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Introduction

This study was undertaken to add information about
the cost-alze relationship of public séhools and school dis-
tricts. A review of literature shows that numerous cost-
size studies of schools have been made.(l) However, there
was need for a study foocusing upon & population of high
school districts, each ﬁaving ona ettendance center--s high
school--to add a new dimenaion to the literature avail-
able.(2)

This iﬁterest wasd Fanned by the recently renewed in-
terest in economy of operating schools, the changing nature
of schools, and the sbruggle for financial support by public

agencies,
Problem of the Study

The problem of this study was to determine the rela-
tilonship between the aslze (average daiiy attendance} and
certain cost factors of operation of Illinois high school
districts having only one attendance center. Costs included

administrative coats, instructional costs, and operationsl

costs.



Research Variables

The principal variables of this study were size in
average dally attendance (ADA) and certaln current expendi-
tures. School expenditures inoiuded sxpenditures per pupll
in average daily attendsnce for administrative costs, in-
structional costs, and bperational costs as ldentifled by

the Illinois Finencial Accounting Manual.(3)

The meanings of the variables are clarified by the
following definitlons:

1. Size--In this study, size was measured in average
daily attendance (ADA) which is the aggregated days at-
tendance of a school distriet during a reporting period
divided by the number of days scho§1 was in session during
the period. Average dally attgndance wa3 based upon the

best six months of attendance.(l)

2. Sedondary Sehool Diatrlct--A secondary school
district is a school district serving only grades 9 to 12
and under the direction of one board of education. This
study ineluded only public supported secondary school dis-
trictas having one attendance center.

3. Administrative Costs--Administrative coats as

used in this study pertain to the monies expended for:
salaries, supplies, and travel expenditures of the board of

education, superintendent's office, principals, supervisors



and consultants; busineas and financial administration of :
the buildings and grounds; such services as legal, research,
school census, and public relations; and other sundry ex-

penses connected with administration., Administrative cdsfs

are identified in the Illinois Filpanclal Accounting Manual
by Account Nos. 501-501.9 and 502,11-502.13.(3)

h. Instructional Costs-~-These costs include the ex-

penditures for activities dealing'directly with or alding
in the teéching of students or:improvihg the quality of
teaching. They include the salaries of teachers, teacher.
aldes, certificated persommel as school librarians, and
audio-visual, guildance, psychologleal and television per-
gonnel who are performing aervioes for the instructional
program, secrstaries and clerks, noncertificated personnel,
Instructional supplies as textbooks, library and audio-
visuﬁl, other supplies, travel, and others. These costs
are indicated by Account Nos. 502.14-502.90 in the Illinois

Financlal Accounting Manual for local systems.(3)

5. Operating Expenditures--In this study, operating

expenditures refer to the total expenditures from the Educa-
tlon Building, Bond and Interest, Transportation, Municipal
Retirement, and Rent Fund, less expenditures for the fol;
lowing: tuition pald to other districts, building payments
to other districts, adult education, summer school econémic

opportunity project, capital outlay, transfers out and bond



principal retired divided by the best six months weighted
average daily attendance. This definition is found in I11i-
nois Office of Education Form 50-0l4, School District Annnal
Financial Report, 1975-76. It should be noted that this
varies from the term as it is used to describe income in the

state aid formula, and the two should not be confused.

Population

This study ineluded only data about secondary school
districts having one attendance center. The districts in-
cluded were visited for state of Illinois "recognition"™
(epproval) during one of the 1973~-74, 197,-75, or 1975'76 
school years. High school districts having one'attendance
center were chosen fof this study because data available
were for the one school. Data for unit districts (K=-12) and
- Tor high school districts with more than one school do not
show the actual costs for one school attendance center. The
emphasis of this study was upon the high school rather than
- high school districts,

As included in this report, the secondary schools
were treated as three populations. The first population
_included all the single attendénce high school_districtﬁ in
Tilinois for which data werse availaﬁle. The slzes of these
seventy-two schools ranged from a high ADA of 4,752 to a low
of 67. | | |
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The second population included sixty-two secondary
achools with less than 2,000 ADA (1,927 to 67). The third
population consigted of forty-one secondary schools with
3izes of less than 1,000 pupils (965 to 67 ADA).

