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SUMMLRY

In this essay, possible machanisms are discussed which pay lead
to discrimination in the allocation of inputs tc public educaticn. 4
rmodel of market discriminaticn in the supply curve for public school
teachers is ~xplained and tested using data from the 3vston Matropoli-
tan Arca. The consequences for the discribution of teacher inputs in
the Boston Mctropolitan Area of the mcasured discriminetion are then
explored.

Discrimination is defined to be a situztion in which a shift of
inpurs from either blacks to whites, or from low-income communities to
wealthy comminities could lead to inerensed efficiency in the allocation
nf resources. Thus, inequaljities in inputs resulting from increased
self-taxation aud spending of wealthier towns are not coasiderad discri-
mination. 7Tuvo kinds of discrimination are discussed: discrimination
wvithin a school system, which would result ifrow less inputs being
allocated by the system to schools with more blacks and/or puor, and
discrimination between systems, which might result from different
cystems facing vnequal prices for the same educational inputs.

Little evidence is evailable to confirm or to deny the possibili-
ty of within system discrimination, The hypothesis of between system
disctimination is tested using data on public secondary and elemantary
sctiool tcachers in the Boscon Mctropolitan Area. Much evidence is
found to substantiate the hypothesis that schecol systems with more non-
white students, cet. par., must pay a highcr price for the samo stand-
ardizcd unit of teacher input. It is estimated that the measured dis-
crimination coefficient raises the cost of public education fn the city
of Boston by botween 5 and 10 percent. It is possible that the price
differential may result from some characteristic unique to the central
city, rather than blackness, although nore detailed testing appears
to support the racizl interpretation.

The distribution of a standardized unit f teacher input is only
important if the corponent charactevistics which are used in computing
the teacher quality indox are themselves indicators of how well teachers
can eduycate students. Resudtys frem previous studies of educational
production functiens indicate that the teacher characteristic measures
used {n thie study ave important, although other irportant measvres
arc leit out bocovese ef unavailability of data.

Schoul systems vith mote non-white students, other things 2qual,
in the Foston Mutropolitan arwa, appeur to vave greater cxpenditurcs
per pupil.  Altiengh theose same systerms roeveive rmore of some of the
tcasor-s of leacher guzliny, relative cxpeuditures per student, for
these comnunities, is much greater than cvelative necasvred {nput per
student.  State and fedira) aid appear to go more to schocl systens
vith moye von-vhite:  especiadly faderal aid. There is little evidence
thet ald progravs ave gencvally redisteibutive tevards low-incorme
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groups.

The results of the study raise the possibility that decentral-
ized ghetto school systems may have to pay a very high price for
teachers in a frec market, This implias that decentralization pro-
grams ought to be accompanied by compensatery state and/or federal
aid to those communities which are likely to be faced with higher
costs.

vit
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CHAPTER 1

INTRODUCTION: POSSIBLE METHODS OF DISCRIMINATION 1IN

THE ALLOCATION OF RESOURCER TO PUBLIC EDUCATION

Equality of educational opportunity is au often stated and widely
accepted goal of government policy. Nevertheless, recent goverument
studies have shown that much inequality exists, both by race and
income class.} Unfortunately, the definition of criteria for measurlng

. equality, and how equality relates to equity, or faiiness, is often

unclear. Inequality does not necessarily imply thie existence of dis-

crimination. Indeed, the very notion of discriminavion, particulavly

when considering the allocation of public resources; must be based on

somc clear concept of what is meant by fairness in the distribution of
resources.,

In this study, the author, using the wost conservative criterion
of fairness, will exauwine under what circumstances discrimination
against blocks and low-income groups might exist in the provision of
resources to public education. The distribution of educational re-
scurces within a political unit is compared to the distribution between
independent political units. Theovrles concerning the sources of dis-
crimination, and the effects of discrimination on the distribution of
inputs, are then tested using samples of data on characteristics of
teachers in public schools in the Foston Metropolitan Area and in the
entire state of Massachusetts.

The outline of the succeeding chapters is as follows. TIn this
chapter, scme possible standards for equity are briefly discusscd and
the cheice of criteria to be used is explained. A corresponding defi-
nition of discrimination is provided. 1Iwo alternative bechavioral
models which could lead to racial discriminaticn in the allocation of
educational resources, one based on deliberate political discriminra-
tion and the cthier based on market behavior of individuals, are pre-
sented and their applicability is briefly discussed., Chapters 2 and
3 are concerned with evalualion of the wavket discrimination nedel.

In chapter 2, the ecconomic and statistical basis for an c¢mpivical test
of the narket discrimination wodel is prescnted. An exyplanation of a
quality-supply function for Lleaclurs is sct forth., Econowctric prob-
lems in interpreting the results we anntyecd, and the sample data upon
which the study is based is describid, In chapter 3, regression esti-
mates of the quality-supply function are presented for three samples:
public schoel teachiers in the Bosten !"2iropelitan Area, public school




teachers in the state oy Massachusetts; and graduates of Tufts Univer-
sity placed in the Boston Area schools in the years 1966-1969.
Possible interpretations of the regression results arc exemined. 1In
chapter %, the distribution of teacher inputs by race and income class
in the Boston Metropolitan Area and the state of Massachusctts is
described. Chapter 5 reports tcatative conclusions of the study and
possible policy implications.

In formulating economic policy, the twin objectives of efficiency
and ecquity are often in conflict. A familiar theorem in price theory
tells us that, in the absence of public goods and externalities, pure
conpetition leads to an cfficient alloc tion of resources: efficient
in the sense that it is impossible to improve the welfare of one indi-
vidual without harming someone elsc, Even with the knowledge that
most markets in the real world can not be classified 23 purcly compe-
titive, ccononists believe that the competitive model represents a

 serviceable approximation ot reality, in that it can bz usad to predict
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market behavior. Further, it has been estimated that the loss of
allocative eofficioncy due to market imperfections is small relative to
the national product.4 Thus, in most cases government intervention
in the cconomy is not warranted as & device to improve efficiency.

On the other hand, few would clain that the distribution of in-
come resulting from a markzt system is necessarily in accord with our
ethical beliefs. Large differences in initial factor ownership te-
tween individuals can generate substantial inequality jin the distri-
bution of income even in the abscnce oi monopolistic regulations and
discrinination. 1t {s widely believed that there is some role for
governuent intervention to alter the distribution of income generated
by the free market .

In general, cconomists have concentrated more on the efficiency
issue than the equity issue.b This is understandable, since the tools
of economics are much bettor designed to handle the efficiency problem.
Objective criteria, such as price being equal to marginal cost, or in
the case of public investwment, the discounted stream of marginal
benefits, defined in market terms, boing equal to the discounted stream
of marginal costs, can be set up and policies evaluated on that baslis,
despite formidable difficulties in analysis. In the areca of equity,
there can be no such apparent objectivity. What kind of inceme dis-
tribution one thinks js "fajr" is a matter of poersonal taste. Even
if all were agreed on the proper shape of the incowe distribution, the
question of how much efficiency should be sacrificed to reach that geal
would be left unanswered.

Covernment fntervention in the field f educaticen can be Justi-
ticd on the grounds of both cfffciency and equity. Many writers feel
that the cencept of externalitics, or neighborhood cffects, applies
to the ares of educstion.! The socinl benefits of educating an jndivi-
dual excecd the private benetits sfuce tost people weuld be willing
to pay a positive price (o provote the basic cducation of their fellow
citizens, It is believed that an educated citizenry {s vital to the

9



functioning of a mcdern democracy with an advanced economy.

It does not necessarily follow that the subsidies to clementary
and secondary education implied by the externalities argument must
take the form of government operation of public rchools. Milton
Friedman for one has advocated supplying government subsidies to parents
of school age children in the form eof educcotion vouchers., Whacever
the merits of the Friedman plan may be, our present method of subsi-
dizing education is mainly through the public schools. The equity, or
distribution problem therefore follows, since whenever a good is pro-
vided free to the public and financed through general taxes some re-
distributional effects are inevitable. It can be argued that subsi-
dizing educaticn of low-incone individuals is a good way to accomplish
the redistribution desired by society. It corrects one of thte major
causes of inequality, differences in the ownership of productive re-
sources: in this case, human capital.1 On the other hand, all
public allocation decisions are inefficient in that they provide a
~uniform level of consuinption of the service within the 8iven pol.tical
unit. Therefore, they can't satisfy the differing demands of different
individuals. In that sense, the Friedman plan is the most efficient
possibility: a general subsidy is given for the externalities and
individuals are theiw free to increase expenditures at the margin by
choosing among altecnate private and/or public schools. If the indivi-
dual values additional units of education enough to pay an extra price,
presumably he will do so and the market system ¢ill then respond to
pest satisfy consumer preferences. A decentralized system of public
schools, with funds raised by each local community in accorda:..e with
its "taste" for education and with a general subsidy from the Federal
and State governments to localities to pay for the external benefits
which accrue to the entire nation comes very close in effect to the
Friedman plan. Individuals can choose between a bigh-tax, good public
education cormunity and a community which provides less public educa-
tion, but offers either lower taxes or a larger quantity of other
public services.

Thus, there are a number of possible goals that government inter-
vention in education can seek to meet, and the equity and efficiency
objectives are often in conflict. Let us consider four possible con-
cepts of distribution for elementary and secondary education, ranked
from the most cgalitarian to the most efficient.

1) The goal could be to ecqualize the putputs of education, wherve
outpnts might be defined as scores on natienwide achievement tests.
Given the unequal distribution of ability among individuals, the goal
is impossible to achieve as stated. So, one may advocate achievement
of equality of cutput among groups. In this view, children fron low-
incorme families should be raised to the szae level of educational per-
formance as children from high-incoma fanmilics. This goal, of course,
requires coupensatory edecatfon: more dollars invested per capita iu
the education of the poor.,,Since incem2 is to some extent correlated
with intellectual abjility, and inheritance is a factor in the deter-

1 mination of ability, 2 stedents fron low inceme backgrounds are likely
©
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to require more inputs to match students from high income backgrounds.
Thus, apart from the desirability of the goal of equalizing output

for different social classes, it is hard to consider it a realistic

one in any society in which a free market generates considerable income
inequality and in which attributes positively correlated with success
in the market place are also positively correlated with academic per-
formance.l

ii) The goal could be the more modest one of equalizing the
inputs to education. Equality of inputs conforms to one notion of
fairness. Everyone, it is believed, deserves an equal chance. Yet,
it is almost as impractical to achieve as the goal of equalizing
output. For any level of public expenditure on education, some indi-
vidual may wish to purchase wore education for his children, either
with private schools or private tutors. Either such arrangements
would have to be banned, or else educational inpute made to conform

_to the tastes of che wealthiest and most education-loving member of

society--surely a wasteful and extravagant procedure. A more modest
goal is equalizing public inputs to education for all individuals.
Though the educatior.al voucher pian might accomplish this, uuder present
instituticnal arrangcments it is a difficult goal to achieve. It mecans
that efther expenditurcs per pupil would have to equal the level of the
wealthiest suburb, or that towns not be allowed to have separate public
school systems. The former would result in a huge fncrease in the
share of GNP going to public education, at the expense of other urgent
priorities, The latter would mean reducing the benefits in terms of
efficiency and in iterms of the power of the individual to exert in-
fluence over his own school board. Groups of people who wish to spend
more than the national average on education would no longer have the 14
option of moving tc a community with higher taxes and better schools.
Their only opticen would be to pay the cost of tuition to a private
school in addition to their share of the cost of public schools.

1i1) The goal could be to provide every student with a "decent"
education. Sowe minimally acceptable level of input would be pro-
vided for everyone. This goal is analogous to the often stated goal
of eliminating poverty.15 Instead of, or i{n addition to . floor under
mininum f{ncome, a floor could be provided under the minimum educa-
tional input, at sorme level above what is provided by the poorest of
our school districts. The overall distribution, above the lower part,
would not be greatly affected. The problem here is in defining what
is a "minimally acceptable" level of educatfon. Although this question
could be answered in some scnse by the political process, it is fm-
possible for the author to claim an arbitrary amount of expenditure
to be "inadequate,” from the point of view of defining discrimination.

iv) The final pessiblce goal would be to allocate educational
resources in the nost efficien. reansr poseible without regard to
distributional censid:rations. Assuwing parents are fully aware of the
private benafits of education, and can cheose wiscly among alterna-
tives, the voucher systrwa with tha z.bsidy set to the "external"

11
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benefit would accomplish this objective, and decentralized school
systems receiving state and federal grants-in-aid approximate it.
Current institutions are a mix, consisting of some large, hetero-
geneous school systems (central cities, usually) and some small, rela-
tively homogenous ones. Assume that current institutional arrangements
involving the size of school districts are fixed. Then, one can at
least speak unambiguously of a sub-optimization policy. Given insti-
tutional constraints, efficiency is maximized within a community if
inputs are allocated so as to equalize the rate of return on addi-
tional inputs for all groups of students. Efficiency in the alloca-
tion of inputs between communities is maximized so long as there are
no artificial barriers to flows of resources hetween communities. ™’

The disadvantage of goal iv) is that it almost completely ignores
the valid goal of making some use of the educational system as a means
tovards the redistribution of income, or at least the promotion of
equality of opportunity. It trecats the distribution of benefits from
education just as it treats the distribution of benefits from cen-
suming any private good, such as automobiles. Critevion iv) is clearly
inconsistent with stated national policy objectives.

For the definition of discrimination in the chapters that follow,
a modified versjon of criterion iv) will be used as a standard. The
boundaries of current school systems will be assumed to be fixed.
Within that constraint, any policy, public or private, which causes a
departure from an efficient allocation of resources, and in addition
involves a redistribution against either low income groups, or against
blacks vis-a-vis whites of equal income will be defines as discrimina-
tion. Thus, discrimination within a system will be defined as a dis-
tribution of inputs which results in a higher marginal gain in
educational output for dollars spent on blacks than on whites, and a
higher marginal return for investing in poor students than in rich
students. Discrimination between school sy .tems will be defined as
anything which makes the ability to obtain the same inputs morn diffi-
cult or mdre expensive for scheol systems with more iaw income people
and more blacks. 1t should be stresscd that the criterion used here
is a very conservative one. Anti-egalitarian measures are only con-
sidered discrimination if they also involve a loss of economic effi-
ciency., No doubt some investigators may prefer to use a looser defi-
nition of discrimination.l7

The above definitions imply the existence of two possible beha-
vioral riodels of discrinination in educatior. The first .ight be
labelled a political-nodel of disctimiuation, the second a free-market
model. Host of the remainder of this paper will be devoted to dis-
cussion of trsts performed on the frec-nartet model, with the political
rodel rentioned only in passing. tBelow, a brief discussion and
comparison of the two models is prescated.

In the political model, it {s acsuncd that both blacks and whites
reside viithin the same fiscal decisjon-iaking unit, though black and
vliiite children attend scparate scheels. Whites, being the dominant
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political and economic majority, have more influence than the blacks
in determining the pattern cf school inputc. Subject to some legal,
moral and social rertraints, they allocate resources in such a fashicn
as to give less edncational inputs to black students chan wculd be
dictated by conditions of efficiency.

Considering the amo.nt of discussion of the problem of educa-
tional opportunity, aad h-» wcll-fublicized dig,nosis of white racism
as the cause for social problems, & it is surprising that so little
has been done to test the hypothesis of deliberate political discri-
mination. The Coleman Report has shown thac inany school inputs are
distributed unequally, to the advantage of whites, especially in the
South.19 Put the sample from which these inferences are made includes
schools both within and outside of central cities. Thus it is impos-
sible to conclude that the input differences rcilect discrimination.
and not increased self-taxation and spending by white communities.
There arc three possible ways in yhich the discrimination as implied

' by the political model can occur.

i} State aid fuads can be awarded disproportinnately to school
districts with more whites.

ii) Ccities can spend more pec pupil in white sch»ols than in
black schools. Assuming the production functions for both vhite and
black education atiothe sawne, unequal inputs conform to our definition

of discrimination.

i1ii) Through tracking, whites within a school may receive more
educacional inputs than blacks.

Evidence of i) has been indicated by the Kerner Report where it
is pointed out that in twelve metropolitan areas studied by the Civil
Rights Comnission, suburban schools received more state aid per pupil
than city schools in scven of the arcas.? Since in many states, state
aid is proportional to a measure of tax effort,22 and tax eftorc of
suburban communities may be higher, the Kerner findiry does not ueces-
sarily inply discrimination.

Evidence of i{j) is provided by Patricia Sexton !n a study of
Detroit %chools and in a reference to Chicago schools in a later
article.?3 Alsc, Katzman's study of Boston elementary schcols stows
a positive regression coefficient of expenditures per punil on percent
pupils white, but the cocfficient fs nst statistically significant
(t=1.19). Katzman doecs show a significant relationship between e.pen-
ditures per pupil and voting-participation rate in the scheel district.

Evidence of £51) has beon noted in many educatfonal stm'ins.25

In conclusion, little work has be«n done to date to test the
hypothesis of deliberate political discrimination and that evidence
whiclh bears on the question do s not provide strong reason to cither
accept or reject the hyporhesib.z
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The frec-market model is the one whick will be tested in the
remainder of this essay. 7Tt is based on the economic theory of dis-
crimination develoned by Becker.27 1In Becker's theory, discrimination
is treated as a taste coefficient which represents the price the
majority group (whites) is willing to pay to avoid contact in economic
exchanges with the minority group (blacks). Individuals maximize a
utility function which includes their "taste' for discrimination as an
argument along with money income. Becker then sets up an interna-
tional trade model in which output is a function of capital and labor
in each saector, the black sector is relatively labor-intensive and
the white sector is relatively capital-intensive, and trade consists
of blacks exporting labor to (or inporting capitel from) the white
sector. Becker treats discrimination as analogous to trade barriers,
and shows that b.ch white and black income will be reduced by the
existence of tastes for discrimination in a competitive economy.
(However, since whites are both a numerical majority and an economic
majority, it is shown that the loss to the white community from dis-
crimination is very small compared to the loss to the black community).
He then shows how the extent of market discrimination depends on the
magnitude and distribution of individual tastes for discrimination,
the degree of competition and the relative number of blacks. The
theory may be used to explain employment discrimination (blacks
receiving lower wages for work requiring the same effort and skill),
housing discrimination (blacks paying higher rent for the same qualicy
housing), consumpticn discrimination (blacks paying a higher price for
the same grocery stove goods), and other types of discrimination that
occur in the market plice.

