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INTRODUCTION 

I W A N T  TO DISCUSS a p rogram of empirical  research into forecast ing or 
predict ing selected government  expenditures,  and revenues.  A s  a small step in 
the direction of carry ing out such a program,  I present  later  some resul ts  ob- 
tained f rom statist ical  es t imat ion of forecast ing models of public e lementary  and 
secondary education expenditures.  T h e  models are based upon the hypotheses  that  
cost and inves tment  relat ionships underlie current  and capital  expenditures.  These  
resul ts  are obtained f rom exist ing t ime series and cross section data. However ,  
the main frui ts  of the research I have in mind are likely to be obtained by the 
s tudy of government  budget  es t imates  or spending intentions for  specific func- 
tions and purposes. These  intentions indices could be used as a tool for fore- 
cast ing purposes, and as a var iable  for the investigation of government  spending 
(and revenue) pat terns  s imilar  to the uses of spending intentions indices obtained 
f rom surveys  of consumers  and businessmen. I t  seems to me tha t  this is a new, 
promising area for application of survey  research methods.  I would like to 
develop these points in a general,  pre l iminary  fashion. 

For  many  kinds of problems it seems convenient  and useful to abs t rac t  f rom 
government  act ivi ty.  I t  may  be assumed that  government  act ivi ty  is indepen- 
dent  of the values of var iables  in the pr iva te  sectors of the economy. Such 
an assumption,  for example ,  appears  to lie behind input output  models in 
which government  spending is placed in the bill of goods or final demand side. 
The  models are constructed as if no important  feedback occurs f rom the pr ivate  
to the public economy. I am sure, however,  that  we could list quite a few 
si tuations in which government  expenditures,  and even more direct ly govern- 
ment  revenues,  depend upon pr ivate  act ivi ty.  Similarly,  a full discussion of 
many  problems calls for t rea t ing  government  act ivi ty  in a less exogenous 
way.  
(a) Local school officials may  request  es t imates  of school expendi tures  in the 

next  period during which t ime they specify that  the level of educational 
services offered to the s tudent  will remain  about  the same. 

(b) Local government  officials may  request  es t imates  of highway and road 
maintenance expendi tures  in the next  period during which t ime they specify 
that  maintenance s tandards will remain  about constant.  
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(c) Public t rus t  fund officials may  request es t imates  of fund expenditures  and 
revenues in the next  period during which t ime they specify that  eligibility 
cri teria and benefit ra tes  will remain unchanged (e. g., re t i rement  and social 
securi ty t rus t  funds). 

(d) Public officials may  specify a preference ordering of government  expen- 
ditures which depends upon the expected level of unemployment  in the next  
period. In this last example,  a complete reversal  of the traditional model 
takes place in that  budget  expenditures become dependent upon variables  
in the pr ivate  economy. 
A considerable amount  of research in this vein has taken place, of course. 

Post office, public utili ty, and other government  act ivi ty  has been incorporated 
into the intermediate  product mat r ix  of input output models. Econometr ic  
models have become much r icher in government  institutional deta i lJ  Per formance  

budget ing by government  units is f requent ly  based upon hypothesized cost re- 
lationships between expendi tures  and measures  of output.  

I t  would be worthwhile  in this connection to draw up a list of budget  i tems 
ar ranged in the order of their  dependence upon pr ivate  act ivi ty,  including i tems 
which are likely to be closely related to population characterist ics.  Short  run 
ra ther  than long run dependence is of grea tes t  interest.  Heading the list in 

order of dependence upon pr iva te  act ivi ty  would be a group of tax and t ransfer  
i tems for which rates  or benefit cr i teria remain unchanged during the next  

period. Receipts or expendi tures  depend in these c i rcumstances  mainly upon 

movements  in the tax base or in the number  of applicants and their  characte- 
ristics. In te rmedia te  in the list would come, I believe, a group of i tems which 

make up the services largely provided by s ta te  and local governments .  These  
may  be viewed, in many  instances, as connected to measures  of output  by cost 

relations. Near  the bot tom of the list I would place a group of budget  i tems 
which are classified as exogenous in the traditional way. I would put mi l i ta ry  
and international economic assistance expenditures  in this last group because 
of the influence upon them of world events.  Also stabilization of f a rm income 
expenditures  ought to be placed in this last group because of the influence of 
climate.  An i tem may  fall at  one t ime in the dependent  or endogenous group 
and at  another  time, when public policy with  respect  to the i tem is under 
review, in the exogenous group. Perhaps  individual income tax  collections 

during 1963 provide an example  of an i tem which ought to be t reated as ex- 

ogenous during that  period. 
The  middle group of budget  i tems in our list includes many  services pro- 

vided by government  which have been characterized in economic analysis as 
social goods because their  consumption, it is argued, cannot be limited to in- 

t An example is provided in "The Outlook for 1963, an Econometric Forecast by the 
University of Michigan Research Seminar in Quantitative Economics," November 15, 1962, 
equations 26 through 36, p. 6. (Mimeographed.) 
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dividuals. An interesting discussion of this subject has been initiated, 2 but the 
point I want  to make is that  the forecasting goal put forth in this study has little to 
do directly with the question of the desirable amounts of government expenditures 
and revenues; i. e., the optimum budget, s Since at any one time only a few budget 
items are under review or being discussed seriously in terms of social priorities, 
it may be very convenient to have estimates for the next period of other items. 
Certain normative criteria, for example that  costs ought to be minimized for 
a given output, are hypothesized to underlie some forecasting models. But the 
issues involved in the question of the optimum budget are put to one side. 

The accuracy of prediction of government budget items is not necessarily 
related to their dependence upon the private economy. Unemployment com- 
pensation benefits, public assistance, and other expenditures are dependent largely 
upon the volume and characterstics of unemployment,  but predictions of the 
latter variable may be quite wide of the mark. 4 In the case of services provided 
by government,  it seems clear that operating expenditures can be forecasted 
more accurately than capital expenditures although both may depend upon 
population characteristics. This conclusion is indicated in the results to be 
presented later in the study of public education expenditures. It  may be noted 
that  it is the short run forecasting accuracy that is of most interest. 

As forecasting models of private economic activity continue to improve the 
question of tracing the implications of these forecasts for the public economy 
would seem to become more important. Even if the values of variables in the 
private economy are more accurately forecasted, predicting related government  
variables poses problems. In the case of tax or transfer items, the micro tax 
relation, say house owner and property tax payment,  may be thought to hold 
exactly. However, in estimating the tax collections for even one local govern- 
ment unit, aggregat ion over many tax payers and property classifications will 
be required. Random events in the collection process among other disturbances 
are likely to enter the relationship. Consequently, there is much to be said 
for the introduction of probability ideas into tax and transfer functions. I f  
highway and road maintenance expenditures can be treated as costs dependent 
upon measures of traffic characteristics, then these cost relationships can be 
expected to hold only in a stochastic sense. Other examples come readily to 
mind, all of which support formulation of these forecasting problems in proba- 
bility terms. 

Given the desirability of research into the area of the dependence of public 
budgets upon the private economy, it is possible to approach the task in several 
ways. For particular units of government  time series data are available in the 

2 p. A. Samuelson, "The Pure Theory of Public Expenpitures," The Review of  Econo- 
mies and Statistics (November, 1954), pp. 387-389; and J. Margolis, "A Comment on the 
Pure Theory of Public Expenditures," The Review of  Economics and Statistics (Novem- 
ber, 1955), pp. 347-348. 

3 R.A. Musgrave, The Theory of  Public Finance (New York: McGraw-Hill Book 
Company, Inc., 1959), p. 4. 

4 A forecast of increased unemployment which brings about effective public policies 
to increase employment is not an inaccurate forecast. 
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form of reported expenditures and revenues in budgets which are accessible 
public documents. Forecasting relationships also may be prepared from the 
budgets of a number of school districts, municipalities, and other local units 
at one point in t ime--a  cross section. Government units may be chosen from 
a metropolitan area, or larger region. A problem that is being only partially 
solved by the passage of time is the development of data on the private economies 
of these areas. But a number of current studies in this vein indicate growing 
opportunities. 5 However, I want to raise the possibility of a slightly different 
approach to the same questions which has not yet been adequately exploited 
as far as I know. 

T O W A R D  G O V E R N M E N T  R E A L I Z A T I O N  R E L A T I O N S  

Many government budgets contain estimates for the next period as well as 
past events. These estimates may be viewed as intentions to spend and as 
forecasts of receipts prepared in a manner that compares favorably with the 
formation of consumer and business spending intentions. 6 Let me reconsider 
some of the questions raised earlier in the light of this wealth of information 
on anticipated government activity. We may wish to think of a series of 
budgets for one government unit extending back in time, or a cross section of 
like government  units in a metropolitan area, or other population. 

