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ABSTRACT

It is argued that sinple vouchers are not sufficient for successfu
decentralization: To achieve the socially desired outcone, the
governnent nust pay schools for the educational outputs in addition to
paynments for the enploynent of students. Once this achi evenent based
system (ABS) is in place, the optimal anmount of integration will arise
voluntarily, because in the ABS schools face the correct shadow wages

for the enpl oynent of students.
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1. I NTRODUCTI ON

Chubb and Moe open their book by the follow ng statement: "For
Anerica's public schools, the |ast decade has been the worst of tines
and the best of tines. Never before in recent history have the public
school s been subjected to such savage criticismfor failing to neet the
nati on's educational needs-yet never before have governnments been so
aggressively dedicated to studying the schools' problens and finding the
resources for solving them” Elsewhere, they argue: "O all the reforns
that attract attention, only choice can address the basic institutiona
probl ens plaguing Anmerica's school s". (Chubb and Moe, 1990a, pp.1 and
1990b, pp.7.) Manski (1992) states the need for economic analysis
i nstead of rhetoric partly because "during the past thirty years, the
basic intellectual argunent for systematic choice has not notably
advanced beyond the cl assical econonic ideas sketched by Friedman (1955,
1962)."1 Here | attenpt to advance the understanding of vouchers systens
by applying well known results about external effects.

The paper nmekes two points: The first is that if education of
i ndi vidual s generates externalities for society, a system of market

provi si on of education can be induced to provide the socially optinal

1 For a recent statement see MIton and Rose Friedman (1981, pp.140-78).
For some di scussion see Cohen and Farrar (1977), Coons and Sugar man
(1978) and Lieberman (1989). An early voucher proposal, by Tom Pai ne
is discussed in West (1967).



out come. To achieve the desired social outconme the government nust pay a
subsidy per unit of educational achievenent for each student type: the
subsi dy equals the difference between the social and private return per
unit of educational achievenent for that type. The second point is that
voucher paynents that are not contingent on educational achievenents
will yield the same outconme in a market system for providi ng education
as woul d be achi eved without the vouchers. Schools will sinply pass the
vouchers along to students in the formof stipends (in cash or in kind).
These points are nmade in the context of a nodel with two student
types: high- and lowability. This permts making the distinction
bet ween two types of externalities. The external benefit that high
ability types convey on low ability types can be internalized by
differential tuition charges.2 By contrast individual and schools do not
have incentives to take account of social externalities such as the
benefits to denpbcracy of an educated citizenry.3 This latter type of
externality leads to the divergence between private and socia
i ncentives that the achi evenent-based subsidy is shown to remedy. The
nodel assunes no inconme effects so that the voucher paynment does not

alter the demand for educati on.

2 This point was made by Wite and Rothschild (1992) Eden and Kl i nov
(1992) and Eden (1992).

3 Another source of external effect is that some parents may fail to
represent the interest of their children. Externalities seemto be
important in elenmentry and high-school, where socialization takes
place. It is often argued that external effects in higher education

are less inportant. See Arrow (1973), for exanple.



The environnent considered in the paper abstracts away from
several inportant issues. First, it assunes that the governnent has
wel | -defined social weights on the welfare of each student type thus
abstracting fromthe political difficulties involved in determ ning such
wei ghts. Second, it assunes that the governnment can costlessly neasure
both student type and student educational achievenent. In practice,
these nmay be extrenely difficult for a governnent to assess. Third, it
assunes a perfect capital market.

CGover nment backed | oans can nitigate capital market inperfections
and nost economists will favor this type of intervention. The question
i s whether governnment direct production nmitigates the first two
probl ens. Direct governnent production requires sonme inplicit social
wel fare function that govern the allocation of resources. The
achi evenent based subsidy schene (ABS) requires that this welfare
function will be nade explicit. In principle an explicit function has an
advant age because it allows for healthier public debate. (On the other
hand, it is possible that naking the objective function explicit is not
politically feasible, precisely because it allows such a debate). The
second problemis nore serious.

