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Education, Inequality, and Growth: A Public Choice Perspective

1. Introduction

Positive externalities associated with the accumulation or employment of human
capital play a central role in the new theory of endogenous growth (e.g., Romer, 1986,
Lucas, 1988, Azariadis and Drazen, 1990). They generally imply that private provision of
schooling leads to sub-optimal accumulation of human capital, and in "representative agent”
models -- as nearly all models in this vein are - such externalities indicate an optimal
intervention, e.g., in the form of a schooling subsidy. This raises the question of which
education policy would be adopted by a heterogeneous population working through a
mechanism of public choice such as majority voting, and how would it perform with regard
to growth, income distribution, and individual welfare.

Glomm and Ravikumar (1992) address this issue in the context of an overlapping
generations model, but do not allow for technical externalities associated with education. !
Consequently, the excess burden generated by public intervention in their model (affecting
the allocation of time between study and leisure) implies that a regime of private education
induces more (immediate) investment in education than does public provision.?
Nonetheless, a majority of individuals in their model always prefer universal public
education over private education, provided only that the distribution of income is typically
skewed, i.e. its mean exceeds its median. In adopting public education, the majority is
willing to sacrifice education and growth in the short run, at least, for redistribution.

While shedding light on the dynamics of income distribution and growth under
regimes of private and public education, such a representation does not fully capture the
potential advantages of intervention in education. Public education serves not only to
redistribute earning capacity from the rich to the poor -- hence its popularity when the poor

are in the majority -- but can also compensate for the externalities of education. Moreover,



Glomm and Ravikumar consider only one type of intervention: a uniform public school
system with compulsory participation and voluntary attendance. Other forms of
intervention, viz., education subsidies, may compare more favorably with private
education.

The present paper addresses these issues by incorporating externalities in an
overlapping generations model in which education is a key factor of production,? and a
heterogeneous population optimizes its investment in education over time while choosing
its education policies by majority vote. This captures the dual motivation for public
intervention in education -- internalizing the external benefits of education and reducing
inherited inequality of opportunity -- while taking into account the excess burden induced
by the taxes that must be raised to fund such intervention.

Three principal regimes are considered: purely private provision, private provision
with government subsidies funded by proportional taxation, and public provision funded
by proportional taxation with compulsory participation and attendance. We derive the
growth path of the economy under different regimes and characterize the growth of average
income and changes in income distribution as functions of the policy regime and of
parameters of utility and production.

The structure of the paper is as follows. In the next section we describe a basic
overlapping generations model with education as a factor of production. In Section 3 we
characterize equilibrium under each of the three education regimes considered in this paper:
purely private provision, private provision with government subsidies, and public
provision (the latter two funded by proportional taxation). These are then compared with
each other with regard to growth performance, in Section 4, and with regard to popular

support, in Section 5. The paper ends with some brief concluding remarks.



2. The overlapping generations economy

Consider an overlapping generations economy in which individuals live for two
periods: in the first period they study, and in the second they allocate their time between
work and leisure. In each period t there is a continuum of heterogeneous families in the
economy, indexed by i, each comprising a parent and an offspring. Thus total population
remains constant over time. Families are differentiated by the innate abilities of the parent,
a;;, and of the offspring, a;,, 1, and by the education level of the parent, k;.. The
distribution of "ability" in the population, in each generation, is exogenous, and the initial
distribution of parental education, k;, is given. Subsequently, we shall make specific
assumptions regarding the nature of these distributions. The distribution of education in
the population in future géncraLions is a function of the initial distribution of education and
ability, of future distributions of ability, and of individual and collective decisions of the
population in each period.

The earning capacity of each parent, reflected perfectly in the wage rate, w;,, is a
function of individual ability and education, and of the average level of education in the
parent generation, k;. As is standard in the literature we assume a Cobb-Douglas
technology:

wip = 23k *K P (1)
where 0 < o,p < 1 are constants. Education may exhibit decreasing (c+f < 1), constant
(c+P = 1), or, as is commonly assumed in the endogenous growth literature, increasing
(o+P > 1) returns to scale. In either case, there is a direct interdependence among parents
in the same cohort: individual education generates a positive externality through the joint
input k,. We assume that each parent is endowed with one unit of time per period, and that
actual income, y;,, is the product of eamning ability and time allocated to work. Denoting
time allocated to leisure by ny;, we have:

Yit = wi(1-ny) (2)



Parents make all relevant decisions in this economy: they allocate their time between work
and leisure; they allocate their income between current family consumption, ¢, and
investment in their offspring’s education, kjp,:

Cit + Kite1 = ¥ic 3
and they make collective decisions on education policy through majority voting. Their
utility derives from current consumption and leisure, and from their offspring's expected
earning capacity,* wj.,|, where

Wite1 = jta1Kiee1%KeerP “
depends on the offspring’s innate ability and education level, and on the (expected)
education of the offspring's cohort. Assuming additively separable logarithmic utility we
have:

Uie(Cie: Mt Wig1) =10 ¢+ Nin 0y + 8ln wipy g &)
where 1 and & are positive constants; and we make the standard assumption that §,
reflecting the bequest motive, satisfies & < 1.

The positive externality associated with education implies that private provision will
not yield an optimal outcome -- indicating a potential role for government intervention. Our
analysis focuses on two alternative modes of intervention: public provision, where the
government sets a uniform level of education determined by majority vote for all
individuals in the economy and finances it by a proportional income tax; and an education
subsidy, again determined by majority vote and financed by a proportional income tax.
Public provision is ﬁsed widely at primary and secondary school levels; subsidies are
frequently used to promote higher education. These two regimes are compared with each
other, and with the benchmark case of private education, with regard to their impact on
(average) growth and the distribution of income, and with regard to their welfare

implications, and popularity.



3. Education regimes

The following formal definitions characterize each education regime and allow us to
derive the equilibrium explicitly in each case. Under all regimes we assume that the initial
endowments of ability, ajp, and education, kjg, are given, and that the first-period wage

rate, wip, derives from them via equation (1).

3.1. Private provision

Under private provision of education, in each period t the parent of each family i first
decides on the allocation of time between leisure, ny;, and work, 1- ny; and then allocates
the income produced (deriving from innate ability, time spent working, individual
education, and the average level of education of the parent’s cohort) between current
consumption, ¢;,, and individual investment in the offspring's education, k;;, ;. Hence,
each parent can be said to maximize individual utility, (5), subject to equations (1), (2), and
(4), and the budget constraint, (3).

Each such decision thus depends on the parent's expectations regarding average
investment in education; and in equilibrium all the individually optimal choices are mutually
consistent.5 Straightforward calculation reveals that the optimal allocation of time to leisure

is uniform across households and over time, and equals:

(6)

P BT R | LA
it 1+8(o+p)+n
and each parent allocates dc/(1+8ct) of income to education. Therefore, y;jof = wig(1-nP),

and fort2 1,

i = 2 2@y, I B (1-0P) )



where ¥, ;P is the average of y;;.;P. The utility level of parent i in period t under private

provision is then:

u,P = In [y; P/(1+8a)] + 1 In nP + 8ln [a;, 1 (Bo/(1+8a))e+B(y: P) (v, P)B]  (8)
it it it+1 Yit t

3.2. Public provision

In a regime of public provision it is assumed that, in each period t, parents vote on a
communal level of education for their offspring, k;,,; =K, 1, and then decide individually
on the amount of labor each wants to supply. Income is produced, and wages are then
taxed proportionally at a rate, T, that fully funds the desired level of education, i.e.,

Ku1=1y ©)
and T is the share of national income spent on education. Children are educated at a
uniform level from tax revenues, and all disposable income is consumed. Again, parents'
votes and individual decisions depend on their expectations regarding the current aggregate
labor supply curve (which links the education level to the tax rate); we require that in
equilibrium parents fully appreciate the tax implications of their education preferences.

The heterogeneity of the population notwithstanding, straightforward derivation
shows that all parents prefer the same tax rate:

= IE(S?;L]") e
Note that the proportion of income devoted to schooling under public provision is greater
than under private provision, and varies directly with the magnitude of the externality, J.
If there is no externality (B = 0) total spending on education as a function of total income is
the same as under private provision.

