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Advocates  for  educational  reform  frequently  call  for policies  to increase  competition
between  schools  because  it is argued  that  market  forces  naturally  lead  to  greater  efficien-
cies, including  improved  student  learning,  when  schools  face  competition.  Researchers
examining  this  issue  are  confronted  with  difficulties  in  defining  reasonable  measures  of
competition  within  local  educational  markets.  We  approach  the  problem  through  the  appli-
cation  of  Geographical  Information  System  (GIS)  tools  to the  development  of  a  school
competition  index  (SCI)  for the  state  of Mississippi.  The  SCI  captures  the  degree  of  com-
petition  each  public  school  in  the  state  faces  from  peer  private  schools  spatially  located
within  their  local  market  area.  We  find  that higher  degrees  of  competition  from  private
eywords:
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patial analysis

schools  significantly  increase  public  primary  and  high  school  efficiency,  as  measured  by
the  proficiency  rates  on  high-stakes  examinations.  It  is anticipated  that the  current  results
will inform  policymakers  regarding  the viability  of  competition-based  reforms.

© 2012 Elsevier Ltd. All rights reserved.
fficiency

. Introduction

Microeconomic theory implies that competition
ncreases market efficiency. This should hold for all mar-
ets, including the market for education. We  test this idea
hich is often cited by policy makers seeking educational

eform. In the United States, where public school stu-
ents lag behind those in other countries in standardized
chievement scores, there is a sense that educational

utcomes need improvement. Many believe that American
ublic schools are inefficient, which limits their ability to

mprove academic outcomes (Hanushek & Woessmann,
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2009). In response to such perceived inefficiency, some
policy makers and economists propose a greater role for
school choice and competition.

Belfield and Levin (2002) discuss two  types of educa-
tional reforms: high-stakes tests and market-type reforms.
The goal of the former is to increase the measured achieve-
ment levels of students, while increasing the number of
available school choices by introducing voucher programs
and tuition tax credits is the primary objective of the lat-
ter (Blair & Staley, 1995). Most market-type reforms allow
students to attend public schools in the district where they
reside, but also provide an option for them to attend private
schools at reduced costs. In turn, the promotion of private
schools generates market-based competition for local pub-
lic schools.

Research has yielded mixed results on the effect of such

inter-school competition on public school performance.
Several economists have attempted to quantify the impact
of private schools on public school student outcomes, but
reach different conclusions. For example, Hoxby (1994),

dx.doi.org/10.1016/j.econedurev.2012.08.001
http://www.sciencedirect.com/science/journal/02727757
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dx.doi.org/10.1016/j.econedurev.2012.08.001
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Couch, Shughart, and Williams (1993),  and Greene and
Kang (2004) find that public versus private school com-
petition significantly increases public school outcomes;
conversely Heish and Urquiola (2003),  McMillan (2000),
Simon and Lovrich (1996),  Sander (1999),  and Newmark
(1995) fail to find such a relationship. Thus, further research
in this area is required to provide more definitive infor-
mation to policy makers and educational leaders for the
purpose of future policy initiatives.

Most of the previous research employs some form of
student achievement to measure the performance of pub-
lic schools, but there is no consistency in identifying the
specific output. There are two fundamental concerns with
the identification of output. The first is that the level of
observation, such as state, county, school district, or city,
is not adequate to disaggregate the extent to which cer-
tain factors contribute to the efficiency of a given school.
The second is the output measurement itself. Standardized
scores in mathematics, reading or language are the most
commonly used measure of student achievement. Profi-
ciency scores which capture a previously defined level of
competency are not often employed but provide a signifi-
cantly narrow measurement and a better proxy of school
quality relative to meeting overall student achievement
targets.

Because inter-school competition has resulted in pub-
lic controversy, measuring the effect of competition is the
primary motivation for this paper. It is unclear how private
schools affect public schools because it is difficult to mea-
sure the degree of competition across educational markets.
Previous authors have employed several proxies to capture
the degree of inter-school competition, but none of their
techniques successfully reveal full information as they fail
to include many observable attributes of a market.

The most frequently used computational techniques
include the Herfindahl–Hirschman Index (HHI) (Borland
& Howsen, 1993), the percentage of all students in pri-
vate schools (Jepsen, 2002; McMillan, 2000), grade-specific
enrollment (Geller, Sjoquist, & Walker, 2006), and mar-
ket share held by private schools (Arum, 1996). Each of
these techniques is problematic as market share is just one
aspect of overall market attributes. Importantly, all of these
techniques rely on student enrollment numbers, which are
not precise estimates for competitiveness, as the level of
private school enrollment is correlated with many other
factors, such as community wealth or religiosity (Belfield
& Levin, 2002). Furthermore, comparing a public school’s
local market share of student enrollment may  not provide
actual school competitiveness, as all public school markets
are, by law, geographically bounded by district lines drawn
by a political process. Before investigating the effect of com-
petition on educational quality, it is essential to identify an
effective measure of school competition.

Defining the market size and including different mar-
ket attributes in the analysis is the primary agenda for
this paper. Employment of a Geographical Information Sys-
tem (GIS) approach provides a unique way to measure

the degree of competition between the public and private
schools. A review of the literature indicates that this paper
is the first research to accommodate three major components
of market competition: the number of competitors, the size
eview 31 (2012) 1177– 1190

of competitors, and the geographical distance among com-
petitors. Most of the previous research used competition
variables employing either one or two  of these three com-
ponents.

