Using DEA to evaluate the efficiency of secondary
schools: the case of Cyprus

This study utilizes the
methodology of data envelop-
ment analysis (DEA) to assess
the efficiency of secondary
schools in Cyprus. Apart from
evaluating the relative effi-
ciency of schools, the study
provides recommendations
for improvement to inefficient
schools and discusses man-
agerial implications. Further-
more, empirical findings
based on an approach to
estimate efficiency environ-
mental effects suggest that
no efficiency differences exist
between schools operating in
rural areas compared to
those operating in urban
areas.
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| Introduction

Assessing the performance of an educational
system is an important but difficult to accom-
plish task. Educational services feature all
the distinctive characteristics of services vis-
a-vis manufacturing, such as perishability,
heterogeneity and simultaneity (Fitzsim-
mons and Fitzsimmons, 1994; Sasser et al.,
1978). Despite the difficulties involved, school
performance assessment can, among others,
be used to set performance targets, to make
resource allocation decisions, and to improve
overall school performance.

School units bear further similarities to
service organizational units in the sense that
they utilize multiple inputs to produce multi-
ple outputs (Cameron, 1978). A number of
common problems emerge when attempting
to assess service organization and school
performance. First, no ultimate criterion of
effectiveness exists, since a unit (service
organization or school) may typically pursue
multiple, and often contradictory goals. Rele-
vant criteria may also change over the lifecy-
cle of the unit. Different units may assign
particular importance to different organiza-
tional aspects at different times. Moreover,
criteria at one organizational level may not
be the same as those at another organiza-
tional level, while relationships among vari-
ous effectiveness dimensions may be difficult
to discover.

Different criteria have traditionally been
defined for assessing school performance.
Typically, school effectiveness has been mea-
sured in terms of the performance of students
in examinations (see Gray, 1981), for a discus-
sion on school outcomes). Other contextual
factors such as the students’ socioeconomical
background and other environmental vari-
ables are also considered. In this paper we
follow a (popular in the literature) production
or “value-added” approach in which the
school utilizes some inputs (i.e. number of

instructors, experience of instructors, socioe-
conomic background of students, etc.) to pro-
duce some outputs (i.e. examination scores).

One of the methodologies used in previous
studies of school performance evaluation
based on input-output analysis has been ordi-
nary least squares (OLS) regression analysis.
Such studies have, however, two major disad-
vantages (Ray, 1991). First, predicted values
resulting from a regression model provide
the average or expected level of outcome
given certain inputs, instead of the maximum
achievable outcome. Second, the input/out-
put production function specified by such
models may be problematic. Most regression
models use a single output production func-
tion, which may be unrealistic when assess-
ing school performance[1].

In this paper we focus on the assessment of
the efficiency of secondary schools in Cyprus.
In a recent study by the International Associ-
ation for the Evaluation of Educational
Achievement, the schools of Cyprus ranked
low compared to 41 other countries which
also participated in the study. However, exam-
ining only the schools’ output does not pro-
vide a complete picture regarding perfor-
mance. It is important to know whether
schools are actually utilizing their resources
in the most efficient way to produce the
observed rankings. In addition, itis also
important to provide guidelines on how
schools can improve further.

Here, we utilize the non-parametric method-
ology of data envelopment analysis (DEA)
(Charnesetal., 1978). DEA, a state-of-the-art
non-parametric methodology, can be used to
assess performance of homogeneous units
utilizing multiple inputs to produce multiple
outputs. DEA enjoys a number of advantages
over other traditional parametric methods,
and has been used extensively to assess school
performance (Norman and Stocker, 1991;
Sammons et al., 1993; Thanassoulis and
Dunstan, 1994). Apart from evaluating the
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relative efficiency of secondary schools, this
study provides recommendations for improve-
ment to inefficient schools and discusses
managerial implications.

