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Abstract 

Public provision of a service coexists with private market provision. The quality of 
public provision is determined by majority vote. Preferences are not single peaked 
owing to the presence of private alternatives. We identify two cases. In one, majority 
voting equilibrium always exists and the median-income vote= is pivotal. In the 
other,  a necessary condition for equilibrium identifies the pivotal voter who must 
have income below the median. When equilibrium exists, a coalition of middle- 
income househo!ds who consume the public alternative will be opposed by a 
coalition of rich and poor households, with the rich choosing private consumptiun. 

K e y w o r d s :  Voting; Education; Public provision 

J E L  classif ication: D72; H42; H52; 121 

1. I n t r o d u c t i o n  

M a n y  publ ic ly  p r o v i d e d  goods  have  pr iva te ly  avai lab le  c o u n t e r p a r t s ,  
inc lud ing  educa t i on ,  hea l th ,  c r ime  p r e v e n t i o n ,  posta l  service ,  san i ta t ion ,  a n d  
t r a n s p o r t a t i o n .  Issues r e l a t ed  to such dua l  provis ion sys tems  are  increas ingly  
in the  fo re f ron t  o f  pol icy deba t e .  In educa t i on ,  m e c h a n i s m s  such as v o u c h e r s  
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are  proposed  to s t imulate compet i t ion between public and private providers.  
In heal th  care.  many countr ies  provide a specified level of care at public 
expense ,  and individuals are required to pay a premium for addi t io ,a l  
services. 

Each dual-provision good or service has unique at tr ibutes.  In health care,  
individuals may consume simultaneously both publicly and privately pro- 
vided services. In educat ion ,  by contrast ,  a given s tudent  in a given year 
typically consumes  only the public or only the private al ternative.  In 
t ranspor ta t ion ,  users of private automobiles  may benefit from an improved 
public bus system that  they never  use if the bus system reduces highway 
congest ion.  Despi te  these differences,  dual systems of provision create a 
d i lemma that  is common to public service providers unless the public and 
pr ivate  al ternat ives are perfect  substi tutes.  On  the one hand,  the private 
a l ternat ive  reduces the demand  on the public system, thereby reducing its 
costs, to the benefit of users of the public system. On the o ther  hand,  the 
loss zff clientele to the private sector can be expected to reduce public 
suppor t  for a high-quali ty public service, at least among  those who do not 
use the public al ternat ive.  This is part icularly true if those with the highest 
d e m a n d  for quality are the first to opt out of the public system. 

This d i lemma has made  dual provision the textbook example (Atkinson 
and Stiglitz, 1980, p. 303) of non-s ingle-peaked preferences.  Intuitively, 
non-s ingle-peakedness  occurs because,  at low levels of public service 
quali ty,  a household  that  prefers high-quality service may prefer  the private 
a l ternat ive .  Modera t e  increases in quality from z. low base may make  the 
household  worse off because taxes rise while the increase in service quality 
is not  sufficient to induce the household to consume the public al ternative.  
Large  increases in public service quality, by contrast ,  may make  the 
househo ld  be t t e r  off. The  household  may be induced to use the public 
a l te rna t ive ,  and the increased tax cost of that  al ternative may be offset by 
the savings from forgoing the private service. 

T h e  implications of non-s ingle-peakedness  are that a voting equil ibrium 
may not  exist, and,  if an equil ibrium does exist, the s tandard  approach 
( invocat ion of the median-voter  theorem)  does not generally apply to 
charac ter ize  that  equil ibrium. Since a majori ty-rule process is typical~ v the 
simplest  point  of depar tu re  for characterizing the political process that  
de t e rmines  the level of provision of public services, this has severely 
h a m p e r e d  model ing and policy analysis relating to dual provision issues. 

Barzel  (1973) p ioneered  the analysis of non-s ingle-pcaked preferences for 
public  educat ion  that  arise when there  is a private al ternat ive,  using a 
numerica l  example  cal ibrated to actual data.  In his example the richest of 
seven income segments  opts for private educat ion and favors zero public 
expend i tu re ,  and the major i ty  choice is de te rmined  by an income segment  
below that  containing the median- income household.  Stiglitz (1974) first 
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deta i led  the theoret ica l  p rob l em of non-s ing le -peaked  ~9references in his 
comprehens ive  invest igat ion of the d e m a n d  for educat ion  in public and  
pr ivate  school systems.  I re land (1990) character izes  many  proper t ies  of  
dual -provis ion  sys tems with vouchers ,  but  he does  not  address  the p rob l em 
of  endogeniz ing  the level of  public service provi,,ion. G l o m m  and 
R a v i k u m a r  (1996) are the first to endogenize  public service provis ion in a 
m o d e l  with a dual-provis ion system unde r  major i ty  rule. Th~:y do  so by 
adop t ing  specific funct ional  forms for p re fe rences  and the di:~tribution of 
income.  

In this pape r  we carry on the work  of Barzel ,  and G i o m m  and 
R a v i k u m a r .  We general ize  their . . . . .  " -  ;r. t,~:9 ,=-~- sh . . . .  th~, l l i ~ b U l t b  , . - -  respeczs. ~ ,.=~, , : e  . . . . . . . . . .  
G l o m m  and R a v i k u m a r ' s  choice of  utility funct ion satisfies a single-crossing 
assumpt ion .  ~ We then show that  a major i ty  vot ing equi l ibr ium exists for  any 
utili ty funct ion tha t  satisfies this single-crossing condi t ion wi thout  restr ict ion 
on  the pa rame t r i c  fo rm of the utility function and wi thout  any restr ict ion on 
the  dis t r ibut ion of  income.  With this single-crossing assumpt ion ,  the median-  
income voter  is pivotal .  Second ,  the appropr i a t e  single-crossing assumpt ion  
d e p e n d s  on the p roper t i es  of  d e m a n d  for the service in quest ion.  For  some  
services (e.g.  educa t ion) ,  the oppos i te  single-crossing assumpt ion  may  be 
m o r e  appropriate.-" Such an assumpt ion  is implicit  in Barzel ' s  example ,  and 
ou r  findings for this case are consis tent  with his. We present  a necessary 
condi t ion  for a major i ty -vo t ing  equi l ibr ium for this a l ternat ive  ahlgle-cross- 
ing condition_ The  med ian - income  vo te r  is pivotal  only if, in equi l ibr ium,  no 
househo lds  choose  the private a l ternat ive .  It follows that  the med ian - income  
vo te r  is nt>t pivotal  in significant dual -provis ion cases,  and we show that  the 
level of  public provision is genera l ly  be low that  p re fe r red  by the med ian-  
income voter ,  iVioreover, in the result  that  mot iva tes  ou r  title, we show tha t ,  
if there  is an equi l ibr ium,  a coali t ion of  rich and poor  prefer  reduced  public 
provis ion,  while the middle  class prefer  an increase.  

The  p a p e r  is organized  as follows. Section 2 presents  the mode l  and 
theore t ica l  results  on major i ty -vo t ing  are deve loped .  A compu ta t i ona l  
c o u n t e r p a r t  to the theoret ica l  mode l  comprises  Section 3. Using a cons tant  
elastici ty of  subst i tu t ion (CES)  utility specification and U.S .  da ta  on 
educa t iona l  expend i tu re  and the income dis t r ibut ion,  we c o m p u t e  equi l ibr ia  
for  a range of  educa t iona l  d e m a n d  elasticities encompass ing  both  cases of  

'Such conditions are used extensively in screening models (excellent references include 
Cooper. 1984: Matthews and Moore. 1987; and Caillaud et ii . 1988) and in the analysis of 
multi-community equilibrium (Ellickson, 1971; Westhoff, 1977: Epple et al.. 1984; Eppte and 
Romer. 1991, Goodspeed. 1989; Fernandez and Rogerson. t996). Their power in voting 
models was first established by Roberts (I977). 

-" Fernandez and Rogerson (1t)96) analyze public education and assume that the direction of a 
single crossing is opposite that of Glomm and Ravikumar (1996). The empirical evidence and 
related theory is discussed below in Section 2. 
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single crossing. One  purpose is to examine whether  an equilibrium actually 
exists where  it must be of the 'ends against the middle" variety. We find that 
the outcome that satisfies the necessary condition is, in fact, an equilibrium 
in all cases. Ano the r  purpose is to examine the consequences of much 
debated  educational  vouchers. L;ne interesting result is that,  while private 
school enrol lmeqt  is quite responsive to a voucher system, per student 
public expenditure is not. 

2.  Theore t i ca l  m o d e l  and  results  

There  are two goods, educational services and the numeraire  commodity.  
We appeal  to education in developing the theoretical results because it is an 
impor tant  example,  but the analysis applies more generally. All households 
are assumed to have the same strictly increasing, strictly quasi-concave, and 
twice continuously differentiable utility function U(x, b) over educational 
services, x, and the numeraire  bundle,  b. The following additional assump- 
tions are imposed on preferences: 

Assumption A1. Educational  services are a normal (or superior good). 

Assumption A2. For x > O ,  b > O ,  ~ and / ~ > 0 ,  U ( x , b ) > U ( O , b )  and 
U (x, b) :> U (.17, 0). 

Assumpt ion  A1 is non-controversial  and accords with all existing empiri- 
cal evidence.  Assumption A2 is for technical convenience. 

The  following property of indifference curves, a consequence of Assump- 
tion A1,  will be used frequently. Subscripts on functions denote partial 
derivatives. 

Diminishing marginal utility (DMU). Along an indifference curve, the 
marginal  utility of the numeraire  declines as the numeraire  increases. That  
is, if U(x I , bl) = U(x 2, b2) and b 2 > b 1 , then U2(x l, bl)  > U2(x2, b,) .  

Proof. See Epple and Romano  (1994). 

Households  differ in endowed income (i.e. numeraire commodity) ,  y. The 
p.d.f ,  and c.d.f, of household income are denoted f ( y )  and F(y), respective- 
ly, with support  [y_ ,~]E[0 ,~) .  We assume that f ( y )  is continuous and 
positive over its support .  We normalize the number  of households to one 
and denote  aggregate income by Y -  ~j~.yf(y)dy, which is also then equal to 
mean  income. 
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Educat ional  services are produced  from the numera i re  commodi ty .  O n e  
unit  of publicly provided educat ional  services is produced with one unit  of  
the numera i re .  All consumers  of public school services obtain the same level 
of educat ion services. Public school inputs  are financed by a propor t ional  
tax,  t, on income.  Hence ,  the public school budget  constraint  is 

t Y  = N E  , (1) 

where  N is the n u m b e r  of households  using public schools,  and E is per  
household  public school services. The  level of public school expendi ture  is 
de t e rmined  by major i ty  vote of all households,  whe the r  or not they utilize 
publ ic  schools. 