All parents also desire the same amount of leisure (and thus offer the same amount of
labor):

ﬂilﬁzﬂﬁzl—:‘ﬁ (11)



Initial income is y;0% = wjo(1-nG), and income in later periods is defined recursively by the
equation:

¥ = 2@y H*P (1-n9) (12)
Consumption is ¢;® = (1-7)y;C, and maximal (parental) utility is:

u;,C = In [(1-0)y;C1 + N In nC + 8ln [aj,1(ty, )P (13)

3.3. Subsidization of education

The third regime we consider is one in which education is provided privately but
subsidized at the proportional rate s. This subsidy is financed by a proportional income tax
at the rate T, and as with public provision we stipulate that the budget is always balanced,
i.e., skyy1 = Ty and T/s is the share of national income spent on education. In each
period, parents first vote on the desired education subsidy (taking full account of its tax
implications); then allocate their time between labor and leisure; and, finally, allocate their
(after-tax) income between the (subsidized) education of their offspring and current
consumption. As in the previous case, all parents in all generations prefer the same

subsidy and tax rates and desire the same amount of leisure:

s= (14)

o+p
- 9B
L 1+8(a+P) s
Sapsee T
s dacie 1+80+7 a0

Note that T/s = 1, where T is the tax rate under public provision. Thus, in this model, the
same proportion of national income is spent on education under public provision as under
subsidization -- though costs and benefits are distributed differently under the two regimes.

The subsidy level varies positively with the magnitude of the external effect; if there is no



external effect -- B = 0 -- then all parents prefer that no subsidy be given, i.e. they prefer a
purely private regime.

Equation (16) gives us initial income as y;oS = wjg(1-nS), and in later periods income

Yild = a3 (T/8)%*B(yi.19)%(F,.15)B (1-nS) 1)
Individual (parental) utility is:

(1-Dy;®

l+oa +7 In nS + 8In (a1 (T/s)*+R(y ilS)a@[S)ﬂ] (18)

uS=In

Comparison of equations (6), (11), and (16) yields results (i)-(iii) of Proposition 1;
(10), (14), and (15) yield (iv) and (v); and (vi) derives from the balanced budget constraint
and uniformity in parents' allocation of resources to education.
P ition 1.
(i) Labor supply is greatest under private provision and smallest under public provision:
1-nP2> 1-nS2 1-nG,
(ii) Labor supply under private provision equals labor supply under public provision if and
only if there is no demand for leisure, i.e., 1 =0 and nf=nS=nC=0.
(iii) If n > 0, then labor supply under subsidization strictly exceeds labor supply under
public provision; and if there is a positive external effect (B > 0) as well then labor supply
under private education strictly exceeds labor supply under subsidization.
(iv) The chosen level of subsidy is zero and subsidization coincides with private provision
if and only if there is no external effect (B = 0).
(v) The share of total resources allocated to education is the same under subsidization as
under public provision; and if p > 0 that share is strictly larger than under private
provision.

(vi) Subsidization does not redistribute income: Ty;S = sk;S.
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4. Growth and distribution

‘We turn now to a comparison of growth performance and income distribution over
time under alternative regimes. For this purpose we assume that the initial distribution of
parental education is lognormal; that innate ability is independently distributed in each
generation with a lognormal distribution, the mean of its logarithm equals zero and its
variance equals ¢Z; and that its distribution in each cohort is statistically independent of the
initial distribution of education.5 It follows that the initial wage distribution is also
lognormal, say with parameters (yp, Gp?), as is initial income. The mean of In y;! (J =P,
S, G denoting the education regime) equals:

Ho' =7 + In(1-n%) (19)
and its variance is 2. Initial mean income is then:

Yo' = exp (¥ + In(1-nt) + 6y2/2) (20)

All future income distributions are also lognormal, and equatior;s (7), (12), and (17)
that define individual income in each period as a function of (individual and average)
income in the previous period allow us to calculate the parameters of income distribution
fort = 1 recursively. (We assume here that it is impossible to switch from one regime to

another; the implications of switching regimes are considered in the following section.)

