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A MODEL OF RESOURCE ALLOCATION
IN PUBLIC SCHWL DISTRICTS:'

. "A THEORETICAL AND EMPIRICAL ANALYSIS'

by

Jp G. Chambers, 110

In recent years, there has been a growth of interest lamong economists

In the.allocation of resources in the public'sector. This interest has taken

the form of research'on the effectiveness of public agencies, the determination

of public expenditures at the federal, state and local levels on various public

services, and models of plic sector employment and gage determination. Per-

haps one of the largest'areas of research has focus dilon publi.c.Aeducatiod

where contributions to the literature have been pr.' Orly in form of

_empirical investigationi Of production and expenditure relationships and

5
theoretical discussions of'the impact of the' natue of educational institutions

/

on the efficiency with wick educational serv.is are produced.
-e /7

This paper formulates a comprehensive model of resource allocation in a

local public school dist4 The theoretical frkework specified below could
.

,

be applied equally well t a number of local public social service agencies.
.

..

Section I develops the
A.1

etical model describing the process of resource
.

. allocation. This involv' the determination of the demand for school inputs,

\
: the salaries of school petsopn and thelevel of local educational expepdi-
\ .

' 1; tures. Section II is a pOsentati of the empirical results of estimating
. ,..

i
.

'these Sets of equations ort41 sample f California public school districts. Some

: : \ ,i., ,..
\

. of the issues investi,gatediin the mpirical analysis include: (1) the price and

Income elasticity of the demand for teachers; '(2) the effects of tenure on the

. . ...

.

,t,. demand for certain teacher_ qUality.characte stics; (3) the determinanti of the

---\).
,-

cl
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equilibrium salaries of teachers and publiC school acGinistrattirs; (4) the

differences between the effects of, changes in community income-and federal

and 'state grants-in-aid on lbcal school spending; (5) and the compensatory

effects of grants-in-aid on school spending, the demand for school inputs and.

salaries of school personnel in high and low income school districts.

The Theoretical Framework

lie focus of this analysis is the ben*v.lor of the individual public school

district. There are primarily two basic deciVions with which school district

decision-makers must concern themselves.
1

/ A- .

(1) the allocation of community resources, between public

education and all other goods and services,

,., and (2) the allocation of educational resource* among the various

school inputs.
,,,

A comp/gte specification of a model of diostrict behavior requires
,

.

,

of both of these decisions which, in fact, occur imultaneousl . In order to

, .

identify the underlying structural relations' each of th e allocation decisions

incorporation

Jail! be considered separately within a two tage pro ess. -Once the structural

relations have been specified, one can'more easily visualize the simultaneity'

of the two decisionS.

Initially, alikael of the allocation of educati4a1 resources among school

inputs is presented under the assumption that school decision-Makers operate-
,

with a fixed, 'exxvenously determined budget. The assumption of the fixed budget

is subsequently relaxed in order to examine 'the way disfrict,decision-makers

determine:the level o 6oMMunity resources to be devoted to educational services.

Allocatt of Edu tional-Resources

employment levels of school Inputs are determined as the solution
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to a constrained maximization problem for school decision-makers. The objective

function is assumed to reflect the decision-makers' perceptions of the capability

of the school district to provide each pupil, on the average, with a certain
%

quantity, of a relevant set of abilities, skills and characteristics. In effect,

this objective function, which will be referredto as the perceived quality

0

function, specifies the level of-education services that can be produced by a

given combination of the set of school ihputs. Given the defeeminants of tge

school input prices', district decision-makers are assumed to maximize the per-

ceived quality of educational services subject. to a budget constraint and a tenur

constraint, which imposes limits on the choice of the quality characteristics of

school personnel.

The perceived quality function (Q) is formally assumed to depend 'upon the

quantity per pupil (T) and-the average quality (q) of school personnel (e.g.,

teachers, teachers' aides, and administrators), the rates of turnover (8) among

these school personnel, the quantity of all other school inputs per pupil (K),

and a vector of exogenous district characteristics and nenschool inputs (24)

' which affect the perception of educational quality by school decision-makers.
2
/

This perceived quality, function is written.

Q = F(T, q, 8, K; Z(2) 0)

where the marginal perceived Oplity (or marginal product), denoted MQ, of each

of the Inputs is assumed to be positive, except for MQ
8
whichis negative; and

the perceived quality fu tion i$ subject to diminishing returns to each of the

inputs except for 0 to w h perceived quality is subject to increasing negative

returns, after some point.

The quantity Of school personnel per pupil,(T) is intended to reflectrfor

example, the amount of individual attention whiCh teachers are capable of devotIng'

;

5



to the learning experiente of each child.

The quality (q) of school personnel refers t6 the set of characteristics

which are perceived by.school district decision-makers to affect the quality

/,/ of instructional services. Whether or not these characteristics are correlated

with actual quality (however it may be defined) is not of relevance to the model.

Itis onlyjlecessaryfor such personnel characteristics to be perceived as con-
e

tributing to educational quality. Three types of characteristics are, included in

q: years of, experiente (qx), educational preparation (qe, measured empirically

by college credit hours), and a set of other personal characteristics (IQ which

reflect the ability of school personne1.3 / Personnel experience and educational

preparation are generally explicitly recogniaed. in school district salary

schedules.

The turnover rates (e) are included in the perceived ality function td

reflect the stability of the staff of the school district. It is assumed

that a high level of turnover either among teachers or administrators may

very disruptive to the educational program (e.g., the coordination of activities

between teachers and/or administrators) and therefore, tend to reduce the level

of quality of educational services.
4

/ Furthermore, turnover is highly visibiel

to the school board, and a high rate of turnover may induce the board members
.1

toquestion administrators As to the reasons for the-tack of staff stability.

.. ; .'--
..,

High turnover may be,regprde as some indicatiOn of the deficiency of ti e . super-'

f.

intendent's'administrative abilities. =

The vector Z
Q

includes the number and characteristics of pupils in the,schbot

district. It is hypothesized that school decision-makers:in districts of.differing,

sizes (as measured by th number of pupils, S will ppticeive educational quality,

0 /

differently.
5

/ Furthe ore, since chi ldr who ape std in relatively

'different cultural envi nments may reOlre different CO4tnationseof school
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inputs, the racial. and ethnic composition 7, the pupils (aas-measured,by the.

proportion of Black students, SB, and the proporlion of students with Spanish.

surnames, SS) are likely to be relevant components (or at least perceived to be

6
so by school decision-makers) of the learning environment. / Therefore,

the vector ZQ = (S, SB, SS).

-
The budget constraint simply requires that the school district spend all

of the revenue it receives from the various sources (i.e., federal, state, and

local).
7 /, The constraint may be written as

Aro

R = W(q, e, T; Zw):T f C:8.T (2)

where R is the district's total real.budget per pupil (assumed to be given exo-

4

genausly at this state orthe analysis), W() is the vector of average annual

salaries of school personnel, C is the vector f real unit turnover costspf

school pers el, anti P is the vector of real unit prices of the other school417

inputs (K).

Alt`

__The prices C and'P are assumed to be exogenously determined and for the

purposes of the empirical analysis they are assumed to be constant across

Aricts since there are no eadily available data on these prices and it is likely

that their exclusion will have little effect on the results.

The average annual sa aries of school personnel are endogenous to district

decision-making and are ass med to be functions of personnel quality (q), the

respective rates of turnove (e), the quantity of s9aR1 personnel per pupil (T),

\/

and a set of exogenous factors (Z-) which reflect the relative attractiveness of

ployment opportunities. Presumably, there is a positive relationship between

e salaries and quality of school personnel (i.e. ,a wag 0). Salaries are

lissumed to be negatively related to turnover (i.e.,awae< 0, reflecting the

otion that districts.destring a relatively stable staff will be required to

,

make employMent relatively more atticeive than alternative opportunities.
8

/

e-7
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inclusion of the staff-pupil ratio (T) in the salary function is intended,to

reflect the impact of endogenously determine working conditions on personnel

salaries. For example, districts with sma11-er average class sizes (i.e., larger-

-teacher-pupil ratios) and/or larger numbers of teachers' aides per pupil, ceteris

paribus,,:are likely to be regarded by teachers as more attractive places in which

to teach. Therefore, one would expect teachersto sacrifice e wages to work

in these districts (i .e. , c)wi( T <0).

The,exogenous factors (Z }Which affect personnel salaries include district'

size the racial and ethnic characteristics of'pupils, and the opportunity costs

fa g particular categories of school personnel in the local tabor market. *Due-

tro the nonpecuniary disadvantages associated with working in larger school districts

or with providing educational services to minority pupils, one would expect that,

ceteris paribus, ;:larger districts or districts with larger proportions of minority

pupils will have to pay relatively higher was to attract teachers/

(i.e., ?was, awasB, awass:Po).9! _

For the purpose,of specifying the opportunity costs, school personnel are

broken down into three categories; certified instructional personnel (e.g.,

teachers), instructional aides, and school administrators. The opportunity

costs facing certified personnel, aides, and administrators will be represented

-empirically by the average annual wages of registered nurses (WT), nurses

aides (.ii), and public administrators (WA)' -- excluding school administrators--

respectively, within the SMSA in-which the district is located. 10
/

An additional constraint on the district's optimization problem involves the

limitations on the choice of personnel quality which are imposed b the tenure

laws. In effect the provisions of the tenure laws, while allowing 8 tricts to

choose the number of teachers to be employed, constrain the c = ce of which teachers

(and presumably the combhation of charact cs q they possess) will



be employe by specifying seniority as the b for the order ofidismissal
.

:

of school p tsonnel--those with the least seniority being dismissed 'first in

response to decline in enrollment or the elimination of educational program
.s

.

11
/

-in orde o formulate the tenure constraint, -school-personnel are divided

into two grbu : those who are effectively tenured in the district and those

,who are hired lew to: the district for the upcoming school year.1,
2

/ Letting

(h)
q
(0.

and q lepreseni the average eiluality of effectively tenured 'teachers and

personnel ., . - -.

newly.hired scheol , respectrvely, the average quality'of the entire. .

staff may be wig-teen.

CL= (1 6).. S.(t) 8 ..q(h)

'where 8 (the, varrble reflecting turnover) is the fraction of newly hired'per-:

sonn.O.
13

/ Sinc q(t) is fixed according to the ttnure laws, the district's_

decision variable in equation (3) are obvious]; q
(h)

and 8. / Since the
14

(3)

district can adjuit Personnel quality only at the margin throughq(h) , the lower

turnover rate (8) :Op less significant the effects of changes in q
(h)

-r,

and q (1..e., the mare difficult it ii for the district to adjust the level of

staff quality).

Equation (3) Milpes a set of lower and upper bou20,pentratnts imposed on
A

q -car reVpond i ng to th, points where q
(h)

is chosen at its minimum value (i.e.,

(6) (h)q = qin = 0) and maximum value (i.e., q -1qmax), respectively,I5 /

.

HoWever, one generally,observes that newly hired/teachers usually are relatively
,

-,

o

inexperienced and posses the mimlinum of educavional req irements. ThisNsuggests .

. \,

that in general the upp bround constraint on aik.rage experience-and education

is nonbinding. Given thi,S One additional piece of anform3tion, the
\
constraints

i, , -,
.

.
. ,,,

.

on staff quality may now .1)0A-reduced to a set of lower bound constraints o q
.

-,; ,, ..
.

.

(which, in effect, amounts to 41 set of nonnegativity.constrdras on 1:1

h)
, the

.

AdeCiSi041 VariablV) with theiliper bound constraint reMalning operative on.cro,

.*

9
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the ability characteristics of school personnel. The quality constraints can

ow be written as

q
h)(

<
0 -

.max
,

and q(b) > O.

