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Abstract

The paper examines the effects on growth of boihager and public investment in health,
schooling and culture: in short, education. Thegpenditures exert two effects on the growth rate:
(Dthey increase labour and capital stock produtyithrough a positive externality, and (ii) they
modify saving and investment decisions througtstibstitutability between education and private
consumption. The different effects on economiwtr@f publicly financed education and private
investment in education are investigated. The adtigrowth rate depends on households’
preferences for education. Moreover, there willdd@ays an optimal tax rate that produces the
same rate of growth in alternative regimes, privaded public, of education financing.
Universalistic public education exerts a strongipes externality on the economic efficiency but -
unlike private investments - it does not creatdigaht incentives through income differentials to
change consumer preferences for education.
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1. | ntroduction

The idea that investment in education, both pubahd private, can promote economic
growth was recognized by New Growth Théppntrary to the neoclassical theory that preceded
it.® Lucas (1988) argued that investment in (thatiiise tdedicated to) schooling increases the stock
of human capital and the long run rate of growtimifarly, government spending on research and
development (Romer, 1990), on schooling (Becke®8)9Glomm and Ravikumar (1992), Mincer
(1974), Willis and Rosen (1979), Willis (1986))pn health (Barro (1996), Blooset al, (2001), de
la Croix and Doepke (2004), Galor and Mayer (2086®)soya (2003), Howitt (2002), Van Zon and
Muyshen (2001)), and on public infrastructures dosteconomic development, introducing an
externality into private decisions on productiém.particular, education has a positive effect on
labour productivity (Bloom et al. (2001)), improgicreativity, learning capacity and copying skills
(Howitt, (2002)*

A different approach derives from Barro (1990Yhe basic hypothesis of this model is that
the government provides free public servicesradi such as defence of property rights, spending
on justice, health, education, and so on. Publendmg, financed with proportional taxes on
income, affects the production function, which ighwconstant returns to scale in two production
factors: physical capital stock and public invesinfe On maximising the utility of private
consumption, one obtains a constant steady-statwetly rate which is influenced by public
spending on education. An increase in the tax aatk in public investment in education fosters
economic growth up to a threshgldeyond this value the growth rate decreases.

An extension of this important result has been aded by Barro (1990) himselfWe could

also allow for public consumption services as duance on households’ utilityHowever public
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2 The authors and studies that have given rise to Gwth Theory are the following: Romer (1986)990), (1994);
Lucas (1988); Barro (1990); Barro and Sala-I-Ma(fi992),(1995), Jones and Manueli (1990), S.é&hd® (1991);
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®R. J. Barro (1990)p. cit.See also Barro and Sala-I-Martin (1992), (1995)hlie investments are non rival and non
excludable, like public goods.

® That is, an ‘AK’ production function as defined By T. Rebelo (1991}p. cit

" See Barro (1990pp.cit.,p. 109.



consumption slows economic growth because it rexlymévate income net of taxes without
increasing the productivity of the capital stock.

In this paper | examine the effect on the growtie & both private and public investment
in health, schooling and culture: in shatiucation Investment in education exerts two effects on
the economic growth: (i) it increases the produttiof the capital stock, and (ii) it modifies the
households saving decisions through the substitilyafFlessig and Rossana, (2003)) between
education and consumption. | do not follow Lucad888) approach, according to which the
engine of (or the binding constraint on) the eceoimogrowth is the time share dedicated to the
accumulation of human capital. In my opinion théeetive binding constraint for growth are the
financial resources available to invest in schaplifihis financial constraint could be relaxed only
if perfect capital markets were willing to finanpavate investment in schooling. In reality this
does not happen. Financial resources bind a pergmssibility of continuing his or her studies.
For this reason, | consider as most interestingrtethodological approach taken by Barro’s (1990)
model, according to which public spending on scimgoproduces externalities to firms which
support economic growth.