The paper is organized as follows. We next
provide a description of the data envelopment
analysis methodology. A brief literature
review on the DEA applications in educa-
tional settings follows. Next, we describe an
empirical study which utilizes DEA to assess
the efficiency of secondary schools in the
country of Cyprus. Additional insights to the
problem of school evaluation are presented by
benchmarking the effect of the external envi-
ronment through the comparison of urban
and rural school efficiency. Managerial impli-
cations, limitations and future research are
also discussed. Concluding remarks follow.

| Data envelopment analysis

The methodology of data envelopment analy-
sis, initially introduced by Charneset al.
(1978), is a mathematical programming tech-
nique used to evaluate the relative efficiency
of homogeneous units. This efficiency evalua-
tion derives from analysing empirical obser-
vations obtained from decision-making units
(DMUs), aterm coined by Charnes et al. (1978)
to define productive units which are charac-
terized by common multiple outputs and
common designated inputs.

Relative homogeneity of organizational
units such as schools, bank branches or hos-
pitals, provides instances for implementation
of the DEA methodology. In a more general
manner, DEA is most useful in cases where
accounting and financial ratios are of little
value, multiple outputs are produced through
the transformation of multiple inputs, and
the input-output transformation relation-
ships are not known (Charneset al., 1978).

In a broad sense, efficiency of a single DMU
k, operating in a homogeneous set of N
DMUs, utilizing multiple inputs | to produce
multiple outputs R, can be defined as follows :

R
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where,

Ex, = efficiency of unit K,

Yek, = amount of outputr =1, ..., R produced
by DMU K,,,

Xk, =amount ofinputi=1, ..., I consumed
by DMU K,

Upi, = weight given to outputr,
Vik, = weight given to input i,
R = number of outputs,

| = number of inputs.

As long as the unit under consideration
remains a single DMU, we could retain the
preceding definition. However, an attempt of
defining efficiency for a group of DMUs
simultaneously is not possible using just
definition (1), since a common set of weights
is difficult to be set among all DMUs of a ser-
vice organization or system.

Each DMU can be allowed to choose its own
set of weights based on its own value system
(Charnesetal., 1978) in an attempt to appear
as efficient as possible. The following model
is formed based on definition (1):
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Through M1, each DMU K, analysed will
specify the particular input and output
weights (u and v respectively), which maxi-
mize its own ratio of weighted output to
weighted input, subject to the constraint that
no other unit utilizing the same weights
could exceed an efficiency rating of 1. A DMU
with efficiency rating of 1 will be given the
characterization of efficient relative to other
DMUs. Vice versa, an efficiency rating of less
than 1 will lead us to characterizing this spe-
cific unit as inefficient in relation to others.

(M1) represents a fractional linear pro-
gramming (LP) model. This can be easily
transformed into a simple linear program, as
follows:

(M2)
R
Maximize Ex, = Ziu,,cﬂy,xu (5)
=
subject to:
I
Zv. X =1
o ViKy (6)
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where,
Ex, = efficiency of unit K,

Ve, = amount of output r produced by
DMU K,

Xik, =amount of inputi consumed by
DMU K,

Uk, = weight given to output r,

Vik, = weight given to input i,

The transformation is obtained by setting the
denominator of (2) to an arbitrarily selected
constant. A similar manipulation of equation
(2) can result in an input minimization ori-
ented linear programming model[2].

The dual formulation of (M2) can provide
additional insights and is computationally
less expensive:

(M3)
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where s and s; represent the slack variables
corresponding to the outputs and inputs
respectively.

Based on model (M3) we can characterize
DMU K, efficient as long as the value of H is
equal to 1If Hy, exceeds the lower limit of 1,
the DMU under assessment is characterized
inefficient in comparison to other DMUs.
That is, there exists a weighted combination
of actual performance of other units, such
that no output of unit K, exceeds that of the
weighted output of the weighted combina-
tion. At the same time, we could reduce all
inputs of K, by the proportion H, without
any input fallmg below that of the
corresponding weighted combination of other
units. If DMU K, is deemed inefficient, man-
agement could decrease all the inputs of K, in
the same proportion, in order to achieve the
desired weighted combination performance.