The populations of smalier sehoola wera inciuded be -
cause it was fe¢lt that these schools were more representa-
tive of the high school distrigcts in Illinois than the .
:popugation which inecluded the larger schoqls. In 1973 there
were 143 secondary school districts in Illinois. At that
time, secondary sohgcl districts of less than 500 enrollment
accounted for 38,5 per cent of the state's secondary dis-
tricts (fifty-four districts), but enrolled lj.1 per cent of
the state's high school pupils.(5)

Sources of Data

| Data were secured from the following sources:

1. Public School District Profile and Visitation

Information Form of the Illinois Office of Bducatlion Depart-
ment of Recognition and Supervision for 1973-7L, 1974-75,
and 1975-76. ' '
_ 2. Annual Financial Report of the Finance, Grants,
Budget, and Reimbursement Division of the Illinois Office
of Education. *

3. The 1970 Census: Illiinois School District Pro-

file of the Center for Educational Finance, Department of



Educational Administration, Tllinois State University.(6)

Adjustments to Data

Two cost adjustment indices were used. The first was
'_a geographic cost-of-1iving index for Iilinois counties by

~which costs were adjusted for varying levels of the cost of

~ living in various parts of the state of I1linois.(7)

Costs were alsc adjusted by the Consumer Price
- Indexea. Since cost data were for 1972, 1973, and 1974,
ratios were calculated which were used to convert all cosﬁs

to the 1972 1evel. (Example: cost index 1972/cost index

125.3 _
1974 = 37t = 0.845.)

Resgearch Questions

The principal concern of this study was upon the
rolation of school size and various costs., The apeciric
questions studied were:

| 1. Does the sconomy and diseconomy scale of cost-
size relationship found in other studies of variéus kinds of
school districts alsc appear to exist for secondary school
districts having one attendanee area? |

2. Is there optimum size (in terms of cost relation-

ship) for secondary school districts in Illinois?



3. Do studies of various size groups of secondary

school dlstricts show similar cost-size relationships?

Statiatical Approsches

In this study, the regreésion prqcedure, both lineaé
and curvilinear, was employed. By using the regression
equation, the relationshlp between a dependent or criterion
variable and the predictor variables can be anﬁlyzed. It
was udsd as a descriptlive tool by which the linear and
curvilinecar relationships were summarized; also, 1t served
as an inferential tool by viewing the relationships in the
population as representing a sample of high schools at one
~ point in time taken from a hypothetical population of
similar high schools.

The results are summarized in Tables 1, 2, and 3,
and show the relationahip of the three cost variables to
size for each of the three populafiona: (1) seventy-two
‘high gchools whose aizes vary from ADA of 4,753 to 67;

(2) sixty-two high schools with ADA of less than 2,000;
~and (3) forty-one high schools with ADA of less than 1,000.

The following information is included, |

1. "The dependent cost variables and the independent
slze variables;

o 2. The correlation coefficient "r," which ihdicatea

the degree to which varistion {(or change) in cne variable 1ia
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related to variation (change) in another (it also shows the
strength of association among variables and provides a meansa
lfor comparing the strength among variables):

3. The linear r2 and quadratic r2, which are méa—
sures of the proportion of variance attributed to one vari-
able;

: L. The gain of ra, which is caleunlated by subtract-
“ing the linear r2 from quadratic re (this gain is the im-
Provement in the rit of the quadratic mathematical function
to the data); |

5. The optinum school size (ADA), and the related
minimum ecost.

Before analyzing the data, a rule was sstablished for
3electing the type of "Model™ to describe the relationship
between the dependent variable and the independent variable.
The quadratic model is illustrated when there is a gain in
re of five or more percentage points and/or the gain in ra
is statistlcally significant (.05). Curves wers plotted
Trom the quadratic equation ¥ = a + bX  + blxe. The first
derivative was calculatad'to determine. the optimum (least
cost point) in the relationship of the two variables. The
optimum ADA size was then substituted into the estimating

equation to determine the minimum cost.



Findings

Finding I: Relation of
- Administrative Cost to ADA

| Table 1 shows the comparative relationéhip of admin-
iatrative coat and siza-(ADA) of the three populations of
secondary 8chools. Data in Table 1 show that'thercorrela—
tion coefficient (r) for each of the three schoollpopula-
tions is negative. 4lso, as the ADA of the populations de-
creases, the correlation coefficient becomes larger (more .
negative) A curvilinear relationship existas between ADA and
administrative cost per pupil for all three populations;
providing about the same amount of gain over use of a linaar
function. F values of the quadratic model and ol the quad-~
ratic gain for all three popuiatidns are significant at the
.01 level, The negative linear relationship suggests that
as the size of ADA increases the administrative cost per
pupil decreases. This per pupll cost decrease is shown to
bear é stronger relationship to size as the schools with
larger ADA are removed and the populetions with lower ADA
are formed, However, Figures 1, 2, ana 3 show curves
plotted from the guadratic equations and all threse figures
show that an optimum size (ADA) point exists, and per pupil
administrative costs begin to rise for larger size dis~
 triets. {Sample calculations for determining the optimum

size are shown in Appendix A.)



