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Scale economies in public education

W. Cris Lewis and Kalyan Chakraborty”
Utah State University

Abstract. An empirical analysis is made of the relationship between cost per stu-
dent and school size, school district size, and variables measuring the quality of out-
put and environmental factors affecting the demand for public education. Based on
data from the 40 school districts in Utah, it is shown that operating cost per student
is inversely related to school size and school district size when each is considered sep-
arately, When both are included in the regression equation, however, only school size
is significant. Consolidation of schools, not districts, may be the key to achieving
lower per unit costs. Capacity to finance school operations, quality of output, and
education levels of the adult population have positive effects on unit costs.

1. Introduction

This study analyzes the relationship between operating cost and school district size,
average school size, and growth using data for school districts in Utah from 1982 10
1993. Estimates are made of economies of scale in school and district size. The mag-
nitude of resources devoted to public education in the United States means that effi-
cient operation of school districts and individual schools is essential. Inefficiency
may be tolerated in a public program where budgets are small, but a small improve-
ment in school efficiency could save significant resources, given the size of education
expenditures. The issue of returns to scale is important because there may be substan-
tial savings achieved by consolidating schools and/or school districts. Utah provides
an unusually good laboratory because of the diversity in both size and growth among
the state’s 40 school districts.

The study is timely because of recent population growth in many areas in this
state. After experiencing sluggish economic growth and net outmigration during
most of the 1980-1990 period, Utah has recorded strong growth in the past five years.
Along with rapid growth in employment, income, and population has come increased
concern about the effect of growth on the environment and the public sector, espe-
cially education. The need to expand school facilities and staff has been accommo-
dated to some degree by growing tax revenue, but a fiscally conservative political
climate in the state has tempered the allocation of even larger resources to education.
Like most states, Utah makes an effort to reduce disparities in local capacity to fund

* The authors are, respectively, professor and graduate research assistant, department of economics,
Utah State University, Logan, Utah 84322-3530. i
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public education through redistribution of various kinds of income and wealth among
school districts.!

The analysis focuses on the relationship of expenditure per student on operations
and capital (including construction) and the size and growth of the school district and
size of schools. We find that:

»  Both operating and capital expenditures per student decline with

increases in district size, average school size, and the rate of growth,
although the effect of school size dominates; and

¢ Change in per student expenditures over a five year period is related
negatively to growth in the number of students.

2. Background

By definition, economies of scale reduce long-run average costs as the rate of output
increases. In studies of public education, output typically is measured by the number
of students served by a given set of programs and services.2 Most of the research has
found that there are significant economies of scale in school operations.

One of the exceptions is the early study by Hirsch (1959) who applies multiple
regression techniques to district level data from 27 St. Louis area public schools to
estimate an average cost function. The statistical results show no significant
economies of scale.

Riew (1966), in a study of 109 accredited high schools of Wisconsin in
1960-1961, relates data on operating expenditures (including cost of administration,
teachers’ salaries, other instruction and operating costs, and maintenance) to explana-
tory variables such as school size, teacher qualifications, class size, breadth of the
school program, and the degree of specialization in instruction. Using multiple
regression analysis, he finds that economies of scale exist for high schools up to a
level of 1,675 students. He later (1986) extended this work to a study of school costs
under conditions of declining enrollment for individual secondary and elementary
schools. He finds significant scale economies in school operations with much larger
economies for secondary than for elementary schools. The efficient operation of sec-
ondary schools (with their specialized instructional staff, more professional support
personnel, and more varied programs) requires a larger pool of students to achieve

lower per student costs.
In a study of economies of scale in Jowa high schools, Cohn (1968), estimates

the following per student cost (C) function:

C=oc+{3Qi+~yQ?+§l,djzij D
=1

where:

! Utah earmarks all revenue from the state’s income tax for public education. These revenues are allo-
cated to each district in inverse relation to a measure of real property wealth per student.
2§ee Tholkes and Sederberg (1990) for a general discussion of economies of scale as they apply to pub-

lic education and for a more comprehensive literature review.
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Q; = The number of students; and

Z; = Other variables influencing operating costs including quality measures
(e.g., teacher-student ratio, number of college credit hours for the aver-
age teacher, and average teacher salary).

There are significant economies of scale for Iowa high schools up to a school size of

1,500 students.