Instead of listing budget items by their dependence, we may investigate 
systematically specific budget estimates and their realized values. It is possible 
by this comparison to answer a number of questions about the accuracy of 
budget estimates. Are operating expenditures for public education overestimated 
or underestimated? How do they compare in this respect to maintenance ex- 
penditures for roads? Do capital expenditures differ from current account ex- 
penditures in this respect? Are turning points--changes in the level of particular 
items over t ime--accurately estimated, or are decreases more accurately esti- 
mated than increases? A simple regression of budget values upon estimated 
values provides considerable information on this point. ~ These questions are 
posed in terms of the administrative budgets for which legislative approval has 
been secured. Evaluating differences between budgets proposed by executive 
agencies and budgets approved by legislative bodies would seem to pose different 
problems. 

5 H. E. Brazer, City Expenditures in  the United States, Occasional Paper 66 (New 
York: National Bureau of Economic Research, 1959). 

For information on intentions data prepared by the Survey Research Center, see 
George Katona, The Powerful  Consumer (New York: McGraw-Hill Book Company, Inc., 
1960), pp. 81-83 and the literature cited therein. For the consumer intentions data prepared 
for the Federal Reserve Board see pp. 977-1003 of the Federal Reserve Bulletin (September, 
1960). Among intentions indices prepared for business investment is the one prepared by 
the U.S. Dept. of Commerce and the Securities and Exchange Commission. See Murray 
Foss and Vito Natrella, "Ten Years Experience with Business Investment Anticipations," 
Survey o f  Current Business (January, 1957). 

7 H. Theil, Economic Forecasts and Policy (Amsterdam: North-Holland Publishing 
Company, 1958), pp. 64-76. 
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The accuracy analysis outlined above is largely a descriptive t reatment  of 
the relation of budget  estimates to realized values. It  provides a means of 
classifying and comparing budget items, but it does not provide any direct 
tests of hypothesized relationships between government variables and private 
activity. However, potentially useful information on this last matter  is only 
a step away. A new variable may be formed, the difference between the 
estimated and the realized observation. This deviation variable may then be 
related to changes in variables in the private economy. 

The advantages in the preparation of the deviation variable is that  it may 
help achieve an important  and potentially useful simplification of the budget 
making and decision making process. 8 Consider the following rough model. 
Budget estimates or intentions may be formed after  taking into account the 
past, present, and anticipated values of a large number of variables, a quite 
complicated relationship. Actual budget expenditures (or receipts) may be the 
consequence of decisions which are influenced by a large number of past and 
present variables (the latter being realized values of anticipated variables). By 
subtracting from the actual value, the estimated value, we remove the influence 
of those variables which have not changed during the period. By relating the 
deviation variable to those variables which have moved in the private economy, 
we may obtain estimates of a less complicated structural relationship. 9 For 
example, the deviation between actual and estimated public school operating 
expenditures may be related to the change of enrollment during the period 
and to the change of other variables such as length of school term. The devi- 
ation between actual and estimated public school capital expenditures may be 
more properly related to the change of enrollment. These possibilities are indi- 
cated by the results to be presented in a later section. 

However, research workers in this area are are unlikely to remain content 
with a mysterious variable like budget estimates or intentions which so far has 
been taken to be exogenous. For many budget items, the challenging task is to 
devise an adequate explanation of budget estimates or intentions for those items 
dependent upon private decisions. Thus  we are carried more deeply into the 
area of study of budget decisions of public officials and their relation to the 
pr. ferences of constituents. It  is just at  this point also that it may be seen 
that such proposed research ought not be limited to copying budget estimates and 
reported values. The attitudes and preferences of public officials about future 
budget  events are likely to prove of value in preparing intentions indices, and 
in investigating realization relationships. 1~ Public officials may suggest variables 
which they have taken into account in drawing up the budget. They  may also 

8 F. Modigliani and K.M. Cohen, "The significance and Use of Ex-Ante Data," in 
Expectations, Uncertainty and Business Behavior, ed. M.J. Bowman (New York: Social 
Science Research Council, 1958), pp. 51-164. 

The argument assumes that lagged or past values of a variable may be substituted 
for the vaiues of anticipated variables, which is surely not correct. However, there are 
other means to obtain values of anticipated variables which would find a place in a more 
explicit discussion of the model. 

10 For example, direct estimates of anticipated variables could be obtained. 
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provide valuable explanations of budget  intentions. Similarly, the at t i tudes 
and preference of const i tuents  about  future  budget  events  provide an area for 
concurrent,  impor tant  research. 

Survery  research methods seem ideally suited to preparat ion of these data. 
A panel of government  units would seem to provide a good research design. 
Considering tha t  there about  40,000 school systems,  40,000 municipalit ies,  and 
10,000 counties plus additional local government  units, intr icate sampling prob- 
lems may  be anticipated. If  studies were designed to develop realization 
relationships for local governments  in, for example,  metropoli tan areas, inter- 
est ing sampling problems are still likely to be encountered. New and challeng- 
ing interviewing problems may  be anticipated, including the problem of locating 
and interviewing the relevant  public officials. 

If  such research designs were  a t tempted,  what  can we expect  in te rms  of 
useful results? I t  may be noted that  if intentions indices are prepared for 
specific budget  i tems, they can be used direct ly for forecast ing purposes regard- 
less of whether  or not the budget  i tem is classified as endogenous or exogenous. 
The  forecast ing value of intentions in  many  instances, however,  is l ikelyto rest  
upon the relationships connecting the public economy to the private.  Es t imat ion  
of these relationships seems to me a strong motivat ion for conducting such 
research. Can we expect  more information than is provided by an extrapolat ion 
of some simple linear trend? T h a t  is, i t  may  be argued tha t  most  government  
series have exhibi ted a steady, upward  trend. 

If  we compare the var ia t ion of certain government  i tems with  such volatile 
series as consumer durable  spending and business inves tment  spending in the 
period 1930 through 1960, excluding the war  years, some tentat ive conclusions 
may  be drawn. As a basis for comparison we calculate the coefficient of varia-  
tion or the standard deviation of the series divided by the mean. Public 
education current  account expenditures  indicate the least variat ion wi th  a value 
of .60. All s tate and local government  expenditures  combined indicate more 
variat ion with  a value of .63. State and local government  capital  expenditures  
yield a coefficient of .68. Consumer durable spending reveals a coefficient of 
.73 and pr ivate  business inves tment  a coefficient of .88. Public education 
capital expenditures  yield a coefficient value of 1.00. The  coefficient of varia- 
tion provides no information on turning points, however.  Government  current  
account expenditures  reveal a ratio of turning points to observations of about  
.20 (time series observations have reversed direction about once in every five years  
on the average). Public education capital outlays reveal  the highest  rat io of 
turning points to observations or a ratio of .33. Consumer durable and business 
inves tment  and all local and s tate  government  capital expenditures yield rat ios 
of about  .25. 

PREDICTING PUBLIC EDUCATION EXPENDITURES 

In the following discussion some exploratory results  are presented which 
flow f rom treat ing current  expenditures  for public e lementary  and secondary 
education purposes as costs related to indices of the level of activity.  Very 
exper imenta l  inves tment  relations are es t imated in which school capital con- 
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struction outlays depend upon enrollment variables. To the extent  relationships 
satisfying theoretical and statistical criteria can be estimated, a basis for making 
conditional forecasts of public education expenditures is made available. Both 
time series and cross section data are utilized in these efforts. The theory of 
cost minimizing decisons of the firm provides a guide to the choice of variables, 
and of hypotheses. 

The task of the decision making unit is considered to be that  of minimiz- 
ing total variable costs for a given well defined output subject to the constraint 
of the production relationship; that is, inputs are required in order to obtain 
any given positive output  volume. The cost relationship may be derived as 
a consequence of rational action designed to achieve the aim of cost minimiza- 
tion. The adoption of the cost criterion may be stimulated by a search for 
profits, or by administrative prescription, n 

It  is assumed that  the unit has access to full information about technical 
alternatives which may be depicted in a production relationship: 

P (y , .  .'., y~ ; x ) = 0 .  (1)  

The y~ represent inputs of resources; and x represents an output variable. The  
production function specified implies technical maximization. For each level of 
output, a combination of inputs is utilized such that it is impossible to obtain 
the same output  with lesser quantities of inputs. 

I t  is assumed that  there is a unique value for t h e  output  given fixed 
amounts of the y~. The range of the function of interest to us is ever increasing 
with respect to increases in the yi. Continuous partial derivatives of at least 
the second order are assumed to exist. 

Total costs may be defined as any fixed costs, fixed in money terms, plus 
the amounts of variable factors acquired multiplied by their prices. 

C = A +  ~ p , y , .  (2)  
1 

C indicates total cost, A represents fixed costs, and the pl stand for the prices 
of inputs, i = 1 . . . . .  n. If the employer can acquire additional amounts of 
inputs at  prevailing prices, the relation of cost to output  variation will be 
independent of the p~. 