A stochastic frontier approach is used to model Missis-
sippi public schools and to estimate the technical efficiency
of educational production. Then, we analyze the rela-
tionship between private competition and public school
efficiency in Mississippi. This research contributes to the
development of a research design that attempts to isolate
competitive effects that have been difficult to quantify thus
far. Therefore, examining unique school level data instead of
state, county or district level data should provide evidence
that has policy implications for the improvement of public
education.

We  control for factors, such as students’ race and their
socio-economic background, teachers’ education, race,
gender and experience, staffs’ race and gender, princi-
pals’ race, and gender, and school location which may
influence school efficiency in addition to competition.
The demographic composition of the public school stu-
dent body is an important factor that influences private
school choice. Research has shown that a school’s racial
and socio-economic compositions are important deter-
minants of student achievement. For example, numerous
research articles on school demographic composition and
student achievement in public schools, find that schools
with higher numbers of white students relative to black
students leads to an increase in African American students’
educational attainment (Braddcock & Eitle, 2004; Schofield,
1995; Schofield & Hausmann, 2004).

Fairlie (2006) and Epple and Romano (1998) find that
racial disparities among private and public schools con-
tinue to exist, and that private school tuition credit or
voucher programs lead to a greater degree of segregation,
as parents enroll their children in racially homogeneous
schools rather than racially heterogeneous schools. In this
way, school choice and social cohesion are linked. Hence,
it is important to account for the level of racial sorting
between private and public schools in Mississippi. The
impact of a student’s demographic composition on school
quality is an empirical question and measuring the effect
of market competition on public school efficiency and per-
formance would be incomplete without taking this factor
into account.

Hanushek (1998,1999), Hoxby (2002) and Ching (2000)
confirm that students’ socio-economic characteristics sig-
nificantly influence cognitive and academic abilities which
increase schools’ overall performance. To accommodate
students’ socio-economic background this analysis con-
trols for the number of students receiving a federally spon-
sored free lunch in a school. The federal free lunch program
is a frequently employed proxy of economic status, because
eligibility depends on the level of family income (Ching,
2000; Geller et al., 2006). Student’s socio-economic status
is used to account for the home environment. Low income
students are often exposed to abnormal environments,

such as poverty, abandonment or foster care. Failure to
account for such factors may  reduce the explanatory power
of the empirical model. There are other variables, such
as parents’ education, parents’ marital status, number of
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iblings and students’ extracurricular activities that should
ave a positive impact on student achievement, but such
ariables are often not readily available at a micro-level.

The public school policy debate becomes more
omplicated when educational researchers attempt to
ompare rural and urban school performance. Not surpris-
ngly, researchers find differences in academic outcomes
etween these two types of schools. For example, Snyder
nd West (1992) and Alspaugh (1992) find that urban or
etropolitan students’ mathematics, reading, and science

cores are better than those of rural students. However,
lspaugh and Harting (1995) and Haller, Monk, and Tien

1993) show that rural students perform better than urban
tudents on these tests. Differences in the availability and
se of resources in urban versus rural schools may  con-
ribute to differences in achievement. Coe, Howley, and
ughes (1989a, 1989b) have argued that, with fewer avail-
ble resources, rural schools often limit their curricula.
leinfeld, McDiarmid, and Hagstrom (1985),  however,
how that differences in the availability of resources among
omparable schools do not make any difference in students’
cademic achievement.

With respect to geographic location, a group of pub-
ic policy researchers has stated that rural schools are not
fficient because either they do not use their resources effi-
iently, or they have insufficient inputs to produce higher
uality output (academic attainment) (Kantabutra & Tang,
006; Reeves & Bylund, 2005). The availability of a school

ocation variable at the individual school level is the major
oncern behind the lack of evidence in recent urban–rural
chool research. Hence, this paper will contribute evidence
o the current research by adding a school-specific location
ariable.

Most believe that human capital held by schools’ work-
rs matters. There are three types of school workers:
rincipals (administrators), staff (non-teaching) and tea-
hers. The sources of human capital for these workers are
he same: education and experience. The human capital
eld by school workers may  not affect students’ perfor-
ance, hence schools’ technical efficiency, in similar ways.

he importance of teachers for students’ performance is
reater than that of principals and staff because teachers
re directly delivering their school’s curriculum. Many
tudies document that teachers contribute to their stu-
ents’ academic growth, but have not been very successful

n identifying the qualities of a good teacher. Judging a
eacher’s quality by educational attainment, experience
r certification is problematic (Hanushek, 2006). Many
tudies have examined this issue, but the results are
ften contradictory and the conclusions weak. For exam-
le, Melvin and Sharma (2007) find a positive association
etween teacher experience and student’s academic per-
ormance, but Cho (2009) fails to find this relationship. This
aper attempts to find the associations between teacher
uality and student academic performance. In addition to
hat we also examine the role of principals and staff on
chool efficiency.
The remainder of the paper proceeds as follows. Section
 presents background literature on competition. Section
 examines the methodology and data used in the study,
hile Section 4 presents the empirical results. Section 5
eview 31 (2012) 1177– 1190 1179

concludes the paper with a discussion of policy implica-
tions and recommendations for future research.

2. Competition studies in education

Competition from private schools may  influence public
schools in several ways, but most importantly effect costs
and enrollments. A significant amount of research has been
conducted to investigate the impact of competition on pub-
lic school academic outcomes and school efficiency. There
are a significant numbers of studies reporting the effect of
competition on public school performance as statistically
significant and positive; but there are some studies that
argue against such evidence. It is important to note that
both of these groups use various methodologies to measure
the degree of competition.

