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ON THE POSITIVE EFFECTS OF TAXATION ON EDUCATION

Lari Arthur Viianto

ABSTRACT

In the economic literature a constant tax rate on labor income has usually a
neutral or negative effect on education. The effect is neutral in the absence of non-
deductible costs and it is negative in the presence of them. A positive effect is obtained
in the presence of non-deductible profits or uncertainty in the returns to education. In
this model education is treated as a signalling device for the level of human capital and
agents choose freely their labor supply under certainty and perfect financial markets.
Within this framework a constant tax rate on labor income has a positive effect on
education under certainty and in the absence of non-deductible costs or profits as long
as consumption and leisure are complementary and the amount of transfers and family

income is low enough.
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1 Introduction

Education has positive effects on production, productivity, growth, technological
implementation, technological growth, and it might have positive externalities in a
direct economic sense. The social externalities also have positive economic effects:
an educated society is claimed to be less aggressive, more healthy, and to have lower
crime levels. An educated society is also claimed to be more informed about political
issues increasing the efficiency of democracy. Due to all these positive effects on the
economy and the society as a whole, the study of the effect of any policy on education

is a highly relevant issue.

The literature on education has analyzed the effects of the tax policy on edu-
cation. In particular, the effect of a constant (proportional) labor income tax on
education depends on the presence of non-deductible costs or profits. According
to human capital accumulation theories, in the absence of non-deductible costs or
profits, a constant labor income tax has no effect on education. This neutrality is
due to the fact that both costs and profits are reduced in the same proportion. In
the presence of non-deductible costs, which is the most common scenario, a constant
tax rate has a negative effect. In the presence of non-deductible profits the effect
will be positive.! A non-deductible cost can be any monetary cost not subject to
fiscal deduction (tuition fees, traveling costs, books, housing) or any direct utility
cost different from a opportunity cost, as effort in some studies. The existence of
non-deductible profits has been argued by assuming a consumption value of edu-
cation or any kind of direct utility increase as, for example, social status. In the
presence of both costs and profits the effect becomes ambiguous. The screening or
signaling literature yields similar results: the presence of non-deductible costs or
profits will determine the sign of the effect related to a constant labor income tax.
In both cases the presence of a labor income tax reduces the return to education
and makes investment in physical capital more attractive and, therefore, reduces the

investment in education.

A positive effect of taxes on education has been obtained in the context of un-

'For a general proof see Eaton and Rosen 1980.
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certainty in the returns to education as in Eaton and Rosen (1980) in a human
capital model, or Poutvaara (2002) in a signaling model. In both cases the positive
effect is obtained relaying on a higher uncertainty in the return of education and
the risk attitude of agents. If education increases or decreases return uncertainty is
still an open debate, so in this model I will use a certain return for both educated

and uneducated agents.

I assume that although human capital can be accumulated through education or
training, it is hardly observable by firms. Under this assumption a time demand-
ing educational process that includes teaching, tests, exams and the evaluation of
students made by professional educators does not only increase the stock of human
capital, but obtaining a diploma also proves the achievement of at least some level of
human capital that is previously determined. If an educational process has enough
reputation, the labor market interprets correctly the signal and pays higher wages to
agents with a diploma, in the same way that educational institutions will attach to
the stated human capital levels as they are interested in building a good reputation
to ensure the enrolment of future students. Following this idea, there exists only a
discrete set of human capital levels that can be signaled in the labor market through

education.?

In my model the government will set the human capital requirement to obtain a
diploma, the amount of monetary investment, and the tuition fees. This implies that
agents that choose to educate will only choose the time they invest in education. In
reality, this is how agents choose, since the human capital requirements to obtain a
diploma are more or less known in advance, the cost in form of fees is posted, and the
monetary investment in education (quantity and quality of the staff, facilities, labo-
ratories...) is not a direct choice of the agent, but it is observable. Nevertheless, the
time that agents devote studying is widely a free choice. The model can be extended
to include privately provided education where educational institutions choose their

requirements or to a mixture of privately and publicly provided education.

The model has two periods. In the first period agents choose their education,

’Firms can, through time and experience, infer more information about the human
capital of workers. To develop this idea will require a hugh expansion of the model.
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labor supply, consumption, and savings. In the second period agents choose their
consumption and labor supply. Only two different educational levels are allowed,
the lowest one corresponds to the human capital stock generated during compulsory
schooling and the highest one to the human capital after non-compulsory higher
education. As any other level cannot be signaled, there is no interest in acquiring
additional human capital. The result is a signaling model where education is a
binary decision: to acquire or not higher education. The signal is assumed perfect
as it gives perfect information to firms about the achieved human capital level. Firms
attach a concrete wage for both type of agents, educated and uneducated ones, so
the return, understood as wage level, is perfectly know in advance for both types.
The educative system works in two ways, as a human capital production function
and as a signaling device. During the first period educated agents invest the required
amount of time and money to achieve the necessary human capital level to pass the
final exams, obtaining a diploma that is used to signal the reached human capital

level.

