect utilities (which only take into account the misperception bias through saving decisions

20When preferences are not CARA, we cannot obtain unambiguous results. Indeed, with CARA preferences, the
bias « affects risk taking only directly through ¢(a, e), but not indirectly through its impact on marginal utilities
of consumption, u/(.).
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and the policy instruments) should be equalized at the first best. This implies that

T
= b () + (- (@)
+{=1+ Brrsu'(d1)} 3—2 —p;l—; - dl(;fla) =0,
which leads to
T — (51— o, ) () — ' ()]}
(B (1= dlas N ()} 1~ 5 (25)

where we made use of the FOCs on b(cv, b7 B ¢) and s(a, bF'B e). As before, note that b(a, b B e) =
0 for optimistic agents. Assuming that db/da has the same sign as 9b/d« (which has been shown
to be negative in the Appendix) and that ds/da has the same sign as ds/0a (which has been
shown to be positive in the Appendix), and using the variation of e with a (see Proposition ,
we obtain the following resultE

dT (@)

> Ofora<l1
do

< Ofora>1,

so that T'(«) is inversed U-shaped in a. Let us also study how the individual total contribution
T(a) + pe(c) varies with the level of misperception a. Using (25)), it is straightforward to see that

d(T () + pe())

do > Ofora<l1

< 0 for a>1.

Hence, at the extremes of the « distribution, the level of education is relatively high, but the tax
is relatively low (possibly negative), while for agents with a low degree of misperception (close
to ay and ag), the level of education is low but taxation is important. Overall, T'(a) + pe(«) is
increasing up to a = 1, and then decreasing.

This implies that, under asymmetric information, the full information policy would not be

incentive compatible: agents with low degrees of misperception would always mimic the most

21The assumption that db/da and 0b/Oa have the same sign is equivalent to assuming that even with education,
¢(a, e(a)) increases in . The same is true for the assumption that ds/da and ds/Oa have the same sign.
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biased agents. In the following section, we assume asymmetric information and show how the

government’s problem is modified by the introduction of incentive compatibility constraints.

5 Asymmetric information

5.1 The individual problem and incentive compatible mechanisms

Let us now turn to the case where the government observes the distribution of o but not individual
biases, and consequently has to propose an incentive compatible allocation of pension benefits,
education and taxes, such that agents truthfully reveal their type.

Since agents are naive, they never realize how biased they are. They do not understand the
impact of e on ¢(c,e), even tough it has one. Before benefiting from education, agents simply
believe they will obtain a high return with probability p = ¢(«,0)7 = am. Since, by definition,
naive agents are not aware of their @ and can only assess the perceived probability, p, this is the
variable they report to the government under a direct revelation mechanisml?l In the following,
we thus make a change of variable and rewrite « as p/m, with p € [Taymin, 1] and density function
Jolo) = F(o/m) /7

The government will then propose a menu of incentive compatible contracts, { B, e(p), T(p)} Vp.
As before, financial education, e(p), is personalized but the pension contribution B will be uni-
formﬁ As a consequence, the mimicking behaviour only depends on the variation of T'(p) +pe(p),
as we showed at the end of Section

The timing is the same as before. In the first stage, the government proposes a contract
(B,e(p), T(p))Vp. In the second stage, agents report p. Under the assumption that agents are
biased and naive, the level of education enters their utility only as a cost, since they do not realize
it has an impact on their investment choices. In the third stage, agents choose the investment

levels in the risky and riskless assets. As usual, we proceed by backward induction.

22Gince the revelation theorem applies in this context, we focus on a direct mechanism.

23The cumulative density function F,(p) = P(p < p) = P(am < p) = F(p/x). Differentiating this expression,
we obtain that the density function of p is equal to f(p/m)/7.

24 As we showed in the previous section, under full information it is indeed optimal to set the same (first-best)
level of mandatory contributions. To keep the model treatable and the results comparable with the previous ones,
we limit the analysis to uniform benefits also in this section, even if they may be suboptimal under asymmetric
information.
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Since agents are naive, we will need, in the following, to distinguish between what we will call
ez-post and ex-ante expected utilities. The ex-ante utility will be useful in computing incentive
compatibility constraints while the ex-post utility will be useful when deriving the government’s
problem.