Rhoades (1993) employs the HHI to measure the degree
of competition between schools. The HHI is a commonly
accepted measure of market concentration. It is calculated
by squaring the market share of each firm competing in
the market and then summing the resulting numbers. The
measurement is bounded between 0 and 1. A higher num-
ber in the HHI indicates less competition and, hence, higher
market power, while a smaller number indicates the oppo-
site. In the U.S. education market, the average value for
HHI is 0.35, and, on average, elementary schools experience
more competition than secondary schools (Belfield & Levin,
2002). A range of studies has employed the HHI as a proxy
for competition, but the findings are inconsistent. Borland
and Howsen (1993) find that the effect of competition is
positive for public school performance, but Hanushek and
Rivkin (2003) find that the effect is insignificant. Marlow
(2000) reports mixed results. He shows that competition
at the eighth grade level increases public school outcomes,
but this result does not hold for the tenth grade.

Instead of using the HHI as a competition measure,
some studies apply measures of private school enrollment
as a proxy. Using county-level data, Couch et al. (1993)
and Newmark (1995) find that private school enrollment
is positively related to public school students’ standard-
ized scores. In contrast, Geller et al. (2006) and Simon and
Lovrich (1996), use district-level data, find that private
school enrollment has no effect on public school student
performance.

Other measures, such as the total number of schools
or school districts per 1,000 students, have been used as
an alternative to HHI. Using this approach, Marlow (1997)
determines that the effect of competition varies across
grade levels. Another approach is to use instrumental vari-
able (IV) techniques, where an instrumental variable is
correlated with private school outcomes, but uncorrelated
with the error term in the model. Among recent studies in
education, Hoxby’s (2002) contribution is notable. Hoxby
uses an IV approach to measure the effect of competi-
tion, employing family income as an instrument and finds
a significant positive relationship between private school
competition and public school outcomes.
There are several limitations to these studies. First,
they suffer from inadequate definitions of the educational
market because most use state, county, school district, or
individual student levels of observation. These units of
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different circles to define the different size of a market,
such as 5 mile, 15 mile, or 25 mile radius around each pub-
lic school. Then we count the number of private schools,
their total enrollment and the distance among them inside
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observation, in general, suffer from estimation issues such
as aggregation bias.3 The results from the aggregate level
may  not reveal correct information on the individual school
level, and policy prescription based upon these results may
not be appropriate. To analyze school performance in the
education market, one needs to use school level data instead
of school district or county data.

The second concern is how to compute the competition
variable. The HHI, private school enrollment, or instru-
mental techniques, are acceptable methods to measure
the effect of competition in the education market, but
all are indirect approaches. Most previous studies use a
market share approach to quantify market power, but the
education market is a unique one in which the industry
or consumer market setting does not work very well. A
school’s performance (output) is measured by students’
academic outcomes, which are hard to quantify in market
share terms. Earlier researchers have followed the tradi-
tional market structure theory to define the educational
market by assuming that it is bounded within a school dis-
trict, but in reality, a public school can face competition
from private schools within the district or from adjoin-
ing school districts, as private school parents can easily
cross the district, county, or even state boundaries for
their children’s education. By redefining the market at the
school level the current empirical model will provide better
and more precise information about competition on public
school performance.

3. Methodology and data

To examine the relationship between competition and
technical efficiency, a two stage stochastic frontier process
is employed. In the first stage, a production frontier is esti-
mated as described in Kumbhakar and Lovell (2000) using
a half-normal distribution. This production frontier relates
some measure of school output to a set of inputs from
each school. The frontier also gives estimates for technical
efficiency for individual schools. These estimates of tech-
nical efficiency are then used as a dependent variable in
a regression with school competition and other factors as
explanatory variables.

In education studies, previous authors employed
various mixes of inputs and outputs, such as one
input–one output, multiple inputs–one output and mul-
tiple inputs–multiple outputs to estimate technical effi-
ciency. Following Kantabutra (2009),  we employ a multiple
inputs–one output formulation in the production function
to estimate individual school efficiency. A stochastic fron-
tier model, following Aigner, Lovell, and Schmidt (1977)
and Meeusen and Van den Broeck (1977),  is used to esti-
mate technical efficiency.

In the stochastic frontier approach, as described by

Kumbhakar and Lovell (2000),  the following production
frontier is estimated for the schools in the sample:

yi = f (xi, ˇ) · TEi (1)

3 “An aggregated view can suggest homogeneity within a group that
is  actually composed of distinct sub-groups. In other words, it can fail to
acknowledge discrete differences.” (Birks, 2003)
eview 31 (2012) 1177– 1190

where yi is a scalar measure of output for school i, i = 1, 2,
. . .,  I, xi is a vector of N inputs.  ̌ is the technical parameter
which will measure the school specific technical efficiency.
TE is the maximum feasible score that one school can
achieve from this production set and it is TEi = 1, and any-
thing less than one will be the estimate for the short fall of
technical efficiency.

After converting a Cobb–Douglas production function
into a log-linear function, the stochastic frontier model rep-
resentation would be as follows:

ln yi = ln f (xi, ˇ) + vi − ui (2)

where vi is the noise factor and ui is the nonnegative tech-
nical inefficiency part of the frontier analysis. A number of
previous literatures used this approach to predict the tech-
nical efficiency and then used this variable in the second
stage regression as a dependent variable to determine the
reasons for differing efficiencies.4

3.1. Measuring school competition

We  include the constructed school competition index
(SCI) as an exogenous factor in the second stage of the
stochastic frontier model. An exogenous factor is defined as
an outside factor which can affect output, and hence, effi-
ciency. Several authors for example, Borland and Howsen
(1993), Jepsen (2002),  and McMillan (2000) have pointed
out that private school competition is an exogenous factor
which influences public school performance, but a general
conclusion about the effect of competition is still missing
as the definition of a school market is highly controversial.