The present model has two significative differences with previous signaling mod-

els:

1. It is a two-period model where agents derive utility in both periods and not

just maximize lifetime income or derive utility in a single period.

2. Agents can freely choose their labor supply in both periods. This gives an
additional dimension to the model that is usually not present in signaling

models that involve education.

Within this framework and in the absence of non-deductible costs or profits,
the effect of a constant tax rate is positive on the educational choice as long as
consumption and leisure are complement and the amount of transfers and non-labor

(family) income is low enough.

This positive effect of taxes is due to the labor supply choice in the second
period and to the reduction of the opportunity cost of education in the first period.

Obviously a higher tax rate always implies a lower opportunity cost of education in
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terms of lost income as also a relatively lower return in terms of second period wage.
Due to the endogeneity of the labor supply the relation between consumption and
leisure is highly relevant; there is a change in the labor supply decision of agents
that implies a change in the derived utility. When leisure and consumption are
complements the reduction in wages has a lower impact on utility than when the
variables are substitutes, the relative utility loss of agents facing a high wage with
respect to those facing a low wage is smaller when they are complements so the
utility gain related to a lower opportunity cost prevails and a higher number of

agents choose to educate.

The main difference with previous models is that the positive effect is obtained

under certainty and in absence of any kind of non-deductible costs or profits.

Transfers have a negative effect on education as expected, but family income
has also a negative effect on education. A higher transfer or family income pro-
vides higher consumption possibilities making then education less attractive. This
negative relation of family income and education goes against most of the empirical

evidence that suggest a positive correlation between education and family income.

This apparently counter-intuitive result can be solved inside the model in several
ways by changing some assumptions. A commonly used assumption is to allow a
positive correlation between family income and ability but also other explanations
are possible. The educated wage might be positively correlated with family income;
this fact can be explained through matching in the labor market. A higher family
income allows agents to reject low-wage job offers and, therefore, it increases the
probability of a good match. Another possible explanation for a positive correlation
between educated wage and family income can be the access to the "family" network
to find a job. Many agents find their work through networks. The higher is family
income the better is the network to find a high-wage educated job and, therefore, a
higher family income induces a higher probability of finding a high-wage educated
job. A fourth explanation to the positive relation between education and family
income is through parental guidance. Parents’ wish their offsprings to educate and
they will encourage education using monetary incentives if they can, high-income

parents will pay any cost of education and provide additional resources to their
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offsprings if they choose to educate while non of these resources are made available
to those choosing not to educate. This can be reflected in the model as a reduction

in family income for uneducated agents.

2 Model

I build a model where a society of heterogenous agents lives for two periods of
length one. Agents are endowed with one unit of time in each period. In both
periods agents choose their labor supply and their consumption. In the first period
they also choose the amount they wish to save and the educational level they wish
to signal. The educational choice is a binary choice: to acquire or not a previously
determined level of human capital. The return to education is a higher wage in
the second period, and its cost is the required monetary and time investment that

depends on the ability of the agent to accumulate human capital.

2.1 Agents

Agents are heterogeneous with respect to two exogenous characteristics: their abil-
ity to accumulate human capital (e) and their family income (y). Ability is dis-
tributed in [e, €] according to the distribution function F(e), while family income
is distributed in [y, ] with distribution function Y'(y). Since agents differ in two
characteristics they are represented in a two-dimensional space that is assumed to
be continuous of mass one. For simplicity both characteristics are assumed to be
independent and their joint distribution is just J(e,y) = E(e)Y (y). All agents will
have the same utility function and the same discount factor §. As instantaneous

utility function for both periods I use the following CES form:

Ui(Cy, L) = (aC? + bLE)? fori=1,2, (1)
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with parameters a,b > 0, p < 1, ¢ € (0,1), where C; and L; are effective consump-
tion and leisure in period 7, respectively. Effective consumption is total consumption

in each period (¢;) minus the minimum consumption required (m;).

The parameter ¢ is not present in the normal representation of a CES function.
It gives additional curvature to the utility function and it ensures that the CES
is homogeneous of degree ¢. The additional curvature is needed to avoid corner
solutions that arise when savings are allowed. In particular, when ¢ = 1 agents will
either save all or borrow all, which is equivalent to derive utility in only one of the

two periods.?