The size of the necessary decrease is indi-
cated by the value of H

From the scope of computatlonal effort, the
fact that (M3) has only (I + R) constraints
compared to (N + R + | + 1) constraints of
model (M2) and N is typically much larger
than | + R, deems (M3) easier to solve in
comparison to (M2). An additional advantage
of (M3) is the provision of target values for
inefficient units by comparing them against a
composite unit constructed by the actual
performance of the rest of the units (Boussofi-
aneetal., 1991). These targets can provide
guidelines for improvement to inefficient
units. At optimality, the following input/
output values occur:

X = Hp x, =57,
foralli=1,2,...,n (14)
target __ +4
erO er” +Sj b}
forallr=1,2,....,m (15)

where * indicates optimality. These are input-
oriented targets since the attempt here is to
minimize inputs. Output-oriented targets can
also be derived by dividing both

xeo and y** by Hp

Model (M3) was introduced by Charnes et al.
(1978) based on the assumption of constant
returns to scale. However, while this assump-
tion could often be legitimate, it may not be
valid in cases where the scale of operations
could influence a DMU’s efficiency rating,
such as, for example, when assessing school
performance. Moreover, information con-
cerning the amount of inefficiencies owing to
the scale of operations would prove to be very
useful for managerial decisions. Appendix 1
presents a model described by Banker et al.
(1984) to cover the issue of inefficiencies due
to scale of operations, through an extension
of model (M3).

|App|ications of DEA in education

Applications of DEA to measure the efficiency
of educational production have extensively
been reported in literature, beginning with
the introductory paper of DEA (Charneset al.,
1978), which introduced the DEA methodology
by demonstrating it in a school setting. The
aim of this section is not to present a thorough
literature review of DEA applications in edu-
cation, but rather to present some of the more
relevant studies to this work.

Charnes et al. (1981) also used data from the
education sector. The authors concentrated in
the comparison of the programme follow
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through (PFT) and non follow through (NFT)
schemes for primary school children in the
USA. Participants in PFT were children who
came from less advantaged backgrounds,
while the experiment also included a control
group of NFT children for each district that
participated in the PFT. DEA was used in
order to assess the efficiencies of policies
within which managers operate while elimi-
nating the inefficiencies originating from the
managers themselves.

An alternative use of DEA is presented by
Bessent and Bessent (1983). More specifically,
DEA is used for resource allocation of various
programs in the environment of a community
college. The main contribution of the study
was the recognition that, in spite of some
limitations, DEA could prove helpful in
resource allocation. DEA cannot, however,
provide an answer to the question of allocat-
ing total organizational resources in order to
obtain maximum output from the units.

Boussofiane et al. (1991) utilize the context
of comparing schools for the purpose of
demonstrating practical issues encountered
in selecting and qualifying inputs and out-
puts. Schools were chosen as an illustration
mainly due to the importance of environmen-
tal factors in their operation. An important
observation of the authors is the effect of the
selection of inputs and outputs in the dis-
criminatory power of DEA, which more
specifically is related to the number of
selected inputs and outputs. As a minimum
number of units that will be given the tag of
efficient, authors set the product of the num-
ber of inputs and outputs.

In a similar manner, Golany and Tamir
(1995), utilize hypothetical data taken from an
evaluation of some elementary schools in a
school district. Aim of the illustration is the
distinction between different aspects evalu-
ated by efficiency, effectiveness and equality;,
in addition to specifying potential trade-off
among them. In another recent study, Thanas-
soulis (1996) demonstrated how to use DEA to
set targets for differentially effective schools.

Johnes and Johnes (1993) refer to an appli-
cation of the methodology in universities. In
the particular study, DEA is used for assess-
ing the research performance of UK depart-
ments of economics during 1984-88. DEA was
especially valuable since no universally
accepted importance weights exist regarding
the relevant inputs and outputs. The problem
was addressed through the allowance of DEA
for each unit to determine its own set of input
and output weights such that it maximizes its
efficiency. However, each unit is not com-
pletely free to define its set, since it is subject
to the constraint that no other unit could
accomplish an efficiency rating that exceeds

unity, based on the same set of weighted
inputs and outputs.

