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Production of Education: Are Socioeconomic Characteristics Important Factors?

In a review of 114 studies on public education, Hanushek (1979} finds that only a small proportion find
any significant relationship between school resources and student performance while a large proportion of
these studies find significant relationships between socioeconomic characteristics of communities (SEC
hereafter) and educational outcomes. However most studies include SEC on the demand side as taste
variables but not as productive factors." If student background and socioeconomic characteristics of
communities are important determinants of student performance, then communities with large amounts of
characteristics that enhance (decrease) educational outcomes will spend less (more) on school resources to
obtain the same level and quality of educational attainment than communities without such characteristics.
Research resuits of the importance of SEC have policy implications regarding the current debate over how
best to improve the performance of the educational Systern in the United States.

The importance of SEC in the production of local public goods has not received a systematic treatment
in empirical research on education production. Some researchers have included measures of SEC only as
scale variables without theoretical justification {(Margo: 1986, Summers and Wolfe: 1977). However,
Hamilton (1983), Oates (1981), and Hanushek (1979) have argued theoretically that SEC affects both the
demand for, as well as the production of, local public goods and should be included in the estimation of
production functions of local public goods, Dynarksi, Schwab and Zampelli (1989), using a production
function approach and data from California school districts, finds SEC to be important determinants of
educational outcomes. Other studies (Baum: 1986, Gyimah-Brempong: 1989) have justified the inclusion
of SEC in the production function of public goods.

These studies have not, however, treated education asa joint production process. The same set of inputs
are combined {0 produce many educational outputs. Moreaver, the relationships among these educational
outputs may be noncausal and, hence, may not be correctly modeled with a simultaneous equation miodel,
It is, therefore, necessary to use an approach that accounts for jointness in the production of education
without assuming causal relationships among the educational ou tputs.

Researchers who have inciuded SEC in their studies of education production functions have employed
restrictive functional forms and have based their conclusions about the importance of SEC solely on ¢ tests.”
Those who have employed flexible functional forms to investigate education production (Cohn, Rhine and
Santos: 1989, Callan and Santere: 1989, and Jimenez: 1986), on the other hand, have not investigated the
effects of SEC on education production.
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This paper uses data from local schoot districts in the state of Michiga_n and a'muttiproduct ;ra:s‘l;%eﬁ;
function to investigate the importance of SECin the produ.cuon of education. This paper, there ort f,uncﬁon_
the research on education production in this area using a dlféeErcht Tn;}ethodﬂ;:g;zl;ggg;bg;&sﬂ funetion-

i se three variables to pro . The use X '
;;a:gcgsg?%?:;:ajglisgés‘svgftducation production,i f:Zt that previous research on education production
s lgg;z(;proach employed in this paper is straightforwards we estimatf? two multiproduclzlt tratl';fioi ;c::i
functions---with and without SEC as inputs---and then use a laifehhood ratio te_st to test the hypo ngl > inat
the two estimated equations are not significantly different against tm.a altcrnat‘:ve that they arz.a The tree
variables used to proxy SEC are likely to be correlated. Therefore, I:lawng estabhshe-d th.e m:g::cofwm PG
in the production of education, we search for which of th_e SEC vz.ma.b!es ora combznanog_ eor Wil be ar
adequate representation of SEC in an education production funcnqn inorder tg reduceqo ineatity p .
We then discuss some implications of excluding SEC from educat}on producuor_x functions. ns different

Our approach to the investigation of the importgnce of SEC in th; produclzmn oi educ;a;]u?l_l n;s i ot
from those of previous researchers in some ways. Fn‘st3 we use a ﬂ(_:x:ble funf:tlonal orn;1 at 1 posist o
restrictions on the structure of the underlying gducatton prlo:?(l:)t:)c:)r(lj f;x:icglfgs.t rSaet;:lc:rl t,h :: tz;]c:?ut o
joi i oduction of education. Third, we use a likcli ; !
{gig;rtlfgs:t;ntltlzeili:}ortanoe of SEC in the production of education. Final'ly, we mtrodukc; S?e(; :gt?h?sui:
estimated equation based on theoretical reasoning rather than asa scal-e van?ble. To D}Ifi‘ owf SE% ,On o
the only study that employs the multiproduct translog cost function to investigate the effects o

- . n. . 3

proaléﬁ;f:r:tgzg?nc; t:ge importance of SEC in the production of local public. goods lls Rotgnct;aﬂy; i\;gfr
important, especially in an era of severe fiscal pressures on tocal gov;mments. Gwlc?n the m;!:z o Ii);;c A
local governments to improve the delivery of ioca_i services .throu gh increased public e:;pf:r: SIEC as, : mi, are
likely to turn to other policy instruments at their disposai to increase the buqdle of_ benefitial ECasa means
of improving the performance of local public schools. Sf-:ooncl, if SEC is an lmporrgnFled o inorensing
education output, then the debate over improving the quality of schoois' should not be irnt  incrcasing
the quantity and quality of school resources, but should be extended to include efforts to improv

i iti f the student. .

e ;?1‘2{:62?;;1 ﬁ?g:gé??: S:::z?ganizecl as follows: Section II speciﬁf:s the econometric model, section IIT
describes the data, section IV presents the empirical results, and section V concludes the paper.