To reveal the consequences of cost minimizing behavior, a function may 
be formed from the cost definition and production function by introduction of 
a Lagrangean multiplier, 1~ 

Z = A +  ~ p ,  y l - -a [p (y ,  . . . . .  y; 2 ) = 0 1  (3)  
i = 1  

in which 2 represents a given output and the y~ are the input variables subject 
to control. Among the inputs or resources available for the time period under 
consideration are flows of teacher, equipment, and school plant services. School 

11 Herbert A. Simon, "New Developments in the Theory of the Firm," The Aqneriea~ 
Eeonomie Review, Vol. LII, No. 2 (May, 1962), p. 2. 

1~ P.A. Samuelson, Foundations of Eeonomie Analysis (Cambridge: Harvard University 
Press, 1958), p. 60. 
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officials may  decide to utilize exist ing plant  and equipment  a t  vary ing  levels, 
or acquire the services of new plant  and equipment.  I t  is impor tant  to know 
whether  the flows pertain to a fixed plant  being utilized a t  various levels, or 
whether  they per ta in  to plants of varying size being utilized near capacity.  
In ei ther  case, however,  it is the flow of input services to which at tent ion is 
directed. 

In  the case of given output,  a proper relat ive min imum is achieved by use 
of inputs to the point at  which 

aZ = 0  ay~ 
o r  

p ~ - ~ = O  ( i = l  . . . . .  n) 

where  ~ indicates the marginal  physical product ivi ty  of var iable  input  i. The  
n equations obtained in this manner  may  be wr i t t en  

sl ~ e___y_~ = 1 (4 )  
T + - - K  + ' ' ' +  -T 

I f  the ratio of marginal  physical productivit ies of input to input price is every-  
where the same, then it  may  be said that  the marginal  product ivi ty  of the last  
dollar of expendi ture  for inputs is equal in every  use. There  are sufficient 
equations to determine the use of each input in the model, and f rom these 
together  wi th  equation (1) ,~ may  be determined.  

The  uniqueness and stabil i ty of the solution may  be shown to depend upon 
second order equil ibrium conditions or  

0~Z > O. 

This  may  be interpreted as indicating that  in the neighborhood of a relat ive 
proper minimum,  any subst i tut ion of one input for another  will result  in an 
increase in variable cost. If  the vary ing  input combinations which can be used 
to obtain a given output  make up an isoquant convex to the origin, uniqueness 
is secured. The  discussion of both points could be expressed in te rms  of the 
tangency of the convex isoquant to the lowest total variable cost line as in 

Figure  1. 
The  cost function we are seeking is implicit  in equation set  (4); however,  

�9 it will be useful to take an additional step to indicate how varia t ion in output  
may  be accounted for in an explicit  way. Ordinarily, decisions as to the 
proper volume of output  and the r ight  amounts  of inputs are considered to 
be made by the same unit. In the case of school districts,  it seems plausible 
to think of enrollment,  considered to be one aspect  of output,  as beyond the 
influence of school officials. The  problem for school officials is formulated 
to be tha t  of minimizing variable costs for a given enrollment in an educational 
program of a given content. 

A solution to the op t imum amount  of each input may  be derived which can 
be shown to be a function of input prices and the given output.  

y~ = y~ (x; P~ . . . . .  P~). 
These  expressions for the y~ may  be subst i tuted in the cost definition (2) to obtain 
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C = A ~ p~y~ (2; p~ . . . . .  p,). 

Permi t t ing  output  to va ry  yields equilibrium solutions given by 

C = A +C(x~; p~ . . . . .  p~), ( 5 ) 

the total cost function. If  input prices remain  constant,  the shape of the total 
cost function will depend upon fixed costs and the production function, as is 
well known. I f  the total variable cost funct ion is est imated,  fixed costs play 
no role. 

Few restr ict ions upon the data  are contained in the model specified) ~ 
Marginal  costs may  be increasing, decreasing, or constant  in the short  run, as 
well as exhibi t ing all three character is t ics  over  certain ranges of output.  A 
smooth, continuous production function has been assumed, but  this may  be 
considered a question to be sett led by  empirical  work.  Implied in this last  issue 
is the technical possibility of subst i tut ion of one input for another,  and the 
adaptabi l i ty  of fixed factors  to variable inputs. Discontinuities can be introduced 
wi thout  al ter ing the discussion appreciably.  14 I f  factor  prices vary  with  in- 
creasing output,  marginal  costs will depend upon factor  prices as well as 
technical considerations. 

As the data wi th  which we shall work appear  to come closer to providing 
information on the long run cost curve, it is of interest  to consider wha t  can 
be said beforehand about  this relationship. All inputs or resources may  be 
considered variable. The  question of re turns  to scale becomes important  in the 
long run  situation. 

I t  does not seem convincing to prejudge the issue of whether  long run  
average costs ought  to rise, or fall wi thout  considering the evidence in each 
instance. Also it would seem necessary in the long run case to evaluate whether  
factor  prices and technical possibilities have changed and introduced extraneous 
elements  in the long run cost curve. The  idea of a well defined, unchanging 
commodi ty  has been implicit  in the discussion so far. In the case of the edu- 
cational service, the problem of definition and measurement  and the question 
of changes in the content  of the eductional service seem especially challenging. 

A P P L I C A T I O N  OF THE COST MODEL TO THE PUBLIC EDUCATION SECTOR 

T h e  crucial  work  can now begin of relat ing variables  in the model to 
available data. The  appropriate  micro unit is not at  all obvious- -ought  it to 
be school plant  or school district? A quick glance a t  some of the descript ive 
data on the public education sector is sufficient to yield the impression that  
several  trends have been underway in the size of newly constructed school 
plants,  and in the content  of the educational program.  T h e s e  points have a 
s t rong bearing on the results. 

~8 J. Johnston, Statistical Cos~ Analysis (New York: McGraw-Hill Book Co., Inc., 
1960), p. 24. 

~ R. Dorfman, Application of Linear Programming to the Theory o] $he Firm 
(Berkeley: University of California, 1951), p. 86. 
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It  may be pointed out that  the school official's life is too rich and compli- 
cated even to be remotely described by cost minimization behavior. There is 
little need to debate the point; it seems worthwhile to try such a model to see 
how it works. Our ambition is to describe a limited range of decisions. Should 
a cost model developed for private enterprise be applied to public activity? In 
general, the application of cost minimization behavior to a public activity 
instead of a private one doesn't  seem to raise any large difficulties, that I can 
see. The cost criterion function can become the object of policy, and published 
policies can be examined for a statement of aims. 15 Another possible objection 
to an effort to forecast public education expenditures on the basis of a cost 
model may arise from the belief that  other variables pertaining to education 
(changes in the educational program and factor prices, for example) are not 
treated explicitly in the model. In other words, variables such as enrollment 
which are considered exogenous in the cost model ought to be treated as en- 
dogenous in a more fully developed model. Additional comments about extension 
of the cost model along this line are given in the last section. 

In an a t tempt  to obtain a degree of homogeneity of school systems, the 
study has been limited to expenditures made for elementary and secondary 
education purposes. About  85 per cent of the population in the age group five 
to seventeen is enrolled in public schools of these levels. About  two-thirds of 
all expenditures for public and private educational purposes, which was reported 
to total 25 billion dollars in 1960, are made in this sector. ~6 

The local school district may have a number of school plants in its juris- 
diction so that  there is no necessary correspondence between the number of 
school plants and the number of school districts. The question arises as to 
what  micro-unit is the appropriate one for a cost analysis. The public education 
sector contains the big city system with many plants as well as the small 
rural school system with one building and one teacher. Within  a multi-plant 
system, administrative devices such as school plant redistricting, and trans- 
portation of pupils are available to school officials so that the enrollment in a 
number of school plants can be varied simultaneously. In this sense, the school 
district makes up a plausible microunit  for cost study. Most of the expenditure 
data are reported on a school district basis. 

As time series data for the United States will be utilized for one set of 

estimates, it is relevant to consider several trends in the size and number of 

school districts and plants. Consolidations have brought  about a reduction in 

the number of school districts from about 130,000 in 1930 to about 60,000 in 

1956. Similarly the number of school buildings has decreased during the period 

15 School district policies giving explicit statements of the aim of minimizing costs for 
a given enrollment are easy to find. That school district officials have relevant data is a 
conclusion that can be reached after looking through, for example, U.S. Office of Educa- 
tion, Financial Accounting for Local and State School Syste~ns (Washington: G.P.O., 1960). 

16 U. S. Bureau of the Census, Statistical Abstract of the United States, 1961 (Washing- 
ton: G.P.O., 1961), p. 118; and U.S. Department of Commerce, Survey of Current 
Business, July 1961, Table 15 and Table: 23. 
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by about half  to 120,000. ~7 Enrol lment  on the other hand has increased f rom 
almost  26 million to about  33 million children. The  new schools which have 
been built  have had a higher average enrol lment  capaci ty than exist ing or 
replaced facilities. 

Expendi ture  and related data by s ta tes  will be used for purposes of cross 
section estimation. I t  is important ,  therefore,  to look into the relation o f  
enrol lment  size of schools by total enrol lment  in the state. The  association 
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FIGURE 2, Sca#ter of  Average Enrollment per School and Enrollment by State. 