It is crucial to nota that by "taste for discrimination,' Becker
does not necessarily meai. thn cruder forws of race hatred. If an
individual prefers to have economic dealings witl members of his own
ethnic group because he loves them, rather than because he hates
others, the market effects are exactly the same. In Becker's words,

The social and economic implications of

positive prejudice or nepotiswm are very

similur to those of negative prejudice eor

discrimination.”
The key element in the theory is thac the market behavior of indivi-
dual whites, whatever the motlve may be, will lead to a situation in
which blacks face a lower demand price for the things they wish to
sell, and a higher supply price for the things they wish to buy.
Further, prejudice of individuals §n ecoromic behavior is only impor-
tant {f it is widesprcad enough to result in effective market dis-
crimination.

Becker's conclusions ave not strictly correct, since suvsaquent
work has shown that whites can gain from market discrimination fn much
the same manver thit a nation cau increase fts income threugh au opti-
rum tarif’ policy.2 Assuning that the white sector is relatively
capital-intensive, restriclion of capjtal flows to black areas will,

14
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up to 2 point, increase white income. White income is maximized at

a point where the rate of return on capital is higher when combined
with black labor.30 It does not follow that whites collectively will
restrict "capital flows" to black arecas, i.e. discriminate in the
employment of blacks. The individual employers themselves have no
purely monetary incentive to practice discrimination. Nonetheless,
if white employers in fact practice discriminatlon for other reasons,
white society as a whole can realize a pecuniary gain, even though
capitalists must lose both individually and collectively.

The free-market model of discrimination in educational inputs
is a very simple extension of the Becker model applied to the supply
of public school teachers. Consider the gond being producel to be
educated students. The inputs to production are uneducated students
(i.e., labor) and teachers (i.e., capital}. Since the black sector is
relatively labor-intensive, it must import white capital (teachers).
But white teachers demand a higher monetary return to teach in the
black sector, In other words, black cormmunities must pay a higher
price for the same quality of teacher input. It is clear, then, that
white students gain at the expense of black students from this form
of discrimination. Whether whites as a whole gain is not clear from
the model,31 but it is certain that the black sector, a numerical and
economic majority, will lose.

The rea-der stould be warned that the statistical tests in the
succeeding chapters are not tests of whether or not public school
teachers are prejudiced against blacks. Yo statistical analysis of
patterns of market behavior can serve as a measure of tiie psychologi-
cal and emotional feelings of people, What is sought here is a test
of whether school systems with more blacks, all other things equal,
or with more of the very poor, all other things equal, must pay a
higher price for an equivalently qualified teacher than school systems
with white, middle-class students, The test is whcther or not effec-
tive msvket disciimination exists.

Real world institutions p-rmit the possibility of both political
and frece-market discrinination existing sivultaneously. School
systems with a high preoporticn of black students, while discriminating
internally, may still have to pay a higher pricz for teachers then
neighboring all-white systems.

In the succeeding chapters, a »odel to test for free-market dis-
crimination is explained and tested.

(o



CHAPTER 2

THE SUPPLY OF TEACHERS IN THE BOSTON METROPOLITAN

AREA: THE SAMPLE AND ESTIMATION PROBLEMS

In this chapter, the econometric model nused to test the hypothesis
of free market discrimination is explained. The hypothesis states that
school systems with specified social and economic characteristi-s, such
as a high proportion of non-white students or a high percentage of
studen's from low income families, will have to pay a higher Hrice to
obtain the same quality teacher. The method of selecting za index of
quality, and the probable nature of the bias resulting from that
measure is discussed, along with an explanation of the meaning of a
quality-supply function. A description i{s provided of data used, and
the methods of variable construction, and somec discussion is included
of the inportant statistical problems encountered in estimating the
model .

A single-equation model {s used to estimate a supply function for
teachers from data on mean salaries of teachers and mean character{is-
tics of teachers in different schicol systems. In the samples used,
cach town or city has a separate school system which {t finances inde-
pendently, excluding aid from state and federal subsidies. Data on
socioeconomic variables are available for every town. Mcan salary
paid to teachers in a school system is regressed on 1) a set of
characteristics of teachers in that system, and 2) a set of socio-
economic variables for the corresponding city or town which are pre-
sumed to affect the desirability of that community to teachers.

P=TF (Q, S, w (2.1)

vhere:

P = mean tcacher salary for the school system

Q = a vector of average tecaclMbr characteristics in the school
system .

S = a vector of student characteristics in the scheol system and
sociocconomic characterfstics in the corresponding toun

B = a random disturbance tecrm

Equation (2.1) can b2 considered a "quality-supply" equation for
teachers. The interpretation of (2.1) as a quality-supply equation
is c¥plained bLelow.
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The determination of price and quantity exchanged in any market
results from the simultaneous interaction of demand and supply. Thus,
observed changes in quantity and price over tim2, or observed dif-
ferences in quantity and price over space, may result from either a
shift in the desired demand at any price, a shift in the desired supply
at any price or a combination of the two. 1In any attempt to estimate
a demand (o1 supply) relationship it must be assumed that the relation-
ship being mcasured is the more stable of the two; if the demand
(supply) relationship has more random shifts, then the equation
cstimated is identified as a supply (demand) reletionship.l

Equation (2.1) is not a supply schedule in the usual sense. It
is not an estimate of the additional quantity of teachers that would
be supplied at a higher market price. In this medel, the quantity-
supply schedule is assumed to be horizontal. FEach school system is
assumed to be able to purchase as many teachers as it wishes at the
prevailing narket price. The assumption of a horizental supply
schedule is equivalent to the assumption that school systems are
purchasing teachers in a purely competitive market. No one system
is a large enough buyer to be able to affect the market price. The
school system purchasing teachers is in an analogous position to an
individual consumer of a privately-supplied good for which there are
many buyers. Each buycr is a price-taker, although the sum of the
effocts of the actions of all buyers does affect the market price.

Each school system is then faced with a set price for a given
quality~-level of teacher. At that price, it can hire as many
teachers as it wants of the specified quality. The price differs
for cach school system. School systems with "less desirable' charac-
teristics will face a higher supply price; they will have to pay
more for the same quality teacher.

price #§
P - 51 Q
0,1 — 54 Q
1,0 : ‘ 510 %
Yo,0 [ - _ T T % %
—- >
quantity

Figure Z,1
Quality-Supply Schedoles
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In Figure 2.1

Pl,l = the price that system 1 has to pay for guality Q-
Pb,l = the price that system 0 has to pay for quality 4 -
PI,O = the price that system 1 has to pay fer quality Gy
PO,O = the price that system O has to pay for quality Ehe

Figure 2.1 shows that system 1 is less zttractive to teachers
than system.0. The mean price paid varies directly with the level of
teacher quality and inversely with the desirability to suppliers of
the school system.

An increase in the quantity of teachers demanded, given no change
in the average quality level, will have no effect on the market price,
in any system,

How valid is the horizontal-supply assumption? In the sample
used, the Boston Metropolitan Area, there are 78 separate school
systems, of which 635 are included in the sample under study. If each
system were of equal size, it would contribute only 1/78 (approxi-
mately) to market demand and thus, for all practical purposes, it would
appear reasonable to treat the supply curve facing it as horizontal.
Two factors tend to weaken the plausibility of the horizontal-supply
assumption. First, the city of Boston employs over 20 percent of the
public school tecachers in the Boston SMSA, and thus may have some mono-
roly power. Boston may have some effect on the market price by the
guantity it chooses ‘to hire. Second, teachers having characteristics
which might be deiined as reflecting,superior qualities may be in fact
so scarce that even a small increase in demand raises their warket
price. Figure 2.2 depicts two school systems with identical socio-
ecconomic characteristics, employing the fame average quality of teacher.
The tcacher quality is assumed to be scarce, and the only difference
between the school systems is that system 2 desires to hire a greater
quantity of teachers than system 1 for any given price.

price

a supply schedule

quantity
Figu‘fc 2.2

Quality-Supply Moder With Ricing Supply Schedule

11
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P., P, represent market price in systems 1 and 2, respectively.

1’7 "2

1’ D2 represent demand functions for teachers of systems 1 and 2.
Figure 2.2 shows that if the supply schedule for a givea quality

is not horizontal, price differentials between systems will reflect

differences in demand. Thercfore, the estimates of the gquality-supply

relationship will be biased, The question of bias in the estimation

of equation (2.1) is explained more thoroughly below.

D

Equation (2.1) is meant to depict a long-run equilibrium in the
market. The price data is the mecan salary for all teachers in the
system and the data on characteristics from which the quality index
is constructed are data on the entire stock of teachers at a given
point in time. Thus, the teacher characteristics data is affected by
decisions by prospective teachers over a long period of time. It is
not denied that the short-run supply facing any system may not be per-
fectly elastic; it may have to raise {ts salary to hire a greater

" number of equivalently qualified teachers this year. It has been noted

elsewhere that all firms probably have some dynamic monopsony power

in the short-run.? What is argued here is that in the long-run the
supply schedules are likely to be ery elastic. The longer the time
period under censideration the less ''scarce’ the qualities become, as
morce individuals efther 1) enter the teaching profession or 2) acquire
more education to mecet the requirements of those systems attempting

to hire teachers with “scarce" qualificaticns.

In conclusfon, equation (2.1) {s to be interpreted as an estimate
of shifts in the long-run supply schedule facing different school
systems. The shifts result from 1) differences in wean characteristics
of the teachers employed in each schoel system and 2) differences in
characteristics of the school systewms which affzct their ability to
attract teachers.

The major problem in the practical application of the free-market
model is the definition of a suitaeble quality index. It would be hard
to find widespread agrecment on exactly what {s meant by the "quality"
of a teacher. There arc so many attributes that the schools attempt
to inpart to students; they include nnt only measurable things such as
verbal and mathcmatical facility and development of specific skills
and knowledge, Yut also unmcasurable characteristics which relate to
an individual's ability to be a '"good citizen'" and to coniorm to what-
ever social standards the authorities are seeking to impart. Even if
all of the outputs of the schoalf¥were measurable, constructing a set
of weights for relative importance would te impossible.

The procedure used in this ccsay §s to define "quality'" by means
of a hedonfc index. The hedenic index §s a weighted average of measured
teacher characteristics, where the weights are the regression cocfficients
in the repressfon of price on teacher characterfstfcs (equation (2.1)).
For example, suppose that an additicnal year's experience contributes
on the avarage, $100.00 to a teacher's market price, vhile an add$-
tional ycar of college completed contributes an extra §500.00, ‘then,

12
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if a new teacher replacing a retiring teacher has one more year of cdu-
cation and five less years of experience, he has the same measured
quality, The weights in the hedonic quality index are determined, in
effect, by the school systems themselves and how much they are willing
to pay for specified teacher characteristics.3

It shouid be noted by the reader that the question of which
characteristics of teachers constitute quality, while in itself an
important and interesting issue, is not the primary subject of the
essay. Many provious studies have attempted to relate teacher charac-
teristics to objective measures of student performance. Some work
even suggests that school systems themselves are not only unaware of
the relation of teacher iaputs to teacher outputs, but greatly wig-
allocate resources by choosing the wrong teacher characteristics. Tt
cannot be stressed too strongly that the quality index used here should
not be construed, even in intent, to be a measure of any kind of in-
trinsic guality. Let the reader understand that the word '"quality,"
as used throughout the remainder of this study, means nothing more than
thosc attributes which contribute to a teacher's marketability:
those attributes which, on the average, administrators appear to
prefer.

There are two ways, then, in which a teacher characteristic may
be positively related to mean teacher salary in the regression analysis.

1) Fixed tcacher salary schedules may be an explicit function of
that characteristic. 1In Massachusetts, all towns' salary schedules
are a function of teachers' experience, and nost a function of the
teachers' level of education,

2) Given their salary schedules, administrators will try to re-
cruit the best teachers possible. Those that pay rmere will be able,
cct., par., to attract better teachers. Thus, other characteristics,
not reflected in stated salary schedules, may be positively corre-
lated with price.

Ordinary least squares estimates ave best lincar unbiased only
1f 1) the disturbances are uncorrelated with the independent variable
(Qn = 0, Sn = 0, and i1) the disturbances are fixed and_uncorreclated
with each other (u‘u =9, 1+, LAY = G2 for u = j).7 Although
these assumptions fvd hardly ever strictly true in econometric work,
it is often possitie to treat them as such, for all pra~tical purposcs.
Bclow is an explanaticn of why the possible bias and fnefficirency
resulting from mis-specification cannot he fgnored in interpreting
results from the estimation of equation (2.1).

i) Bias

The disturbance term includes all left-cut variables, t.e. those
varfables which would add ¢xplanatury power to the regr. ssion, but for
which data is unavailable. ¥t there fs a significant correlation
between the lelt-out variables and {ucluded variables, the resulting
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bias can be seriou3.8 The formula for the bias can be written:
E(b,) = B, + TigBq (2.2)
where:

th -
= estimated value of the i coefiicient

i
Bi = "true'" value of the ith coefficient
Bq = "true" value of the ceozfficient of the lalt-out variable
piq = coefficient of the ith variable nbtained from an "auxi-

liary' regression of the left-cut variable on all the
independent variables.

The most important "left~out" variable is some adequate measure
of teacher quality. For given experience and education level, there
is surely a great vuriance in the quality of teachers avsailable. The
regres~ion results in chapter 3 indicate that percent of teachers
graduatced from colleges ocutside Massachusetts {3TGOS) has a significaunt
positive relationship with salary. This may perhaps be explaired by
the possibility that the better school systcms recruit nationwide,
and are well known o prcspactive teachers frum outside the Boston
area.9 Then, STGOS, becomes a proxy for some, bat only a fraction,
of left-out quality, In Levin's analysis of the Coleman data, in
which individual teachers® salaries for a whole metropolitan area were
regressed on a set of teaclier characteristics, it was found that
teachers' verbal scores on a standardized test had a significant,
positive relation-hdp with salary.10 Levin's regression included
terms for experience and level of teacher education. Unfortunatelwy,
the Coleman Survey did not include the boston Metropolitan Area, so
that it was impossible for the author to obtain any measure of teacher
verbal ability by school system. The absence of a measure of teacher
verbal ability, among other left-out attributes, makes it highly
probable, therefore, that Bqd 0, where Bg is the coefficient of *he
left-out variable: unweasured teacher quality.

Oue can only then infer the probable bias of each of the other
coefficients on the basis of presumed signs of the pijq's. Ina
sample of teachers graduated from Tufts University, also tested in
chapter 3, some additional dimensiens of '"quality" which were absent
from tle sarple of school systems in the Boston SMSA and the 3tate
of Mascachusetts were presert. These extra quality dimensiois were
used to estimate “auxiliary' regressions: i.e., to try to mzasure
the piq's. The signs of the Piq terms in these regressions tend to
be as expected, and help strengthen the presumptions about the probable
direction of the bias which are made below.

Two cocfficients for which the bias vas a matter of concern were
the coefficients aitackad to mediar incers and to percent students
non-vhite., Iu the caze of redian income, the cocfficient s consis-
tently positive and statistically significart. On the surface this
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would indicate that wealthy cormmunicies must pay more for an equiva-
lently qualified teacher; a higzlly unlikely situation. If S; = median
incorie, then bj is clearly biased upwards, since we can presume that
pighP 0. 1In effect, median inceme becomes in part a proxy for the
lcgt-out measure of teacher quality.

An zlteraative explanation of the positive sign of the median
income cocfficient would be the existence of simultaneous equations
bias. Onec should expect 2 positive corrclation between price per
teacher and nadian {ncome of a community, if the price is considexed
the demand price. 1In this case, again, the supply function estimate
would be biascd because the independent variable is correlated with
the residual. This is exa tly the same mathematical condition as the
condition for a specification exror due to a left-out variable. But
the "lett-out' variable is the real problem. If all the teacher
quality variables were included, then "demand"” is on both sides of
the equation, and the partial velation betwecen price and incowe can
only be interpreted as a '"quality-supply' relationship.

If the assumption of a horizontal supply schedule facing each
school system is incorrect, then there will be a sirmultaneous egqua-
tions bias {n the estimate of the income term, Then, obscrved price
would tend to vary directly with quantity demanded even if all the
relevant tecacher quality variables are included. If the demand
schuedule shifte to the right, it will intersect a rising supply
curve at a higher price. Since income is likely to be positively
corrclated with demand, the demand relationship will make {t posi-
tively corrclated with price.

The bias in estimating percent students non-white is of concern
because the existence of a "discriminition coefficient” is the main
hypothesis being tested. If S¢ = percent students non-white, then
bj is not likely to be biased downvards; since it is unlikely that
p}q, the partial coefficient in a regression of left-out quality on
percent students non-white i{s positive. If anything, the bias in the
estimation procedure resulting from left-out teacher quality variables
lecads to an undercstimate of the size of the discrimination coeffi-
cient. It also, by the same reasoning, underestimates the cocfficient
attached to neasures of povrrty and social disintegration.

ii)

There is a large variance in the size of our observations. Each
obscrsatien is an average of the characteristics of differcent nurbhers
of individuals. Therefore, if the variance of the error term is the
sarne for ecach individual teacher, the assunption of 3 constant wvariance
of the error for cach nhscrvation may be Jncorrvect. 7o cutvrect for
the possibility of heteroscedasticity,il weighted lecast-squares esti-
natee, vhich assume the variance of the erior is proportional to 1/N
(vheve B is the poputatior of the tewn) arve piosented for all regres-
sfcens, altong vith the sivple least-squares estirites,

15
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A further problem in interpretation of the results is caused by
the existence of multicollinearity in the sample. In the discussion
below of the nature of the sample and the construction of the variables
that were test:=d, the problem of multicollinearity is fully explored.

Three sets of regressions are performed in chapter 3 on differeat
samples. The first sample consists of 66 of the 78 school systems {in
the Boston M:tropolitan Area. The 12 systems removed from the sample
were those which do not have separate secondary schools. The second
sample consists of 137 school systems, spread across the entire state
of Massachusctts. The 137 school systems chosen, out of 351 in the
state, were those for which i) a sufficient amount of data was avail-
able, and 1i{) scparate secondary school systems exist. The data for
both samples consists of statistics on average characteristics of
teachers and mean salary pajd, which was supplied to the author by the
Massachusetts State Department of Education Research Center, and sta-
tistics on population, income and sociocconomic variables published

" by tiue Massachusctts Department of Commerce and Development,13 the

Massachusetts Department of Welfare,1% and the Boston Safe Deposit
Company.15 Data on SAT scores was supplied b{ Arthur J. Corazzini,
from a survey of students in the Boston SMSA.16 The third sample
consists of a set of individual teachers, who were placed at schools
in the Boston Metropolitan area in the yecars 1967-1969 by the Tufcs
University Department of Education. Most, but not all of these
teachers are graduates of Tufts University or Jackson College. The
additional data required for the Tufts sample was supplied by the
Tufts Department of Education and the Tufts University Records Office.