(4a)

(4b)

One can now determine the optimal employment levels orthe school inputs as,

the solution to the problem involving the maximization of perceived educational

quality (1) subject to the budget constraint (2) and the tenure con traints- in

'(4). If the tenuresconstraints are nonbinding o the solution to this optimi-

zation problem, then the usual equilibriumhconditions,

MQ MQ MQ
T ,q_ 13_

MQ
K

MC MC' MC MC
T q 13 K

(5)

are obtained, where the It's denote the respective marginal costs of the inputs.

lh this case, school-decision-makers are able to immediately adjust school inputs

. to their optimal levels.

+he solution to theseqqUilibrium conditions (5Y'Combined with the budget

constrai"nt lead5. to a set' of equa

D = (T, q; 8 K), as function's

for the demand for school inputs, denoted

all the exogenous Nariables, denoted

Z = (Zw, C, P, ZQ) or substituting fbr Zw and ZQ one obtains Z = (WT, WI, WA,

S, SB, SS, C,P). The optimal input demands D* may then be written in vector

notation as
. "

D* = D Z, .
(6)-

The optimal values Of they ersonnel salaries, W(q,Bi T; Zw), are also endogenouity

determined due to their d pendlance upon personnel qualitY'characteristics.

over, and the'eriOogenous rking:condltions. Substituting the relevant compon

of D* Into Wco6e_pbtai9s

W* H(Z, R) .

16
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N.

N,

The,relationships between personnel .salaries and 'the eleMent of Z May
1/4,

,bedeComposed into two parts: (1) the elements of,Zw have di r' t e'f'fects,'

'.aW/g/Zw, due to their appearance inthe structural equation (q, 0 T; Zw); and. .

' (2) changei/ln the elements of Z have an indirect effec on WA through their

effects on the demand for school inputs which in.turn =ffece determination,of

personnel salaries, t.e., wao (awz). Further ore, the only reason one

could observe -a relationship between the district b dget R and the equilibrium .

personnel salaries W* is if these salaries are end genously determined, i.e.,

if W depends upon any of the elements of D. This issue is discussed further

along with the empirical 'result
i

.

If the tenure coristraint (4) are binding or the district's optimization .

.
.

.

.

. -
.

problem, distrtct officials discover that immediiii te adjystment of personnel %

. . . .
,

,

quality is not possible. In effect, the distriCes 'tarnbver rate ii too' id*.ti*
.

,.

1

,
.

,
.

allow dectsion-makers to adjust completely. per rule] quality. to its op. timal

value. School officials muststrike a balance/betWeeri'the-relative marginal

benefits and-c4sts of raising turnovelkatts s a'mean f increasing theii%1
.,

.
,

ability to adjust personhet quality tospreTe red leveys.. On the one hand, 'raising
. . -

turnover reduces perceiv6d qualify of teduce icna rvices (stnce M0.03,4, 0) and - i

. reduces the compensation of inputs' (since//ae 4 At; the same time, a higher

.. .,
. .

.
, . .

turnover rate increases the'l.ize of the Margin.of hew ersonnel through which'
. .

.
a .

personnel quality may bdadjusted to its desired (optimal) levil:,Such an ad-.

" , .

Juqtment woujd ',involve an improvement i n personnel{ qyality if the "upper bound
.

constraint on q .had.been binding and a reduCtion'in per-simnel quality in the
0 4

' e
. f .* I' Ae '

Case of binding lqwer bound constraints on any one or all of the elements bf q.
,. .( . ,

. . ..

There are 'two alternative 'methods of determtning whether or not districts are
, N, . 4

i . .
. ,-.

operating'ontne ror,,persortnel quallty. AssumIng-the data were
, . . constraints; , . i., , a

0 , . , I

,
1

'1 1, I a
;#

1
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avallable,ktheosimplest waY'is to observe the average quality chatacteristics

(at Idatt ofexperience and educatithial-prepaiation)
of newly hired techersin

a distfict. If One linds that a district chooses the minimum quality levels for:

its new teachers, it suggests that the district may be operating on the lower
17bound -

bound constraint: / A second:method_is to obtain emPiricat estimates-OF the
se; of demand equations for teacher 'quality. if it is determined that the demand .

for any one of, these quality:characterisli
es (q

x'
q
e'

q0) Ls unrelated to the

set of independent variables (z, R)specified in (6), it might be suspected that
many of the districts in the samp)e were operating on their tower (upper),hound

. This issue is addressed further in the empiidal
constraints for qpor,q, (q

.x (q0

4ftty415 below.

Anothtrintertinghypothesis regarding the choice of administrativequlity
may be drawn from the edikilibrium co dal .--Specifically; One might suggest. '

d 0

".*that the:marginal contribUtion:to:disti-ict quality of a particular administrator

is likely to be greatdr i9 larger districts since his actions and decisions f

/ !
.generaliy'have an effect on the alldcattom of a greater'quantity

educational

resources which ultimately affects*the qUality of educational se vices t8ba
. $.,

.

larger 'number of students. Stated more.formally, the margiabl product of

I a-

administrative quality it pOsi:tively .related toditrict siz (i.e. iiMQ las ,q),
. ., . nI , . , 4

4
a -ia:'

. .

18where q represents administrative quality):. / If this' it in fact the case,a .

.

.

. . ..,-

'then, tone would expect to find thatjarger 501001 dietrietscotend to select higher',,:"..%,

, %qUaljty administrators and; therefore, tO.pay higilSr salaries to Administrative
,

A \., ' a
4 4,, 4 rpertonnel. These higher salaries otadministrator

iri larger, school' districts . :
, r ?,

.

,..rOsult from .the fact that -Ottre not, only better quarlif admivittrators,but also

..

.
. , t

--,

.

.
.

.that"their,decisions tend to
.

affect the absolute contribulons,to educational
.

.

.

v. quality-of more inputs'for a greater number of pupils.

Allocation Of Community Resdurces
.,\

I'

\Up to this
O.

Point JD the nalysi's the tchpordistrict's budget-1R) has been

12
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assumed to be determined-exogeneusly.--ln fact, district budgets aSt determined
.

. .

. ,. .

. , endogenously by school decision-makers through their control oGer 1641 school
..-

- ,
IIIP

.

property tax rates:

School decision-makers aye assumed to determine their budgeti as the solution

to-a constrained maximization probFbm.
19

/ The objective 'function is.a utility

-*
function (0)_ which depicts the d ion-makers' perception of the willingness of

the school boird (or local community) to bear increased school 'property. tax

burdens per household (B), a negative good, to obtain greater (perceived) quality

of education (Q), a positive good.
20

/ The utility function is assumed to be sub-

ject to diminishing ma final utility of educational quality and increasing marginal

disutility of tax burden. Tax burden per household4is assumed tO indrease with J

real school property taxes per hOuSehold OB/a1T>0), decrease with real

.

personal ,Disposable income per household Y (i.e.,.,aB/aY.0), and increase with

the proportion of residential to total assetseckalue Of pooperty)/(1.e.,a134040).
.

The positive relation betvieen the proportion of residential property and tax
..-

...

burden reflects the hypothesis that School deci,rai-makers tencrto weight more
4.-

Jeevilytihe preferences-of residential relative to business' property owners
II,.

..
since the residents are the voting constituency of the local communsty.

21
/ It

fu'rther assumed that the marginal tax' burden per household is higher in

dbmiunities with a largrAcoportion, of residential'property. (i.e.', a
2
ma11amo),

since households will bear a relatively larger portion of the tax burden) and

lower-inhigh income communities a
2
BrOYafT4.0).

.

le

Given the set of demand quations (6), one ca4s06stitute-back into the'
- f ,

`perceived luaf1ty function (1) -obtain.the'optimat leyel of perceived qualiti

.
, 0 % 4, . ,

(Q*) as an indrect-JunctiOn of the ekogenous 'variables (Z) andethe budget (0
'..

.
. ,

of-thedistrict. This indirect perceived quality function, Q* = Q(Z, R), is

13-
,
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.
convex in those elemegis of Z which are posi,tively related'o the marginal costs

3
(MC' s) of the choo,i. inputs (i.e., Q/dZ dand "a2Q/dZ27 0) fled concave in

R (i.e. , Q/dl 0 and a2.Q./aR2 Z. 0).22 t/iven this indirect perceived quality

function, .4istrlict decision-makers are able to trace out the relationship be-

v4ean. the resources devoted to educationalservices (Rrand the quality of those
,

services produced (Q), ceteris'paribus.

1
. Combining this formulation of the perceived quality function with the
. ,

nformatidn about the tax burden function set out above, the utility function for

school decisioni-makers may be formally expressed as

U Uti(Z, R), B (TT, 'CY); Xul, (8)

where X
U

repre5ents the exogenous charaaeristics of the community which.May
4

lidfuence the rate of trade-off between Q and11.
2

-3/

( , '

District decision-makers are assumed to maximize theirutility function

(8) subject to the constraint that total educational expenditure per pupil (0-

be equal to total local school taxes per pupil -Cm (N /S),- where N is the-number

of households irc the local community) plus total state ihd.federal aid per

A

pupil (R
9
)

.

provided to the district. / constraint may be

.

written.

. R = irr(Nrs)-+ R . (9)

The solut ion OD this constrained m aximization problim leads to the result

'that the mate of *substitution of.educatiOnal quality fa lower tax

f
burdens per household be equal to the'feal marginal cost per tiousehold of providing

o ,

.

25

.

'i.

JO educational sel4vic%.'/ The soluti.,on of the equilibrium conditions generatit

%
.

. .

an expenditure function

Rri., R(Z, R SiN, Y, V. . A (0) .

.

9'
,
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With the additional assumption that the utility function (8) is separable

(i.e., a
2
Ei/oB4 = 0), one an determine the directión of the affectSA of many

of the exogenous-variables on the level of educational expenditure per pupil,
26

/

The properties of the expenditure function imply' the following- relationships:

educational expenditui-es will' increase in response to increased government aid

(aR /aR >0), but to some.extent these funds will be used to reduce localoperty
9

tans (cA/dRg <1); the greater the relative number of children per family in

the community,.the greater would be the marginal tax burden per household to

provide a given quantity of resources for educatiOnand, therefore, the lower

will be the expenditure per pupil for education (ava(sin)4.0);.high income

districts Will tend to devoterelatively more resources per pupil to education

(aR/elY >0); the greater the relative -,prop n of residential property (and,

therefore, the'greater_the extent to which households, as opposed to business,

must support educational services,), the lower the expenditures on education-
.-

(dR/d J. < 0) . .

For the purposes of the empirical analysis, the vector'XII is assumed to

include the pupil-hoysehold.ratio (S/N) along with some proxies for the socio-

economic status of the community. Presumably, the greater number of families

in the community who have school age children, the greater will be the perceived

willingness .of the community to spend for education AaR/d(S/N) >0) . This

hypothesis runs counter to the'previ6Us analysis of the effects of the pupil-
.

household ratio on the tart burden. Therefore,' the net effect of S/N on kwill

depend on the relative strengths of these two opposing forCes. Furthermore,.

some evidence suggests that higher socioeconomic status communities tend to 'rye

relatiVely stroriger preferences for educational spending.
27

/, For this purpose,

community income (''Y) and the racial and ethnic characteristics'of the pupils

15



14

(i.e., SB and'SSr wiiikbe used as proxies for socioeconomics status.

The effects of changes in the components Z on R are ambiguous. Howeyer,

one can state that if school spending increases (decreases) with those elements

of Z which tend to raise Input prices, then the demand for educational qualityI---------
tends to be relatively inelastic (elastic).