THE MODEL

The theoretical foundation of this paper is provided by the works of Gates (1981), Hamilton {1983}, -

and Bradford, Mait and QOates (1969). In the production c?f locgl public goods, Oates (1;81) makes( S
conceptual distinction between two types of outputs-—the services directly progiuced by the_ public a;ge::tcytrmE
output) and the outpuls that are of concern to the citizen-voter (Q output_). Q output is th_c ;m pchased
enters the citizen-voter’s utility function while D output is the output that is directly produced with pur

inputs (eg. number of hours of instruction in mathematics). The production of D output depends solely on.

. . ic
purchased inputs while the output of Q output depends on the quantity of B ogtput and sgczoeocgng:in(:n
characteristics of the community. Though the citizen-voter pays taxes to purchase inpuis for the produ

of D output, he is primarily concerned with Q ontput when he votes on matters relating to the financing oi
schools. Let, X represent a vector of purchased inputs. The output of I output depends on X, and Q outpu

uses D output and SEC as inputs.
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D =g(X) M

where all variables are as defined in the text above. Q output in turn is a function of I} and Z, implying that
in its reduced form, Q is a function of X and Z. Z might describe home backgrounds of the pupils such as
education of parents, as well as neighborhood conditions such as level of safety. Zcan be considered a vector
of fixed inputs for each community at any time but vary across communities. We assume that a concave twice
differentiable Q production function exists. The relationship between Q on the one hand, and X and Z on
the other identifies the average production relationship. Individual producers (School districts) may use more
or less inputs than the average in producing a given output. ‘The difference between average input use and
that used by a particular producer is assumed known to that producer but not to the researcher. In view of
this, we specify the production function of education as an additive general error model (AGEM) production
function (McElroy: 1987).* Formally:

Qi=0(X Z-2), Xi-e20 Ox=0 (2)

where Q is a measure of educationa] achievement and ¢ is a vector of error terms assumed to have a
zero mean and a positive definite covariance matrix. It is the relationship between Z and Q output that is
of interest to us in this paper.

H Z takes the form that enhances (decreases) the productivity of purchased inputs, then communities
with large quantities of Z will obtain higher (lower) quality of education output as other communities with
similar levels of X but lower levels of Z. An alternative way 10 put this idea is that communities with higher
Ievels of productivity enhancing (decreasing) Z will have to use less (more) purchased inputs than com-
munities with lower levels of Z to obtain the same Quantity and quality of education. Z is similar to any fixed
factor of production in a neoclassical production function. Equation (2) should, therefore, be considered as
a short-run production function.

The introduction of SEC into the educational production function creates problems for the interpreta-
tion of coefficients becanse it becomes almost impossible to disentangle the effects of purchased inputs on
educational outcomes from those of SEC. To illustrate this point, suppose that Q is a function of X and Z,
as indicated in (2) and that X itself is a function of Z, (as it is likely to be) and other variables (A)ie X =
X(Z,4). The iast equation, together with equation (2) implies that Q = Q(X(Z,4),Z). From this equation,
dQ/dX = aQ/ aX(aX] 8Z + 1); a combination of the effects of purchased inputs on educational outcomes
and the effects of Z on X. To circumvent this probiem, we use a cost function approach in our investigation.

'The operating assumption in this paper is that Jocat School Boards maximize the output of Q subject to
a budget constraint imposed by the political process. We also assume that local School Boards operate in
competitive input markets. The dual of outpuf maximization subject to a cost constraint is cost minimization
subject to an output constraint (Fuss and McFadden: 1978). Assuming that education output is maximized
subject toa budget constraint, the result will be the same as minimizing the cost associated with the production
of the optimal output. We can, therefore, specify and estimate a cost function and derive the characteristics
of the underlying production function from the estimated cost function. The cost function has input prices
(W), Q, and Z as arguments. McEiroy (1987) has shown that the AGEM cost function associated with the

AGEM production function is:

C() = C(W,Q,Ze)
=CW,Q.2) + pwie, CuCq>0 C=0,0r Cpz0 (3)

