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Bconomies of Size in Public Schools:
A Comparison of Indiana and
North Dakota Data

ﬁgﬁtract

Data from two states are used for an snalysis of the extent to
which savings can be achieved through school comsolidation. The relation-
ship betwesn per pupil expenditures and emrollment is examimed. It is
shown that per pupil expendlitures for imstyuction are linked to teachers
salaries and pupii/teach&r ratio via a simple mathematical relztionship.
pifferences in per pupil expenditures for instruction among schecl districts
for both North Daketa and Indiana ere due primarily to variation in pupil/
teacher retios decreases es enveliments incrsage. There was ngfevidanca
of a similay relaztionship for Indiana schools. However, teachérs salaries
in both Morth Dakota aﬁﬁ fndisna increase a8 emyellments increase. For
expenditures other then instruction, very littls evidence was found for

potentisl savings due to increases in enrollment.



Fconomies of Size in Public Schools: A
Comparison of Indiana and North Dakota Data

David L. Debertin

Public elementary snd secondary education represents the largest
single expenditure by units of state and local governments. Resource
allocation questions for public schools are extremely important, since
30 percent of all tax éollars raised at the state asnd local level are
used for elementary and secondary educaticn. Politicians, school sdnin
istrators sad othey decision-makers who deal with school finance problems
in yural and urban aveas face a key poliey issue: Can ¢ savings of
tax dollars be achieved through reorganization of existing edministrative
wnnite and comsolidetion of school planta? .

During the past § years, two studies which focus on this issue
werw conducted. The first study [4] was undertaken in Horth Uakots, a
very spaxsely populated state. The second study [3] took place in Indiams,
& gtate that encompasses o number of densely populated urben areas. Major
differences exist between educetionzl systems in the tws states. There
had been minimal consolidation of school inputs and reorganizstion of

aduinistrative units at the time the Nerth Dakota study was conducted.

“Br. Debertin iz Assistant Frofessor of Agricultural Economics at
the University of Kentucky. The author is indebted to Thor Hertsgaard of .
Borth Dakota State University and to John M. Hule snd J.B. Kohimeyer of
Purdue University for many of the ideas that formsd the basis for the
analyses in this paper,
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A comprehensive program of administrative reorganization and conseli-
dation of school plants was virtually complete at the time the Indiana
study was undertaken,

The analysis presented in this paper explores the extent to which
reductions in expenditures can be achieved through consolidation and
reorganization efforts. Determinants of per pupil expenditure levels
are identified for North Dakota and Indiara schools. A comparison is
made of average cost curves for North Dakota and Indizna schoeol districts.
HMajor policy recommendations stemming from vesults of studies conducted

in both states ars prosented.
An Eoovomiss of Sime Nodel

Bconomksts have long been presccupled with the estimation of umit
cest curves for fivms. It is only naturzl to wonder if ecomomies of size

for public services such as schools also axisﬁ.l

Average cost. curves
estimated im the Hoxth Dakota and Indiona studies revesl peteﬁtial gsononios

of size for school districts.
Theoratical Relatiomshipe

Expenditures for instruction (primarily teecher's salaries)
represent the bulk (75-80 percent) of a school district's operating
budget. It is postulated that the average cost or per pupil expend-

itures for instruction (PFE)} is s docreasing fumction with respect to

lsee, for example, works by Hansen [7], Riew [12], and Cohm [1].
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school system size or enrollment {ENRQ). HMoreover, consistent with
traditional firm theory, a curvilineax relationship is hypothesized. The

proposed economic model for instructional costs is:
{1) PPE = By * B,ENRO + B, LRENRO

It is postulated that PPE is a decreasing function of ENRO:
B s = 8+ 5, BT <o
since one éxpects 31 >0 and 32 < 0. Alternatively, the
hypothesis may be stated as:
| Y |
(5) f B, ENRO ! >§ B, i

in addition, it is postulated that the function (PPE} will
decrease at a decreasing ratse:

2
4y ¢ PPEE = -8 T .
JENRO

Determminants of Per Pupil
Bzpenditures for Imstruction
Average (per student) cost curves were astimstod by regrossion
per pupil expenditures for instruction (PPE} on distriﬂt enrollnent (ENRG).

The cstimated equation for 262 North Dakota districis was:

(1} PPE = 557 « .024 ENRO - 121 £n ENRO
{.005) (15}

g% = .23

(standard errors of vegression coefficients appear
in parentheses)
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The equation for 269 Indiana districts was:

(2) PPE = 237 + .0002 ENRO + 63.34 ZAENRO
(.0345) (0.35)

Rz = .15

Enrcllment (the combined impact of ENRO and LaENRO) was negatively
related to per pupii'expenditures for instruction for North Dakota schools,
although explained variation was only a small proportion of total varie
ation. For Indiana schools, enrclliment was positively related to pey
pupil ingtructionéx expenditures. An examination of relationships
between per pup%l expenditures for instruction, average teachers sal&ries,'
and the pupil/teacher ratic revesls why these relations hold.