In this paper | analyze whether the public ovgie financing of education are equivalent
in relation to long run economic growth. In geneha answer is ‘no’. Public financing of education
for the entire school-age population exerts an mgod positive externality on the productivity of
labour and gives rise to a positive steady-state ocd growth. However, universalistic public
education provision does not produce income diffeaés sufficient to modify private preferences
in favour of education. Otherwise, in the caserofgte financing of education, there will be a ghar
of individuals who first achieve a higher level education and obtain higher per capita income
(see: Griliches (1977), Erickson and Ichino (199R)cifora (1994), Psacharopoulos (1994),
Benabou (1994), Card (1995), Harmon and Walzer )1, 9Galor and Tsidon (1997), Epple and
Romano (1998), Ichino and Winter-Ebmer (1998), Mamnda (2000), Miguel (2005), Sala-I-Martin
(2005)). Their preferences shift towards higheelswf education, and this in turn generates furthe
investment in education and higher earnings. Heweahis cumulative process encounters a limit:
the greater the share of the higher educated piqulahe more rapidly education becomes an
externality, exactly as happens with universaligtiblic schooling.

Section 2 presents a model of endogenous frbké Barro’s (1990) model in which the
engine of economic growth is private investmengdication. Section 3 extends this model to the
case of the public financing of education and campahe two optimal rates of growth. Section 4

describes the evolution of individuals’ preferescengendered by investment in education and



illustrates the differences between the privatd gnblic financing of education. Section 5

concludes.
2. A model of growth with private investment in education.

| shall construct a simple model of endogenousvirowith expenditure on education f(t)
in the utility function and in the production furan.
The production function, in terms of constaidur units,is a Cobb-Douglas with constant

returns to scale in physical capital stock k(t) anestment in education h(t):

1 y(t) = k(®)” h(t)"™ @ =ax®)™ .y, =@A-a)x®)"
where: x(t) = h®
K(t)

The disposable income of a representative househ@dspent on consumption and

investment in physical capital and in education:

2 y(t) = c(t) + k(t)+ h(t)

The utility function is hypothesised as being of RARtype, its arguments being
consumptiorc(t), with weight (1), and education h(t), with weightOp3 <1:

_ Lo (h)* ™ — - 31— oy YD) — pi1— Y0
R nt ] wLO=0-AL-0) Gl uO=AL-0) ]

wherey indicates the value in terms of the utility oétimvestment in education.

The household maximises the current value ofiréu flows of utility, choosing both
consumptionc(t) and investment in educatitit) in respect of the dynamic constraint (2), gieen
positive initial capital stockk(0)=k,> 0. In appendix A this optimal control problem idv&n and

the steady state growth rate is obtained as tliéi@o of the following implicit equation:

8 Note that h(t) is the annual flow of investmensthooling, and not the stock of human capitah dsicas (1988).
® For simplicity,the units of population at the initial date are nalised to 1, N(t)=1, and the rate of growth of the
population is assumed to be nil: n=0.
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@ 2(g)=[B(B)- Blg —(@ij +B(B)p=0

where: B(f) = a[l_ 9. ,8}

a

ol-a)
l-o0)a

Note that if: < , or if : o > a (sufficient conditions the term in the square brackets:

B(fB) — S is always positive. | assume that at least ondae@de conditions is always satisfied. It is

then easy to ascertain that Z(g) is a concave ifumaif g increasing up tong and thereafter

decreasing:
0Z + —La
P9 (o) - Al 2 [ B2 <o for g>gin®
Jg al-a)\ «a

It is interesting to study the relation betweére value g* such that Z(g*)=0 and the

preference for educatigh

g _A-0)g -p_ o i Gu<g-<—

Therefore, if households considgt) to be useful, i.e8>0, the steady state rate of growth

increases witlfs (see figure L
When =0, the value of x*{3=0) (see appendix A)s minimum and the rate of growth is

lowest:

1

® g (p=0=1{at-0)" o]

g

In general, the following proposition holds:

19 Note that g, is the value of g such th§2(9) _ 0.
a9



Proposition 1. When the optimal investment in education is privatiecided and financed, the

steady state rate of growth is an increasing fiomct of households’ preferences for education

through the optimal ratio between investment inoation and in physical capitalg” = g[x* (,8)].