Under privare provision, denoting the mean of In(y;P) by 11,P, we have fort > 1:

P = AP + In(1-nP) + (a+B),1® + Bo,.12/2 21
where
_ da
AP= (a+5)]n[l+8u] (22)

and 6,2, the variance of In(y;P), can be calculated from (7):

o2 = 02 + ooy 2 = ¢2(1-a)/(1-02) + a?tay? (23)
Thus 6,2 converges monotonically to ¢2/(1-02), and declines over time if gp? > $2/(1-
a?), i.e., if the initial dispersion of education is sufficiently large compared with the

dispersion of ability in the populatién. Mean income in period t is:
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VP = exp® + 6,2/2) (24)

Under public provision, the mean of In(y;,) is
116 = AG + In(1-n8) + (a+B)C + (a+B)o/2 (25)

where

AG = (a+B)Int (26)
Public provision of education implies that variation in income derives only from differences
in ability, hence the variance of In(y;C) is uniformly ¢2 for t 2 1 -- less than under private
education. Thus y;C = exp(l1S + ¢%/2), and fort 2 2,

18 = AG + In(1-n5) + (o+B)py.1 G + (0+P)d2/2 27)
and

¥C = exp(,C + $%/2) (28)

Under subsidization, for t 2 1, the mean of In(y;;5) is:

1S = AS + In(1-n8) + (0P 3 + Po¥/2 (29)
where
AS = (0+P)In(T/s) (30)

and its variance is 6,2, as defined in equation (23): the same as for private education, and

greater than under public provision. Mean income is

¥S = exp(nS + 62/2) } (31

When there are decreasing returns to scale (& + P < 1) the foregoing analysis implies
convergence to a finite steady state and allows us to derive average output in the steady

state explicitly. Denoting it by y..! for J = P, G, S, we have

da
1+da

YooF = exp {[(c+P)In( ) + In(1-nP) + 0Z/2(1+a))/(1-a—P) } (32)

Y0 = exp {[(a+B)InT + In(1-n%) + ¢%/2)/(1-0—P)} (33)
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VoS = exp {[(e+P)In(T/s) + In(1-nS) + §H2(1+00))/(1-0-PB) } (34

This highlights the principal forces that determine average household income in the
steady state under the three regimes: returns to scale (ot + B) increase average income in all
three cases; the external benefits of education (B) increase the share of total income
allocated to education under public provision or subsidization (t or T/s respectively); the
demand for leisure, amplifying the excess burden associated with public provision and, o a
lesser extent, subsidization, reduces average income; and the dispersion of innate ability
increases average income, more so under public provision than under the other regimes.

We thus obtain

Proposition 2. When there are decreasing returns to scale, average household income
converges to a steady state in each of the three regimes. Comparison of steady states
reveals that a strong external effect favors public intervention over private provision with
respect to average income; a strong propensity for leisure favors private provision over
subsidization and subsidization over public provision; and a large dispersion of innate

ability favors public provision over subsidization and subsidization over private provision.

Comparing subsidization with private provision in the general case, we find that
if n > 0 then ¥ > ¥ because of the excess burden generated by subsidization (this
follows from equation (20) and Proposition 1(iii)).” Equations (21)-(24) and (29)-(31)
then imply that yS eventually overtakes yoF if and only if the rate of growth of average
income under subsidization always exceeds the rate of growth under private provision,
which holds if and only if:8

E(M,B; 8,0) =1 + 1 + 8(2c+P) + ad2(a+P)(1-n) > 0 (35)

Insert Figure 1 Here
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For given o and & this inequality divides the (m,B) plane into two regions (see Figure 1).

Growth is stronger under subsidization than under private provision in the lower region,

and weaker in the upper region: (35) is satisfied if n < 1+ 1/809 or if p < 1/at8? - 1.
Subsidization involves a tradeoff between the advantage of compensating for external

effects and the disadvantage of imposing an excess burden, and this disadvantage varies

directly with the value of leisure, 1. If 7 is sufficiently small, then ¥;$ will eventually
overtake ¥,P whatever the value of B. Note also that (35) holds if o+ P < 1+ 1/8a2, i.e.,
if returns to scale are at most moderately increasing, and particularly if they are decreasing

or constant. To sum up,

Proposition 3. In the general case, a comparison of subsidization and private provision
with regard to average household income reveals only two possibilities: either income

growth is always stronger under subsidization and ¥,S must overtake y" in the long run, or
growth is always stronger under private provision and y,S never overtakes y,”. Private
provision generates stronger growth only when both returns to scale and the propensity for

leisure are high.