The traditional definition of market structure is not suf-
ficient to reveal the strength of market competition.5 In
addition to the number of competitors, knowing the size
of competitors and distance between them is important
to measure the competitive pressure. Therefore, a new
methodology is needed to measure the competition more
accurately than before. We  follow the similar methodology
as Misra and Chi (2011) to develop the competition index
for this paper.6 The following formulation

Ai = 1
Ei

∑

j /=  i

Ejd
−2
ij

, (3)

where Ei is enrollment of a public school, Ej is the private
school enrollment, d is the distance between the public
and private school (i and j denotes public school and
private school respectively) that we  have used to develop
the school competition index for a public school. We  draw
4 As noted by Simar and Wilson (2007), there are correlation problems
with the two  stage approach. However this approach seemed appropriate,
as  it permitted the estimation of the relationship between efficiency and
competition.

5 Number of competitors in a market (Glenn & Anthony, 2010, chap. 11,
p.  378).

6 Please see Misra and Chi (2011) for further discussion.
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the school competition indices for Primary Schools and
High Schools.9 The biggest advantage of using this index
is that it is not bounded; therefore it can be treated as
Fig. 3.1. Public and private schools in M

hat circle (Misra & Chi, 2011).7 Competition from private
chools not only comes from the same state but it can come
rom neighboring states in border areas such as Alabama,

ennessee, Louisiana, and Arkansas.8 To accommodate
his fact we include these states in the GIS model (Fig. 3.1).
lease see Figs. 3.2 and 3.3 for spatial representation of

7 Data on private schools quality (examination scores, curriculums) and
ther characteristics could be very useful to incorporate into this paper,
ut  these information are not available for public to use.
8 Competition from charter schools and home schooling were not part

f the analysis. Mississippi law on charter schools has not encouraged the
ormation of charter schools and there are currently none in operation.
ome schooling does compete with the public schools to a degree, but

eliable home schooling data for this analysis were not available.
a continuous variable. This index follows an increasing

9 We realize the possibilities of a public school can face competition
from similar public schools which are operating in the same market
area. We did not account that sought of competition in this paper as
unlike other state in this country the density of public schools in Mis-
sissippi is much lesser. Hence, facing competition from similar type of
public schools is very negligible. Moreover, this is beyond the scope
of this paper as we  are trying to understand the effect of competi-
tion from private schools to public schools performance as this is the
claim for educational reformers. There are only four charter schools in
Mississippi and the information could be found in the following link:
http://www.eot.org/charter-schools-mississippi/.  But information about
Charter and Home schools are not available for public to use.

http://www.eot.org/charter-schools-mississippi/
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or Arms
Fig. 3.2. School competition index f

sequence meaning 0.5 is less competitive than 1, or 2 is
less competitive than 3, etc.

3.2. Data

The data used in this study are obtained from reports
compiled by the Mississippi Department of Education for

the academic year 2005–2006. Most of the variables are
collected from the Mississippi Report Card (MRC) which is
published annually by the Mississippi Board of Education.
The data include the number of proficient performers on
trong Middle School, Starkville, MS.

the Mississippi Curriculum Test (MCT) for Primary Schools,
and Subject Area Testing Program (SATP) examinations for
High Schools. Data on enrollment, students’ demography,
and the number of students’ receiving reduced price or free
lunches, are also included in the data set. Table 3.1 provides
variable definitions and summary statistics.

The categorization of a school is based upon the range

of grades offered by a school. Following Kantabutra (2009)
we  employ a multiple inputs–one output formulation in
the production function to estimate the individual school
efficiency. Thus, we use graduating student performance
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this paper we  follow Marlow (1997) and Arum (1996) to
select grade 8 data for Primary Schools, while for High
Schools we use grade 12 data. Student performance at the
Fig. 3.3. School competition index

n standardized tests by individual school as the output.
he final sample data set includes 90 Primary Schools
8th grade), and 151 High Schools in Mississippi. Efficiency
hould not be compared between these groupings because
he required standardized tests (i.e. output) are different
etween grade levels. The MCT  examination at the time of

his data collection included three different subjects, Read-
ng, Language and Mathematics, and the SATP examination
ncluded four different subjects, Algebra I, U.S. History, Biol-
gy I, and English II.
kville High School, Starkville, MS.

Following Cho (2009),  we  employ the proficient per-
formers’ rate from the MCT  or SATP test as output.10 For
10 The primary motivation to include proficient performers’ rate as an
output instead of the number of students in the production function is to
incorporate student performance in the analysis.
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Table 3.1
Variable descriptions and summary statistics for primary schools (8th grade) and high schools.a

Dependent variable Variable definition and source Mean
(Std. dev.)
8th grade (N = 90)

Mean
(Std. dev.)
High schools (N = 151)

MCT Overall Mean percent of students passed Mississippi
Curriculum Test at proficient and above levels
across all subjects (% of students passed MCT
Reading at proficient and above levels + % of
students passed MCT Mathematics at proficient
and above levels + % of students passed MCT
Language at proficient and above levels/3)

28.49 –
(7.88)

SATP Overall Percent of students passed in Subject Area Test
Program at proficient and above level across all
subjects (percent of students passed Algebra I at
proficient and above levels + percent of students
passed History at proficient and above
levels + percent of students passed Biology at
proficient and above levels + percent of students
passed English at proficient and above levels/4)

