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Abstract. The efficiency of educational groups is determined by a comparison of their
inputs and outputs. For multiple inputs and outputs such a comparison is not
straightforward but can be accomplished using Data Envelopment Analysis. This is a
technique based on linear programming which compares each unit with all the others and
determines its efficiency in terms of other groups with comparable inputs and outputs. This
technique is employed to evaluate the efficiency of 5 educational groups of Sama college in
Ardabil.
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1. Introduction

A relatively recent technique, called Data Envelopment Analysis (DEA) and
developed by Charnes, Cooper and Rhodes [1], and Banker, Charnes and Cooper
[4]. They extend the concept of technical efficiency from the case of one input and
one output to that of multiple inputs and outputs. This approach is based on linear
programming and allows the comparison of organizational units producing the
same outputs using the same inputs, declaring one or more to be efficient, and
others inefficient in the sense that the inefficient organizational unit use more
inputs for the outputs they produce than the efficient ones. In this study this
technique is applied to inputs and outputs of 5 educational groups of Sama college
in Ardabil.

This study deals with the determination of technical efficiency, which is
concerned with the production of given multiple outputs given minimal multiple
inputs. For single output and single input, efficiency may be expressed as input per
unit of output, and various organizational units may be compared, with the one
having the lowest input per unit of output declared to be efficient, and the ones
with lower ratios inefficient. For multiple inputs and outputs, such a measure is no
longer straightforward, as it is not obvious how the multiple inputs and outputs
should be aggregated.

In this study topics are discussed: Conventional approach for measuring
educational groups efficiency; Relation of the technical efficiency and DEA;
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Finding efficiency by the solved a LP; Application of DEA to Sama college;
Conclusions.

2. Technical efficiency and DEA

Data Envelopment Analysis privies a measure of the efficiency of a Decision
Making Unit (DMU) relative to other such units, producing the same outputs with
the same inputs. The units to be compared may be enterprized, banks, schools, and
this study they are educational groups of Sama college. DEA is related to the
concept of technical efficiency and can be considered as a generalization of
efficiency measure [2].

Technical efficiency is concerned with the quantities of inputs and outputs of
production processes employed by decision making units. If there is only one input
and one output, a DMU is efficient if produces more per unit of input than other
units. DMU's producing less than the maximum amount of output per unit of input
are inefficient. To obtain a formulation that can be generalized for multiple inputs
and outputs, this is reformulated as follows.

Let the DMU to be evaluated be unit o and let k be the index of all DMU's to

be considered including unit o. Let y, be the output of unit k and X, its input. The
efficiency of DMU, is then:
YolXo
Max; (Y /%)

which cannot exceed 1.
This efficiency can also be found as the solution of the linear programming
problem:

maxu  f = (Yo/%,)w
s.t:
(Y /% )w<1 forall k
w>0.
Obviously w is determined by binding constraint(s) corresponding

we___
Max, (Y /%)
The following nonlinear programming problem has the same solution:
u
max,y f= Yol
X,V

s.t:

Y 1 forall k.
X,V

u,v=0.
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u can be interpreted as the value of the output and v as the value of the input.
DMU, can select u and v to maximize its efficiency, but the constraints stipulate
that u and v must be chosen such that the efficiency of each DMU, including that
of DMU,, cannot exceed 1. This problem has multiple optimal solutions, as

only w = u/v matters [3].
The problem can be generalized for multiple inputs and outputs. u is the
weight or value assigned to the single output. If there are multiple outputs,

represented by the index i, there are corresponding weights u, . For multiple inputs,
represented by the index j, the weights are v;. The nonlinear programming
problem is then:

B Ziinui

maXu.yv. -
o ijojvi

s.t:

i iui
Z'le for all k
Z,—ij"j

UV, >0 foralli,j.

