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Public el~etitaty and secondary ed.ucation re})l"esents the largest 

· single expenditure by units of state and local governments. Nearly 30 

percent ~fall tax dollars raised at the state and local level is spent 

for the funding, of public elementary and secondary schools. The magni

tude of expenditures for public education relative to other public goods 

makes questions of resource allocation for the service extremely impor

tant. It is not surprising that a great deal of attention has been 

directed toward determining if the educational process can be made more 

efficient. 

Politicians. school administrators and other cleciston make~s who 

deal with school finance problems in rural and urban areas face a key 

. policy question cleating with the internal effici~ncy of the educational 

production process: "Does the spen4ing of addi.tionaZ tai: doZ.l.."U'$ in 

Zocat. pubUa schools ,zeceesarit.'1! ensure an impraved educxz-!;ion fot' atZ. 

students?" 

· Du-ring. the past 5 .years, this author. has conducted two studies · 

which focused on ,this issue. The first study. (l)ebertin, 1970} was under

taken in North pakota, .a sparsely populated state. The second study 

(Debertin, 1973) was conducted in Indiana, a state that encompasses a 
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number of densely populated urban areas. Major diffcre~:es exist in 
,::-:.•~·-

the public educational S)-Stems between the two states. At the time the 

North Dakota study was conducted, there had been minimal consolidation 

of school pJants nor reorganization of administrative units. A compre

hensive program of administrative reorganization and consolidation of 

school plants was virtually complete at the time the Indiana study was 

undertaken. The key public concern in Sorth Dakota was whether or not 

CQ!lSolidJtion and reorganization would lead 'to a "bettel'." education for 

stud"nts. tnd!ana residents wet'e rather concerned with the impacts of 

additioJ1aJ ~p~nding within the existing institutional structure. The 

· analysis hcr,ein e~amines inte~relatio~ships between educational inp.its 

(al ternat;ive u.ses for tax doHars with a school) and educational outp.ats 

(standardized t-est scores and other measures). Policy recommendations 

stemming from results of studies cond':lcted in both states are presented • 

. .. · ,ReZationshit>a: Bet"iJ¼!en . 
FducationaZ Ir-.pr,/ts ,~n..~ ·outputs 

... To ~etermin:e, the, pqssible ,effect;,c,n · the student-:,of•:altema.tiye, , 

uses, of tax,.:dollars '.for, the:· purchase o,f,schooLinput s,. ,educational 

•.~production functions''.·were estimated :in both •Studies~ ::Both studjes, 

envisioned. a ;public school.. syste?1n. as, a firm, using· inputs,to'.produce· an 

(p:erhaps .multidimen,sional) .. Ioutp;.it., .. School: inputs· considered,in: the , 

studies .. inc lud:cd c hanies ,, in,, salary, levels J ·.- pupil/teacher rut io$:, ;, the 

proportion of teachers holuing graduate degrees· and: other ,measures;. 1., 

While. the ,study conducted in Indiana. err.ployed,,substantialiy :differ~nt -

:--::_..-··. 



data and methodology than did the North Dakota study, similar conclusions 

with respect to the impact of school in1=uts on alternative measures of 

outputs were reached in both studies. 1 

The NOl'th Dakota Study 

Out?,tt measures in the North Dakota study consisted of standardized 

test scores in the nine tests comprising the Iowa Tests ~f Educational 

Development (the !TED bank) from scores of high school juniors in 207 

North Dakota school districts. ~teasures of school input:; included average 

instructional cost per pupil, total enroll~ent, average salary of teachers, 

pupil/teacher ratios, accreditation, and courses offered at the secondary 

level. The school district was the unit of observation in the North 

Dakota study. Nearly all !-!orth Dakota school districts contain only one 

high school and .one elementary school, or a single cor.ibincd high school 

and elementary plant. Extreme variation in the size of high schools 

existed in North Dakot.3. at the time the study was conducted--one high 

school was operating with a total enrollment of only 16 students, 1thile 

a number of high schools in the larger cities had several thousand students. 