Agents’ objective function is then:

Ul(C'l,Ll) +5U2(02,L2). (2)

Agents will consume and supply labor in both periods, in order to maximize
their objective function. During the first period agents choose the amount they
wish to save (S) that will pay some interest rate (r) in the second period and also
their human capital level from the set of discrete levels of human capital that are
available. For simplicity I will assume only one possible human capital level that
corresponds to H. The extension to several education levels is not difficult but

messy.

2.2 Education

The educational process acts as a human capital accumulation function that depends
on the innate ability of agents to accumulate human capital (e), the time (h) and

monetary (f) investments in human capital accumulation:*

3The result for such cases are also provided.
4The human capital accumulation function is similar to the one used by Ben-Porath

(1967).
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H(h, f.e) = q+ (eh)" f*, (3)

where o, 5 > 0, a + 3 < 1, and ¢ > 0. The variable ¢ represents the human capital
level that corresponds to compulsory education. This level of human capital is the
same for all individuals. The educational process increases human capital but also

ensures that agents get at least a fixed level of human capital (H) that is required

to obtain a diploma.

The government fixes the monetary investment in human capital equal to f and
it also fixes the amount of human capital that is necessary to obtain a diploma. This
determines the amount of human capital that can be signaled in the labor market.
It can also subsidize the cost of education so that the effective cost of education is
f < f. Once fixed f and H, the time investment that a particular agent needs to

achieve the required level of human capital becomes fixed and corresponds to:

~ 1 ﬁ—q e
=i () Y

The relation of the ability and time can also be expressed as:

I 1/a
1 (H-—

As ability is a function of time investment and other exogenously fixed variables,

for simplicity I solve the model according to the required time investment.

The screening mechanism is assumed to be perfect: all agents that reach the
required level of human capital obtain a diploma. This implies that, since agents
have perfect information, no one that chooses to educate will fail. Assuming that
the screening mechanism is not perfect, and therefore that there exists a positive
probability of failing the exam when the required human capital is achieved, does
not alter the main results of the model. It will just reduce the education threshold

due to the risk involved in education that is not present for uneducated agents.
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2.3 Wages

Firms pay salaries according to the signaled human capital. So there will exist an
uneducated wage that corresponds to a human capital of ¢ and an educated wage
that corresponds to the human capital H. I call them w; and wg, respectively.
The government imposes a constant tax rate (¢) on labor income, so net wages are

Wy = (1 —t)w; and Wg = (1 — t)wg, respectively.

Observe that in the first period all agents have a stock of human capital that
corresponds to ¢ and the educated agents cannot signal their higher human capital
level until the educational process has concluded, what happens at the end of the
first period.” So in the first period all agents get the same wage that moreover
must be equal to W;. In order to allow for an increase in the human capital of
uneducated agents through experience or training I will distinguish the first period
wage of both types (WW;) from the second period uneducated wage(Wr;).® At some
points, for simplicity, I will assume that W; = Wy. The total supply of human
capital does not affect wages so they are constant. The inclusion of a production
function might be interesting as wages will be endogenous and they will depend on

the total amount of human capital supplied in the labor market.

2.4 Budget constraints

In each period agents can receive transfers from the government (g;) and they have
to afford the minimum consumption. In the first period they also are endowed with

their family income. For simplicity I collect all this variables into just two:

By = y+g1—m, (6)
By = gy —my. (7)

*For different approach see Swinkels (1999).
6This requires that firms infer through experience some information about the human

capital of their workers.

10
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An educated agent will face the following budget constraints:

01:(1—h—L1)W1+B1—f—SE and 02:(1—L2)WE+BQ—|—(1+T)SE (8)

For an uneducated agent I have:

Cl = (1 — Ll)Wl -+ Bl — SU and Og = (1 — LQ)WU + Bg + (1 + T)SU. (9)

2.5 Education decision

The problem that agents face consists of deciding whether to acquire education
or not, knowing that if they educate they will reach the utility level derived from

solving:

e

p p\S p p

C1,C%?£2,SE(GOI * bLl) o (aC2 - bLQ)

st Ci=(1~h—Li))W+ By —Sg— f;
Coy=(1—L)Wg+ By + (1 +7)Sg;

Ll S (0, h), L2 S (0,1),

and if they do not educate they will reach the utility level derived from solving;:

e

P % p p
01,0%?,%2,5U(GC1 +bLY)r + 6 (aCH + bLE)
st Cy=(1— L)W, + By — Sy;
Co=(1— L)Wy + Bo+ (1 4+7)Su;

L1 S (O, 1), L2 S (0, 1)

11
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An agent will choose to educate only if the utility level with education is higher

or equal than without education.