Butler and Monk (1985) estimate the following Cobb-Douglas production func-
tion using 1978-1979 data for public schools in New York State:

Q - A N::a Tk(l-a) (2)
where:
Q = An output measure (number of students processed);
T = Teaching input;
N; = Other inputs; and

A, a, k = Shift, share, and scale parameters.

Assuming schools operate efficiently, total cost is a function of total output (Q) and
the prices of nonteaching and teaching inputs. The translog form of the cost function
is estimated for both small and large school districts, and the cost structures of large
and small schools are found to be qualitatively different. Further, cost differentials
among schools and districts of different sizes are separated between scale effects and
other effects. Schools with 2,500 or fewer students show greater economies of scale
than do larger schools, and larger school districts are less efficient than smaller ones.

Kumar (1983) tests for economies of scale in various categories of educational
costs at the individual school level in Ontario, Canada. Using a cost function
quadratic in size and linear in quality of education and other exogenous variables, he
finds that variables other than size affect school cost curves parametrically and that
the average variable cost curve is parabolic rather than U-shaped, at least for the
school sizes in his study.

In a similar study, Bee and Dolton (1985), investigate the relationship among
size, other characteristics of the school, and the average cost of output. Using data
from 309 independent secondary schools in the United Kingdom, they find that an
increase in school size is related negatively to average cost and that the effect of stu-
dent performance or quality (e.g., average number of passing grades per student, aver-
age number of A grades per student, and percentage of students entering college) is
independent of size. Further, whatever standard of quality is chosen, it can be achieved
at a lower cost in large schools.

Callan and Santerre (1990) use Connecticut data to estimate the relationship
between educational cost per student and three fundamental inputs—instruction,
administration, and support staff services. They assume that each school district min-
imizes the short-run variable cost of producing a particular mix of school outputs
given a fixed stock of capital, the public transportation system, and the amount of
home-produced education. To produce a particular mix of primary and secondary edu-
cation at least cost, the school district chooses levels of educational inputs, i.e.,
instruction staff, support staff, and administrative service. A significant degree of
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substitutability is found among these inputs, as are significant economies of scale for
both primary and secondary schools.

Tholkes (1991) estimates the extent of cost savings from consolidating small
school districts. He finds that:

»  Most of the scale economies are associated with an increased staffing

ratio and a reduction in the number of facilities that had to be operated;

o The potential for capturing economies of scale is reduced greatly if new

facilities have to be constructed;

« Increased transportation costs associated with consolidation are a minor

part of total expenditures, although cost to students in increased travel
time could increase significantly;

» To the extent that new or expanded course offerings are made, the cost

of this quality improvement will offset part of the savings from consol-
idation; and

«  For the four districts in Minnesota studied, the net scale effect reduces

total expenditures per student about 4.6 percent.

In summary, most studies find economies of scale as the size of school
increases. The economies associated with district size are less clear. Butler and Monk
report that larger districts tend to be less efficient, and Tholkes' work suggests that
the savings from district consolidation may be associated with reducing the number
of facilities (i.e., increasing average school size) which may be achieved without con-

solidation of districts.

3. The data set and preliminary analysis

A comprehensive data set for each of three school years (.., 1982-1983, 1987-1988,
and 1992-1993) for the 40 school districts in Utah is developed from reports prepared
by the Utah State Office of Education (1983, 1988, 1993, and 1994) and the Utah
Education Association (1983, 1988, and 1993). These districts vary in size from 191
to more than 80,000 students. Seven districts have fewer than 1,000 students, and
three have more than 40,000 students. Between 1982-1983 and 1987-1988 ten dis-
tricts experienced absolute declines in the number of students. For the subsequent five
year period eight districts showed declines, while ten grew in excess of 10 percent.
The range in district size and growth experience should allow for a strong test of the
relationship between expenditure per student and both size and growth.

The study area is unique in many ways. While thought of as predominantly
rural, Utah is one of the most urbanized states with almost 80 percent of the popula-
tion living in two adjacent standard metropolitan areas (i.e., Ogden-Salt Lake City
and Provo-Orem). For the average school district 59 percent of revenue comes from
state sources, primarily from the Uniform School Fund for which the entire Utah
personal income tax is earmarked. This fund is distributed to local districts based on
the difference between local real estate tax potential per student and a specified level
of funding per student. This financing mechanism amounts to a redistribution of
resources from districts with above average real property wealth per student to below
average districts. Most of the remaining 41 percent of revenue is provided by local
property tax collections. Class size is large compared to national averages, teachers’
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salaries are below average, expenditure per student is low,3 and educational outcomes
are average to slightly above average.