Private school services are provided by pr ice- taking suppliers.  The  cost 
per  ur, it of educat ional  services provided by private schools is p units of the 
numera i re .  A household  consuming private school services can choose as 
m a n y  units as it desires at price p per  unit .  A household  can consume ei ther  
publ ic  or  private school services, but  not both.  This  follows the l i terature 
and  is a good app,-oximation for educat ion.  Epple  and R o m a n o  (1996) and 
Gouve i a  (1996) analyze the al ternat ive where  public consumpt ion  can be 
supp lemen ted  by private consumpt ion ,  which may be a be t te r  approxi-  
triation for some publicly provided services like heal th care.  

A household  that  consumes  private school services chooses x to maximize 
U ( x ,  b)  subject  to the budget  constraint  y ( 1 -  t ) =  p x  + b. Let 

o ( p ,  y(1 - t)) = m a x  U (x,  y ( t  - 1) - p x )  (2) 

be the indirect utility function of a household  with income y that  chooses 
pr ivate  schooling,  and let x * ( p ,  y(1 - t)) be the demand  function for private 
educat ional  services that  solves the maximizat ion  p rob lem in (2). 

A household  with income y choosing public schooling obtains utility: 

U ( E ,  y ( t -  1)) .  (3) 

Hence ,  the induced utility function of a household  with income y that  can 
choose be tween  public  and private al ternat ives is 

V ( E ,  p ,  y(1 - t)) = max[o(p ,  y ( l  - t)), U ( E ,  y(1 - t))] .  (4) 

The  following observat ions are useful in sketching the indifference map  in 
the ( E , t )  plane corresponding to the utility function V ( - ) .  Note  that  
cont inui ty  of U ( - )  implies cont inui ty of v ( - )  and V ( - ) .  Assumpt ion  A2 
implies that  for a given tax rate t ~ [0, 1), all households  consume positive 
pr ivate  school services when the level of  public school services, E,  equals  
zero.  Likewise,  for a given t and a household  with a given income,  there is a 
level of  public schools services sufficiently large that  the household  will 
p refer  public schools to private schools. In part icular ,  this is clearly t rue if 
the  public  school offers a level of services E as large or larger than the 
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h o u s e h o l d  wou ld  buy  if it ut i l ized pr iva te  schooling.  Since the  utility 
func t ion  (3) is con t inuous ly  increas ing  in E,  it follows tha t  t he re  is a un ique  
posi t ive  va lue  of  E such tha t ,  with a given t, the  h o u s e h o l d  is just  indif ferent  
b e t w e e n  publ ic  and  pr iva te  school ing.  

T h e  locus of  (E ,  t) va lues  tha t  m a k e s  a h o u s e h o l d  y indi f ferent  b e t w e e n  
publ ic  and  pr iva te  school  satisfies v(p, y ( 1 -  t ) ) =  U(E, y ( 1 -  t)). Di f fe ren-  
t i a t ion  of  this express ion  yields equa l i ty  of  the  first two t e rms  below: 

dt I d E  ,.(. )=U(-) 

U,(E, y(1 - t)) 
y[Ue(E, y(1 - t)) -[Ue(x* ( . ) ,  y(1 - t ) - p x * ( . ) ) ]  < 0 .  

(5) 

Since y(1 - t ) > y ( 1  - t) - p x * ( .  ), the  inequa l i ty  in (5) follows from D M U .  
W e  supp re s s  p as an a r g u m e n t  and  wri te  the  locus of (E ,  t) pairs  a long  which 
h o u s e h o l d  y is indi f ferent  b e t w e e n  publ ic  and  pr iva te  school  as E ( y ( 1  - t ) ) .  
E x p r e s s i o n  (5) impl ies  t ha t  / ~ ( - )  is d o w n w a r d  s loping in the  (E,  t) p lane .  

T h e s e  obse rva t i ons  imply tha t  for  any  househo ld ,  a typical  indi f ference  
m a p  in the  (E ,  t) p lane  will be as i l lus t ra ted  in Fig. 1. Le t  us cons ide r  first a 
typical  ind i f fe rence  curve.  For  sufficiently low levels of  publ ic  school  
serv ices ,  i .e.  for  E < / ~ ,  the  h o u s e h o l d  will op t  to  use pr iva te  schools .  F o r  
va lues  of  E such tha t  the  h o u s e h o l d  uses  pr iva te  school ing,  the  h o u s e h o l d ' s  
ut i l i ty is g iven by o(p, y ( 1 -  t)),  which  d e p e n d s  on t but  not  E.  H e n c e ,  in 
this  r ange ,  a h o u s e h o l d ' s  ind i f fe rence  curve  in the  (E ,  t) p lane  is fiat. Fo r  
suff icient ly high E, i .e. for  E > / ~ ,  the  h o u s e h o l d  will use publ ic  schools  and  

A 

E 

Fig. I 
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an indifference curve satisfies U(E,  y ( l -  t)) = constant. Here t increases 
necessitate increases in E to maintain indifference. Using strict quasi- 
concavity of U(x, b), the increasing portion of the indifference curve is a 
concave function in the (E, t) plane.- 

Utility is increasing in the southeasterly direction in Fig. 1. S ince /~ (y ( l  - 
t)) is downward  sloping, the indifference map has the property,  illustrated in 
Fig. 1, that the 'corner" shifts downward to the fight as we look across 
different indifference curves in order  of ascending utility. 

Hencefor th ,  for expositional convenience,  we set the price per unit of 
private schooling, p, equal to I, and we suppress p as an argument in utility 
and demand functions. All results below are valid for any p > 0. 

An analysis of voting requires comparing preference orderings across 
individuals. The properties that facilitate such comparisons are developed in 
several lemmas. Lemma 1 shows that the level of public expenditures 
necessary to induce a household to choose a public school increases with 
income. Specifically, for a given tax rate, the "corners" of the indifference 
curves of individuals with differing incomes shift to the right in the (E, t) 
plane as income increases. 

Lemma 1. F.(y(1 - t ) )  is increasing in y. 

Proof. Differentiate and use (5). [] 

Corollary 1. I f  at any (E, ~), household y" weakly prefers private to public 
schooling, then so do all households y > y:  and if  y" weakly prefers public to 
private schooling, then so do all households y < y: 

Proof. Let V" be the indifference curve through (/~. t ' )of  a household y" that 
prefers private schooling to the public alternative E. The "corner" of this 
indifference curve is to the right of point (/~, t'), as illustrated by point A in 
Fig. 2. By Lemma 1, any household with a higher income has an indiffer- 
ence curve through (/~, t') with a corner to the fight of A. This is illustrated 
by point B of the indifference curve V" in Fig. 2. where V" is the 
indifference curve of some household with y" >y ' .  Thus. y" also prefers 
private to public provision. 

A similar argument  establishes that if a household with y" prefers public 
provision, then so do all households with y < y'. [] 

This concavity is proved in Westhoff (1977. p. 87). Our model  is in the spirit of Westhoff's. 
but differs in presuming that public educational services are congested and private alternatives 
are available. 
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1 1 ,,,n 
A B 

E 
Fig. 2 

L e t  E * ( t )  be educa t i ona l  e x p e n d i t u r e  pe r  h o u s e h o l d  for  those  a t t e n d i n g  
pub l i c  school  w h e n  all h o u s e h o l d s  m a k e  ut i l i ty-maximizing choices .  We  will 
call th is  the  G o v e r n m e n t  Budge t  Cons t r a in t  ( G B C ) .  We can  now deve lop  its 
key  p rope r t i e s .  

F o r  (E ,  t) such tha t  all househo lds  choose  public  educa t i on ,  E*  = t Y  f rom 
(1). We cons ide r  (E ,  t) such tha t  some househo lds  str ict ly p re fe r  p r iva te  
school ing .  Le t  fi be  the  income  of the  h o u s e h o l d  indi f ferent  b e t w e e n  publ ic  
a n d  p r iva t e  school ing.  T h e n  f ( E ,  t) satisfies 

U ( E ,  )~(1 -- t ) ) =  v(fi(1 -- t ) ) .  

C o r o l l a r y  1 implies:  

N ( E ,  t) = F ( f i ( E ,  t))  . 

U s i n g  (1), E * ( t )  is t hen  def ined implicit ly in 

(6) 

(7) 

t Y  
E* = N ( E * ,  t) " (8) 

N o w ,  f rom (6) and  (7) and  using the  enve lope  and  implicit  func t ion  
t h e o r e m s ,  we can find the  tax elast ici ty of  the  n u m b e r  of publ ic  school  users:  

ON t t P f ( i )  
¢N.  , --- Ot N -  ( l - t ) N "  
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Likewise,  we can find the expendi ture  elasticity of the number  of public 
school users: 

ON E ([~Ef(f~) 

oe.  N - (1 - O N ( U * ,  - & ) "  

where  a tilde and an asterisk denote  the consumption bundles  for y = ); 
associated with public and private schooling, respectively. Both elasticities 
are  positive, eN. ,, obviously, and ~N. e because D M U  implies U z - U  > O. 
Both  elasticities are of unrestr ic ted magni tude  since f 0  ~) is unrestr ic ted in 
magni tude .  Finally, we can find the elasticity of the G B C  from (8): 

dE* t 1 - ~N., 
m _ . ( 9 )  

dt E* 1 + e x . E  

L e m m a  2. E (t) is continuous f o r  all t ~ (0. 1 ) and differentiable over this 
range except at the point  where the highest income household is indifferent 
between the public  and private alternatives. 

Proof.  If all households  prefer  public to private provision at point (E*(t) ,  t), 
then  the claims follow trivially from (1). For  (E*( t ) , t ) ,  having some 
households  choose the  private al ternat ive,  E*(t)  is defined by (6)-(8)  with 
the derivat ive described in (9). The  positivity of the denomina to r  on the 
r ight -hand side of (9) and the implicit function theorem imply that  E*(t)  is 
cont inuous  and differentiable over  this range.  For  t such that  .~ =7 ,  
cont inui ty  follows from F 0 7 ) =  1. It is s t ra ightforward to check that  E*(t)  is 
not ,  however ,  differentiable at this point.  [] 

The  one non-differentiabil i ty in E*(t)  for t > 0 will be inconsequent ia l  te  
ou r  analysis. If the minimum income in the populat ion is positive, then E*(t)  
is also discont inuous at t =  0, jumping from zero to a positive value. 
Likewise ,  this is not of consequence ,  and our  figures below h:::,e E*(t)  go 
th rough  the origin when  y = 0. 