3 Results

The first-order conditions for an educated agent in a interior solution yield:

g _ 1=WWi+ B = [—Vg(Wp + B,)
g 1+ (1+7)Vg
b IA . 1 b IA

— ) C —_ —
P e R 27 Vi i/t + al/p—lwg/”_l
al/p—lwll/P_lA . 1 al/p—lwé/ﬂ_lA

L - 7[/ = —
! bl/p—1 _|_a1/p71W1P/p*1 2 Ve pt/p—1 _i_al/pleg/p*l

Vs

The term Vf is a function that depends on net wages in the following way:

)

where again 6(-) is a function of the net wage represented as:

Vi= ((1 + 7)o

¢(1—p)

9<W1) = (ab)% (bl/p*1 + al/pflwip/pfl) ) ,

and the term A follows the expression:

(1+7")((1—h)W1+B1—f)+(WE+B2)‘

A:
Ve 1+ (1+7)Vg

The interior solution conditions are:

for the first and second period, respectively.

12

(12)

(13)

(14)

(15)
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Plugging the optimal values into the objective function, I obtain the utility level

of an educated agent as:

V2O(Wh) + 36(W)
X¢( A ) : (16)

where X = (1 +7)((1 —h)Wy+ By — f) + (Wg + By) is the maximum possible

lifetime income.

In a similar way the interior solution for an uneducated individual yields:

g :W1+Bl—VU(WU+B2) )
v 1+ (1+nr)Vy
pHetA o L bt
LT e + al/p—lwlp//’—l T Ve + a1/p—1W§/p—1 ’ (17)
L al/pflwll/P—lA L i al/p—lwé/p—lA
e N | Vo plie=t 4 ql/etwf/et
The term A is as follows:
1 W, + B Wy + B

A:VU( +7n)( 1+ 1)+( v+ 2) (18)

1 + (1 ‘f‘?")VU

The interior solution conditions for the first and second period are, respectively:

b 1/p—1
A < (W) L, (19)
1
b 1/p—1
dA < . 2
an < Vu <aWU> + Wy (20)

The level of utility obtained by an uneducated individual is:

VEO(Wy) + 60(Wy)
Yd)( 1+ (1 )V)e ) (1)

where again Y = (1 +r) (W; + By) + (Wy + Bz) is the maximum possible lifetime

income.

13
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Equations (16) and (21) state that agents wish to maximize their
maximum possible lifetime income powered to ¢ and weighted by a function that
depends on net wages and other exogenous parameters. In particular, it depends on

the tax rate.

Using Equations (16) and (21) a particular agent will educate if:

VEO(W:) + 60(W) VEO(W1) + 60(W)
Xd)( L+ (L+1)Ve)? )ZW( T+ (L)) > 22)

That above expression can be written as:

X > Y, (23)

where x is the following expression:

r)Viy)t=? U G
0 = (Lt i) 1)

Substituting X and Y into Equation (23) and simplifying I obtain that any

individual will educate if:

(x=1)(1+7r)Bi+ By xwy—wg 1 f
1—h2x+(1_t) (1+ 7w, +(1+r)w1+(1—t)w_1' (25)

The threshold time investment is therefore:

7 (x—1)(1+7)B+By, xwy—wg 1 i
helexe (1—t)  (IT+r)w a (14 r)u _(1—t)w1' (26)

Any agent that needs this time or less to achieve the fixed level of human capital

will choose to educate (Ez < E), implying that any agent with ability higher or equal

than:
— 1/a
H—
(75 q) | 0
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will choose to educate.

Proposition 1 The function x has a value greater or equal than one (x > 1). The

value is strictly greater if Wg > Wy.

Proof. See the Appendix. =

Proposition 1 indicates that if an agent chooses to educate then X must be
strictly greater than Y, so the maximum lifetime income when educated must be
strictly greater than the maximum lifetime income when uneducated for an educated
agent. This implies that there is less education than in a similar setup in which
agents maximize simply lifetime income. It also says that (xy — 1) > 0, which implies
that any transfer or family income has a negative effect on education. The negative
effect of transfers was as expected, but the negative effect of family income on
education is not, since it is usually found that higher family income implies higher
levels of education. This apparently counter-intuitive result can be explained inside
the model if a positive correlation between y and e is allowed. There exist other
possible ways to revert this result as for example allowing a positive correlation
between y and wg. This positive correlation can be supported using matching
models or labor networks. A higher family income allows in a matching model to
look for a job during more time, increasing the probability of a good match. A
higher family income can be related to a network that is more suitable to find a
high wage educated vacancy.” If the access to family income depends on parents’
choice then parental guidance might also explain the positive relation between high
family income and high education, since parents’ might restrict the access to family
income if agents choose not to educate. If there exists any kind of social rewards to

education they might be positively correlated with family income.