A seldom recognized relationship exists between per pupil instructe
ional expenditures (PPE), average annual teachers salary in the district
‘ {5, and the gupil/taacher ratio (P/T). For public schopl systems,
| sxpenditures for items other than teachers salaries constitat@flesﬁ than
5 percent of the costs usually allocated to the azccounting c&téggry
titled instruction., Assuming instructional costs to include onily salarvies

paid to teachsrs, the following equaticns held true:

{3} PPE =8 + P/T
Equation (3} holds because:
(4) PPE »P =8 T

bifferenting (3) with respect to P/T yields:

Gy BE. . sem?



Per pupil expenditures for instruction vary inversely as the square
of the pupil/teacher ratio. Equation (3} defines a family of rectangular
hyperbolas in the PPE and P/T plane, and the distance of the hyperbola
from the origin is dependent on the value of S. This simple relation is
fundamental to an understanding of all of educational finance. Its
importance can hardly be overemphasized. Policy implications include
the following:

{1} Eeoonomies in per pupil ezpenditures for ingtruciional

costs due  fo aonaolidaﬁiok ocour

because the increased enrcllment aqllows the school
admintetrator to increase the pupil/%waaher'mmtia,
There ig no direct effect of enrollment on per pupil
instructional expenditures.

(2} Substantial reductions in per pupil empenditurce for
instruction will ccowr by inereasing the pupil/teacher
ratic only if the school dig@riet'is initiaily.opagating
at a relatively low pupil/teqcher ratio. Hence, the
administrator of a achool syetem will achieve a sub-
atantially lavger reduction in per pupil expendiiures
by increasing the pupil/teacher ratio one umit <f the
school is initially operating at a pupil/teacher ratic
of 10/1 than if the school ig initially operating at
a pupil/teacher ratic of 20/1.

(3) Reductions in per pupil expenditurss for ingtruction

can alao be vohieved through decreases in average
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 teacheres salaries. Ieachers salaries can perhaps be
veduced if the school administrator ig willing to hirve
as replacements itnsxperienced teachers with bachelors,
rather than masters degrees. However, the bulk of
the variation in par pupil exspenditure [for imstruction
awong districte in both North Dakota and Indiana
schools is attributable to variation in pupil/teachaer
ratios, not Vedchers salariss.

Moreover, it is nsive to vegress PPE on § andfor P/T in sdditien
to enyollment becaunse of the identity relstion. Such specifications ars
often seen in the litevature [see, for example 12]. The exact impact of
& selected change in either average salaries or pupil/tezcher ravivs on
per pupil expeaditﬁres for instruction can be determined without rusning
the regression! A further understanding of the effect of enrollment on per
pupil empenditures for instruction cen be obtained through analysis of the

separate effocts of enroliment on pupil/tescher ratios and average salaries.

Puptl/Teosher Ratios

A key relation is the jmpact of enrollment on puplifteacher ratios.
The following equation was estimated for 262 ¥orth Dekotas school distxicts.
Secondary course offerings (NC) was included om the right-hond side of
the equation since in sparsely populsted aveas, it may not be possible

to offor a large number of courses without operating & vexy low pupil/
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teacher ratio. Neerly all North Dakota districts have only one or at
most two plamts. A curvilinear relation between pupil/teacher ratios and
enrollment is proposed. Increases in enrollment can be expected to have

the greatest impact on pupil/teacher ratios in the low enrollment districts.

(6) P/T = - 5.74 - .00043 ENRO + 10.51 ZnENRO
(.00017) (0.74)

2
- 175 NC R™ = .65
{.035) (262 North Dakota
districts)

A similar specification was employed on & district basis for
Indians schools. (Course pffering data were not available for Indiams.)

(7)) BT = 21.03 - .00002 BEMRO - .17 £nENRO
{.00003) £.61)

ke e .o

{265 Indigna
districts)

For North Dakots schools, the combined effect of ENRD snd LHENRD
is strongly poszitive. Small envollments in sparsely pupulated‘&remg force
administrators of most North Dekota schools to operste at very low pupil/
teacher ratios. EHven a modest expansion of programs in ﬁorth Pakota schools

results in reductions in pupll/tescher raties and substentive increases in
per pupil expenditures. Most consolidated plents in Indiana, howeover,

are already operating at velatively high pupil/teacher ratios, Auwy
increase in onrollments usuzlly results in the hiring of additional
teschers, and the pupil/teacher ratio does not incresse. Large emroll-
ments in Indians schools onable adminisivators to exercise a great deal

of arbitrary centrol over pupil/teacher ratios., Even though in the
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short run, enrollment is fixed, substantial changes in pupil/teacher ratios
are achieved by an alteration of teaching loads {(number of class hours

per teacher per day) and by the addition of special instructors fer

courses such as music, art, and remediazl reading. Hence, the relationship
between enrollment snd pupil/teacher ratios is strong for North Daketa

schools and very weak for Indiana schools.
Teacher's Salaries

Per pupil instructionsl expenditures increase, ceteris paribus,
2% selsries incresss. The following equation for 262 North Dakots dig~
tricts Qas estimated for the 1968-69 school year. In addition to the
legavithm of envollment, the equation in the North Dakota study aise

eaployed the acereditation level of the schoot {ACC) as specified by the

o U s, e < s

state department of publie ingtruction in ovder to test whether scheols
with the highest accreditation paid the highest szlsries. BEnroliment in
the linear form (EMRO) was found to be nonsignificant and was not included

in the final regression speci€icstion.