Pe rhaps  surprisingly, E*(t)  need not be everywhere  increasing,  by (9). 
O n e  effect of a higher  tax rate is to increase aggregate  public expendi ture ,  
a t t rac t ing more s tudents  into the public sector  so long as per  s tudent  
expendi tures  rises. This  effect is captured  by the denomina to r  in (9) and 
cannot  cause d E / d t < O .  However ,  the relative preference  for public over 
pr ivate  educat ion at any E rises with the tax rate because the marginal  utility 
of disposable income rises. The  numera to r  of (9) captures  this effect, which 
can be sufficiently s t rong in some ranges of t for some income distr ibutions 
to cause dE~dr <~ O. We must  then contend with a poorly behaved G B C ,  as 
i l lustrated,  for example ,  in Fig. 5 below. 

The  restriction on preferences  that  permits  our  deve lopment  of the 



306 D. Epple. R.E. Romano / Journal of Public Economics 62 (1996) 297-325 

p r o p e r t i e s  of  vo t ing  equ i l i b r i um is now desc r ibed .  Le t  the  s lope of  an 
i nd i f f e r ence  cu rve  of  U ( E , y ( 1 -  t)) in the  ( E , t )  p l ane  be  d e n o t e d  by 
M ( E .  y ,  t). H e n c e ,  

U~(E, y ( 1  - t ) )  
M ( E ,  y .  t) = yUz(E"  y(1 - t)) " (10) 

It  will be  a s s u m e d  for  all y tha t  the  s lope  o f  the  U ( E ,  y(1 - t)) func t ion  in 
the  (E .  t) p l ane  is m o n o t o n e  in y4  In pa r t i cu la r ,  we a s s u m e  tha t  o n e  of  the  
fo l lowing  a l t e rna t i ve s  holds :  

A s s u m p t i o n  A 3  (SDI ) .  OM(E,  y ,  t) /Oy ~ 0 for  all y. 

A s s u m p t i o n  A 4  (SRI) .  OM(E,  y ,  t)/Oy >1 0 for  all y. 

F o r  ease  o f  r e f e r e n c e ,  we a d o p t  the  m n e m o n i c s  S D I  (s lope dec  i, in ing in 
i n c o m e )  a n d  S R I  (s lope  r is ing in i ncome)  to r e fe r  to these  a s sumpt ions .  
I n c o m e  c h a n g e s  affect  the  marg ina l  wi l l ingness  to  b e a r  a p r o p o r t i o n a l  tax 
rise for  i n c r e a s e d  publ ic  e d u c a t i o n  (i .e.  M ( - ) )  t h r o u g h  an i n c o m e  and  
s u b s t i t u t i o n  effect .  A s s u m p t i o n  A1 e n s u r e s  a posi t ive  i n c o m e  effect .  U n d e r  
p r o p o r t i o n a l  t axa t i on ,  c o u n t e r i n g  this is the  effect ive  pr ice  increase  of  publ ic  
e d u c a t i o n  a s soc i a t ed  wi th  r is ing income .  Fo l lowing  Kenny*s (1978) analysis ,  
S R I  resu l t s  if the  i n c o m e  elast ici ty o f  the  impl ied  d e m a n d  for  publ-~c 
e d u c a t i o n  e x c e e d s  the  ( abso lu te  va lue  of  the )  pr ice  elast ici ty of  the  s a m e ,  
a n d  S D I  resu l t s  if the  r eve r se  ho lds~  Mos t  o f  the  empi r i ca l  analysis  o f  the  
d e m a n d  for  e d u c a t i o n  finds i ncome  elast ic i t ies  t ha t  exceed  ( tax)  pr ice  
e las t ic i t ies  (e .g.  see  D e n z a u  and  G r i e r ,  1984, a n d  F ischer ,  1988), bu t  
e s t i m a t i o n  is con t rove r s i a l  owing  to  the  possibi l i t ies  o f  T i e b o u t  b iases  a n d  
h o u s e h o l d  p r o d u c t i o n  of  e d u c a t i o n  (see Rub in fe ld  and  S h a p i r o ,  1989). It is 
p r u d e n t  to  e x a m i n e  b o t h  possibi l i t ies  theore t ica l ly .  

T h e  fo l lowing  l e m m a  es tab l i shes  tha t  if the  utility func t ion  U ( -  ) satisfies 
t he  s ing le -c ross ing -cond i t ion  S D I ,  t h e n  the  ind i f fe rence  curves  of  the  uti l i ty 
f u n c t i o n  de f ined  in Eq .  (4) also satisfy the  s a m e  s ingle-cross ing  cond i t ion .  

L e m m a  3. I f  S D I  holds,  then any indif ference curve o f  the utility func t ion  
V ( E ,  y ' ( l -  t)) crosses any indif ference curve o f  V ( E ,  y " ( 1 -  t)) at mos t  

The exploitation of "single crossing" restrictions on preferences to analyze voting problems is 
on the increase. Gans and Smart (1996) provide a very general analysis and interesting 
applications, including a synthesis of earlier research. 

-~An adaptation of Kenny's analysis to our model is in Epple and Romano (1994). 
Alternatively. see Goodspeed (1986). 
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once, I f  a crossing occurs, and y " >  y ,  then the indifference curve o f  y" 
crosses  the  ind i f fe rence  curve  o f  y '  f rom above .  

Proof. To establish the first claim, let us suppose the contrary. We consider 
households  with incomes y" and y". There are two cases that must be ruled 
out. One  of  these is illustrated by the solid curves in Fig. 3. Here an 
indifference curve V" of  household y" crosses an indifference curve V" of  
household  y" twice,  once along the flat part and once  along the upward- 
sloping part. The latter crossing and SDI imply y" > y ' .  To  establish the 
contradiction,  we  draw the indifference curve of  y'  that has its fiat part 
coinciding with the flat part of  V" This is illustrated by the dasi~e.d curve V" 
in Fig. 3. From Eq. (5), the c o m e r  of  12" (point A)  is downward and to the 
right of  the comer  of  V" (point B) ,  and hence to the right of  the corner of  I/" 
(point C).  Since y " > y ' ,  this contradicts Lemma 1. 

V ° 

/ ~  vx  . . ~ ,  
#.  

O ° 

C A 

Fig. 3 

O T h e  pc~oibili ty tha t  i nd i f f e rence  cu rves  co inc ide  ove r  r anges  (e .g .  a long  the  ho r i zon t a l  
s e g m e n t s )  o r  a re  t a n g e n t  m a y  c r ea t e  c o n f u s i o n  a b o u t  w h a t  we  m e a n  by "a c ross ing ' .  A n y  
*touching" o f  i nd i f f e r ence  cu rves  tha t  v io la tes  e i the r  S~¢,I o r  SDI  mus t  enta i l  two  c r o s s i n g .  
H e n c e .  if i nd i f f e r ence  cu rve  V m e e t s  i nd i f f e r ence  curve  V'. say f r o m  be low,  co inc ides  wi th  it 
o v e r  a r ange ,  a n d  then  V rises a b o v e  (falls back  be l t  ,~) V'. t h e n  this  c o u n t s  as o n e  ( t w o )  
c ros s ing ( s ) .  A t a n g e n c y  o f  i nd i f f e r ence  cu rves  w o u l d  c t , r r e s p o n d  to  t w o  crossings.  T h e  s imple  
hue r i s t i c  to  d e t e r m i n e  the  n u m b e r  o f  c ross ings  in any u a c l e a r  case  is this:  shift  marg ina l ly  o n e  
i n d i f f e r e n c e  cu rve  in a way  to c r ea t e  the  m a x i m u m  n u m b e r  o f  cross ings .  
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T h e  o t h e r  case  to  be  ru led  o u t  is tha t  in which  the  flat pa r t s  o f  the  
i nd i f f e r ence  cu rves  o f  y" and  y" a re  dist inct  o r  ove r l ap ,  whi le  the  u p w a r d -  
s lop ing  p a r t s  cross  m a n y  t imes .  This  is tr ivially a v io la t ion  o f  SDI .  

L e m m a  1 impl ies  t ha t  the  u p w a r d - s l o p i n g  par t  o f  an  ind i f fe rence  curve  of  
y " >  y '  c a n n o t  in te r sec t  the  flat pa r t  o f  an  ind i f fe rence  cu rve  o f  y ' .  It fo l lows 
f r o m  S D I  tha t  any  c ross ing  m u s t  be  one  in which  an ind i f fe rence  curve  of  y" 
crosses  an  ind i f f e rence  curve  o f  y" f rom above .  []  

Definit ion. A n  a l loca t ion  is a m a j o r i t y - v o t i n g  e q u i l i b r i u m  if it is on  the  G B C  
a n d  it g a r n e r s  5 0 %  o r  m o r e  o f  the  vo te  in a b inary  c o m p a r i s o n  aga ins t  any 
a l t e r n a t i v e  on  the  G B C .  

Proposi t ion I.  When S D I  l~olds, a majori ty-voting equil ibrium exists, and  the 
med ian- income  voter is decisive. 7 

Proof .  T h e  p r o o f  is ba sed  on  R o b e r t s  (1977). H e r e  we a d a p t  the  g e o m e t r i c  
p r o o f  d e v e l o p e d  in E p p l e  a n d  R o m e r  (1991).  Le t  (/~, t-) be  the  po in t  on  the  
G B C  m o s t  p r e f e r r e d  by the  v o t e r  wi th  m e d i a n  i n c o m e ,  and  a s s u m e  for  now 
t h a t  (/~, t-)>:> (0, 0) a n d  is un ique .  We d r a w  the  m e d i a n - i n c o m e  vo te r ' s  
i nd i f f e r ence  cu rve  thr,~ugh this  po in t  (see the  curve  l abe led  I~ in Fig. 4). 
T h e r e  can  be  no  po in t s  on  the  G B C  be low 17 s ince any  such po in t  w o u l d  be  

"~JfOf i 
:: s | 

| 

0 
| 

I 

D 
| 

I 

Fig. 4 

This  genera l izes  the  result  o f  G l o m m  and  R a v i k u m a r  (1996).  who  prove  a similar  result  by 
invok ing  restri~:fions on  the  funct ional  form of  p r e f e r ences  and  the dis t r ibut ion o f  income.  
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preferred to (/~, 7) by the median-income voter. Next, we consider any 
points on the G B C  that lie above I7 and the horizontal line through/" (points 
i n  region A). Lemma 3 implies that all voters with income y t > f  prefer 
(E , / ' )  to any point in this region (e.g. the voter with dashed indifference 
curve V" shown in Fig. 4). Since 37 is the median,  then at least half the 
electorate prefers (/~, t"). Hence,  (/~, t") defeats all points in region A. An 
analogous argument  establishes that (/~, t") defeats all points above V and 
below the line through ?" because all voters with y ~< )7 prefer (E, t") to any 
point i n  this region. 