If financial markets are not perfect low-income families cannot borrow to finance

education. In this case there is a positive relation between family income and edu-

"Using a similar intuition a low income family network can be more suitable to find
high wage uneducated vacancies.

15
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cation for those families that are financially constrained and a negative relation for

those families that are not. This scenario seems more realistic.

The effect of a change in the tax rate on the time investment threshold can be

stated as:

~

@ _ _ (Q4r)(WVi+B)+Wy+Bs | dx x—1 (I+r)B1+B2 \ 1 f (28)
dt (14+r)Wy dt (1-t)2 (1+r)ws (1-t)2 wy*

Proposition 2 When consumption and leisure are complements the derivative of x
with respect to t is negative. This implies that, when the monetary cost of education
s zero, or nearly zero, and the sum of transfers and family income is low enough,

an increase in the tax level has a positive effect on education.

Proof. See the Appendix. m

As the derivative of x is negative with respect to ¢ when consumption and leisure
are complements, it is clear that when education is free (f = 0) and the sum of trans-
fers and family income is low enough , or alternatively the minimum consumption
requirements are high ((1 +7)B; + By ~ 0),® the derivative of the time investment
threshold is positive so that higher taxes imply more education, since more agents

will choose to educate.

A higher tax rate always implies a lower cost of education in terms of lost income
as also a lower return in terms of wage in the second period. The relevance of the
relation between consumption and leisure is due to the labor supply choice. When
leisure and consumption are complements the reduction in wages has a lower impact
on utility than when the variables are substitutes, the relative utility loss of agents
facing a high wage with respect to those facing a low wage is smaller when they are
complements so the utility gain related to a lower opportunity cost prevails and a
higher number of agents choose to educate. A more detailed explanation is provided

after proposition 5.

8The minimum consumption requirements can be quite high in a modern society.

16


ivie
16


This effect works through the labor supply decision in the second period as a
similar result is obtained when agents derive utility only in the second period. In
such a model agents supply labor inelastically in the first period and save all their
income to be consumed in the second period. Solving that model I obtain as a

threshold time investment the following expression:

~ _%_(%—1)(1+T)31+Bg_%wU—wE_ 1 i
=t (1—-t) (1+7r)w 1+rw,  (1—t)w’ (29)

where s follows the expression:

0= (55) R

This expression is identical to (26), except for the term se.

Proposition 3 The value of s is greater than one (3 > 1). It is strictly greater if

Wg > Wy.

Proof. See the Appendix. ®

Similarly to Proposition 1, Proposition 3 reflects the negative effect of transfers
and family income on education.

1
Proposition 4 The expression x is bounded above by the expression »: x < (%) c.

Proof. See the Appendix. m

From Proposition 4 it is clear that equation (29) overestimates the effects of
transfers, family income and the uneducated wage. In fact, the time investment
threshold is always higher in this model, so less agents educate. This difference
is due to the labor supply and to the savings decision in the first period. Agents
that choose to educate will borrow (or save less) to finance education, and their
labor supply decision in the first period helps also to decrease the cost of education

since not all the time devoted to education implies a loss in income. The difference

17


ivie
17


between s and y depends also on the value of ¢. The closer to zero is ¢, the closer

is x to sc. For ¢ close to one, x is close to one.

Proposition 5 The derivative of s with respect to t is negative if consumption and

letsure are complements: ‘ﬁl—}t‘ <0ifp<0and Wg > Wy.
Proof. See the Appendix. m

Proposition 5 indicates a similar behavior with respect to taxes and this result
shows that the labor supply decision in the second period is the relevant variable to
induce the positive reaction to an increase in the tax rate, as long as consumption
and labor are complements. When considering this case, the effect of a change in
the tax rate can be decomposed in two effect, the first one is related to savings since
the change in taxes affects the first period wage and the second one is related to
the change in the wage of the second period. This can be mathematically expressed
trough the derivative of the indirect utility function of the second period (V (W}, S;)

with respect to taxes:

OV(W,.5;) _ OV(W,.5) DS, OWy OV (W;.5) oW,

for i = E.U.
ot 95, oW, ot ow, o ri=EU

The first term of the RHS corresponds to the effect on savings and can be ex-

pressed as.

oV (W;, S;) 0S; oWy —(1 + r)hu0(Wg) for educated agents.
S, oWy ot | —(1+r)wf(Wy) for uneducated agents.