Let us start with the ez-post (EP) expected utility. It is the individual expected utility after

the bias has been partially corrected by financial education, e:
EP _
Uy (s,b)=w—s—-b—pe—-T—-B
+ Blo(p/m, e)mu(srs + (b+ B)ry) + (1 — ¢(p/m, e)m)u((b + B)ry)].

Agents are still biased but their decisions are influenced by education. The investment levels are
given by sEF = s(¢(p/7,e), B,e) and bFF = b(¢(p/7, €), B, e), which maximize the utility above

and are implicitly defined as follows:

~1+mBlg(p/m, e)mu’ (d77) + (1 = d(p/m, e)m)u’ (d5 )] < 0, (26)

—1+7rsBd(p/m, e)mu’ (dF) <0, (27)

where dPF = 7, (bEF + B) 4+ r,sPF | and dEF = ry (bEF + B).

Let us now analyze how the levels b¥F and s vary with the level of mandatory contribu-
tions. To do so, we define b(¢(p/7,e),0,e) and s(¢(p/m,e),0,e) as the level of riskless and risky
investments the naive agent would make if pension contributions were nullﬁ Two cases may arise
depending on the level of B:

If B < b(¢(p/m,e),0,e), agents top up the investment in the riskless asset, so that the ad-
ditional investment in the riskless asset is b¥F = b(¢(p/m,€),0,e) — B, with 9b*F /0B = —1.
Since total investment (B + b¥F) in the riskless asset is not affected by B, and remains equal to
the desired level of an agent with bias ¢(p/7, e), the investment in the risky asset is not affected
either, so that 9s¥F /0B = 0.

Conversely, if B > b(¢(p/m,e),0,e), agents prefer a lower level of investment in the riskless

asset. They therefore set b¥7 = 0, so that 9b®F /0B = 0. The first order condition with respect

25Under Assumption the solution to the individual problem in the absence of pension contributions is always
interior.

25



to sEF is

—1+4rB6(p/m,e)mu (s¥Fry + Bry) = 0.
Fully differentiating this condition, we also find that

osEP 5
="y
OB Ts <5

so that, like in the previous sections, s”” decreases whenever B increases.
Let us now define the ex ante (FA) expected utility. Since agents are naive, they consider
education as useless. The ex ante expected utility is then the perceived expected utility they

believe they will maximize. It has the following expression:
UPEA(S, b)=w—s—b—pe—B—-T+ B [pu(srs + (b+ B)ry) + (1 — p)u((b+ B)ry)] . (28)

where we recall that p = ¢(«,0) = am is the probability of a high return as perceived by an agent
with bias a. Maximizing the above function with respect to b and s, we obtain b”4 = b(p/7, B, €)
and s¥4 = s(p/m, B, e) which are the (ex ante) investment levels that the agents believe they will

be making. They are defined by the following first-order conditions

—1+ 1B [pu (dF*) + (1 — p)u/ (dF*)] <0,

—1+r,Bpu/(df*) <0, (29)

with dP4 = r,(bF4A + B) + r.sP4 and d&4 = r,(bF4 + B).
Let us now specify the incentive constraint of agents of type p. At the time of reporting, they
do not take into account their true preferences. Instead, they maximise UPEA(S7 b) as defined by

(28). The perceived ex-ante expected utility of a type p declaring to be of type p, is

UPA(3,0) = w—pe(p)—B-T(p)—35—b
+ B{pu(rsd + ro(b+ B)) + (1 = p)u(rs(b + B))}, (30)

with § = s(p/m, B,e(p)) and b = b(p/m, B, e(p)). An incentive compatible public policy must then
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satisfy:

dUEA (3, b
ﬂ | =0 Vp,
dp p=p
d2UFA(5,b)
P bl
Tﬁl 5=p =0 Vp,

which are respectively the first-order and second-order local incentive compatibility constraints.

