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NON-TECHNICAL SUMMARY

The paper develops a public programme of education financing that takes
uncertainty aspects of private educational investments explicitly into account.
The policy objective is characterized by a maximization of a tax dividend of
public education financing. First, we derive a public scheme on the assumption
that individual educational risks are observable. Next, we suppose that
individual educational risks constitute private information. The social merits of
public education are related to the absence of markets in which students can
insure against educational risks. Hence, public provision of education should
contain elements of risk insurance. This could be realized, for instance, by
success-dependent tuition fees. A complete public takeover of all educational
risks cannot be recommended, however. Individual participation in educational
risk should rather be related to educational costs. This ensures that only
individuals with adequate educational abilities undertake costly investments in
education.

The role of the state in education financing also depends on the disposability
of individual incomes and wealth. If risk aversion is a decreasing function of
income, the public role becomes less important when educational risks are
taken to a socially desirable extent due to sufficient financial resources. In this
respect, the frequently used argument that public educational programmes
serve to facilitate access to higher education for members of low-income
groups gains in importance. As long as absolute risk aversion decreases,
members of low-income groups tend to invest less in their education than
members of groups with higher incomes, even if they have the same
educational abilities.

A general rise in incomes caused by productivity growth may also lead to a
decline of public involvement in education if the income effect on risk aversion
is sufficiently high. Since this condition turns out to be fairly strong, the view
that economic growth could lead to a stimulation of private demand for
education must be met with caution.
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I. Introduction

In virtually all developed countries the government is engaged in higher education.
One of the arguments commonly used is that higher education contributes to eco-
nomic growth. In fact, recent developments in the theory of cconomic growth,
initiated by the seminal papers by Romer (1986) and Lucas (1988), have identi-
fied investment in education, especially in higher education, as a key element of
cconomic growth.!

The view of higher education as being an essential contribution to economic
growth does not, however, as such provide a case for a public provision. First of
all, it should be asked whether and why investments in higher education regulated
by private markets do not provide an efficient level of higher education.

The argument of a public good can hardly be employed. In general, higher
education is rival and excludable. Sometimes, however, it is argued that higher
education produces positive externalities. The classical argument that a stable
democracy can only be based upon appropriately educated citizens may be applied
to elementary schooling rather than to higher education. Undoubtedly, university
graduates provide the society with valuable services. On the other hand, they earn
comparatively high incomes which may have internalized the economic surplus
of university graduates. But even if some work by university graduates causes
external effects beyond the respective salary differential, a Pigou-internalization
by subsidizing all university students, which is common practice, will hardly be
successful.?

A second frequently stated argument attributes educational subsidies to im-
perfect capital markets. Human capital acquired by education is non-tradable, it
cannot be lended ahead and thus cannot be used as a security for student loans.

This can lead to an inefficiently small demand for higher education by those who

! Most contributions to the theory of endogenous growth link the rate of growth to
the level of education. See, e.g., models with rising product qualities [Segerstrom,
Anant and Dinopoulos (1990), Grossman and Helpman (1991a), or Aghion and
Howitt (1992)], models with rising product varieties [Romer (1990), or Grossman
and Helpman (1991b)], or models with convex technologies [Jones and Manuelli
(1990) or Rebelo (1991)]. For a recent survey see Barro and Sala-i-Martin (1995).

2 See, e.g., Rosen (1995, chap. 6) and Lidecke (1996) for a discussion on positive
externalities of higher education.
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are not able to finance a cost-intensive education due to liquidity constraints.3
Capital market immperfections, however, do not necessarily suggest educational
subsidies. Publicly provided student loans should suffice to redress a too small
demand for higher education due to capital market imperfections.

One should bear in mind, though, that individual returns to education are
gencrally uncertain. The individual can neither be sure about finishing his ed-
ucation successfully nor about his future returns after a successful examination.
Publicly provided student loans which have to be paid back irrespective of educa-
tional success generally do not change the nature of individual educational risk.
Yet, the risk an individual faces with an investment in education can be consider-
able since there is no real chance to insure against it on private markets. Therefore,
it can be assumed that risk-averse individuals do not adjust expected marginal re-
turns on educational investments to marginal costs. Instead, they underinvest in
education.