There was and continues to be a great deal of p.1blic ct.mcern in North Dakota 

as to the possible detrimental effects of the extremely small high scnool 

on the.education of students. 

Table l sum.-narizes the impact of school input variables on standar

dized scores for the nine subject matter areas covered by ITED test bank. 

Variation explained b,· school inputs constituted an extremely small propor

tion of total variation in the ITED scores. Figure 1 illustrates the 



~able 1. Coe~ficie~ts of be.termin~t1:Qn ~or, Nin•. !TED Test Score$ Repested 
Aaa.inst Nine Select.ed School tnpits. ~orth Dakota. 196$•0~• , 

1. 

2. 
s. 
4. 
s. .,. 
7,, 

I .. 

9. 

. • • . i • • 

IT6D Test 

Social Studies Background 

Natural Sciences Background 

Con-ectness of Expression 
Oiantitative Thinking 
Reading in Social Science$ 

Reading in Natural Sciences 
R.-ding in Literature 
General Vocabulaey 
U$e of ~rces •Of Infonaation 

-Source: Oebertin {1970} 
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Figure 1. - Relationship Between Total Enrollment and Average Composite · 
Scores on the Iowa Tests of Educational Development, 207 
School Districts, North Dakota, 1968..:69. 
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relatio~sliip between tCJti!l ~roilrrient ~, Ncttth Dakota schools and compo$ite 

stores on the ITEO t•st tianl. ~ere was • wide variation in composite 

scores ambng s~ho61s with sdiall total enrollments and a number of small 

school produced classes <:>f students with relatively high composite tt£D 

scores. As enrollment increases, the number of students taking the ITED 

test bank also increases and the variance in ITED sco-res about the •ean 

is reduced. Hence, figure 1 does not provide empirical evidence to support 

the position that schools in North Dakota with the la'tge-st enrollments 

produce students wit~ the highest test scores •. 

Smee a standardiied testing prop-a is not conducted on a statewide 

ttasis in Indiana, global test score data for Indiana were not available. 

Observations used; in the Indiana study consisted of data on an admittedly 

•elect group of students, inccning Purdue University fresluaen who graduated 

troa Indiana high schools. Outputs consisted of scores on the Scholastic 

Aptitude Test (SAT), the Colle1e Entrance Examination Boan! test bank 

(CEEB) • and first semester grade point averages. The iltdiviclual student 

rather than the school was the unit of observation. 

School inputs consisted of highly detailed data on the character-
~ 

htics of the high school each student attended. For esample, data were 

obtained for salary levels. expe.rience and degree held of science teachers 

1n each high school buildin& in the state.. Similar detail was obtained 

for other subject matter areas such as English and mathematics. Control 

variables we.-e used as independent variables in the analysis in addition 



to the school inputs. These included data on family income,. tht, educat iona.l 

level of parents,. and rank in th~ high schobl gtaduatirtg cla~s expressed 

&$ percentile. 

No attempt is =a.de here to i,,:-es111t • rigorous ju5tirication for the 

l!Odel specification followed 1n the Indiana $tudy. A. rigorous theoretical 

presentation justifying the empirical a.pp-roach that was followed can be 

found in Debertin (1973) or in Debertin and l-uie, Secondary Education 

Jmpatt~·, (1~74). 

The initial sample .of 26S2 students was Tandomly divided into two 

sub-samples. The ,a.me regression equaticm was estimated on each. sub-sample. 

A variable was considered significant only if its coefficient was different 

from ze~o in both sub-samples. Tho two step procedure thu$ minimized the 

possibility of reporting Type I erro~. 