‘We show in Appendix |§| that the first-order incentive compatibility constraint simplifies tﬂ

pé(p) +T(p) = 0. (31)

To understand this condition, recall from Section that if the government was offering the
full-information policy, all (naive) agents would choose the allocation minimizing the first-period
individual total contribution T'(p)+pe(p), without seeing the benefits from education on ¢(p/, €).
Hence, the contract is incentive compatible as long as condition is satisfied, that is as long as
an increase (resp. decrease) in the level of education (which is costly to the agent) is compensated
by a decrease (resp. increase) in the level of the lump-sum tax. This implies that independently

from their type p, all agents obtain the same level of T'(p) + pe(p)m

5.2 The government’s problem

Let us now derive the problem of the government given the informational constraints. The govern-
ment seeks to maximize the expected true utility of agents with biases ¢(p/m, e). This corresponds
to the utility without misperception bias evaluated at the ex post investments b¥F and s¥F that

agents choose after benefiting from education. This Writeﬂ

UpT(B,e,T) —w—sPP — PP —pe—B-T

+ B{mu(rssBY + 7, (0FF + B)) + (1 — m)u(ry (07T + B))},

where bFF and sPP are defined, respectively, by and .

26This is equivalent to a monotonicity constraint, which can replace second-order local incentive constraints. See
Appendix EI for further discussion.

27This violates the single-crossing condition.

28For ease of notation, we have dropped the arguments in bEP (¢(p/7, €), B, e) and sEF (¢(p/7,e), B, e).
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We make a change of variable by denoting z(p) = T'(p) + pe(p), with Z(p) = 0 under the incen-
tive compatibility constraint . Under asymmetric information, the problem of the government

then writes as follows

1
dUT (B, e, T
B$&§’ZL (U, (B,e, 1)) fo(p)dp

Amin

= /1 ®(w — 2z — B — s PP 4 plru(resB? + ry(0FF + B)) + (1 — m)u(ry (b5F + B)}) fo(p)dp

1
S-t~/ [z = (p + @)el fo(p)dp = 0.
TQmin

Denoting by A the Lagrange multiplier associated to the resource constraint, the FOCs are written

as follows:
1 EP
5 [ Wm0 e @) (T 1)
8SEP
+{—1+57rrs dEP} 95 1fo(p)dp =0, (32)
OL g (UT(B,e,T)[{~1 + Bry [ (dFF) + (1 -yl (@FP)]} 2
dep) et P ! De
SEP
{4 Bl @)} 2211 (0) = Ao) 0+ @) = 0 ¥ € matan, 1],
1
% - Lamif‘@'(UpT(B’e’T”“]f”(”)dp‘“ (33)

5.2.1 Optimal pension benefits

Let us first study the asymmetric information level of B. As shown above, if B < b(¢(p/7, €e),0, €),
agents are not constrained in their investment choices ex-post and they will top up the investment
in the riskless asset for an amount b“F = b(¢(p/7,€),0,e) — B. In that case, " /OB = —1 and
0P /OB = 0 so that the RHS of (32) is always nil. Any level of B < b(¢(p/7,e),0, ) yields the
same level of welfare for agents of type p, which is equal to the laissez-faire one.

If B > b(¢(p/7,e),0,e), we have bEF = 0 so that 9bF¥F /OB = 0 and 9sPF /OB = —r,/rs. The
RHS of then simplifies to

/ | (UL (B,e,T)) fo(p)[{—1+ Bry [mu/(dFF) + (1 — m)u/ (dF")] }

— {—1 + ﬁﬂ'rsu’(dfp)}

Dy, (34)

T's
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We need to study separately the case of pessimistic and optimistic agents. Consider first pes-
simistic agents, i.e. those with p < m. Using the individual FOCs with respect to b¥¥ and s¥%,

i.e. equations and set to equality, we can deduce that

—1+ Bry [md (dPF) + (1 = m)u' (d57)] <0,

—1+ Bromd (dF7) > 0.