Employing the human capital approach, we might argue that education provides for .the crilevglopz:eeg:
of certain skills on the part of students; hence, we may interpret _the xfector Q as measuring the crﬁrber o
achievemnent of this objective. The quantity of Q cutput is determined in part by D output-ang 8a6 l'lél ol
other variables that describe the "environment” in which @ outputs.are produced (Margo: 1 d , Su s
and Wolfe: 1977, Hanushek: 1979, Dynarski, Schwab and Zampelli: 1989, Baum: 1986, Boardman, _

and Sunday: 1977). ' ' ]
From the foregoing discussion, D is related to X in the following manner:

where C; is the first derivative of cost with respect to ith argument, i = W0, Z, C{.) is the cost function,
and Euy—sj s input price weighted sum of error terms. We note that this cost function isa variable cost function
with Z as quantities of fixed nonpurchased inputs. Since Zis a vector of nonpurchased inputs which increases

(decreases) output without increasing purchased inputs, the cost function is decreasing (increasing) in Zif Z
take forms that increases (decreases) output.
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To estimate the model econometrically, we need to provide a speciﬁ;:u funf:tim(léihfci);gnf;; tt}z ggngn
i i tiproduct translog cost function (Chr )
cost function we have specified. We use the mul hrist Jorgenson
t function. The translog cost function imposes very
and Lauw: 1973) to represent the AGEM cos : 4 . D Oy
icti i oduction function, allowing us to treat res
restrictions on the structure of the underlying pr : O
tional forms, such as the
i i ble hypotheses. It can also model other func - 3 ;
production function as tessta =~ A
ial case to take account of jointness in education p
Douglas as a special 2 Tt also allows us CCO ( o O e
i i input prices and the second or :
behaved cost function must be linearly homogenous in e e
ymmetri i i homogeniety and symmetry restrictions on .
bes etric. Therefore, we impose linear : t function.
i rchased inputs are the argumen
Three outputs, four purchased inputs, and three nonpu _ 1e «
function Thepmu’ltiproduct translog cost function with finear homogeneity and symmetry restrictions

imposed is given as:®
1 ;
InC =ap + E a; In(J; + z BiinW; + %22 e InQ; InQy + 3 2}; By InWjink¥;
i i ik J

1 4a
+ 22 8inQ; InW; + E veINZ; + izg Yo 10700 I0Z (4a)
L

+ 30 & I0QINZ, + 3D firloWi InZy + &
i n jnm

SB=1 X Bi=2 8= =0 f=p cx=au, V=V
7 J 7 7

i i ters to be estimated, & s a stochastic error term,
where ai, Bi, @ik Bih ¥iis Ons Oon, Ein, and fin are parame :
and alf otherh\%ria;:ol’eﬁ; ’arg’ a:deﬁ,ned above, Setting all second-order coefﬁc1e-nts to zero proc_luces the
Cobb-Douglas functional form. From Shepherd’s Lemma, the input share equations are given as:
4b
Si=F+ Y yylnQi + 3, fploWi + 3 fanZ, (4b)
i 1 r

forj = 1,2,3,4 where §; = 8lnC/ 3nW; is the share of input § in total cost. Equatign (4a) can be estnz:ga:ic:
almjw' SC: c:eu,l equation {4b). However, equation (4b) contains structural m_format;or'z that will m(liprfb e

efﬁciéncy of estimation of the cost function. Because of symmetry, estimating equations (4a) and (4b} a

i imati i i ding to the cost of estimation.
tem improves estimation efficiency without ad _ . '
> Our gbjective in this paper is to find out whether SEC are important factors in the production of

education. If SEC are not important in the production of education, then an education cost function withZ

as added inputs will be the same as one without Z. Restricting the coefficients of Zin eqpatiorfls E(;lega t‘aﬁgi
(4b) to zero, we obtain another system of cost and input share equations for the production of edu

i i tions as the truncated model.
without SEC as inputs. We refer to these set of equa : . ‘ _
KZsi gniﬁcanlzly decreases (increases) the cost of producing education, the two systems of equations will

ve different; otherwise they will be the same. We, therefore, estimate and compare the two sets of equations.

DATA AND ESTIMATION PROCEDURE

A cross section data of 175 Michigan school districts with populations of 1,000 or more for 1985 ischosen .

for this study. This sample was chosen in part because of availability of unusually rich c;ata s;c)tu EOL :E?St i';ag;
We also limited the sample to school dist;icts with 1(;100 pg; :g?irgn;;e;;;;f(: nga];:;:eo:i ;:)g ho;lcrhmtp e
school ACT scores. School districts with very sma u ay I . .

i ions i i such school districts would be excluded anyway. -
esum’?‘ltlzt(r:l:sf g??;ggi;lié%gi?;fz;s?;gr:: :Lc::nfof:;lgxpenditure on education excluding Fransportation in
each school district. Four purchased inputs-—-teachers (INST), instructional support servttc;es c(gs?filriggg’
poninstructional support services (SUPNIST), and capital.(CAPT)---are u§ed in estimating i fw Stos (1977)
It is usual to average teacher safary as the price of instruction. However, given Summers an
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finding that teacher quality has & substantial impact on student performance, we adjust average teacher salary
for quality.” We assume that teacher quality is directly related to highest degree attained by the teacher and
teacher experience. The quality adjusted cost of instruction was calculated as follows: 'We took the product
of degree and experience, mean-scaled this variable to obtain a teacher quality index, and divided the average
teacher salary by this quality index. This means that for two districts with the same average salary, the district
with fewer years of experience or lesser educational attainment of teachers or both will have a higher quality
adjusted teacher salary.