Data pr.,sented in Table 2 illust ~ate results fo"t a production function 

using the seori, on the quantitative SAT exam as the outp.1t measure. Similar 

equations were estimated for the verbal SAT exam, the Eaglishp mathematics 

a'4d chemistry scores of the CEEB exam, and for first smester gra4e point 

averages. While in a few instances, coefficients on school inputs in orte 

of the two sampl..;s were found to be significantly different from :~ro. in 

no instance were any of the coeffi~ients on school inputs found to be 

signif .1.cantly different from zero in bott-. samples. Conve-rsely, in l!k1.ny 

instances, many of the control variables were found to nave non--zero 

co~fficients in both samples. Based on these findings it was concluded 

that (1) measures of school inputs contributed virtually nothing to ex-
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· Table 2. Exemplary Educational Production Function for P1udue University· a . . ' 
. . Freshmen, Fall, 1971 

School Inputs: 

Pupil/Teacher Ratio in 
the High School 

s.iary Differential Paid 
by School for an Advanced 
Degree 

Salary 00:fetential for 
Experience ........ 

Salary of Math Teachers 

Degree of Math Teachers 

Experience of Math 
Teachers 

C:omses Offered in Math 

Control Variables: 

Rank in High School 
Graduating Class as a 
Percentile 

Education of Parents 

Family Income 

Size of Graduating Class · 

Semerteni of Math taken 
while in High School 

Intercept 

R.2 

Sample 1 Sample 2 

-1.41 3.36 
(!. 49) (1.34) 

e.()09 -.041 
(. 018} (. 018) 

0 .063 -.062 
(. 076) (. 068) 

.010 .002 
(.005) (.005} 

-9.S2 1.98 
(12. 51) (14. 94) 

-1.so 0.96 
(0. 96) (1. 07) 

-0.16 -0.39 
(2.21) (2.17) 

79.0 59.3 
{S.4) (S. 8} 

o.so 1.ss 
(0. 77) (0.58) 

• 00'1 ;,,_003 
(.003) (. 003) 

-87.2 -ss.s 
(24.3) (23.0) 

.003 .038 
(. 024) (. 026) 

26.0 21. 7 
(2.1) (2. 3) 

217. 7 256.7 

.47 .41 

aStalld:ud etror.. are m pare11theses. Source: Deberlin (1973). 
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plained variation in the output measures, Md (2) soc.ioeconomic and other 

control variables llave a substantial impact on the output measures con

sidered in the analysis. 

Intercorrelat ion existed between many of the measures of school 

inputs and control variables. Since collinearity may have masked the true 

impact of school inputs, an additional effort was made to determine the 

maximum amount of variation in the output measures that could be attributed 

to school inputs. Following a "hierarchial" regression procedure similar 

to that used by White (1972), all school inputs were forced into the 

regression equations first. Control variables were subsequently allowed 

to enter the regression. Table 3 summarizes the results. Values in the 

column labeled "Variation Explained by School Inputs" a~e _probably over

stated since variation in outputs that could be attributed to either school 

inputs or control variables was arbitrarily assigned to the school inputs . . 
Even so, an extraordinarily small proportion of the variation in output 

measures could be attributed to school inputs. 

To summarize, literature dealing with the empirical estimation of 

educational production functions has revealed ~ittle evidence to support 

the belief that quantifiable measures of educational outputs can be altered · 

by changing levels of school_ inputs as inputs and outputs are nou1 measured. 

Findings from two studies dealing with the empirical estimation of educa

tional production functions in two states lead this author to conclude that 

if the desired objective of a school administrator is to increase standard

ized test scores or the performance of students upon entering college, 
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Table 3. Maximum Variation in Educational Achievement Attributable 
to School Inputs, Indiana, 1970-71 

Sample 
Outp.1t No. 