Indeed, no matter the level of education, pessimistic agents would, ex post, invest too little in
the risky asset and too much in the riskless one. This implies that is always negative. Any
pension contribution B > b(¢(p/m,e),0,e) reduces the welfare of pessimistic agents with respect
to the case where B € [0,b(¢(p/7,€),0,e)].

Consider now the case of optimistic agents, i.e. with p > w. If B > b(¢(p/7,e),0,¢€), the
RHS of equivalent to and, as we have shown in Section it implies that B = b¥'B
maximizes the welfare of all optimistic agents.

Hence, under asymmetric information, it is optimal to set B = bf'? for every agent. This level
of pension contribution forces optimistic agents to invest the right amount in the riskless asset.
Any level of B < b(¢(p/m,e€),0,e) provides pessimistic agents with the same utility level, and with

a higher utility than any B > b(¢(p/m,e),0, e)ﬁ
5.2.2 Optimal financial education

Using (33)), we can rearrange the FOC for e(p) as follows:

<I>/(UPT(B,67T)) - B
—1+ By [mu'(dy 1—mu'(d
oW Benpd e e+ G- @}
aSEP
{1t Bl (@)} ] = ta. (33)

which can be compared with its full-information counterpart . The two expressions are the
same except for the fraction on the LHS of the equality.

Differentiating UPT(B, e, T) with respect to p and using the incentive compatibility condition,

29Note that b'B = bLF (1) < b(p(p/7,e€),0,¢e) since ¢(p/m,e) < 1 for pessimistic agents.

29



we obtain that,

dUT(B,e,T) 5P ppiqy ObEF Epy 0sFF
T = (L [ () (L= (5]} G (L Bl (@)} S
so that
T
a >0 for p<m,
dp
T
a” < 0 for p > .
dp

Hence CI>’(UPT(B,6,T)) is first decreasing in p until p = 7 and then increasing up to 1, while

fl (UL (B,e,T))fy(p)dp = X is constant. We can therefore define two thresholds of the

TOmin

misperception degrees, p and p with p < 7 < p such that

(U, (B,e,T)) o' (UL (B,e,T)

[h  @(UT(B,e, D) f,(p)dp  [1, @'(UT(B,e,T))f,(p)dp

For any level of p < p and p > p, the ratio in is greater than 1 so that education is distorted

=1

upward under asymmetric information. Conversely, for any p < p < p, this ratio is smaller than
one, leading to a downward distortion in comparison to the full-information solution. Intuitively,
the government wishes to redistribute towards severely biased agents. Under asymmetric infor-
mation to avoid mimicking, education has to be distorted up for the severely biased agents (the
mimickee) and down for the moderately biased agents (the mimickers) .

Let us now study how the level of education e(p) under asymmetric information compares with
its full information level. Figure [l| represents two possible cases depending on the comparison
between B/?T and p/m on the one hand, and @1 and «g, which correspond to the full information
thresholds ensuring an interior solution for education (see Proposition , on the other hand. In
turn, this comparison depends on the costs of education, the distribution of the bias, and the
shape of the social welfare functionm In the figure, the black (resp. dashed) line represents the

education level under symmetric (resp. asymmetric) information.

30Tn Figure we have implicitly assumed that the distribution of e(p) is symmetric, which is not necessarily the
case. A similar reasoning applies to the non symmetric case.

30



[
e
N

SOl prrrrrrrennnn
e
el

p/m<a1 <1<ay<p/m ap < p/m<1<p/m<a

Figure 1: Education as a function of the bias under the full (FI) and the asymmetric information
(AI) solutions.