Ray (1991) utilized the DEA methodology in
combination to regression analysis in order
to assess relative efficiency in public school
districts in Connecticut, USA. Through his
analysis he pointed out the effect of socio-
economic variables in productivity varia-
tions. A relative paper, in the sense that it
refers to combined use of DEA with regres-
sion analysis, is presented by Sexton and
Sleeper (1994), aiming at facing the lack of
homogeneity between DMUs involved.

|Assessing the effectiveness of
schools in Cyprus

Model description

Studies of educational production function
define two major ways of describing the influ-
ences of schooling on student achievement.
Either take into account the cumulative influ-
ence of family background, peers, school
input and innate abilities on student achieve-
ment at certain time points or measure these
factors during the period student is attending
school.

Our study uses the second alternative, also
known as the value added model. This model
is convenient in the sense that it reduces data
requirements, since school-level aggregated
data can be used. Moreover, educational
achievement is a product of both inputs con-
trollable by the school but also of other fac-
tors such as family background, innate abili-
ties, peers and former outcomes.

Figure 1 presents the theoretical frame-
work underlying the developed models.

Three generic determinants drive school
performance (Thanassoulis, 1996). First,
school-specific factors such as the size of the
school, and the number and quality of the
teachers; second, factors which are family and
external environment specific, such as for
example, the students’ socioeconomic back-
ground or the location of the school; and
finally, the abilities of the student him/herself.

Three models, as presented in Table | were
constructed, based on the above framework
and on data availability. The small number of

Figure 1
Generic drivers of school performance

School Related

Factors

Student \ ’
T Student’s

Characteristics Performance

Family and External
Environment Influences



Andreas C. Soteriou, schools available limited the number of input
Elena Karahanna, and output variables, in order to preserve the
Constantinos Papanastasiou  DEA model’s discriminatory power. The mod-

and Manolis S. Diakourakis . .
Using DEA to evaluate the els presented in Table | proceed from a simple

efficiency of secondary (Model 1) to a more complicated input set
schools: the case of Cyprus (Model 3). All models include a single, com-
International Journal of mon output, consisting of the score from
Educational Management standardized examinations such as the
1272 [1998] 65-73 TIMSS, to be discussed in the next section.

The first model uses inputs which can be
obtained from teachers’ and students’ ques-
tionnaires. More specifically, it includes the
age and educational level of teachers, in addi-
tion to the parents’ education and the socio-
economic status of the family. Model 2 also
includes school data. That is, the size of the
school, defined as the students’ population
was included. An additional input is consid-
ered by Model 3 to capture the socioeconomic
background of students. The number of books
at student’s home was used as a proxy for that.
A description of all the variables included in
all the models is shown in Appendix 2.

Data

The Third International Mathematics and
Science Study (TIMSS) was conducted during
the months of May-June 1995. TIMSS is con-
ducted by the International Association for
the Evaluation of Educational Achievement
(IEA), in a total of 45 countries, covering more
than half a million students at five grades
levels in more than 15,000 schools. The main
goal of TIMSS is to provide international
benchmarks regarding school performance.
Data were collected using standardized
questionnaires, adjusted to reflect cultural
differences, completed by school principals,
teachers and students.

TIMSS provides the various participating
countries a vehicle with which to investigate
a variety of issues, including what concepts
students understand, how well they can apply
their knowledge in problem-solving situa-
tions, and whether they can communicate
their understandings. Information regarding

Table |
Variables used in the DEA efficiency measurement

Model 1 Model 2 Model 3

Inputs

Age of teacher

Education level of teacher

Parents’ education

Socioeconomic status

School size

Number of books at student’s home

Output
International mathematics score a g 0

|
Ooooo
OOogogood

these issues is very important. Skills in math-
ematics and science are becoming critical to
economic progress due to the transformation
of modern societies into more technologically
based, where higher levels of technical com-
petence and flexible thinking are required[3].
TIMSS utilized information from students,
teachers and school principals as follows:

« Principal questionnaire. This instrument
was administered to the school’s principal.
It obtained general information about the
school, i.e. school size, number of teachers
teaching at school for five or more years,
information on the school’s community and
on the number of department heads.

« Teacher of mathematics and science ques-
tionnaire. Data collected through this
instrument, which was administered to
teachers, include the teacher’s educational
background, co-operation with other teach-
ers for lesson enhancement, and teaching
methodologies.