--- l Verbal SAT 
2 

l 
<pantitative SAT 

2 

1 
English CEEB 2 

1 
Math CEEB 

2 

1 
Chemistry CEEB 2 

l 
Freshlll.an GPA 2 

Variation 
Explained by 
School Inputs 

5.3 % 

2.4 

4.3 

· 0.8 

3.1 

1.7 

6.3 

2.3 

8.1 

3.1 

4.2 

4.4 

Additional Variatio n 
1 Explained by Centro 

Variables 

34.S % 

24.0 
-

43.2 

40.3 

38.6 

29.4 

51.2 

52.l 

35.9 

34.3 

20.3 

17.4 
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altering levels or school inputs under the control of school administrator 

will probably not achieve this end. Tweeten. in a recent article, swnmarized 

thiiS well when he stated (pg. 48), "Unfo.rtunately, it is becoming increas

ingly clear that the process by which resources are converted to favorable 

student outcomes in terms of schooling, achievement and future economic 

success is not well understood. The fact that achievement scores have not 

improved in recent decades despite vast increases in funding per student 

indicates that the productivity of school resources i,s declining. Numerous 

analysis of the relationship of specific schooling inputs to .athievemont 

reveal. no profitable sources of significant gains in efficiency with the 

current organization of schools." 

Pol.icy Impl.iaations 

The discussion has summarized key findings from this author's studies 

conducted in two states over a five year period. Policy recommendations 

which can be made on the basis of the two studies are·as follows: 

(1) Evidence does not suppo:rt the belief that oonsotidation 

~ be justified on the basis of evidBnoe of increased 

pe:rfomance by students on standardized tests. However, 

there may be other reasons for pursuing consolidation 

programs in rural areas. For example, a major benefit 

of a consolidation program is that a relatively large 

enrollment makes possible a comprehensive offering of 

courses in high schools without a low and therefore 

costly pupil/teacher ratio. 
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(2) '1:'he eper.dinq of acfUtiona:t, money for publi.c education 

cannot bt3 Justified on the ba$i.S that; the i.na-naeed e:cpen

diture 7.iJitz. Lead to improved per,formanae on standa.Pdize4 
! 

tests in either- l""'.ataZ. or> ui1ban arias. Neither' of this 
, -·' '.> 

author•$ stud.le$ support~ this widespread belief. There 

i$, Justification. fQt the ,spending of 'ac:iditional mon¢y to 

k~ep salaries .of teachers in line with salaries of ot,her 

compa.rath'ely trained people in the community, and to add 

programs which have benefits not .measurable by standardiz~d 

test scores. 

(3) Effottt.a to r'educe pl.{pitlteach~ ratios, and increase the 

tmihtng,. e~perience~ and 1Jatcttaies of teachers !-Q.ve Uttte 

if <Piq impact on q,.«intitati1Je msaq;wers cf student pePfor ... 

m:znce~ th.ts is i;ue in both spatsely populited rural areas 

and in urban centets. 
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Footnctes 

*Dr. Debertin is Assistant Professor of Agricultural Economics at 
the University of Kentucky. 

10ther analyses dealing with the empirical estimation of education al 
production fun.:t ions have usually found little evidence of a relationship 
between measures or c-<lucational inputs and outputs. The major contro-
versy stems from the so called 1'Colernan11 report, a study conducted in 
1966, in ,,:hich a 1'disa.ppointingly1' weak relationship between educational 
inFts and outputs was fotmd. More rec~nt literature dealing with the 
relationship between measures of educational inputs and cutµ.i.ts has 
included work by Kiesling (1967) and analyses by ~l.'l)'eske. et aZ.. (1970), 
Mosteller and \foynihan (1972), Jencks {1972). and Bowles (1970). The 
work by Bowles is an especially fascinating overview of the current state 
of the conceptual deve lopm~:1t and 0mpirical estimation of educational 
production functi0ns. Those interested in educational production function 
theory will find it to be a useful reference. It should be noted that 
nearly all the difficulties with the enpirical estimatbn of ag-riculturiil 
production functions employing cro.ss sectional data (i.e., multicollinearity 
and specification bias) are equally applicable to educatio:tal production 
functions estimated from cross sectional data. (See Debertin, 1973). 