– 52.61
(14.40)

Explanatory variables
Inputs
School Building Areas per Student Total area of a school in square feet/total students 142.53 183.41

(64.11) (74.40)
General Expenditures per Student Total general expenditure including school

maintenance cost and other supplies in dollar/total
students

185.39 287.88
(74.81) (185.84)

Textbook Expenditures per Student Total text book and instructional expenditure in
dollar/total students

70.42 81.56
(59.04) (46.42)

Students per Teacher Mean number students per teachers in a school 13.33 14.64
(76.00) (87.49)

Students per Staff Mean number of student s per staff in a school 20.83 24.82
(38.46) (76.43)

Discretionary inputs
Principal’s Race Principal’s race, dummy variable

0  = Black principal
1 = White principal

0.28 0.33
(0.45) (0.47)

Principal’s Gender Principal’s gender, dummy  variable
0 = Female principal
1 = Male Principal

0.13 0.15
(0.33) (0.36)

Staff  Mean number of staff 21.98 25.70
(10.99) (13.04)

Staff’s  Race Percentage of staff that is black (total number of
black staff/total number of staff)

34.59 34.56
(32.86) (33.70)

Staff’s  Gender Percentage of non-teaching staff that is female
(total number of female staff/total number of staff)

73.83 57.91
(12.08) (12.08)

Teacher Mean number of teachers 38.35 44.29
(17.49) (19.79)

Teacher’s Race Percentage of teachers that is black (total number
of  black teachers/total number of teachers)

26 29
(28.49) (30.75)

Teacher’s Gender Percentage of teachers that is female (total number
of  female teachers/total number of teachers)

82 33.53
(7.02) (8.71)

Teacher’s Experience Mean number of years experience 12.28 13.24
(2.62) (2.29)

Teacher’s Education Percentage of teachers with master degree (total
number if master degree holder teachers/total
number of teachers)

36.92 36.43
(10.52) (10.37)

Enrollment Mean number of students in school 608 680
(267) (349)

Non-controllable inputs
Black Students Percentage of students that is black (total number

of  black students/total number of students)
48.43 53.29

(34.08) (33.46)
Free  Lunch Program Students Percentage of students receiving free lunch (total

number of students receiving free lunch/total
number of students in a school)

64.14 60.42
(22.95) (23.82)

Exogenous factors
Small-city/rural School Location Dummy

0 = urban fringe of a mid-size city, urban fringe of a
large city, mid-size city, suburb-midsize
1 = small city, large town, rural, rural inside CBSA,
rural outside CBSA, rural distant, rural fringe, rural
remote, small town, town remote

85 88
(35) (32)
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Table 3.1 (Continued )

Dependent variable Variable definition and source Mean
(Std. dev.)
8th grade (N = 90)

Mean
(Std. dev.)
High schools (N = 151)

School Competition Index School competition index computed from total
number of private schools using gravity access

model
(

Ai = 1/Ei

∑
j /=  i

Ejd
−2
ij

)
around

5  miles of a public school 0.52 0.16
(1.18) (0.52)

15 miles of a public school 0.54 0.17
(1.82) (0.53)

25 miles of a public school 0.56 0.18
(1.83) (0.53)

Source: Dependent variables, inputs variables, discretionary inputs variables, non-controllable inputs variables – Mississippi Department of Education,
N l Center
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of teachers and staff variables are insignificant. Hence,
increasing textbook expenditures and hiring more tea-
chers and staff will not increase the number of proficient
performers in public schools in Mississippi. Technical

Table 4.1
Results from stochastic frontier analysis for 8th grade and high schools.

Variables/dependent
variable

Log MCT  Overall
(8th grade)

Log SATP Overall
(High School)

Constant 2.36*** 3.73***

(0.45) (0.41)
Log of Building Area

per Student
0.24** −0.04

(0.13) (0.04)
Log of General

Expenditures per
Student

0.26** 0.09***

(0.12) (0.04)
Log of Textbook

Expenditures per
Student

−0.05 0.03

(0.05) (0.02)
Log of Number of

Teachers and Staff
per Student

−0.25 −0.08

(0.24) (0.09)
Log likelihood function −6.57 −13.71
Technical efficiency

Mean 0.75 0.78
Min 0.28 0.69
Max  0.97 0.97
ational Center for Education Statistics (NCES), The Northeast Regiona
ational Center for Education Statistics (NCES).
a This is a subset of the total public schools in Mississippi which includ

raduating grade in a school should capture the overall
earning experience and accumulated analytical, mathe-

atical, and comprehensive skills. In this paper we use the
raduating score from overall educational performance as
utput. The overall education performance is the average
core of Reading, Mathematics and Language examina-
ions for Primary Schools and Algebra, History, Biology and
nglish examinations for High Schools respectively. The
verage overall proficiency rates for these examinations
re 28.49 for grade 8 and 52.61 for High Schools.

School geographical location and the school competi-
ion index are used in this paper as exogenous factors. 85%
f the total Primary Schools and 88% of total High Schools
re located in small-city/rural areas. We  use markets with

 5 mile radius, 15 mile radius, and 25 mile radius for this
tudy to measure the degree of competition for public
chools. Therefore, the mean for these exogenous variables
aries with the market size employed. The mean school
ompetition index variable ranges from 0.52 (5 miles) to
.56 (25 miles) with a minimum and maximum values 0 to
1.04 for Primary Schools and from 0.16 (5 miles) to 0.18
25 miles) with a minimum and maximum values 0 to 4.10
or High Schools in Mississippi. Hence, a public school with

 larger defined market would have a higher competition
ndex.