/

11. An Empirical plication
-%

The Data

AS specified in Section I, model of the public school district is

composed of a set of beh Vioral equations for the demand for school inputs (6),

the salarie1s of school personnel (7), and the school expenditures perpupil

(10). The empir61 analysis will focus attention on a subset of the demand

and salary equatio !any equations to be estimated -incLudes

the ase wage (WT0) and salary increments for additional experierice )

28
and education (ale) paid the salaries of elementary (w )

E

and high school (Wp ) prinCpa and the salaries of district superintendents

H

(WS). The demand equation to bees ted are limitttto that" school-inputs

which reflect the uant ty and quality of teachers' services: the ratio of regular

.

clWsroom teachers pupils for elementary:(TE) and high,(TH),sA 0hools, the
.. ,

. average years of experieilcelor,e4ementary4q, 1-and high school" (qT )Yteachers,
.. .

.

.
l'Ex H ','..

and the average units (college credit hours1;of gradOate education acquiredhy
.

/ . .

elementary (4.c e) and high'tchool (q1 e) teachers. ln'conjunction with these

salary and input demand equations, a behavioral equation foi-Nthe district budget
/

i
A

per pupil (4 Will also be estimated.: /
,..-

Two cross - section samples of individupf.school distrICts were.keiected for the

empirical analysis: a sample of 39./..etementarNktricts (which include only

. 16
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gmentary schools, K-8) and a sample of 50 unified,districts--Nrhictr4eludes

th elementary and high schools) located within the six largest SMSA's in

California. The necessary data -were gathered for the MO-II:school year.

For the sample of unified districts the vector Z
Q'

the set of district

characteristics and nonschool inputs which affect school decision-makers'

perception of educational quality, contains one additional element: the fraction

:,Lof elementary school pupils (SE) in the district. This variable is simply in-

,;tended to reflect the possible impact of the variation in the composition of

. .

Ilpupils on the allocation of resources between -the levels,of instruction.

In Section 1 the leviable Ili's defined as the ratioiof real residential

to total real ass4s4ed valuation of property (i.e.,)) = V
r
/V where V and V

t

.
r

r,

"denote the ,real assessed value of residential and total property, respectively).
$,

41

ii,
.

4t has been suggested that the income and tax base compositibn effects_on

school spending are likely to be confOunded unless the relationship between

4

community income and the value of residential property is explicitly incorporated

into the model.
29

/ For this purpose, it has been assumed that;as in the case

of any consumer g d, the quantity of housing services (as reflected.by real

residential property values) consumed,bythe residents of the community will

depend positively)'upon real personal disposable income (Y) and upon various

environmental characteristics of the' cornmunity. For simplicity, it is assumed

.

.

.
.

that these environmental characteristics are captured by the racial and'ethnic

-composition of..the community (measured for empirical purposes by SB ana SS)

under the hypothesis. that communities with relatively high proportions of

.minorities_W411 have lower real property values. Assuming that the real value

-------

of.residential ftopertymay be approximated by a-tibearfunction, one may _

specify the following expression for the ratio of real residepttal-to-total real

-
assessed malueof property.,

30
/
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. y =4/
0
(i/v)+ Y1 cuo +Y2 (SB/V) + )1

3
(ss/v) (11)

where Y
1

7 0 and e4 2; This slequation may then be substituted for 11s ,
olf '

in equation (10) to become a determinant of school expenditures.

The Econometic Methodology

Because of the relative# ly small samples of school districts, it seemed

ti

appropriate in most instances to use linear approximations for the relationships

between the dependent and independent variables specified in the behavioral

equations. However, in some cases variables are entered into the model in a

nonlinear form because it (1) improved the predictive power of the equations,

(2) increased the precision of the estimates of the average elasticities of the

4ependeht variables with respect tohe particular independent variable,

I
and/or (3) conformed to a priori expectations regarding the hatte of the

relakionship. In all of the salary and demand equations, theibudget,.(R) and

distriat size (S) variables appear in a nonlinear form as-their inverses

(I/R and'i/S, respectively) to allow for a variation in the rate ofTesponse

orpersonnei salaries and demand for school inputt to changes.in the school

budget:31 /

Furthermo, .in carrying out the derivation of the properties orthe budget

1
equation' (10), one finds that the two varialbes R and S/N enter the relation-

ship multiplicatively. In fact, the partial derivative of R with respect to R

is proportional to while the partial derivative of R with respect to S/N

is a linear function of.R . The empirical relations have been specified in
9

order to reflect these t oretical propositions.

.The.siestem of equatiow which defines the model appears to be recursive in.

R. That iti-each of the salary and demand equations depends upon the per pupil
-

--budget (R) which in furn,deperlds upon a set.of'exogenous variable's. However,
ss
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"a.

since the- equilibrium values of the Personnel- salaries and demands for school

inputs are, in fact, determined simultaneou§ly with the size of to district's

budget, the budget is likely to be correlated with the disturbance trms in the

salary and demand equatias. In order to prov for consistent estimates of

the parameters of the model, two stage leas squares is used to estimate the

salary and demand equations. In the e rical application of the model, however,

both ordinary least sqdares and two stage least squares methods were1used. Since

the two estimation procedures yield substantially the same results (with 2SLS

estimates exhibiting somewhat less precisithr-lower t-'statistics--than the OLS

estimates), the empirical analysis wilt focus atte ion, for the most part, on
/

the 2SLS estimates.

The Empirical Results
32

/

Only a subset of the empirical results are,dis ussed in any detail because
\

of the difficulty of interpreting the net effectS o changes in some of the

n -
exogenous variables on-Ahe allocation of-resourceS. Some of these variables

enter the model in a number of places and involve v rious opposing forces on the

equilibrium values of the decision variables of the district.33 / For those
.

variables for which the net effects are difficult t evaluate, theirinclusion

in the equations is assumed to be in the capacity o control variables and no

attempt is made to interpret the empirical results. Where the patterns of the;

net effects are red viably clear and the variable regarded as central to the

evaluation of the del, the significance and impli ations of the empirical

-results bee'discusse

The Demand for Teachers. It has often been suggested in the literature

thal -the demand for teachers, and Okr that matter public employ es en ally,

is likely to be relatively inelastic with respect to bipdget and price c rtge.

19



One f the objectives this empirical analysis is to test these hypotheses

regarding the elastic ty of the demand for.teachers.
*

The empirical r:s'lts, presented in Table 1, indicate that the demand

for teachers in gen rallyylelastic with respect to changes in the Widget-

of the school distr ct. The estimates imply that a one percent increase' in

Table 1 about her

A.Olk

' school expenditures will, on the average; lead to between a 0.20 to 0.26 percent

increase in the demand for teachers. On the average, such an increase in the

demand for teachers is equivalent to'a decrease in class size of approxim'at4,

1/16th of a pupil. Alternatively stated, in order to induce school decision-

rs to decrease elementary (high school) class size by one pupil, one would

have' to t
reSse school budgets by approximately $150 ($260) per pupil. This

implies the existence of a somewhat rigid perceived educational technology

with regard to class sizes (i.e., the number of teachers emp.loyed'per pupil).

The nonlinearity in the budget variable implies that the low budget.._

districts which presumably have larger class sizes are more eager to reduce

class size esponse to increases in their budgets than are highbildget

.
)

.
..

distri is which already have relatively small class sizes.
35

/ In fait, in 1.
.

:

k

all cases high b t (defined as one standard deviation above the mean budget),

districts requir more than three times th budget' increase required by the-low

budget (defined as one standard deviation below the mebudget) districts to

Induce a reduction in class size of one pupil. Presumably, once a,pertain level'

of class size is obtained, district decision-makeK apparently are now inclined

to- direct budget increases toward employment of other types of_school inputs.34,/

20
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The price elastiCities of the demand for teachers are reflec:ted by the

I
i-espOnse of teacher demand to changes in the opportunity costs WT, WI, and

I WA., Unfortunately, because of the 'relatively high pair-wise correlations be-

tween these opportunity costs over.the samples of school districts, the estimatesr
of the elasticities of demand are likely to possess a low level of precision.

Hence, these empirical results are to be interpreted with due caution.

In both elementary and unified disricts the demand for elementary hool

teachers is relatively inelastic with reSpect to changes in the cost of to chers'

/
-

services, (i.e., (4
E
ANT).(WT/T

E
);A-1. The demand /for elementary teach rs

employed,in unified districts is relatively inelastic with respect to,.each of

the opportunity costs. This pattern does not follow, however, for elementary

teachers employed in elementary districts where the absolute values of the

price elaiticities arrelatively larger than those for elementary teachers in

unified districts and are greater than unity in.two cases (i.e._, with respect to

WI and WA) . t
.v,

V
The demand for high school to chers appears to be generally more price-

*

elastic than the demand for elementary teachers. Perhaps one might attribute'

this differenCe in price - elasticity's to the probable difference to the nature
. 1

,

..,

of the perceived educational techno gies for the two levels of education.
/ 01

ii

That is, va0tions in high school plass sizes may not have as significant an

i, --

impact on the percgived quality of educational smiceseis would a similar

variation in etmen-tary -school clasi sizes.
37

/ wouldTherefore, one _ex
.....

.,,,

that a change in the pri e,
of teachers' services would tend to elicit,a re-

.

latively greater res/p6nse in the deOlind for high school' eachers than In the

demand for elemen hooi teachers.s
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Notrze that while the demand for teachers is negatively related to the

cost of teachers' an the cost of administrative services(reflected by WT

and WA, respectively), the demand for teachers is positively related to the

opportunity cost facing teachers' aides. The implication of this result is

that the cross-compensated-substitution effect between teachers and teachers'

aides is positive and outweights the budget effect.
38,

/ That is, teachers'

aides are sUbstitUtes for teachers in the production of educational services.

Although teachers' aides cannot legally or effectively replace a teacher in

the classroom, their presence reduces the burdens imposed oh the teacher by

larger classes. Hence, to some extent, one might expect that one response by

school decision-makers to a rise in the relative cost of teachers' services

would be to increase class sizes (reduce the demand for teacherg) and at the

same,tPme increase the demand for teachers' aides to compensate for the lower

teacher-pupil ratios, and vice versa.

It can also be,seen in examining the empirical results that class size is

Positively related to district size although the relation is statistically

insignificant.
39

/ For example, the differential in class size attributed to

an increase in district size from minus one to plus one standard deviation from

the mean is about 1 2/3 more pupils for high school classes and about 2/5 more

pupils in elementary classes, ceteris paribus. This positive effect of district

size on class size may reflect some, combination of a stronger preference'for

larger classes in larger school distribts and/orthe impact of increased district

size on the costs of instructional, and administrative inputs (i.e., the-salaries

of teachers and administrators) which in turn reddces the demand for teachers

(increases class size).

,4 :.-

22
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The Demand for TeacherQuality. The--igplrical estimates of the demand equations
,-

for teachers' experience.and education are contained in.Table'2. 'In examining

abet here
f!'

the results of these teacher quality demaiid equations, one discoVers that Frey's

(1973) conclusion "that once in equilibiriuMthe'school board will continue to

be on its equilibrium 'expansion path' simply by increasing'or decreasing the

number of teachers!' is inconsistent with the evidence.
4

,

0
/ The key results

* ,

which reveal the inconsistency is the Itatistieal significance of the budget

in determining the demand for teachers' experience and education by elementary

districts and the demand for teacher education in unified districts'. For

elementary districts the budget variable, (1/R), is statistically significant,

at the 99 percent level 4n bblhquality demand equations. FOr unified,distrrcts

the 2SLS estimates of the budget elasticities of the demand for elementary and

1 .
,

A

high school teacher education are both significant at the-95 percent Ipvel.
41'

/
?