If E = t = 0, a briefer version of the same argument establishes it as an 
equilibrium. Here the horizontal line through (E, t") is the abscissa, and no 
region below it exists to consider, 

We have shown that the median-income household 's  most preferred 
choice is always an equilibrium which establishes existence. Since the 
arguments  apply to any point in that household 's  most preferred set. 
multiple equilibria are theoretically possible. However ,  a point not a 
mem ber  of this set cannot be an equilibrium. If the median voter preferred a 
point on the G B C  with both lower E and t than the candidate point,  then,  
by L e m m a  3, so too would all households with higher incomes. By the 
continuity of V ( - )  in y, a positive measure of households with incomes 
below but close to the median would also have such a preference. Hence,  
the candidate point would not garner a majority. An  analogous argument  
rules out  points where the median-income voter has a preference for a point 
op the, G B C  with both higher E and t. If there exists a point on the G B C  
with (weakly) higher E and (weakly) lower t than a candidate point,  then 
there is unanimity of preferences for the former. Only a most preferred 
point of the median-income household will be an equilibrium. [] 
Remarks.  (1) Note that this result follows from the propert ies of the induced 
utility function defined in Eq. (4) and does not rely on any properties of the 
GBC.  Intuitively, the result occurs for the following reason. If no private 
alternative existed and all households consumed the publicly provided good,  
the most-preferred level of provision would be inversely related to income 
under  SDI.  The equilibrium would be the choice of the median-income 
household.  When a private alternative is available, it is consumed by the 
highest-income segment of the population.  While this reduces the level of 
the publicly provided good that this high-income segment prefers relative to 
the case of no private alternative, it does not change the inverse relaticmst~ip 
between income and the mosi-preferred level of public provision. Hence,  
the median-income household remains decisive. 

(2) If the median-income voter 's  highest attainable indifference curve is 
achieved at more than one point on the GBC,  then all such points are 
equilibria. Since such multiple equilibria are knife-edge cases, a unique 
equil ibrium is the generic outcome. 
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(3)  A n  i n t e r e s t i n g  i m p l i c a t i o n  o f  P r o p o s i t i o n  1 is t he  fo l l owing .  S u p p o s e  
t h a t  t h e  m e d i a n - i n c o m e  v o t e r  has  a s l ight  p r e f e r e n c e  fo r  p r i v a t e  s c h o o l i n g  
o v e r  p u b l i c  s c h o o l i n g .  F ig .  5 i l l v s t r a t e s  such  a case  w h e r e  V a n d  V" a r e  
i n d i f f e r e n c e  c u r v e s  o f  t h e  m e d i a n - i n c o m e  h o u s e h o l d .  F h e n  t he  t ax  r a t e  will  
b e  s e t  e q u a l  to  z e r o  a n d  t h e r e  will be  n o  p u b l i c  p r o v i s i o n .  U n d e r  t h e s e  
c o n d i t i o n s ,  a sma l l  p e r t u r b a t i o n  m a y  l e a d  to  l a rge  c h a n g e s  in t h e  leve l  o f  
p u b l i c  p r o v i s i o n .  F o r  e x a m p l e ,  s u p p o s e  t h a t  c o u r t s  m a n d a t e  t h a t  t h e r e  be  a 
m i n i m u m  leve l  o f  p u b l i c  p r o v i s i o n .  T h e n  t h e  l eve l  o f  p u b l i c  p r o v i s i o n  
a c t u a l l y  p r o v i d e d  m a y  b e  s ign i f i can t ly  g r e a t e r  t h a n  t h a t  m a n d a t e d  b y  t h e  
c o u r t .  I f  t h e  m a n d a t e d  m i n i m u m  level  e x c e e d s  E m in Fig.  5, t h e n  t h e  
e q u i l i b r i u m  has  p u b l i c  p r o v i s i o n  o f  E.s 

N e x t ,  w e  t u r n  t o  a c o n s i d e r a t i o n  o f  t h e  v o t i n g  e q u i l i b r i u m  w h e n  t h e  
m o n o t o n i c i t y  c o n d i t i o n  S R I  h o l d s .  F o r  ( E ,  t) v a l u e s  w h e r e  t w o  h o u s e h o l d s  
p r e f e r  t h e  p u b l i c  a l t e r n a t i v e  a n d  t h e i r  i n d i f f e r e n c e  c u r v e s  c ros s ,  t he  h i g h e r  
i n c o m e  h o u s e h o l d ' s  i n d i f f e r e n c e  c u r v e  c r o s s e s  t h e  l o w e r  i n c o m e  h o u s e b o l d ' s  
i n d i f f e r e n c e  c u r v e  f r o m  b e l o w .  T a k i n g  a c c o u n t  o f  t he  p r i v a t e  a l t e r n a t i v e  a n d  
u s i n g  L e m m a  1 to  d r a w  i n d i f f e r e n c e  c u r v e  m a p p i n g s ,  it is s i m p l e  to  c o n f i r m  
t h a t  s ing le  c r o s s i n g  will  fai l  to  h o l d ,  as  we  i l l u s t r a t e  s h o r t l y .  U n d e r  w e a k  
asv:~,mptions,  t h e  m e d i a n  v o t e r ' s  p r e f e r e n c e  will  n o  l o n g e r  d e t e r m i n e  p u b l i c  
e x p e n d i t u r e  in a v o t i n g  e q u i l i b r i u m .  A n  e q u i l i b r i u m  m a y  a l so  fail  t o  exis t .  I f  
i t  ex i s t s ,  a l o w e r  t a x - e x p e n d i t u r e  cho i ce  t h a n  t h e  m e d i a n - i n c o m e  v o t e r ' s  

S Alternatively, suppose a policy change dictates seine minimum level of expenditure 
financed outside of the jurisdiction (see, for example, "Can Big Money Fix Urban School 
Systems? A Test Is Underway?', Wall Street Journal ,  7 January 1992. p. i). This results in a 
rightward shift in the GBC and, similarly, can lead to large changes in public expenJitures. 
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preference  will prevail .  A middle income group will prefer  tax-expendi ture  
increases,  but an equal-sized coalition of rich and poor  households  wilt 
prefer  the opposi te .  

Making  two realistic assumptions simplifies the presenta t ion and avoids 
uninteres t ing  cases. 

Assumption A5. The median- income household ' s  most  preferred choice (or 
choices) on the G B C  has (have) E > 0. 

The  appendix  shows that  a sufficient condit ion for Assumpt ion  5 is that  
the median  income is below the mean  income in the populat ion.  

Assumption A6. The highest- income individual strictly prefers  a pr ivate  
a l ternat ive if (any of) the median- income household ' s  most prefer red  
choice(s) on the G B C  prevails.  

Assumpt ion  A6  will preclude an equi l ibr ium with no private consumpt ion  
of educat ion.  (The effect of relaxing this assumption is discussed later  in 
footnote  9.) We have: 

Proposition 2. The median-income voter's most preferred choice(s) cannot be 
a majority voting equilibrium. 

Proof. In Fig. 6, V m is an indifference curve of the median- income voter  and  
V an indifference curve of the highest- income (y-) voter.  Hence ,  point  A 
represents  the median-incon'le voter 's  most -prefer red  al ternat ive and V 

GBC 
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o ~  ~ J  
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Fig.  6 
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c o n f o r m s  to  A s s u m p t i o n  A6 .  (Tha t  V recrosses  the  G B C  is no t  r e l evan t  to  
t he  a r g u m e n t  bu t  will be  used  to m a k e  a n o t h e r  po in t  be low.  We ignore  
po in t s  B a n d  C for  n o w . )  A marg ina l ly  lower  t a x - e x p e n d i t u r e  c o m b i n a t i o n  is 
p r e f e r r e d  by a m a j o r i t y  to  po in t  A.  All  h o u s e h o l d s  with i ncomes  be low the  
m e d i a n  i n c o m e  have  such a p r e f e r e n c e  by Coro l l a ry  1 and  S R I .  L ikewise  the  
h ighes t  i n c o m e  h o u s e h o l d  has  such a p r e f e r e n c e  as do  s o m e  h o u s e h o l d s  wi th  
i n c o m e s  n e a r  y,  the  la t te r  by con t inu i ty  of  V ( - )  in y. T h e  s a m e  a r g u m e n t  
app l i e s  to  each  of  the  m e d i a n - i n c o m e  h o u s e h o l d ' s  mos t  p r e f e r r e d  choices  if 
a mul t ip l ic i ty  of  such po in t s  exists.  []  

T h e  fact  t ha t  po in t  A in Fig. 6 is not  a m a j o r i t y  vo t ing  equ i l i b r i um re la tes  
to  the  fa i lure  of  s ingle crossing.  Us ing  S R I ,  a p r e f e r e n c e  for  lower  taxes  by 
t h o s e  h o u s e h o l d s  wi th  i n c o m e s  nea r ,  but  be low,  the  m e d i a n  i n c o m e  is 
c o u n t e r e d  by a p r e f e r e n c e  for  h ighe r  taxes  by those  wi th  i n c o m e s  nea r ,  bu t  
a b o v e ,  the  m e d i a n  income .  H o w e v e r ,  let us cons ide r  h o u s e h o l d s  wi th  
i n c o m e s  suff iciently high tha t  they  m a k e  a p r iva te  choice  at the  m e d i a n -  
i n c o m e  h o u s e h o l d ' s  m o s t  p r e f e r r e d  choice .  Ind i f f e rence  curves  o f  such 
h i g h - i n c o m e  h o u s e h o l d s  cross  V m at po in t  A f r o m  above .  T h e y .  too ,  p re fe r  
tax  d e c r e a s e s ,  b r e a k i n g  A as an equ i l i b r ium.  S imi la r  logic p rec ludes  any 
p o i n t  a b o v e  A on  the  G B C  f rom be ing  an equ i l ib r ium:  

Corollary 2. A majority voting equilibrium, i f  it exists, entails less public 
expenditure than the (minimum o f )  the median-income household's most 
preferred choice(s). 