Measurenent in education is difficult and may interfere with the
educational process itself (Madaus, 1988). To overcone this difficulty

governnent direct production relies mainly on the neasurement of inputs



rat her than educational outputs. If we have sone know edge of the

production function, we can use the inputs as proxies for the outputs.4

In an ABS both the government and the parents nmonitor schools
performance. The need for governnment nonitoring ari ses because parents
want to receive sone of the education budget as consunption, while
society wants to spend the entire budget on educational inputs.>6

Since parents choice acts as a nonitoring device, the ABS has a clear

4 W may know for exanple, that if we put together a qualified history
teacher, 10 low ability (L) students and 30 high ability (H) students,
for one hour in a class roomthat neet a certain criteria, we will get
on average 2 units of history know edge per H student and 1 unit per L
student. If the ABS calls for 1 dollar per unit of history know edge
achieved by H and 2 dollars per unit achieved by L, we pay the schoo
60 dollars for this history class.

5 An analogy w th subsidizing clean air may be useful. Assune, for
exanpl e, that a factory and a school get noney fromthe governnent.
The factory is run and owned by the workers and the school is run and
owned by the parents. In the absence of governnent nonitoring, there
are two options for spending the noney. For the workers these are:
pollution controls and subsidi zed | unches. For the parents these are:
a library and subsidi zed | unches. In the absence of nonitoring, both
groups may go for subsidized | unches even when society favors the
al ternative.

6 Asymmetric information is another argunent for joint nonitoring. But
this is a nore general problem Car manufacturers are better inforned
t hen consuners about the quality of their products. The governnent
intervention in this case is to inpose certain safety standards for
cars and, using anal ogy, ninimmrequirenents for schools. The ABS
requires the nmeasurenents of achievenents, which is nore than just
nmoni toring mininmumrequirenents. This additional nonitoring is

requi red because society and parents want different things.



advant age over direct government production, even when only inputs are
measur ed. 7

If zero tuition is an independent objective, the governnent can
pay schools for the enpl oynment of students who will otherw se have to
pay tuition and tax schools for the enpl oynent of students who will
ot herwi se receive stipends.8 In this case, students do not have out of

pocket expenses and universal school attendance can be achieved.

The second point of the paper is that in the presence of

externalities, sinple vouchers will not work because schools will sinply

7 The ABS allows for another indirect way of measuring educationa
outputs. If lifetinme earnings is a good proxy for the external effects
of education, we can neasure the average |lifetinme earnings of the
graduate student and credit the various schools that contributed to
it. For exanple, a student that earned 1.2 million dollars during his
lifetime, will credit his elenentary school (classes 1-6) by 0.6
poi nts, his Junior-high-school by 0.3 points and his high school by
0.3 points. A student that earned 0.6 nmillion, will credit his three
schools by 3, 1.5 and 1.5 points. After points are divided, funds are
di stributed according to a fornula which depends on the socia
obj ectives. The payoffs for the school outputs, will thus be paid
about 60 years later. Since schools in the ABS operate |ike firnms,
they can sell stocks or borrow against these future receipts. If
capital nmarkets are inperfect, we nmay use starting salaries as proxies
for lifetinme income.

8 This requires the classification of students to many types. |ndeed if
we insist on no out of pocket expenses we may have to auction
i ndi vi dual students anong all potential schools. Mre realistically,

we shoul d expect that students will have snall out of pocket expenses.



pass the vouchers along to students in the formof stipends.® This

enf orcenent problem was noted by Manski (1992) who argues that in the
absence of monitoring "students and schools can subvert soci al

obj ectives by using the subsidies to further their own private
interests." To appreciate the enforcenment problem consider first the
case in which there are no restrictions on the anount of stipends. If
students want to spend only $y on education out of a voucher of $x, then
in equilibriumschools will offer $y worth of education + a stipend of x
- y dollars. Schools that offer $y worth of education will not be able
to conpete because students prefer the additional x - y dollars as cash
I f nmonetary stipends are not allowed, schools will pay stipends in kind

by providing, for exanple, cheap lunches and clothing.10 | n what

9 There are proponents of choice who think that the external effects are
relatively uninportant. They base their argunent for vouchers on
i ncentives. Levin (1991) notes that this incentive argunment can be
found as early as 1776, in Adam Snmith's The Walth of Nations. Snith
(1937, p.737) argued that if the governnment pays all the cost of
education the teacher "... would soon learn to neglect his business".
The incentive problens can be sol ved by governnment backed | oans and do
not require vouchers.