That is, ceteris paribus, an increase in the size of the district budget leads

the school board along an "expansion pqth" which requires both an increase in
4

the number Of teachers'(see Table 1) and the quality of those teachers as

indicated by the increase in the demand for teacher experiente and education.

'These results are in dire contrast to Frey's theoretical conclusions.

it does, in fact, appear that weal ier schoc11,districts do "outbid" poorer

districts for the services of better quality teachers.. `The extent to which this

is true is an empirical' question and one which will be discussed further in/

connection with the estimates of the -§bIary equations--

1. 3
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... , - .

In SeCtion I i t i s suggested that school dist ti cts operate, under a con=

/
.-

straint on tie choice of teacher quality due to "e existence of tenure laws
, s 4,*

0 A'

,._ -... *47/ ' h.., .
.

for teachers. That is, tenure laws allow districts to choose.the nur4'er of

teachers on the basis of enrollment needs, Era in some cases constrain the'

... ,.. _,
. .4,

Idistrictls choice of the combination of teacher quality characteristics (i.e.,

which teachers will be employed). Tenure arrangements require disn'icts to

retain teachers according to thelr seniority. Hence, pstrict decision-makers

may find themselves having'to/retain a teaching staff with more experjence or

educational preparation than would otherwige be'desired. Constraining,

teacher quality to be greater than the des d (or optimal) level implies that

,..
.

.

,

the-marginal benefits. relative to the marginal costs of additional units of

teacher quality characteristics are lower'than for alternative.school inputs.
.

.If enough districts in the samples are operetibg undier the teaching quality.

p

constraint, the demand, for the quality characteristic(s) would\fie constrained

away from the optimal level (that which would be chosen in the absence of

- the constraint) and would, therefore, be unrelated to the independent variables

.

(Z, R). Based on this criterion, the demand for teacher experience by unified

districts appearson the average, to be close to ta-Taver bound'constrainta4
42

For the demand equation for high school teacher experiences one cannot reject
,

;he/ null hypothesis that the Coefficients are identically zero (see Table2),

while for the equStiOn for elementary teacher experience one can jUSt $arily

reject the null hypothesis at the 95 percent level= of significance. .Furtheralore;

thebudget variable is not statistically significant at even the 90 p6rcent level

in either the demand equation for eiementary or high school, teache'rs' experienc,

by unified districts. -These results are consistent with the hypothesis tha

the marginal benefits relative to the marginal costs of additional tea er ex-
,

".
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. ,0 /

.

.

perionce -le smaljAr.than that fcir alternative schoOl4nPutt. Because of the
4 .

cOnstraints-impOsed by teacher.tenUrq'artangements.on'district

", r ,

41 ,' making ochool.officials Are unable to adpse:the level of teacher exparience c:...

, ..
, .

,
.

,,
,

,

...downward-10 its optimal level, EvIdently,.schoO. decision-makers would 'prefer, ,

r

a.higher rate of turnover among.leacherS which would allow for the replacement

of theider, relatively more experienced teachers With the newer and more

inexperienced leachers:,0-hat is, thehighe(rate of turnover incre es.;the',

ability'ofthe district to djust doWnWard the aver,a'gelevel.,0f,0 perieric44Pf.
. .

. y' , "

,a teachingstaff With "to 'much" expert, 1 ,

(

/

/ :
.. .,,

,

....

OC.is'Anteresting.to note th' t Levin {-1970) recently ipresented,some
, ,,"? . % ,.1.

I

,,.,

.'

...!..-.,
,

, eVfilence 'that; the marginal product per dOlar spent, on teacher -verbal ability
.. .

,\ ' . ia , ..,
,, .. . .

was'less tharithe mtrgihpl product per%f:IclIlar spent'ort teacher experience..

.

,. . k, , ,

. .

Thisneiatlibriship4mhlie5that'schbol dist\riCts have relatiVely too much ex-

. , I '
perience:and.WO,little teacher verbaL, abiRty. teyin's finding is consistent

with the;resutiS,0eseuted in this pailTr that'unified districts apparently
....,

I
, ,_ .

'have. more than th4;op,t)mal amount,of teacher:experienCe.dde to the loWer,bound
, , ,

: ,

constraint an the:d4irictchoiCe of the aVerage leVel' of personnel experience'

''A'

impbSed by_tOurei .1 F..

.

*: f

P. ,
'

ii .

:One might atternativelylOnclifde from the results of these'teacher experience
. 1

r

liquattoni, for 'i-lifted:districts t* Frey's specificatibn of the model of th'e--,-,_____

school,diStrict is.correct and t4e:wealthier districts do. not outbid poorer dis- '

/

,
Trictt for teach0 experienceJ Howoyer, this conclusion does not appear tcOlold.

jor/elOmentary school districts nor;does it hold. for either type of district with
. . .

,

sel/gard to teacher educatiOn.: The aL;thorriNouid suggest that it is doubtful that
/

1
r

.
preference structure or the:perception%.'of eduCation4l quality held by :.

rt.. : -
.

elpmentary Oir UnifieddiStritt officils. should be so significantly differ
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as to Cause this disparity in results.,, Based on this reasoning, it

likely that the hypothesis proposed above rg.artting the-impact of the tenure

constraint is a more plausible explanation of they empirical results.
.

talales, of SChool,Petsonnel. The empirical .estimates of the parameters of the

,s'alary equations are confained in,Table 3.. The results indicate that thebudget

'Tablve, 3'ahout here

tO4ethp,r.with, the-.ex.ocAnou,s varlablii" eXplefn a firly substantial proportion

,

', of the variation in the depdndent variables-. For all,but one of the salary
.

.

equa0ona for,each.type of'ditriet one can !eject the.null hypothesis that the

yecto rs,Of coefficients' are eqpal to zero. However the hull ;hypothesis cannot

be,rejected at even the, 90 percent level,of significant in the case of the

equations for.the salary increments paid to teachers for units of education

(i. e. ,(PI his suggests that perhaps these'salary increments are exogenous-

.t

to the de sion-making-process of the school district.

critical test of enogeneity of the personnesalaries is the statistical

ce of thil estimates -of the budget elasticities. ;'for' purposes of com-

son and to illustrate tWdifferences'linprecislon of the 2S1.and,OLS

timates, both 01.e"OLS an¢ 2SL.S estimtes,of,the

sented iniTable 4.: in. general the resOts'appear

bOdget,elasticities are pre-'

to be consistent' With the

: .
Table 4.'about'here.

,O.
'! Is :.

, I .

1 ' !

':' ., ` ib1 . ,7
w . ,

.. .

thp:Op
. *21...,..-

`hypothesis that- tiriesLDL U AAher4.4,100t0Wilriator s are endogenous to the

: .. -:,..-,:p1.--..-740,"' ---- -
.

.....05-10"..-, -, , . , . ,

A;lecksion-maling process of the school district.. Furthecmorej_the net effects --of

..'

6
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a change in the budget on equilibrium sa4ar4es positive, l.t., 471WARp)°-(00/002

dW*/d6 0. This'result suggests that perhaps, district decision-makers do perceive _

_ some positive contribution tO educational quality by'decreases in teacher turnover

and/or increases in the level of teac quality Characteristics (qT0); other

. than experience and education. This concluss iappears. to true as well-for'

superintendents and principals. That is,'there appa entJy is some likelihood

that the salaries of school personnel, both instruct onal and administrative,jdo

depend upon a set of conventionally accepted in ual.qu&lity charaCteristics

(the--demand for which is assumed to be positive related fo the district's

. budget) other than the charac eristics of experience and education which are
, ,, I. ._ - _ .-.....

,........,,,,,,..-_ , ---, , .----.1--

!...i.

commonly recogniied 'in Aistri, tssalary schedules. (

Note that some of the coefficients betweenpersongill.salaries and the '

I
fraction of minority pupils in a district are negative. This result is not

necessarily inconsistent-with the, hypothesis that school personnel- require

positive pay incentives to work in di ricts with large proportions of minority

pupils. The structural relation may bell be pos.itlye, i.e., ?W/n, bwass>br

"4: r

The observed negative relationship 'Ma simply reflect, for- example, a'relatively

-strong- negative relationships betWein the demand for-the quality_ characteristic's'

. -

. q
TO

and the proportion of mlindrity pupils. 'Perlops minority groups rely to a

relatively greater exten t ueor the traditiOnal parameters of teacher quality mech

Fm41

as experience and educationarkeparation rather thdh those characteristics. which

-;

might be reflected by q10.41
,

The empirical result of Table'3 indicate a strong positive and statistically

,, ........"

significant effect of di frict site (S) on the salaries of school pesonnel.

This positive relations p.is,apparently a reflection of one or a combination of

two factors:41) there is likely to be a positive relatiopsbip between district
' s

. .
: *

size and the nonpocuniary disadvantages of emOtoymek in a'given distr4ct, and

.

. - .1..

'2 7 iP

Wu,
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(2) there is some reason to-suggesethat the marginal product of personnel quality

v.

(andlparticularly administrative quality) is positively related:to district

size (i.e., e7M1Q /iS

a

Table 5 presentsthe magnitudes of the salary differehtial paid. to teachers,

Table -5 about )(ere N

principals, and superintend 'etween large and small dist-ricts, ceteris paribus.

For this ur 11 (large) diSfr=itt--rs--ciefi-ned-as-oge-uki.c&-Ls bone

standard deviation elow (above)'the mean district size. Notice,that, to some

extent, the'dif rend in'thersalary differentials betweenelementary and:ani-'''.

i----.,... _
,

-- ,

fled distric reflect the smaller variation ,in the-sizes of elementary,school

districts.- It should be noted that without mosreC7Qiiiii-431-data on the quality

characteristi s of staff members, it is not possible to separate empirically

the proportions oT the salary differentials attributed to each of the factors

referred to above.

According to the results in Table 5, the differential district sires appear

to have more of an impact on superintendent's than on principals' salaries,

mOre.ot St impact on principals' salaries than on teachers' salaries. Both of

1

the,factors referred to above are likely to operate in this direction. Ohe
;

might arguethat the burden associated with the ndnpecuitiary disadvantages of

working in larger school districts.g., thevveater the bureaucracy,. the more
,

IMpersonal relations between various-levels of stiff', and the greater diversity

of community attitudes resulting in.increased PrObatrility of conflict) is

greater; the higher the position of the staff, member in the hierarchy of district

decision-making. The implied hypothesis is thatihe nonpecuniary disadifantages

of district size increase with the scope of decision-making. Furthermore, the

28.

04
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impact of the size differentials on the marginal product of staff quality is

likely to be greater, the higher, the position ofi.the staff member in the

hierarchy of decision - making since the decisions of higher level-staff members

generally affect a greater quantity of resources and larger number of pupils.

For example, the detisions of the superintendent will affect the operations of

the entire district, while the decisions of the principals directly affect only

.,a portion.of the pupils in the district (i.e., the pupils in the respective

school), and the teachers' decisioni generally affect only those pupils in a

single classroom.

. The size differential effect's on principaisataries a tLillsryaperlate7-I

through a secondary mechanism. k has been observed.empirical.1 t at larger

-school districts maintain larger schools than do smaller distri ts.45 / Larger

schools in turn imply larger'administrative units to be perated by school

principals. Finally, this suggests a higher margf al product for principals'

quality which leads to the selection of- the selection of better quality

principals and the payment of higher principals' salaries by district decision-

makers. A similar analysis also applies to the relati iship between teachers'

salaries and class size due to the positive relationship which has been noted 4
i i

between

-

-.- .

between school size and average class size combined with the positive relationship

. .
. .

between district size and school,size. thatis, larger districts apparently
.,..