As h € (0,1) and O(Wg) < 6(Wy) the loss of utility due to the increase in
taxes is less for educated agents, there is a reduction in the opportunity cost of
education and education becomes more attractive, independently of the relation

between consumption and leisure.

The second terms of the RHS corresponds to the wage effect in the second period

and can be expressed as.

18
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oV (Wi, B;) OW; — —Wi0(Wj)
oW o (1—1t)

(1—1L;) fori=FE,U.

Here Wg0(Wg) > Wy 0(Wy ), independently of the relation between consumption
and leisure. The relevance of the relation between consumption and labor is related
to the labor supply choices. When consumption and leisure are substitutes then
(1—L3%) > (1—Lj;) in any case and the difference between these two terms is always
higher than the same difference when consumption and leisure are complements since
the income and substitution effect work in opposite directions, in fact it can be the
case that (1—L%,) < (1—Lj;). This implies that the relative loss of utility of educated
agents with respect to uneducated agents is always lower when consumption and

leisure are complements.

Then, for educated agents there is a relative gain of utility due to the reduction in
the opportunity cost of education, in terms of savings, and a relative loss of utility
due the reduction of the second period wage. This relative loss is always lower
when consumption and leisure are complements, in a way that the gain related to
the reduction in opportunity cost dominates, making education more attractive. If
consumption and leisure are substitutes the dominant effect it the loss due to the

reduction in the second period wage, making then education less profitable.

A similar intuition can be applied to the case where individuals extract utility
from both periods, the mechanism is much more complicated and it works trough

changes in the labor supply choices in both periods and the saving choice.

If the same problem is solved assuming that agents care only about first period

utility I get:

/}Zzl_wU—wE_ 1 i
(1+r)w  (1—t)w

There are no negative effects due to transfers or family income and taxes only
affect trough the last term related to the cost of education, so for costless education

taxes do not have any effect. This is similar to the cases where y is close to one.

19
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Is the complementarity assumption too strong? There exists empirical evidence
of complementarity between consumption and leisure in the literature (Stern 1976).
Complementarity between consumption and leisure is also a way to explain the

backward sloping labor supply function that is empirically observed.

4 Discussion

The main conclusion of this paper is that higher tax rates on labor income can
have positive effects on education. The requirements to observe such effect are,
perhaps, not too restrictive: Consumption and leisure must be complements, a fact
that is empirically observed; the monetary cost of education must be low or zero,
something that is observed in many European countries; and the sum of transfers
and family income must be low enough to just cover the minimum consumption
requirements. This last requirement is perhaps the most difficult to argue. Assume
that the reverse is true, then any agent, not working at all, must reach positive levels
of effective consumption. This might be true in some countries, but mainly due to
positive transfers and governmental help that are offered only in some concrete kind
of situations, like tagging policies. Usually any agent that works and/or reaches some
minimum level of income has not access to the mentioned transfers. Without these
transfers and help is difficult to believe that an agent will reach a positive level
of effective consumption without working. Then the sum of transfers and family
income must be, in most of the cases, lower or equal than the sum of minimum

consumption requirements.

In many European countries higher education is free or nearly free and marginal
tax rates are high; the combination of these two facts might act increasing education
instead of decreasing it. The high proportion of college students observed in some
European countries that cannot be explained by the sole wage differential might be
explained by this fact. In the particular case of Norway the population of agents with
a college degree and the number of university students has nearly doubled between

1987 and 2002, and interestingly the increase is concentrated on those fields that
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have a lower return.” In practice these agents face a constant tax rate since their
income is close to the uneducated income. In other Nordic countries the return
to education is also quite low. Even when the tax schedule is highly progressive
the average tax rate difference between agents with tertiary education (educated)
and agents with lower secondary education (uneducated) is much lower than in
the U.S.A.!% In the case of Swedish and Danish women the average tax difference
between educated and uneducated is less than 5%.!! In many developed countries
the advantages that students have in form of discounts, tax exemptions, easy access
to loans, housing help, grants and other forms of subventions can make the monetary
cost of education even negative, and then education is even more attractive and the

effect of an increase in taxes encourages even more education.
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5 Appendix.

5.1 Solving utility levels of educated and uneducated agents.

An educated agent must solve:

e

P p\S p p

C1,C%?,%2,SE(CLOI * bLl) o (aO2 * bL2)

st Oy =(1—h—L))Wi+ By —Sg— f;
Cy=(1— L)Wy + By + (1 +1)Sg;

Ll S (O, h), L2 S (0,1)

This is equivalent to:

]\{Ja:z: {(a((l —h— L)W+ By —Sg— f)’ + bL?)%}
Mazx !
27\ +oMar {(al(1 = L)W + By+ (1+ 1)) + bI§)7 }

Plus interior solution conditions.