The initial analysis focuses on per student operating and capital expenditures and
the relation of each to size and growth of school districts. Table 1 shows per unit
operating and capital expenditures and average school size classified by district size
and growth rate for each of the three academic years. Average cost (or spending) per
student generally falls as size increases and also tends to decline as the growth rate
increases. Per student cost averages about 40 percent lower in the largest districts
than in the smallest districts. Also, per unit cost in the rapid growth districts is 30
percent to 40 percent below that in districts experiencing decline in student numbers.
One interpretation is that average cost will be lowest in a large, growing district due
to economies of scale. The net effect of each component (i.e., size and growth) can-
not be determined by these averages, however, nor can we account for the effects of
quality. An alternative explanation is that the average small and/or declining size
school district offers a higher quality academic program, but there is no a priori rea-
son to expect this to be true nor is that explanation consistent with other evidence.

The argument that rapid growth will require higher per unit expenditures for con-
struction also is not supported. Capital expenditure per student in each of the three
years studied shows the same pattern of steady and significant decline in cost as size
increases. The data relating capital expenditures and growth are not as definitive, but
offer little support for that hypothesis.* It is possible that the negative relationship
between expenditures and district size is accounted for by differences in school size.
Larger districts have larger schools, and that factor may be explanation for these gross
relationships.

Plots of these three key relationships are shown in Figures 1 through 3. The
relationship between expenditure per student and size of district (Figure 1) is nega-
tive; the larger districts tend to have low expenditures, whereas there is considerable
variability among the smaller districts. Some have per student costs comparable to
those in the larger districts, while others have substantially higher costs. Figure 2
shows definite economies associated with larger average school size, and Figure 3
shows that the larger school districts tend to have larger schools.

These data suggest that there may be significant economies of scale associated
with school district size and/or school size. Further, the lowest operating costs are in
the rapidly growing districts; also, the rate of increase in operating costs tends to be
lower for large districts and for growing districts. There are many explanations for
these relationships. In addition to the school size effect, the largest districts also may

3[n recent years Utah has ranked at or near the bottom among the 50 states in terms of expenditure per

student..
4 Capital expenditures tend to be lumpy, and a comparison of spending in each of three years that are

five years apart may be only indicative. A better measure would be cumulative spending over some
multiyear period, but such data were not collected.
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Figure 1. Total number of students in school district and expenditure per student, 1992-1993
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7
i
& °
26 ®
o
E]
Q
E ©
Ssp €
@
]
] ° @
& a4 © ° °
<4 .
5 ® ooooe 23
2 oo
g3l ®
ol
2 s .
o 200 400 1200
Average Students Per School




30 W.C. Lewis and K. Chakraborty
Figure 3. Average students per school and total students in school district, 1992-1993
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be the fastest growing (thus, confounding the effects of the two variables on per unit
costs). The higher costs in smaller districts possibly reflect higher quality.’

4. The regression model, specification issues, and estimates

Much of the empirical work in this area involves estimating a reduced form expendi-
ture function and then using it as a cost function. Cost function estimation techni-
cally requires that output can be measured, which is difficult in many public sector

contexts, although perhaps less so in education.®

Following Downes and Pogue (1994), we assume the school district produces a
vector of outputs Y using inputs X that have prices p. The cost (C) function also
depends on a set of community environmental variables that influence cost (E), that

18:

C = pX = (Y, p, E). 3)

5 It may be that having lower cost schools is a causal factor in explaining growth. Perhaps persons are

attracted to areas that offer lower cost-per-unit education.
¢ In public education enrollment could be considered an output measure with various other variables,

such as standardized test scores, used as quality adjustments.
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If output cannot be measured, cost can be derived from a reduced form expenditure
function. Output is a function of demand (D), input prices, and the environment vari-
ables, i.e.