10 Food stanps is another exanple of transfer paynents with an added
restriction on spending. W expect a nmarket for food stanps to devel op
whenever the anount of food stanps is larger than what the receipients
want to spend on food: The receipients will use this narket to sel
any anmount of food stanps which is above what they really want to
consune. There are however, two inportant differences between food
stanps and vouchers. Food stanps represent a transfer fromthe entire
popul ation to a small group of poor people and therefore the

receipients get a significant increase in their wealth. In the case of



follows, | refer to everything that society does not wi sh to subsidize
as stipend in kind or consunption. 1l
Since sonme of the voucher noney will be spent on consunption a

voucher systemis an expensive way to increase the |level of education

2. THE MODEL

There are only two types of students: |ow and high ability. There
are L low ability students and H high ability students in the econony.
The capital letters L and Hw Il also be used as indexes. Let E (Ey)
stands for the quantity of education received by low (high) ability
students in the econony and | et m denotes the anount of noney spent on

education. 12 The production possibility set for the econony is denoted

vouchers, the transfer is fromfamlies with small nunber of children
to families with | arge nunber of children and the wealth effect is
much snmaller. In addition the elasticity of food consunption with
respect to wealth for poor people nust be relatively large but the
wealth elasticity of education may be small because the consunption
el ement in education may be small. These di fferences suggest that in
spite of the enforcenment problemfood stanps will increase the demand
of poor people for food, but vouchers may fail to have a significant
ef fect on the demand for education

11 For exanple, sonme parents may val ue the know edge of the bible nore
than society does. In this case spending the additional x - y dollars
on bible studies, is equivalent fromthe social point of viewto
spending it on consunption because it does not generate externa
ef fects.

12 The nodel can be easily extended to the case in which there are nany

types of students, nany educational outputs and many other inputs. In



by Y. Thusy =(Eq, EL, | , h, m OV if it is possible to produce
Eq units of type H education and E units of type L education with the
inputs of | low ability students, h high ability students and m dol | ars.

Factors of production are perfectly nobile. Thus as in Friednman
(1962), | linmt the analysis to large urban areas. It is assuned that
the | evel of education per student depends on his class but not on his
school. Adding a "school effect” will not change the main results.

I now introduce rather standard assunptions regarding the
production possibility set.13 Suppose that y can be achieved by a schoo
systemthat uses | low ability students, h high ability students and m
dollars as inputs, and y' can be achi eved by a school systemthat uses
" low ability students, h' high ability students and m dollars as
i nputs. Then we assune that it is possible to build both kinds of schoo

systems. Thus,

Additivity (Al): y OYandy OVYinpliesy +y 0OV

| also assune that it is possible to reduce all inputs by the sane

percentage w thout affecting the |evel of education per student. This

such a general nodel, Ej is a vector that may include know edge of
math, the ability to think and to create, achievenents in sports and
social skills. The "other" inputs may include teachers and
facilities.

13 See, for exanple, Arrow and Hahn (1971. ch.3).



seens a reasonabl e approxi mati on when the rel evant scale of operation is

| arge. 14 Thus,

Divisibility (A2): y OYinplies Ay Y for all 0 <A<1

The planner's problem There are infinitely many potential classes. The

maxi mum amount of education that a type t student can get in class
with the inputs x; = (m , hjy , Ij) is denoted by G(x;). It is assuned
that G(0) =0, G is an increasing function of mand a decreasing
function of |I. It nmay be either increasing or decreasing in h.

Let o > O denotes the weight assigned by a social planner to
type t education and let x = [xq, X , X3 ... ] denotes an allocation of
i nputs anmong all potential classes. The planner val ues the outputs

associated with the vector of inputs x, by:

(1) F(X) = % ophj GH(xj) + aplj G.(xj)

14 To illustrate, suppose that initially we have 31 classes with 30
students per class. W are now asked to cut all inputs to a third of
their initial level. In this case, we will have 10 classes with 31

students per class. W do not expect that changing the nunber of
students per class from30 to 31, while holding the anbunt of noney
spent per student constant, will have nuch effect on the |evel of
education per student. To see that |arge scale operation is required,
consider the case in which in the context of the above exanpl e,
initially we have 4 classes rather than 31. In this case, if we cut
the level of all inputs to a third of their initial level, we will end
up with a class of 40 students. This is nore likely to alter the | eve

of education achieved by each student.