-...

maintain larger schools Which in turn seems to ,lead talarger-class sizes. i,*

t. , ,.4., -, t-
. .

,-
. ;,>. ,

Urger class sizek, imply afgreate argtnat product of teachers' quality*ill'
o

.

(according to the reasoning in Section I) which leads to a grneater demand for

teacher quality and, hence, higher teachers' salaries:

Demand for Educational Expenditure. Attentio o the empirical analysis-will
- i

,

now turn to an evaluation of the impact of chang s in various demographic and

ft6ancial characteristics of the community and
.41E.

' .

ges in .factors reflecting,
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the relative-price of educational servi on the determination of district

educational budgets.

Estimates of the expenditure demand equations are contained in Table 6.

Table 6 about here

In general these equations explain a reasonably substantial proportion of the

variance in school expenditures across districts. The implications of these

empirical results are generally consistent)With those predicted by the model.

As predicted by the model, the partial derivative of educational.expendi-

tures with respect to state and federal grants (R g) lie, for the most part,

between zero and unity for both unified and elementary school districts. The

estimates imply that, on the average, for every one dollar increase in federal

or state aid per pupil in school districts, approkimately eighty-five cents

Is used to increase school expenditures While the-other fifteen tents is used

to reduce the local burden of school property taxes. The magnitudes of thesp

aids effects are consistent with the results of previous empirical studies

of the aid effects oil educational spending.° /

The empirical results are also consistent with the specification of the

model to allow for the possibility.of a difference between the income and aid

effects. The impact of an increase in'federal or state aid per household is

statistically significantly larger than the impact of an equivalent
.

rease

in disposable income per household. Ti se results suggest that school-decision-

,

makers are more willing to spend for educational services out of aid funds from

federal or state sources than they are from the income of- residents of the local

community.
48

/ \

6 30
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The magnitude of the income effect for elementary districts (PR/ciY =

is in line with the estimates presented:in pr ous studies which'range froni

0.023 to 0.060.
49

/ The estimated income effect for unified districts is
t

statistically insignificaat and based on the results reported in previous.,

studies appears to be ui, low (t911/dY = 0.008 ). One might suggest that

there has been a confound -i of the income ith the tax base composition eff cts

which are represented bY the-set of variables 1/V, Y/V, S V, and SS/V. .Em-

ploying alte ative formulations of the expenditure equati n for the unified

distritts including various combintions of the income and tax base.composition

variables, qne discovers a 'range of estlinates for the income effect of-from
.,

0.0037 to'0 025jwith the t-statistics ranging from 0.15 to 1.58, respectively.

(For the s e of cobparisoni the same alternative formulations were run against

the elemen ary data. The results indicate little difference from'the results

reported i Table 6 except -when the variable I/V is left out of the, equation. -

Leaving 1/ out of the equati4ir-irtas the effect of reducing the income coefficient

frail 0.063 to 0.046. For the unified data, elimination of i/V raises the income

.

s-coefficient from p.00aa to 0.025.) Perhaps a larger ample Edith better data on

the income and tax base position variables will be quired to assess more

l'precisely the effects of changes in community income on local educational

expenditures.

f

There are t sects of the effects of a change in the pupil-househord----
.-

on schoo expenditures. On the one hand, an increase in th. e pupil-q6ftehold ,.,

ratio reflect n increase in the number of school age children per family which

increases the tax burden sucational expenditures per family and leads to a
. ---'.

.
.

.,
.

n ative on school spendlnev--On the otherhand, an increase in the pupil.-
.

..
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household ratio may reflect an increase in the number ofJamilies in the community
. .

with school age children, increasing the preferences of the community (and, hence,

school decision-makers) fog educational services (r) and, thereby, exertinj'a

positive influence on school spending. Empirical estimates indicate that the-

net effects of a change in the puRil-household ratio on school expenditures

appears to be negative. Based on the e's'timates, a one percent increase in'the

p6pI4-household ratio woild lead to approTedately,a 1/4th of one percent

decrease in school spending for unified districts and 2/.th's of one percent

decrease in school spending for elementary school district's. Apparently, the

negative impact on school expenditures resulting,from the increased tax burden

per family lufiich-is due to the increased number of school age children pqr

family) required to support a given level of educational quality is stronger

than the positive impact on school spending' resulting from the relatively greater

preference for improvements in_ad6cational. quality that one would expect to

characterize a community with a largernumber of families with school age

children. '

%

As indicated in Section I, an increase in the ratio of residential to eon].

assessed value of property (i.e.,))), will tehd to reduce aduiational spending
. ,

Since residents of the community will tend to beer a longer, oportion of the
.

local tax burden. This reflects the hypothesis that school decision-makers give

,stronger weight to the preferences of residential as opposed to business

property taxpayers within the community. 49 / This effect is eferred'to as the

tax base composition effect.

Combining the fact, that dR/#40 with the information contained in equation

11, the,signs of the following derivatives of the expenditure equation can be

specified: ailM(Y/V)4.0, A/g(SB/V)> 0, and Wa(SS/V)70.. An Increase in the
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nonresidential (or business) tax b se is reflected by an increase.in V holding

Y, SB, and SS constant. Therefore an increase in V, which reduces the ratio

of residential to total assesse property value (11= V
r
/V), should have a

positive impact on educational-spending, ;R/;V >0.

In general the empirical estimates of these various partial derivatives

are consistent with the theoretical speCification of the tax base composition

effects. As the ratio of real e-to total real assessed property value

increases, the ratio of the real value of residen ial to total property-Vicreases

which reduces the incentives for school decisibn- makers to spend for educational

services. Based on the parameter estimates in Table 6, a one percent increase

in the ratio of real income per household to real assessed property value decreases

..

educational spending, on the gverage, by 0.44 percent in unified districts and

0.60 percent in elementary districts.

An increase in Sg-and SS, ceteris paribus, would be expected to have a

negative impact on the ratio of residential to total property value in the

community. Hence, an increase in the ratios (SB/V) and (SS/V) should lead to

in increase in school spending. All but one of the coefficients have the correct

sign (ITT., positive). The coefficient SB/V for unified districts has a negative

'sign but is statistically,insignificant. Because of the high pair-wise _correlailon

-.-
between the variables-(SB70. and Sb,,the incorrect sign on (SB/V) could perhaps

reflect a confounding of the effects of (SB/V),with SB.

Finally, as is demonstrated below, an increase in total property value .(V
t

holding Y, SB, and SS constant (which amounts to-an increase in business property)

does have a positive effect en eddcational spending. For unified districts,

one obtains

.33
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-1 ,

517' 711
1,357.780 - 40.0 Y - 7,285,00 SB 441a,700

0.0148>V-A

and for elementary districts,

WI a 1 40 >529.0 Y 6,577,050 $B + 663,028 SS)
a V

- I= 0.00 , 0 . --..-
--........_ ...

....-- --....,_

where the values Of-the derivatives are calculated at the mean values of the

variables V, Y, SB and SS. In terms of elasticities these resuTts suggest

that, on thaverage, a one percent increase in the real value of pro leads

to a 0.140 percent and 0.035 percent increase in educational expend- -tom in

unified and elementary districts, respectively.

The exogenous variables ynIuded in the vector Z refleOt,- in part, the

prices of the school uts and to that extent provide school.decision-makers-,

with some concept of the -costof educational quality., The three major .

variables which reflect the prices of school inputs are the opportunity costs'

WT, WI, and WA facing teachers, instructional aides and school administrafOrt,

respertively=The results in Table 6' indicate Nat, school expenditures are

positively related to the opportunity cost variablesin,all but one cause

,f

ielementary-diStiiitS).

fists between these Variables, it. is tifficult to draw

44,eliaRA6W14L6-for

which apparerltly ex

However, given the colinearity--

4

conclusions with regard to the individual elasticities. The overall effect 6,-
,-----

.

,
. ,

,

_--

an increase in the (implicit) price of educational quality (i.e., the effect
_

of aunifOrm increase in WT, WI, and WA)-40es appear to

,

_ .
e positive which.

suggests that school decision-makers tend to restsf significan creases in

the quality-of educational, services in response -to ity,;reases In'the costs. a----

these, services. This result is consistent with the hypet

for educational, quality by the community is relati

s that the demand

y inelastic..
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.-,

The Indirect Al locative Effec The total i4ct of a change in one of the

exogenous variables on the equilibrium personnel salaries- and inpu mand de-,X/
,

.

pends upon the direct effects (if any) Onthe "alloNtion of educational resources," ",,
,,-

J

and the indirect effects on the determination of educational expenditures--

N
the size of district budgets), based on the "allocation.-Of community resources"

problem.

Because of the relatively sire?l budget elasticities,

supply price and input demand-equations the _total impact of-cha

rize the

es in the

various elements of Z are not substantially different from the direct allocatrve

effects discussed above. For example, the effects of district size on salaries,

and input demand are not altered perceptibly; and the implications regarding

4

the relative price elasticities of elementar opposed to high school

teachers are basically unchanged, although the magnitudes are somewhat smaller.

Perhaps- the-most interesting indirect allocative effects involve the
NN

differences,betitee districts caus by ren.cps in the levels of community

Income 1Y) and the stale and federal grant iricaY- results indicate _ _

that, ceteris paribus,- distrit'-ts wfth higer le_vh e-prer household or

-

larger grants per pupil will tend to spend,more bn educational services, pay

higher salaries to -&drool- personnel, and employ greater quantities of schoot,in-.

. .

putsper.puRil. Because of the manner in which state, and to some -extent'

federal, grants are distributed, there is an inverse2relati6ft between--the level
_

ofcommunity income and giants-in-aid acrslis school districts: higher income --.-%".
\ , --- _

communities generally receive lower
.. and-41ce versa.31- /- One

of the objet ves of providing-school districts with state and federal grants-

In-aid is to equalize-educatronal-opportdhitiis across distri-cts by compensating

5

'5w
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for the existing disparities in wealth which would otherwise 'lead to differencei

in the quality of educational services supplied to children from different

socioeconomic backgrounds. _It is, therefore, an interesting exercise to

determine to what extent differences in the distribution of these state and

federal .grents compensate districts for differences in community income.

Using the parameter estimates reported in Table 6, one can estimate the

differenCe in school spending observed between high and low income districts-
,/

attributed to the combination of the income differential.and the differential

level of grants-in-aid between the disc cts; ceteris paribus. Becau-se Of

the apparent difficulty in isolati.. the effects of changes in community income

on school spending in the sa,. e,of unified districts (see the discussion of

the expenditure demanciequation above), only the results for the sariOe of

element y districts will be,used to calculate these differential 'effects of

income and government-grants on resource allocation.

Let 4R and AY be the net budget differential and the income d1ferential

between the high and low income district, and let &R9/ AY represent the

differential level of grants associate wijorira given- income .differential

within the sample of school ditricts. 711-hen used

estimate the net budget differential betWeen high and low* income elementary
N.----- _

districts.
......._

AR = (0.83 ,0.063) 'AY.-52:/' (12)
--.,

AR TAY l_s_s.st-i-mated for the sample of elementary:idistricts using linear
9 __

regression. The estimates indicate that for each additional $1,009 of community

income per household, the average elementary district gives up $18.02 in

grants-i6-aid per pupil. Given this estimate OfAR /AY, if one finds that

3 6

g
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AR 7 0(4.0) for a positive income differential, then it impli-es that, on the

average, high (low) income districts spend more than low (figh) income districts.

despite the differential level of grants. /,11ternatively stated,'N AR > ,(4 0), ;.

it suggests that the distribution of grants-in-aid does not (does)'comRgnsate'

districts for differences in community income.