« Student information. Information on such
variables as the socioeconomic status of
student’s family, parents’ education and
number of books at home was gathered via
a questionnaire. Furthermore, math tests
which covered six content areas (fractions
and numbers (34 per cent), measurement
(12 per cent), proportionality (7 per cent),
data representation, analysis, and probabil-
ity (14 per cent), geometry (15 per cent), and
algebra (18 per cent)) were also adminis-
tered to seventh and eighth grade students.

Our study was based on the Mathematics
TIMSS data as collected in Cyprus with the
collaboration of the Ministry of Education
and Culture, the Pedagogical Institute, and
the University of Cyprus. Data were gathered
from 55 high schools, which reflects the total
of lower secondary schools (gymnasiums) in
Cyprus. In terms of students population, 5,852
out of a total of 19,694 students participated in
the study, from both the seventh and eighth
grades of high school (ages 13-14 years old).
Data are aggregated to the school level. Fur-
thermore, no data were used in this study
from the principals’ questionnaire because of
the very low response rate observed, regard-
ing fully completed questionnaires (less than
10 per cent). School size was obtained from
secondary sources through the Ministry of
Education and Culture.

For the purposes of this study, a distinction
was made between schools located in urban
areas (33 schools) and those located in rural
areas (22 schools). Thus, two separate groups
were formed, and assessed separately. This
distinction provides two desirable outcomes.
First, the coverage of DEA's homogeneity of
units requirement is maintained. Second, the

[69]
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Results and discussion

All three models were run under both con-
stant returns to scale (CRS) and variable
returns to scale (VRS), separately for the
urban and rural group. Furthermore, both
input minimization and output maximization
DEA models were run for each school in each
group, in order to identify inefficient and
best-practice schools. The output maximiza-
tion model provides information on how
much the average student performance on

the TIMSS test could be improved, given its
inputs. The input minimization model pro-
vides information on how much an ineffi-
cient school could further reduce some of its
inputs while maintain the current level of
performance. Table Ill provides descriptive
statistics on the resulting efficiency distribu-
tions of input minimization models.

It is noteworthy that even though some
inefficiencies are evident, the overall efficien-
cies observed are high. Assuming, for exam-
ple, CRS and using Model 2, we have a mean
efficiency value of 96.56 for urban area
schools and 94.82 for rural area schools. A
possible explanation of this may involve the
tight control exhibited by the Ministry of
Education with respect to teaching curricula,
school activities and overall performance.

Table Il
Descriptive statistics of data collected for urban and rural area schools
Maximum Minimum Mean Median Std Dev
Urban area schools
Inputs
Age of teacher 5 3 3.857 4 0.571
Education level of teacher 8 5 6.018 6 0.523
Parents’ education 7.852 3.484 5.330 5.128 1.255
Socioeconomic status 12.073 9.020 10.572 10.582 0.730
School size 625 160 390.939 408 119.720
Number of books at student’s home 3.977 2.846 3.393 3.408 0.271
Output
International mathematics score 527.598 439.184  482.727 482.233 26.852
Rural area schools
Inputs
Age of teacher 45 3 3.55 35 0.486
Education level of teacher 6.5 5 5.789 6 0.445
Parents’ education 4.853 2.5 3.518 34 0.690
Socioeconomic status 10.732 8.674 9.665 9.753 0.605
School size 504 134 308.773 345 146.0053
Number of books at student’s home 3.413 2.839 3.158 3.179 0.184
Output
International mathematics score 484.511 418.969  455.740 454,123 18.327
Note:
See Appendix 2 for variable definition
Table IlI
Descriptive statistics on efficiency distributions obtained by the three models
Model 1 Model 2 Model 3
CRS VRS CRS VRS CRS VRS
Urban  Rural Urban Rural Urban  Rural Urban Rural Urban  Rural Urban  Rural
Mean 9595 9434 97.00 96.71 96.56 9482 97.94 96.71 97.10 96.78 98.11 98.50
Minimum 86.82 83.68 88.96 86.67 87.31 83.68 92.33 86.67 90.30 88.13 91.75 90.04
Maximum 100 100 100 100 100 100 100 100 100 100 100 100
Percentage share of
efficient schools 27.3 27.3 33.3 59.1 33.3 31.8 36.4 59.1 36.4 455 39.4 68.2
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Table IV presents input minimization sample
results and suggested improvement guide-
lines for one of the inefficient schools, school
X, that could bring it in line with its peer
group. According to the table, another school
(or combination of other schools) exists, in
which the teachers are on average younger,
the parents’ education, the socioeconomic
status and the teachers’ education is lower,
but the average score on the TIMSS exam was
equally good. The model points towards areas
which may need improvement, such as, for
example, the quality of the teachers as it
relates to their age and education, and the
resulting implications for on-going teacher
training.