10

Finding II: Relation of
" Instructional Cost to ADA

Table 2 shows the comparative relationship of
instruectional cost and size (ADA) of the three populations
of secondary schools. Data in Table 2 show considerable
differences among the three high gchool populations. First
the positive correlation cosflficient (r) bstween size and
instructional costs of the population with the largsr
schools does not support the expected economies of scale
(lowar costs with larger populations). Economies of scale
were found for the two other populations (negative correla-
tion coefficients). Fitting a.quadratic funetion in all
three models does improve the fit in graphic representation
by about 10 per cent for the two populations with larger
ADA, and by 23.6 per cenb for the population with ADA of
less than 1,000.

Figures li, 5, and 6 show curves plotted from the
quadratic equation and the optimum cost-size relationships
found by using the first derivative. The data show that as
school sizes increase from the very small, instructional
costs per pupil reduce up to some optimum point, and then
increase with size. However, when the thres populstions
are examined, the relabtlionship between size and cost ls

not as strong as in the case of administrative cost per

pupil.



. Finding III: Operational
: Eggendituras with;ADA

Table 3 ahows the oomparativa rslationship of opera~

=tional cost and size (ADA) of tha three populatlons of
'secondary schools. Given a linear model, the data show that :
when the two populations having 1arger ADA are considered
" ‘the operational expenaa, on the average, does not decrease -
with increasing size. However, when’ the schools with largef
enfollments are removed from_coﬁaideration,jtha smaller
schools do show a degrégse in perkpuﬁil conts of operation
with increase'in gize.

Figures 7, 8, and 9 lhow the eurvilinear relationship
.which exista between ADA and operating expense prer pupll for
the three populations. The strength of thls relationship
lfor the populatlion wilith ADA less than 5,000 1s essentially
the same as that found for instructional costs and admin-
 istrative coats, for populationa with ADA less than 2 000,
it is somewhat weaker then that‘found for the other two
cost situations; and for populétidns with ADA less than
1,000, it is substantially weaker than‘that.found for the

two earlier cost-ADA fslationshipa.

Summary of Findings

Findings of this study are inconolusive in some

reapects; yet some are clearly identifiad. Findings of the
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relationship of administrative costs show that for all three
- population groups there is economy of scale--lower cost
assoclated with larger enrollments. However, a curvilinear .
rel#tion axigts for the three populations, Thus, some evi-
denca of ineresnsing per pupil cogts of administration is
shown with increased ADA beyond some optimum point.
| Instructional eoéts are shown to have a negative re-
lationship to ADA for the population of schools with ADA be-
low 1,000, PFurther, the quadratic functicn is shown to
improvo the £it in graphic representation of the relation-
ship for the three groups; however, the relationﬁhip is not
as distinet as for the administrative cost and ADA relation-
ahip.

Finally, when ADA and operational‘costs are consid-
ered, the linear correlation coefficient (r) of only the
population with the smaller ADA showed some, though minor,
economy of scale~--larger enrollment with lower costs. Also,
for the thres populations the quadratic function fit ia
substentially weaker than that found for the administrative
- ecost and ADA relationship.

Discussion

Findings of this study do suggeat that for at least
the population of smaller high schools there is an economy

of scale relationship between size and various per pupil
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costs. As with other studies of coat and size, ambiguéus |
findings appear, depending on the cost variable and the
Inaﬁuré of the population. -

For .example, treatment of data about the high Bchooi
'population'including larger‘SQhoéls shows that for adminis-
trative costs, economy of scale exlsats for schools baiow._
24330 ADA and then diseconomy of scale'exiabs as siiea 1n;
creaae, However, when the larger schools are removed rrom
the population, considerable shifting of the "point of
efficiency" is noted. With,the_population of amallest
schools, economy of ascale exiéts to size ADA of 635, thenc
- diseconomy of scale is‘seeﬁ. Because of the larger number
of smaller schools and practieal limitations on possiblé
increases in size due to diatrict reorganization in Illi—
nois, the population with just the ema.ller size aehools may
be more representative as s rqference point for such schools.