Proof. ~We re fe r  to  Fig. 6 where  po in t  A is the  m e d i a n - i n c o m e  h o u s e h o l d ' s  
m o s t  p r e f e r r e d  choice .  ( I /  _~ mul t ip l ic i ty  exists ,  let po in t  A be  the  m e d i a n -  
i n c o m e  h o u s e h o l d ' s  m i n i m u m - e x p e n d i t u r e  mos t  p r e f e r r e d  choice . )  H o u s e -  
h o l d s  wi th  i n c o m e s  be low the  m e d i a n  i n c o m e  strit .dy p r e f e r  po in t  A to any 
p o i n t  on  the  G B C  a b o v e  A ,  by Coro l l a ry  1 and  SRI .  By the  con t inu i ty  of  
V(  - ) in y ,  po in t  A is also p r e f e r r e d  by a pos i t ive  m e a s u r e  o f  i ncomes  in the  
vicini ty  o f  ~ to  all po in t s  a b o v e  A on  the  G B C ,  excep t  po in t s  on  o r  in the  
vic ini ty  o f  the  arc  BC. This  es tab l i shes  tha t  po in ts  a b o v e  A on the  G B C  
o t h e r  t h a n  those  on  o r  in the  vicini ty of  the  arc  BC are  d e f e a t e d  by po in t  A.  
Po in t  A is also p r e f e r r e d  by a pos i t ive  m e a s u r e  of  h o u s e h o l d s  with i n c o m e s  
a b o v e  a n d  in the  vicini ty of  the  m e d i a n  i n c o m e  to all po in t s  on  o r  in the  
vicini ty  o f  the  arc  BC, aga in  by con t inu i ty  of  V ( - )  in y. M a t c h e d  agains t  
po in t s  on  o r  in the  vicini ty of  the  arc  ~C ,  po in t  A wou ld  again  g a r n e r  a str ict  
m a j o r i t y .  If  the  G B C  wiggles  in such a way tha t  o t h e r  arcs  p r e f e r r e d  by y,  
Like BC, are  p r e s e n t ,  t h e n  poin ts  on  o r  in the  vicini ty of  these  arcs  can be  
r e j e c t e d  as equ i l ib r i a  ana logous ly .  C o m b i n i n g  these  resul ts  with P ropos i t i on  
2 impl ies  tha t  any m a j o r i t y - v o t i n g  equ i l ib r ium mus t  have  less publ ic  
e x p e n d i t u r e  t h a n  at po in t  A.  []  
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Proposi t ion 3 contains the paper ' s  most novel result,  namely  necessary 
condit ions for an interior majori ty  voting equi l ibr ium (i.e. one with E > 0) 
unde r  SRI. The  candidate  point  is major i ty  preferred to local deviat ions on 
the G B C  under  these conditions. 

Proposition 3. I f  (ft., i') is an interior majority voting equilibrium under SRI ,  
then: 

"'(i)'" there exists a household with income Yt that weakly prefers public 
consumption at point  (ft., ~) to public consumption at all other points on the 
GBC;  

'" (ii)'" there exists a household with incc, me Yh that is indifferent between 
public  and private consumption at point  (ff.~); 

"" (iii)'" Yt < Yh ; and 
Yh "" ( i v )"  p ~- f y, f (y )dy  = 0.5. 

Proof. The  proof  co,~sists of two parts.  First,  we show that  at points on the 
G B C  where  househola2 y~ and Yh satisfying (i)--(iii) exist, p must  equal  0.5 
for the point  to be an eqci l ibr ium.  The  seco, nd part  shows that  all candidate  
points  for an equi l ibr ium must  have such households.  

Fig. 7 illustrates a potent ial  equi l ibr ium,  where  V~ and Vh are the 
indifference curves of households  with incomes Yc and Yh, respectively.  
Househo lds  with incomes y ~ (y~, Yh) strictly prefer  the public al ternat ive at 
(/~, ~ using L e m m a  1 and Corol lary 1. SRI implies that ,  relative to (/~, t"), 
these households  prefer  marginal  expendi ture- tax  increases along the G B C .  
If p > 0.5, then a marginal  expendi ture- tax  increase defeats  (/~, t"). 

Va 

Fig. 7 
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Rela t i ve  to  (/~, tO, h o u s e h o l d s  wi th  i ncomes  be low yz p re fe r  marg ina l  
t a x - e x p e n d i t u r e  dec r ea se s  a long  the  G B C ,  by C o r o l l a r y  1 and  SRI .  H o u s e -  
ho lds  wi th  i n c o m e s  a b o v e  Yn have  the  s a m e  p r e f e r e n c e ,  b X L e m m a  1. If 
p < 0 . 5 ,  t h e n  a m a r g i n a l  t a x - e x p e n d i t u r e  dec rea se  f r o m  (E,  t") de fea t s  it. 
H e n c e ,  g iven  the  ex i s tence  of  h o u s e h o l d s  sat isfying ( i ) - ( i i i )  with i n c o m e s  Yt 
a n d  yh at  a po in t  on  the  G B C ,  p = 0 . 5  is necessa ry  for  it to  be  an  
e q u i l i b r i u m .  

W e  n o w  c o n s i d e r  the  c o n s e q u e n c e s  for  an e q u i l i b r i u m  of  the  po t en t i a l  
n o n - e x i s t e n c e  o f  such h o u s e h o l d s .  Coro l l a ry  2 ru led  o u t  as a c a n d i d a t e  
e q u i l i b r i u m  t h o s e  po in t s  a b e v e  and  inc lud ing  the  ( m i n i m u m )  p r e f e r r e d  
cho ice  of  the  m e d i a n  vo te r ,  i .e.  po in t s  a b o v e  A in Fig. 6. ~ We res t r ic t  o u r  
a t t e n t i o n  to  po in t s  b e l o w  A on  the  G B C .  A t  all such po in t s  a h o u s e h o l d  of  
type  Yn exists  tha t  satisfies (ii). T h e  a l t e rna t ive  leads  to  a con t r ad i c t i on .  
A s s u m p t i o n  A 6  a n d  E x p r e s s i o n  (5) imply  tha t  the  h i g h e s t - i n c o m e  h o u s e h o l d  
c h o o s e s  the  p r iva te  a l t e rna t ive  at all po in t s  be low A on  the  G B C .  L e m m a  1 
impl ies  t ha t  the  c o r n e r s  of  the  ind i f fe rence  curves  shift  to  the  left as i n c o m e  
dec l ines .  T h e n ,  if no  Yh type  exists  at  such po in t s ,  t hen  all h o u s e h o l d s  m u s t  
l ikewise  choose  the  p r iva t e  a l t e rna t ive .  By (1), E = 0c, which  con t r ad ic t s  
L e m m a  2. A type  Yh will t h e n  exist  at  all c a n d i d a t e  poin ts .  It also b e c o m e s  
c lea r  m o m e n t a r i l y  t ha t ,  for  an  e q u i l i b r i u m ,  the  r i g h t - h a n d  s lope  o f  V h at  
(E ,  tO m u s t  e x c e e d  tha t  o f  the  G B C  (as Fig. 7 i l lus t ra tes) .  

L e t  us n o w  cons ide r  the  ex i s t ence  o f  Yt types .  By C o r o l l a r y  1, all a n d  only  
h o u s e h o l d s  wi th  i n c o m e s  less t h a n  Yh str ict ly p r e f e r  the  publ ic  a l t e rna t ive  at 
t he  po in t  in ques t i on ,  and  they  m a k e  up  the  set  of  c a n d i d a t e  househo lds .  
H e n c e ,  (iii) m u s t  be  satisfied.  T h e r e  are  two  possibi l i t ies  for  the  non-  
ex i s t ence  of  a type  Yt, as de f ined  by (i). O n e  has  no  h o u s e h o l d  wi th  a 
t a n g e n c y  at  the  po in t  in q u e s t i o n ,  wi th  two  subcases .  T h e  first subcase  is 
i l l u s t r a t ed  in Fig. 8, w h e r e  the  lowest  i n c o m e  (y_) h o u s e h o l d ' s  ind i f fe rence  
c u r v e  ( V )  is f la t ter  t h a n  the  G B C  at  the  po in t  in ques t i on .  T h e  r ight -s ide  
s lope  o f  the  Yh type ' s  ind i f fe rence  cu rve  mus t  t h e n  also be  f la t ter  t h a n  the  
G B C ,  o the rwi se  s o m e  y E (y_, Yn) wi th  a t a n g e n c y  exists ,  b3, S R I  a n d  the  
con t inu i ty  of  V ( - )  in y. Such  a po in t  c a n n o t  be  an  e q u i l i b r i u m  because  a 
u n a n i m o u s  p r e f e r e n c e  for  marg ina l ly  r e d u c e d  taxes  is impl ied .  N o t e  also 
t h a t  a s l ightly mod i f i ed  vers ion  o f  the  la t te r  a r g u m e n t  can be used  to  re jec t  
any  po in t s  on  any non - inc r ea s ing  r anges  of  a G B C  (i .e.  po in t s  w h e r e  
d E *  ~dr <~ 0) .  