1T U.S. Office of Education, Trends in  Signi f icant  Facts on School Finance,  1929-30 
to 1953-5~ (Washington: G.P.O., 1957), Chart 41, p. 47. 
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revea led  in F i g u r e  2 is no t  as clear  cut  as one m i g h t  wish,  bu t  a t endency  for 
la rger  schools to be located in  s ta tes  w i th  la rger  e n r o l l me n t s  is vis ible .  A m o n g  
the  agg rega t ion  p rob lems  such da ta  m a y  con ta in  is the one b r ough t  about  by  the 
increased  propor t ion  of e l ig ib le  ch i ld ren  who have  a t t ended  h igh  school bo th  
over  t i m e  and  in  the s ta tes  w i t h  la rger  en ro l lmen t s .  I t  ma y  be added in  th i s  
connec t ion  t ha t  a s imple  s u m m a t i o n  over  m a n y  types  of inpu t s  and  over  the 
school year  charac ter ize  the macro  var iab les .  

A n u m b e r  of o ther  va r i ab les  have  been  prepared  in order  to tes t  for the 

TABLE 1. Variables Related To Public Education Expenditures* 

Description of Series 

Independent (right hand) variables 
School enrollment, October school year 

(July 1, t-1 through June 30, t) 
Per cent high school enrollment to total enrollment 
Average daily attendance during the school year 

Net national product, calendar year, 1954 dollars 
Personal disposable income, calender year in 1954 

dollars 

Population: the number of people as of July, 
Population with high school degree (per cent) 

Number of public elementary and secondary schools 
Number of public schools with one teacher 
Time: the 1931-1932 school year is assigned no. 
Value of school property, January 1956 
Price index for outlays for instruction 
Price index for capital outlays 

Price index for operation and maintenance outlay: 

10 = states with standard metropolitan 
Region areas in them 

= states without such areas 
Length of school term, in days 

Dependent (left hand) variables 
Number of books circulated 

Gross capital outlays (on land, equipment, and buil- 
dings) during the school year in current dollars 

Operating outlays during the school year in current 
dollars 

Maintenance outlays during the school year in cur- 
rent dollars 

Administrative outlays during the school year in 
current dollars 

Instruction outlays during the school year in cur- 
rent dollars 

Available in 

Time Series Form 
(for school years 

ending in the even 
numbered years) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

}x 
x 

Cross Section 
Form 

X 

X 

X 

X 

X 

X 

X 

X 

X 

* Sources--See Appendix 1. 
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A brief  description of the variables  is presented in Table  1. Sources for these 
data are listed in Appendix 1. 

An important  insti tutional feature  of the education sector is the legislative 
requi rement  that  children mus t  be enrolled in some school up to the min imum 
school leaving age. This  rule would imply that  school officials mus t  provide 
for all children who are enrolled. I t  will be assumed that  school officials adjust 
passively to changes in enrol lment  which they may  ant icipate  more or less 
accurately,  but  which they cannot influence. 

To  what  ex ten t  can enrol lment  be accepted as the index of the level of 
service of service of public educat ion-- the  output  of the cost relation? In an 
interest ing approach to es t imat ing school expenditures  using engineering type 
data, Isard and Coughlin observed that  " . . .  no operational measure  of level 
of service is available. ''~s I t  seems a workable  compromise,  perhaps,  to s ta r t  
wi th  the number  enrolled, and to take into account such visible trends in the 
educational program as the increased length of the school term, and the in- 
creased proportion of children at tending high school. By taking these trends 
into account we hope to correct  for shifts  in the cost curve due to quali ty 
changes in the educational service. An example  of the problems caused by  
such changes is depicted on the lef t  of Figure 3. I f  three paired observat ions 

(,3) 
Total / Total 
~:i~:ble / ~ble 

(2) ~-'~ 
3 , 

I i) i P1 

/ / /P1 
i/////~/ P1 

Enrollment 

Quality and Cost Distinctions 

,# / 
2 

Enroll.ment 

Normal and current co~t situations 

FIGURE 3. 

were  available on costs and erollment,  p ,  P2, Ps, an enrroneous impression 
of the cost relat ion would be obtained f rom a least  squares regression line. I t  
is assumed tha t  linear, addit ive corrections for shif ts  in the cost curve will be 
sufficiently accurate  approximat ions  for the purpose of this study. 

is W. Isard and R. Coughlin, Municipal Costs and Revenues (Wellesley: Chandler- 
Davis Co., 1959), p. 77. 
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influence upon the cost function of some of the trends which we have discussed. 
Ideally, school accounting records ought  to yield expendi tures  for homo- 

geneous groups of inputs recorded over  a unit  of t ime during which enrol lment  
and the educational program do not va ry  much.  Observat ions for most  varia-  
bles per tain to the school year.  Var ia t ion in enrol lment  and expendi tures  could 
occur during a shorter  t ime period, say f rom half year  to half year.  To  that  
extent ,  bias may  be introduced f rom aggregat ion  over  t ime. The  fact  that  
observat ions are paired on a school year  ra ther  than calendar year  basis  intro- 
duces no fresh difficulty. A closer look at  the data available on expendi tures  
indicates tha t  cost categories are broad and contain mixed  elements.  Ins t ruct ion 
expendi tures  include salaries of teachers,  supervisors,  and principles, and expen- 
di tures for supplies of instruction such as books. School operat ion expendi tures  
include those for fuel, water ,  light, power, as well as salaries and wages  of 
operat ing personnel. Maintenance expendi tures  include repair  of buildings and 
replacement  of equipment  and furniture.  ~9 The  correspondence of these categories 
to the idea of a flow of labor and capital  services and raw mater ia ls  seems 
approximate .  A reasonable initial s tep seemed to be to es t imate  a cost relation- 
ship for each of the expendi ture  categories separately.  

No readily available price indices were  available for  the expendi ture  cate- 
gories, consequently several  were  constructed f rom mater ia ls  at  hand. An index 
for school operation and maintenance outlays was prepared f rom a weighted 
combination of (a) an average  annual earnings index of employees in govern- 
men t  enterprises,  (b) a price index for fuel, power,  and l ighting materials ,  and 
(c) a price index of metals.  S~ These  three indices were  weighted respect ively,  

p~ = .78p1~ + .18p~t + .04pst. 

An index for instruction salaries was  prepared f rom average  annual salary 
data. 2~ The  implicit  deflator for public construct ion available in the national 
income and product  accounts was utilized to deflate capital  outlay. A note- 
wor thy  character is t ic  of these price indices is that  they moved very  closely 
together  during the sample period so that  the amount  of subst i tut ion of one 
input for another  due to relat ive price changes may  have been small. 

An e lementary  but  basic point concerns the amount  of var ia t ion exhibited 
by  enrollment,  expenditures,  and other var iables  over  t ime and over  the cross 
section of states.  The  sca t ter  of cross section points in Figure  2 indicates 
considerable var ia t ion in enrol lment  size of public schools. As for t ime series 
data, a coefficient of var ia t ion (the s tandard deviat ion of the distr ibution divided 
by the mean) provides a rough test  of the var ia t ion of var iables  independent 
of the unit  of measurement .  I t  is also of interest  to calculate the number  of 
turning points for each variable  over  time. For purposes of comparison, the same 

~9 U. S. Office of Eduction, Financial Accounting fo r  Local and State School Systems 
(Washington: G.P.O., 1960), p. 28 et seq. 

~o U.S. Bureau of the Census, Historical ~tatistics o f  the United States, op. cir., 
Series D-707, E-31, and E-36. 

31 U. S. Office of Education, Trends in Significant Facts on School Finance (Washington: 
G. P. O., 1957), p. 60. 
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calculations are made for durable expenditures of consumers and private in- 
vestment expenditures. War years are excluded in these calculations although 
they were included in the estimated cost relations. As the number of obser- 
vations varies among the variables, the number of turning points is presented 
in the numerator of a ratio, the denominator of which contains the number of 
observations. The results are presented in Table 2. 

The least variation over time is exhibited by public school enrollment; the 
highest by public education capital expenditures. Consumer durable and private 
investment expenditures are ordinarily considered to be volatile series, and they 
rank higher than instruction and operation and maintenance outlays on this 
score. Yet, differences do not seem striking. Other state and local government 
expenditures appear only slightly less variable during the sample period. Con- 
sidering the opportunities for turning points, public education capital and private 
investment expenditures rank highest on this count. Enrollment, and current 
account public school expenditures rank lowest. The fact that the enrollment 
variable exhibited less variation than current account expenditures may indicate 
that quality considerations have influenced the cost function. 