. Results

Following Aigner et al. (1977) and Meeusen and Van
en Broeck (1977),  maximum likelihood estimation is
mployed to estimate the parameters of a stochastic pro-
uction frontier and then used to examine the factors
ontributing to this inefficiency.

The school-level analysis uses the percentage of pro-
cient performers, based on the MCT  and SATP Overall
xaminations in 8th grade and High Schools respectively,
s a dependent variable, which is a proxy for Primary
chool and High School output. Input variables, including

apital (building area, general expenditures and textbook
xpenditures per student) and labor (number of teachers
nd instructors per student), are included in the production
rontier model.
 for Rural Development, and Mississippi Department of Education and

ade and high public schools.

4.1. Stochastic frontier results: primary schools and high
schools

We present the stochastic frontier results in Table 4.1.
These results are based on students’ performance in 8th
grade, using the MCT  Overall scores. It is clear from this
table that some of these inputs are significantly associated
with output. The building area per student and general
expenditures per student are significant and positively
related with a school’s MCT  Overall proficiency rate, but
only general expenditures per student is significant for
High Schools. Thus, higher levels of general expendi-
tures increase Primary School and High School student
performance. School space is also a significant input for
Primary Schools. The textbook expenditures and number
N = 90 and 151.
Standard errors are in parenthesis.
*Statistical significance at 10%.

** Statistical significance at 5%.
*** Statistical significance at 1%.
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Table 4.2
Determinants of efficiency: 8th grade primary schools.

Variables 8th grade coefficient
(Std. error)
N = 90
5 miles

8th grade coefficient
(Std. error)
N = 90
15 miles

8th grade coefficient
(Std. error)
N = 90
25 miles

Dependent variable: Inefficiency Score in Proficient Rate

Independent variables
Constant −0.07 −0.05 −0.03

(0.33)  (0.33) (0.33)
Black  Principal 0.07* 0.07* 0.07*

(0.04) (0.04) (0.04)
Female Principal 0.00 0.00 0.00

(0.03)  (0.03) (0.03)
Experience Principal 0.00 0.00 0.00

(0.01)  (0.01) (0.01)
Square Experience Principal −0.00 −0.00 −0.00

(0.00)  (0.00) (0.00)
Percent of Black Staff 0.02 0.03 0.04

(0.13)  (0.13) (0.13)
Percent of Female Staff 0.10 0.10 0.11

(0.12)  (0.12) (0.12)
Percent of Black Teachers 0.08 0.05 0.05

(0.14)  (0.14) (0.14)
Percent of Female Teachers −0.55*** −0.55** −0.57***

(0.21) (0.21) (0.21)
Percent of Master Teachers −0.01 −0.01 −0.01

(0.12)  (0.12) (0.12)
Experience Teachers 0.03 0.03 0.03

(0.04)  (0.040) (0.04)
Square Experience Teachers −0.00 −0.00 −0.00

(0.00)  (0.00) (0.00)
Percent of Black Students 0.45*** 0.46*** 0.46***

(0.08) (0.07) (0.08)
Percent of Free Lunch Students 0.29*** 0.29*** 0.28***

(0.07) (0.07) (0.06)
Small-city/rural 0.04  0.04 0.05

(0.03)  (0.03) (0.03)
School Competition Index −0.03*** −0.03*** −0.03***

(0.01) (0.10) (0.01)
Adj-R-square 0.89 0.89 0.89

Heteroskedasticity corrected model.

* Statistical significance at 10%.

** Statistical significance at 5%.
*** Statistical significance at 1%.

efficiency is reported in the last row of this table. On
average, Mississippi 8th grade public schools are 75% and
High Schools are 78% efficient, respectively.

4.2. Factors related to inefficiency: primary schools and
high schools

In Table 4.2 we report the Primary School regression
results. The variable for black principal, the percent of
female teachers, the percent of free lunch students, the per-
cent of black students, and the school competition index all
have a significant relationship with Primary School ineffi-
ciency. All other variables are insignificant in this model.

The model was also estimated for the sample of High
Schools, with results reported in Table 4.3.  The significant
variables for the High School sample are female principal,

principal experience, percent of female teachers, percent of
master teachers, percent of black students, and the school
competition index. The remaining variables were insignif-
icant.
The main hypothesis of this paper addresses the
relationship between competition and inefficiency. Com-
petition from private schools is found to have a significant
and negative relationship with public school inefficiency.
This result is found for both Primary and High Schools. On
average a unit increase in the school competition index
value will decrease inefficiency by 0.03 units for Primary
Schools and 0.06 units for High Schools. Hence, higher
competition is associated with increased public school effi-
ciency, which provides sufficient evidence to reject the
null hypothesis. This result supports the previous work of
Hoxby (1994),  Couch et al. (1993) and Greene and Kang
(2004).

While not part of the main hypothesis, the results for the
other explanatory variables are instructive. We  examine
the relationship between human capital and schools’ tech-
nical inefficiency and in Primary Schools, black principal

and the percent of female teachers variables are signif-
icant (Table 3.1). Hence, in Primary Schools, the degree
of human capital (experience and education) held by the
chief administrator (principal) and teachers has no effect
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Table 4.3
Determinants of efficiency: high schools.