Substituting the empirical estimates °fail hay into equations (12), one

finds that for each additional $1,000 of income per household, there is a net,

addition to the school districtbudget (despite the lower level of grants-in-

.

aid per pupil to higher income districts) equal to $48.04 per pupil in elementary

districts, respectively. Table) illustrates a hypothetical example of the net

Table 7 about here

differences in school spending, salaries of school personnel, and the demand for

school inputs between a high and low income district. The income differential '

between the two hypothetical districts is assume to be $4,000 per household

which is equal to somewhat less than two standard deviations for the sample

of elementary districts. Difference in- resource allocation attributed to the

income differential are repOrted in
)
col (1) and, as would-be- expected, imply

-

higher levois of school spending, higher personn91 salaries, and greater demand

for inputs _In the high/income districtS. Column (2) reports' the negative

differential in schoolspending,'personnel sabOes, and input demand attributed

to the lower level of grants per pupil (equal to $72.08.= 4 x $18.Q2)received

")y

by the higher income districts. .Thenet differences in resource allocation

are reported in---eo-lumn (3):

Even with the lower level of, outside grants, the higher income districts.
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still spend more on- educational services, pay higher salaries which, presumably,

,

attract better quality school-personnel, and maintain smaller classes. However,

the net differentials' do.ippear to be marginal whi.ch would suggest only

relatively smairdifferences in the quality of educational services, ceteris

par)bus. But it is' not likely that everything:else is equal. For example, if

(as js likely the case) the children in the low income districts are relatively

disadvantaged in terms of their endowmehis of human capital upon entry into

school, then even'with no differences in the quantities of school resources

applied to-the children between high and low income districts there could

.
still be subilantial differences in the level of educational outcomes and,

O

.53'
hence, educational quality' /

I'
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ANENDIX

, TABLE A

5114& LS, DITIVITIONI, DATA SCUEC
' MEANS, AID ZTAMARD bEVIIATIOI

OF MINE VANIABIESa

-*Symbols (Definitions)

C
e

(ay. -elem. class size)

Cs (ay. highscl2.,slas-ilie)

teacher -pupll ratio) .

rIt

/40T

Oeve-

°(TE

(high sch. teacher-pupil ratio)

(base wage for teachers)

(salary increment for
additional years ester.)

(salary increment for
additional units of educ.)

(av, elem. prlincipal's salary)

(ay. high sch. prin. salary)rh
Vs (salary ofdist. supt.)

R (educ. lfidget per pupil)

NT (ay. wage reg. nurses)

Atm. Wye nurses aides)

WA (ay. wage,iublic.mgs.
excluding sdh. 'd=in.)

(ay. daily attendance)

(prop. clam. pupils)

(prop. Black pupils)

(prop. Spanish_Pupils)

-nix! fed. aid per pupil)

p

SE

. . P

a 4.`, ,

,
. ./

0 -0 . All of thronetary vsria es "ire deflated BY regional price indicet. khe relal1Wpriec 41s for
,Aeveral lorte e ties in the weste'Atilnited, States arc reported directly in sdurce NV Ttv! pri _Indices
for the regionOsst specifically cited in (M) arc extrapolated from tnrormaElon on population a 4egion

using a procedure described in M. J. Bockin. "The I:commies of the Labor Supply," Memorandum No.'110,
'Research Center in Economic Growth, Stanford University, 1970., ..

4 4:
u

.
,

The variable Shl is constructed as the ratio of average daily attendance to the number of tax
returns (V) filed by residents of the district where the numeer of tax returns serves as a prox$ for the

Lumber of households. ''

V
(pupils per household)

b

(disposable income per household)'

(aspessed prop. value per

household)

Unified Districts Elementary Districts

Data Standard ____ _ Standard

n ionSource Mean n. Deviation
.-- ..-

- /El 28.67 1.49 28.22 -a2...----:';

co 26.08 __ --2.3:r
___

1/0e 0.050 0.0019 0.0* 0.0029 .

...

1 /Ch 040359 0.0030 - ......

(H) 7,146 7,027. 379.

65.,/

mm

(v) 402.

(E) 36.

, (D] 18,119.

(DJ 20,982. .

123 27,697.

(A) 945.

, 8,093.

va )4455.

(3) 12,306.

(I.) 32,935. 10, It35.

(Al 0.698 0.0110

0,030 0.056

(3 0.166 0.1162

- (A) 365.

IA), 0.78
e '11

(1 !"L''' 7,777.

6,963.

1,

3,971

218.

22.

306.

'h57.

37T. 60.

37.

17,701.

25,706.

87'.

8,036.

11,534.

12,540

6,921. 4, 633.

3,002.

152.

314.4

359.

370.

.10 II. *I 06 Ma MY

0.011 .016

.0.116 0.099

356. 101.

0.81 0.31

9,1169. 2,309.

10,594. 41532.

t

eDisposable income per household is represented empirically by the difference between adjusted gross
income and Incom7 tax per taxpayer in 1966 adjusted for the growth 11C-disposable ineame intween 1966,1nd

.1970.



38

DATA SOURCtS

/
/ / _.

.
,

(A) California Agency for Rese.arch in Edutation (C.A.R.E.). -California'

School Districts Financial Analyses 1970-1971-, Califbrnia Agency for

e- ,
1 .

Research in Education, Burti, ngame, California"1971.
. .

California Teachers'Association Research Bulletins,.Burlingame, California:

California Schaal District Financial Analysis, 1968-1969, Bulletin 239,
(B)

December, 1969.

/

Cla s Size 1n,Celifornia School Districts, '1970-1971., Bulletin

H 1971.

Salaries and Salary Schedules for Administrators and Specipl Services

Certificated Personnel 1970-1971, Bulletin 256, January, 1971.
II

0

(E) Salaries Paid Superintendents and Assistant Superintendeets.170-1971,.

Bulletin 254, December, 1970.

(F) Sefected,Financial Data--Unified School Districts 1.966-1967, Bulletin

November, 1967.

4

(G) Selected Financial Date--Elementary School Districts 1966-1967,

Bulletin 214,. November,, 1967.

(H) 1,10.
Teachers Salaries and Salary. Schedules 1970-1971, Bulletin 255,

JaRa.iry, 1971.

'(1) Stotar, Dewey. III.,' and Boardman, Gerald. Personal Income by-School,

Districts In- the United States, National Education Finance Project,

Gainesville, Florida, 1971.
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(.1) United States Bureau of Census. Census of Population: 1170,.Detailed
4 A

Characteristics, United ,States Government Printing Office, Washington,

D.C., 1972.

(K) p.S. Department of Health, Educatioh -and Welfare, Office for Civil Rights.

Directory of Public Elementary and Secondary Sehools in Selected Districts:

Enrollments and Staff by Racial/Ethnic Group,.U.S. Government Printing

Office, Washington,.O.C.,1970.

(L) 'U.S. Bureau of Labor Statistics. Handbook of Labor Statistics, 1971,111

BuIle.tin.1705, U.S. Government Printing Office, Washington,D.C., 197-i.
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FOOTNOTES ,

. * .

The author is an Assistant Professor of Education and Management -(Economic
-

*

- .

at the University of Rochester. This paper is based on the author's Ph.D. !--

4

dissertation in the Department of Economics at Stanford University, 1975.

The author wishes to express his appreciation for the most valued guidance

of Professors John Pencavel and Henry Levin. He would'also liketo acknowledge

the helpful comments made by James Bosse, Bruce Owen, Warren Sanderson, Will

Manning, and Lee Benham at the early stages of this research. Of course, the

author accepts responsibility for any remaining errors. Thanks are also due '

.

to -John Yanagida for his assistance in carrying out the.CoMpuiation work for

tie, empirical 'analysis.

1
School district decision:makers are generally the members of.the 14110a1

hoard of eddcation and the high level administrators (d.g.,the superintendent)
ilk f i -..

..

of the district. However, in some district voter approval is required for certain
*

types of deciSion (*.g., overriding tax rate maximums set by the state). In

these situations the members of tne communittmust be regarded as part of the

team of district decision-makers.

2School decision-makers actually appear topay little systimatic attention

to outcomes andthe relationships between outcomes and inputs of the educational

process. Their e'fforts and debate are more comilloAty focussed on the inputs of-
_

the system as proxies for quality. Due fo their effoits to minimize tonfljct
. .

in decisLon-making and maximize the crediOility of their decisions, school

officials have established-..implcit sttards ('rules of thumb') regarding the
I

relative perceptiOns of the value-of .various school inputs. For a detaiiel

discussion. of school decision-waking and ,the impact, of ihsyeutionattarragements
,

which charaeteOze,ublic schools-seetile author's,Ph.D. dissertatio6, 1975.,

#

4
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3For example, in the case of teachers, one might well include teacher verbal

ability--a characteristic,of teachers which bias been found to be highly correlated

with student perfOrmance on achievement tests--in the" set of teacher quality

character'iSSics. The reader is referred to Kiesling (1971) for a discussion

4.
of the effects of teacher characteristics on pupil achievement which have been

found in recent studies in eduCational,production.

The mechanism by which teacher verbal ability affects student achievement

has never been precisely determined. It has been ventured that perhaps this

characteristic reflects'a teacher's general intelligence or ability to'communi-
,

cate, which are two traits one might expect to affect 'teache.1"1"..4biity to

Improve student achievemint.

4Katzman (1971) discovered that teacbier turnover flad'a negative effect on

six measures of elementary school output including.student-performance on a set
.

of standardized tests in reading and. mathematics, two measures of academic

.achievement and aspirations of students, and two measures of the attractiveness

of the school to pupils.
O

5This'relationshlp may be due to actuaILOr perceived affects of district -

size On quality. For example, adMinistratiVe ability to organize resources may

well be related to district Size. This author has suggested elsewhere (1972)

the -hypothesis that due to the /Increasing difficulties of managing larger systems,

educational administrators may tend to increase the ite and reduce the number
,

of individual units operating within the system. In this, way, the costs ofj

Monitoring and controlling the operations of the
,
individual imits wilt' be lower.

One'implicat+on of this thypothesis is that.larger.school:districts will tencL:. . .1

. e
.- . 1

schools, larger.to have not only larger scl EfT also cass sizes, ceteris paribus.
,

.

,
. 1 1

p, -. -

7. -11r-
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6
Because of the lack of any definitive concept of an educational tech-

nology, it is not pOssliale to be precise about the nature of the effects of

these pupil characteristics. However, some estimates of thaveffectiveness of

various teacher characteristics indicate that there may wall be differences

according to the racial and ethnic characteristids of pupilsa(see Levin (1970)

and Hanushek (1970)).

Katzman (1971) cites evidence that At working class community tends to

A

prefer the "traditional and conservative approach to /education; :..stands for
. .._ 'p ..

larger classes rather than kncr,iased buildings, . (and) opposes the aMploy-
..

.....--- .
.

ment of additfunal staff and advocates the reduction if special ,kervices." 00

theother hand, upper class:communities tend to favor ntggressive.building prO-

adoption.of the latest educational technologies."

Because of data limitations the variables SO and SS' are intended

--
reflect possible differences in the perceived edUCitional technology according--

to racial and ethnic background.

7All price and expenditure variables are presented in real terms.
v'''

.
:

8
Pighar salaries will presumably tend to reduce the incentives for staff

. -
. r .

Member's to search for alterhativesIto current employment. it is implicitly'
9

assumed in thri-a
.

nalysis that turnover is pr result of 'voluntary move-

\
i-.. , . .

ments on the part of staff members in the district. As is to be argued below,
.

one of the' effects of the.tenUre ,.lawsji. o_reduce1he influence of digtrict-

.decision'makers regarding the hiring anti o taff rambers

For a,further discussion of the relationship-be een wage rates and turnover

. A or quit rates,, -the reader'§houlZ-4.6fvWt-65imel (1972) ancii:(1979)-and:MOr ense

,ti



'7.