This atudy does support'the ldea that economy can be
| achieved by eliminating the very smell high schools. Fur4__
thermore, the cu?vilineér relationship of cost and size
ahown by otheé reaearchéra.is éupporbed. Thus, this study
aerves to provide additional information to those who must
ultimately make the decisions about inefficienéy in opera-

tion and size of schools and districts which must be made,

Although a larger samplé size might seem to be desirable,

such a population would be difficult to secure because of
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the varience of financlal practices, record keeping, and '

. other economic-related matters among the various até.tes.



TABLE 1

REGRESSION VALUES OF ADMINISTRATIVE CoSTS®
WITH DIFFERENT SIZE_(ADA)_PUPIL POPULATIONS

smssnany

15

v
it

-

High School

Linsar

Minimum

h1 -

Correla- Quad- Gain Opt imum ‘
Populations tion ratic School Cost Per
: Coaffi- Size _gugil at
clent ptimun
r r2 re € School
Size
411 High Schools
ADA: B 00 '
5 fmelc’w 5,000 o o, o.oh6  0.211° 0.165° 2,330 $74
\DA: B s
ADA$ Below 2,000 4 )o0b 0.177° 0.392° 0.215° 1,136 $65
N = 62 : .
- ADA: Below 1,000
. - ’ ~0.599° 0.358° 0.516° 0.158° 635 $67

aCosts =

per pupll costs

bSignificant at .01 level

1

|
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TABLE 2

 REGRESSION VALUES OF INSTRUGTIONAL GOSTS®
WITH DIFFERENT SIZE (ADA) PUPIL POPULATIONS

High School Correla~ Linear Quad- Gain Optimum Minimum
Populations tion : ratlc School Uost Per
. Coeffim Size  Pupil at
clent 2 2 o . Optimum
r . r ™ ' r School
' Size

All HigE‘Schools

ADA: Below 5,000 ;) so7b  5,088° 0.187° 0.099° 1,315 $70L

N = 72
. ADA: Below 2,000 - _ ' : ¢ e . ‘ h
¥ = b -0.040  0.002 0.133° 0.132 960 $62h
ADA: Below 1,000 _ ‘

N = L) ’ -0.283° 0.080 0.316° 0.236° 531 $58Y

aCosts = per pﬁpil costs

Psignificant at .05 level

QSignificant at .01 level



TABLE 3
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REGRESSTON VALUES OF OPERATIONAL CosTs®
WITH DIFFERENT SIZE (ADA) PUPIL POPULATIONS

e ey - ——
g

Vv A
m——m———

el ey

N = L]

High School Correla- Linear Quad- Gain Optimum Minimum
Populations tion ratic " School Uost Per
Coaffi- Size ~ Pupil at
clent > > Optimum
P o or r pe School
- Size
All High Schools
ADA: B 5,000 |
N Below 5,0 0.373% 0.139° 0.186° o0.047° 775 $1,226
ADA: Below 2,000
0.090 0.008 0.069 0.061 85l $1,143
N = 62
ADA: Below 1,000
7T Lo.132 0.017 0.172° 0.155° 503 $1,049

————r st s
' P

h

pre—

acosts = per pupil coasts

Psignificant at 0L level

®significant at .05 level

M
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Appendix A

Following is a demonstrated caleulation made by plot~-
ting the curve in Figure 1 and determining the optimum cost-
8iza relationship.' Similar calculations are used throughout
the discussions of the other bivariate cost relationships,

The egquation is:
% ' 2

Y=a+bx+blx _
where: Y = Cost (the minirmum cost for the optimun size);
| & = The constant term (the intercept value of the

regression line in the graph);
b = The regression coefficient of the linear term;

The regression coefficient of the quadratic
term;

o
)
i

X = Independent variable (ADA);

x2 = Independent vériable squared (ADA squared).

The quadratic function relating administrative cost
per pupii to size for schools with ADA less than 5,000
(Figure 1) 1s: _

= 153.82 - .06861 (ADA) + ,00001l472 (ADA)2

To obtain the optimum size and cost as a concern of
the study, the first derivative (Y1) is obtained and gub-
stitution made as follows:

¥l = -.06861 + 2(.00001472) ADA

29
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The firast derivative is sst = 0 and the equation is
solved foxr ADA: '

0 = -.06861 + 2(.00001472) ADA
| .0000294ly ADA = ,06861

ADA = 2,330
That is, a mindmm cost occurs at ADA = 2,330.
The estimated eoaﬁ, 'bhon, ié:_ | |
153,82 - .06861 (2,330) + .00001472 (2,330)%
= $7 B

> )
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