~Total 

costs 

SRC2i / 

SRC 1 / 
/ / / 

~nrollment 

FIGURE 4. Linear Approximations to a Nonlinear Cost Relation. 
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ESTIMATED COST RELATIONS F R O M  TIME SERIES D A T A  

F o r  pu rposes  of e s t i m a t i o n  i t  is a s s u m e d  tha t  cos t  r e l a t i onsh ip s  do not  hold  
e x a c t l y  b u t  s t ochas t i c a l l y .  E q u a t i o n s  l i nea r  in the  v a r i a b l e s  a r e  e s t i m a t e d  by  
a p p l i c a t i o n  of s ing le  equa t ion  l eas t  squa re s  me thods .  I f  the  long  run  cos t  c u r v e  
e x h i b i t s  c u r v a t u r e  as  d e p i c t e d  in F i g u r e  4, the  s ign  of the  cons t an t  t e rm  in an  
e q u a t i o n  l i nea r  in coeff icients  and  v a r i a b l e s  m a y  se rve  as  p iece  of ev idence  
i n d i c a t i n g  non l inea r i t y .  

TABLf 2, Coefficient of Variation and Turning Points for Selected Variables. 

Variable a 

Public education enrollment 

Public education instruction exp. (undeflated) 
Public education operation and maintenance 

exp. (undeflated) 
State and local government total exp. 

(undeflated) 
State government capital exp. (undeflated) 

Local government capital exp. (undeflated) 

Consumer durable exp. (undeflated) 

Private investment exp. (undeflated) 

Public education capital exp. (undeflated) 

Coefficient of 
Variation 

.41 

.60 

.60 

.63 

.68 

.68 

.73 

.88 

1.00 

Turning Points 
(numerator) 

Years in Sample 
(denominator) 

2/12 

2/12 

2/12 

5/24 

2/14 

4/14 

6/24 

7/24 

4/12 

a Public education data use in the calculations are from the U. S. Bureau of the Census, 
Historical Statistics of  the United States (Washington: G.P.O. ,  1960), Series H-256, 
H-257, and H-259. State and local capital expenditures are from the U.S. Bureau of the 
Census, Historical Summary of Governmental Finances (Washington: G.P.O. ,  1959), 
Table 6. Consumer, private investment, and state and local government expenditures are 
from U.S. Department of Commerce, U.S. Income and Output (Washington: G.P. 0.,  
1958), Table I-1, p. 118. 

T h e  s ing le  equa t ion  l eas t  squa re s  e s t i m a t o r  of the  r e g r e s s i o n  coeff ic ients  
wi l l  y i e ld  e s t i m a t e s  w i t h  d e s i r a b l e  cons i s t ency  and eff iciency p r o p e r t i e s  on ly  
unde r  c e r t a i n  condi t ions .  A m a j o r  a im  of th i s  s t u d y  is to  sea rch  for  s ign i f i can t  
va r i ab le s ,  for  w h i c h  pu rposes  the  e s t i m a t o r  chosen  m a y  be  su i t ab le .  Cons i s t ency  
of e s t i m a t e s  depends  upon  the  i ndependence  of r i g h t  hand  v a r i a b l e s  and the  
d i s t u r b a n c e  t e rm.  T h e  a s s u m p t i o n  of i ndependence  m a y  not  be  a poor  app rox i -  
m a t i o n  in the  cos t  r e l a t i ons  as  we  have  p r e v i o u s l y  a r g u e d  t h a t  dec i s ions  to 
enro l l  c h i l d r e n  in  school  a r e  m a d e  b y  fami l i e s ,  wh i l e  dec i s ions  to spend  a r e  
made ,  in the  l a s t  ins tance ,  b y  school  officials. A s  for  a no the r  i ndependence  
a s s u m p t i o n ,  t h a t  d i s t u r b a n c e  t e r m s  a re  d i s t r i b u t e d  r a n d o m l y  ove r  t ime ,  a se r i a l  
co r r e l a t i on  s t a t i s t i c  m a y  be  e s t i m a t e d  for  p u r p o s e s  of eva lua t ion .  

A l l  v a r i a b l e s  e x c e p t  t i m e  have  been  p r e p a r e d  in i ndex  n u m b e r  fo rm w i t h  
1954 equal  to 100. T h e  r e g r e s s i o n  coeff ic ients  m a y  t h e r e f o r e  be  t a k e n  as  app rox i -  
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mations to elast ici ty coefficients 2~ A number  of equations have been selected 
for presentat ion in Table  3 so that  each equat ion may  be read across the row. 

The  cost relat ion approach to explaining public school expendi tures  yields, 
in general, high correlation coefficients all of which are significant according 
to the conventional F test. The  importance of the enrol lment  var iable  in ex- 
plaining expendi tures  of all types  emerges  clearly. The  stabi l i ty  of the regres-  
sion coefficient of the enrol lment  var iable  in the various equations is noteworthy.  
However,  significant contr ibutions to an explanat ion of total expendi ture  var ia t ion 
are made by other variables.  The i r  role according to one interpretat ion is to 
allow for shif ts  in the cost curve due to changes in the content  or quali ty of 
the educational service received by the student.  

The  length of the school t e rm increased appreciably during the sample.  
When  this variable is introduced in the cost relat ion explaining instruction 
expenditures,  the hypothesis  tha t  its associated coefficient is zero cannot be 
rejected. However,  the role of length of t e rm is significant in the equations 
wi th  operation and maintenance expenditures.  A variable  "pe r  cent of population 
with  high school degree"  was introduced in index number  form. I t  was signi- 
ficant in both deflated instruction and deflated operation and maintenance re- 
lationships. In this case, the elast ici ty of expendi tures  may  be taken to be 
less than unity.  A be t te r  and more direct  approach to this issue, however,  
would be to prepare  a variable measur ing the number  or proportion of children 
at tending high school. Such a variable was tested in the cross section study. 
If  cost relat ions for e lementary  and secondary education have different Mopes, 
an a l ternat ive  procedure would be to es t imate  them separately  and sum predictions 
for each subsector. 

I f  it is believed tha t  the quali ty of education tends to be be t te r  ia  the 
larger  public schools and districts,  then, an increase in the proport ion of enroi1- 
men t  in these schools (which has occurred) would imply in this model an increase 
in the quali ty of the educational service. Several  var iables  were prepared to 
test  for this shift: one measures  the number  of school plants; and the other 
measures  the number  of rural  schools. The  resul ts  reveal  that  both variables  take 
on negat ive signs in the deflated instruction and operation and maintenance equa- 
tions. As these variable declined in value markedly  during the sample period, 
the signs are in accord wi th  an expecta t ion of an inverse relat ion between the 
number  of small schools and the quali ty of the educational program.  

An implicat ion of the cost model outlined at  the s ta r t  is tha t  the op t imum 
combination of inputs which resul ts  in cost minimizat ion for a given output  
will not be changed if all input prices are al tered by  the same proportion. 
General movements  in price levels will introduce var ia t ions  in money expen- 
di tures but  not into the flow of inputs. Th is  line of reasoning suggests  that  
deflated cost relat ions ought  to have higher correlat ion coefficients than unde- 
flared cost relations as ext raneous  price fluctuations are removed.  This  was  in 
fact  the outcome as may  be seen by inspection of Table  3. In an actual fore- 
cast ing application, es t imates  of input prices would have to be prepared 
independently. 

~z The approximation is valid only in the neighborhood of 1954. 
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Introduct ion of a t ime variable  is somet imes  interpreted as an indication tha t  
shif ts  in the cost function have occurred regular ly  during the sample period. 
This  possibility may  be rejected in the case of the deflated instruction equation, 
bu t  it is consistent wi th  the result  in the deflated operation and maintenance 
equation. Even in the la t ter  case we may  wish to in terpret  the resul t  as a 
sign that  undetected variables  have exerted an influence. A be t te r  way to 
explore the la t ter  question is to test  disturbance te rms  for serial correlation. 

Failure of the disturbance t e rms  to be randomly distr ibuted over  t ime will 
impair  our confidence in the es t imated  standard error  of the regression coeffi- 
cients even in large samples. The  evidence of positive serial correlation of 
disturbance te rms  may  be interpreted as a sign that  variables which properly 
belong in the cost equation have been left  out. Th is  last possibility is of special 
interest  in this s tudy because of the difficulties of measur ing the quali ty of the 
educational service. I t  may  be seen in the last  column of Table  3 that  the 
disturbances t e rms  are more randomly distr ibuted over t ime in the first equation 
with  deflated operation and maintenance expendi tures  than in the second in which 
positive serial correlat ion is present  according to a one tail test  28 As the first 
equation contains the variable t ime and therefore positive serial correlation may  
have been removed in an unsat isfactory way, the conclusion is d rawn tha t  not 
all variables  influencing costs have been specified. 