Y = gD, p, E). @
Now, substituting equation (4) into (3) yields

C=1lgD,p, E), p, E] ®

C=hD, p, E). ©

In the following both the cost function (i.e., direct) and the expenditure function
(indirect) are estimated.
The variables included in the analysis include the following:

Dependent variable
Operating expenditure per student

Independent variables
Output

Number of graduates per student

Dropout rate
Scale

Number of students in the district

Average school size
Demand

Per capita income

Property tax revenue per student
Environment/quality

Proportion of population with college degree

Proportion of population with high school diploma

Student-teacher ratio

Proportion of students needing special education
Input prices

20 year salary for teachers’

Average salary of classified personnel®

Using the data for the three school years as a panel, the cost function is
estimated both directly and indirectly using both the random and fixed effects models.
The natural logarithms of all variables are used except for those variables measured as

7 Total salary projected for a teacher over a 20 year period based on the district’s salary schedule for

the year specified.
8 Includes custodians, bus drivers, kitchen staff, etc.
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a percentage. Based on the Hausman statistic, the hypothesis that the district-specific
effects are random is rejected at the 1.0 percent probability level. Therefore, the anal-
ysis will focus on the estimates of alternative functional forms estimated under the
fixed effects model as shown in Table 2.

The statistical results are reasonably good; all of the coefficients that are statisti-
cally significant at or below the 0.05 probability level® have the correct signs, and
the equations explain 93 percent to 96 percent of the variation in unit costs. The
variables that are important in explaining unit costs are per capita income (demand),
20 year teacher salary (input price), district and school size (scale), and student teacher
ratio (quality).

Model 1 includes both scale variables, whereas models 2 and 3 include only
one—district size in model 2 and school size in model 3. The coefficient on average
school size is always highly significant and about -0.15 in average magnitude. This
implies that there is a 0.15 percent decline in cost per 1.0 percent increase in enroll-
ment. In contrast, the coefficient on district size is consistently negative but is sig-
nificant only in model 2 where the school size variable is omitted. The implication is
that economies of scale are associated with school size and not with the size of the
district.

One of the findings of Butler and Monk (1985) is that small school districts can
capture most economies of scale with only marginal changes in size. The key appears
to be changing school size. If consolidation of districts cannot achieve an increase in
average school size, per student cost should not decline significantly. In contrast, a
small district may be able to achieve significant cost reduction by consolidating
schools into larger units, although Tholkes (1991) shows that this may mean signif-
icantly greater time spent traveling to school by the average student. In such cases,
some costs have been shifted from the school district to the students.!?

The coefficients on the two demand variables in the expenditure function (i.e.,
per capita income and property tax revenue per student) have the correct (i.e., posi-
tive) signs, but only the coefficient on per capita income is statistically significant.
The coefficients on the two input price variables also have the correct sign, but only
the 20 year teacher salary coefficient is significant. Of the four variables measuring
environment and quality, only the coefficient on the student-teacher ratio is signifi-
cantly different from zero. The coefficient is negative because quality (and cost) is
inversely associated with class size.

The effect of growth on per unit cost is measured by adding an additional variable
(percentage change in total students during the previous five years) to model 1 for
both the direct and indirect estimations.!! The coefficient on this variable is small
and not significant in any of the equations.

9 In almost all of these cases the coefficients are significant at the 0.01 level.

10 The increased time spent in school buses traveling longer average distances often is an argument used
by opponents of both district and school consolidation in Utah. When winter weather conditions increase
the danger of highway travel, the arguments become even more intense.

1 Oply the data for 1987-1988 and 1992-1993 are included in this panel because we did not have the

district growth rate for the five years prior to 1982-1983.



33

blic education

mies in pul

Scale econo!

s[opour Surpuodsarioo oY) WO} SINSAT 109JJ3 WIOPUEI SNSISA PIXI] UO Paseq ST ONSTIEIS UEWSHER