Clearly, not all the recommendations of the
model are feasible. Improving the students’
socioeconomic status is not a short-term
effort, neither is a feasible effort by the
principal of the school alone. Other recom-
mendations, such as the quality of the teach-
ers can be implemented with the collabora-
tion of the authorities. Such a possible strat-
egy could involve the rotation of teachers
among different schools[4]. The feasibility of
the models’ recommendations must be exam-
ined on a school basis in collaboration with
the principal of the school and the proper
authorities. The output maximization ver-
sion of the model can also provide the exam
score level which cold be achieved by the
school, given its current inputs.

We also observe in Table IV that the target
school constructed by the model —which isa
linear combination of existing schools - is
smaller in size compared to school X. This
can, to some extent, explain why the virtual
school performs better since smaller schools
may perform “better”. On the other hand,
such size difference may deem the compari-
son unfair. Examination of the peer schools of
school X can help identify “well-behaved”
schools and provide the means for a more fair
comparison. For example, Table V presents
actual data from school Y, one of the peer

Table IV
Actual and target values for all variables as
indicated by DEA for school X

School X
Actual value  Target value

Socioeconomic status 10.00 8.60
Teachers’ age 4.50 3.00
Teachers’ education 6.00 5.00
Parents’ education 4.10 3.20
Students’ population 344.00 69.00
International

mathematics score 450.10 450.10

Table V
Comparison of an inefficient school with a
school similar in size

School X Peer for X

(actual) (actual)
Socioeconomic status 10.00 8.90
Teachers’ age 4.50 4.00
Teachers’ education 6.00 5.00
Parents’ education 4.10 3.90
Students’ population 344.00 337.00
International

mathematics score 450.10 463.10

schools of school X. The two schools are simi-
lar in size.

We observe that the average education of
teachers, for example, at the peer of school X
is lower than that observed at X. Further
investigation into how can school X capitalize
on the advantage of its teachers to increase
the TIMSS examination score should be
initiated.

| Benchmarking the effects of the
environment

One of the primary goals of the study is to
benchmark the possible environmental effect
on the efficiencies of schools. Based on the
distinction of our data set into two homoge-
neous subgroups — urban and rural area
schools - we will utilize an approach pro-
posed by Charnes et al. (1981) which isolates
and evaluates school programme efficiency.
Here, we follow the approach in a similar
manner to isolate and assess the environmen-
tal impact on school efficiency.

The approach (also described in Zenios et
al., 1995), proceeds in three steps:

Step 1. Run the DEA model on two groups
operating in two different environments.

Step 2. Project inefficient units on their
corresponding efficient frontier. Combine
projected and efficient units from both
groups and run the DEA again on the pooled
data set.

Step 3. Examine whether the resulting effi-
ciency distributions in each group are differ-
ent. This can be done by using Mann-Whitney
non-parametric tests, since the resulting
distributions are not likely to follow normal-
ity.

The urban and rural area schools were
pooled together and the above procedure was
followed. The resulting efficiencies suggest
that there is no statistically significant effi-
ciency differences between urban and rural
area schools (p < 0.001).
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The TIMSS scores shown in Table Il suggest
that urban schools indeed outperformed rural
schools (p < 0.05). The above result, however,
suggests that differences in inefficiency of
schools cannot be attributed to environmental
influences. Thus, any corrective actions
should be aimed at changing the internal
rather than the external environment.