I f  the cost curve  exhibi ts  curvature ,  the sign, and significance, of the 
constant  t e rm may  be interpreted as providing information about the range of 
the curve est imated in the sample period; i. e., whether  increasing or decreasing 
marginal  costs prevail.  The  negat ive  signs suggest  increasing marginal  costs; 
h o w e v e r ,  the constant  t e rms  in the case of deflated instruction expendi tures  
may  not differ f rom zero. Several equations were  fitted in which higer powers  
of the enrol lment  variable were  introduced. The  signs at tached to these varia- 
bles seemed implausible. Several equations in logari thmic form were fitted 
wi th  no improvement  over  equations wi th  linear variables. A cautious a t t i tude  
wi th  respect  to nonlineari ty seems defensible. A nonlinear macro relat ion may  
be the result  of improperly  aggregated variables.  I t  is possibIe tha t  the situa- 
tion is one in which linear macro rolatious have different slopes; say, for example,  
l inear high school and e lementary  school cost relations. 

ESTIMATES OF COST RELATIONS FROM CROSS SECTION DATA 

The  cross section data to be exploited at  this juncture provide opportuni t ies  
to extend,  and to compare the results  obtained f rom t ime series data. The  

zs The serial correlat ion ratio was  estimated as 

E ( U ~ -  rr,_l)~ N 
Z ~  N - 1  ' 

where E(U)-= O, and U, equals calculated expenditures minus estimated. The hypothesis 
that the residuals are randomly distributed over t ime cannot be rejected in the first men- 
tioned equation, but can be rejected in the second at the 5 per cent level  of significance.  
H. Thiel  and A.  L. Nagar, "Test ing  the Independence of Regression Disturbances," Journal 
of tke American Statistical Association, Vol. LVI (December 1961), Table 2, p. 802. 
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intention is to compare  the significance of variables  and the magni tude of 
parameters as if the time series and cross section situations provided indepen- 
dent information about the same underlying relationship. 

Cross section data are considered to provide information on the long run 
cost relationship. The units of observation for these data are states for the 
school year 1957-58. It may be assumed tentatively that short run influences 
tend to exert themselves in like fashion upon the school systems so that the 
data reflect long run adjustments. As pointed our earlier, there is evidence 
that the average size of school system, and school plant, increased as the 
number of pupils in public education increased in the state. State data may 
be thought to reflect some representative or average school system. 

Instruction 
expenditures, 
millions of 
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S c a t t e r  of  N u m b e r  of  Teachers  by  Enro l lment ,  by  S t a t e .  

I t  has somet imes been assumed that  some variables  are held fixed in the 
cross section situation; for example,  the prices of inputs may  be assumed to 
be the same for all systems.  A simple test  of the assumption that  prices of 
resources are the same to all school sys tems regardless of their  location by s ta te  is 
provided in Figures  5 and 6 in which first the number  of teachers is plotted 
against  enrollment,  and second, instructional outlays are plotted against  enroll- 
ment .  Roughly, more unexplained variat ion is indicated in the latter.  Varia- 
tion in the salaries of comparably trained teachers  by s tate  may  be influences 
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at work which could account for these differences. Although the assumption 
of constant price cannot be made aggressively in the cross section situation 
for these reasons, it appears to be worth while to explore fur ther  the conse- 
quences of such an assumption. 

A number of major variables in the cross section study are identical in 
concept to those in the time series work. Expenditures are measured in dollars 
and enrollment in the number of children, however. The major differences 
occur in the variables which represent quality or level of education. Data to 
represent length of term, number of schools, and population with high school 
degree are replaced by data on number of books circulated and a dummy 
variable which separates states containing some part  of a standard metropolitan 
area from those which do not. The former is offered as a measure which may 
correspond to the proportion of population with high school degree, and the 
latter may also reflect the higher level of educational service available in 
in metropolitan areas. Also a variable measuring the per cent of students 
enrolled in high school is introduced. 24 

In some cost relationships, a size of plant variable has been placed in the 
cost equation in order to eliminate the variation in unit costs attributable to 
economies or diseconomies of scale. The stock of capital measure introduced 
is not Considered such a size of plant measure. It  is considered an indicator 
of variation in the quality of the educational program, rough as it is. 

A general appraisal of cross section results presented in Table 4 reveals a 
strong resemblance to the results from equations fitted to time series data. 
Correlation coefficients tend to be similar in magnitude to those of time series 
equations wi th  deflated expenditures, which is the most appropriate comparisor 
if the assumption is correct  that  school officials are confronted with the same 
input prices. Again, the enrollment variable dominates the cost relation with 
significant contributions to costs being made by other variables. In order to make 
the regression coefficients of the enrollment variable more comparable to time 
series coefficients, they have been converted to elasticity coefficients and pre- 
sented in the next to last column. 

The first equation is the result of a regression of total costs upon enrollment 
and a regional variable. The latter takes on the value I if a standard metro- 
politan area i s  located in the state and 0 if none is located in the state. The 
average size of school facility and district is larger is the metropolitan areas 
and a possible interpretation of the significant coefficient at tached to this vara- 
ble is that a different, and higher quality, educational program is offered in 
these areas. In this case, the elasticity of response of total costs to enrollment 
is 1.14; however, no confidence interval has been estimated for the coefficient. 

Considering instruction expenditures, it is apparent from equation (2), that  
the enrollment variable by itself is capable of accounting for a large share of 
the variation of instruction expenditures during the sample period. In equation 
(3), we introduce a regional dummy and a variable representing the number of 
books circulated in the state. The influence of the former cannot be said to 
be significant with much confidence. The latter is much more significant. I t  

~4 Sources for these data are presented in the Appendix. 
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was introduced in the hope that  it migh t  be a consequence of a higher quali ty 
educational program.  The  elast ici ty of response of instruction expendi tures  
to enrol lment  (.84) is r emarkab ly  close to the comparable  t ime series regression 
coefficient (.85). For the operat ing cost relat ion in equation (4), a var iable  
represent ing the value of school plant  was introduced in the expectat ion that  it 
would reflect differences in quali ty.  I t  cannot  be said to play a significant role 
according to our results .  In equation (5), a variable represent ing region is 
introduced and it is significant. The re  remains  the difficulty in the case of this 
var iable  of dist inguishing quali ty f rom price aspects.  

In the case of maintenance expendi tures  in equations 5 and 6, a considerable 
reduction in the importance  of the enrol lment  var iable  occurs as additional 
var iables  are introduced into the equation. Both the regional d u m m y  and the 
value of school plant  appear  significant. According to our in terpreta t ion both 
are indicators of a quali ty shift.  A direct  comparison of the response of 
operat ing and maintenance costs to enrol lment  be tween cross section and t ime 
series resul ts  cannot  b e  made because the two cost categories were grouped in 
the la t ter  study. I f  cross section elast ici ty coefficients for each cost type are 
weighted by the respect ive regression coefficient, an es t imate  of 1.4 is obtained 
for combined expenditures.  Th is  may  be compared to a regression coefficient 
of 1.3 in the case of the equation fitted to t ime series data. 

I t  may  be noted in equation 8 that  adminis t ra t ion expendi tures  are also 
highly correlated with  enrollment.  

A variable measur ing the ratio of high school s tudents  to all s tudents  was 
prepared wi th  the following result: 

total costs = --173.76 + 304.10 enrol lment  + 5.32 per cent 
(91.96) (13.92) (3.92) 

high school s tudents  + 36.49 region. /~2 = .938. 
(19.70) 

The  sign of the coefficient of the var iable  is correct;  bu t  it  cannot be said to 
be different f rom zero with  grea t  confidence. A more sa t is factory t r ea tmen t  
of this problem may  be to es t imate  cost relationships separate ly  for e lementary  
schools and for high schools. 

Can anything be said about  the shape of the cost function? I f  the inflected 
total cost curve is mainta ined to be the underlying cost relationship, then the 
negat ive and significant constant  t e rms  in all the cross section equations indicate 
tha t  marginal  costs were  increasing during the sample period. In  view of these 
results,  it seemed worthwhile  to exper iment  with equations in which the enroll- 
ment  var iable  was permi t ted  to exer t  a grea ter  influence. These  efforts are 
presented in equat ion (9), (10), and (11) for the component  cost categories.  In 
each case, the coefficient of the squared enrol lment  t e rm is significant, an4  its 
introduction resul ts  in a change of the constant  term. While the evidence for 
curvature  seems more clear cut in the case of the cross section study, judgment  
seems best  suspended until more  disaggregated cost relations are est imated.  

I t  has been argued that  cross section studies of decision making  behavior  
are liable to the regression fallacy. 2~ The  a rgument  may  be put, perhaps,  in 
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the following form: decision makers  may  have certain anticipations as to the 
level of sales, or enrollment.  On the basis of these anticipations, ass ignments  of 
costs to t ime periods are made. If  the actual si tuation turns out differently 
than anticipated, a number  of cost e lements  will not have been correct ly  assigned. 
To  re turn  to Figure 3 on the right,  the si tuation por t rayed a t  point p~ is an 
enrol lment  larger  than anticipated, and total reported costs are lower than they 
should be. I f  there is a sys temat ic  tendency for  school sys tems  with  low 
enrol lment  to be in the situation of point p l  instead of p ,  and sys tems  wi th  large 
enrol lment  to be at  p~ instead of p~, mult iple regression est imation methods 
may  yield, if a linear m o d e l  is adopted, an intercept  too large, and 
slope too low. A bias toward l ineari ty is also indicated. The  existence of a 
regression fallacy would bias the cross section results.  Such sys temat ic  biases in 
the responses which the data are to measure  ought not to appear  in the t ime 
series data. ~6 These  short  run uncertain events  may  be assumed to cancel out. 
A tes t  of the presence of " r eg res s ion  fal lacy,"  and of the usefulness of 
this concept in general is obtained by comparison of t ime series and cross 
section es t imates  of the same relationship. " The  close agreement  of elast ici ty 
coefficients in our resul ts  is evidence that  the "regression fa l lacy"  is not of 
importance in this case. 