Variables High schools coefficient
(Std. error)
N = 151
5 miles

High schools coefficient
(Std. error)
N = 151
15 miles

High schools coefficient
(Std. error)
N = 151
25 miles

Dependent variable: Inefficiency Score in Proficient Rate

Independent variables
Constant 0.08 0.09 0.09

(0.16) (0.16) (0.16)
Black  Principal −0.00 −0.00 −0.00

(0.03) (0.03) (0.03)
Female  Principal 0.05** 0.05** 0.05**

(0.02) (0.02) (0.02)
Experience Principal −0.00* −0.00* −0.00*

(0.00) (0.00) (0.00)
Square  Experience Principal 0.00 0.00 0.00

(0.00) (0.00) (0.00)
Percent of Black Staff 0.03 0.04 0.04

(0.08) (0.08) (0.08)
Percent of Female Staff 0.01 0.01 0.01

(0.05) (0.06) (0.06)
Percent of Black Teachers −0.10 −0.11 −0.10

(0.07) (0.08) (0.08)
Percent of Female Teachers 0.19** 0.20** 0.20**

(0.08) (0.09) (0.09)
Percent of Master Teachers −0.17*** −0.17*** −0.17***

(0.05) (0.05) (0.05)
Experience Teachers 0.02 0.01 0.01

(0.02) (0.02) (0.02)
Square  Experience Teachers −0.00 −0.00 −0.00

(0.00) (0.00) (0.00)
Percent of Black Students 0.29*** 0.29*** 0.29***

(0.05) (0.05) (0.05)
Percent of Free Lunch Students −0.06 −0.06 −0.06

(0.05) (0.06) (0.06)
Small-city/rural 0.01  0.01 0.01

(0.03) (0.03) (0.03)
School  Competition Index −0.05** −0.06** −0.05**

(0.03) (0.03) (0.03)
R-square 0.59 0.59 0.59
Adj-R-square 0.54 0.55 0.54

Heteroskedasticity corrected model.
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* Statistical significance at 10%.
** Statistical significance at 5%.

*** Statistical significance at 1%.

n technical inefficiency after controlling for other factors
n the model. The race and gender of principals and tea-
hers are also important factors as they are significantly
ifferent from zero in these schools. For example, the vari-
bles black principal and the percent of female teachers are
ignificant for Primary Schools. Hence, a black principal is
ound with more Primary School inefficiency, but a female
rimary School teacher is associated with less inefficiency
s compared to male Primary School teachers.

The results from the Primary School model indicates
hat the percent of free lunch students is positively
elated to the inefficiency score suggesting that the socio-
conomic status of students is related to Primary School
nefficiency. This finding is similar to other studies (Adkins

 Moomaw, 2007; Fairlie, 2006) where they show that
tudents’ socio-economic background is related to their

cademic performance. The percent of black students in

 school also has a significant negative relationship with
rimary School. Thus, Primary School inefficiency is higher
hen the percent of black students is relatively large. This
result is similar to previous education studies by Ching
(2000) and Dee (1998).

In this paper we employ a school location with a dummy
variable for rural areas. The coefficient for this variable
remains insignificant in Primary School models. Therefore,
Primary School inefficiency does not depend on location.
This result confirms the findings by Kleinfeld et al. (1985),
but it differs from other studies. Snyder and West (1992)
and Alspaugh’s (1992) argue that urban public schools are
better than rural public schools while Alspaugh and Harting
(1995) and Haller et al. (1993) find the opposite result.

For the High School sample (Table 4.3), the discretionary
variable female principal in High School is associated with
more inefficiency in High Schools as this variable enters
with a positive sign into the models. Another signifi-
cant discretionary variable is principal’s experience which

enters into the models with a negative sign, indicating that
an experienced principal is found in less inefficient High
Schools. Therefore, regardless of a principal’s gender or
race, principal experience does matters.
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The next two significant variables in High School mod-
els are percent of female teachers and percent of master
teachers, but these variables are related to school inef-
ficiency quite differently. The percent of female teachers
variable has a positive sign, which indicates that increasing
the number of female teachers in High Schools is associated
with more inefficiency. On the other hand, the percent of
master teachers has a negative sign; schools with a higher
proportion of teachers with a master’s degree are less inef-
ficient.

Similar to the Primary School models, we employed two
non-controllable variables such as student’s race and their
socioeconomic status in the High School Models. Student’s
race is not significant in any one of these models but their
socio-economic status (percent of free lunch students) vari-
able is significant in all models. Therefore, the presence of
a higher percent of free lunch students in a High School
is found with increased High School inefficiency after con-
trolling all other factors in the models. This result is similar
to Primary School models as well as other education studies
by Ching (2000) and Dee (1998).

Comparing the results for Primary and High Schools
reveals some discrepancies for characteristics of the faculty
and administration. Female principal, principal experience,
percent of female teachers and percent of master teachers
are significant variables in all High School models but these
variables are not significant in Primary School models. A
possible reason for the inconsistent results is the variation
in school type. Primary Schools serve an entirely different
student population than High Schools. A High School serves
mostly teenagers whereas a Primary School serves a more
diverse age group. There are no doubts that school leader-
ship skills matter, and male and female principals appear to
manage their students differently. These leadership skills
are varied in acceptance, authority, activity, and advantage
among these male and female principals (Johnson, Busch,
& Slate, 2008). Male principals are more directive, and
authoritative whereas female principals prefer to follow a
democratic style. Different styles of leadership and teach-
ing might be associated with different levels of efficiency.
In this case, male principals appear more effective in High
Schools while female teachers are more efficient in Pri-
mary Schools. These results are similar to the findings of
Blackmore (1989) and Haslett, Geis, and Carter (1992).