Limitations and future research

The models developed in the study we
described above were limited by data avail-
ability, and thus myopic in nature. Only a
single output was considered, based on a
single exam on a single subject, given to
eighth graders. The output set should be
expanded to reflect more desirable school
outcomes. Thus, outputs which include other
subjects should also be incorporated in the
set, representative of the whole body of stu-
dents. Music and athletics outputs should
also be considered. The input set should also
include further information on the teachers’
training and quality, the schools’ resources,
and the socioeconomic environment.

Furthermore, this was a cross-sectional
study conducted at a single point in time.
Studies of a dynamic nature should also con-
sider changes over time. As data availability
through studies such as TIMSS increases,
such dynamic studies will also be made
possible.

Finally, of extreme interest will be studies
which will focus on international compar-
isons. The focus of TIMSS for example was to
provide the means to communicate knowl-
edge across countries. School performance
can greatly benefit from international studies
which will examine both the input and the
output side of the school effectiveness pic-
ture. It would be of great interest to examine
how the efficiency of schools change as they
are compared against schools operating in
different educational systems.

as efficiency is concerned, and underline the
importance of future international efficiency
studies. As international data availability
through studies such as TIMSS increases,
such studies will also be made possible.

Furthermore, we found no efficiency differ-
ences which can be attributed solely to the
environment, despite the lower scores
observed in rural areas. This is an important
finding for schools in Cyprus, since the
efforts towards improvement can now focus
on the school level alone.

Notes

1 Even though not as popular, simultaneous
equation models to estimate multiple output
production technologies, and thus overcome
this problem, have been proposed by Levin
(1970) and Michelson (1970).
This can be achieved by setting the numerator
of (2) to a constant and minimizing the
denominator

. H
Minimize K, = IEv’.x"_ﬁ:‘.‘,{o.)

N

w

Further information on the TIMSS study is
provided in the following Internet address
http://wwwcsteep.bc.edu/timss

4 Although teacher rotation among different
schools is currently observed, efficiency find-
ings such as the ones obtained here are not
considered when making decisions on these
rotations.

| Conclusion

In this paper we develop DEA models to
assess the efficiency of secondary schools in
Cyprus. We demonstrate how inefficient
units can benefit from such analysis and be
directed towards areas which may require
improvement.

One of the major findings was that in the
case of Cyprus, room for school efficiency
improvement exists, even though not great.
Despite the low rankings schools in Cyprus
obtained during the TIMSS, most of the
schools find themselves very close to the
efficient frontier. These results emphasize the
existing homogeneity between schools as far
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Appendix 1
Variable returns to scale model

(M4)

Minimize H,(o —8(25: "‘25:) (16)
r=1 i=1

subject to:

N
Hko xiko ) }gl;{kofx'} - si' = 0’

foralli=1,2,...,1, a7
J%llkoqu -5 = Yy s

forallr=1,2,...,R, (18)
N
Zh =t @)
H freeand A, , 20,Vj (20)
5,5 20, 0<e =1 (21)

Comparing (M4) to (M3), we notice that their
only difference is estimated in the inclusion
of constraint (18). This convexity constraint
requires that multipliers A, should add up to
1, thus ensuring the comparison of DMUs
against a composite unit of similar size.

Appendix 2
Variables used
Inputs
Age of teacher 1. Below 25 years
2. 2529
3. 30-39
4. 40-49
5. 50-59
6. 60 and above

Education level Categories include options such as

of teacher BSc/BA, MA, PhD etc.
Parents’ Categories include secondary
education education, university or postgraduate

studies, etc.

Socioeconomic Data are obtained from questioning

status the student about the existence of a
variety of things at his home, such as
tape recorder, computer, speed boat,
satellite antenna

School size Measured by student population

Number of Existence of five categories:

books at 1. 0-10 books

student’s 2. 11-25

home 3. 26-100
4. 101-200
5. More than 200 books
The student is asked to estimate
the number of books at his home,
excluding school books, newspapers
and magazines

Output

International ~ Average score achieved at the school

mathematics  level in the mathematics section of

score the TIMSS study
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