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1. Introduction

For over three decades, data envelopment analysis (DEA) has been a technique for measuring the
relative efficiency of decision making units (DMUs) with multiple inputs and multiple outputs
(Charnes et al., 1978, 1994; Banker et a., 1984). The method has become popular in university
performance measurement (Prichard , 1990; Youn & Park, 2009; Roghanian & Foroughi, 2010). In
fact, there are literally various kinds of DEA methods such as constant return to scale, variable return
to scale, etc. (Charles et a., 1994) but al them use a basic infrastructure where similar units are
compared using some input and output factors. The idea of measuring efficiency tries to find a special
weight for each input and output and the resulted model is formulated as an extension of a linear
programming problem. DEA methods have been implemented for non-for-profit organizations where
similar units are operating with various input/output and there is basically no revenue. Governmental

agencies such as schools, hospitals, public libraries are instances of these cases. Nevertheless, the
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implementation of DEA has been expanded for revenue based organizations where financial results
are just small part of performance measurement. Malmquist index can also be used along with DEA
method for monitoring the performance over a specific period. Garcia and Palomares (2008) used
Malmquist index to measure the relative efficiencies of 43 governmental universities in Spain over
the period of 1994-2004. The results of their survey demonstrated that efficiency improvement
depended more on technological improvement than technical improvement.

Afonso and Santos (2008) employed data envelopment analysis to measure the relative efficiency
scores for Portuguese public universities, using data mainly for 2003. The input measures were built
from the number of teachers and from universities spending while the outputs measures were
associated with undergraduate success rate and on the number of doctora dissertations. They used
frontier analysis to separate universities that might qualify, as performing well from those were some
improvement might be possible based on efficiency.

Avkiran (2001) discussed that performance indicators in the public sector can be criticized for being
insufficient for analyzing efficiency and proposed DEA implementation to study the relative
efficiency of Australian universities. The paper used three performance models including overall
performance, performance on delivery of educational services, and performance on fee-paying
enrolments. Using 1995 data and applying DEA method, they reported that the university sector was
performing well on technical and scale efficiency but there was place for improving performance on
fee-paying enrolments. According to their survey, more universities were operating at decreasing
returns to scale, which meansthereis a potentia to downsize.

The implementation of DEA helped identify the reference sets for inefficient institutions and
objectively determined productivity improvements. The results were also valuable as benchmarking
tool for educational administrators and help in more efficient allocation of scarce resources. When
there is no precise of market mechanisms to price educational outputs, universities could use such
aternative efficiency anaysis methods for efficiency measurement. Abbott and Doucouliagos (2003)
measured the relative efficiencies of various Australian universities based on the implementation of
DEA method.

Chen and Ali (2004) used DEA-based Mamquist productivity index to measure the productivity
change over time. The DEA-based Mamaquist productivity index can be decomposed into two
components including measuring the technical change and measuring the frontier shift. They
provided an extension to the DEA-based Mamquist technique by further analyzing these two
Malmquist components. Their proposed method not only reveals patterns of productivity change and
suggests a new interpretation along with the managerial application of each Malmquist component,
but also determines the strategy shifts of individual DMUs based on isoquant changes. The results
suggest it can make judgments on whether or not such strategy shifts are favorable and promising.
The implementation of the proposed model was used with a set of Fortune Globa 500 Computer and
Office Equipment companies over the period 1991-1997.

Johnes (2006) investigated the possibility of measuring efficiency in the context of higher education.
Johnes (2006) explored the benefits and drawbacks of different methods for measuring efficiency in
the higher education context and implemented DEA to a data set of more than 100 HEIs in England



M. Rahimian and M. Soltanifar/ Management Science Letters 3 (2013) 339

using data for the year 2000/01. Technical and scale efficiency in the English higher education sector
appeared to be high on average.