What matters for society as a whole are average returns of all university grad-
uates. Society should invest in higher education until average marginal returns of
educational investments equal their marginal costs. A publicly provided educa-
tional program with a success-dependent cost participation of university students
may contribute to an individual realization of this rule.

Individuals possess different educational risks depending on their talent, de-
termination, and flexibility with respect to unexpected events. Educational poli-
cymakers have to take this into account. However, they hardly have information
of that kind. An efficient educational program should therefore induce individuals
to voluntarily reveal their educational characteristics and to choose an education
which fits best their educational risks.

In this paper we develop a public education program which explicitly takes
uncertainty of private education into account. The policy objective is character-
ized by a maximization of a tax dividend of public education financing. First, we
derive a public scheme on the assumption that individual educational risks are
observable. Next, we suppose that individual educational risks constitute private
information. Optimal education financing may then be shown to include individ-

ual income-dependent contributions. In this way, our model provides a case for

3 Most of the literature concerned with the relationship between income distribution
and growth assumes some kind of capital market imperfection. See, e.g., Galor and
Zeira (1993), Perotti (1993), and Barham, Boadway, Marchand and Pesticau (1995),
as well as the survey by Perotti (1994).
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success-dependent tuition fees as they already exist in some countries.*

The consideration of educational risk gives an interesting insight into the in-
terrelation between individual educational choice, initial resource endowment, and
productivity growth. We show that the extent of private educational financing as
well as the social surplus of a public funding of education depend on both indi-
vidual resource endowments and productivity growth. The necessity for a public
scheme becomes less compelling when better endowed individuals are increasingly
willing to accept educational risks. Productivity growth may also lead to an in-
crease in private educational investments. This effect, however, tends to be much

weaker than the impact of an increase in initial endowments.

JI. The Basic Framework

We consider two types of individuals, denoted by 7 = 1,2, facing some amount
of risk when deciding on the level of educational investments. We consider two
possible outcomes of an educational investment: the education undertaken may
cither be successful or fail, where success and failure are measured in terms of
disposable income.® Let yis and yiF be disposable income in case of success and in
case of failure, and let 7; denote the probability that the educational investment
of an individual of type i fails. Expected utility of an individual of type 7 may

then be written as:
R F i N - __
Eu; = mul(y] )+ (1 —m)uly)), 1=1,2. (1)

The von Neumann-Morgenstern function u : Ry — R is assumed to be twice
continuously differentiable. It is assumed that the individuals are risk-averse and
anxious to realize positive consumption in any state. This implies v’ > 0, v”' < 0,
and u'(z) — oo, if z = 0. In what follows it is assumed that m; > 7o, i.e.
individuals of type 1 have a lower chance of success than individuals of type 2.

If o’s educational investment is not successful, his disposable income is given

1 An example is the Higher Education Contribution Scheme which was introduced in
Australia in 1989.

® The model could easily be extended by considering more than two outcomes of
educational investments. This would not, however, affect the main results.
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yiF:x_ei? i:1727 (2)

where e; marks the educational investment of ¢, and z is the labour income of an
unskilled individual. Hence, an individual failing in education has less income at
its disposal than an individual which has not undertaken an education at all. If

education is successful, disposable income is given by:
s _ -
Yo = Z(ei) — €4, = 1)27 (3)

where the function z : Ry — R indicates the return on an educational investment
e;. It is assumed that z(0) = z, 2/ > 0 and 2" < 0, i.e. marginal returns on

education are positive but decreasing,.

IT1I. Education Financing

II1.1 Private Education Financing

If education is financed privately an individual of type ¢ will choose an educational

investment e; such that expected utility takes on a maximum:
¢; = argmax{m, u(z — ¢;) + (1 — m;) u(z(e;) —e;) : e; > 0}, i=1,2.  (4)
The ex ante optimal investment &; fulfills the following first-order condition:
—mwg(F) + (- )@ (&) - Du@d) <0, i=1.2 (5)

where §f" and g7 denote disposable income in case of failure and success, re-
spectively, if an educational investment &; was undertaken. Assuming an interior

solution®, the first-order condition may be expressed as:

wi(f) — w(§F)
ul(77)

Hence, the individuals do not equate expected marginal returns on education (=

(1-m)2'(e)=1+m > 1, i=1,2. (6)