The data for teachers salary included fringe benefits while those of support staff did not. To make the
other two labor prices comparable, we adjusted the salary of support staff upwards by 20%. All these input
prices are measured in $ per annum. Assu ming that school districts are in long-run equilibrium, the relevant
price of capital is the user "cost" of capital. However, we could not get any meaningful school district level
data tocalculate the user cost of capital. Therefore, we took the total annual per pupil expenditure on capital
as the cost of capital. We recognize that this is not a perfect measure of capital cost; however, it may be better
than excluding capital from the cost function given data fimitations.® The data on costs and input prices were
obtained from Michigan State Board of Education, Michigan K-12 School Districts Ranked by Selected
Financial Data, 1985/86 (East Lansing, Michigan).

Three cducational outcomes---test scores in english (READ) and mathematics (MATH) from the
Michigan Educational Assessment Program (MEAP), and full time equivalent enrolment in a school district
(ENROL)-—are used as the measures of output. The MEAP program is designed to test the achievement
of 10th grade students; hence, it is taken by all 10th grade students in the state of Michigan.” While some
rescarchers use enrollment as the measure of the school System’s output (Jimmenez: 1986, Callan and
Santerre: 1989), others (Hanushek: 1979, Margo: 1986) use test scores as the measure of educational output.
While neither measure may be a perfect measure of school output, a combination of the two measures may
provide a more complete measure of educational output than either measure by itself, Hanushek (1979
argues that most evaluations of a school system’s performance are based on test scores which both students
and parents judge to measure the quality of schools. It can be argued that the number of students educated
by a school system also constitute an output of the school district. The two types of output we employ reflect
the quantitative and the qualitative aspects of the school district’s output, with enrolment measuring the
quantitative dimension while test scores measure the qualitative dimension.

Data for ENROL, READ, and MATH were obtained from Michigan Departiment of Education,
Intermediate School District Report, 1985/86, (East Lansing, Michigan: 1987).

Several variables can be used to represent the socioeconomic characteristics of a community. Median
family income (INC) readily comies to mind. Hamilton (1983) has argued that income summarizes some of
the most important aspects of SEC in a community. Income influences achievernent in many ways. For
example, wealthy parents can and do provide additional reading material and tutoring for their children at
home. These children can, therefore, be educated to a given level with fewer school resources.

The educational attainment of parents affects a student’s academic performance. Educated parents are
more likely to help their children on homeworks, provide extra reading material, and in general, complernent
the work of teachers than uneducated parents. We, therefore, use educational attainment of the adult
population, measured as the percentage of the adult population with the equivalent of high school education
or more (EDHS), as our second measure of SEC. Finally, a safety index (SAFE), measured as the inverse
of FBI index crime rate, is included to capture the idea that a safer school environment is more conducive to
learning than a crime ridden environment.

Some authors use the racial composition of communities as a measure of SEC and find it to be a
significant factor in the production of local public goods. We believe, however, that race by itself is not an
important variable in the production of iocal public goods. The supposed "racial differences” in attitades can
be explained by differences in other socioeconomic characteristics (Gyimah-Brempong: 1986). We, there-
fore, do not usc race as a variable representing SEC. Income, education and safety are beneficial
socioeconomic characteristics which are expected to enhance the output of the school system. Since these
are nonpurchased inputs, we expect them to have negative coefficients in the education cost function.
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Data on INC and EDHS were obtained from Michigan Department of Commerce, Business Informa-
rion 1985, (East Lansing, Michigan). The safety index data were obtained from Michigan Department of
State Police, Crime in Michigan: Uniform Crime Report, 1985 (East Lansing, Michigan). Table I presents
summary statistics of the data. The sample shows wide variations in the variables, reflecting differences in
educational achievement, expenditures on schools, and community characteristics. We mean scale the

variables for estimation purposes.

Table I

Summary Statistics and Data
Standard Error

Variable Mean
Total Cost 20,811,212.19 57,979,255.00
Enrollment 5,979.09 16,647.35
ACTE 83.20 174
MATH 70.28 11.06
DEGREE 1.63 18
INST 29.729.18 4,170.61
EXPER 15.29 372
SUPIN 20,124.93 4,820.70
SUPNI 26,400.04 5,711.94
CAP 190.14 13931
INC 21,834.21 6,276.52
SATE 0.11 0.764
EDHS 69.24 9.56
Totat Cost Share 5354 0375
of Instruction

Total Cost Share of 0814 0332
Instructional Support

Total Cost Share of 3121 0318
Noninstitutional Support

Total Cost Share 0711 0302

and Capital

N=175

The cost of capital as measured here may be subject fo measurement error and, therefore, could .
introduce bias to the coefficient estimates. An alternative to solving this potential problem is to exclude the

price of capital from the cost function. This could also introduce specification bias. To resolve this dilemma,
we used a likelihood ratio test to test whether we could exclude the price of capital from the cost function
without misspecifying the cost function. The calculated [ statistic of 29.75 (Table ITT) implies that one cannot
exclude the price of capital from the translog cost function without specification error. We, therefore, include
the price of capital in the cost function while noting the possible measurement error.