PUBLIC E D U C A T I O N  I N V E S T M E N T  R E L A T I O N S  

I t  has been calculated that  the coefficient of variat ion was higher for school 
capital  out lays than for cost outlays during the sample period. In fact,  capital 
out lays for schools exhibited more var iabi l i ty  on these counts than consumer 
durable and pr ivate  inves tment  expenditures  (all in current  dollar series). Th is  
suggests  that  uncer ta in ty  is likely to play a larger  role in the inves tment  
decision. Several possible interpretat ions of capital outlays were  worked out 
for empirical  testing, all in a ve ry  exper imenta l  manner  as there appear  to be 
few guideposts in this area. 

A possible consequence of the institutional provision for public education 
up to the min imum school leaving age is that  school distr icts  may  be considered 
to stand ready to provide school plant  for each pupil in some constant  amount.  
Th is  rule for inves tment  data may  be wr i t t en  

K ,  = a o V ,  ( 6 ) 
Ed 

in which K represents  capital stock, E represents  enrollment,  ao represents  a 
constant,  v a disturbance term. I f  ao is a constant,  then, 

Ktt-1.._._......._~ = aov t - t  ( 7 ) 
Z ($- l }  

which may  be subtracted f rom (6) and rewr i t ten  

K t  - -  KI~-I~ = ao[E~v, - E t - , v ~ - l ]  . ( 8 ) 

35 G.H.  Borts, "The Estimation of Rail Cost Functions," Econometriva, Vol. XXVIII, 
No. 1 (January 1960), p. 112. 

26 /b/d. 
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The left hand side of relationship (8) may be defined to be net investment. 
Changes in enrollment are taken as independent of the disturbance term. This 
relationship could be estimated in logarithmic form. 27 Additional variables 
may be introduced plausibly. I t  may be reasoned that  local school officials will 
not decide to build new schools until old ones are filled to capacity. If the 
investment data are, in fact, gross rather  than net, some estimate of replace- 
ment  or depreciation would seem to be necessary. These refinements could 
not be introduced into the model because of the lack of suitable macro data. 
It  was possible to prepare a stock of capital proxy on a cross section basis. 

An alternative formulation of the investment decision is possible. School 
officials may repond to changes in enrollment in formulating investment plans 
(which may be presented to the community,  state governments,  etc.). These 
plans are based, not only upon the recent past, but  also upon previous changes 
in enrollment. However, events in prior years are given diminished weight  
in drawing up plans. This  interpretation may be wri t ten as 

I t  = Co + CI(E~ - -  Et -1)  + Clk[Ec~-l~ - -  E c t - 2 ~ ]  

+ C~k2[E~,-2~ - -  E c , - ~ ]  + �9 �9 �9 + C ~ k ~ [ .  �9 �9 ] + U t ,  ( 9 ) 

where k < 1. This equation may be simplified for purposes of estimation, as 
is well known, by multiplying the prior year ' s  relation by k and subtracting 
the result from the original so as to obtain 

It  = do + d l [ E t  - -  Ect-l~] + kI~_~ + V t  (10) 

where V~ is a composite error term. 
Estimated equations embodying these and other more pragmatic efforts are 

presented in Tables 5 (time series data) and 6 (cross section). The dependent 
variable is gross capital outlay for public  schools which is deflated in 1954 
dollars in the case of the time series variable. Other variables are familiar 
from the discussion of cost relations. The value of school property, as reported 
by school district officials on varying valuation bases, is introduced into the cross 
section relation in the expectation that  it would remove from gross investment 
that  portion which replaces used up school plant. 

Estimated investment relations exhibit lower correlation coefficients than 
estimated cost relations. Serial correlation ratios also indicate a less random 
distribution over time of t h e  residual terms (Table 5). These general results 
are interpreted to mean that  undetected variables exerted an influence during 
the sample period, and our specification of investment relations is incomplete. 
However, the rationalizations of the investment decision which were at tempted 
yielded better  results than a pragmatic regression of capital outlays upon 
enrollment. 

In equation (1) of Table 5, the coefficient of a total enrollment variable is 
significant. The sign of the variable "number  of rural schools" is negative 

27 The error term is considered a multiplicative disturbance which means that it is 
thought that disturbances tend to increase in absolute amount as the exogenous variable 
increases, but not in relative amount. 
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TABLE 5. Public School Investment Equations: Time Series Data. 
Index Numbers; 1954  = 100 ,  Constant Dollars 

Equation 
number  

1 I 

2 I 

3 I 

4 I 

5 I 

6 I 

7 I 

Constant Enroll- NO.ruralOf --~v ~" schoolN~ of ~ ~ 
ment schools ~ ~ plants g 4. 

Change o ~ ~0 "~ 
�9 : ~ ' ~  o&-- I n  c~ ,-~ " ~  

enroll- " ~ . ~  ~ ~ 
ment o -~, ~'~" 

--203.847 3.063 --�9 
(134�9 (1.474) (.072) 

31.660 7.692 
(4.431) (1.123) 

.0018 7.295 .169 
(.0027) (1.413) (.344) 

15.809 5.166 .494 
(6.624) (1.030) (.175) 

--120.797 6.898 
(67.387) (1.030) 

--140.232 6.390 .210 
(74.149) (1.272) (.295) 

--237.981 3.300 
(112.738) .588 

t9 

.332 .64~ 

.780 1.03( 

�9 765 .99] 

1.735 
(.766) 

1.770 
!(.785) 

.861 1.36( 

.836 1.15( 

.829 1.18( 

- - . 3 1 6  . 3 2 1  
(�9 (.757) .804 

Equation 
number  

1 I 

2 I 

3 I 

4 I 

5 I 

6 I 

TABLE 6. 

Constant Enroll- 
ment 

--13.262 38.754 
(7.966) (17.790) 

.350 
(6.740) 

--.707 
(7.089) 

--12.492 
(7.908) 

--1895.179 1.824 
(778.395) (26.704) 

-1526.060 
(580.258) 

Region 

School Investment Equations Estimated by Single Equation 
Least Squares Methods 

( 1 9 5 7 - 1 9 5 8  school year,  In current dollars) 

Change 
in enroll- En ro l l  Value of 

ment school ~2 

--8.302 
(13.431) 

Books 
cir- 

culated 

4.766 
(.964) 

7.122 
(13�9 653) i 

ment 
t - ( t - z )  

1196.941 
(81.400) 

1170.220 
(96.726) 

854.859 
(147.817) 

605.747 
(119.037) 

(t-2) property 

�9 

45.919 
(16.991) 

159.58 
(34.176) 

92.709 
(15.918) 

�9 821  

.818 

.825 

.836 

.873 
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which was expected as this var iable  was introduced to measure  new construc- 
tion brought  about  by the shif t  in enrol lment  f rom rural  to urban schools. How- 
ever, the coefficient cannot be considered to be different f rom zero with much con- 
fidence. The  low correlat ion coefficient and presence of posit ive serial corre- 
lat ion indicate the deficiencies of this p ragmat ic  equation which resembles  the 
cost relation. 

In  equations (2) through (6) are presented the resul ts  of var ia t ions of the 
accelerator,  and accelerator  wi th  dis t r ibuted lag models which were  out- 
lined a t  the beginning of the discussion. The  change of enrol lment  variable 
emerges  as a dominant ,  stable factor  in the inves tment  relation. In equation 
(4), the dis t r ibuted lag version of this relat ion yields the best  resul ts  in te rms 
of correlat ion coefficient and serial correlat ion number.  However ,  the values 
of the serial correlation numbers  lead us to reject  the view that  disturbance 
t e rms  are independently dis t r ibuted over time; this rejection is according to a 
one tail test  for posit ive serial correlation. Efforts to dist inguish high school 
f rom e lementary  school outlays wi th  the var iable  measur ing  per  cent of the 
population wi th  high school degree did not work  well. 