On the left panel of Figure [T} only the education level of the very pessimistic and of the very
optimistic agents are distorted upwards, while the education level of agents with an intermediate
level of the bias is distorted downward. As in the full information case, it is optimal to provide
no education to moderately biased agents, but the interval over which no education should be
provided increases. This case may arise when the proportion of strongly biased agents is high
or when their bias is very severe (i.e. for a fat-tailed, high-kurtosis distribution of «). Indeed,
this corresponds to a case where the correction of their bias is relatively costly for two reasons.
First, education entails a cost to the government (equal to ge(p) per agent of type p). Second,
in order to satisfy the incentive constraint, very biased agents need to be compensated for their
high level of education (which costs them pe(p)) with a low tax (they may even receive a subsidy,
T(p) < 0). Hence, providing a high level of education to these very biased agents puts a lot of
financial pressure on the government. In that situation, it is then optimal to distort downward the
education of the less-biased agents, in order to tax them more, which both relaxes the incentive
compatibility constraints and generates public resources.

In the second case, a larger number of agents will get education under asymmetric information,
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and all levels of education will be weakly distorted upward. This case may arise when satisfying
the monotonicity condition is not too demanding in terms of public resources, i.e. when the level
of education e(p) does not have to be compensated by very low levels of taxation through T'(p).
This is more likely to happen when the proportion of strongly biased agents is low or the size of
the biases is not too important. This is also the case if the public cost of education ¢ is not too
important.

As we showed above, both the public and the private costs of education play an important
role. The public cost ¢ plays a role in the government budget constraint, while p plays a role in the
incentive compatibility constraint. For instance, if p + ¢ is low, in the full information case, most
agents receive education, even those with a low bias. Distorting upward the level of education for
all agents in the asymmetric information case is not too costly for the society, and this can be
done through additional taxation. To the opposite, if p + ¢ is important, satisfying the incentive
constraints is very costly to the society, and only the education of the severely biased agents can
be distorted upward, while the education of moderately biased agents is distorted downward.

Our findings are summarized in the following proposition.

Proposition 4 Consider an economy where agents invest both in a risky and a riskless asset, and
differ in their levels of misperception a of the risk associated to the risky asset. If a paternalistic
government cannot observe individual biases and can intervene through a pension system and

personalized levels of financial education, the optimal second-best contract consists in

i) a mandatory pension contribution, B = b¥'B;

it) a uniform total transfer, z = T(p) + pe(p) for all agents with different misperception bias,

p=an;

i11) individualized levels of financial education e(p). In comparison to the full information case,
financial education is always distorted upward for very biased agents (either optimistic or
pessimistic), while it may be distorted upward or downward for agents with mild (positive or

negative) biases. Education levels should be equal to zero for agents with very low levels of
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misperception.

6 Conclusions

This paper studies the optimal design of public intervention when agents need to make financial
plans for retirement. To do so, agents can invest both in a riskless and a risky asset, but they
exhibit a misperception bias regarding financial saving returns. Misperception takes the form of
either pessimism or optimism regarding the return obtained from the risky asset. The government
intervenes through a mandatory pension system which provides uniform benefits (e.g. a first-pillar
pension system). It also provides personalized education so as to correct for agents’ pessimism or
optimism.

We first show that the public pension system is an imperfect instrument to correct for the
misperception bias. Pessimistic agents can always complement investments in both assets, so
that their welfare is unchanged in comparison to the laissez faire. Optimistic agents end up
overinvesting in the risky asset.

We then assume that the government can offer personalized levels of education in exchange of
taxation. We show that, under perfect information on the misperception biases, the government
should impose a uniform level of pension contributions equal to the first-best level of investment
in the non-risky asset and education increasing in the degree of misperception (whether agents
are optimistic or pessimistic). Under asymmetric information, we show that the level of education
is always distorted upward for agents with important misperception biases (who either under- or
over-estimate financial returns) and can be distorted upward or downward for agents with mild
misperception biases. Whether we end up in one or the other situation depends on the public and
private costs of education as well as on the shape of the distribution of the misperception biases
in the economy.

Our model also points to the difficulty of designing optimal contracts under asymmetric in-
formation when agents who are biased are also naive in the sense that they do not realise the

impact of financial education on their choices. As such, the discrepancy between the choices the
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agents believe they are making (entering the incentive constraint) and the ones they effectively
make (entering the government’s problem), affects the asymmetric-information problem in a non
trivial way.