Each town or city in Massachusetts coincides with a separate
school system. The study only examines the allocation of teachers
among school systems; the important question of allocation to schools
within a system is ignored in estiwating equation (2.1). The advan-
tage of this procedure is that the interpretation is clearly a market
interpretation. Within a system, the allocation of teachers results
from some unknown combination of teacher preference and administrative
fiat, Thus, it would be improper to interpret regression results on
observations ol individual " chools within the same system to be a
""quality-supply" schedule.

The Poston arca has some characterfstics which make it particu-
larly suitable as a sample for this jnvestigation. First, as nen-
tioned above, the towns and cities in tlie area cach correspond to a
scparate school system. Thus, it is possible to match teacher charac-
teristics data collected from the scheool systems with socioeconenmic
verfables gathecred frow census data. Second the city of Boston itself
constitutes a relatively small fraction of the total metropolitan
arca. In 1965, the populaticn of Boston ivself was 616,326; the popu-
lation of the Boston SIOA was 2,605,452, Many of the scparate towns
and cities surrounding Boston ara thenselves densely populated urben
areas, which arc much morc similar sociologically to Boston than to
the farther-out suburbs. Thus, it 1s possiblc to look at 2 choice
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between different "cities' which are located close enough together

to constitute one market area. Tnird, the 66 tcwns and cities under
study vary greatly in their social and economic characteristics and

in the amount of resources devoted to public cducation.l8 Fourth, the
sample size is certainly adequately large for statistical inference
purposes. Finally, examination of the data reveals less multicolline-
arity among the socioceconomic variab!:s than onc might fear. Although
the simple correlation coefficients between most palrs of variables
have the expected sign, they are in most rases sufficiently small te
make it possible to separate the contribution of one variable from
another. (A table of correlations between independent variables is
printed below.) In particular, the existence of very pcor cormunities
with a small proportion of blacks, makes it possible to have some
indication of the separate effects of race and poverty on the supply
schedule.

One deficiency of the sawple is that relatively few towns have
any sizeable fraction of blacks in the population. For that reason,
the existence of a positive discrimination coefficient may reflect
characteristics specific to seve.al touns (c.g. Poston and Cambridge)
which are not measured by other socioecencmic indicators used. A
dunmy vaviable for central city was used in the regression, but this
proved to be highly correlated with percent students non-white in
the public schools, and so separate estimztes of the cffect of
“"central city" and race were impossible to obtain. To correct for
the problem, the statewide sample was uscd for the same regressions,
The statevide sample includes othar metropolitan arcas which have a
fairly sizecable black population (e.g. Springfield - Chicopee -
Holyoke 5MSA, New Bedford SMSA) plus other metropolitan areas which
have practically no blacks (e.g. Lawrence - Lowell, Pittsfield,
Worcester and others).

Table 2.1 lists the teacher characteristic variables used in
estimation of the Boston SM3A and Massachusetts samples.

Table 2.2 lists the sociorconomic variables used as cl.arac-
teristics of the school systems and teowns.

The problem of multicellinearity in the saﬁplc can be sevarated
into wo sub-problems.

irst, high correlation between a pair of independent varviahles
will make it impossible to determine which one belongs in the final
reazression. In the results printed in chapter 3, variables included
arc those vwhich make the maxinue addition to tha explanatory power of
the regrassior. Only variablce: whose cocfficicats ave statistically
significant are included. This procedure does not always give tha
right results. For example, suppose two variables Xy and Xz ave
highly corrclated with cach other end cach one individrally adds to
the explanatery pouver of the regrossion. The standard errors of the
estimales of the cocfficicats of X] and X2 will be very large if both
are included in the rearession togethrr. If X; adds more to the re-
pressien than ¥p. after including all other variables, it¢ dors not
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necessarily inply that chunges in Xj, rather than changes in X2 causg
changes in the dependent variable, It may in fact be true, because
of random errors and measurement errors, that Xo is the cause of
changes in the dependent variable and that X] enters the regression
(without Xp) only because it is correlated with Xj.

The variables tested for the Massachusetts and the SMSA samples
may be diviced into threec subsets: teach.r characteristics, charac-
teristics which serve as a measure of the level of income and/or
wealth, and characteristics associated with racial composition of the
population and measures of poverty aid social disintegration. Within
each subsct, there is considerable nulticollinearity; between the
subsets little multicollinearity. There is some overlap in classifi-
cation. Some variables can be placed in both of the two latter
categories. Tables 2.3-2.5 show correlation matrices within cach of
the three categories for the Boston SMSA. ~

Tables 2.6-2.8 show correlation matrices for each of the threc
categories for the state of Massachusetts.,

The tables can be sunmarized as follows:

1) There is no serious multicollincarity between pairs of vari-
ables for the teacher variables in either the SMSA sawmple or the
statewide sample.

ii) Among the income-wealth variables, persons cmployed classi-
fied as professional, technical and kindred, median family income, and
estimated value of taxable property per capita ave all nighly inter-
corirclated for hoth the SMSA and ithe statcwide sample. Following the
argument on probable bias of the estimates presented earlier in the
chapter, each of the above variables can serve as a proxy for left-out
teacher quality.

111{) 1Irn the SMSA sample, the variables POPWW, CITY, and ASMNW are
alrnost perfectly corrclated with each other. Each can serve as a
measure of '"blackness"; it is impossible in the SMSA sample to dis-
tinguish between the non-white variable and the central city variable.
ASXW is probably a superior measure to POPNW of "blackness'" for two
reasons. First, ASNW was measurced in the year 1968-69, the same year
for whic't the teacher characteristics data is available, while POPIW
was measured by the 1960 census. To the extent that migration changed
the pattern of non-white residcacy in the intervening nine years,

ASKNW {3 a rore accurate measure of the distribution of blacks. Second,
ASNY is a measure of proportion of blacks in the public schools,

while FOPIW is a measure of prepovtion of blacks fn the populaticn.
Presumably, 1f anything the blacks in public schools would be a more
relevant determfnant of teaclicr chouice awung school systems than blacks
in the corcrunitins, The two ligures are djfferent in part because of
the existence of the METCO progran, through whiclh some black students
residing in the central city attend public schools {n those (nwstly
white) svburbs which perticipate §in tha yrogram,19
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Table 2.3

Correlatinn Matrices of Teacher Variahles: SMSA Sample

1. Secondary Teachers

STYPS STFD STMALL STGOS STCEKT
STYPS 1.00 0.36 0.06 0.902 0 02
STED G.36 1.00 -0.05 0.35 -0.06
STMALE 0.06 -0.05 1.00 -0.26 0.08
STGOS 0.02 0.35 -0.26 1.00 -0.08
STCERT 0.02 -0.06 0.08 -0.08 1.00

2. Elementary Tecachers

ETYFS ETED ETMALE ETGOS ETCERT
ETYPS 1.00 -0.16 0.10 -0.34 -0.04
EIED -0.16 1.00 0.02 0.44 ~0.43
ETHALE 0.10 0.02 1.00 -0.25 -0.18
ETGOS -0.34 0.44 -0.20 1.00 -0,34
ETCERT -0.04 -0.43 -0.18 -0.34 1.00
Table 2.4

Corrclation Matrix of Income-Wealth Variables

SHSA Sample

POVTY PROFTK ADYC MEDINC VALFRP
oVTY 1.00 -0.51 0.66 -0.60 -0.41
YROYTK -0.5} 1.00 -0.53 0.76 0.69
ADKC 0.66 -0.53 1.00 -0.53 -0.56
MEDINC -0,60 6.76 -0.53 1.00 0.€6
VALIRP -0.4] 0.69 -0.56 0.66 1.00
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Tablz 2.6
Corrclation Matricis of Teachwr Variables

Ste.tewide Sample

1. Secondary Teachers

STYPS STED STMALE ST308
STYPS 1.00 0.24 -0,07 -0.0%
STED 0.24 1.00 -0.25 0.08
STMALE -0.07 -0.25 1.00 -0.05
STGOS -0.04 0.08 -0.05 1.00

2. Flemcntary Teachers

ETYPS ETED ETMALE ETGOS ETCERT
ETYPS 1.00 -0.20 0.00 -0.32 0.00
EIED -0.20 1.00 ~0.09 0.30 -0.04
ETMALE 0.00 -0.09 1.00 -0.16 -0.04
ETGOS -0.32 0.30 -0.16 1.00 -0.03
ETCERY 0.00 -0.03 -0,04 -0.03 1.00
Table 2.7

Correlation Matrix of Incomz2-Wcalth Variables

Statewide Sample

PROFIK ADPC MEDINC VALPRP
PROTK 1.00 -0,3¢ 0.80 0.03
ADIC -0.39 1.00 -0,07 0.59
MEDIXC 0.80 -0.47 1.00 0.04
VALYRP 0.08 .59 0.v% 1.00
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The simple correlation between APPC, aid to parents of dependent
children per capita, and ASNW, percent studestts non-white in the
public schooles, is .73; i.e. ADPC accounts for slightly over half the
variance in ASNW. ADYC is meant to be a measure of the general level
of social disintegration in the comwaity. Although ADYC enters with
a positive coefficient in some runs for which ASNW is excluded, it
in no case enters with a positive sign when some measure of blackness
is included. 1In the statewide sample the correlatien between ADPG
and ASNW is lower (.63).

In the statewide sample, ASNY and FOPNW reumain closely corre-
lated, but the simple correlation between ASINJ and a duumy for the
city of Boston is rcduced to .66. Another veariable, dunmy for central
city of an SHSA, has only a slight (.24) posiiive correlation with ASNW.

In conclusion, multicollinearity between pairs of variables does
not entirely prevent identification of the separate effccts of race
and poverty in a scheol system on the teacher supply function. In the
SMSA sample, it makes it extremely difficult to differentiate betwcen
"blackness' and other attributes unique to a central city, but this
problem is somevhat alleviatad in the statcewide sawpl .,

A sccond problen of multicollirnearity is the imprecision in point
estimates of the coefficients which results when two highly intercorre-
lated variables are both included in the regression., This problenm is
discussed in subscquent chaptexs, in relation to the specific equa-
tions estimated in which it is significant,

A fuller description of the sample, including means, variances
and coefficients of vaviation of all the variables, and simple corrve-
lation coefficients between all the varialles is presented in Appendix
1 for the intcrested reader.

In this chapter, a siwple model hes been presented to cstimate
the factors which might cavse diffevent cormanitics to face different
supply prices for public school teachers. Some of the problems,
theoretical and enpirical, of applying the todel to teachors in the
Boston Matraepolitan Arca and thie State of Massachusotts have beea
assesscd, and the crucial assumptions made by the avthor have been
explainel, In chapter 3, estimites of the 'quality-supply" function
are presented,
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CHAFTER 3

THE SUPPLY QF TEACHERS IN THE BOSTON METROPOLITAN

AREA: ESTIMNATLS OF THE FUNCTION

In this chapter, the hypothesis that different school systems
must pay a different price to cbtain public school teachers of equi-
valent qualifications is tested with samples of school system data
from the Boston Mctropolitan Area and the State of Massachusctts, and
with a sample of individual teachers placed in schools in the Boston

. SMS% by the Tufts University Department of Education., It is shown

below that much evidence exists to confiram the hypothasis of the
existence of a positive discrimination coefficient, School systems
with more black students must pay a higher price, cet. par., for
teachers.,

Regression estimates arc perforued for secondary and elementary
teachers scparately. Results using a linear and semi-log form for
the dependent variable, and weighted and simple least-squares regres-
sions are shown, The independent variables entering inte the final
regressions were selectaed from the list of variables in Tables 2.1
and 2.2 by means of stepwisa rc%rcssion, using a c¢critical value of
t = 1,7 to elininate variables, The actual selection of variables
entering into the final rwegressions, and some consequences of possible
alternate specifications, are disce.scd in more detail in Appendix II.

The cquation estimated is re-written below,

P=F (Q, S, u) (3.1)

where:

P = mecan salary of tcachers

Q = mean characteristics of teachers in each system

§ = sociocconomfc characteristics of the system (or town)
U = a random disturbance term

n

A positive conf{ficient attaclhied to a variable in the Q vector
means that the variahle ncasvres a desirable atlribute of teachers;
sorething vhich leads to a highee teacher jrice, In the linear form,
it rcpresconts the change in rean =alavy per unit change in the mean
valuc of the chiracteristics I{ the charactevistic is reaszurcd as
the poreent of teachevs in a specificd category, the coefficient
reasures the increase in mean salary por tcacheyr associated with o
ore percrnt cbhanze in the poveert of teack:rs possessivg the spocified
charactoristic., A posilive cocfijciort atvached to a varjable in the
§ vector reasties tihe additionsl price por teacher that a ceunnbty

)
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must pay per unit change in the S variable.

Tables 3.1-3.4 give estimates of the final regression equations
for the quality-supply function for secondary teachers in the Boston
SMSA, elcmentary teachazys in the Boston SMSA, secondary teachers in
the statcwide sample, and elementary teachers in the statewide sample,
respectively. Tables 3,5-3.8 give estimates of the same equation
using a semilog-feorm for the dependent variable. Thus, coefticients
in Tables 3.5-3.8 represeut percent change in salary associated with
a unit change in the corresponding independent variable.

The following are some of the results of the regression analysis:
i) The "non-white" coefficient is positive and statistically
significant at the 5 percent Jevel in all regressions.

The point estimates range from $23 te $45 per teacher per addi-
tional percent students non-vhite for the sccondary systems, to an
additional $17 to $22 per percent student non-white for the elemen-
tary systeris. What this implics is that a city like Boston, with 70
pervent of its students non-white, must pay an additional $510-$660
per elemontary teacher and an additional $690-$1350 per secondary
teacheor compared with vhat it would pay werc it an all-vhice system,
Using the samz line of reasoning, and recalling that the scrmilog re-
gressions give us the percent increase in teacher salary for a one
rercentuage point increasce in non-vhite students, the mean salary for
an elementary teacher in Boston is raised between 9 and 10,3 percent,
and {or a sccondary teacher between 8.7 and 16.5 percent, Usiug a
crude estimate that expenditurce on teachers' salaries are approxi-
mately 60 percent of total public school expenditurcs,2 the esti-
mated "discrimination cocfficient” emounts to between a five and ten
percent "tax" en the public education expenditores of the city of
Boston,

Regression results recorded in Tables 3.1-3,8 also show final
regrossiong with statistically significant rariabies. In preliminary
regression,, it was found that adding a dunctyy variable for the city
of Boston in the Metropolitan area sarple made beth the coefficient
attached to the non-white variable and the coefficient attached to
the ducay variable smaller than their respective standard errors,

Each varisble by itself had a significantly positive coecfficient,

with thc "non-wvhite" variable in all cases adding mere to the regres-
sion (Sce Appendix 1T). The high collinecarity between the tiro vari-
ables ralics it impossible teo deterwine whether it is "blackness'" alone
cor seuite othier characteristic vpique to the ceniral city wbich is res-
ponsible foer the higher estimated supply prices  In the statewide
regression, two Cuinav varjables for ceontral city wore used: one for
«Jb tho: contial ¢itics in the stece, using Consus Dapavtront classifi-
caticn: of stardard nxtrepelitan arcas,. eud one for the city of Boston
to test fov dts possibly unique feateres as thoe by far) largest city
in the ctoto, he central coity duniy net statistically signiff-
cant for seccudary teaclers and i th: sirple regression for elensn-
tavy toachere, and Lires oot to L2 nagsative in the veighted regression

C
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Table 3.1
Quality-Supply Fstimates: Secondary Teachers in Boston SHMSA

Depenlent Variable: STSAL

vefficients (t-values in parenthesgis)

Independent Ordinary Least Weighted Least
Variable Squares Squares
SIED 869.067 1034.35
(6.48) (8.20)
STMALE 1 730 18.0573
STYPS C e -398.167
(3.27)
STGOS 7.35605 e
(2.18)
(stesy /2 726,624 3126.02
(9.74) (4.06)
AStW 26.2712 45,3974
(3.49) (5.96)
ADPC o e ~264.401
(3.47)
MEDINC 0.1213%20 e
(3.58)
SSMSAT . s e e 2,55537
(2.06)
Constant -4353.87 -10,356,3
R2 = 8926 Rz = .9931
N = 66 N = 66
F(6,5%) + £1.7018 F(7,58) = 4356.24
k)|
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Table 3.2
Quality-Supply Estimates: Flementary Teachers in Boston SMSA

Dependent Variable: ETSAL

Crefficients (t-values in parenthesis)

Independent Ordinary Least Weighted Least
Variable Squares ] Squares
ETED 719.988 624.128
(8.15) (6.84)
@rves) 2 - 970,214 870.586
(11.92) (9.50)
POPNY 78.9266 . e e e
3.11)
ASNY C e 22.9319
(4.32)
MEDINC 0.142270 0.182681
(3.85) . (3.92)
VALPRY -0.0600264 -0.0591912
(2.79) : (2.28)
POVTY 156.689 152.587
(2.73) (2.43)
(roviy)? -7.81206 -7.58882
(3.13) ' (2.82)
POPGRO ' 0.500339 . e e s
-(1.92)
Constant -3577.70 -2488,4;
RZ - .8453 % = 9980
F(8,57) = 38.9417 F(7,58) = 4110.88
N = 66 o= 66




Table 3.3
Quality-Supply Estimates: Secondary Teachers in Ma-~sachusetts

Dependent Variable: STSAL

Coefficients (t-values in parenthesis)

Independent Ordinary Least ~ Weighted Least

Variable Squares Squares
STYFS -203.570 ' -351.02
- (2.45) . (4.39)

STED 425.4%7 439,965
(5.20) (6.23)

STHMALE 7.11099% 11.0408
(2.08) (2.73)

1/2

(STYPS) 1922,60 2806.71
(4.02) (5.72)