,

4 11.11.

,-.
9Relatively larbe districts may be regarded as less attractive places to,

.

. . .

_ .

work due to the impersonal-relationships betweeh administrators and teachers,

the distance placed between the member and the decision - making
,

,

.

process., and the bureaucracy which appears to
,

characterite-largesschool
.

districts. Since the convention is to assume that thtre are-Physic disadvantages

associate with attempting to educate students from an ethnic or racial minority

(whether it be ue to the difficulty of teachige relatively disadvantaged students

or simply due to dis imination on the p.- of educators), one would predict a

positive relation between salaries and the fraction of minority sluOents in a
-

`district. 'Both Levin (1968) andsToder (1971) foUnd positive relationships

between t fraction of minority pupils and public school-teacher-st-salaries.

Toder also reports that none of the othersocioeconomicindicators had a

corresponding effect on teacherS1 salaries.

10Thest employee,categaries (nurses., nurseSaides, and,public.ad istrattlrs)

were selected based on the assumption that they involved similar levels of training

and.skill, and similar work force compositions in terms of race,..ethnic and, 4.

0

sexual characteristics.

,11 For discussion of the pFovIttone of the'variousstat, tenure laws, see

,-Tenure Lwi,,-.1972, National Education Association Research Report, p. 19.

,'..

. According to the California tenure law, a school district would have:.a3most

as much'clifficulty in releasing a legally nontenured teacher as it would a tenurid
:, ., ,

,

,
--'

(or,"permanent") teacher. Hence, the'phrase "effectively, tenured" is intended to .

. -,.,

refer to bOthlegaily tenured as well as any s!ptobationary reacherir.who decides to

remaih-e4loyed.in a given school ,distrixto,
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5

For purpose of this exposition the turnover rate is

.

assumed.to be equal;

to the fraction of newly hired staff. Any differences which may arise (e.g.,

due to the rapid growth of a district) are ignored since the ultimate poinof

this analysis would notyb' thanged, i.e., the relevance of these constraints

to the decision-making'process.

14
Presumably,-ogiven a long enough period of time, ceteris paribus, the

constraints implied by the enure laws would'not bebinding since the district.

is assumed to exert control over 8 and q
(h)

. 8yeltering 8, the district

should ultimately be able to affect q
(t)

an Hence, the tenure constraints

actually reflects _the existence of a short run Idisequtlibrium caused by some

exogenous factors operating on teacher turnover decision and q
(t)

. The recent

surplus in the market for teachers and current economic conditiong could have

,R
altered choice patterns which ultimately would affectftrade-offs between wages

and turnover.' This shift in the-trade -off may well Oesult-in a short run

equilibrium forlocal School districts.

,

- .

0

15
The minimum level of dkation required is effectiVtly'theB.A. degree

(or Zero units of post-Oduate education). The Minimum experience:is obviously

zero years ofexperie

.440
quality

'ma_ax
, corre

given staff memb

4 educationor

members earn

.

c

se Hence,.' Hence qiil
In

is defined to be 'zero. The maximum
. .

,.,

ponds to the maximum number ofil- initS of quality which a
) -t4

may possibly posses (e.g., the greatest number of years of

*

its or college credit--or years, of experience-for which staff

salary increments). The minimum and maximum values of other

-chpracteri tics (e.g., teacher verbal ability) correspond to the ainImum.ind-

maximum feasible choices of the characteristics whiCh appear in themarkett for

=

vatious;categories of staff members (e.g., AM minimum and maximum jntlectual'

Acapa6ilitierS,a,those,wi lli*to supply such services). /-,

/7

.(
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161n deriving the properties of the demand and salary eqUations,- co, and_

(7), one finds that the signs of 'the partial derivatives of demand with respect

to the various exogenous variables are generally ambiguous. This ambiguity

resulq primarily from the fact that a change in any one of the, ex4enous

variable potentially affects the ftirginal cost of more than-zone of the inputs.

This implies that in order to evaluate the signs of the partial derivatives

of demand with respect to these exogenous variables, one would have to Identify'

the signs of a combination of compensated substitution effects as well as the

sign of the income effect. A detailed analysis fs ca4ied'out in Appeirdik

A of .1.re Author's doctoraj dissertation, 1975.

. 17Even thil approach. is not flawless since teachers applying for employment
. .

posseis some Oven combination of the,lquality characteristics (q
x'

,

q0)x , 0
, .

_which obviously cannot be purthased separately. Because of this composite
.-

------4711110----- .
.

nature of the selection' of quality characteristics and liiilitations on the supply
Itt,

I
-of leachers, it ismot.clear that lirstrict choic'es will be as,clear cut, as .

-,
,-

.

-
, 1

,

impile
A/

d in the text.
. -.

,
.

.

. .

18
For some discussion and evidence on this hypothesis see Mayer(1960) and

1 Roberts (1956). . ,, . .. ,-

,

.

. ,

19
Tile model postulated

.

for the determination
.

of the budget 14.,., ia modified
*

,

,

.

4 .
7

version of a model,develsced by Barro (1974) in his definitive work on school
, -

4 . .

ipending.. z
,,

;, ,

. ,
.

2
°Preferred positions move inAhe direction of Tower taA burdens and/or

- higher' edutatTonal quality, ceteris Paribus.
.

d.
t%
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a

Comgetition across communities for the-location of business property

-7

, will tend to moderate this effect In the Tong run. The size of the net effect

is an empirical question.

22See,Lau (1969) for a discussion of 2the,propertieS of indirect utility

functions. ,

23
Barros (1974) model includes income (Y) in the tax burden function as a

determinant of the preferences of school decision-makers. This formulation7

allows for the possibility of e difference between the effects of lump-sum

grants from higher levels of government and c4nges in income of community

residents rather than treating community income. as a Constraint as wouldbe

done in the direct analog to, the consumer demand model.% The reader is reSerred
,

to Barro?s discussion'of
the'various. rationalds for this formulation in Chapter= IV..

24
In .Californ ia most of the statekaid.is determined exogepously to the

school district decision-msking process, since -the -lotai assessed valuation
C-

of ,property is exogenous,. For a discussion of state aid to public schools in
, 6

California, the ieader: should refer to Finincin6 Calloraa Public Schools, the
,

Budget, Finance and Salary Office of the Califerniajeachers Association (1972). -
1- i

-. *
.

If the' reader interested, in the-effects ,of-various thatching aid formulas on,,
;* ..2-,

, .

.

, -, ..,1 ,. .

,
.;

-,
school' spending, refer,to B4P1I0 0974).

--9,
r

25
,

;..
,, :

Formally, the equtlib'riuM conditions May be written ,as fo Lows,:

, ,. in
dli

MRS = .4- "7 A).1. 1 1 .

d4 '" i-aQ 7 N 4
713- jarr ,

. . . ..
.

where MIS017.1.,=marginai rate of subsatutionbetween educational quality and
.

%
, i . P4i N % ',

I14

school property txes and KC
Q

-- .4 the thargirtaf cost Tier houseliold of 'educational
.;

/.*

Nita' i ty.
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26

e

This formulation is anarogous to_assuming.separability of the individual

consumer's utility function with respect tothe two categories Of goods:

public education and all other goods and services'. The properties dlicussed--
/-

in the text are derived in a mathematical appendix which will beAtade available

...
.

by the author on request. 77'
I --

.

, 2 """4.;.....

71(atzman (1971) seems to imply that' higher socioeconomic status communities
. - 4

express preferences for relatiiiely more expensive types of educational technolo-

.
( .

, iif :.,

gies than. do lower socioeconomj9 status. communities., (See foftnote 6):
a .

.

*
* : -aThe teacherts,alary schedule is genprally composed of,a="bpse salary for

.v -,. 4

inexperienced teachers with' the minimum educational requirements and salary

, -
oc

.
i

increments paid for additional ypars of experience and units'Of,gradbate

credit., Each of theie compontnts is a function of the endogenous andexogenous

factors 'specifies) in the salary equation' (see the budlk constraint. (2)). For

example these components of the salary schedule are likely to be-dependent

.4
upon the teacher quality characteristics, such as teacher" verbal ability,.

t

'which are-not explicitly
,

recognized in district salary schedults.
tf

, .
, .

29' ,.

v ./ , .

,k - /

..Moreover', data on the divisi4n of assessed property-41vev.between re-
,

sdential and business property are not--easilyarssible.

,

, 30 ,
.,-

.Equationl.(11) Ls derived by dividing through equation ti below by V,
,..

,
.

v .4 4 's6 + Y.. ss,

,
,...

C,- O
,

r 0 1

Y +
2 5

. \,

e eqexpression .
_*

where (i) describes the sd for the residential- property

,
G

- value (V )._ ,

/
-,' .-

_,\ .

r

e
:

-41

A.
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9

Preferably, one could have specified a quadratic relation in R to

6
allow greater, reedom for the data to choose ttie nature of the relationshlpv,

.

_However, this alternative while producing a relatiori ora siMilar shape as,

(1/R) reduced the significance of the budget variable considerably due to co-
,

...._

linearity between. R and R2.' 'Hence, I/R was selected. Thetuse of 1/S improved

---)

the predictive power of the estimates.

32 "r4h,
.

. One of the aspects of resoiwce allocation in public school districts

ignoredby this model has been the effects of collective bargaining by teachers.

JP
.

-

notHowever,-the presence or absence of the barga,inima variables does not sub-

, %
stantially effect-the/remaining parameter estimates. An evaluation of the

A
F.

impact ofbargaining is carried out in Chambers (1975).
/ .

33
for eFor example, the racial and ethnic characte tics of pupils (SB and SS)

.---- ,

/
.0

enter the model'in

.

6,number of wayst These variables are included in the

--'' perceive\ d quality function, the structural salary e.g1 uattons, the utility

function of school decision-makers, and the function dacribing the variations

in real residential property in a district'. Given the CoMplexity of these
, . .

.

opposing forceS Combined with the small variation-in these variables across

, A the samples of districts it is difficult, at best, toaevaluate the impact of

,.,.changes in<SB. and S%

34
See, for example, Ash, and Ehrenberg (103).

.

,e

. .

, S {,

.f
,

, 35- *
.

,

q

This result was,obviously imposed dl the specifIcation of the functional

- '''''

.

t

- forWof the expenditure variableI. However, the estimatesof these equations

; 7

appeared to improve (in terms of the F-teStS and t-tests on coefficients) with

t

the pse of tbenonlinear form 1/R., Larger samples will, be required to determim.

Mord .precisely the apprWriatelunctionat relationship'.,

54
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36
Such school inputs may include instructional specialists who help design

,

the various eddcational programs, school psychologists, specialized capital

equipment (e.g., science laboratories for instruction, and larger_gymnastums).

More data would.be required to determine precisely which kinds of inputs are,

in fact; more elastic with resp ct to change in the distriCt budg t.

37
The affective outcomes the educational process such as pupils'

attitddes, values', atilities to operate and,work with others, and the develop-
,

went of oilier social, and interpersonal skills'ere Perhaps better( accomplished,

in relatively smaller daises. Moreovers children at early stages of develop-

,
. .

-menet are more l'ikely to requilFe the css personal attention of the teacher
. %

,

, ,..
,

and may be moreHresponsive to changes in,such attention than Older-children.