There are other applications of DEA method for measuring the relative efficiencies of similar units.
Khani et a. (2012), for instance, first used output oriented DEA to measure the rel ative efficiencies of
nine hospitals in province of Ilam, located in west part of Iran. They used four types of employee
namely specialists, physicians, technicians and other staffs as input parameters. The model also
implemented the number of surgeries, hospitalized and radiography as the outputs of the proposed
model and implemented supper efficiency technique to measure the relative efficiency of efficient
units. Fallah et al. (2011) investigated DEA models for the estimation and improvement of
organizational inputs and outputs in order to incorporate management and decision making processes.
They proposed an empirical DEA method on banking sector by considering severa financial and
non-financia inputs and outputs. The relative efficiencies of various branches of banks were analyzed
under various scenarios. The results showed that there were some non-financial items, which could
change the overall performance of a unit aong with other financial items, substantially. Ngafi et al.
(2011) presented a cause and effect two-stage BSC-DEA method for measuring the relative efficiency
of organizations.

In this paper, we present an application of DEA method for measuring the relative efficiencies of
various universities. The organization of this paper first presents details of problem statement in
section 2 and the results are given in section 3. The paper ends by concluding remarks in section 4.

2. Problem statement

Let x; be the inputs for a decision unit with i=1,...m and vy, be the outputs with r=1,...,s and
J=1,...,n. Let u;and v, be the dua variables associated with x; and vy, respectively. An output
oriented DEA model isformulated as follows,
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In model (1) when 6" =1 thenwe have s, =s; =0. Model (1) is the basis of traditional DEA and it

is solved j times to determine the relative efficiencies of various units. Note that the first constraint
also becomes linear using a simple manipul ation.

Problem (1) has been widely used for the past three decades and the results are commonly accepted as
a tool to measure the relative efficiency of different units. However, when there is uncertainty with
the inputs and the outputs, one may use different techniques to make sure that a small change on
input/output data does not change the output rankings.

In many cases, we have more than one single efficient unit and in this case we can run the model
proposed by Mehrabian et a. (2000) among efficient units to find the relative efficiency of these
units. The model is asfollows,
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One of the primary concerns on measuring the relative efficiency is to look for different types of
efficiency improvement such as technical. When we intend to measure the efficiency over time, it is
better to look for different components, which can be stated as Mamquist productivity index
(Mohammadi & Ranaei, 2011) stated as follows,

Dt+l(xt+1 Yt+l) D (Xt+l Yt+l) Dt(xt YI) /2 (3)
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InEq. (3) { ;ﬂ( (>; MYYHB) . I:I;):rl( &t\:;t))} shows technological changes.

In this paper, we study the relative efficiencies of different educational systems based on the
implementation of data envelopment analysis (DEA) over the period of 2004-2007. There are three
inputs associated with the proposed method of this paper including number of students, number of
university professors and the number of employees. The model also includes the number of educated
people as well as research outputs.

In order to have a fair comparison we need to consider some weights for each input/output factor. In
this study, we consider aweight of 11 for a PhD student, 10 for Master students, 8 for undergraduate
students and 7 for a two year college program. The other input is university professors where we
consider a relative weight of 120 for a full professor, a weight of 110 for each associate professor, a
weight of 100 for assistant professor and finally aweight of 60 for regular trainees.

Another types of weights are considered for employees with various degrees where 11 is assigned for
employees with PhD degree, 10 for any employee with master degree, 8 for any employees with
bachelor degree, 7 for those who have a two-year college degree, 6 for those employees who have
completed high schools and finally 4 for employees who did not finish high schools.

In our study, we consider a weight five for the number of papers indexed by institute for scientific
information (1S1), 4 is arelative weight for papers confirmed by Ministry of education. We have also
considered relative weights of 3 and 2 for ordinary developmental papers and general working papers,
respectively. The study considers relative weights of 1 and 2 for domestic and internationa
conferences, respectively. Finaly, the study considers relative weights of 20 and 10 for original and
trand ated books, respectively.
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3. The results

As we have explained before, the proposed study uses two methods of DEA and Malgiemst to find
the performances of different units. Table 1 shows details of efficiency estimation using DEA
method.

Table 1
Therelative efficiencies of various universities using BCC DEA method

Relative efficiency over the period of 2004-2007

Name 2004 2005 2006 2007
Azad Shahr 0.966 1 1 0.963
Bandar Gaz - - 0.972 1
Damghan 0.467 0.323 0.402 0.775
Semnan 0.755 0.773 0.661 0.909
Aliabad Katool 1 1 1 1
Gorgan 1 1 1 1
Shahrood 1 1 1 1
Garmsar 1 1 1 1
Gonbad Kavoos - - - 1
Minoo Dasht - - - -
Mehdi Shahr - - - 1

In Table 1, when a university does not have any output in a particular year we do not report any
efficiencies for these units. In addition, since we have more than one efficient unit in many cases we
use Mehrabian et al. (2000) method for ranking all units and Table 2 summarizes the results of our
survey.