SMSA : 292,929 359.963
(4.74) (6.33)

MEDINC 0.1713%44 0.172425
(5.97) (£.82)

ASKW 25,2945 25.3228
(3.58) (8.51)

Constant = -2103.74 Constant = -3900,03
g% - .8216 K2 = 9967
F(7,129) = 84,8717 F(8,128) = 4807.26
N =137 N = 137
i3

40



Table 3.4

Quality-Supply Estimates: £lewentary Teachers in Massachusetts

Dependent Variable: ETSAL

Coefficients (t-values in parenthesis)

Independent Ordinary Least - - Weighted Least
Variable Squares Squares
ETED 432.001 449,577
- (7.45) (7.77)
1/2
(ETYPS) : 826.434 798.319
(15.03) (13.15)
ETCER . e e s ~-3.63910
(2.04)
MEDINGC 0.106327 0.12233
(4.48) (4.33)
SMSA 118.528 242.021
(2.00) (4.23)
C1ITY © -206.996 . e
(2.28)
ASNVY 23.6907 17.2942
(3.50) (6.46)
IRITAL 8.3922 7.88606
(1.80) (1.73)
Constant = -3,80287 Constant = 99,1893
R2 = ,7800 R2 = ,9970
. F(7,129) = 67.9113 ¥(7,129) = €048.95
N o+ 137 N o= 127
34
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Table 3.5
Quality-Supply Estimates: Secondary Teachers in Boston SMSA

Dependent Variables: Log (STSAL)

Independent Ordinary Least Weighted Least
Variable Squares ’ Squares
STED 0.0991776 0.122791
(6.32) (8.02)
STMALE 0.00245763 0.00229791
. (4.44) _ (3.70)
STYPS o e e e -0.0558543
' {3.78)
STGOS 0.000858635 | C e
2.12)
, 1/2
(5T1YVS) 0.0951919 0.431381
(10.16) (4.61)
ASNW 0.00304691 0.0055129
(3.23) (5.96)
ADFC e -0.00328193
(3.55)
MEDINC 0.000015224¢4 « e e
: (3.57)
SSMSAT e oe e 0.000365362
(2.:0)
Constant = 7.44371 Constant = 6.68678
2 = .9059 R* - 1.0000
u F(6.59) = 94.65434 F(7,58) = 30:1.98
N o+ 66 N = 66
35
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Table 3.6
Quality-Supply Estimates:

Dependent Variable:

Elementary Teachers in Boston SMSA

Loz (ETSAL)

Coefficients (t-values in parenthesis)

Independent Ordinary Least Weighted Least
Variable Squares Squares
E1LD 0.0917737 0.077081
(7.92) (6.62)
(eryes) 0.129759 0.113890
(12.16) (9.66)
POFNY 0.0103592 e e
3.11)
ASNW v e oeon 0.00200889
(4.40)
MeDINC 0.00001891381 0.0000236365
(3.90) (3.94)
VALVRP <0.00000794202 -0.00000751804
(2.82) (2.25)
POVIY 0.0205180 0.0205142
12.72) (2.42)
(POVTY) -0.00103236 -0,00102614
(3.15) (2.97)
PQOPGRO 0.0000661%414 C e e
(1.94)
Constant = 7.,48879 Constant = 7,64925
2
R = .8€30 Rz = 1,0000
F(8,57) = 44 8802 ¥(7,58) = 272412
N s 6 N o= 66

Lo
N

43



Table 3.7
Quality-Supply Estimates: Secondary Teachers in Masszchusetts

Dependent Variable: Log (STSAL)

Coefflcjents (t-valuee in parenthesis)

Independent Ordinary least Weighted Least
Variable Squares Squares
STYPS -0.0323635 -0.0485832
(2.95) 4.91)
STED 0.0545344 0.058734%4
(5.06) (6.57)
STMALE 0.0008485955 0.001435%6
(1.89) (2.90)
ey 172 ;
(ST7PS) 0.287199% 0.382259
(4.56) (6.30)
SMSA 0.0392653 0.0457445
(4.83) (6.55)
MEDINC 0.0000214065 0.0000204423
(5.66) (5.28)
ASNWY 0.00309009 0.00641352
(3.32) (3.31)
POPIIV e e ~0.,0104975
(1.76)

Constant = 7.63054 Constant = 7.43369

2 2

R™ = .§293 R™ = 1.000¢
F(7,129) - 89,8459 F(8,128) = 326,110
N =137 N =137

37
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Table 3.8

Quality-Supply Fstimates: Elementary Teachers in Massachusetts

Dezpendent Variadle:

ETSAL

Coefficients (t-values in parenthasis)

Independent Ordinary Least Weighted Least
Variable Squares Squares
ETED 0.0578723 0.0590421
(7.26) (7.61)
ray 172 /
(ETYPS) ‘ 0.113758 0.107649
(15.06) (13.21)
ETCER . . . -0,000446181
{1.83)
MEDINC 0.0000145327 0.0000167939
(4.45) (4.43)
SMSA 0.0162373 0.0308119
(2.00) (4.02)
CITY -0.027062 e
(2.17)
ASRW 0.00300284 0.00220054
(3.23) (6.13)
IRI1AL 0.00114052 0.,00108343
(1.78) (1.78)
Constant = 7,90306 Con-tant = 7,93102
R? = .8000 R = 1.0000
¥(7,129) = 73.7156 F(/,179) = 390660
N =137 N o= 137
38
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for elewmentary teachers. 1In general, central cities of a defined
SMSA do not pay a higher price for teachers, all other factors held
cor~tarnt. Because the additicn of Lbr Boston dumrty docs not make
the nen-vhite cocfficient insignificant in some of the statewide
regressions, theve is evidence that the non-white variable itself is
important independent of the heavy concentration of the state's non-
white population in the city of Dostcn,

In conclusion, the evidence appears te support the hypothesis that
school systems with more non-vhites, cet. par., face a higher supply
price than other school systems.

ii) There is no evidence that any of the other measures of
unfavorable social conditions, either the percent of families below
the poverty line in the toun or thc per-capita cost of tle aid to
parents of dependent children program, lead, by themselves, to a
higher teacher supply price. In short, there is ne evidence found
of a "poverty" discrimination ccefficient.3 It should be pointed out
that the cocfficient of ADPC, as explained in chapter 2, is probably
biased dewnwvard. In the abseuce of more information about teachex
characteristics, it is premature to conclude that there is in fact
no conpensating differential that must be paid to teachers in low
incotwe areas. Yet, it is -evealing that, when both ASKY and ADPC
were tested, ASNW always has a positive coefficient and ADPC never
does.  ADPC dees have a vositive sign in sore of the preliminary
regressions when non-vhite variables are excluded.

iii) In all the regressions, the coeificients of SIED and
(s1Yrs)) /2 are large, positive and statistically significant. This
result is easily explained by the fact that teacher salary schedules
are explicitly a function of ycars of expericnce, in all systens, and
level of teacher ediication, in most svstems. In the prelininary re-
gressions. two forns of the experience variable were tested: one linear
and onec using tLao square root, Salary schedules in all the systens
rise with exporicnce with a peak at avbout 14 years. Since an incyease
in tie mean teacheor expericnce vesults in part {from an increased
nonber of teachers with, for example, 30 years of experience rather
than 20, and since fncrecases in exparience don't affect individual
salavies past 14 years, it is expected that the wean salary of a
systen should rise less than propervtionally with wean teacher experi-
ence,  Tihe yuadretic form of the variabdle was inscrted Uy capture this
diminishing nature of the increasa, and was found to perforu bettar
than a lin2ar form,

Mean salarics actually paid por sehiood systen vary greatly be-
tween toras, althongh stated salary schedeles ave not that diffevont.
Most of the variance in wean salaty cant be accounied fov by the fact
that tevns payfuz high moan salavics tend to hire o larger €raclion
of their teachzr staff at the top ond of their salary schedule. In
Table 3.9, it is zhon that oup ricnes and educatioan level alen:
accoval {er apprexing.tiy 80% of the variance in wen teacher salary
for sciondary teachaers and 75% fog elccientary teachers,

Q
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Table 3.9

Effect of Expericnce and Education Alone on Mean Teacher Saltary
Dependent Variables: STSAL, ETSAL

Coefficients (t-stétistics in parenthesis)

Independent Secondary Elementary
Variable Teachers Teachers
education level 1170.04 771,724

(10,16) (2.09)
(cxpcrience)ljz 708.404 916,703

(8.39) (11.82)
Constant -5813.04 -2407.11
R-Square .8193 7559
F(2,63) 142.802. 97.5618
Number of obscrvations 66 66

iv) The percent teachers gracduated from out of state is a sigai-
ficant variable in the sccondaxy regressions in the Metropolitan Area,
The coefficient is 8.40. This means that a risc of one perceat in the
percent of teachers graduated from ocut of state is associated with an
incrcase of $8,40 in the price per teacher: IL,e. the extra tcacher
from cut of state is receiving an additicnal $840. (ihis raises the
average peice by one percent of $840.) Naturally, there is noething
spocial about institutions located outside of Massachusetts, so it is
probable that SIG0OS is correlated with some other desivable teachevr
characteristic, VWhat may be true is that the better and more high-
paying school systems advertise natijonwide to attract tha best possible
teachers, and thus end up with nnre gradeates of instituticens ecutside
Massachusclts on their teaching staff. STGC3 is not significant in
the statevide sample, periaps because the Boston area attracls more
out-of-state people and possibly because cut of state fs really
"local" to a sclwol system in Western Massachusclts, Preliminary
experiments showed no effect of a variable for perceut of teachers
graduated frem a public institution vis-a-vis a private institutien.
Fron conversations with individvals fawiliar with the schools in the
Besteon arca, the author belicves that a statistic on the nuwber of
students gradualed fron stete tcachers ¢olleges would be aegatively
cortvlated with roean salary.5 Students who attend the state teaclhers
collepes in Maszacluescotts have in geueral vory low college board
scorcs.  Yet, a varviazble for pablic institvtions also includes the
University of Massachusalts wiose students are above averegs f{or the
state.® 1hus, a gross acasure of "public"” wvevsue “private" institu-
tion graduates {n a cchoal systen provides very Mittle inferration.

T

v) The variable “perveont teachers voie’ has a positive coeffi-
cieat for sceendmy teadhers in Both the sratevicde acnd losten SHEA

iy
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samples, but is rot significantly differcut from zero for elementary
teachers. A number of possible explanations are consistent with this
result.

a. Secondary School systems diccriminate against .emales by
paying them a lower salary than equally qualified males. Alchough
it is not built into the salary schadules explicitly, adminictrators
may in fact practice disccimination by accepting males with lower
qualifications, for the sawe pay. Since females have less other
employwent opportunities than males, it is possible for them to
practice this form of discrimination. 7The lack of evidence fer dis-
crimination by sex in elemeuntary schcols may indicate that overall
market discrimination is greater against females with more educatioen,
since secondary leachers, on the average, have more years of educa-
tional experience thaa elementary teachers,

1he schoo) systewms themselves may not be the source of market
discrimination., It may just be that for the samc price they can hire
more qualified females, because of discrimination against females
elsevhera in the labor market.

b. 1The characteristic "maleness" may have sowe positive attri-
bute within sowe school systems. Perhaps it is considered dssirable
for come students, parlicularly adolescents, to be exposed to male
authority figures in the classroon, Also, male teachcis may be belter
equipped to handle discipline probloms.  Since discipline problewms are
net likely to be as severe in elemauntary schools, cxplanatien b) is
also cousistent with Lhe results.

¢. Percent teachers male may be a proxy for some other variable
vhich has not been nzasured, and which is correlated with percent
teachers mate but not specifically related tu an individual's sex. It
is possible that meles teaching in the sccondary schools are wmove likely
to be tvaiuerd spocifically lfor that purpese than fenales, or that males
may have more training in nathematics and science. It has been shaun
that, because of the cxistence in the secondary schools of 2 single
salary schcedule for all subjects, there teads to be a chronic shortage
of malh and science teachers.® Thus, many schools must nse as math and
science tecachers individuals who have beea trainad in other fields,
It should be cxpected then that scheals with higher calary levels
would bave a greater proportion of their teaclhing staff with tralning
in nathematics and science, and spuecific treining to be secondary
teachcrs., 1If both these chavacreristics ave positively correlated
with poveent teachers rale, explonation ¢) is also consisteat vith
the vesults, since clerontary teachers are not tiained in specific
subjcel aress,

Ihe point estirates of the dncrcise in oran salary range fron
$7 Lo 519 por one pereent diarenss in pereant teachors vale,  Thus,
the promiun fer being a_male renzes from $700 to $1900, accerding
to the point ¢stirates,

-

Eridence from the saople of Tufis teachers, presconicd bote,
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contradicts the hypothiesis of discriwination against females. After
adjusting fer academic porformance, major, and degree, the coeffi-
cient attached to the seXx term in a regression of salary on teacher
characteristics and schuol systam characteristics shows ro evidence
of a lover salary for female teachers. !

vi) The coefficient actached to median family income is posi-
tive and statistically sipnificant in all regressiens, except the
weighted repression for secondary teachers in the SMSA. As mentioned
in chaptey 2, MEPINC is biascd upwards and is prubably a proxy for
left-out tcacher quality measures. 1t appearc that the negative term
associated with ADPC, combined with the positive term associated with
SSMSAT, play the samec role in the weighted regressions of Tablas 3.1
and 3.5 as the MEDINC variable in the other regressions.

vii) The sign of the SMSA coefficient in the statewide regres-
sion reveals that the price of teachars in the Boston SNSA is higher
than the price outside of it. One pessible explanation is that the
cost of living is lowcr outside the Boston SMSA than within it. There-
fore, teachers in Western Massachusetts, though paid a lewer nominal
salary arc receiving the sairc real salary. Unfortunately, it is not
possible to test this hypothesis with readily available data. The
BLS regional price irdex is not publishad for any SH3A in Massachusetts
excoept Boston. XNor is census data oa the average rent of housing very
usefael, since none of this data adjusts for a standard housing quali-
ty. Therefore, higher average vents may not reflect a higher cost per
standardizcd housing unit. Within the SMSA the living cost dif-
ferences are likely to be uninportant, since teachers nead not reside
in the tewn where they are cuployed. Results from the Tufts sanmple
show no indication that indivicuals are witling to accept a lower
price to teach in their hemctown.  Students frow the Bosten area may
prefer to teach within the same region, but there is no evideace that
they prefer the specific town in which they were reised.

viii) Finally, there is little cvidence that weighting thia
regressions inproves the results.  Standacd errors are not toc 4if-
ferent in the sinple and weighted rogrcssions.11 The seni-log form
of the cquation has a slightly closcr fit than the lincac form, but
exaninition of the coefficionts show theam to be practically thie same,
if the absolute change in salarcy ivplicd by the coecfficients of the
linear regression is converted inte a percentage change by dividing
by r¢an salary (to colculate the pevcentage change at th> mean),
Both scts of regressions arve printed mervely for convenieace, not
bocouse the scrilog ostimations contain inportant additional infor-
mation.

As a further cieck on the vesults above, a sinjlar quelity-
supply functicu was cetivated for individual teachers who were placed
by the Tofts {niversity DBepavtirent of bBducation at schools in the
Boston Metropoliten Arca duria; tuc years 1967 throuvgh 1909,  1The
cquation cstizated is:
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P = £(1,S,Y,n) (3.2)

where:

P = s-~lary paid to individual teachers

T = a vector of characteristics of the individual cteacher

S = scociceconomic chavactevistics of the towns and school systems
Y = yesr teacher was placed

g = distuvbance terwm

Salary paid to an individual was obtained from published salary
schedules of the individual tecwns, For a teachey with a B.A. degree,
salary was taken fo be a weighted averzge of the startinz and top B.A.
salary for the town; for the teacher with an M.A. degree a weighted
average of the starting and top M.A. salaries. It was assumed that
individuals would make their location decisions on the basis of both
starting salary, which weuld be his imnediate pay, and top salary,
which he might hope to attain if he received teuuwrc and remained in
the systow, It was arbitrawily decided to choose to weight the
starting and top salaries equally. Therefore,

Salary = 1/2 (Statcd starting salary + stated top salary)

The sample of individual teachers includes some information not
available in the previous samples. Students' grade point average,
college and/or graduate major, whether or not they majorad ia educa-
tion, end whether or not the job accepted was in the same town where
the student attended higle < c¢hool were all availabic in the Tufts
sarplc, but not in the Sta .o Dept. of Education data on Massachusetts
schoel systems. Further, so. 2 of the students in the sawplie are
summer scheol studepts wlho did not receive degrees from Tufts Univer-
sity, Assuming that 17ufts University is a relatively superior insti-
tutjon, sons cvidence cuists of the effect of quality of institution
attended on salarvy.

The Boston SM3A and stateuvide samples ave superior to the Tufts
sauple in tvo irjportont ways. First, the Tufts sa »le is only for
fivst jobs of beginning teachers; it gives no indication of a school
systeim's holding jower as indicated by the experience variable in
the other samples.  Sccond, the sswple of teachers placed by Tufts
is probably not 2 representative sarmple of teachers in ths Massachu-
sctts schools.,

Table 3,10 lists the teacher variables usged in the Tufts sample.

Table 3,11 shews the cvegression used to estimate the variable
"predicted CFA" in T:ble 3.10.

The variable "year placczd' is inciuded to reflect the possibi-
lity of chonging riacket conditions,  All the salawy figures are
based on data for the acadowic wear 1963-69,

A
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Table 3.10

Characteristic Variables: Tufts Sample

Variable Description

SALARY

YEAR

MASTER

SPiC

EDMAJ

MIHSCI

HOM

1EVEL

SEX

GPA

GPAl

GPA 2

%
predicted grade point avercge i
grade point

Table 3.11.