(1 — m;)2'(e;)) and marginal costs (=1), but due to risk considerations invest a

6 With the additional assumption z’(e) — oo for e — 0, for instance, the solution of
(4) is always an interior one.
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lower amount in education. Straightforward manipulation of equation (6) yields:

1 (= m)u(5P)
2'(e;) — 1 - T u’(gjiF)

. i=1,2. (7)

The right hand side gives the marginal rate of substitution between income in case
of success and failure of an individual of type ¢. It indicates how much income in
case of failure an individual is willing to give away to receive an additional income
unit in case of success. The expression on the left hand side is the marginal rate
of transformation between income in case of failure and success of an individual
of type .7 It indicates how much income an individual has to give up in case of
failure to receive an additional income unit in case of success. Hence, equation (7)
states that if education is financed privately, the individual marginal evaluation
of income will equal individual marginal cost. As Figure 1 illustrates, individuals
of type 2, i.e. individuals with a lower risk of educational failure, will undertake
higher educational investments; for any (y°, y¥') combination their marginal rate of
substitution of income in case of failure for income in case of success is higher than
that of type 1 individuals.® Hence, the indifference curves of type 2 individuals are
steeper in the yS-yf-diagram than the indifference curves of type 1 individuals.
This property is known as the single crossing property. It will proove to be very
helpful in determining the public program of education financing,.

Before we can proceed to public education funding, we need a measure for the
value individuals assign to privately financed education. It is convenient to employ
the concept of the certainty equivalent. The certainty equivalent of an individual
of type ¢ 1s that amount of income g; that, if received for certain, the individual
regards as just as good as the expected income when it undertakes an educational

investment €;. Thus, ¢; is implicitly defined by:
L _F _S .
w(@i) = mu(y” ) + (1= m)u(iy), 1=1,2. (8)

Obviously, a public education scheme has to offer an individual of type ¢ a util-
ity level of at least u(g;). Otherwise, the individual will finance the education

privately.

T After replacing e; in (3) considering (2) one has: yf = 2(z — yiF) -z + yiF, and
differentiation yields: —dyf /dyf = 1/(z' = 1).

8 The shape of the transformation curve in Figlire 1 implies that z'(e;) > 1 for all
¢j € [0y]. This, however, is not essential for the results derived in this paper,
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r — e;

T — €2

z(el) — ey z(e2) — ez

Figure 1: Private Education Financing

I11.2 Public Education Financing

Suppose that the government encourages individuals by means of a public program
to invest more in their education than they would do otherwise. This increases the
average return on educational investments if there is a sufficiently large number
of individuals who aim at an higher education and whose educational risks are
distributed independently. It is sometimes argued that a public program of higher
education financing will also be advantageous for that part of the population which
does not participate in higher education, if the additional tax revenues exceed the
costs of the scheme. The social (tax) return on higher education is called the tar
dividend of a public education scheme.®

Following the notion of the tax dividend we assume that the objective of the
policymaker is to maximize the net social return on educational investments. The
net social return on educational investments is defined as the sum of individual
returns on educational investments minus the cost of education and minus the
disposable incomes of the individuals having undertaken an education. The public
program comprises two educational packages — one for each type. An educational
package is a triplet consisting of an educational investment e;, a disposable income

in case of failure yf', and a disposable income in case of success y?. Hence, a public

program is a pair of educational packages {e;,y’, v }i=1,2-

9 See, ¢.g., Barr (1993, chap. 13).
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Let the number of individuals being able to participate in higher education
be given and normalized to 1, and let ¢ be the proportion of type 1 individuals.

The net social return on educational investments is then given by:

N F _F S S
T(er,e2, 91 Y2 Ui, Vs )

=q [7T1.T + (1 — 7rl)z(el)]
+ (1 — q) [mez + (1 — mp)2(e2)]
__q[el+7r1yf+(1 _Wl)yig]

~(1=q)lez+my; +(1—m2)y3). (9)

In what follows, we first assume that the policymaker can observe the individ-
ual types. Afterwards, we consider the more realistic case that the types constitute

private information.