Given the relativeli grebter importance- which islikely to be attributed to

these aspects of .the educational environment within elementary school education

one would predict a differential impact of changes in class size on perc-soimed

educational quality between elementary and high school. There aispAlay be less

1111
rigidity in ehe technology of Kcondary education with regard to'/he'substitu-

/ -

tion of other inputs (e.g., captiaj.inputs-computer assisted instrUction,

a

laboratory facilities in science and language -- and /or teachers' aides) for

%

teachers. In effect, the goals of high school education.may'not be'threathened

Ak

by larger numbers of pupils per. teacher to the extent that etre goals of'elemen-

tary education are.

e

38Supra note 16.

39Supta note 5.
. .

II

55

ikt
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I--- Frey chose a Cobb=DougtWformf&e.,his educational quglity funclIgh \'

for ;the school district.' Hi§ ratIale was that teacher quality and the ,teacher..

pupil ratio should enter thejunctkop7multiplicatively since teacher quality

would obviously have no meaning in'a district without any teachers. However,,

one could just as well lavespecified-a "quadratic functional form which satisfies

Frey's criterion.and yet does not rulekidul-the possibility that district wealth

would affect the district's 'choist of teacher qbality.

The optimization modewhiok,Frty proposes for the -school district decision-

makers bads to the usual 6401brium tondtions that the ratios of the margingl

products of the inputs (teacher quality and number of teachers be equal to the

ratios of. the respective,:aarginal cbsts.%:GIVen the specification of the functions
.e

7
Frey suggeitsibcA of-these ratiosare proportional to thequantity of

teachers employecr:ih the_district. This implies that-the school district's

movements along its "expansion path" areaccomplished simply by changing the
`a" -

number-ofteachers employed: if, in fait; either of thto ratios of marginal

products or marginal costs is hot proportional tcc'the number of teachers, this'

result does not hold and district wealth will indeed have an effect upon the

quality of the teaching staff` selected.

41
_ The OLS estimates of these budget elasticities were significant at the

99 percent level.

lI2Recall that the upper bound constraint on q
Tx

and q
Te

are not binding

since most school districts. are observed to hire most of their new teachers

with the minimum or close to the minimum levels of- experience and-education

required. -To Say that a district is operating on its lower bound constraint:

implies. that virtually all newsteachers posSess the minimum amounts of experience

and/or education:
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?*
.,

It is interesting to note that in casual conversatiOns with.many.teachers,

this' author has discovered that most teachers peoeive school de'cision-makers

as constantly seeking ways to hold down the average level of- experienceof the

0

teaching staff. On the other hand, school officials appear to encourage

.

:teachers to acquire additional Units ,of graduate education since man districts

4 ;'

require teacher- to take some minimum number of units every so many years in

'order topagress beyond certain points on the salary schedule.
-CP

44
Levin (1970) found that teacher experience appears to be twice as

cost effective for Negro pupils than for whites.

5Suprd note

For a Summary.of thg results of the previous studies, the reader is

referred to Barra (1974), Table 2-In Chapter II.

.

47 In Chapter III of Barro (1974), this issue and .some alternative rationales
. -

for the existence of differences in the income and aid effects are disCussed.

Since this issue is not thej-Central focus of this research, these alternative

explanations are not presented here.

48See Barro (1974), Table 2 in Chapter 11, for a summary.of the income

effects estimated in previous studies.

49RecalFthat residents are voting taxpayers.

50That is, the value of residential housing services declines as the fraction

of Negro or Spanish-American residents increases.



, State 'gra

.

are largely -Ted on assessed value
:

district: the greater the'as ed valuation clpreperty, the smaller, `In

-.-.,

general, will be' the state aid. Td-th eXignt, t prOperty in the district
__

is residential, districts.with relat4vely assesed valuation of pro
---

...

are generally higher income districts. .This res ltsimply the fact

that higher income families exhibit a greater d- using services..

Moreovec, both the state and federal governments provide categorical air of

,
which a substantial portion is directed toward improving educationa

opportunities for relatively disadvantaged children. Based on these-considera-

tions, one would expect higher income communities to be receiving a lowerlevel

of state and federal grants-in-aie.than lower income communities.'

5-The derivative of.the budget equatio with res

(i.e., dil/dit ) is calculated' at the mean v lue for (S/N).
9

tci grant i n-a id

535ee Kiesling (1971). and Averch, et a (1972), Chapter 111:\for reviews

of the impact of socioeconomic status of pupils on educational outcomes.

. 4 5

4

_ 5S
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-TABLE 1

TWO STAGE LEW SQUARES ESTIMNIE OF Tilt; DEMAND FOR =CHEM
PER PUPIL BY UNIFED AND Ely' ENUARY DISTRICTS /---

(t-STAITSUCS III PARENZEMS)-

--t

Dependent
Variables

- Independent
Variables

UNIFIED.
:DISTRICTS
(50 observ.):

E1EMENTARY
DISTRIC1S
(39 observ.)

Elementary
School
leachers

. T
E

High School
Teachers

T
H

ilerentary
School
Teachers .

T
E

const.

1/R

WT

WA

SS'

SS

:

SE'

R-Squared

.F-Stafa

0.066' 0.13

(2.94) (3.38)

-7.80 -5.68
(4.38) (-1k8 )

- 0.0000032

(-1.46) ( -2.80)

0.0000039 0.000017

(1.45) (3.67)

-0.0006015 -0.0000061

-1.08) ( -2.63)

0.0056 0.008o

..(1.40) (1.17)
,

--0.6034 0.0. +.52

(-1.96) (oI0o)
. k

i- 1.23' 5.64

jo.61) (1.62)

I .

0.0070 -o.0046
(x.18) (-o)16)

.52 .113

5.48*x+ 3.93***

0:111

(5.87)

-8.17

(-3.86)

-0.0000041

(L1.47)

0.0000) 2

, (3.37)

-0.0000050
(4.02) .

0.068
(3.27)

-o.0056.

(-1.56)

1.63
(o.84)

,70

10.21***

;

= 997, significance level
1 997 siunifieance level

. . .

, '
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ESZEVAIES OFEJDGET tcIASTICITTES OF SUPPLY PRIDES

-b

IN UNIFIED AND Fall.SIITARY DISTRICTS1

Unified Distiiets Elementary Districts

Supplyieet
2SIS- 01.8 26L OLS -

Teachers' Base Wages (41/.0)1 ..12*** .05*** .14** Jame

2bacliers' Salarjt Increments
exp. Nix)

.36* ,52*** .27* .36)}1`x'

ElemenL, AR .21**. .19v,),(4.
Salary (we)

}Li-6h School Principal's ,10 .1 . 0..1s Os

Salary (W. )

.

Superintendent's Salary (W). .22** .10 .33*

*-x* 9 -,significance level
ignificance level

ficance level* = 940.

aBudget etas cities are calculated at the mean values of each

of the variables. an values of all variables 'are presented in the Ahendig._

-

s:-

0
\

I
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.4 e'r

I

I

SAIARY DIFFERENTIALS FOR SCRODITFMISONtIEI47,111EEINLAR
AND S11 LL UN'lle.U.Z IUD ELMENTARY .SCEOOL s

. 1

-

.

Supply Prices of
School Personnel

Teachers' Base Wages (w10)

Teaders' Salary Increments
-exp. .(P(4-,c)

Elementary Principal's
Salary (WpE)

High School Principal's
Salary ND )

'H

Superintendept's 'Salary

I

(ws)

Unified Districts

$22T-

67

2,234

Elementary Districts

003

28'

1,034

5,99. 2,989

(An. of these' estimates are statistically 'significant at the 99 percent

level'exeept for the figures-for c"C Tx which axe .significant at 'the

95- percent level.)
.

aLarge and stall school diqtricts are defined to be one standard,
deviation.e.bove and below the `sample Mean district size(s), respectively,

"for' each type of district, unified and elementary, individually. Let

s
Is

and s8 be the siz,es of a largeand small district, respectively.
The salary,differe.ntial due to district size 'mu then be calculated as

-T.

w(...
) W(...1 9.87 ) Ps

S

1 1 gi

;where I f3s,- is the coefficient of 1/4.§ in the regressions. For unified.

districtS 4 = 23,370 MO SS = 2,500 while for elementary districts,

SL = 11,554 and SS = 2,288.
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4

, TABLE 6

EXPENDITURE DEY,AND EQUATIONS FOR'UNIFIED

AND ELEXENTARYDIETRICTS
(t-statistics in partnthtses)

,

Dep. Variables

Indep. Variables

1
A,

:eonst.

YT .

WI

WA

SB-
A

.-

SS

1/S

- SE

(S/N):
: g

(S/N)

,, (SS

F

v)

statistieb,-

Unified
Districts

(50 cbserv.)
Per Pupil,

Budget.IL

Rs 7

Elementary
Districts

L19 ob r v..1

Per Pupil t

Budget

947.9
. (0.60)

-

0.18
(1.17)

0.00028
(0.00)

0.056
(0,54)

1,652.

(0.59)

-696.5
(-2.27)

1117,665

(0.57)

-2,076
(-?.00

1.10
(2.h8)

(-2.89)
o

' 0.0083

,(0.33)

(-0.85)

-h0o.
(-2.00e)

-7,28,h2o
(-0.4h)

11,129,70o
(2.03)

:68

A

R
A

_

1.

-1,292.
(-0.99) ,

0.23
(1%46)

-0.32
. (-1.66)

0.14
(17181--

930.7
(0.23)

-270.8
(-o.44)

25q,9g7,4;

-780.1

(-5.12)

0.0G3
(2.60)

1,662,7110
(0.77)

(-2.38)

6,577,050
(0.25)

.663,028
(0.1h)

.79

7.314"

'alba regreSsion eiTation
ei unified districts is weighted by

multiplying throttghby /1 to a. ust for heteroscedastieity.

bst'S.° 99% Sign3tiCancelevel, " 0 95$ signifiCance level.

s'
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TABLE .7- ,-

THE DIFFERFNTIALITIN EDUCATIONAI:EXPENDIMES PER PUPIL,
&LAMES OF SCHOOLPEI3SONNEL, A!ID INPUT Daljell?

BETWEEN TWO CO!C4INITIES WITH AN INCOME

DIYPEREHTIAL OF' 4,060 Pi HOUGEZOLDa

Dependent
Yariablesb Units

Elementary Districts

Dif$erentials Due To

Difference in
Community
Income

(1)

Difference in
Grants'-in-Aid

Per Pupil
(2)

Net
Difference
(1)

(2)3)

($)

($)

(5)

($)

($)

pupils/class

>Pis. exp.

credit hours

252

230

23

581

-1.58

'0.85

h.25

-60

-5

-168.

-113

0.30

-0.17

-0.83

192 4::

185

18

697

h68 '

-1.28

0.68

3.h2

..--

eBecause of the nonlinear way in which tile district budget enters file

tupply price and demand equations,t_is necessary to select en initial level
of the budget to evaluate the differentials resource allocation. The initial

level Of the per pupil budget cho5en to evaluate these differentials is the median
budget for those districts (included in the sample) in which community income is
within $500 on either side of one atandnrd'deviatjen below, the mean for the sample

'of districts. The initial budget level is 4862 per pupil for elementary school

districts.

-*owl rye.

bThe equation for the salary increment paid'to teachers for units of edu-

cation (i.e.,"(TE ) is, excluded from this table because one could not reject
the null hypothesis for the vectors of coefficients and the budget variable Is

not statistically'significant. .

eThe regression estimates of, Pg on Y indicate that for each addi-
tional $1,000 of inccne per household, the average elementary district gives

up $18.D2 in grants per pupil,. The $4,000 income differential hypothesized
above leads to a reduction in grants per pupil of 572.08 (= h Y. 18.02) for ele-

meritary districts. '