ERIC
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Estimate of salary received by individual teacher
(average of town's minimum 2nd maximun salaries
for teachers of given level of eduation). Salary
data used for yeac 1968-62,

year in vhich teacher was placed (67, 68 or 69).

dummy variable: 1 if teaciier has MA or master
of education; 0 otherwise.

dumry variable: 1 if special student (degree nrot
from Tufts); O if received Tufts degree.

duntny variable: 1 for education majors (eithar
MA or BA); O for others.

duminy variable: 1 if math-science major; O
otherwisc.

duwmy variable: 1 if took job in hciratoun; 0
otherwisc.

duruay variabie: 1 if sc-ondary school teacher;
0 if elcrentary school teacher.

dursiy variable: 1 if uale; 0 if female.
student's grade point average.

difference bctuween student’s grade point avevage
and predicted grade point average.

ratio of student's grade point average to pre-

dicted grade point average®

s estirated by a rcegression of
averaze on MASTER, SPEC, EDUAT and MHSCI.  See

car



Table 3.11
Regression to Compute the Variable '"Predicted GPA"

Dependent Variable: GPA

Independent Variable Coefficient
MASTER 0.650136
(11.79)
SPEC* 0.617084
(7.15)
EDIAJ . 0.015055
(0.25)
MTHSCI -0.297675
(3.11)
Constant 2,76329
R-Square S0
F(,202) 59,2712
Nuuher of Obscrvations 66

*The special students only attenled suwnor scliool courses.
Thus, their courses are not of conparabla difficulty to

those tatien by Tufts undergraduales.
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The included "teacher quality" variables now include a measurez
of the teacher's past academic performance adjusted for the curricu-
lum he was in and his major field. Still left-out are measurcs of a
tecacher's innate intellizence and measurcs of personal factors;
which might be reflected by a rating as a studeat-teacher.

Separate regression equations were estimated for eleuentary and
sccondary school tecachers, for teachers with BA's and MA's for males
and femaics, and for the entire sample. The results of all the final
regressions arc printed in Tables 3.12-3.15.

In estimating the regressioun for the Tufts sample, il is found
that the coefficient attached to the non-white student variable
remains positive and statistically significant in &1l cases. But
malticollincarity between ASEW and the variables POPWW, CITY and
ADPC is nwuecli more scriocus in the Tufts sample and clouds the inter-
pretatiou. It is found that the coefficient attaciied to each of the
above variables, when the other variables are removed freon the regres-
sion, is positive. All four varjables seem to weasure prauctically
the sanc thing., (Sec Appendix I1 for further discussiocn of this prob-
lem, along with corrclation tables and regression results using alter-
nate specifications.)

The teacher variable previonsly positive, education level, remains
positive. Salary is highar for starting teachers with MA's than BA's,
as explicitly stated in salavy schedules., There is no evidence that
malc teachers are paid wore. In the onz regression in which the sex
variable is significant, and there only weakly (at the 10 percent
level), the cocfficient iwplies that a female teacher receives approxi-
mately $97 more than a male, 7The terin SPEC has a regative coefficient,
which nicans that those students who graduate from institutions other
than Tufcs receive a lower sajary. Since only 24 of the 207 new
teachers in tha sample wore "special students,” the result is impres-
sive; it strenpthens the belicf that "quality of undergraduate insti-
tution" is important in the adninistrators' preference functions., It
was somcvhat surprising that neither the GPA tevm nor two neasures of
grade point average adjusted for major and progren appeared in any of
the final regressions. Though positive in alrnest all of the regras-
sions, the coefficient attached to GPA was not significantly different
from zcro.

The comarunity charactoristics coefficients were similar to those
previously roasured, except for the positive sign attached to popula-
tion density. It appears that the Tults graduates nust be componsated
to teach in school systeus located in gomewhat more densely populated
touns; i.ce they bhave sore preference for the farther-cut suburts,

Auxiliavy regressions wvore parferred using "teacher quality”
ativibutes included in tho Tafts ssaple bt left ovt of the SH3A and
statowidy saples ce dependral variables and socicoecconemic variables
as indipendend variables.,  1he socicccenciic variables are the same

vari2bles vsed in the estivatica of thie 8§53 and statenide sanples.
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Table 3.12
Quality-Supply Estimates: Tufts Teachers (Entire Sample)

Dependent Variable: Salary

—_— ——

Coefficients (t-statistics in parenthesis)

Independent Variable Coefficient
MASTER 433.728
(8.32)
SPEC -176.808
(2.16)
SEX ) . ~97.7146
1.71)
ASNW 116.735
(6.24)
POPNW ~145,123
(2.33)
MEDINC 0.189535
(8.17)
POPLIN - 0.0386631
: (5.13)
ADPC -493,228
(5.24)
Constant 6060.64
k-Square ) 7096
F(€,195) 60,4881
Nuther of O scovvatine 207
41




Table 3.13
Quality-Supply Estimates: Tufts Teachers
Breakdown by Sex

Dopendent Variable: SALARY

Coefficients ft-statistics in parenthesis)

Independent Female Male
Variable Teachers Teachers
MASTER 442,600 ' 386.250
(7.61) (3.11)
SPEC ~166.065 ce
(1.8¢)
ASNW 103.821 134,953
(5.47) (6.54)
POPNW -142.853 PR
(2.26)
MEDIN 0.2453L8 0.087965%
(6.69) (2.12)
POPDEN 0.0352078 0.0602891
(4.65) (2.19)
ADYC ~345,295 -1194.90
(3.52) (4.28)
Constant 5588.37 6774.31
R-Square .??79 .7273
F(7,150 ' 57.3125
F(6,42) 18.6735
Rucher of Oboevvotions 153 49
43
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Table 3.14

Quality-Supply Estimates: Tufts Teachers

Breakdown by Level

Dependent Varjable: SALARY

Independent
Variable

Coefficicnts (t-statistics in parenthesis)

MASTER

SPEC

ASKW

POPIY

MEDINC

POPLLN

ADYC

CITY

Secondary Elementary
Teachers Teachers
473,290 483,028
(7.42) (6.02)
. .. -230.349
(1.95)
79.0072 122,764
(7.67) (3.79)
o v e e -195,868
(1.89)
0.200095 0.10806%8
(6.91) 2.74)
0.0411611 0.0702413
(4.44) (4.12)
~559.8,7 - 951,967
(4.96) (3.51)
e s 1195.55
(2.47)
Constant = 5562,52 Constant = 6683,40
R2 = ,7040 R2 = ,7219
F(5,124) = 58,9705 F(8,68) = 22.0659
N =130 N =77
59



Table 3.15
Quality-Supply Estimates: Tufts Teachers
Breakdown by Degree

Dependent Variable: SALARY

Cocfficients (t-values in parenthesis)

Independent Variable Tufts BA's Tufts Mi's
MTHSCI -177.533 . . e 2
(1.83)
ASNW 94.9979 114,831
-(5.19) (4.95)
POFNW . -161.173
(1.94)
MEDING 0.212312 0.201672
: (3.51) (7.63)
POPDEN 0.0418214 0.0435713
(3.07) (4.42)
ADIC -710.013 -446,022
(3.37) (3.57)
STRAT# 48.3869 e e oe e
(2.27)
Constant = 4705.70 Couslant = 6318.27
R2 = ,6217 R2 = ,6163
F(6,60) = 21.907% F(5,90) = 28.5153
N = 87 N = 96

*Studont-tcachor vatia. Flouentary studeal-teacher tatio for
school syston vas vsed for these teactiers piaced in elenontary
schools; sccondwry stedent teachiev-ralio for school systen for
those teachicns in secondary schouls.
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The regressions were pevlormed to gathor further evidence concerning
the assumptions made in chapter 2 about the probable biss of the co-
efficionts of the sociceconomic variables. The results are shown in
Table 3.16.

From Table 3.16, it can be scen that GPAl is positively corre-
lated with income, while SPEC, a negative qualiry attribute, is
positively correlated with ADPC aud studeit-teacher ratio, and nega-
tively with population density. Thesc results would imply, for the
Boston SHSA repression, ar upward bias to the income term znd to
population density, and a downward dias in the estimation of tha
cocfficient of welfare payuents, and student- teachor ratio., They are
consistent with enr assuwptions about the prebablc bias of the incomz
and peverty terms. No evidence is supplied on the bias of the non-
white term,

Table 3.16

Auxiliary Regrcssions With Left-Cut Quality Variables
Dependent Variables: GPAL, SPLC

Cocfficients (t-statistice in parcathesis)

Independent Variable GPAl SHEC
INCOME 0.0000103737 e e e
(1.94)

ADPC “ .. 0.0833759
(2.76)

POPIEN e -0.000010943
(1.8

STRAT v 0.0169015
(1.74)

Constant = 0,9230065 Constant = ~0,20783

R2 = .Cl&7 Rz = 0527
F(1,205) = 3.8971¢ F(3,203) ~ 3.76072
N = 207 N = 207

In conciusion, rcaults from 2ll three sar Yes support tha hype-

therie that schiaol systems vith vove nen-vhites wust pay tore fov

the sone quality teacher,  The resulte do net ifaply that teachers

are nwceessarily prejudiced, vhatever that may be dedined to roean.

Nov do the yeaults proclads the pogsibility that there is seore other
sovier cunentye variable, highly correlated with "blachness,” whichd if
entored inte the regeession could olirinate the sign of the nen-vhite
cocflicicnt, Foy exanple, juvenale delingacney data, §{ available,
night provide avn cgeally yood coplimacion of coat Jiitervences, It is
cenceivable that teachevs vy bave to b2 co ponsated to teacdh jun a
school 30 which they bodieve dicciplin prodlens widl be greater, and
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that '"blacknces' is associated in their nmiwls vith a higher criwe rate.
The economic effects on the black cowwunity, if this belief is widely
held, are the same regardless of whether tle belief is accurate. In
eithor case, the costs to blacks, and te whites who live in the same
community with blacks, of an equiv.lent amount of inputs to public
education will be higher thar to residents of ali-white towas.t#

The cost differential estimated is non-trivial, and secems to
amount to between five and ten percentr of total expenditures par

pupil.
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CHAPIER 4
THE DISTRIBUTION OF TFACHERS DY RACE AND INCOME

CLASS IN THE AQSTON METKOPOL.iTAN AREA

In the previous chapter, evidence was shown, in a study of public
school teachers in the Dosten S.M.5.A., that school systems with wore
blacks iwst pay a higher price for a tcacher with the same qualifica-
tions. In this chaptev, the fmplications of that result for the dis-
tribution of cducatienal benefits will be developed.

There are two impovliant questions to be asked:

1) How docs the distribution of tecacher ivnputs affect the
prescent and future welfave of students? The answer to this question
is by rno means clcar, as the rescarch on educational production func-
tions is still preliminary and very rudimontary.l Yet, previously
published results do indicate that variation of levels of teacher
inputs within sma2ll ranges does have a statistically significani effect
on measurces of student poriovwance, such as scores on standardized
achicvement lests.2  The knowledge and siills acquired in school, in
turn, have teen showa to have a c¢lear, positive effect cu a student's
lifetime jucome,

ii) Given the state of our knowledge on the reletionship of
teacher inputs to student cutputs, how are the inputs distributed?
Is there a sigeificant difierence betwern the distributicn of expen-
ditures and the distribution of actual inputs? In other wovds, docs
the von-white discrinination coefficient measared in (hapter 3 cause
an irportant change in tone resulting distrsbulion of fnputs? Do school
systems with more blacks tend Lo reccive, cet. par., less teacher
inputs? 1f sc, hes docs this distribution cowpave with the distribu-
tion of inpats to school districts with wore blacks within the city
of Boston? UWhat ave the interaclions between vace and inzons vari-
ables in deteradining the distribution of inputa? bow ave funds dis-
persed to the bBosvon 8,800, from Pederal ond Stale governnonts
distribted?

Frevieos Studice of Fdueniicasi Prodoctior Fonctions

In the past fe yoars, . awher of invest.za have attemptcd
to ertinate educttioral jrednction fuacifons; f.e. to rolate school
fnpuats to ebjecuive srasares oL student perfeorioamce,  Urunlly, thesc
studics fwvelve estinmating an cqualicn o tha forr

‘3

Yo iy, X, X))
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where:

Y = some measurc of a student's output

X1 = g vector of background chavacteris ics of the student and
his fzwily

= a vecpor of teacher input characteristics

a vector of other school fnput chavacteristics such as btooks

in library, age of schoeol buildings, science lab facilities,

etc.

1

X
xl

The difficulties invelved in this kind of procedure have been detailed
fully clsewhere, % Below, a f¢w brief couments are made on some of the
problems.

1) It is difficult to measure many of the "outputs' which schools
are producing, Scue of the outputs which have been used in studies arve
rcading scores, scores on a natienally administered verbal test, SAT
scorcs, dropout rates and admiszion to college (Lfrowm high school)
and/or to spccialized high schools (from elementary schools). Other

"outputs, such as a scheol's contribution to a student's good citizen-

ship, social ability, and fecling of sclf-csteen; anong olhers, ave
unneasurable,? though they rank among the rmore important products of
schooling. Fven for these outputs which are meosuvrable, some studies
show radically different production functions depending on the output,
with even the signs of the input coefficients changing.6 Therefore,
even if all the outputs could be propevly wmeasurcd, cne would have to
weigh their relative ifmpertance with weights that axe purely avbitravy.

i1i) The fuaction being measured does not really represent a
production function iv the scnse that it gives the waximum oukput
attainakle for a given set of inputs, Tt cannot be assuwed that edu-
cators have enough knewledge to cowbine inputs in the best way, or
that the level of efficiency is che fame in diffevent schools in a
cross~scction.  Tiw cstimnted production functions cea only be consi-
dored a relationship between average levels of irpurs and average
lev2ls of cutputs., 1u a way, this is helpful. Since the educacurs
arc not vaxying the inputs according to a set maximization forwula
(sctting marginal product equal to priced, the simultanscus-egualions
bias which has beert shovm to be present in a single-cquatien cstimate
of a production function can pevhaps be safely ignorved,

fii) Mach of the data vhich Bhas been collected for these studies
§s cithey ipaccurale or too incomplete,  Tn particular, data frowm the
EEQ Survey,B which has been relicd on by wany investigators, is sube
ject to scricus shorlconings,

iv) What an educationa) peoduction function sechs to noasare is
the "value adied” of educaticnal jwnputs to u student's poriorionee,
o the ertent that veasures of a ntudont's Juitial esdoweeuts and out-
of-schrod Jearning during tire tivs of Lis Tife vben Le is subjoct to
the selool dpputs are inacearole, the ontput variable docs pot proper)y
measure what is boivg contitbalicd by the schoe?t,

vy Stuadent attitaden ave cn dvportant inpat in the vreduction
funetion,  Loaving thar cot vl biss other oofiicients,  Yer,

()
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student attitudes cannot be considered cxogenous to the system; they
are obviously affected by past successes or failures on tests. In-
cluding attitude as an exovgcnous variable, leads to simul tancous-
equaticus bias., Recent work by Levin in which the production function
was estimated by two-stage least squares shows a considerable improve-
ment over the results obtained by single-cquation procedures.10

vi) BMuch rwlticollincarity in the data cxists in almost all of
the production function studies, making it difficult to measure the
magnitudes of the scparate effcels of the varicus iunputs,

Despite the above difficulties, and others, work on ecducational
production functions has been usaful., 7Theee brood conclusicns emergoe
from the studies.

1) Within the current vange of variation of scheol inputs,
equality of educational outputs cannot be reachaed by compensatory
education prograws. Most of the variacion in student test scores can
be explained by saciveconewic background variables alene. This does
not imply that thiere docs not exist some hypothetical level of school
inputs which could raise the average perforumance of the ghetto child
to the lavel of the highest school districet in the nation., It only
ameans that such a hypothetical level of inputs lies well ocutside the
range of inputs currently used in any public school system,

i1) ‘Though equalizing school inputs cannot by itself prodace
equality of output, school inputs, espacially those relating to
teacher quality, do have a significent elfect on measured output.
The stucies confirm th> widesproad belicf that teacher quality is
importart,

1ii) Seme evidence seems to supgest that schicols do not select
their teachers efficiently; HPi/Pi = 'IP;/P,, where §,j are teacher
charvacteristics, and MP and P arce the marginal coatvibutions of these
characteristics to student outpats and teacher salary, respcctivoly.l1
Furttier rescarch is desivable on this peint, since more detajled and
conclusive results conld be used to incercase the cificiency of re-
source allocation within the s-heols,

Table 4.1 reviews the explavatery imporlancc of teacher input
varjables in sore of the production function studies. Tha rating
schone used §s outlined in the table. 1The ratings selected are all
based on the subjective judgment of this auvibor., Intcrested readers
should consult the original studies.

ATl the included inapate show sory pocitive essociation with
roasurcs of studenl perfovimee, at Jeart fu eore of the studies,
1t stould bo notel that the Tevel of a teacher's education does not
have any offcct in aay study vhich inclodes data on teachers® verbal
ability, but doos appeac in those chich cucluds varba) ability, T
vertal abiliiy ad the Tevel of vducation of teachors ave peositively
correlated, tescher education Yevet as incivded in the SN\ ana
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statewide samples may serve in part as a proxy for teacher varbal
ability. Therefore, its distribution among communities has some
meauning as an index of benclits received. The same may be supposed
for the variable, percent teachers graduated from out of state,
whicli is shown in chapter 3 to be pesitively related to mean teacher
salary.

The Distribution of Inputs

In this scction, the distribution of teucher inputs in the Boston
Metropolitan Area and in the state of Massachwsctts is exavined,
Three aggrepate measures of teacher input are uscd:

i) Expenditures per pupil (EXPKRST)

Expenditoves per pupil is a standard measure of the quantity of
educational input, To the extent that the hypothesis of this essay
is corrcet, i.c. all schiool systems don't face the sama supply price
for inputsi expenditures per pupil is a poor proxy for tcacher inpui
per pupii.

ii) Adjusted Secondary Teacher Input Per Student (INFUT)

The variable “"INPOT" is calculated as the product of the number
of tecachers per student and the hedonic index for quality per teachoer
for sccomwdary teachers.  Secondary school data was used for the hedounic
index rather than elementary teachers because the teacher characteris-
tics explain a larger fraction of the variation in salary for sccondary
teachers than for clementary teachars,l3 Qualiiy per teacher was cal-
cutatced by adding the constant terir in the quality-supply regression
to a weighted sum of the teecher characteristic variables, where the
weights are thie regression cenfficients of equation (3.1). The re-
gressions used were the sinple, lincar least-squares regression for
the Boston S:SA and the statewide sample, respectively., THPUT is a
good representation of teacher-inputl per student only if a) all velce-
vant teacher vavialles ave included In the censtruction of the teacher
qualily jvdes, and b) a dollar's worth of expenditures on inproving
teacher quality is comsidercd to be cquivalont to a dollar's vorth of
oxpenditores on dncrrasing tcocher quantity.  From assuming that the
systeme kuow which chavacteristics are best, and how to weight their
relative dwporiance, it is only a small step to rely, for the purjose
of this study, on their judgront as to the propor trade-off between
quiiity and quantity.