Finally, our model makes some simplifications and could be extended in several directions.
One of them is certainly the assumption that all agents have the same income. Assuming oth-
erwise would justify the introduction of a more elaborated pension system that would achieve
redistribution from high-income toward low-income individuals. Yet, under asymmetric informa-
tion on both dimensions (income and misperception), the asymmetric-information problem would
become more difficult to solve. One way to overcome this problem could be to assume a correlation
between income and misperception. This is on our research agenda.

Second, throughout the paper we have assumed that the pension contribution is invested ex-
clusively in the riskless asset. However, one could think about other types of pension systems
where the contributions are also invested in the risky asset. As long as agents observe the com-
position of the mandatory investment and can top up, such a system would not be able to correct
perfectly for misperception biases. Optimistic agents would top up the contribution invested in
the risky asset, while pessimistic agents would top up the one invested in the riskless asset. There
would then still be a role for financial education, which we expect to be qualitatively similar to
the one described in our paper.

All in all, we believe that our model is a first step in better understanding the interplay
between pensions and financial education. As mentioned in the introduction, the literature on
this subject is quite scarce. At a time where pension systems face important financial issues, and
where governments ought to find solutions ensuring their viability, this paper shows how optimal

financial education should be designed so as to increase welfare.
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Appendix
Comparative statics - Laissez faire

Replacing @D into , we obtain

U
ab

= 140y rpB(1 — am)u(d2) < 0.
Ts
Fully differentiating this expression with respect to a; we obtain

W mild)
da (1 —amu/(dy) —

As a consequence, d5¥ = r,bF is decreasing in . Similarly, fully differentiating @I) with respect

to « yields

8SLF__ u'(dy) _@8bLF >0
da  reau(dy) rs O T

As a consequence, the derivative of dif" = rybF" 4 r sEF with respect to « is equal to

OAEF oM ab
g “Toa  "oa —

Decentralization of the first-best optimum

The decentralized individual problem under such a tax scheme can therefore be written as fol-

lows£1]

maxUP(s,b) = w—s—b—T+ Blaru(s(1 —7)rs +b(1 — 0)ry)

s,b

+ (1 —amu(b(l—0)r))

where D stands for Decentralization. The FOCs are:

oub

O = 14 Bnfam/ (@) + (1 - am'(a])] (1 - 0) <0, (36)
(3'UD 11D
rrali —1+ Barrsu’'(dy)(1—71) <0. (37)

Comparing these FOCs with the first best ones and @, we obtain, after some rearrangements,

that the tax levels decentralizing the first-best levels of investment in the risky and the riskless

3lFor ease of notation, we omit the argument « in the functions below.
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assets are:

@) = 1-

)

Wu'(czl) + (1 — 7")“/((%7) ]
amu!(dy) + (1 — am)u/(d2) "

QI

() = 1-—

—

Let us now briefly comment on the levels of the lump-sum taxes. The only source of hetero-
geneity relates to misperceptions in the probability that the risky asset yields a favorable return,
and the taxes {7*(«), * ()} enable the planner to obtain the optimal amounts of risky and risk-
less assets. These levels are uniform, so that at the decentralized equilibrium every agent invest
sEE(1) = sP(a)(1 — 7*(a)) in the risky asset and ¥ (1) = bP(a)(1 — 6*(«)) in the riskless asset,
where b (a) and sP(a) are the solutions to and . Lump-sum taxes here are necessary
to equalize expected utilities U7 (see equation E[), which, together with the fact that all agents
invest s&'(1) and b2 (1), is achieved by ensuring an equal level of first-period consumption for

all agents. The optimal levels of lump sum taxes are then given by eq. .