Comparing subsidization with public provision, equations (19) and (20) imply that
¥0° 2 ¥¢C because of the excess burden created by public provision. In subsequent
periods, equations (25)-(31) imply that a sufficient condition for average income under
subsidization to exceed average income under public provision in all periods is:

(2/e)In[(1-nS)/(1-n9)] + Bamin{$2+og?, 62/ (1-a2)} - p2 >0 (36)
(A detailed derivation is available from the authors on request.) This holds if n,  and B
are large enough and ¢ is small enough; if 2= 0 it holds for all values of 11, 8 and [3.10
Summarizing we have: |
Proposition 4. Comparison between subsidization and public provision reveals that

average income is greater under subsidization than under public provision in all periods if
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the value of leisure (1)), the bequest motive (8), and the external benefits of education ()
are large enough, or if the dispersion of ability (¢?) is small enough:; in particular, if the
population is homogeneous with respect to ability (62 = 0), then average income is always

higher under subsidization.

5. Choice of regime under majority voting

In this section we consider which of the allocation modes -- private provision,
subsidization, or public provision -- is likely to emerge as the preferred outcome under
majority voting. To do so we compare the utility that each provides the current generation,
with specific reference to the utility of the pivotal median voter. Comparison of private
provision with subsidization of education yields the following strong result:

Proposition 5. Assume a positive external effect (f > 0). Then for any distribution of
parental education and ability, the equilibrium outcome under subsidized education is a
Pareto improvement over private provision for parents in the current generation. The
chosen subsidy is a Pareto optimal outcome if and only if labor supply is perfectly inelastic,
ie, iff n=0.

To see that the subsidy is a Pareto improvement over private provision note that
parents are in unanimous agreement regarding the preferred level of subsidization.!l A
positive external effect implies a non-zero subsidy, and if labor supply is not perfectly
elastic then the excess burden that arises from funding the subsidy implies that it is not
Pareto optimal. '

The comparison of subsidization with public provision is not so clear cut. Given an
initial distribution of parental education and ability, the utility differential for the parent of
family i in period 0 is:'2
ujoS - ujpS = nin (08/n6) + [1 + 8(c+P))In[(1-nS)/(1-n6)] + Badn(y;S/v(S) 37
where nS/nG< 1 and [(1-n5)/(1-n8)] 2 1, with equality in both iff n = 0. This differential

is clearly an increasing function of individual income: subsidization is relatively more
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desirable for those with high income while public provision is more desirable for those
with low income. This reflects the redistributive property of public provision. It is also an
increasing function of P (strictly increasing if 1| > 0): a larger external effect implies
stronger political support for subsidization.!3

For the median voter we have

Upno® - upe® = nin (nS/nC) + (1 + 8(c+P)]In[(1-nS)/(1-nG)] - Baeoy?/2 (38)
Clearly, a majority for subsidization over public provision depends on a strong external
effect (large B) and limited dispersion of income (small gjy?).!4 Differentiation of (38)
reveals that it is also an increasing function of 1, the value of leisure: a larger 11 increases
the greater excess burden imposed by public provision. Indeed, if n =0 and labor supply
is perfectly inelastic then the right hand side of equation (38) is negative (strictly negative if
o2 > 0), and public provision is preferred. Figure 2(a) illustrates the tradeoff, for the
median voter, between [ and o2 implied by (38), for given c, 8, and n; Figure 2(b)
illustrates a similar tradeoff between 1 and o?, for given o, 8, and .

Insert Figures 2(a) and 2(b) Here

Proposition 6. In choosing between public provision and subsidized education, public
support for subsidization increases with the magnitude of the externality and the value of

leisure, and decreases with the initial degree of income inequality.

The effect that income distribution has on the relative popularity of different modes of
intervention implies that the majority choice of education regime may change over time.

Specifically, assume that initially ag? is high, so that public schooling is preferred. This
lowers the variance of Iny;, to ¢2, possibly tilting the balance to subsidization. But then
6,2 will increase over time, approaching its asymptotic value ¢2/(1-:2)), and may cross the

threshold value of the variance that produces a majority for public provision, in which case

the variance of Iny;, will again fall to ¢2, and so on. In this case a cyclical change of the
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two regimes over time is indicated: under subsidization income inequality rises until it
reaches an "unacceptable" level at which point public provision is adopted, reducing
income inequality and allowing subsidization to be restored.