It is possible that some arguments in the cost function (such as output and input prices) are endegenous.
In that case, a full information maximum likelihood estimation procedure is the appropriate estimating
methodology. Using Hausman’s specification test (Hausman: 1978) to test for the endogeniety of all outputs
and input prices, we are unable to reject the null hypotheses of exogeniety of outputs and input prices at =

10°
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- The cclo'lst functions are estlmgied Joimfiy with the cost share equations. Since the cost shares add up to
fy, we de eted one share equation-—-capital share——in estimating the system of equations to avoid perfect
collmgamty. Zeliner’s (Zellnf:r: 1962) iterative seemingly unrelated regressions (TTSUR) procedure Ii)ser.lsccl
tot estimate tl_ae systent. This qstrmation procedure produces maximum likelihood coefficients and the
cstimates are invariant as to which share equation is deleted from the system of eguations for estimation.

RESULTS

- gl&gic:cnt estimates and their asymptoti.c standard errors for the translog cost function are presented

! able II. Co!umn-z presents coefficient estimates for the full model, column 3 presents estimates for the

f;uncgted model, while column 4 presents coefficient estimates for a Cobb-Dou glas specification of the cost
nction. Thg translog cost function fits the data rather well, with adjusted R? being above .90 fi

the three specifications of the cost function. , ’ o foreach of

Table I
Coeflicient Estimates of Translog Cost Function

Model Without Co
Parameter Full Model SEC S;Ee)cli?i?::é;aé
Qo 0-.1692. 0345 0914
(2.38)* (2.17) (1.79)
ai 7946 9262 7882
(14.67) (26.99) (20.38)
az 4249 -0883 0909
] (1.72) (0.70) (0.26)
3 3045 1078 3504
(2.15) (0.61) (1.90)
an 0646 0694 —
(1.35) (1.33)
an 5833 23826
(0.521 (0.69)
an -1990 A48
(1.19) (1.54)
a2 7835 386 0
(0.86) (0.07)
an -.66592 9484 L
(0.73) (1.14)
o33 -.8362 Q9288
040y (2.86)
B 4651 : 4574 4592
5 (28.46) (120.60) (155.11)
0724 0795 0714
5 (9.04 (19.20) (20.11)
3 2794 2605 2698
(37.95) (68.02) (79.28)
B .1831 2026 1998
(15.36) 34.40 !
Bu 0236 ( .0243; (4(.).?.’2
(8.18) (4.39)
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Model Without Cobb Douglas Model Withont Cobb Douglas
Parameter Full Model SEC Specification Parameter Fuit Model SEC Specification
Bu 0002 0005 e Oz -0471 361
(1.58) (0.11) (0.856) (0.68)
B -0291 -0304 on 0211 0129
(5.30) (5.54) (0.42) (0.28)
B 0053 0050 a4 0164 0034
(150 (1.68) (0.80) (0.61)
Bz 0118 o1 e O3t 0.071 , 4
(2.08) (2:21) (0.27) ' (0:62)
B -0126 -0142 B 0315 071 e
(2.48) (2.78) (1.08) (0.97)
B 0006 0008 S5 -00440 0320
(1.55) (0.48) (0.11) (1.28)
B 0465 o493 034 -0001 -.0090
(5.58) (5.86) (0-23) (0.81)
B -0049 0050 e e11 -1863
(1.95) (1.60) (0.74)
B -.0001 Qo008 £ -g02 .
(1.70) (1.43) (1.04)
71 1546 e 4681 213 s e
(2.21) (4.18) (0.99)
¥2 111 J N —— 0432 £ 1364
(1.79) (2.37) (1.25)
s .- Jp— 2074 en -2876 e
(2.69) (0.89) (1.27)
- 8110 e 2 25408
(1.10) (1.05)
v 549 €31 24504 e
(1.24) (1.01)
13 14743 e L R —
(1.10) (2.02)
v 03 - J R — £33 58803 .
(0.69) (1.56)
- 1279 fu -0056
(0.56) (0.38)
- 7285 — e fi2 -039
(1.48) (2.16) ,
811 0.111 0149 e fiz 22103 e
(1.82) (2.45) (0.66) ‘
81z 0128 00 fia o517 e
(1.51) (2.48) (1.33)
O1a 0060 - - S — far o003t
(1.19) (0.65) (1.28)
S14 0.0095 17 S — Jz 0022
(1.35) (0.97) (1.46)
S 0095 13 S — fas 0076
(322

(0.20) (0.44)
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Model Without Cobb Douglas

Parameter Full Model SEC Specification

foe 007 e e
(2.21)

fu o204 - e
(0.65)

fa 0592 e e
(1.67)

s 0467 e e
(1.45)

b7} 0328 e e
(1.78)

R 9661 9071 9095

*Absolute values of asymptotic “t’ statistic in parentheses.