Figurel: Steady state rate of growth g* in function of theferences for education.
Values of the parameters:=0.3, ¢=0.75, p=0.05
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The steady state utility of a represewgahousehold, taking into account the optimal

constant ratio between education and consum(tibrc)*, is the following:

(h*/ c¥) ﬁcoeg(ﬁ)t i
1-o }

ulett), ht)] = {

The effect of a change in householdefgrences for education is the sum of two
components: (i) change in the optimal ratio betwedacation and consumptioph(c)*, and (ii)

change in optimal consumption , which grows atrtite gf):

OU() _r * 99(5)
Y @ a)u(c,h){ln(yh/c) +Inc, +t o5 }



Thus, in the long run, a shift of households’ prefices to education increases utility, given that

the effect of p on the rate of growth is positive.

3 Public investment in education and growth.

3.1 Now consider the same previous framework assumirag the government imposes a
proportional income tax rat®<r<1 to finance public investments in educatigb)=1y(t). The
government is a benevolent planner which maximtheshousehold utility function by choosing
the optimal income tax rat#. The household utility function is hypothesised amf of CRRA
type, as in Section 2.

The production function, in terms of constafidur units, with N(t)=1, is the same Cobb-
Douglas function as introduced in equation (1).economic agents know the public budget

constrainth(t) = ry(t), the production function can be written as fokow

)  yt) =k® h®)"™ =k (1)) = AK()

1-a

where :A(T)=17° , A = A(r)l_—a
ar

Given that education is freely provided by the jpuliskctor, the disposable income of a
representative household is spent on private copgsamand physical investment only:

(7)  @-DA@KE) = c(t) +K(t)

In appendix Bthis optimal control problem is solved and theadie state growth rate is

obtained as the solution of the following implieuation:

1

©®  z(g)=[B(B)-Blo —[OQTWJ“’ +B(B)p=0

Bl-0)

" The derivative of u(t) with respecttds : U, (t) =
ar

u()



Note that the solution of the government’s optimcontrol problem, equation (8), is identical to
equation (4) obtained as the solution of the &bakls’ optimum control problem. Therefore the
steady state rate of growth is the same in the @ilseth public and private financing of schooling
When households do not consider education to beiluge=0, the corner solution foresees
only private consumption. The optimal tax rate*is=1- &, and from equation (§Bn appendix B

the same minimum optimal rate of growth as in égqua(5) is obtained.
In general, the following proposition holds:

Proposition 2: When the optimal investment in education is declded benevolent government

and financed by general taxatiothe steady state growth rate is an increasing tionc of

households’ preferences for education through théwal tax rate:g" = g[r* (ﬁ’)] :

There are substantially two channels through whiciblic expenditure on education
influences the rate of growth: (i) it increases pineductivity of physical capital, and (ii) it mibigs
the saving decisions of households. If we conguétic expenditure on education in the household
utility function, then such expenditure partiallybstitutes for private consumption, freeing

resources to increase saving and investment.

3.2 By equalizingV(x) = V(r) ( equation (9A) in appendix A and equation (10B3ppendix B),
the relation between the optimal tax rateand the optimal ratio between investments in edoicat

and physical capital x* can be determined:

1
11) x*=r¢ or: r*=x“

It is easy to verify that, for these values'ohndx*, the growth rates g(x*) and g are equal.
Proposition 3:

There exists an optimal tax ratewhich makes the rate of growth in the case oflipdmancing of
education equal to the rate of growth in the casprivate investment in education.



Are, then, both private and public investmentsentucation perfectly equivalent? The
answer is ‘no’. The next section explains thealdhces between private and public financing of

education.

4 I nvestment in education and changein consumer preferences

4.1. To understand the differences betweenligahd private financing of education, imagine a

hypothetical process of economic developmerthii@e phases.

Phasel. A neoclassical growth model with physical capdaly.