So agents maximize choosing leisure in each period taking savings as given and

then maximize the expression given above choosing the amount saved.

An educated agent solves in the second period.

e

Mazx (a((1 = Ly)Wg + By + (1 4+1)Sg)” + bLY)

The first-order condition is:
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a((1—Ly)Wg+ By + (1+7)Sg)" Wy =bL5 "

Then the optimal level of leisure in the second period is:

. aVP W (W + By + (14 7)Sp)
2 bl/p—1 4 al/p—lwg/ﬂ—l )

The interior solution condition is then:

a /P WP (Wi + By + (1 +1)Sk)

<1.
bt/p—1 4 al/qu]g/pfl =

This can we expressed as:

bl/pfl

(Wg+ By + (1471)Sg) < W

+ Wg.

The optimal labor supply and consumption in the second period can be stated

as:

A . al/ﬂ—lwé/Pfl(B2 + (1 4 T)SE)
pl/p—1 +a1/p—lW§/P_l

1 - Li=

Y

b~ Y(Wg + By + (14 1)Sg)

and C5 = ey al/p_lwg/ﬂ—l

Plugging this results in the instantaneous utility function I obtain the indirect

instantaneous utility function of the second period as.

(a (bl/ﬂ*(% + By + (1 + r>sE>>” o (al/ﬁ-lwé/p*(wE B+ (1+ r>sE>>”)

bl/p—1 4 al/pflwg/f’*l pl/p—1 1 a1/p71Wg/pfl
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bl/P—l a[l/p—lvng/ﬂ—1

(b1/P—1 4 al/P*W,g/p*l)P (bL/P—1 4 al/pflwg/pfl)p

= (Wg+By+(147)Sg)? (ab +ab

¢(1=p)
— (Wg+ Bo+ (1+7)Sg)? (ab)% (bl/pfl I al/pflwg/p—l) ,

I call

¢(1—p)

(W) = (ab)s (617" + aVr=twelo=1) "o

and then I can write the instantaneous utility of the second period as:

(Wg + By + (1 +7)Sp)?0(Wg).

d9(W)

o) <.

Observe that

Equivalently in the first period educated agents solve:

Do

Mazx (a((1=h—L)Wy+ By — f—Sg)’+0bLY)

The first-order condition state that:
a ((1 —h - Ll)Wl + B1 — f - SE)pil W1 = bLll)_l.
The optimal leisure, labor supply and consumption in the first period are then.

a/P WP (1 = )Wy + By — f — Sp)
pl/p—1 + al/p—le/P_l

L=

)
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1 h— [* — (1 — h)bl/p*1 — all/pflwll/ﬂ_l(Bl _ f _ SE)
1 pi/p—1 +a1/p—1W1p/P_1 ’

bYP71((1 — )Wy + By — f — Sg)
pl/p—1 _|_a/1/p71W1p/P*1

Ci =

)
and the interior solution condition is:

1/p—1
(1=h)Wy+ By — f—Sg) < b

+ .

al/P—ll/Vl”/”_l

Assuming savings fixed the indirect utility function in the first period yields:

(1 = R)Wy + By — f — Sg)*0(Wh).

Once I have both instantaneous indirect utility functions I can compute the

optimal amount of savings as:

]\gCLJT ((1 — h)Wl -+ Bl — f — SE)¢0(W1) + (5(WE + B2 + (1 + T)SE)d)H(WE)

The first-order condition yields:

0(Wkg)

(1—=h)Wy+ By —f—=Sp)* ' =(1+7)s TR

(WE + B2 + (1 + T)SE)d)il.

I call

Vi = ((1 +r)599((VMV/’f>>)¢L > 0.
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Then the optimal level of savings is:

Sk

(1—=h)Wy+ By — f = Vg(Wg + By)

and I obtain that:

1+ (1+7)Vg

)

1+7)((1=hmWi+ By — f)+ (Wg + By)

(1_h>W1+Bl—f—SE=VE(

and

)

1+(1+7)Vg

1+ (L =h)Wi+ B — f)+ (Wg + By)

Wo+ By+ (14+7r)Sgp =

1+ (1+7r)Vg

Plugging this result in the optimal values of leisure, consumption and labor

supply I obtain the solutions stated in (10). Solutions for uneducated are easily

obtained in a similar way.

5.2 Proof of Proposition 1

)

o=

(1 + (1 + T)VU)1_¢9(WU)
1+ r)VE)1*¢9(WE)

)é

Proof.

as follows.