The conditions for the stability or instability of the education regime can be derived

from equation (38) and are summarized as follows:

(i) If the distribution of ability in the population is sufficiently dispersed, viz., if
9172 > [(1+80+8B)In((1-nS)/(1-n%)) + nin Hl—;;'ﬁ}raa (39)
then public provision is stable, in the sense that once adopted it is always preferred.

(ii) If the distribution of ability is sufficiently uniform, viz.., if

%—2 < [(1+8a+6P)In((1-nS)/(1-n5))+ nin ﬁﬁ]( 1-a2)/8a (40)

then subsidization is stable in the same sense.
(iii) If the value of $p/2 is intermediate, so that neither inequality is satisfied, then public

provision and subsidization will alternate cyclically over time.

6. Concluding remarks

In this paper we use a growth model with overlapping generations and a
heterogeneous population to compare different policy regimes for providing education, a
factor of production with which external benefits are associated. Policy parameters and the
type of regime that is selected are the subject of public choice, and regimes are compared
with respect to the growth they generate, their impact on income distribution, and their
popularity.

The analysis highlights the main forces at work: government intervention internalizes
some of the external benefits of education but also creates an excess burden through the
taxes it levies to finance its activities -- a burden that is heavier under public provision than

under subsidization. Public provision also redistributes income among families.
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The relative magnitude of these factors s}lapes the comparison of regimes with
respect to growth and popularity. Subsidization is always preferred over private provision,
and except for extreme parameter values, also induces stronger growth. The comparison
between subsidization and public provision depends on the weight of the excess burden,
the magnitude of the external effect, and the heterogeneity of the population. A high value
of leisure (increasing the excess burden) and a strong external effect favor subsidization
over public provision with regard to both growth and popularity; skewness of the initial

distribution of income increases the popularity of public provision.
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FOOTNOTES
1. Other models linking income d;’stribution and growth via a political process appear in
Alesina and Rodrik, 1991, Fernandez and Rogerson, 1992, Perotti, 1992, and Persson and
Tabellini, 1991.
2. The heterogeneity of the population is not essential for this result in their model; it
would hold also for a homogeneous population of representative agents. Moreover, given
their intergenerational structure, the quality of public schooling chosen by a homogeneous
population is lower than would arise if the same population chose an education subsidy;
cf. Proposition 1 below. This order may be reversed eventually, as income inequality
declines more rapidly under public schooling, but if initial income inequality is not
excessive then private education yields greater per capita income in the long run as well.
3. Recent empirical analyses i-n the spirit of the new growth theory, e.g., Levine and
Renelt, 1992, and Mankiw et al., 1992, indicate a positive correlation between human
capital and growth.
4. Various alternative formulations have been used to capture the intergenerational bequest *
motive. The formulation chosen here is similar to that used by Glomm and Ravikumar and
leads to a simpler analysis than other alternatives.
5. Parental decisions depend only on the decisions of other parents in their cohort, hence
intergenerational consistency holds trivially.

6. Aitchison and Brown, 1969, is the basic reference on the lognormal distribution.

7. However, wages under subsidization, w;$, always exceed wages under private
provision, w;P, for each individual.

8. Detailed derivations are available upon request.

9. This holds if the allocation of time to leisure under subsidization does not exceed

1/(1+8a); e.g, if nS < 1/2.
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10. In contrast to the previous comparison, growth rates may be higher in certain periods
under subsidization and in other periods under public provision.

11. Note that subsidization is preferred even when it attains a lower average rate of growth
than private provision, as equation (35) implies may happen.

12. This derives from equations (13) and (18) and the observation that 1-T = (1-t)(1+8c),
and (y;$) T SP/F9) P = (y; 37 54T 5708 +B.

13. From equations (11) and (16), neither nS nor nS depend on f.

14. The present framework allows us to consider other public decision making rules as
well. For instance, if a qualitative majority rule is employed, then (38) is modified to
ugoS-ugo® = nln (nS/nG) + [1 + &(a+P)]In[(1-nS)/(1-nG)] - dee[op2 — (qa-1/2)0],

where d is the size of the decisive majority (that is, the minimal proportion of population
required for a decision), qq is the corresponding percentile of the distribution, and ugg!, j =
S, G, denotes the utility of iho:s decisive voter. Clearly, the larger is d the more likely is
public provision to prevail because of the increased income differential between the decisive

voter and the mean voter.
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