Table 2
Therelative efficiencies of various universities using BCC DEA method

Relative efficiency over the period of 2004-2007

Name 2004 2005 2006 2007

Azad Shahr 4
Bandar Gaz
Damghan
Semnan
Aliabad Katool
Gorgan
Shahrood
Garmsar
Gonbad Kavoos
Minoo Dasht - - -
Mehdi Shahr - - -
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Based on the results of DEA ranking we calculate changes in efficiency, technology and calculate
Malmaquist index and Table 3, Table 4 and Table 5 present details of our findings,
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Table 3
Changes in efficiency, technology and Mamaquist index over the period of 2004-2005

Changesin Malmquist Progress
Name Efficiency Technology 2006 Regression
Azad Shahr 5.95 0.32 1.9 Regression
Bandar Gaz - - - No output
Damghan 4.76 0.42 2.02 Regression
Semnan 4.26 0.40 171 Progress
Aliabad Katool 5.46 0.34 1.85 Regression
Gorgan 1 0.67 0.67 Regression
Shahrood 1 0.37 0.37 Regression
Garmsar 531 0.28 1.49 Progress
Gonbad Kavoos - - - No output
Minoo Dasht - - - No output
Mehdi Shahr - - - No output

As we can observe from the results of Table 3, there were five units including Azad Shahr, Damghan
Aliabad Katool, Gorhan and Shahrood, where are inefficient. On the other hand, two units of Semnan
and Garmsar were improving units. In addition, there were four unit with no output results and we
could not perform any judgment.

Table 4
Changes in efficiency, technology and Mamaquist index over the period of 2005-2006

Changesin Malmquist Progress
Name Efficiency Technology 2006 Regression
Azad Shahr 1 0.96 0.96 Regression
Bandar Gaz - - - No output
Damghan 0.803 122 0.98 Regression
Semnan 112 0.98 1.10 Progress
Aliabad Katool 1 0.98 0.98 Regression
Gorgan 0.48 1 0.48 Regression
Shahrood 1 0.932 0.932 Regression
Garmsar 1 1.03 1.03 Progress
Gonbad Kavoos - - - No output
Minoo Dasht - - - No output
Mehdi Shahr - - - No output

According to the results of Table 4, there are still four units, which did not provide their research
achievement and we could not compare their performance with other firms. Nevertheless, there are
only two units, which represent efficient units and the other units are till in regression state.

Table 5
Changes in efficiency, technology and Malmaquist index over the period of 2006-2007

Changesin Mamaquist Progress
Name Efficiency Technology 2006 Regression
Azad Shahr 1.038 0.93 0.965 Regression
Bandar Gaz 0.972 1.01 - No output
Damghan 0.51 152 0.98 Regression
Semnan 0.72 1.25 0.77 Progress
Aliabad Katool 1 0.98 0.908 Regression
Gorgan 1 0.49 0.98 Regression
Shahrood 1 0.927 0.49 Regression
Garmsar 1 1.02 0.927 Progress
Gonbad Kavoos - - 1.02 No output
Minoo Dasht - - - No output

Mehdi Shahr - - - No output
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Again, the results of Table 5 show that two units of Semnan and Garmsar are the best ones as they
were in previous years and the other units did not attempt to change their status, significantly.

4, Conclusion

In this paper, we have presented an empirical investigation to measure the relative efficiencies of
various private universities in province of Semnan, Iran. The proposed study of this paper has
gathered the necessary information of these unitsin terms of three inputs and two outputs. The results
of measuring relative efficiencies have been compared in three consecutive years from 2004 to 2007
based on Mamaquist productivity index. The method uses three inputs including number of students,
number of university professors and the number of employees. The model aso includes the number
of educated people as well as research outputs for outputs of the DEA model. Based on the result of
this survey, we can conclude that there is a need for many private schools to look into their research
activities and try to increase their performance through publications.
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