+Qutputs indexed as follows: 1 = ENROL Inputs indexed as follows: 1 = INST
2= ACTM 2 = CAPITCAL
3 =ACTE 3 =SUPPORT SERVICE

SEC indexed as follows: 1 =INC
2 = SAFE
3 =3DHS

Before discussing the coefficient estimates, we test hypotheses about the translog cost function.
Hypotheses test are based on the likelihood ratio statistic:

2AogA = N{log|Q, | -log| . |] &)

where |, | and |Q, | are absolute values of the determinants of the estimated error covarianc.e
matrices for the restricted and unrestricted models respectively, and N is the number of observations. This
statistic is distributed as chi-square with degrees of freedom equal to the number of parameter restrictions.

Statistics to test the various hypotheses about the translog cost function are presented in Table IIL '[.he
likelihood ratio statistic to test the hypothesis that the education cost function is of the Cobb Douglas functl-on
form is 205.43 which is too far into the rejection region. This, together with the fact that there are sign
reversals in some of the coefficients of the Cobb Douglas model leads us toreject the Cobb Douglas functional .
form. Al our discussion wil], therefore, be based on the translog specifications. ‘The statistic to test the
hypothesis of equality between the truncated and the full cost functions is 86.50, leading us to reject the null
hypothesis of equality between the two cost functions. '

All the first-order output coefficients in Table I are positive and significantly different from zero at =
.10 or better. Most of the second crder output coefficients are positive but are statistically insignificant. {%11 :
the first order input price coefficients are positive and significantly different from zeroat = .01. Thisimplies -
that the cost function as well as the input cost share equations increase with input prices. Most of the second. -
order input price coefficients in all three specifications are significantly different from zero at = .05 or better. :
'The signs and magnitudes of these coefficients indicate that the data does not, at least, violate the cost

minimization assumption.
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Table HI
Statistics for Hypothesis Testing

Hypothesis Degree of Critical Caiculate

Freedom Valug * Chi-Square

No Capital 10 2321 29.75
SEC is not important 25 44.31 86.50
Cobb-Douglas Specification ’ 45 69.96 205.43
INC is not important 0 23.209 53.60
SAFE is not important 10 23.209 72.81
EDHS is not important 10 23.209 58.31
SAFE and EDHS are not important 17 3341 56.87
INC and EDHS are not important 17 3341 48.56
INC and SAFE are not important 17 3341 52.30

*All tests at = .01.

Importance of SEC in Education Cost Functions

In the full model, the first order coefficients of all the SEC variables are negative and significantly
different from zero at = .10 or better. The second order coefficients of the SEC vatiables are mixed, with
some coefficients significantly different from zero, and others not. With none of the direct second order
coefficients significant, the negative and significant first order coefficients of the SEC variables imply that the
education cost function is decreasing in the endowments of these SECs.

The coefficient estimates of the SEC variables give some indications that SEC are important nonpur-
chased inputs in the production of education and, hence, affect the cost of producing education. The negative
and significant coefficients of these variables indicate that higher levels of safety, income and educational
attainment of the adult population increases the output of education, given the quantity and quality of
purchased inputs, hence, reducing the cost of producing any given level of education output. These
coefficient estimates are consistent with the results obtained by Margo {1986), Summers and Wolfe {1977),
Hanushek (1979), and Dynarski, Schwab and Zampelii (1989) among others.

To test the null hypothesis that socioeconomic characteristics of communities have no influence on the
cost (production) function of education against the alternative that they are important factors, we compare
the full cost function with the truncated model. Comparing columns 2 and 3 of Table I, we see that the
coefficients of the truncated model are different in absolute magnitude from those of the full model. In
addition to the negative coefficient of READ in the truncated model, the coefficient of MATH and READ
in the truncated model are statistically insignificant. The negative coefficient of READ and the insignificant
second order output coefficients implies a negative marginal cost of producing engiish reading and com-
prehension in Michigan schools---a finding that is inconsistent with production theory. Differences in
coefficients, combined with the fact that the likelihood ratio test rejected the hypothesis of equality between
the fult and truncated models, leads us to concluded that the SEC variables are Jjointly important determinants
of education production.