(10} S = 4201 + 243 ACC + 3131 £RENRD
(100} (204)

2

R™ = 50

A similar equation for 269 Indisna districts was estimated. Accred-
itation data for Indiena districts do not exise.

(11) S = 4842 + 1262 LnENRO
(93)

= 41
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Bnrollment was positively related to teachers salaries in both
states. In North Dakota schocls, reductions in per pupil expenditures
for instruction due to the effect of enrollment on pupil/tescher ratios
are partially offset by increases in teachers salaries.

In the Indiana study, it was argued that salaries of public schooil
geachers are positively related to enrollment and to sociceconomic
characteristics of distriet residents including levels of per pupil
assessed valuation (ASSY), family income (INCO), population density {DEM)
and the percent of perscas over 65 (OVGS). A detailed conceptual justi-
ficstion for this regression model mey be found in [5]. The following
equation was estimated for 269 Indiana distriets:

{12) 5 = 3645 « 1098 {nENRO + .045 ASSV

(95) (.006)
« 029 INCO ¢ 33.0 OV6S
(. 026) (13.1)
o 145 DEM
(.088)
8% = .54

Khile sociceconomic varisbles such as population density and
family incoms explsin variation in teachers sslaries, the jogariths of
rots! emrollment remained the primary explanatory verisble. Salaries
in districts with largs enrollments are higher than in swell enrcllment
districts because: -{1} largé enroliment districts have the most atirse-
tive salary schedules, (2) large emrollment districts tend to attract

the most teachers holding graduzte degrees, (3) large enroliment districts
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have been most successful in retaining teachers. This results in a high
mean experience for teaching level in large enrollment districts. Salary
schedules in Indiana are eatirely based on teacher training and experi-
ence. Hence, teachers in the large enroliment districts tend to be high

on the salary schedule [5].
Other Expenditurss

in the Novth Dakots study, the following equations were estimeted
for per pupil expenditures for plant maintenance (PLTM), plant operation
{PLTO) and textboecks and vigunal aids (TBVA}. A major plent maintenance
it@m is janitor's salaries, while plant operation comsists privarily of
utility costs. Exponditures on textbooks emd visual aids exclude books
purchased by students. The ratio of high school to elementary students
{RATIO) is included in the PLTM egustion since bigh schools often have
ROYE Qquipm@ﬁt to maintain than do elemeniary schools.

(13) PLTM = 21,38 + 0008 BHRG + 8,57 RATIO - 5.48 £nBHRO

{.0007) (3.43)  (2.24)
Rz w U5
(14) PLTO = 85.06 - .0020 EMRO - 20.65 LnENRO
(-0007) {2.40)
8t = .28
(15} TBYA = 40.68 - .0003 ENRO - $.10 LnENRQ
{.0006) (2.12)
RY « .06

Substantive economies existed only for plant operaticn expenditures
{heat, electyriciiy and other utilities).
White and Tweeten [13, 14] have discussed in detail the impact of

population density on transportation expenditures. A similavy snalysis

JRE——— R ot o A, - A 1 o
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was conducted for North Dakots schools. This analysis was in completse
agreement with White and Tweeten's findings. Conclusions in beth
analyses supported the position that much of the apparent savings in
instructicnal costs possible when plants are consolidated is offset by
increases in transportation ceusts. This is ﬁarticularly true in sparsely
populated rural areas where transportation expenditures are @ relatively

jarge proportion of the total budget of a schoel.

Polioy Implicpbiong

The snalysis presented in this yapﬁr'supporﬂs the pesition that
conselidution of public school systems does not necessarily reduce per
pupil expenditure levels. The bulk of savings in tax dollars possible
when school plants ave consolidsted occurs through increases in pupils
eoucher ratics. These savings may be fully offset by incressed teacher's
salaries end transportation costs. .

Although consolidation of scheol plants doss not maa@ﬁ$$}iiy resuit
in & saviags in fax doliars, there way be other potential justification
for consolidation. It hes not been conclusively shoen that the higher
¢ajaries paid to ﬁ%ﬁ&h&?ﬁ {n the consolidated disizicts make it possible
to yotain sperienced teschers, nor atizact teschors holding advanced
é@gﬁﬁms {5]. Morsover, evidence jndicates school distzicts paying high
teschors sslavies do not necessarily produce high achisving students fcf. 2,
3,4,6,8,9,10,11,13,14]. Howover, eonsolidation of school plants msy seke it
possible for adminiétrat@rs to offer & wide variety of course offerings
at the secondary level without operating &t & lov and costly pupil/
teacher ratio. The additionsl cost of expended laboratory and library
facilities con be spread over a large nmber of students in the conseli-

dated plants.
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