The assunptions (Al) and (A2), inply that F( ) is concave.1d Let,
X= (M, H L) denote the total quantities of available inputs. The

pl anner sol ves:

(2) max F(x) s.t. 3 Xj £X, Xj =20

Assunming the constraint qualificationsl®, there exist shadow

prices (lagrangian nultipliers) Aj such that the solution to (2) is also

the solution to

v
o

(3) max F(x) - A% i - A2 hj - A3%i m . s.t. X

15 To show this claimwe need to show that:
F(ox' + [1-9]x) > OF(x'") + (1 - OF(x) ; for 0 <d<1
Fromthe definition of G( ) as the maxi num anmount of type t education

possi bl e given the input vector, it follows that

y =[ % hiG(xi) ,» % 1iG&(x), % x] 0Y and
y' = [ % hiG(x'j) . % I'iG(x"j), & xj] OY. It therefore
follows from (A2) that (1-8y O Y and dy' O Y. From (Al) it follows
that (1-dy + o' O Y. Thus the firmcan produce the output OF(x') +
(1 - OF(x), with the vector of inputs ox' + (1 - 8 x . This conpletes
t he proof.
16 | . e., the inputs vector which is available for the econony, X, is
strictly positive and it is possible to produce sone education with

Xp << X,

10
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W can therefore choose units in a way that will make Az = 1.
Under this choice, a; can be interpreted as the price in terms of tax
dollars that the planner is willing to pay for a unit of type t

educat i on.

Students objective function: Let U (E, w denote the level of utility

of a type t student who gets E units of education and is paid a current
wage of w dollars. The current wage can be positive (a stipend) or

negative (tuition). | assumel’:

(4) U(E, W =E+ w.

In the presence of perfect capital markets, we nmay think of E as the
contribution of education to human capital. Follow ng the Iabor
contracts literature | assune that an individual school mnust promse a
type t student W utils to attract himor her, where W is the level of

utility that can be achieved by a type t student el sewhere. Thus,

(5) U(Ei » Wwi) = G(xj) +wj =W

The achi evenent based system (ABS): | start with a systemin which

tuitions and stipends are allowed: w 2 0. The governnent pays P;

dollars per unit of type t education and does nothing el se. Each firm

17 Assuming U= BE +w, with B> 0, will not change the main results.



owns one class and chooses the current wages, wj , and the nunber of

students from each type to naxin ze

(6) max Pohj GH(xj) + PLIiG(Xj) - Wqhi - wilj - m

s.t. (5) and x; = 0.

Since | allow negative current wages, at the optinmm (5) nust
hold with strict equality. Substituting wj = W - G(X;) the problem

(6) becones choosing xj =2 0, to:

(7) max (Pg + 1) hjGy(xj) + (PL + DI G(x5) - Whj - Wi - m.

The problem (7) uses full prices. The full price of education is
Pt + 1. This is intuitive: For a unit of output the school gets P;
dollars fromthe government and a dollar increase in tuition
Using x = (X1, X2,...) , P=(PL, Py and W= (Wy, W) ,

define equilibriumas foll ows.

Equi li briumfor an output price vector Pis a non-negative vector

[X(P) ; WP)] that satisfies:

(a) given [P, WP)] the vector x;(P) solves (7) for all i ;
(b) market clearing:

Si hi(P) < Hwith equality if W{(P) > 0;

Yi Ii(P) <=L with equality if W(P) >0

Note that in the case of unenploynent, the full wage nust be zero



A solution to the planner's problem (3) can be inpl enented by an
ABS if we can find P such that the resulting equilibriumallocation

coincide with the solution to (7).

Proposition 1. (a) Any solution to the planner's problem (3) can be

i mpl emented by an ABS by setting: P = o - 1, (b) The resulting

equilibriumfull wages are given by: Wy = Ay and W = Aq .

Note that when of = 1, P = 0. In this case the private and

soci al val ue of education are the sane and there is no need to subsidize

educat i on.

Proof: Substituting P, = o - 1, Wy = Ay and W = A1 in (7) leads to:

(8) max aphj Gy(xj) + ol G.(xj) - Aghj - Aqlj - m ; s.t. Xxj 20 .