To check the robustness of this model, we  employed
an individual (Mathematics) subject score instead of over-
all score as a dependent variable and find quite similar
results.11 The competition variable comes out significant
and negative for the Primary School model, but insignif-
icant for the High School model. Although the effect of
competition on public schools is the same at the overall
school performance level, it is different at the individual
subject level. Hence, this additional result suggests that

Primary Schools are more competitive than High Schools
in Mississippi.

11 We used individual subjects (Language, Reading for Primary Schools
and History, English for High Schools) as dependent variables and the
results are quite similar to the Mathematics models.
eview 31 (2012) 1177– 1190

5. Conclusions, policy issues and limitations

The purpose of this study is to examine if traditional
market theory can predict whether competition increases
technical efficiency in the education market. Previous
research in education efficiency lacks a proper definition
of a school market, and the necessary components of such
markets and individual school level data to test this theory.
These issues drive the interest, and provide the scope for
this paper.

School building area and general expenditures are
significant inputs for 8th grade Primary Schools, while
general expenditures are the only significant input for
High Schools. Therefore, a general conclusion about the
input requirements is hard to make. After we compare
these two groups of schools, we conclude that general
expenditures are a crucial input for a majority of Public
schools. This may  be because a school’s general expendi-
tures per student can vary in a short period of time due to
changes in day-to-day operating expenses. School building
area per student, textbook expenditures per student and
number of teachers and instructors per student are fixed
inputs based on individual school demand supplied by
the local government, and vary infrequently. Hence, these
fixed inputs have less explanatory power in cross section
analysis.

It appears that the human capital held by teachers and
administrators, such as teaching experience and educa-
tion attainment, are insignificant in Primary Schools, but
significant in High Schools. The degree of effectiveness
may  have depended on the composition of the student
population. High School students are mostly teenagers;
therefore an effective teaching or instructional leadership
style needs experienced teachers with higher levels of edu-
cation. However, Primary Schools, mostly serve children
where experience and higher education held by teachers
and administrators might not have mattered as much for
the students’ academic success.

Not surprisingly, the percent of black students and the
percent of free lunch enrollment variables are significant
in all models. These results further confirmed previous
findings that a student’s family background and income
are important factors for academic performance. Previ-
ous research has pointed out a number of reasons that
black and poor students are at risk of poor academic
performance. For example, Ching (2000) mentions that a
student’s cognitive abilities are related to family income
and a high number of black students’ families live below
the poverty line in Mississippi.12 A number of interventions
can be used to improve the performance of these stu-
dents, such as effective teaching, parental education, and
reward programs, which will guide these students toward
success.
A clear-cut conclusion about the school location effect is
also not easy to draw. This variable is not significant neither
in Primary Schools nor in High Schools models. Therefore,

12 Source: State Health Facts.Org. Retrieved on April 13, 2010, from
http://statehealthfactsonline.org/profileind.jsp?ind=14&cat=1&rgn=26&
cmprgn=1.

http://statehealthfactsonline.org/profileind.jsp?ind=14&cat=1&rgn=26&cmprgn=1
http://statehealthfactsonline.org/profileind.jsp?ind=14&cat=1&rgn=26&cmprgn=1
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t is hard to draw a conclusion from these results about the
tudent performance gap between rural and urban schools
n Mississippi.

The levels of competitive behavior are very similar
etween these Primary and High Schools, that is, private
chools provide competition to both types of these schools.
ence, the empirical results provide strong support to the
ypothesis that private school competition improves pub-

ic school efficiency. This result is in support of Marlow
2000), Borland and Howsen (1993) and Hoxby’s (2002)
apers where they find that the presence of private schools

mproved the performance of Primary Schools. Moreover,
his result also confirms Arum (1996) and Marlow’s (1997)
apers that competition from private schools increase stu-
ent academic outcomes in High Schools. Hence, the effect
f competition does increase school technical efficiency or
cademic outcomes but a proper definition of a market is
eeded to be laid out before estimating the market effi-
iency.

This paper adds additional empirical weight to the
esults of earlier studies of competition in school markets.
s stated earlier, market-based reforms have mixed effects
n the efficiency of public schools. In this study, the effect of
ompetition from private schools is significant for Primary
chools and High Schools. Therefore, proponents of market
ased reforms should be aware that allowing more private
chools, or even voucher programs, will increase students’
erformance in public schools. Thus, to increase overall
ublic school education quality market-based reforms may
e an ideal solution.

The sample does not include information on private
chool student test scores due to the unavailability of
rivate school data. We  cannot observe the efficiency of
rivate schools. However, such data would not be useful
ecause the goal of this paper is to examine the effects of
ompetition from private schools on public school perfor-
ance. An obvious limitation of this study is that it only

ocuses on one state. Currently, it is impossible to conduct
 similar analysis at the national level. This is because a
IS-enabled data set of school locations does not exist at

he national level currently. A GIS database including the
eographic location for every school building in the state
f Mississippi is constructed for use in this paper. The time
osts of doing this for all fifty states are well beyond the
cope of resources and time available for this paper. But
t will be helpful for future researchers to construct and

aintain such a database. However, the value of the GIS
pproach is great, and this paper may  be considered as a
ase study to the potential of using GIS tools to address
ducational reform issues. The potential benefits of GIS
nalysis for educational policy research are vast, and this
tudy should provide an example for future researchers to
uild upon and follow.

ppendix A. Supplementary data
Supplementary data associated with this article can be
ound, in the online version, at http://dx.doi.org/10.1016/j.
conedurev.2012.08.001.
eview 31 (2012) 1177– 1190 1189
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