II1.2.a Public Education Financing when Types are Observable

Even if types are observable, the policymaker does not have complete freedom
in his choice. Since the individuals can always undertake a privately financed
education, the public program must offer individuals at least as much utility as
the private alternative. An individual of type ¢ will only participate in the public

education scheme if:

5 “(yip) + (1 - ﬂi) u(y;.s) 2> ’U«(Z)z), 1= 1’2» (10)

i.c., If the program offers at least the utility of the certainty equivalent of a pri-
vately financed education. These constraints ensure voluntary participation in the
public program. When types are observable, these are the only constraints the
policymaker has to consider. The optimal public program, denoted by PP I, can

then be formulated as:

PP1I:

F F S5 S
max T(617627y1 y Y2 1y17y2)’
{(fuylF‘y;S}izl 2

subject to :
mu(ys) + (1= m)u(yy) > u

myu(yy ) + (1= m)ufyy) 2 u(go)
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The first-order conditions are given by:

(1 -m)2'(e;) —1=0, (

g - Au'(yf) =0, (12)
g —Au'(y7) =0, (13)
(1 —m) 2 (e2) =1 =0, (14)
(1—¢q)—pu'(y;) =0, (15)
(1-q) —pu'(y5) =0, (16)

where A and p denote non-negative Lagrange multipliers associated with the vol-

untary participation constraints. Straightforward manipulation yields:

(1-m)2'(er) =1, (17)
v =v; =9, (18)
(1 —m)2'(e2) = 1, (19)
3 =5 = Jo. (20)

The optimal prograimn of education financing when types are observable is char-
acterized by the condition that the marginal expected return of each educational
investment e; equals its marginal costs, and that each individual receives a dis-
posable income amounting to his certainty equivalent of the privately financed al-
ternative, irrespective of whether the educational investment is successful or not.
Figure 2 illustrates the ¢-th educational package of PP I. An individual of type ¢
participating at PP I attains the same utility level as if he had chosen a privately
financed educational investment, indicated by the indifference curve I;. Since the
individual receives a disposable income of §; in any case, his marginal rate of sub-
stitution is given by: (—dyf'/dyf)y‘_pzyiszyi = (1 — m;)/m;. In Figure 2, this is
illustrated by the slope of the dashed line tangent to the indifference curve. The
marginal rate of transformation, illustrated by the slope of the dashed line tangent
to the transformation curve at point P is also given by: —dy! /dy? = (1—m;)/m;.1°
The distance between the two dashed lines measures the net return of the i-th ed-
ucational package — horizontally in units of income in case of success and vertically
in units of income in case of failure. The distance is maximized when individuals

receive their certainty equivalent of privately financed education irrespective of the

10" This follows from (17) and (19), respectively, and footnote 7.
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Figure 2: Optimal Public Program when Types are Observable

educational result.

II1.2.b Public Education Financing when Types are Unobservable

In this section we assume that individual types are unobservable. The policy-
maker knows that a proportion ¢ of that part of the population which is capable
of participating in higher education is of type 1, but he cannot observe the type
of each individual separately. As a consequence, PP I is not feasible - see Fig-
ure 3. Individuals of type 1 would simply masquerade as individuals of type 2 and
choose the educational package intended for individuals of type 2 to achieve the
utility level I (> I;). Thus, PP I is not incentive compatible. When types are
unobservable, feasibility of a public financing program requires that no individual
finds it worthwile to choose the educational package designed for individuals of a

different type. This requires:
7riu(yiF)+(l _ﬂ'i) U(yf) ZWIU(yf)'f‘(l—W,,)U(yf), 1=1,2, ]7/:7’ (21)

Figure 3 indicates that the public scheme is constrained by the requirement

that individuals of type 1 do reveal their true educational characteristics. In fact,
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y"

- .5

"
Figure 3: Infeasibility of PP I when Types are Unobservable
standard arguments show!! that in an optimal setting only the incentive compat-

ibility constraint in which individuals of type 1 prefer to claim the educational

package intended for individuals of type 2 is binding. Thus, an optimal program

implies:
mou(yl) + (1= m)u(yy) = mulyy) + (1 - m) u(ys), (22)
mou(ys ) + (1= m2) u(yy) > mpu(yr ) + (1 — m2) w(yy). (23)

On the other hand, whether one or both of the voluntary participation constraints
bind is not clear a priori, since individuals of different types would undertake dif-
ferent private educational investments. As Figure 4 illustrates, this implies that
cither both constraints bind or only the one in which individuals of type 2 pre-
fer to undertake private educational investments. Figure 4 displays two different
incentive compatible public funding programs. One implies a bundle of dispos-
able incomes given by [(y7,vF), (v5,yf)] and the other one a bundle given by
[(ylsl,yf‘/), (yfl,yfl)]. In the first case both voluntary participation constraints
are binding, while in the second only the voluntary participation constraint of

type 2 individuals is binding.!?