[2A9] 1u3015d ¢ 21 MO[q 10 T8 WeOTUSIS 4
sosayuared ur sonsTe)s-}

1441%

PE0e

vboc 81°9p 81°¢l ob'sy onsTIelS 159) TRWISOE]
P3°EC 76'ST 69'7€ 90'82 6672 19'L7 onsnels-4
18560 0956°0 18560 18¥6°0 S6£6°0 8056°0 parenbs-y
(T1£€°0) @1v°0) (80¢°0) (826'0~) (2507 (621°07)
TI100°0 09100'0 901000 07€00°0 £9100°0- L¥000°0- a1ed [ewads Sutpeau sjuepmis jo uonsodoly
091°1-) (Loz'1-) (290°1-) #9917 L1g1-) «(EL1°T)
9L100°0- 91200°0- 69100°0- 89700°0- TEE00°0" 19€00°0- wwioldip *§'H ¢ yam uonendod jo uontodoig
(L000-) (Z81°0) 0v0°'0-) (zon 610'1) +(€81°1)
10000°0- 6£000°0 L0000"0~ $0200°0 822000 Z0£00°0 c013ap reak mojy it uonendod jo woniodoig
(L1157 «(681°L7) +(0€€°6~) +(2£6'S-) +(208'9-) «(EST'Y)
LL89Y0- 9P9°0- 601LY°0" LEYSS'0- 78699°0- S1991°0- (omrex1 yoyoeol-juopnis) ug
+(£09°6-) (10547 +(66¥°G-) +(866'¢-)
186€1°0- L8TH10- LSIST'0- 806ST1°0- (jooyds 1od yuopms 9Se1oae) U]
+(016°2) (Ls1'07) »(098°€-) (818'0")
O 1+0°0- 1§200°0- 91¥50°0- SEC10°0- (19LNSIp [00YOS 31 WX SJUSPNIS [£103) U]
(6L1'0) (s£6°0) (0€1°0) (982°0) ©e1'D (L£09°0)
80£70°0 663€1°0 SYLI00 SEOV0'0 LILLT'O 65L80°0 (soakorduro parjrsse[o Jo Lrefes oSeroaw) uy
«(£10°€) e «(LS8°D) 0880 «(6Y9°7) «(691°€)
910490 68€55°0 £0199'0 106690 £1969°0 YoLLL'O (Arefes 1oydea) 1eak (7) w]
«(L¥P'E) «(015°7) «(0¥Z'€)
12190°0 12¥50°0 7£290°0 (quopmys 10d onuoael yey) wy
(819°0) (980°0) (165°0)
TILEDO 065000 109€0°0 (swoout eydes 1od) w
(166'0) @Loo (126°0)
$0000°0 00000 £0000'0 (svex nodoap) u]
(861°0) (065°1-)
#010°0 89780°0~ (001 x Juopmys 1od soenpeis) wy
€ 19PO T IPPON 1 19PO £ 19PON T I9po 1 [POIN sajqerres oy jo uonduasa(

(pax1y) woneuIns? 10a1Ipuf

(pax1y) uonewInss 10211

(1uaprus 1od sxmrpuadys Suneisdo) wy :sjqensea Juspusds

s1o1owrered wonouny 1500 A1 Jo SfeWINSY *Z AqEL




34 W.C. Lewis and K. Chakraborty
Table 3. Predicted expenditure per student for alternative school and district size

Average Estimated cost per student 1992-1993

school size District size (students)

(Students) 2,000 10,000 30,000 50,000 80,000
200 $4,209 $4,120 $4,060 $4,032 $4,007
400 3,780 3,700 3,646 3,621 3,598
600 3,550 3,474 3,424 3,400 3,379
800 3,395 3,323 3,275 3,252 3,232
1,000 3,279 3,210 3,163 3,142 3,122
1,200 3,188 3,120 3,075 3,054 3,035
1,400 3,113 3,046 3,002 2,982 2,963

Model 1 of the fixed effects equation is used to predict the per student cost for
various combinations of district and school size (Table 3). Using the mean values of
all other explanatory variables, school size is varied in increments of 200 from 200
to 1,400 students while district size is varied from 2,000 to 80,000. The effect of
changing district size is predictably modest; holding school size constant at 600, per
unit cost for a district with 30,000 students ($3,424) is only $50 (i.e., 1.4 percent)
less than in a district with 10,000 students. Thus, the aggregate effect of combining
three districts each having 10,000 students would be a saving of $1.5 million.

The effect of increasing average school size is substantially greater. For example,
a district with 10,000 students and an average school size of 600 would have a pre-
dicted cost per student of $3,474. Another district of the same size with an average
school size of 800 would have a predicted cost of $3,323 per student or 4.3 percent
less than the first district. The aggregate saving for the district with the larger schools
is $1.51 million.

5. Summary

This analysis of Utah school districts indicates that the most important determinants
of education cost per student in Utah are scale (as measured by average school size),
per capita income in the district, the student-teacher ratio, and the 20 year teacher
salary. District size, while appearing to be an important factor, is insignificant when
average school size is taken into account. Further, growth effects are consistently
negative, although not always statistically significant.

There are significant economies of scale, but most of the effect is captured by the
scale of the individual school unit. Thus, consolidation of school districts in an
attempt to reduce per unit costs may not be successful unless average school size can
be increased at the same time. Further, there often is political resistance to such con-
solidation; if average school size is the driving force behind cost reduction, it may be
possible to consolidate schools within a district and capture most of the scale

economies.
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