I nves tmen t  relat ions prepared on the basis  of (:ross section data  are not 
inconsistent wi th  t ime series resul ts  wi th  respect  to the significance of varia- 
bles enter ing into these relationships.  The  change in enrol lment  var iable  ap- 
pears to be the mos t  important .  In t roduct ion of the var iable  measur ing  the 
total stock of exis t ing school plant  br ings about  an important  modification if 
we are prepared to accept  this var iable  as an index of the demand for capital  
replacement.  In equation (7) of Table  6, the value of school proper ty  var iable  
may  be interpreted to represent  the demand for rep lacement  of exis t ing worn  
out plant. If  the stock of capital  var iable  is replaced by a lagged enrol lment  
variable as in equation (4), it can be seen tha t  the enrol lment  variable is not 
a completely  adequate subst i tu te  for the stock of capital  variable.  

A regional var iable  costructed as in the case of cost relat ions does not 
per form well. In equation (1) a var iable  represent ing quali ty of education 
(books circulated) is introduced, and exer t s  a posit ive influence. However ,  
such a roundabout index of quali ty seems unsat isfactory.  An exper iment  was  
per formed in which a more  direct  measure  of the per cent of s tudents  in high 
school was  inroduced. 

Investment( t )  = --61.31 + 45.35 enrollment(t)  + 860.01 change in 
(58.71) (17.06) (148.42) 

enrollment(t) + 2.09 per cent enrolled in high school(t). /~  = .84. 
(2.49) 

T h e  coefficient of the variable has the correct  sign, but  it cannot be held to 
be different f rom zero wi th  much  confidence. 

In one respect,  the resul ts  differ as be tween t ime series and cross section 
equations. An elast ici ty coefficient prepared f rom cross section data indicates 
tha t  about  a one per cent increase in the change in enrol lment  is associated 
wi th  a one per  cent increase in inves tment  outlays.  Th is  elast ici ty coefficient 
in the case of the t ime series relat ions is in the neighborhood of .25. This  
comparison suggests  tha t  the observable t ime series data may  in fact  reflect 
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short run considerations. When these influences are held more or less constant 
in a cross section study, the response of public education to changes in enroll- 
ment  approaches the long run coefficient. An important consequence of this 
difference is that  utilization of the cross section coefficient in time series fore- 
casts without  modification would great ly exaggerate short run fluctuations. 
The sample time period has a number of aspects which may have made long 
run investment adjustments difficult to carry out. I t  may be noted that the 
great  depression, the war and immediate postwar period have been considered 
a period of extremely restricted public education investment plans and restricted 
responses to changing circumstances in the opinion of a number of public 
educators.~a 

C O N C L U S I O N S  A N D  FURTHER W O R K  

To what extent  has a basis been prepared for making conditional forecasts 
of expenditures in the public education sector? Cost and investment relations 
satisfying statistical and theoretical criteria have been estimated from time 
series and cross section data. However, many questions remain. The macro 
relations which have been estimated m a y  not correspond in desirable ways 
with micro cost and investment relations. More ideal data for purposes of 
aggregation may be obtainable from individual school district and school plant 
units. Micro variables for which observations are available over periods of 
time, or cross section studies of a number of units would appear to hold out 
promise. Distinctions between high school and elementary school units could 

250 Index 
numbers 

200 

~se~ 

I00 

Number of school plants 

Enrollment ~ ~ -  - ~-~ 

Instruction expenditure~---. ~_ ~ ~  

""-~-O~per~ti .... d mai2e ..... expen~tures'- ~ ~-' /11 
\ / 

C~ap ital expenditure ~ ~ 
i ~ ' ~  "- . .  ~ Y e a r  

1930 32 34 36 38 40 4 44 46 48 50 52 54 56 

FIGURE 7. Public Elementary and Secondary Education Data. Index 
Numbers. 1954 equals 100. In 1954 Dollars. 

28 Comment by D. Willard Zahn, Dean, Department of Education, Temple University. 
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be made in these studies, and tes ts  carr ied out to ascertain,  for example,  if 
cost relat ions have the same slopes. A more sa t is fac tory  t r ea tmen t  of the 
problem of changes in the content  of the educational p rogram ought  to be 
possible a t  these levels. An unsat is fac tory  par t  of the macro  studies which 
have been carr ied out is the inclusion of war  year  observat ions in both cost 
and inves tment  relat ions es t imated f rom t ime series data. I t  can be seen f rom 
Figure 7 that  some unexplained var ia t ion was introduced in this way, especially 
in the inves tment  relations. 

While expendi ture  var iables  have been t reated as endogenous, a number  
of other variables,  for example  the indices of changes in the educational pro- 
gram,  have been introduced as if they were  exogenous variables.  In an actual 
forecast ing application, fu ture  values of these var iables  would have to be esti- 
mated.  A more significant question is raised by this point, however.  A sector 
model ought  to incorporate explanations of var iables  such as length of t e rm 
and per cent of s tudents  in high school, among others.  At tent ion has been 
paid to only one aspect  of public education ac t i v i t y - - t he  cost side, so to speak. 
On the other, or demand side, it would appear  that  income variables  could be 
introduced as explanations of changes in the content  of the educational program.  
As local school units receive revenues  for purposes of providing an educational 
p rogram f rom bond proceeds and tax ra tes  on real proper ty  values, it would 
seem plausible to relate  tax ra tes  and bond proceeds to income measures  in 
order to see if these var iables  can help explain changes in the educational 
p rogram received by  the population. 

APPENDIX 1. DATA AND SOURCES 

Cross Sect|on Var|ables as Listed in Table 1 

a) Population by s ta te  of 7/1/57, and 7/1/55. These  observat ions exclude mem- 
bers  of the a rmed forces stat ioned overseas.  Sources: U .S .  Office of 
Education, Statistical Summary of State School ,Systems, 1957-1958 (Washing- 
ton: G . P . O . ,  1960), Tab le  2, p. 8. 

b) Enrol lment  in public e lementary  and secondary day schools. A number  
which indicates at  the end of the year  all the different pupils enrolled in 
the state.  The  total, therefore ,  includes a double counting of pupils who 
are enrolled during the year  in two or more states.  The  U .S .  Office of 
Education es t imated net enrol lment  U . S . A .  in 1957-1958, to be a lmost  a 
million pupils less than the s ta ted total. The  source is the one cited in 
a), page 2, and Table  1, page 6. 

c) Personal income by s ta te  for the calendar year  1957 as repor ted in current  
dollars, U .S .  Office of Business Economics, U .S .  Income and Output 
(Washington: G . P . O . ,  1958), Table  I-8, pp, 156-57. 

d) Value of school proper ty  June 30, 1958, in current  dollars as reported in 
U .S .  Office of Education, Statistics of State School Systems, 1955-1956 
(Washington: G . P . O . ,  1959), Table  39, p. 106. In footnote 1 of this table 
it is s ta ted that:  "whi le  the principal basis for determining value is original 
cost plus cost of all additions and alterations,  other bases used probably 
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e) 

f) 

g) 

h) 

include insurance and replacement cost ."  Est imates  of this variable were 
prepared for eight states on the basis of the average property value per 
pupil of the for ty  states for which information is available. 
The  number of books circulated by state is taken from U.S .  Office of 
Education, Statistics of Public Libraries, 1985-1956 (Washington: G .P .O . ,  
1959), Table 12. 
"Region"  is a dummy variable which takes on the value 1 in states 
in which standard metropoli tan areas are mainly located. For all 
other states the value is 0. 1 was entered for the states of Washington, 
Oregon, California, Wisconsin, Illinois, Missouri, Ohio, Michigan, Florida, 
New York, Maryland, Pennsylvania, New Jersey, Connecticut, Rhode Island, 
and Massachusetts. 
Maintenance outlays are in current  dollars as reported in Table 9, page 13 
of the source for cross section data cited in a). 
Operation, instruction, administration, and capital outlays are in current  
dollars as reported in Table 9, page 13 of the source cited for a). 

Time Series Var iab les  as Listed in Table 1 

i) Enrollment  for school years ending in the even numbered year, series H224, 
U. S., Bureau of the Census, Historical Statistics of the United States, Colonial 
Times to 1957 (Washington: G . P . O . ,  1960), p. 207. 

j) Net national product in 1954 dollars per capita. These series were prepared 
from the source cited in c), Table I-2, page 119, and subsequent issues 
of the U. S. Depar tment  of Commerce, Survey of Current Business. 

k) Population data for the U.S .  are f rom the source cited in i), Series A 1, 
page 7. 

1) Number  of schools (and school plants) from the source cited in i), Series 
H-253, page 208. 

m) Length of school term (measured in days) from the source cited in i), Series 
H-230, page 207. 

n) Per  cent population with high school degree is measured as the per cent 
of population 17 years old who are high school graduates. Data from the 
source cited in i), Series H-233, page 207. 

o) Number of schools with one teacher is prepared in index form to represent  
a measure of rural and small town facilites which have been associated 
with poor quality education. Data from the source cited in i), Series H-245, 
page 208. 

p) Operating and maintenance expenditures in current  dollars by states is from 
the source cited in i), Series H-257, page 209. 

q) Instruct ion expenditures in cur ren t  dollars by states is from the source 
cited in i), Series H-256, page 209. 

r) Gross capital expenditures in current  dollars by states is from the source 
cited in i), Series H-259, page 209. 