' See, e.g., Kreps (1990, chap. 18).

12 Obviously, only the voluntary participation constraint of type 2 individuals would
bind if individuals of both types had only one identical private alternative.
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Figure 4: Binding Voluntary Participation Constraints

Hence, the optimal incentive compatible public scheme, denoted by PP 1II,

may be written as:

PP I1:

F _F S S
max T(el,ezayl 2 Y2 ,ylayZ)’
{fewf Wiy o

subject to :
mou(yl) + (1= m)u(y?) > w(ih),

mau(yg) + (1 — ma) u(y3) = u(da),
mou(y) + (1 - m)u(yy) = mu(ys) + (1 - m) u(ys).

The first-order conditions are given by:

(1—m)2'(ey) =1 =0, (24)
g— (A +v)u'(yf) =0, (25)
g- A+ v)d' (@) =0, . (26)
1 — 7(2 (62) - 1= 0, (27)

o)) =0 o

l—q (
(1-q)— </L 1—7”) u(y3) =0, (29)
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where A and p are defined as before, and v is a non-negative Lagrange multiplier

associated with the binding incentive compatibility constraint. It follows that:

(1 -m)2'(er) =1, (30)

ui =yi 2 9, (31)

(1 —m)2'(e2) =1, (32)
(

Yy < g < Y5 33)

Again, the optimal public program is characterized by an equalization of marginal
returns and marginal costs of educational investments for both types. The infor-
mation of the policymaker, whether full or incomplete, does not affect the optimal
level of public educational investments. Furthermore, as in the case of full informa-
tion, the public program should take over the whole educational risk of individuals
of type 1. Whether they receive only their certainty equivalent or more depends
on whether their participation constraint is binding or not. Individuals of type 2,
on the other hand, should still face some of their educational risk. The intuition
behind this result is as follows. Participation in educational risk is less attractive
for type 1 than for type 2 individuals. If type 2 individuals face some educational
risk this restrains type 1 individuals from masquerading and from choosing the
educational package intended for type 2 individuals. The net social return on
educational investments of PP II is less than that of PP I, even if both partici-
pation constraints are binding.}® If type 2 individuals are given a share in their
educational risk, their average disposable income has to exceed their certainty
equivalent. Otherwise, due to risk aversion, they would not participate in the
public program.

To summarize, the optimal public financing scheme is characterized by a sim-
ple condition: marginal returns on educational investments should equal marginal
costs. This condition, however, is not attained by means of private financing.
The government has to take over a part of the individual educational risk to meet
this condition. The design of the public program depends on the information the
government has about individual educational risk. If the government can observe
individual educational risk, it should take all of it. If the government cannot ob-

serve individual educational risk, more expensive education should include higher

13 Note, however, that the net social return is non-negative. A public program of the
form {éi,yip,@f}izl'g, i.e. a public program which simulates private educational
ﬁnancing7 is incentive compatible and im})lies a net social return cqual t0 zero.
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mdivtdual risk participation.

IV. Initial Endowments and Productivity Growth

Hitherto, we have not considerd the financial background of the individuals and
its potential impact on private educational investments. It is conceivable that a
privately undertaken educational investment depends on whether it has to be fi-
nanced solely out of success-dependent income or whether the individual can fall
back on additional financial resources. Furthermore, the absolute amount of dis-
posable income may also affect private educational investments. This is important
since, due to productivity growth, incomes of skilled and unskilled individuals have
risen continuously during recent decades.