Norethelees, the results of this section shoudd ba interpreted
with great cantion, Nkeither assvtption a) or b) can be considered to
be appruitiicly correcl., Tt §s clear that there gre fepertant loft-
out variabYes fw the quality index, nnd that school systens do not
necessarily aflocate rvescurvees of Gecicntly. The rateris]l belew only
tells ve the ollowing teforcation:  CGiven that school systoems in
fact fvprte a sob of tedative values to a given bundle of inputs, and
that th tRocesdaetereined bundle is roce expensive to o gretons
than fo cibers. i what waner does the cose difierencs nanifoxg

e
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jtself? Do the systems facing 2 higher price tend to pay more than
the other systems and reccive thoe same bundle, or do they pay the same
and recceive less of the standard input bundle? Im other words, what
is the cffect of the price differcutial on the distribution of inputs?
The tables printed balow are not intended to indicate differences in
the "true" quality of education received by students iv different
towvns., As explained in chapter 3, a measura of the true quality of
education is not provided by the hedonic index, and finding such o
measure is beyond the scope of this paper.

Equation (4.1) gives the foramala for ceonputing the wvariable INPUT.
INPUT = INDEX/SSTRAT, (4.1)

where:
INBEX = -4353.87 4 (809.067) x (S1ED)
+ (19.1230) x (SYMALE) + (726.624) x (STYFS)1
+ (7.35605) X (S160S), for S.M.S.A. sample. {(4.1a)

/2

INDFX = -2103.74
- (203.570) x (STYPS) + (425.,477) x (SLED)
4 (7.11099) x {STMALE)+ (1922.60) x (STYPS)
for statcwide sawple, (h.1b)

1/2

Two sets of regressions ave performed, In the first sce, input
measurce are uscd as the depondent variables, and race, incoma level,
and other socieccononic irdicators thought to affect the distribution
of inputs as the independent vaviables. ‘these regrvessieons indicate
to what extent percent students nen-wbite s a detevwinaut of the
amount of teacher input a school system receives, after all other
determinants of the level of iaput have been accounted for. Vari-
ables used in the first sct of regresstons are listed in Table 4.2,

In the scecond set of regressions, two-variable relationships
between input tweasures and incone a2lona, and betwecnt jupal measures
and rdace alonce ave tested,  Since blachs resided in pocrey communi-
ties, school systeong with high proporcions of black students vay
receive less inputs per student, cven i{ there is no discrinination.
Similatly, the absence of discrinvination os defived in choptor 1 does
not irply that the poorer cormwmities roceive the sane input pex
student.

Each set ol regressicis ave perforuied both for the SMNsSA and the
statewide saorples, using au depemd ol variables 1) both nmeasures of

3
'

agprepate inpul, 1Y cach individod drpat, aod iii) figures on state
ald por cepita end federal aid per capita as the do ndent vaviables.
Tahler 4.3 and A0 show the distribution roejression for the voasures

59
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Table 4.3

bistribution ¢f Inputs
Irpendant variable: EXAPRS

ggggiigiQQEZ"(:-staE?E¥IE§‘En parcnthesis)

Independont Variable SMSA Sample Statewide Sample
MEDINC 0.04479 0.0304051
(8.81) (4.90)
TAXS{D 4.605 4.95970
(5.34) 8.14)
PROFIK . e e . 4.14657
(2.82)
ASNW 12.884 4.11944%
(4.23) (3.32)
cIty -234.553 .
(2.306)
Coutstant = 193,326 Constant = 232.7¢8
k2 = 7469 R% = 7043
F{4,61) = 64,5236 F(4,132) = 78.5057
N = 66 N o= 137

Table 4.4

Distvibution of Inputss
Dependent V- fable:  IRIUT

Coofficicuts {t-ste isticy in parceunthesis)

Indepeundent Vaviable SHMSA Szmple Statewide Sanple
MEDINC 0.0169127 0.00424770
(6.31) (1.30)
FROVTK PP 2,05312
(2.65)
TAXSTD 1.,46875 1.10187
(3.19) (3.43)
ASKW 3.80337 1.33343
(2.37) (2.0%)
CI1Y =66.%414 e
(1.28)
i T Constart = 145,962 Constant = 191,436
RZ = L5594 P2 = 3678
F(4,61) = 19.3679  F(4,132) = 19.202¢
N ot 66 N =137

*
Indepenidiat variables {n Tabla 404 vere chesen to be the
satie usad dn Table 4.3 Jor puryose of cotparisoan,
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of aggragate input. Tables 4.5-4,9 show the distritution for the
individual mcasuves of irput. Tables 4,10 and 4,11 show the pattern
of distrihation of state and federel assistance.,

1t should be pointed cut that the distribution regressions
cannot be interpreted as ecither dumand or supply equatiorns. The
distvibution will be affected both by communit, taste for education
and ability .o pay for cducation (demand), by the cost differences
among coxcunitics (supply), and by the amount of outside financial
assistance. The latter, of course, depends dirvectly on characteris-
tics of the cormunity and on the commupity's ovm tax effort fcr
education,

Varinables enteoring the final cquations werce selected by stepwisc

regression, eoxcept in the equation for the index of input per student.

n that ecquation, for purposes cf cenparison ¢ sane independent
In that ecquation, for purposes cf arison, the sa dependent
varialtles were ured as in the equation explaining the distribution
of expenditures,

Table 4.12 gives the corrclation matrix of all the indepandent
variables tested for both sauples,

Some of the major implications of ihe distribution regressions

are the folloving:

1) School systems with more non-white students apprar to
receive wove inputs than other systems, after taking invo account
the effcets of all other sionificant variables, vhethor yo vse
agprepate oxponditures or teachevs vror student, adjusted by the
hedonic quality index, a5 a measure of input., Do these systams
recejve their money's worth from expendituves on education? Cna in-
dication that they dor't is the results of tue quality-supply vegres-
sions In chapter 35 i.e. the positive sign attached to thie uen-white
coxfficient. For further cvidonce, compave the cacflicients attached
te ASIW in Tables 4.3 and 4.4. 3t can be scen by computiug the per-
centage change of EXPRST end IRPUT, with respecl to a unit peveentage
change fn ASSM, using as the denowinatoc the moan values of EXPRST
and INPUT, respectively, that changes in the percent of students non-
white have a bigaer effect on expenditures than on th2 index of real
input reccived., FYer the S84 sample, a 1 percent increase in ASKW
raiscs EXIDST by 1.9 percent, and ILNPUF by 0.7 percent. For the
statewide sanple, a 1 percent fncrease in ASHW Is associated with a
0.6 percent increasc in FAIRST and in 0.4 percont increase in INFUL.
Apparently, the additional expenditures of schoo) systoms vith mere
non-vhites docs not resvlt in an cqual addition to the voazvre of
tcacher fnpat.

The positive sign attached to the coufffcicnt of ASwY in Table
4.6 doos pot necessar iy irply thei blecl stederts receive a higher
qualily of education thwm uhit:s ie sivilar cemonic circemstances,
"Left-out'" measures of teadey qoolity ray be distributod dispropor-
tionately in faves of white schonl eystems, Macks wit™in 2 Jarge
eysler pwy yveedve Jess fnputs than vhijtes pithin the s1ee oysten, ov
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Tuole 4.5
Distributicn of Inputs
Deperdent Variable: STED

gcocfficients (t-statistics in parenthesis)

Independeont Variable SMSA Sznple Statewide Sample

MEDINC 0.000141959 0.000201 560
Gan (9.51)

TAXCAT 0.0000527497 e
(2.3%)

POPDEN 0.0000345154 0.0000337000

(4.52) (4.50)
Constant = §.44121 Constant = 8.34782
R = .5167 R = .4445
F(3,062) 22.0%05 F(2,134) = 53,6128
N = 66 N = 137

"
1

Table 4.6
bistribution of Iiputs

Doperdent Variable:  STYPS

Locfficicnts (t-statistics in parenthesic)
Judepondent Vaviable SMRA Sawple Stateuide Sample

STDIOY - 175%¢4 -.125718
(5.84) (7.22)
PROFTK 0.147446 0.1424641

3.39) (3.65)

POPDEN 0.00014%4306 0.000224.820
(2.0%) (3.%4)
ASNYW Y 0.186339
(3.13)

BOSTON e -6.61599
(2.6
SMSA e e <0.664616

(1.80)
"“"'dﬁéflﬁgﬁffliiﬁi Constant = 10,1309
RZ = L6400 K2 = ,5281
F(3,62) = 38.150% F(6,130) » 26,2474
No= €6 No= 137

(Y
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Table 4.7

bistribution of Inputs
[hpgudant Variablc: STHALE

wo,fflcxﬂnl‘ (t-statistics in partqthcszs)
Indepondent VxLxxplg“ _SNMSA Sample Statewide Sarple

MEDINC Ton, 0020103? -0 00217833
(3.38) (3.71)
CITY e e e -4.16041
(1.85)
SHSA o 4 . -3,73209
(2.50)
Conslant = 02.L418 ConsLanE = 68,7668
R = ,1512 = .2199
F(1,64) = 11,3984 F(3,133) = 12.4952
N = 66 N = 137

Table 4.8

bistribution of Iaputs
Iepondent Variatle:  S1C08

COL[[}(lknlg ft-statistics in pulcn(hbﬂlh)

Independent Varisble SMSA Sample . Statewide Sample
TAXCAP . e e e 0.81C895
1.90)
PROVIK 1.02345 0.802350
(%4.80) (:.20)
ADPC ~4,928500 o s
(z.51)
SMSA : -7.9331%
4.10)
Constant = 13,3063 TConstant = 15,8679
R* = ,4815 R? = L2467
F(2,63) = 29.2553 ¥(3,133) - 14.5184
N = (6 w = 137
Table 4.9
Distribation of Inputs
Depondent Variable:  STSAAT
Coc fl(lont‘ (t ~statistics in pat(nthosxsf> ot
Independent lel l-lo»_~ o SHSA Sample o Statoride quﬂ&u_
PROT 1K 0.000567252 0.0003978G8
6.84) (5.88)
rpig P = 0.06000060340779
(3.33)
Constinl < £,03459047 Constant + Q,0391858
RZ = L4230 RZ £, 2604
F(1,6%) = 46,9128 F(2,13%) = 23,5898
o= 66 N o= 137
65
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Table 4,10
Distributlion of Inputs

Iependent Variable: STAID

Coclficients (t-statistics In paranthesis)

Indepandent Variable

MEDINC

SM3A Sanmple

0.004408

(2.40)

TAXSTD -2.3238

(7.83)

s1brol

Statewide 3Sample

0.00301230

(2.03)
-2.29615

{£.98)
~-0,556512

(3.13)

ASNY 1.47136 e e

(2.51)

Constant = 110,887 Constant = 142,8%5
R2 = ,5042 k2 = ,3900

F(3,62) = 21.0169 F(3,133) = 28.3152
N = 66 N o= 137

Table 4,11
Distribution of Inputs
Dependent Variable: 1EDALD

Cocfriciernts (t-gtetistics in parenthesis)

Indepondent Variable

TARCAP

TAXSTD

STHIOP

ASKW

cITY

SNSA Sample Statevide fample
-12.0893
{6.506)
3.90467
(7.20)
285.250
(9.36)
2.30126
(4.58)
21.803]1
(3.14)

1,8883
(4.92)

RIC

26.9905 Constant =
R - L2742 R?
FQ,640) = 24 1808 F(5,131)

YN =% N =

~78.3547
.547]
31.6541
137

Conclant =

"

1
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even within the same school. 0Our evidence, however, gives no indica-
tion that blacks rcceive less of the observed input bundla than whites
living in communities with similar characteristics.

Leoking at the specific irputs, the only individual inpat for
which therc is any evidence of distributien in faver of blacks is
teacher exverience. There is no evidence that commnities with more
non-white students have tcachers of a higher education level or a
smallor student~teacher ratio.

2) The ceeffizicnts attached to the wedian income aud tax base
terms appcar as pesitive in practically all tha regressious. Of the
two measures of taxable capacity, vatue of property per student per-
forms batter in the regressions than valuc of property per capita.

In an cavlier version of this paper, most input wmeasures declined as
the poreentage of the population of student age increased. The effect
of the vatin of public school students to the total population, inter-
preted previously as a financial constraint vaviable, wes climinated
in nost cascs when the variable TAXS1D was uscd &s a measure of a
corngenity's capacity te pay for schools; in place of TAXCAP.

3) PROYTK and PGPDEN arc both inportant variables affecting the
distribution of inputs. In most cases, cownunities with greatey popu-
lation density and with a higher fraction of the poprlation employed
classified ac professional, technical, and kindred, receive more
teacher inputs in public schecls. Tt sceme rcasonable to consider
PROFIK and POPDEN as taste variables affecting demand, since neither
onn appears as significant in the qui_ity-supply regreesions. Towns
with wore professionally cducated poeple in jerticular, secem Lo
prefer smaller class sizes and more teachers with degrees from outside
Massachusctts, The Jatter is the only variable, aside frowm STMALE.
vhich is positively relcted to mean teacher szlary end is not ax-
plicitly included in the salary schedules.  The distribetion of the
varigble STMALE fs the onc least wel) explained by comnunity chara:-
teristics. 1t appears that low incowe communities receive more nale
teachers.

4) DBoth Stale and Federal Aid paywents are preater to schonl
systens with rmore non-vhites, sfter adjusting for the iniluence of
other variables. The preuium paid to cowmunities with non-white
students by the Federal government is greater than that paid by the
state governuant,  Two components of the sign of the non-white cocffi-
cient in the FEDALD regression are i) programs afred specifically at
fnner-city schoels, and i) the MEJCO progran, in which sowe of the
suburban schoel syslems porticiyate. Tuition and busing costs for
students in the MEICO progrom are financed by the U, S. 0ffice of
Education and Lhie Carnegia Corporation. METCO exisls spocifically
for non-vhite inner-eity resjdents; viite 3oston parents were refused
petiaission by NEICO of Ficfals to send their ¢hildren to suburban
public sch- 15,10

It is difficult te cxnlain tha coofficiont of SPWD in the

FEDATD copressions  One conlributing factov 35 tha Luaing prograsm,
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which raisos STDIOP end FEDAID in the receiving communities, but thare
may be cother czplanations.

Theve is ns evidence that FEDALD is distributed in favor of low-
itcome comuunitics per se.

The distribution of STAID is detcrmined, with sone zadjustments,
qualificatio.s and limitations, by the for.mlal’:
CE (1-.65 TAXSTE (local)

5= TAXS1D(average for state) (4.2)

§ = statc aid
FE = the town's rejmbursable exponditurcs

Teachers' salaries are included emcng reivturssble exponditures.

Equation (4.2), the stated polivcy of Massacliusetts, explaius the
negative sign of the TAXSTD sign in Table 4.10, After adjusting for
financial abiliLy, morc state aid goes to those towns with higher median
income, perlaps because the expenditures of a town relative to its
tax base rise as its income riscs, Perhaps greater effort is also the
explanation for the positive cocfliciont attached to the non-white
term in the SHSA regrossion.

Both the U, 8. Government and the state of Massachucetts, in the
direction if not the intent of their aid prograws, act lo cospensate
the ron-vhite cormmitics for the disadvantage of facing a higher
supply price for cducational iaputs. Given the incompletencss of our
quality measures, thc author boelicvves it would be pointless to attempt
to cstimate whether or not the aid programs fully cowpensate the black
coruminity for the losses suffered from market discrimination.

In studying the Aistribution of inputs, it is worth kuowing, not
only vhether non-vhite and Jov-iuceme comaunitics receive less inputs
than one would predict from other communjty characteristics, but
whether they actwally, in a gioss sonse, receive less inputs. Table
4.13 shous the sinmple correlatfon of the inpul weasures with income
and percent students non-white for both the Boston SMSA and the state-
wide sanples.

The results show that tha non-white varfable §s not positively
correlated wath ary of the aggregate mreasures of fuputs at a level
sfgnificantly different from zero. 1t fs positively correlated with
two inputs: school systams with more non-whites tend ta have a nore
expetienced teaching staff, and tend to vecelve wore federal aid per
student. the agpgregate measures of Jnpui, and all of the individual
fuput ccuponents exeepl teacher eapericoce and pevcenl teachers male,
arce positively corcelated with the cown's woedien inceme, while fcderal
aid scows to be te somo oxtent redisteibative, From Table 4 V1 and
frem the negetive sigple correlation betwveen percent students non-
shite and medfan income listed in T.bie 4,12, $t can be seen that
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Table 4.13

Siople Corrclations Betwoea Input Measures,
tacial Compesitiou, and Community Imcome

SMSA Sample Statevide Sample
Input Measure MEDINC ASNKY MUDINC ASNW
EXPRST .20 6T .11
INPUT .13 22k 22%%
STED .0¢ OO .08
STYPS . 325k -,01 L26%%
STMALE -.39%% .11 - b1nk W11
STGOS 56%% -.20 2Bk -.10
STSRAT LS55 .03 YEL .03
STAID -,02 W17 ~.09 .01
FEDATDR -.15 W52 - 175 A2

sk
Statistically significant at 5 percenl level

Federal Aid is redistributive only towards those low income coinpuni-
ties with substantial rwmbers of blacks in the public schools.

Little evidence is available on the distribution of inputs
within a schoonl systea. Katzman's study of the distribution of
educational inputs among clemeontary schools vithin the city of Foston
concludas that tlhie distribution slightly favors white and upper- income
school districts. He attributes these fnequitics to teacher choice
(ziven scniority rights, cte.) within the context of a single-salary
schedule rather than to the conspiracy theory that the administra-
tors' decisfons deliberately favor rich whites. 18 1t appears fron
a rough comparison of our vesults with Katzman's that blacks fare
better in the between system distribulion of inputs than in the dis-
tribution within the central city.