Financial Education: comparative statics with respect to e

Replacing into , we have that

oUu
S = 1+ 2481 - ¢la,e)m)u (da) <0,
ob Ty

Fully differentiating this equation with respect to e, we get

o dulo ey
de (1 —¢(a,e)m)u” (da)ry’

Since ¢e(o,e) = (1 — «), this derivative is negative if @ < 1, and positive otherwise. Fully
differentiating with respect to e, we obtain
0s  ¢e(a,e)u’(dy) Ty db

de  red(a,e)u(dy) 1y de’

which is positive for a < 1 and negative otherwise.

Proof of Proposition

Let us first establish some important comparative statics results. Replacing for into (19),

and differentiating it with respect to «, we obtain

ob domu’ (d2)
90 = n(l— omu(dy) =
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Similarly, differentiating with respect to « yields

Os __ ¢atldr) 1 0b
da repu'(dy) 1ol T

where we have dropped the arguments in ¢(a, e) for ease of notation.

Using these expressions we also find

/
ody _ 05 0b _ gw(d)

Do Oa Oa pu’(dy)

and
Jdy 0s b et/ (dy)

= 7‘8—

de de o ou'(dy)’

which is positive if & < 1, and negative if o > 1.

Furthermore,

82b o 5‘u/(d2)/u”(d2)r @ ¢Q7T ’iTU/(dQ) T—1
dade Ods *He ro(1—om)  mpu”(d2) (1 — ¢m)2’
With CARA preferences, the first term is equal to zero, so that

9% wu(dy) w—1 >0
dade  myu'(d) (1 —¢m)2 =

Similarly,
0% _ _¢a Ou(d)/u(d) 0dy  w'(d) 1 'y 9%

dade ¢ ody de  ru(dy) d%  rs Oade’
With CARA preferences, the first term is equal to zero, so that

9?s u'(dy) 1y, 9%

dade  ryu'(dy) ¢ 1, Oade —
We can now evaluate the sign of de/da. Differentiating with respect to a and using the

implicit function theorem, we obtain that de/da has the same sign as

SZTM; - %(%rs + %ﬂrb)ﬂwu”(dl) 4Bl — W)g%%u”( )
=1 By (' (dy) + (1 = m)u'(d2))] a%)
+ =14 Brom (d1)] 8372;6
= %% mu (dr) + Bri(1 — ”)%%u”(dz)
L B G (@) + (1 - ()]
0?s

+[=1+ Brsmu/(dq)]

Oade’
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According to the comparative statics derived above, this expression is negative for o < 1 and

positive for o > 1.

Informational constraints

Using the reported utility of a type-p agent, expression , we derive the first-order and second-

order local incentive constraints. This yields

= —pé(p) — T(p) + 5[~1 + Bora (d1)] + b[—1 + Bry(pu' (dr) + (1 — p)u'(d2))] =
(38)

dUEA(3,b) |
dp p=p

d*UPA(3,b)

5oy = ~PEE) = T () + 31 Bpra ()] 4 B-1 4 B (@) + (L= ' (d2)]

p=p

+ Bpu (d )28 + Bri(pu’ (dy) + (1 — p)u" (d))b? < 0. (39)

Let us now obtain the monotonicity constraint. Evaluating p = p, we can rewrite equation

as follows:
—pé(p) — T(p) + 5(p)[=1 + Bprsu/ (dr)] + b(p)[—1 + Bro(pu’(dr) + (1 — p)u/(d2))] = 0. (40)

Two cases are possible. If B is not binding ex ante, i.e. B < b(p/w, B,e), b and s are interior
and (??) and hold with equality. In this case, the second and third terms on the LHS of
are equal to zero, so that the expression simplifies to pé(p) + T (p)=0.

In the same way, if B is binding ez ante, i.e. B > b(p/7, B,¢), we have from the individual
problem, that b(p/7, B,e) = 0 and s(p/m, B,e) is interior, so that b = 0 and holds with
equality. The above condition again simplifies to pé(p) + T'(p) = 0.

This condition also implies that the second-order condition in is satisfied in p = p. The
first two terms in are equal to zero as long as pé(p) + T'(p) = 0, while the second and third
terms are equal to zero using the individual first-order conditions with respect to b and s. The

only remaining terms are the last two, which are unambiguously negative.
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