T h e  s e c o n d  subcase  of  no  t a n g e n c y ,  i l lus t ra ted  in Fig. 9, p r e s u m e s  the  
lowes t  i n c o m e  h o u s e h o l d ' s  ind i f fe rence  curve  (_V_ ~) is s t e e p e r  t han  the  G B C  
at  the  po in t  in ques t ion .  T h e  p rope r t i e s  of  the  ind i f fe rence  m a p p i n g s  imply  

A n  e q u i l i b r i u m  with  t he  m e d i a n - i n c o m e  h o u s e h o l d  p ivo ta l  m a y  resul t  if the  h i g h e s t - i n c o m e  
h o u s e h o l d  weak ly  p re f e r s  pub l ic  c o n s u m p t i o n  at p o i n t  A ( i .e .  if A s s u m p t i o n  6 is d r o p p e d ) .  
S u c h  an  e q u i l i b r i u m  satisfies a c o r n e r  ve r s ion  of  the  necessa ry  c o n d i t i o n s  in P r o p o s i t i o n  3. 
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that  all y E ~ ,  Yh) prefer  a marginally higher  tax, and all y >Yh prefer  a 
marginal ly  lower tax. Point B cannot  be an equil ibrium if ~,,~ is o ther  than 
the median  income. If yh equals the median income,  then points  like C will 
defeat  B. All  households  with incomes below Yh prefer  C to B, as does a 
posit ive measure  of households with incomes greater  than,  and in the 
vicinity of, Yh" 

The  remaining possibility of the non-existence of a y~ type,  il lustrated in 
Fig. 10, presumes  a tangency at the candidate  point  (B),  but fails to satisfy 
the requ i rement  that  the point  is a most  preferred point of public consump-  
t ion of the y~ household.  The arguments  we make  apply whe ther  or  not the 
G B C  is concave at B; Fig. 10 illustrates the "more difficult" case. If p ~: 0.5, 

GBC 

V h 

y1 

B 

Fig. 9 
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t h e n  B is d e f e a t e d  by a local  dev ia t ion  on  the  G B C  by the  first a r g u m e n t  of  
t he  p roo f .  I f  p = 0.5,  t h e n  the  ye h o u s e h o i d ' s  m o s t  p r e f e r r e d  publ ic  
a l t e r n a t i v e  can be a b o v e  po in t  B (e.g.  po in t  C)  o r  be low po in t  B (e .g.  po in t  
D ) .  In  the  f o r m e r  case ,  C de fea t s  B, since all h o u s e h o l d s  wi th  i n c o m e s  
y E [Yt ,  Y h )  p r e f e r  C to  B, as do  a pos i t ive  m e a s u r e  of  h o u s e h o l d s  wi th  
i n c o m e s  a b o v e  a n d  in the  vicinity o f  Yh" This  is c o n f i r m e d  by d r a w i n g  the  
i nd i f f e r ence  curves  o f  such types  t h r o u g h  B,  us ing  the i r  r e q u i r e d  p r o p e r t i e s .  
In  the  l a t t e r  case ,  D de fea t s  B, since all h o u s e h o l d s  wi th  y ~< y~ and  y > Yh 
p r e f e r  D to  B, as do  a pos i t ive  m e a s u r e  of  h o u s e h o l d s  wi th  i n c o m e s  b e l o w  
a n d  in t h e  vicini ty of  Yh- [ ]  

R e m a r k s .  (1) Th is  resul t  has  m u c h  in tui t ive  a p p e a l  for  services  such as 
e d u c a t i o n .  W h e n  a p r iva te  a l t e rna t ive  is ava i lab le ,  h i g h - i n c o m e  h o u s e h o l d s  
p r e f e r  low publ ic  school  e x p e n d i t u r e  b e c a u s e  they  do  no t  use  publ ic  schools .  
L o w - i n c o m e  h o u s e h o l d s  p r e f e r  low publ ic  school  e x p e n d i t u r e s  b e c a u s e  they  
a re  less wil l ing t h a n  h i g h e r - i n c o m e  h o u s e h o l d s  to  subs t i tu te  publ ic  school  
e x p e n d i t u r e s  for  o t h e r  goods .  M i d d l e - i n c o m e  h o u s e h o l d s ,  by con t r a s t ,  use 
pub l i c  schools  a n d  p r e f e r  t ha t  they  be  of  re la t ive ly  high qual i ty .  H e n c e ,  a 
coa l i t i on  of  m i d d l e - i n c o m e  h o u s e h o l d s  p re fe r s  h ighe r  publ ic  school  expend i -  
t u r e  a t  the  m a r g i n ,  whi le  a coa l i t ion  o f  high- a n d  low- income  h o u s e h o l d s  
p r e f e r s  a r educ t i on .  In equ i l i b r i um,  these  two  coa l i t ions  a re  equa l  in size 
a n d  b a l a n c e  each  o t h e r  in v o t i n g )  9 

~°The ends -aga ins t - the -midd le  p rope r ty  of  an  equ i l ib r ium is r emin i scen t  o f  D i rec to r ' s  I ,nw of  
r ed i s t r ibu t ion .  Publ ic  red i s t r ibu t ion  is f rom the  rich a n d  the  p o o r  to  the  midd le  class acco rd ing  
to  the  Law ( see  St ig |er ,  1970). O u r  mode l  p rov ides  some  theore t ica l  suppor t  for  this empir ica l  
p h e n o m e n o n .  
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(2) The proposition provides a necessary condition for an interior 
equilibrium. The condition ensures that local deviations will not defeat the 
candidate point on the GEC.  If preferences obeyed single crossing, then 
satisfaction of the local condition for a voting equilibrium at the pivotal 
voter ' s  most preferred choice would imply that the point defeats all 
alternatives. The presence of double crossings eliminates the guarantee of 
no majori ty-preferred alternatives. Let us consider, for example,  a "large" 
tax increase from the candidate point. Some higher income households that 
choose a private alternative at the candidate point and would vote against 
marginal  tax increases, would favor a tax increase that causes them to switch 
to the public alternative. Under  single crossing, no alternative points like 
the latter could exist. These "switchers" are, however,  countered by some 
middle- income households who would prefer a marginally better  public 
alternative to the candidate point and would vote for marginal tax increases, 
but  would vote against a large tax increase. Equil ibrium requires that the 
size of the latter group exceeds the former,  and analogously for all "large" 
tax deviations. Whether  a candidate point passes the global test will then 
depend  on the specifics of preferences and the distribution of income. It may 
be surprising that,  in our  computat ional  analysis reported below, we found 
the point that satisfies the necessary condition to be an equilibrium in all 
c a s e s .  

(3) Epple  and Roman o  (1996) and Gouveia  (1996) have independently 
analyzed the alternative dual provision environment  where a proport ional  
income tax finances the provision of a good consumed by all households,  but 
who can frictionlessly supplement  consumption with private market  pur- 
chases. These papers show that a voting equilibrium exists generally, and, 
assuming SRI and a median income below the mean,  an equil ibrium is 
characterized by the ends-against-the-middle property.  The middle-income 
group that favors a tax increase consists of the half of the populat ion that 
has an income below but closest to the mean. In contrast,  the present paper  
shows that when the public and private alternatives cannot be jointly 
consumed,  the middle-income group that favors a tax increase has no fixed 
upper  bound;  rather,  it depends on preferences, technology, and income 
distribution. 

(4) A corner equilibrium at the origin (i.e. t = E = 0) or the non-existence 
of an equilibrium are, of course, other  possibilities. We can probably 
contrive cases with a multiplicity of equilibria. Since the alternative equilib- 
ria would need to tie, empirical relevaace is unlikely. 

We have assumed that households can purchase as many units of private 
school services as they desire at a constant unit price, p. In reality, of 
course,  there are a finite number  of private schools, each offering a given 
level of educational  services per pupil. We might then consider voting over 
public school inputs when there are a discrete number  of private 
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a l t e r n a t i v e s .  We  have  s h o w n  ( E p p l e  and  R o m a n o ,  I994) tha t  all t he  resul t s  
a b o v e  e x t e n d  eas i ly  to  such a case.  

3. Computational  model 

W e  d e v e l o p  a c o m p u t a t i o n a l  m o d e l  wi th  two  ob jec t ives .  O n e  is to  
i n v e s t i g a t e ,  fo r  a r a n g e  o f  p a r a m e t e r  va lues ,  w h e t h e r  the  po in t  sa t i s fy ing  the  
n e c e s s a r y  c o n d i t i o n  in P r o p o s i t i o n  3 is a m a j o r i t y - v o t i n g  e q u i l i b r i u m .  T h e  
o t h e r  is to  e x p l o r e  imp l i ca t i ons  o f  the  m o d e l  for  a pol icy  tha t  p rov ides  
v o u c h e r s  fo r  p r i v a t e  e d u c a t i o n .  

T h e  c o m p u t a t i o n a l  m o d e l  r e q u i r e s  a speci f ica t ion  fo r  the  i n c o m e  dis- 
t r i b u t i o n  a n d  the  ut i l i ty  func t ion .  We a s s u m e  tha t  h o u s e h o l d  i n c o m e s  a re  
l o g - n o r m a l l y  d i s t r i b u t e d ,  ! n y - - - N ( / z ,  tr2). G i v e n  o u r  one - ju r i sd i c t i ona l  
m o d e l  a n d  the  l i ke l i hood  o f  T i e b o u t  so r t ing  o v e r  mul t ip l e  ju r i sd ic t ions  in 
t he  rea l  w o r l d ,  o u r  p r e s u m e d  d i s t r i bu t i on  is a d m i t t e d l y  a c rude  app rox i -  
m a t i o n .  In 1989, m e a n  a n d  m e d i a n  U . S .  h o u s e h o l d  i n c o m e s  w e r e  $36,250 
a n d  $28,906,  r e spec t ive ly .  M e a s u r i n g  i n c o m e  in t h o u s a n d s ,  these  imp ly  
/~ = 3 .36  a n d  tr = 0 . 6 8 )  ~ 

W e  a s s u m e  tha t  p r e f e r e n c e s  a re  g iven  by the  fo l lowing  C E S  func t ion :  

U ( x ,  b )  = [ f i x  - °  + (1 - / 3 ) b - ° ]  t - ' / p )  

W h e n  p < 0, this  func t ion  satisfies a s s u m p t i o n  S D I .  W h e n  p > 0, a s s u m p t i o n  
S R I  is sat isf ied.  12 

W e  c a l i b r a t e  the  ut i l i ty  f unc t i on  as fol lows.  E x p e n d i t u r e  p e r  s t u d e n t  in 
U . S .  pub l i c  schools  in 1988 was  $4,222 a n d  t h e r e  w e r e  0.5 s t u d e n t s  p e r  
h o u s e h o l d  ( i ,e .  e x p e n d i t u r e  p e r  h o u s e h o l d  was  $2,111).  In o u r  c a l i b r a t i on ,  
w e  r e q u i r e  t h a t  the  p a r a m e t e r s  be  such tha t  the  n e c e s s a r y  c o n d i t i o n s  fo r  
v o t i n g  e q u i l i b r i u m  a re  sat isf ied at a pub l ic  e x p e n d i t u r e  o f  $4,222 p e r  
s t u d e n t .  A n  a d d i t i o n a l  c o n d i t i o n  is o b t a i n e d  by  fixing the  va lue  o f  the  pr ice  
e l a s t i c i ty  o f  d e m a n d  fo r  e d u c a t i o n  ( e v a l u a t e d  at  the  po in t  sa t i s fy ing  the  
n e c e s s a r y  c o n d i t i o n s  fo r  e q u i l i b r i u m ) .  Values  for  the  two  ut i l i ty  func t ion  
p a r a m e t e r s ,  p and  /3, a rc  d e t e r m i n e d  by  these  two  cond i t i ons .  