In conclusion, wno evidence has been found that school systews
with nore non-yhites receive less teacher faputs per student than
other systems. It has been shown, though, that the systems with
wore non-whites nust spend more to vecelve the same measure of input.
Income and taex base per student of a conmwunity ave the nost fwportant
determinants ol the awount of tecacher input a towrn receives, as wel)
as tha level of expruditures. Federal and state ald is rore re-dis-
tributive to school systers with rony blacks than to lew income
comiunities in general, especially federal eid.
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CHAETER 5

CONCLUSIONS AND POSSIBLE TMILICATCNS

In this essay, mwechanisms by which discel dration in the alloca-
tion of educational resourcns can occur hava boen discussed. Defining
discrimiration to occur when a reallocation of rescurces te black and
low-inceme comnunities would Improve ecoromic ~f{ficiency, it has bean
shown that discrimination cor occur withdn a sciwel system through
administretive misallocation and betwecy schocl sustens 1L cuppliers
of educatioral services most be given extra coupansacion to work in
black or low-incowme communities. 7The latter wodel, which resumbles
Becker's theory of disceimination,! was tested using data on public
school teachers in Massachusctts., It was found that substantizl ecvie-
dence exists to confirm the hypothesis that s.hool systeuws with a
1 rge percentage of non-white students face a highev supply price for
an equivalently qualified teacher. No evidence was found to confirnm
the bypothesis that communities with a large incidence of poverty
and high welfare payronts under the aid to families with dapendent
chrildren progran nwust pay a higher priece for teechers, whoen the effects
of rare differences are held censtant.,  Since thwe cstiwaticoa proceduxe
tends to impart a downward bias to the coefficienls of both poverty
and race, it is not cortain that incidence of poverty has no effect
on the supply price,

The finding of a discrinination ccefficient deas not inplyv that
racial prejudice arnng public schoc! teachers 33 wide pyraad. The
compenseting differential may exist bzcause parcent students non-wvhite
is correlated with undesirabic connunity claracteristics, such as
incidence of crime, for which we have been unable to obtein data, or
becausc public scheol teachers crroacously believe there ir such a
correlation, From the cconmude vicwpoint of tho black conxenity, the
cffeet of the findings of a higher supply price §s the sane, regard-
less of the vnderlying cause. 1t is also possible that the racial
cocfficient is really a "central-city” cocfficient, although the
inconclusive evidonce available appears to support the "racial" inter-
pretation.

The finding that somz school systems need to pay a high»r price
for teuchors of given charactevistics is only important insofar as
thosc characteristics themselves have scohie fieaning as a ticasure of the
quality of cducation received by students. Previcus work on educa-
tionza] preduction functions provides indications that the invput measures
usced dn this study arce indece of son2 froortance, 2lthough nany oihar
frportant inputs ave Ioft-~crt.
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School systews with more non-white students do not rcoceive less
of the measurcd inputs then other systems, and receir 2 more, if income,
population density and tax base are heid comstant. It appears that
inequality of inputs by race is greater within the city of Doston than
between towns and cities in the Metropolitan Area. However, relative
expenditures par studert, for communities with more noun-whites, is
even greater than relative input tor student, The latter finding
further conf.rms the hypothesis that schocl systems wich more blacks
must spend more to receive the same educational inputs.

Since many important inputs are left-out, and since we arc only
obscrving average values fov entive school systems, the above findiugs
on the distributicn of ivputs dJdo not imply that black students receive
rore cducational inputs than whites.

State and Federal Aid are much more 1edistributive by race than
by income. In particular, Federal assistance is more redistributive
by race than state aid, and i: not at al) redistcihutive in fzror of
low incoeire communities, when the racial variable is held constant.
The pattern of outcide assistance, vspecially Pederal, can be justi-
fied as componsation to blacks, and to whites living in towns with
la.ge numbers of blacks, for the additional costs fmposed on them by
oiscrimination in he market for cducational services. It {: not
suggested here either that the magnitude of compensation is coivect,
or that Federal policies have been fovmulated with this kind of cowm-
pensation in mind.

Much further research is necessary to validate the tentative
findings supgested by this paper. A thuorouph survey of teachers in
Boston, or arother wetropolitan avea, which gave mere complete infor-
matior on teacher attributes, studenc characteristics, and personel
factors influcacing a teacher's location decisions would make the
estimated regression cocificients, using the same rodel, such more
meaningful. 1t would also be useful to perform the study fIn a motre-
politan arca which §) contains wove blacks as a percent of the total
population, and if) a Jarger fraction of blacks ontside th2 central
city.

It is bhazardous to venture to make policy suggestions from a
studv as tentative as this cne. Tue author only wishes to point out
two possible inplications: 1) that school systems undertaking
decenlralization plaus, which may be desirable on other grounds,
take into account the increascd supply price vhich may Lo fzced by
all-black syslems, and 2) that federsl, state, end Jocal governrients,
in fericlating ajd policios, be cognizont of the possibility that
school systers vitn rore non-whiter ray find it cosis poie to provide
the same quatity of educaticnal input,
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31, In a net sense, including the nen-pecuntary "gain" from dis-
crinination, whites of course nusl gain. The questiown is whether
the teachers' loss in monctary incom> exceeds the students' gains
fn quality of educ:tion,

Chapter 2

tien te fﬁ:fbﬁ_lﬁ&?:: (In lL\OUd r‘lef s, KaJ., Prentic"-ﬂ1ll, 1862).

2. Edmed 8, Thelps, "1he Nevw Micitoeconnaics S Eiployi ant and
Inflatien theery” in thelyps et al., pilorcecenceic Youndations of

Eroplevieent and Inflatics :Icvrv T(tew Tork. AL V. Kotten & Co., 1970).
O
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3. Hedonic indexes have also been used in studies of the market for
automobiles and housiag. Sce Zvi Griliches, "Hedonic Price
Indexes for Autcmobiles: An Econemetric Analysis of Quality Change,"
in Arncld Zellner, ed., Readings in Economic Statistics and
Econometrics (Bostou, Little, Brown & Cu., 1968) and Jerone
Rothenberg, A Dynamic Model of the Mcetropolitan Area Housing
Market! (unpublished).

4. 1hc most important results of thosc studies are reviewed in
chapter 4,

5, If therc is cfficicnt allocation of resources internally, thea
MP; /P; = MP3/Py, wbere MP; = the marginal contribution te a
student's tést score of the ith teacher characteristic, and Py =
the partial contribution to teacher's salary of the ith cherac-
teristic. It has becen shown that MP/P is much greater for
teacher verbal score than for teacher experience. See Henry
Levin, "A Cost-Effcctiveness Analysis of Teacher Selection,’
Journal of Huwarn Kesources, Winter 1976

6. Data on tcacher salaries and teacher characteristics in bFassa-
chusetts, for individval school systems, was supplied to the
author by the Massachusetts State Depariment of Education Rescarch
Ceuter.

7. Sec J. Johnson, fcounonictric Metheds (New York, McGraw-1ill,
1965).

8. Tor a full discussion of the probliem of uis-specification re-
sulting from left-out variables and derivation of the relevant
formulas, sec Zvi Griliches, "Specification Bias in Estimates
of Production Functions,'" Journal of Farin Eceiomics, February
1957.

9. The Asscciation for School College and University Staffing
publishcd an annval booklet on icaching opportunities, in which
some school systems advevtise. The only schosl systenms in the
Boston ifetropalitan Area to advertise in this source weore Newtos
and Wayland, both upper-incore suburbs. The above says nothing
about pessible conmunication throvgh ather nedia or coutacts.
Sec Teaching Opportunitics For Yeu (Hershey, Pa., ASCUS Communi-

cation and Scrvices Conter Ing., 1969).

10. Henry Levin, Recruiting fdecachers For Llarpe Cily Schools

(brookings miten, 1968, to ba publishaed by Charles E. Nerrill).

11. Sce J. Jdobuston, op. cit., pp. 207-211, for a discussion of the
problen of hoteroscedasticity,

12, A justification for the assuiption that verfance is proporticpal
to 1/N is presented ia Appundix 1.
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13.

14,
15,
16.

17.

18,

19.

ERIC

Aruitoxt provided by Eic:

Monographs, published annually. Much of the included data is
from the #.8. Census.

Massachusatts Department of Welfare, Aid to Families With
Dependent Childrern in Massachusetts, 1968.

Boston Jafe Deposit Cowpany, Financia. Statistics of
Massachusetts, 1968,

Inta for the Corazzini survey was supplied by the Massachusetts
Council on Higher Education.

for example, Boston ir not the most densely populated town
in the SMSA, trailing both Cambridge and Somerville. See Town

Monographs.

Means and variances of variables used in the study are showa in
Appendix I,

The initials METCQ stand for Metropolitan Council for Educa-
tional Opportunity. Fer a history of tha METCO program, see
Peter Schrag, Village School Downtown (Boston, Beacon Preoss,
1967).

Chapter 3

Because of the possibility of specification bias, a3 smaller cri-
tical t-value was uscd than is cusatorary. to nininize the proba-
bility of rcjecting a vuriable vhose coefficient is blased down-
ward., This increcases the possibility of accepting a false
hypothesis., It can be scen from the results that the t-statistie
cxceeds 2 in almost all cases in vhich a variable is included.

In 1968-69 total expenditures for public education were
$949,333,000 of which $575.483,000 were listed under instruction
cosis. Sece Division of Rescarch and Development, Massachusetts
Department of Educaticn, Facts About Educatfcn in Massachuscttz
(Burcat of hublic Informsztion, Mass, Department of Educatjen,
publication No. 272).

A poverty “discrinination coefficient" would be defined to mean

that 1 dncome fudividvals would bave to pay a higher price for
the same quality service than thosc of middic and upper fncomes.
In Tables 3.2 and 3.6, the cocf{icient of TOV1Y is positive only
because of the fuclusion of the term (10V1Y)2, whick has a nepa-
tive confficient., When either POVIY w (JOVTY)Z alone is used,

the cocfficient s negative.

See Appendix 17,
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10.

11,

12.

ERIC

Aruitoxt provided by Eic:

This point has been suggested to me by Arthuxr J. Corazzini,
Leila Sussman, and Burleigh Wellington, diractor of Tufts
teacher placcment service.

Data on SAT scores of cntering college freshman were supplied
to Dr. Arthur Corazzini l'v the Massachusetts Council on Higher
Educaticn,

Mean highest leovel of educational attainment on the Massachusectts
Departmant of Education rating code is 9.71 for all secondary
teachiers in Massachusetts, 9.29 for elem:ntary teachers. "9 is
a bachelor's degree; "10" is a bachelor's degree plus 30 honrs

or more; '"11" a master's degree.

Henry Levin, Recruiting Teachers for Large City Schools
(Eroockings mimeo, 1968).

The $700 to $1900 figure was derived using the same reasoning
as that explained for the irnterpretation of the coofficient of
$1G0S3, above.

the premium paid to a female was found statistically significant
at the 10 percent level in only oue of five possible regressions,
and in that regression was estimated to be $97.

PYossible rcasons for this are discusscd in Appondix I,

Fear of crime, whether or not justified by the facts, appcars
to cxplain other forims of market discrimivatiou, elso. A vecent
article in a local paper documents the faect that taxi drivers
refuse te pick up dlacks and refuse to drive to the black sections
of Boston through Interviews with the drivers themselves., Most
say that the prospective fare deesn't compensate for the fear of
attack. Sce Paul Solman, "Why Cabbies Won't Pick Up Rlacks,"
Boston After Dark, Noverber 10, 1970.

Fromt the standpoint of the Dlack wiching to use a cab, the
question of whether or not the drivers' beliefs are “incorrect"
{s {rrelevant. The market consequence §s the same.

Chapter 4

For a good review of the state of rescarch as of the summer of
1968, sec Sarnuc]l Powles, "Tewards An Educatioral FProduction
Function," (National Burcau of Economic Research, mirnco, 1968),

Sce 1bid. Also, see Samuel Bovles and Henvy Levia, "liore On
Miltico.l{ncarity and the Effectivencss of Scheols," Jouwrnal of
Human Resources, Suwrcr 1963; aiso, "The pDeterminants of Scholas-
tic Achleveneat - An Appraisal of Sorme Kecent Evidence,™ Jonrnal
of liuman Resources, Winter 1968, Jesse Buikkead, Thomas Fox,

and John W, Volland, Ippul and Oulpel §n large City Schools
(Syracuse Undversity Press, 1907); Javes S. Colewan ot al.,
Equality of Educational Oyvertunity (Yzshingten. D.Co, Ul S.
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10.

11,

15,

16,

Govermrznt Printing 0ffice, 1966); Eric Hanushel, "The Educaticn

of Negroes and Whites,'" unpublished doctoral disscrtation,
Massachusetts Institute of Technology; John F. Kain and Evic
Hanushek, On the Value of Equality of Educational Opportunity As

A Guide to Public Policy, Program on Reglounal and Urbaa Hconomics,
Discussion Paper No. 36, Harvard University, May 12¢8: Martin T.
Katzman, "Production and Distribution In a Big City School System,"
Yale Ecouomic Essays, Spring 1968; Herbert J. Kiesling, "Measuving

a Loczl Goverument Service: A Study of School Districts in New
York State," Review of Economics and Stafistics, August 1967.

See W. L. dansen, B. A. Welsbrod, and W. J. Scanlon, "Schooling
and Eaxnings of Low Achievers,'" American Economic Review, June
1970.

Samucl Bowles, op. cit.

In some cases, such inputs have been measured, Bowles uses a
measure of a student's coutvol over his environment. See 1bid.

Sec Katzman, op. cit.

For a discussion of simultancous-cqnations bias in estiratiog
production functions, sce Zvi Griliches, "Specification Bias in
Estimates of Production Functinns,'" Journal of Farm Economics,
1957.

James S. Coleman et al., op. cit. Bowles, Levin and Hanushek
have used EEQ data in their studies.

For eriijciswcs of the EEO Survey, sece Bowles aad Levin, op. cit.,
and Hanushek avd Kain op. cit.

Henry Levin, '"A New Model of Schoul Effecliveness,” unpublished,
1970.

Henry Levin, "A Cost-Effecctiveness Analysis of Teacher Analysis
of Teaclier Selection,' Journal of Human Resources, Winter 1970

Martin T. Katzman, op. cit.

Sce chapter 3.

This docs not imply that school systems with more uon-whites
actually reccive core inputs than other systems, since peveent
students non-whitc is nepatively correlated with the median
fncome of the town.

Scc Tables 4,8 and 4,9, TOFDEN wouvld be a "taste" veriable if
poople who choose to resid2 In more densely populated coamuni-
tics also place a higher value on public cducatien.

Yeter Schrag, Village Scheol Divulown (Boston, Reacen Press,
1967).

£0
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17.

18.

19.

20.

The schocl aid formula, including the basic fermula of equation
(4.2) along with limitations, was supplied to the author by the
Massachusetts State Departwent of Education Rescarch Center.

Martin T. Katzmarn, op. cit.

Katzman's inputs includc measvres of .lass sirze, percent teachers
perwanent, percent teaclers with M.A. degree, and teacher expari-
ence. Thus, his input measures are similar to the ones used in
this e¢ssay, both in terms of what is included, and in terms of the
exclusion of variables such as tcacher verbal score and quality of
institution from which the teacher received a degrec.

This statement is not equivalent to saying that individual black
students rcceive the same teacher input as individuaal whites.

Ghapter 3

Gary S. Becker, The Economics of Discrimination (Chicago, Uni-
versity of Ch:cago Press, 1957).

Appendix T

In writing this section I have relied heavily on Zvi Griliches'
unpublished lecture notes. For other sources on weighted re-
gressions see J. Johustoun, Econometric Methods (New York, McGrew-
Hill 1965), and N. R. Draper T and H. Smlth, Applied Regression

Analysis (New York, John Wiley & Sons, 19566).

Appendix I1

Yor a discussion of variable sclection procedures, sce N. R.
Draper and H., Smith, op. cit.
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APPLNDIX 1

A. Hetecroscedasticity and Weighted Rggrossionsl

In ordinary nultiple regressions, the estimator b = (X'X)-IX'Y
is best linear unbiased under the assumptions that 1) the distuvb-
ance terms arc uncorrelated with the independznt: variables (Xp=0),
and 2) the disturbances are of constant variaince for all obsecrva-
tions and are uncorrelated with each other {piui= 0, itj, Bipg=e
for i=j). Tre latter statement is equivalent to saying that the
variance-covariance matrix oi the residuals cau be written:

vV = 521, wliere I is the identity matrix.

If in fact Vv = 621, the estimator b, though still unbiased is
no longer efficient, and the estimate of the variance-covariance
matrix of the cocfficients is biascd. A best lincar-unbiased esti-
mator would then be given by the generalized least-squares estimatoer:

e = vl Tayly

vhere V is the variance~covarianca mot ix of the residwals. 1t is
possible to use a simple least synuares regression program tg estimate
b%, by transforming the original least-.-square wodel, Y = XB + n,

inte oae for which the standard least-squares -~ssuaptien about the
variarce-covariance nat+v*y hoslds again. 8ince V is positive-
definite matrix, there c¢-ists a matriz H such that

IVI' = 1 and N = v,

Then, by transforming the original wodel ty prewmultiplying all
variables by H, we have

HY = {IXB + Hu

Ordinary jcast-squarcs estimates of the above equation will be
the same as geoneralized least~squares estimates of the equation
Y = XBb + p.

In cross-section cconometric analysis, it is generally reasonable
to assume that the covarfance of the residuals are zero, but often it
is belicev:d that the variance of p is not the sare for cach cbserva-
tion. Since ve carnot ir fact observe the "true' variesuce-covariance
matrinx, it §s neccesary to make veasonable assuviiptions about it.

Undew certain circumstances it s belfeved that hetevoscedasticity,
the condition wher~ the variance of th: disturtence term s a furction
of the natuve of the obsorvatienn §, i likely to exfst.
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One such civcumstance is the case where all observations are
group mcans, the group are of unequal size, and individual observa-
tions are not available., This case is a description of what in fact
occurs in estimating equation 2.1. The school systems are of varying
size and the observations on teacher characteristics arc mean observa-
tions for the entire system., If we assvme that the variance of the
residual for cach individual teacher would be the same, (and equal to
¢2), and that the w*thxn group varxances are the same, then the
variance of the group mean is equal to o 2/n, where u is the size of
the group. (For sizn, the variable used was population of the town).

In this case, the matrix V is equal to:

g 1/N1 0 0 0

) g l/N2 e
ves & .
0

0 ... l/N,l,

and it can be casily shown that H is equal to:

.
FNl ... 0

0 N, ...0

"H = . .
| 0 N

Thus, assuring that the source of hctcroscedasticity is the
differcence between the variance of the error tern for observations
of group means resulting from differences in the size of the group
for which the observation was couputed, weighting each observation
by the square root of the size of the group, and applying ordinary
least squares to the transformed observations, will yield best-linear
unbiasced estimators.