The three measures of SEC are likely to be correlated, hence, including all three in the same cost function
could introduce collinearity problems.” To investigate whether it is possible to reduce the number of SEC
variables in the cost function as a way of reducing collinearity, we estimate the cost function with different
combinations of the three SEC variables and compare them with the full model. Since there are six possible
combinations of the three SEC variables, there are six such cost functions. With few exceptions, the
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coefficient estimates of these cost functions have simmilar signs as those of the full mode! althou gh the absolute
magnitede of the coefficients differ from those of the full cost function. From the statistics reported in Table
I, we reject the nult hypothesis of equality of each of these restricted cost functions and the full cost function.

We also tested the hypothesis of equality of cost functions with only one SEC variable and the truncated

cost function. The xz statistics are 22.26, 24.91, and 25.81 for equality of the cost functions with INC, SAFE,
and EDHS as measures of SEC, respectively, and the truncated model. With 5 degrees of frecdom each, we
reject each these hypothesis at & = .01.

Intuitively, ali SEC variables are important determinants of educational outputs and should all be
included in the education production (cost) functions. We expect the educational problems, hence the
refated costs, associated with different combinations of the SECs to be different. For exampile, the educa-
tional problems (and cost) in a low income, highly educated, and high crime community are likely to be
different from those of a low income, highly educated, and low crime community. It is, therefore, desirable
to include as many SEC measures in an education production {cost) function as is possible in order to reflect
the many possible configurations of SECs that influence the outputs of education.

What is the practical significance of the result that SEC are important inputs in the production of
education? We noted earlier that the flexibility of cost with respect to each of these SEC variables is negative,
"This implies that failure to include the SEC variables in a cost function will result in an overestimate of the
cost of producing a given quantity and quality of education. One practical use of empirical studies of the
education production (cost) function is to help answer the question whether cost reductions can be achieved
by increasing or decreasing the scale of operation or whether it is possible to substitute among inputs in order
to reduce production cost. "To assess the importance of SEC in such policy questions, we calculate overall
economies of scale (SCALE) from the full model and compare it to one calculated from the cost function
without SEC as arguments. For the multiproduct firm, Panzar and Willig (1977} define and measure scale
economies (SCALE) as:

scale = (2 3InC/30; )-1

There are increasing returns to scale if SCALE > 1, constant returns to scale if SCALE = 1 and
decreasing returns to scale if SCALE < 1. :

The calculated SCALE from the full model is .6562 while the SCALE calculated from the truncated
model is 1.0574. While the full cost function indicates that there are decreasing returns to scale in the
production of education, the cost function without SEC as inputs indicates that there are constant returns to
scale in the production of education at the means of the variables. It seems the truncated cost function
overestimates scale economies in the production of education in Michigan. This overestimate is large enough
to have a negative impact on a decision to expand the overalf production of education in a school district,
The overestimate of diseconomies of scale implied by the fruncated cost function may favor a decision to
break up large schools or work against the consolidation of schools. Failure to include SEC in the education
production (cost) function may, in part, explain why large schools, which tend to be in poor inner city
communities with lower endowments of positive SECs, tend to have a higher explicit cost of producing a
*unit" of education.

Factor Substitution

An important aspect of production technology is the degree to which factors of production are
substitutable in production. To provide further evidence of the differences between the full and truncated
models, we estimate and compare Allen partial elasticities of factor substitution (AES) for the two models.

These are presented in Table IV. Panel (a) presents the calculated AES from the full model while panel (b) -

presents the AES from the truncated model. The AES from both models show that all factors are substitutes.
The calculated elasticities are significantly different from zero and from unity at any reasonable confidence
level. The calculated AES provide another evidence that the production function is of neither the Leontief
nor the Cobb Douglas functional form.

PRODUCTION OF EDUCATION 519

Table IV
Estimates of Elasticities of Factor Substitution*

A,
INST 0.7854 1.0046 8259 1.1392
(.1938)* (:3808) (:2197) (:2025)
SUPINST 95343 5039 1.1036
(:8638) (.1664) (.5285)
SUPNIST -1.7268 7792
: (.1425) (:2449)
CAP -13.0721
(2.4820)

B.
INST - 7819 1.0046 8259 1.1313
(4006) (-4308) (:2969) (2993)
SUPINST -9.3381 8346 1.1382
(.9934) (2079) {.9891)
SUPNIST -1.6981 T147
(-1634) (:2867)
CAP -12.8942
(2.8691)

*asympitotic standard errors in parentheses. Table I

Summary Statistics of Data

Though the calculated AES from both models classify all factors as substitutes, there are slight
differences in the absolute magnitudes of the elasticities of substitution from the two models. With the
exception of the AES between noninstructional support services and instruction and between instructional
support and instruction, the AES calculated from the full model are generally different from those calculated
from the truncated model. A few of these differences are guite large in absclute magnitude. Though in
absolute terrms, the differences between the two sets of substitution elasticities tend to be generally small, in
relative terms, these differences are large. The degree to which the truncated model overestimate the
clasticities of substitution range from about -6% for the AES between instructional support services and
capital to a 65.6% for the AES between instructional support services and noninstructional support services.
The differences in the two sets of calculated AES is another indication that the full and truncated models are
different

The conclusion that socioeconomic characteristics of communities have significant impact on the cost
(production) of education is consistent with the results of previous research (Summers and Wolfe: 1977,
Margo: 1986, Hanushek: 1979, Dynarski, Schwab and Zampelli: 1989, Baum: 1986, Boardman, Davis, and
Sanday: 1977, among others) that find a positive relationship between socioeconomic characteristics and
educational outcomes.