R e s u l t s  a re  r e p o r t e d  in T a b l e  1 fo r  f o u r  d i f f e r en t  pr ice  elast ic i t ies .  W e  
c h o s e  a b r o a d  r a n g e  o f  pr ice  e las t ic i t ies  in o r d e r  to  i l lus t ra te  h o w  o u t c o m e s  

~' If In(x) ~ N(/z. o .2 ), the mean ofx is E ( x )  = exp(/~ + (o.z/2)), and the median ofx is e ~' . 
Given the mean and median of x, these can be solved for ~ and o.:. 

~z This function is homothetic, implying an income elasticity of demand equal to one. The use 
of such a homothetic function greatly simplifies the computations. While this income elasticity is 
consistent with macro estimates of the demand for education, it is considerably larger than 
results obtained from micro studies (Rubinfeld and Shapiro, 1989). Consistent with the 
discussion in Section 2, p > ( < ) 0  implies a price inelastic (elastic) demand. 
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T a b l e  I 

3~9 

t d E  
7/D p /3 E t % Publ ic  y, Yh E de 

Voucher = 0 
- 0 . 5  1.2 0 .006  $2.110 0.043 74.9 $18.190 $45.519 0 .59  

I ...... 2 ,110 - 
[ 

i - 0 . 6 7  0 .54  ... .  0 .02 0.051 88.0 23,497 62,241 0 .74  l 

-- 1.25 - 0 . 2 1  0 .10  2 ,110 0,057 97.8 28,854 N A  0.93 
-- 1.5 - 0 . 3 5  0.134 2,110 0.057 98.9 28,854 N A  0.95 

Voucher = $1,000 
- 0 . 5  g .2 0 .006 $2,098 0.045 71.4 $16,815 $42,366 0 .68  

! 

I - 0 . 6 7  0 .54 0.02 2 , t31  0.053 85.9 22,607 59,982 0 .79 [ 
! J 

- 1.25 - I ) .21  0, I0  2 ,100  0 .056 96.8 28,854 N A  0.91 
- 1.5 - 0 . 3 5  0.134 2,090 0 .057 98.2 28,854 N A  0.95 

Voucher = $2,000 
- 0 . 5  ! .2 0 .006  $2,056 0.047 65.7 $14,555 $37,995 0 .82 

I - 0 - 6 7  0 .54  0.02 2,166 0:054 83.2 21.473 55.,498 0 . 8 3 [  

- 1 . 2 5  - 0 . 2 1  0 . I 0  2.111 0 .056  95.1 28,854 N A  0.91 
- 1.5 --0.35 0 .134 2,080 0 .056  96.9 28,854 N A  0 .94  

change as the elasticity is changed.  Price elasticities less than one  in absolute 
value correspond to assumption SRI,  while those greater than one  in 
absolute value correspond to SDI (see footnote  12). Hence ,  the first two 
rows of  results correspond to SRI and the second two rows correspond to 
SDI .  

Wh e n  SDI holds,  Proposition 1 establishes that a voting equilibrium 
exists.  When SRI holds,  Proposition 3 provides the necessary conditions.  ~3 
We checked whether the allocation in Proposition 3 was an equilibrium for 
each case in which the parameters correspond to SRI. We did this by 
computing the proportion of  voters favoring (/~, t") against a dense grid of  
alternatives along the GBC.  For an a~.!c.cation to be an equilibrium, it must 
garner at least half the votes against every alternative. Fig. i 1, plotted for 

Z~All computations were done using the algorithm for solving non-linear simultaneous 
equations in G a u s s .  These equations s i m u l t a n e o u s l y  specify  the  G B C .  the  s lope  o f  the  G B C .  
".he s lope  o f  v o t e r  y , ' s  indifference curve, equa l i ty  o f  the latter two slopes, the indifference o f  
voter Yb over public and private consumption,  and one-half  the population between y, and yh.  
W h e n  a p o i n t  satisfying the necessary conditions is f o u n d ,  a second program is then used to 
calculate the vote favoring that point against each of  a dense grid o f  po in t s  along the budget 
constraint. More details are available from the authors upon request. 
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Fig. 11. Percentage of voters that favor an equilibrium outcome against alternative expenditure 
levels. 

p a r a m e t e r s  in the  h igh l igh ted  row of  the  case wi th  a v o u c h e r  equa l  to  z e r o  in 
T a b l e  1, is typical  o f  the  resul ts  we  o b t a i n e d .  In eve ry  case r e p o r t e d  in the  
t ab le ,  t he  a l loca t ion  sa t is fying P ropos i t i on  3 is an equ i l i b r ium.  Thi~ is o n e  
k e y  f ind ing  of  o u r  c o m p u t a t i o n a l  analysis .  Whi le  we be l ieve  tha t  t he r e  m a y  
be  c i r c u m s t a n c e s  u n d e r  which  an a l loca t ion  sat isfying P r o p o s i t i o n  3 fails to  
be  an  e q u i l i b r i u m ,  the  resul ts  in T a b l e  1 sugges t  t ha t  fa i lure  of  ex i s tence  
m a y  n o t  be  a s ignif icant  p r o b l e m  for  empi r ica l ly  in t e re s t ing  cases.  

W e  n o w  t u r n  to  a d iscuss ion  of  the  subs t an t ive  resul ts  o t  ou r  c o m p u t a -  
t ions .  C o m p a r i n g  the  first four  rows  o f  the  c o m p u t a t i o n a l  resul ts ,  we see  
t h a t  t he  m a i n  ef fec t  o f  c h a n g i n g  the  pr ice elast ici ty o f  d e m a n d  is in publ ic  
s c h o o l  e n r o l l m e n t .  T h e  g r e a t e r  the  pr ice  elast ici ty (in abso lu te  va lue) ,  the  
l a r g e r  is pub l ic  schoo l  e n r o l l m e n t .  This  is in tui t ively  p laus ib le .  T h e  h ighe r  
t h e  pr ice  e las t ic i ty ,  t h e  g r e a t e r  the  sensi t ivi ty  t ha t  h o u s e h o l d s  have  to  the  
p r i ce  d i f fe ren t ia l  r e q u i r e d  for  p r iva te  schoo l ing  c o m p a r e d  with f ree  publ ic  
e d u c a t i o n .  

In  T a b l e  1, we have  h igh l igh ted  the  resul ts  c o r r e s p o n d i n g  to  a pr ice  
e las t ic i ty  o f -  0.67.  We do  this for  two  reasons .  Firs t ,  the  equ i l i b r i um publ ic  
s choo l  a t t e n d a n c e  wi th  this elast ici ty is 8 8 % ,  and  this  is the  o b s e r v e d  U .S .  
p e r c e n t a g e .  S e c o n d ,  this va lue  is wi thin  the  r ange  f o u n d  in e c o n o m e t r i c  
s tud ies ,  t4 

A m u c h - d e b a t e d  policy issue wi th  r e g a r d  to  e d u c a t i o n  is the  effect  o f  
i n t r o d u c i n g  vouche r s .  H o w  will a subsidy for  p r iva te  e d u c a t i o n  affect  publ ic  

~aFor example.  Rubinfeld and Shapiro (1989) report price elasticity estimates ranging 
f r o m -  0.43 t o -  0.719 using various specifications applied to data from Massachusetts and 
Michigan. Our  benchmark price elasticity o f - 0 . 6 7  lies near the upper end of this range. 
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school at tendance and public school expenditures? We consider a voucher  of 
exogenously specified magnitude,  s, funded from the same tax base as 
expenditure on public schools and available to all households that choose 
private schooling. We investigate how the equilibrium public expenditure 
per  capita is affected by this voucher.  One motivation for this approach is to 
suppose that a voucher  is mandated  by a higher level government.  When  
voting over local expenditures,  voters take this federal policy with respect to 
vouchers  as given. In equilibrium, the tax rate must be high enough to fund 
local expenditures on public schools and the cost of the vouchers. The utility 
of houseliolds that choose private school is now v ( y ( l -  t ) + s )  and the 
government  budget  constraint satisfies t Y  = N E  + (1 - N ) s .  The model is the 
same otherwise,  and the equilibrium results carry over. 15 

The middle panel of Table 1 reports results with a voucher of $1,000 per 
s tudent ,  and the bot tom panel a voucher  of $2,000 per student.  The most 
striking feature of these computat ions is that expenditure per student in 
public schooling is remarkably insensitive to the introduction of vouchers. 
We might have thought  that a voucher  as large as $2,000 would draw 
students  from public schooling into p,~ 'a te  schooling, and that this in turn 
would lead to a substantial reduction ,.q the amount  voted for public 
educat ion.  The first part  of this intuition is correct,  but the second part 
proves to be incorrect. For example,  for our  benchmark  price elasticity 
o f - - 0 . 6 7 ,  per  student expenditure on public schooling rises slightly from 
$4,222 to $4,332 as the voucher is increased from 0 to $2,000. This increase 
occurs despite the fall in public school at tendance and the associated fall in 
income of the voter whose indifference curve is tangent to the G B C  at the 
equil ibrium allocation. 

Increasing the voucher affects a houschold 's  indifference mapping only by 
shifting out the E ( - )  locus. While the voucher increases the likelihood of 
private school choice, preferences over (E, t) are unchanged as long as 
public schooling remains the household 's  optimal choice. Changes in the 
voucher  then impact the equilibrium only through the effect on tbe G B C  
and on the changing identity of Yc in the case of SRI,  and only through the 
former  effect in the case of SDI.  Raising the voucher from 0 to $2,000 in the 
benchmark  case of Table 1 does lower the income of the pivotal voter Yt, 
implying a decreased preference for public expenditure.  Offsetting this, 
however ,  is an increased tax elasticity of the GBC.  This elasticity rises 
because the voucher  attracts some students to private schooling, reducing 
the incremental  revenue required for a given per student increase in public 
schooling expenditure.  Loosely, a voucher tends to flatten the G B C  in (E, t) 
space. This is illustrated in the last column of Table 1. In our  benchmark 

1_, T h e  G B C  has  a t -axis  i n t e r c e p t ,  s / Y ,  w h i c h  inc reases  t he  c h a n c e  o f  a c o r n e r  e q u i l i b r i u m  
w i t h  E = O, bu t  th is  n e v e r  o c c u r s  in o u r  s i m u | a t i o n  resul ts .  
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case ,  the  elast ic i ty  of  pe r  s tuden t  publ ic  school ing e x p e n d i t u r e  with respec t  
to  the  tax inc reases  f rom 0.74 to 0.83 as the  vouche r  increases  f rom 0 to 
$2,000.  