The problem with using the above veighting scheme in estimation
of the quelity-supply function for teachers in the Foston SM3A is
that it is not clear that it is reasonable to assum2 that the within-
system variences are the same for all systems. 1In particular, the
city of Boston is much less uniforwm internally than many of the
suburbs, For this reason, it is not entirvely clear that the standard
weighting scheme used above vill yield mor: efficient estinators
than ordinary least squarces applied to the individual observations.
A sinple test for heteroscedasticity perforred in an earlier version
of this papexr showed no evidence that the sfze of the residual, com-
puted using ovdinary least squorcs, was corrclated in efther dirce-
tion with thz size of the observationm.
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B. Expanded Description of The Sample

In the next few pages, an exXpanded description of the samples of
data used in estimating the quality-supply function for teachers in
the state of Massachusctts is presented.

Tables Al.l and Al.2 list means, variancez, and coefficients of
variation four all variables used in the Buston S.M.S.A. sample and
the statewide sample.

Some points regarding construction of ti variables, and how some
of the special data problers were handled are worth mentioning,

i) Much of the available data, as can be seen from Tables 2,1
and 2.2, are for different years., Thus, we are regressing mean
teacher salary in 1968-69 on teacher and strudent characteristic
variables for 1968-69 and population characteristics, some which
refer to the year 1960, Since census data is not collected annually,
and alternative sources were not available for much valuable informa-
tion, therc is little that can be done about the problem. If the
characteristics of the various towns and cities did not change much,
relative to each other, then there is no problenm in vsing data from
different years. Some evidence that the relative change wasn't
great is that a) the median income and percent of employed profes-
sional, technical and kindred variables both had very high t-values
in many of the regressions despite the fact that they were being
correlated with 1968-59% variables, and b) the two non-white vari-
ables, though collected for diffecrent ycars, nine years apart, were
still alwost perfectly correlated with each other., The variable
POPGRO, a mrasure of the rate of population expansion of a town
between 1930 and 1965, was still used as a check on the possible effect
of different relative rates of growth, The coefficient of POPGRO was
significant only in one set of regressions.

ii) 1The towns chosen to be included in tlie final sawple were all
towns with :eparate secondary sclicol systema. 7Those towns in the
state vhich share ia regional secondary systems were eliminated from
the sawple, because of the difficulty in knowing which data to use
for the corresponding census varjables. There are 180 such tewns in
the state, 66 in the boston S,M.S.A. Only 13/ tosns were uscd in the
statevide sample.  The reason for the elimination of the extra 43 was
the Inconpleteness ef the data in many of the individual town mono-
graphs. If the monograph did not include data on the racial charac-
teristics and job characteristics of che population, the town was
eliminated fron tne sample.

For the iwncluded towns, sore of the cbservations for Lthe variables
STMALE, SSTRAT, ADYPC, ETMALE, EICERT, IRITAL, SSVSAT, and SSMSAT were
nissing, It was docidad te vae estimates of those observations, since
discarding the cntire observation vould have resulted in the loss of
much infoviration. The estimates were calculated as follows: 1) The

ERIC i
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Table Al.l

Means, Variances and Coeflicient of Variation
Variables in Boston 8.M.S.A. Sample

Variable Coefficient of
RELE Mean Variance Variation
STSAL 7935.35 447464.0 0.084
ST(PS 8.60197 7.329% 0.315
STED 2.99582 0.114741 0.34
STMALE 49.0279 32.91388 0.148
STGOS 28.3923 106.911 0.364
ETSAL 7626.94 306371 0.073
ETYPS 9.60257 7.22649 0.280
ETED 9.55257 0.168005 0.044
ETMALE 12.2433 32.2084 0.464
ETGOS 24.482% 141,113 0.485210
ETCERT 88.1126 164.519 0.146
ASNW 1.87667 16,3480 2.187
FROFTK 16.9697 26,054 0.306
ADFC 0.6457727 0,109 1.215
POPFOR 36.4913 59.0995 0.211
1R1ITAL 10.77¢8 31.4943 0.521
MEDINC 7422.03 1353.80 0.182
VALFRP 6846.11 35583360 0.276
POPDEN 4077.80 20353500.0 1.10635
CITY 0.0151515 0.0151515 8.124
POPRW - 0.660454 1.85223 2,061
POIGRC 247.508 27675.0 0 672
SSTRAT 22,8485 5.532 0.103
ESTRAT 25.90060 4.02613 0.077
POVTY 8.41060 3.41616 0.406173
RUSS 2.21364 16.2080 1.81869
pISCS 12.3333 35,6504 0.486
51sS 1143.35 197113 0.388
SHVSAT 674,864 533,413 0.048
SSHSAT 507.818& 726,582 0.053

85




Table Al.2

Means, Variance and Coefficients of Variation
Variables in Statewide Sample

Variable Coefficient of
Name ean Variance Variation
STSAL 7535.82 460314 0.090
STYPS 8.27598 7.23323 0.325
STED 9,78502 0.172703 0.042
STMALE 52.0307 68.7526 0.159
STGOS 29.2423 110,500 0.3592
ETSAL 7356.63 304639 0.075
ETYPS 9.82109 7.65316 0.282
ETED 6.09533 0.264245 0.057
ETMALE 11.3020 31.6426 0.498
ETGOS 23.4325 129.597 0.486
ETCERT 88,2634 18£.530 0.156
ASNW 1.88051 14.4737 2,023
PRAFTK 13.6601 29,3638 0.397
ADIC 0.502 0.242 0.650
POPYOR 36.7087 55.1176 0.202
IRITAL 8.949 31.4763 0.627
MEDINC 6712.35 1603740 0.1389
VALTRP 6868.84 5278550 0.379
YOPDEN 2517.79 12846700 1.424
Cliy © 0.0948905 0.0845178 3.100
ropny 0.691241 1.85169 ©1.969
POYGRO 208.271 18864.2 0.659
SSTRAT 23.143) 7.04327 0.115
ESTRAT 26.6073 5.90992 0.091
BOSTON 0.00729927 0.€0729927 11.70%
SMSA 0.459854 0.250215 1.038
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missing variable was regressed on STSAL. if a secondary teacher vari-
able, ETSAL, if an elementary teacher variable, and MEDINC if a socio-
economic variable. A sub-sample including only those observations

for which all data was available was used for these regressions. If
the t-value in the regressioi. was greater than two, the missing obser-
vation was predicted from the regression; otherwise the niean value

of the missing variable was used for all observations for which it
had been missing., In no case were more than 8§ obscrvations missing
for any included variable.

None of ‘he teacher clharacteristic variatles, e...ept percent
male, and none of the racial data was missing from any included obser-
vation before the above adjustments.,

Table Al.3 lists the towns in tuc Boston SMSA sample. Table
Al.4 lists the towns in the statewide sample.

The variables used in the regressions were constructed as des-
cribed in Tables 2.1 and 2.2, except for SPFS5S. SPSS is a weighted
average of students per secondary school, constructed from data on
the size of individual junior high and high schools. The weights
are students per secondary school. If the student-teacher ratio is
the same in each school within a system, the variable can be inter-
preted as the average size of tchool Ffaced by ecach teacher.

xi?

SPSS =~y

vhere Xi = students in ecach secondary school.
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Table Al.3

Towns in SMSA Sample

Arlington
Ashland
Bedford
Belnont
Beverly
Boston
Braintrec
Brookline
Burlington
Cambridge
Canton
Chelsca
Cohasset
Danvers
Dedham
Duxbury
Evevrett
Framinghawm
Hanover
Hingham
Bolbrook
Hull

- Lexington
Lynu
Lyanf{icld
Malden
Mancliester
Marblebrad
Medfielu
Medford
Melrose
Millis
Milton

§8

Natick
Needhant
Newton
North Reading
Norvood
Norwell
Peabody
Quincy
Randolph
Reading
Revere
Rockland
Salenm
Saugus
Scituate
Sharon
Somerville
Stoncham
Swampscott
Wakefield
Walpole
Waltham
Watcrtown
Wayland
Wellesley
Wenham
Heston
Westvood
Veymouth
Wilmington
Winchester
Winthrop
Woburn
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Table Al.4

Towns in Statewide Sample

Andover
Arlington
Ashland
Attleboro
Audburn
Avon

Ayer
Barnstable
Bedford
Bellingham
Belmont
Beverly
Biller’ca
Blackstoene
Boston
Braintrce
Brookline
Burlington
Camoridge
Canton
Chelmsford
Chelsea
Chicopce
Clinton
Coiassct
Danvers
bedhan
Dracut
Duxbury
East Bridgewater
Eeston
Everetlt
Fall River
Falmouth
Fitchburg

" Foxborough

Franinghan
Franklin
Garduner
Greenfield
Havevhill
Hinghan
Holbrook
Holyche
Hoplinton
Hudson
hall

Lawrence
Lec
lejcester
Lenox
Leominster
Lesington
Longmeadow
Lowell
Ludiow

Lyan
Lynufield
Malden
Mauchester
Marblehead
Marshfield
Medfield
Medford
Melrose
Methuen
Middleborough
Milford
Millbury
Millis
Milton
Montague
Natick

New Becdford
Newburyport
Newton
North Adams
Noxthampton
North Andover

North Attleborough

Northbridge
North Brookfield
North Reading
Norwel]
Noiwood
oxford

Palper
Feabody
Pittefield
Provinceto v
Quincy
Randolph

89

Reading
Revere
Rockland
Rockport
Salem
Saugus
scituatp
Seekonk
Sharon
Shrewsbury
Scmerset
Somerville
Southbridge
Spencer
Springfield
Stoncham
Stoughton
Sutton
Swampscott
Swansca
Taunton
Tewkebury
Waliefield
Walpole
Waltham
Hare

Warren
Wayland
Wellesley
Wenham
Westborough
West Boylston
West Bridgevater
Westfi214d
Westou
Hestport
West Springfiecld
YVestuweood
Weymeuth
Wilmington
L.inchendon
Winchester
Winthrop
Woburn
Worcester
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APPEND X II

In thitr appendix, some regression recults from alternate speci-
fications of the equations used in chapter 3 are presented.

The final variables used in all the regressions in chapter 3
were selacted by the stepwise regression procedure. Stepuise
regression is justified when there is no a prioxi reason to conclude
that onc independent variable ought to bel:ng in an equation rather
than another. In the regressions of cliapter 3, many independent vari-
ables, particularly among the sociocconomic indicators, were tested
which essentially represent similar phenomena. Several different
measurcs of ravial composition and of ihe incidence of poverty were
tried, as well as a number of measures of « community's ability te
pay. There was no inherenl reason to believe onc to be a more rele-
vant variable than another.

The stepuise regression procedure is performed as fo]loﬁs:1

1) Regress mean salary (dependent variable) on all the indepen-
dent variables, indenendently choosing the one with the highest R-
square to enter the equatiou.

2) Regress the dependent variable on the originally sclected
variables plus all other variables added to it sepavately. Choose
as the second independent variable to enter the regression the one
which adds the most to the R-Square.

3) Kecep repeating step 2) until none of the variables being
added have a t-valuc equal to or greater tham 1.7,

4) 1f any of the included variables has a t-value less than
1.7, whoen a new vaiiable, with a higher t-value is added, drop the
old variable from the rcgression,

Tha rules listed above were departed from in two ways, One,
al) the teachey characteristic variables were added before any
sociocconomic variables were tried. second, when data from a tiew
source becans available, that variable was added midvay in the selc
tion procedurc to the list of variabics being introduced on each rv ad.

All fi01) regressions listed in chapter 3 only include variables
with t-statistics at lecast equal to 1,7, An attempl was made to add
all of the non-included varisbles to each final regressiou; none tiere
statistically significant.

All varjables were contered linecarly, except for a few vhich it
was bolioved vight posaibly be non lincar.  As explained v chapter 3,
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a squarc root term was uscd for the teacher experience variable.

Squarc terms yere entered for the variables POVTY, FOPNW, ASNW, ADFC,
on the hypothesis that perhaps the compensating salary differential
required might be increasing more than proportionately with the percent
students non-white, or with the percent of families below the poverty
line. Except for two regressions including the variable POYTY, the
linear term in all cases fit better than the sgquare term.

In chapter 3, it was explained that multicollinearity between the
percent students non-white and a dummy variable for the city of Boston
made it difficult to know whether race, or suvix. other attribute unique
to the central city, was behind the discrimination coefficient, Table
A2.1 shows the results of threce alternative specifications for the
secondary tcachers equation for the Boston SM3A.

Yable A2.2 shows the cffect of adding the two central city dummy
variables, BOSION, a dummy for the city of Boston, and CITY, a dumny
for the central city of any Matropolitan area, to the regression
equation for secondary teachers in the stalewide sample. When the

" non-white variable is excluded, a "central city' coefficient remaius

for the city of Boston, but the sign attached to the cocfficient of
CITY is not significantly different from zero. There is no iudica-
tion thau a central city per se requires a higher teacher salary.
Second, when the non-white student variable ASNW is included, adding
a cventral-city dummy does not contribute significantly to the regres-
sion, no matter which variable is us2d, and the coeflicient or ASNW
remains positive and statistically significant (although slightly
smaller when BOSTON is added).

In estimation of the Tufts sample, multicollinecarity was much
more scrious than tn estimation of the SMSA sample, thus clouding
the interprctation of the results. Table A2.3 shows the sinple cor-
relation natrix of the variables ASNW, POPNW, CITY and ADPC. Table
A2.4 presents quality-supply estimates for the sample of Tufts
tezachers with the four above-mentioned variables entered separately.

It can be secn from Table A2.4 that each of the four variavles,
when added to the regression, contribute significantly to the variance
in teacher salary. 1he "non-wvhite student" coefficient may be inter-
preted also as a "poverty-avoidance'" coefficient and a "central city"
coefficient., 7The variables ASNY, IO, and ADPC are sc closely
correlatced that random noise way in fact ba responsible for the
individual signs of the coeffi ients in Tables 3,12-3.15. The size
of the non-white cocfficient mcasured jn Table A2.6 is $32.00 per
teacher per additional percont students non-white, a slightly higher
cocfficient than the one estimated from the SMSA and statewide samples.
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Table A2.1
Alternate Specifications for Secondary Teacher Regression

Dependent Variable: STSAL

Coefficients (t-statistics in parenthesis)

Independent Variable ASKW added CITY added Both added
STED 813.977 803.713 807.262
(6.32) (6.23) (6.25)
STMALE 18.4317 18.3424 18.3787
: (4.07) (4.05) (4.05)
(srypsy /2 741,944 789,015 761.905
(9.69) (10.60) (9.53)
MEDING ' 0.149329 0.147077 0.149517
(4.61) (4.55) (4.61)
ASNW 24.0197 e 13.3506
(3.13) (0.93)
CITY R 758,512 401.420
(3.11) (0.88)
Constant -4407.73 -4386.80 -4383,27
R-Squarc .8839 .8838 .8854
F-statistic 91.3856 91.2326 76.0086
N 66 66 66
92
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Table A2.2
Alternate Specifications for Secondary Teaclier Regression

STSAL

State of Massachusetts

Dependent Variable:
Sample:

Coefficients (t-statistics in parenthesis)

Independent Variable ASNY added CITY added BOSTON added
STYPS -204.007 ~175.265 -164.722
{2.42) " (2.00) (1.92)
S1ED 435.193 464,951 454,962
(5.26) (5.39) (5.40)
(styps)}/? 1915.41 1779.69 1726.94
(3.96) (3.52) (3.506)
SMSA 267.985 294.084 260.839
%.37) (4.50) (6.14)
MIDIN 0.155772 0.136855 0.144610
{5.55) (4.73) (5.11)
ASNW 26.1907 [P . s .
(3.67)
cITY « 4 a e 86.1197 e
(0.89)
BOSTON e e e e 845.78%
(2.72)
Const it -1690.46 -1678.26 -1552.69
R-Square .8156 .7978 .8075
F-Statislic 95.8343 85.4757 90.8973
N 137 137 137
93
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Table AZ.2 (cont'd)

Coefficients (t-statistics in parenthesis)

Independent ASNW and ASNW and
Variable CITY added BGSTON added
STYPS -205.23} ~197.043
(2.43) (2.32)
STED 434,786 436,001
(5.74) (5.25)
oean 1/2 /
(S1YFS) . 1928.54 1879.53
(3.97) (3.85)
SHMSA 260.347 263,585
(4.11) (4.26)
MEDING 0.155162 0.155924
(5.50) (5.54)
ASNW 27.7218 22.5517
(3.57) (2.47)
cliy ~52.6829 PR
(0.51)
BOSTON PRI 249.032
(0.64)
Constant ~1703.91 . ~1648.,12
_ R-Square 6160 .8162
F-statistic 81.7169 81.8293
N 137 137
94
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Table A2.3

Tufts Sample

Siwple Correclation Between Selected Variables

ASNW POPNY ADPC CITY
ASNW 1,00 0.99 0.94 0¢.95
Porw 0.99 1.00 0.95 0,9%
ADPC 0.94 0.95 1.00 0.93
CITY 0.95 0.94 0.93 1,00
Table A2.4
Quality-Supply Estimates: Tufts Sample
Under Alternate Specifications
Dependent Variable: SALA™ !
Independent ASNW POPNW CITY ADI'C
Varjable added added ____2dded addad
MASTER 427.535 419,625 428,077 417,750
(7.49) (7.13) (7.02) (6.64)
SPLC -218.780 -208.201 -193.611 -197.689
(2.45) (2.26) (2.03) (2.00)
SEX ~156.405 -154.1%0 -142,547 -146,439
(2.52) (2.41) (2.15) (2.12)
POPDEN 0.0200617 0,0247793 0.0339769 0.02.58047
. (2.86) (3.47) (%.88) (2.98)
MEDINC 0.268659 0.277649 6.266943 0.285352
(12.37) (12.24) (11,45) (11.28)
ASNW 32.0835 o s e e o v e e e
(8.58)
FONW e e 93,9469 . . e e
| (7.54)
CITY « e e e e 666,501 o e e s
(6.30) ‘
ADPC o« 0 e o e e s 226,962
(4.97)
Coustant 5403, 3] 5325.77 5423.66 5255,54
R-Squarc L6470 .6238 «5971 . 5700
F-Statistic 61,0848 55,2123 69.3918 44,1691
N 2C7 207 207 207
95
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