At time t=0, each household possesses a stockpitbt&>0 and a basic level of education
(e.g. compulsory schoolingnormalized to 1: ¢¥1. In the household’s utility function the value
assigned to s fp=0. In fact, education can be consideredugperior good so that below a
minimum level of income y° the optimal choice iscarner solution with nil expenditure on
education. All income is devoted to consumption angestment in physical capital. Given this
Ramsey’s frameworkhe solution of the optimum problem of the repraative household yields
the following steady-state equilibrium:

. (a)\re . g \
Eo*:{ ko=_ ) yoz(ko) ) go:O}
Yo,
If ko* > Ko there will be a phase of transition during whibk conomy grows at a decreasing rate
until it reaches the steady state equilibriegi. However, households may have differing abilities
to utilize their capital stock, so that the steathte equilibrium will be more rapidly approached.
Thus each agent will be at a different point ongh#h leading from yto y*, and the distribution

of individual incomes can be described by the #@qoay,,, =y, +A' (y, - y;),for i=0,...,1.

Phase2. Change in preferences. A growth model with physiod human capital .

Suppose that at time t=tn;(<1) households exceed the threshold value y° ef gapita
income and then change their preferences regartingation from% =0 to £>0. There will
now arise in society a class of households whictidéeto spend a share of their income on
education for themselves or for their children. img individuals achieve an intermediate level of

education (e.gsecondary schopl h;>hy=1. The optimal choice problem faced by these n
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individuals is described by the model in SectionThe steady-state equilibriufg;* is the

following (see equation (8A) in appendix A)
EFt {XA)>XB)=0, 6>t =[xy -pl.  wE>t)=yLeE )

For the economy as a whole, the steady-stateilequih is given by the weighted average of
agents with a basic educatiog) I number (1-§, and of agents with an intermediate educatign h

in number R;

yt>t)=ny(t)+@-n)y,
g(t > tl) = nlgl + (1_ nl)go = nlgl
h(t>t,) =nh +@-n)h =1+n(h -1

Because higher-educated agents earn an inceft)egyeater than that of lower-educated agents,
suppose that their number increases accordintetéotlowing rule:
— yo —_ -0 (t-t;)
nl(gl’t) =1- =l-e*™
y.(t)
where g is the rate of growth correspondingto

As a consequence, the economy’s growth rate aniétkeof per capita income become:
g(t) =ny(9,,1).9, for t>4
y(t) = @-ny(0)y, +nu (D) y(t, )e* ™

As time passes)(t)—>1: that is to say, practically the entire populatwill acquire an intermediate
level of education {#1, and income disparities will diminish. This heghaverage level of
education improves the overall efficiency of theommmy, but it transforms education into a
positive externality whereby no agent is able ttawmban income differential which off-sets the

investment made.

Phase 3. The limit to growth entailed by investment in extiomn.

Suppose that at time $=i,(<1) households ( e.g. those that have been itbtetdi achieve a
higher level of income ) will switch their prefe@s to a higher level of educatidgh> ;> po=0.
They will devote a greater share of their incomeetiucation so that they can attain a higher
schooling level @niversity education: h,>h;>hp=1. Given that X§) is an increasing function of

B2 the new growth rate f) will be higher than the previous oneBg( The greater the per capita

12 As long as the ratio between investment in edanatind physical capital f( is less than maximum valug xsee
Appendix A.
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income y of the higher-educated population, the more rapidbe the increase in the share of the
population which invests in education. Income dédfeials will reduce and higher education , too,
will become a positive externality which improvég teconomy’s overall productivity.

However, this cumulative evolution of householdf@rences driven by income differentials
will encounter dimit. As shown in théAppendix Awhen x(t) exceedswx further investments in

education reverse the tendency, so that the ecogoomys at a lower steady state rate.