Since (3) can be witten as:

(9) 2 {max apgh; G(xj) + aliG(xj) - Azhj - Al - m ; s.t. xj = 0},

it follows that the solution to (3) nust also be a solution to (8) for
all i. To showthat the narket clearing conditions are satisfied note
that the solution to (3) is also the solution to (2) and nust therefore
satisfy the constraints in (9). Furthernore, the lagrangian nultipliers

are strictly positive only when the constraints are binding. Thus for

13
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t he suggested output price vector there exists an equilibriumand the

equi libriumallocation coincides with the solution to (9). [:]

I now assune that the government rather than the students receives
(pays) the equilibriumlevels of the current wages w so that students
do not have out of pocket expenses. | assume also that in equilibrium

firms nake zero profits. Under these assunptions:

Proposition 2. Governnment spending is not affected by the introduction

of the ABS.

Proof: Note that zero profits inply:

(10) PHNi GH(Xj) + PLIiGL(Xj) - Wyhj - wilj =m

Sunming the left hand side of (10) over all i gives the governnent
expenditure for the proposed schene. Summng the right hand side of
(10) is the total anmount of noney spent by the firms on materia
teachers' salaries, etc. Since Proposition 1 inplies that }j m =M

this is equal to the total anount spent by our planner on education.[:]

If in equilibriumfirnms nake positive profits the governnent can

collect these profits by inposing |lunp sumtaxes on schools.

An ABS is necessary to solve the externality problem Suppose that the

government does not pay for outputs and pays only for the enpl oynent of



students: V; dollars per type t student. | do not inpose any restriction
on current wages and therefore the firmfaces the total wage cost of W-

V (20) per student and choose non negative xj , to solve:

(11)  max hjGy(xj) + 1iG(xj) - (W - VDI - (Wy- VRhi - m.

Equilibriumfor a non-negative voucher vector V = (V. , Vg is a non-

negative vector [x(V) , WWV)] that satisfies:

(a) given [V, WV)] the vector [ xj(V)] solves (11) ;
(b) nmarket clearingl8:

Si hi(V) <Hwithequality if W(V) > 0;

Si 1i(V) <Lwithequality if W(V) > 0.

We can now state the effect of introducing a voucher systemto a
free market econony in which there is full enployrment: 3%; h;j(0) = H and
2i 1i(0) =L . Inthis case, the vouchers will end up in the pocket of
the students as an increase in current wages w thout having an effect on

t he anount of education produced. Formally,

Proposition 3: If [x(0), WO)] is an equilibriumfor a price vector

P =0, then ;(V) = x(0) and VVV) = WO0) + Vis an equilibriumfor a

voucher vector V.

18 student unenpl oyment with W >0, will create a downward pressure on
students' current wage until either W = 0 or there is ful

enployrment. | therefore require market clearing whenever W > 0.

15



Proof: Choose VVV) = WO0) + V. Gven this choice and P = 0, the
problem (7) is the same as (11). Since x;(0) is a solution to (7) it
therefore follows that ;i(V) = Xxj(0) is a solution to (11).

Furthernore, the market clearing conditions: > h;(0) = H,;

i 1 (0) L imply the market clearing conditions: 3%; %i(V) =H;

Sili(w =1L . ]

Thus differential vouchers lead to the sanme outputs as the free

mar ket .

3. CONCLUDI NG REMARKS

In the absence of external effects an achi evenent based subsidy
schenme (ABS) is the sane as a systemthat use differential vouchers
(DVS): In both schenes schools are paid on the basis of the nunmber and
m x of students. In the presence of external effects, an ABS pays
school s for educational outputs in addition to paynents for the
enpl oynent of students. At a minimum an ABS will achieve the sane
educational outputs as a centrally planned system w thout coercion
More realistically, an ABS will inprove productivity relative to a
governnment run operation because parents choice acts as an effective
nonitoring device: Schools that do not use their inputs efficiently will
eventual |y go bankrupt.

An ABS can work even when educati onal outputs are neasured

indirectly by the quantities of inputs used. An ABS creates the

16



i ncentives to spend the entire budget on educational inputs,

DVS sone of the budget

may be spent on stipends in kind.

while in a

17
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