Whi l e  e x p e n d i t u r e  pe r  publ ic  school  s t u d e n t  is not  very sensi t ive to  the  
v o u c h e r  regard less  of  the  price elast ici ty,  the  same  is not  t rue  of  publ ic  
school  e n r o l l m e n t .  W h e n  the  price elast ici ty is low in abso lu te  value  ( - 0.5) ,  
e n r o l l m e n t  d rops  f rom 75% to 66% w h e n  the  v o u c h e r  is i nc reased  f rom 0 to 
$2,000. H o w e v e r ,  if t he  pr ice  elast ici ty is as high a s -  1.5, the  effect  of  
v o u c h e r s  on  e n r o l l m e n t  is qui te  small .  Enrol lment .  d rops  f rom 99% to  97% 
w h e n  the  v o u c h e r  is i nc reased  form 0 to $2,000. 

4.  C o n c l u s i o n  

O u r  goal  in this p a p e r  is to  u n d e r s t a n d  t he  d e t e r m i n a t i o n  of  publ ic  choice  
a n d  p a t r o n a g e  for  a service  w h e n  a p r iva te  a l t e rna t ive  is p re sen t .  E d u c a t i o n  
is an  i m p o r t a n t  example .  We find it p lausible  tha t ,  for e d u c a t i o n ,  high-  
i n c o m e  h o u s e h o l d s  are  m o r e  will ing to subs t i tu te  publ ic  e d u c a t i o n  for  o t h e r  
goods  t h a n  low- income  h o u s e h o l d s  (i .e.  SRI  appl ies) .  We show for this case  
t h a t  the  pivota l  vo t e r  has  a b e l o w - m e d i a n  income  (Propos i t ion  2) and  t ha t  
an  equ i l i b rh lm is cha rac t e r i zed  by a ba lanc ing  of  a midd le - income  coal i t ion  
p r e f e r r i n g  h ighe r  publ ic  e x p e n d i t u r e  agains t  a coal i t ion  of high-  and  low- 
i n c o m e  h o u s e h o l d s  p re fe r r ing  lower  e x p e n d i t u r e  (Propos i t ion  3). T o  the  
bes t  of  o u r  k n o w l e d g e ,  no  p rev ious  ma jo r i ty -vo t ing  mode l  has  this  ends-  
aga in s t - t he -midd le  p r o p e r t y  as the  gener ic  f ea tu re  of  an equ i l ib r ium.  

W e  also cha rac t e r i ze  the  vo t ing  equ i l ib r ium (Propos i t ion  1) w h e n  low- 
i n c o m e  h o u s e h o l d s  are  m o r e  will ing t han  h igh- income h o u s e h o l d s  to 
i nc rease  taxes  to  pay  for  the  publicly p rov ided  good.  This  is a p laus ib le  
c h a r a c t e r i z a t i o n  of  p r e f e r e n c e s  for  services  such as publ ic  bus  t eanspo r t a t i on  
w h e n  pr iva te  t r a n s p o r t a t i o n  is an  a l t e rna t ive .  In this  case we show tha t  the  
m e d i a n - i n c o m e  vo te r  is decis ive.  

W e  d e v e l o p  a c o m p u t a t i o n a l  mode l  to invest igate  a v o u c h e r  policy. O u r  
resu l t s  sugges t  t ha t  publ ic  school  e x p e n d i t u r e  pe r  s t u d e n t  is re la t ively  
insens i t ive  to the  i n t roduc t ion  of  voucher s ,  bu t  tha t  publ ic  school  a t t e n d a n c e  
is re la t ive ly  sensi t ive to the i r  in t roduc t ion .  

T h e  m o d e l  we s tudy in this p a p e r  is re la t ively  spa r t an .  It is a useful  
s t r u c t u r e  to  i l lumina te  the  issues involved in cha rac te r i z ing  a vo t ing  
equ i l i b r ium.  A t  the  s ame  t ime ,  h o w e v e r ,  the  mode l  abs t rac t s  f rom po ten -  
t ial ly i m p o r t a n t  f ea tu re s  of  compe t i t i on  b e t w e e n  publ ic  and  p r iva te  pro-  
v ide r s  (e .g .  p e e r - g r o u p  effects  in educa t ion ) .  We bel ieve ,  h o w e v e r ,  tha t  it 
will  p r o v e  feasible  to genera l i ze  the  s t ruc tu re  to  i nco rpo ra t e  such  fea tures .  
W e  see  this as an  a v e n u e  for  r e sea rch  on  educa t iona l  compe t i t i on  and  
e d u c a t i o n  p~licy. 
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Appendix 

Here  we show that  a median income (Ym) below the mean income (E[y])  
is sufficient for Assumpt ion  5. Recall  that  we have normal ized the n u m b e r  
of consumers  in the populat ion to 1, implying E[y] = Y, the aggregate  

income.  We find the hypothetical  government  product ion frontier ,  G B C ,  
where  everyone always consumes the public alternative.  Along  it, E = tY ,  as 
depic ted  in ~ig. 12. We show that  the median- income h_._ousehold's indiffer- 
ence curve through the origin (Vm) cuts above the G B C .  Then ,  since the 

actual  G B C  is nowhere  above G B C  (and is the same only where  no 
households  consume the private al ternative or t ~-0), Assumpt ion  5 is 
implied.  

The  median- income household ' s  utility at the origin is given by U ( y m -  
x*(ym),X*(Ym) ). Let  t~ denote  the tax along the G B C  that yields per  
household  public expendi ture  equal  to x*(Ym). It satisfies troy = t~E[y] = 
x*(y~) .  Then ,  V m cuts above G B C ,  if U ( Y m ( 1 - - t m ) , X * ( y m ) ) > U ( y m - -  
x* (y~) , x* (Ym)  ), or if tmYm<X*(ym).  The latter is implied by y ~ <  
E[y]. [] 

t • 

GBC 

GBC 

t m 

~* CYm3 

F i g .  12 



324 D. Epple, R .E .  Romano  / Journal o f  Public Economics 62 (1996) 297-325 

References  

Atkinson ,  A .B.  and J .E.  Stiglitz, 1980, Lectures on public economics (McGraw-Hil l ,  New 
York) .  

Barzel ,  Y., I973, Private schools and public schools and public school finance. Journal  of 
Political Economy 81, 174--186. 

Cai l laud,  B. ,  R. Guesner ie ,  P. Rey and J. Tirole,  1988, Go vernment intervention in product ion 
and incentives theory: A review of recent contributions.  The Rand Journal  of Economics 19, 
1 - 2 6 .  

C o o p e r ,  R . ,  1984, On allocative distortions in problems of self-selection. The Rand Journal  of 
Economics  15, 568-577. 

D e n z a u ,  A.  and K. Grieg, 1984, Determinants  of local school spending: Some consistent 
est imates ,  Public Choice 44. 375-383. 

Ell ickson,  B. ,  1971, Jurisdictional f ragmentat ion and residential choice, Amer ican  Economic  
Review Papers  and Proceedings 61, 334--339. 

Epple ,  D. and R .E .  R o m a n o ,  1994, Ends against the middle: Determining public service 
provision when  there  are private alternatives, Working paper,  University of Florida. 

Epple ,  D. and R.E.  Romano ,  1996, Public provision of private goods, Journal  of Political 
Economy  104, 57-84.  

Epple ,  D. ,  R. Filimon and T. Ruiner ,  1984, Equil ibrium among local jurisdictions: Toward  an 
integrated t rea tment  of voting and residential choice,  Journal  of Public Economics 24, 
281-308. 

Epple ,  D. and T. Ruiner ,  1991, Mobility and redistribution, Journal  of Political Economy 99, 
828-858. 

Fe rnandez ,  R. and R. Rogerson,  1996, Income distribution, communi t ies  and the quality of 
public educat ion,  Quar ter ly  Journal  of Economics  1 I1, 135-164. 

Fischer,  R . ,  1988, State and local public finance (Scot t-Foresman,  Glenview,  IL).  
Gans ,  J.S. and M. Smart ,  1996, Majority voting with single-crossing preferences.  Journal  of 

Public Economics  59, 219-237. 
G l o m m ,  G. and B. Ravikumar ,  1996, Opting out of publicly provided services: A majori ty 

voting result ,  Social Choice and Welfare.  in press. 
G o o d s p e e d ,  T .J . ,  1986, Local income taxation: Equil ibrium, social optimality,  and welfare loss 

in a genere l  equil ibrium metropol i tan model ,  Ph.D.  dissertation, University of Maryland.  
MD.  

G o o d s p e e d ,  T .J . ,  1989. A re-examination of the use of ability to pay taxes by local 
governments ,  Journal  of Public Economics  38, 319-342. 

Gouve ia .  M. ,  1996. Majori ty rule and the public provision of a private good,  Public Choice.  in 
press. 

i r e land ,  N.J . .  1990, The mix of social and private provision of goods and services. Journal  of 
Public Economics  43. 201-219. 

Kenny ,  L-, 1978, The collective allocation of commodit ies  in a democrat ic  society: A 
general izat ion,  Public Choice 33, 117-120. 

i a t t h e w s .  S. and J. Moore ,  1987, Monopoly  provision of quality and warranties: An 
explorat ion in the theory of mult idimensional  screening, Econometr ica  55. 441-468. 

Rober ts ,  K.W.S.. 1977, ~ oting over  income tax schedules,  Journal  of Public Economics  8. 
329-340. 

Rubinfe ld ,  D. and P. Shapiro,  1989. Micro estimation of the demand  for schooling: Evidence 
from Michigan and Massachusetts,  Regional  Science and Urban  Economics 19. 381-398. 

Stigler,  G . J . .  1970, Director 's  law of public income redistribution. Journal  of Law and 
Economies  13, 1--I0. 



D. Epple. R ,E.  Romano  / Journal o f  Public Economics 62 (1996) 297-325  325 

Stiglitz. J .E . ,  1974, The  demand  for educat ion in public and private school systems, Journak of 
Public Economics  3. 349-385. 

Westhoff ,  F..  1977, Existence of equilibria in economies with a local public good.  Journal  of 
Economic  Theory  14, 84 - I  12. 