In this section we consider the impact of both initial resource endowments and
productivity growth on private educational investment. We start by considering
the effect of increasing initial resources. For simplicity we assume that there is
only one type of individual, characterized by a probablility of educational failure
7. Let a be an initial endowment. The state dependent budget constraints are

then given by:

yF =a+t 1z —e, (34)
y® = a4+ z(e) — e (35)
where y* and y° now denote disposable resources rather than incomes in case of
failure and success, respectively. The privately undertaken amount of educational

investments is determined by:

¢ =argmax{nru(a+z—e€)+ (1 —m)ula+ 2(e) —e) : e > 0}. (36)
Assuming an interior solution, the first-order condition is given by:

Qe,a) = —nu'(at+tzrz—¢€)+(1—7)(2'(e) —1)u'(a+ z(e) —e) = 0. (37)

This condition implicitly defines a function € = é(a), which describes the relation-

ship between the optimal amount of privately financed educational investments

and the initial endowment. Employing the implicit function theorem, it follows:
de —mu'(a+z—e)+ (1 —m)(2'(e) — Nu'(a + 2(e) — &)

de . 38
da EVED (38)
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Elimination of 2’(€) — 1 by making use of (37) yields:

Z—i = [A(a+z — &) — Ala+ 2(6) — &)] E“a;/ma; é)J, (39)
>0

where A(y) is the Arrow-Pratt measure of absolute risk aversion. Since € is the
optimal amount of private educational investments, 02/0Jé has to be negative.

Hence, the second factor in (39) is positive, so that:

de »

20 & Alatz—e) 2 A(a+ 2(e) — e). (40)

Since x < z(e) for all e > 0, the amount of private educational investments is
increasing in initial endowment if absolute risk aversion is decreasing. Considering
the discussion of the previous section, decreasing absolute risk aversion implies that
public education financing is the more important the less individuals can fall back
on sufficient initial resources. In view of the standard argument that educational
policies should facilitate access to higher education for the poor, this result gains
in significance. In fact, it implies that the amount of educational investments
undertaken by the poor differs most markedly from the socially optimal level. In
this way the result provides a link between the distribution of initial resources and
the net social return of public education financing.

When an increase in initial resource endowments leads to higher private ed-
ucational investments, one may ask, whether a rise in disposable incomes due to
productivity growth affects private investments in a similar way. If a in equations
(34) and (35) is interpreted as an income component depending on productivity,
one could conclude that private educational investments go up due to productivity
growth, and a public program of education financing would cease to be necessary in
course of time. However, such an interpretation would, among other things, imply
that relative educational costs decrease over time. If one observes that educational
costs increase over time, such an analogy is less obvious. Suppose that educational

costs are governed by the same trend as incomes.!* The state dependent, budget

** This may be the case, for instance, if educational costs are linked to the employment

of tclers
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constraints may then be written as:
Fo_
__7—.(:1;_@)’ (41)

S=r. (z(e) —e), (42)

=

where the parameter 7 measures productivity at a certain point in time. The

optimal amount of privately financed educational investments takes the form:

¢ = argmax{mu(r(z — e)) + (1 — m) u(r(z(e) — €)) : ¢ > 0}, (43)
and the first-order condition is given by:

Qe, )= —mu(r(z - &)+ (1 —m)(2(€) — 1) u(r(z(e) — €)) = 0. (44)

Proceeding in the same way as before we have:

dé ~

20 & R(r(z-8) 2 R(7(z(e) — @), (45)

where

u”(y
Ry = -2y
is the Arrow-Pratt measure of relative risk aversion. An increase in productivity
leads to higher privately financed educational investments if relative risk aversion
is decreasing.  The condition for productivity growth leading to higher private
educational investments is thus much more restrictive than the condition for in-
creasing resource endowments causing the same effect. Taking the results of the
previous section into account, it has to be doubted that productivity growth may

lead to privately financed educational investments at the socially optimal level.

V. Summary and Conclusion

This paper has dealt with private educational investments under risk. It has de-
rived an cconomic role for the state concerning education financing. In our frame-
work the social merits of public education schemes are related to a non-existence
of markets in which students can insure against educational risks. Hence, a public
programn of education financing should contain elements of risk insurance. This

could be realized, for instance, by success-dependent tuition fees. A complete
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public takeover of all educational risks cannot, however, be recommended. An in-

dividual participation in educational risk should rather be oriented at educational
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