Figure 2: Evolution ofpreferences for educatighand growth rate g(t)

A

a()

Bo=0 B:>0 B2>B1

0 Lt 5t st T

4.2. What happens when education is financed &éytvernment? The neoclassiphhse 1lis

like the one just described. There will be convangeto the steady state equilibriurg,BEwith an
exogenous nil rate of growth. Households spend thet income on consumption and investment
in physical capital. As soon as per capita incoe sufficiently increased, the government supplies
to (historically ‘imposes’ on) all citizens an eation level h>hy=1 financed by a proportional
income tax rate. In this case the positive extégndle to universalistic compulsory educationl wil
have a very strong impact on the entire populatien it will be equivalent to settinggrl). The
generalized level of education does not increasenie differentials to an extent sufficient to
persuade some agents to shift their preferenceduoation3>0. The only effect is an increase in
labour and capital productivity. If individual pegences for educatigh do not change, the there
will be no willingness to pay more taxes to finarecdigher level of educatidi. Therefore the
value of at which agents’ preferences stabilize will be éowhan the value d¥ which could be
obtained were it driven by per capita income ddfdrals. Given that the rate of growth is an

increasing function of the optimal tax raté ) (see Appendix Bit may happen that the public
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financing of education is insufficient to sustaim @ptimal rate of growth owing to education’s

nature as a positive externality.

5. Conclusions

The paper has examined the possibilities and limftsa growth process driven by
investment in schooling, health and culture: inrgsheducation. It is well known that this
investment promotes economic growth not only byaasing labour productivity, but also by
shifting household preferences to education. A®r@sequence, expenditure on education partly
substitutes for consumption, thus freeing resoufoeshe accumulation of physical capital. This
cumulative process is bounded, and its limit igedrined by the productive technology,
specifically by the substitutability between phydicand human capital. Thereafter, further
investments in education slow down growth rathat #tcelerate it.

The differences between a growth process gulmiea benevolent government and one
driven by individual choices have been highlight@dprocess led by the government would be
more efficacious in thérst phaseof economic take-off because the extension of &t to the
entire population would produce a strong positixemnality on labour productivity. In subsequent
phases, a process driven by individual choices evbel more long-lasting, and it would establish
the optimal ratio between human and physical chfiitaugh a change in household preferences
driven by income differentials.

Briefly, in the initial phase of an economy’s tal; public intervention on behalf of all
citizens is preferable. Thereafter, | believe viadble to leave individuals free to make their own

decisions on investment in education.

13 Note that the optimal tax rat&is an increasing function ¢ see Appendix B.
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Appendix A : The steady state growth rate g* with private fioiag of education.

The solution of the optimization problesnobtained by deriving from the Hamiltonian
function the following first-order maximum conditis:

(1A)  ePu M-t =0

(2A) e U, (1) = u(t) + p(OA-a)x(t) ™ = 0

3A)  -g,H)=axt)"™

_on) _

(4A) g, (1) =x(1)"™ K@

x(t)

where p > 0is the intertemporal discount rate, and

g, = %: g(y) indicates the rate of growth of the varea(t).
y

Moreover, the followingtransversality condition must be verifieldn g(t)h(t) =0.

t- o

Equations (1A) and (2A) define the optimal timehpat the control variables(t) and h(t),
setting it in relation to the time path of tbestatevariable/(t); equations (3A) and (4A) define the
rate of variation ofcostatevariable and capital stock respectively.

Substituting equation (1A)) in equation (2A) yielti® optimal ratio betweer(t) andk(t):

(5A) %:%(Xﬂ)—a—a)xa)m) 50 it x> %, = 0-a)°

The optimal growth rate of the capital stocki&ived by substituting of the equation (5A)
into equation (4A):

(6A)  g(k) = %[(1- a+aB)x(t)"™ - x(v)]

In steady state the ratkft) as well as the rate of growth of the capital lstowst be
constant; by differentiating (4A) with respect tmé, and taking account of (5A), the following

steady state condition is obtained
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(7A) 9g(k)=g(h)=g(c)=g(y) =g

The rate of growth of consumption is deriveahircondition (1A) (taking the logarithmic

and deriving it with respect to time), taking irtocount of equation (3A):

(8A) g =£[ax1"’ —,0] or:  (8A) x= (_og +'0j1_a
o a

On equalising equations (6A) and (8A), the follogrimplicit equation is obtained:

(9A) V(X)=x"[oc@l-a+aB)-aB]-ox+Bo=0 where:%—\; <0

The optimal constant value x* is obtained by sajvequation (9A); by substituting in
equation (8A), we obtain the steady state grovéte of income:

108) g = [ax)* - 4]

where g*is an increasing function of x*.