((1 + (1 + T)VU)1_¢9<WU>
(1 + (1 + ’I“)VE)lf‘b@(WE)

> 1. I develop and simplify the expression

S
~—
SN—
| |~
i
=
S
Q‘H)—‘
|
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The last expression is greater than one as (0(1 + r)‘ﬁ)ﬁ@(Wl)ﬁ > 0 and
Q(WU) > Q(WE) if Wy < Wg. n

5.3 Proof of Proposition 2

Proof. Cfl—’; < 0if p < 0. I need to develop the derivative.

1

==t (Q(WU“ (‘5(1“")¢)¢£19(W1>114’)¢ A O T8 +(6(1r)?) T o) T
(3(1-+1)%) T o) = W (W) T8 +(5(1-+1)%) -1 o(Wy) T

1

-
T
é

—1
1 <0<WU>11 (6(147)#) 7T <w1)1¢> 4 O(W) T8 4 (5(1r)) P T 0(W) T
1
O(Wi) T8 +(5(1-1r)) 7T 0(W7) T

To make the derivative of the last part I develop the derivative of Q(W)ﬁ with

respect to t.

1 _o
L007)™5 = 00V) T 007)

The derivative of the last part is

LoWw) = @ (ab)% bt/ +a1/P—1Wp/p—1)¢(1{”)—1 <La1/P—1Wp/p—1—1) (—w)

p—1

al/p=1yy7p/p—1 Q(W)

=1 bl/p=14g1/p—1yyp/p—1

Then
d T — ¢ ___al/e7lwelet e
30(W>1 ¢ = 1—¢ bl/p=14ql/p=11p/p—1 EQ(W)I ¢

Then you can write the derivative of

OWp) T + (5(1+ 1)) TT0(W1) =7

O(Wg) T8 + (8(1 + r)e) 7 10(W,) s

That is too long to state here, but you can develop and observe that it is negative

if Wg > Wy > W and p < 0.

28


ivie
28


When Wy = W the derivative can be wrote as

_1 1 _1
5wttt OOV T OV T (14600097 ) wplo1 _yelo
1-¢ 1—t¢ (Q(WE)ﬁ“r((S(l-‘rT)d’)ﬁ@(Wl)ﬁ)2 (bl/p—l_;'_al/pflwlﬂ/f’*l) <b1/p71+al/pleE/P*1>

That is negative if W7 < Wg and p < 0. =

5.4 Proof of Proposition 3

Proof. It is straightforward since 8(Wy) > 0(Wg). =

5.5 Proof of Proposition 4

1
Proof. y < (%%Z ;) ? follows easily from the last expression for x in the proof of

proposition one as

‘ =
-

L L 0(WEg)

OWy) ™5 + (3(1 + 7)) 71(W) ™5 < (9(%))@_
O(Wg)™% + (5(1 +1)?)710

5.6 Proof of Proposition 5

1
Proof. The derivative of (%) " is negative if p < 0.

1

d (9(WU)>i> 1 <0(WU))¢1 (9(WE)$0(Wu)—9(WU)$0(WE))

dt \ 0(Wg) — % \o(Wg) 0(Wg)?

=1 (598) " sy (0We) $0(We) — 0(Wu) $0(W))

1
1 (6Wy)\ @ 1
where 3 (O(WZ)) )0V > 0 and

d ) al/p=1yyp/p—1
EQ(W) - Ebl/ﬁ—lJral/ﬂ—le/p—le(W)

So (0(Wg)L6(Wy) — 8(Wy)L0(WE)) is equal to

pa/P~10(Wr)0(Wy) wy/" . W/
1—t bl/pfl_’_al/p—lwl/;/P*l bl/pfl_i_al/pflwg/ﬂfl
pal/P—1O(Wp)6(Wy

) .
- > (0 and the parenthesis is equal to

where
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bl/p—lwg/ﬂ_1+wl/]7/ﬂ_lal/p—IWg/P_l7b1/p—1WEPj/P_17Wg/ﬂ_1al/p—lwg/l)_1
(bl/p71+al/p71Wg/p_l)(bl/pflJral/pflwg/.o_l)
/p—1 /p—1
— pi/p—1 Wyt W ”
(bl/p—1+a1/p—1W{}/p_1)(b1/p—1+a1/p—lwg/9_1)

That is negative is p < 0 and Wg > Wy,.

The derivative is

Wg/pfl_wg/pfl

O(Wy) \ ¢ al/p—1pl/p—1
0(WEg) 1—t (bl/p—1+a1/p—1W5/P71)(bl/p—l_i_al/p—lWE/P*l)
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