While our results are similar to those of earlier researchers, our approach is different. Rarlier re-
searchers employed production function approach using mostly restrictive functional forms and one educa-
tional output in their analyses. We used a flexible cost function approach that included three SEC variables
and considered education as a joint production process-—-an aspect of education production that has received
very little attention in the literature. The use of the flexible cost function not only allows for the modeling of
education as a joint production process, it also makes it possible to analyze other aspects of the education
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production technology, such as elasticities of factor substitution and economies of scale and of scope. It can
also allow researchers to analyze how SEC can be "substituted" for purchased inputs in the production of
education---analysis that is, at best, difficult to conduct with a production function approach.

The policy implication of this result is that, in addition o increasing school resources, it may be necessary
to improve students” home environmient as well as the larger socioeconomic environment of the community.
Exclusive emphasis on increasing school resources may not be enough toimprove the performance of schools
in the production of education. As Hanushek (1981) has observed, society may be throwing money at the
problem if there is an exclusive emphasis on increasing school resources as a means of improving educational
outcomes. The research implication of our results is that exclusion of SEC from education cost {praduction)
functions will result in misspecification of such functions. Results of research that exclude SEC from the cost
{production) function of education should, therefore, be treated with caution.

CONCLUSION

This paper used data from school districts in the state of Michigan to investigate the importance of
socioeconomic characteristics of local communities in the production of education using three measures of
sociceconomic characteristics. We find that socioeconomic characteristics of communities are significant
factors in the production of education. Therefore, excluding them from education production functions will
result in misspecification and parameter estimates will be biased, hence policy conclusions from such
parameter estimates will, at best, be questionable. Test results also indicate that all three measures of
socioeconomic characteristics used in this study are important in the production of education. It is, therefore,
important for researchers to include all three SEC variables in estimating education cost {production)
functions.

NOTES

1.For more on the debate on the relative importance of school resources on the one hand and student background and
socioeconomic characteristics of communities on the other, see Hanushek (1979, 1986).

2.For more on the various approaches to modeling education production, see Hanushek, (1979). Also see Dynarski,
Schwarb and Zampelli (1589).

3.0ates (1981) uses the term € output for the output that is of concern to the citizen-voter. We use the term Q output
to avoid confusing this output with the cost function which we employ later in the paper.

4.The AGEM production function models the error terms theoretically rather than append it to the production function
after it has been modeled in a deterministic way as is the custom. McElroy (1987) shows that the dual of the AGEM
production function is an AGEM cost function whose error terms are derived from the error terms of the underlying
production function---a property other production (cost) functions do not have.

5.The translog function does have its own disadvantages. For example, it may not be self dual and may not be well,

behaved globally. However, regularity conditions exists within reasonable intervals to allow for efficient parameter
cstimates. In addition, it is more efficient than other flexible functional forms. For more on the comparisons of the
translog function and other flexible functional forms, see Guikey et al (1983).

6.0urspecification of the translog cost function is very similar to the one specified and estimated by Cowing and Holtman
(1983).

7.. We thank an anonymous referee of This Journal for motivating this measurement of the price of instruction.

8. See our discussion of the treatment of capital below.

9.Some zuthors have used average scores on college entrance tests such as the SAT and ACT as measures of school
output. However, the average scores on these tests are sensitive to the proportion of students in a schoo! district who

take the test. The MEAP test does not have this problem since all students in a school district are required to take it.

10.The calculated xz statistics for the test of the nufl hypotheses of exogeniety of ENROL, ACTE, ACTM, INST, SUFT,
and CAPT are 2.83, 6.09, 3.89, 3.29, 5.42, and 3.09, respectively. With 15 degrees of freedom each, we cannot reject

the null hypotheses. We used the SECs and school purchased school inputs as instruments in endogenizing the output

and input prices in carrying out the Hausman test. .
11.The Pearson correlation coefficients between INC and SAFE, INC and EDHS, and SAFE and EDHS are .49, .67
and .63, respectively. The correlation between INC and INST, SUPPORT, and CAP are .67, .81 and .41, respectively.
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12.Because of space considerations, the coefficient estimates of these cost functions are reporied. They are, however,
available from the authors, upon request.
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