We define the relation between x and the preferéoiceducatiofs from implicit equation (9A):

signM=signa—V:M ><0® for:x<>x, =pR  where:R= 1-a
s 0o oR-p a(l-o)

1

Finally, the limit condition is satisfied iffy < P 1’”k0
al-o)

A different way to present the same result cdssissubstituting equation (8A)’ in
equation (6A), obtaining an implicit equation in @% function of deep parametessd, o) and the

preferences for educatifin see equation (4) in the text

1n fact, we haveX%—V = (L-a)x"™ [J(l— a+ap) - aﬂ] —ox=-aox—-(-a)Bp <0 forevery value
X

of root x of equation V(x)=0.
5 In fact, 6R-B)>0 in the entire interval Op<1 provided that>a; in any case this is the most reasonable hypisthes
on the relation between the parameters.
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Appendix B : Proof of existence of the steady state equilibrggowth rate g* with public
financing of education.

| introduce the first-order maximum conditions ob&d by deriving the Hamiltonian
function with respect to the control varialoig) andz(t) and the state variablt):

(1B) e u,(t)- u(t) =0

(2B)  eu, + ut)AD)kM)A-1 -a)/ar]=0
(3B) - u(t) = e u, (t) + u(t)(1-1)A(r)

4B) g, (1) = —% +(U-D)AQ)

Equations (1B) and (2B) define the optimal timehpaitthe control variables(t) andz(t),
setting it in relation to the time path of tbestatevariable/(t); equations (3B) and (4B) define the

rate of variation ofcostatevariable and capital stock respectively.

Note that in steady state the rate of growth ofdfygital stock must be constant; therefore,

by differentiating (4B) with respect to time, itust be: g (t) =g, (t F g,(t)= 0.

Substituting equation (1B) in (2B) and (3B) yieltie rate of growth of theostatevariable

and the optimal ratio between consumption and ahpit

5B)  -g, () :%% + A-1)AT)

(6B) % =%(r +a-DAr)>0  for T >t,= 10

Then, given the optimal ratio between consumptad capital, the rate of growth of the
costatevariable is defined:

(B)  —9,(t)=aA()

15 Note that in order to haymsitiveprivate consumption c(t)/k(t), this constraint e satisfied.
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| take the logarithmic of the condition (1B) andride it with respect to time. Taking
account of the above equality between rates of tiroand equation (7B), the rate of growth of

consumption is derived as:

og+pjl—aa
a

(8B) g(C)=g=%[aA(r)—p] or:  (8B) r:[

The optimal growth rate of the capital stock carob&ined by substituting equation (6B) in

equation (4B),:
©B) gk =g =%[(1—a+aﬂ) ~1]

Finally, by equalising equations (8B) and (9B), wlatain the following implicit relation
which defines the optimal income tax rate:

oV (1)
or

(10B) V(1) = aAT)[B(B) - B] - 07A(T) + B0 = O; <0"

Note that V{ ) is a concave function af which decreases fart,. There will be an optimat*
such the V&*)=0. Moreover, it is easy to ascertain from (8Bat g is an increasing function of
We can define the relation between the optimalrtéd& and the preferences for educafidinom

implicit equation (10B):

91(p) :signa—;=—a(1—U)A(T)+,0><0 forr<r :(L)ﬁ

sign
0B 0 a(l-o)

A different way to present the same result cdasissubstituting equation (8B)’ in
equation (9B), obtaining an implicit equation img function of deep parametess, o) and the

preferences for educati@in see equation (9) in the text

Y n fact: sign% = sigr[a(l— a)l-o)(oR-p) - ar] <0 for ©=>1,,=(1-w)
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