The interpretation of this problem is as follows. In evaluation of DMU,
weights u; and v, are used for its the outputs and the inputs respectively. These

weights are chosen to give the best possible efficiency rating for DMU, subject

to the constraints that these weights result in efficiencies of all DMU's don't be
exceeded 1. Note that in perfectly competitive markets the weights would be given
by the equilibrium prices of inputs and outputs. For nonprofit organization such
prices are not available and often no prices are available at all. Instead weights are
used, which are selected to give the highest efficiency rating possible for unit o,
given the performance of all DMU's considered. Such an evaluation is totaly and
absolutely fair to DMU,, because the weights replacing prices are chosen to

maximize its efficiency rating.

It can be proved that the solution of this nonlinear programming problem is
equivalent to that of the following linear programming problem, which will be
referred to as the primal problem:

MaXu; v f= Ziinui

s.t:
D %V =1
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D VUi <D %, forallk
U, V; >0 foralli,j.

The problem that is the dual of this linear programming problem is as follows
(the dual problem):
min g=f
s.t:
D Kl <x; f foralli

D Yih >y, forallj
I, >0 forall k.

This problem can be interpreted as that of finding a linear combination of all
DMU's producing at least the same output as DMU, but using at most a fraction

f of its inputs, with f to be minimized. Both the primal and dual problem can be

used for computational purposes.

The formulation given above is the one given in Charnes, Cooper, and
Rhodes [1], (the CCR formulation) which assumes that the productions have
constant returns to scale. This is frequently not realistic. In the case of sama college
, @ small college may be not made comparable to a large one by simply reducing
input by some factor. This is avoided in a formulation give by Banker, Charnes,
Cooper [4], (the BCC formulation) allowing for increasing and decreasing returns
to scale. This is achieved by adding to the dual linear programming problem the

convexity constraint Zklk =1[5].
One version of a CCR model aims to minimize inputs while satisfying at least
the given output levels. This is called the input-oriented model. There is another

type of model called the output-oriented model that attempts to maximize outputs
without requiring more of any of the observed input values.

3. Application of DEA to Sama college

This section discuses the use of CCR formulation to evaluate the efficiency
of 5 educational groups in Sama college.
Of great impotence is the choice of inputs and outputs. The following items
were considered:
Inputs :
1) Educational space and Number of administrative cadre
2) Number of registered students
Output :
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1) Mean scores of students and Number of graduate students

inputs and outputs data given as follows:

DMUs input, input,
DMU, 13 716
DMU, 11 531
DMU, 14 782
DMU, 10 601
DMU, 14 818

Table 1: Inputs data

DMUs output,
DMU, 3491
DMU, 4290
DMU, 2190
DMU, 11654
DMU, 14577

Table 2: Outputs data

The results of the CCR model summarized as follows:

DMUs | efficiency
DMU, |0.251441

DMU, 0.416641
DMU, | 0.144423
DMU, 1.000000
DMU, | 0.918997

Table 3: The results of the CCR model

Of the 5 DMUSs, 1 has an efficiency rating of 1, so that the remaining 4 are
deemed to be inefficient. The number of efficient DMUSs depends on the number of
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inputs and outputs and how different the DMU's are in terms of these.
4. Conclusions

Data envelopment analysis was used evaluate 5 educational groups of Sama
college in Ardabil with as inputs educational space, number of administrative
cadre and number of registered students, and as outputs mean scores of students
and number of graduate students. For CCR formulation it was found that the
efficiency rating varied from 0.144423 to 1.
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Sama Kollecinda DEA istifadasinin effektivliyinin hesablanmasinin
texniki naticalari

S. Ebadi, A. Zamiri

XULASO

Tohsil gruplarinin samarsliliyi onlarin giris vo ¢ixis verilonlorinin miiqayisasi ilo
miioyyon edilir. Cox girisli va ¢ixigl sistemlor {igiin belo miiqayiso o qadar do asan deyil vo
DEA-dan istifado edorok hoyata kegirilo bilor. Bu iisul xatti programlagdirma metoduna
osaslanir vo  hor bir vahidi digorlori ilo miiqaiso etmoklo onun bagqalarina nozeron
effektivliyini toyin edir. Bu texnikadan istifado edorok Ordobilds yerlogon Sama kollecdo 5
tohsil qruplarinin effektivliyini qiymatlondirmak {igiin istifado olunmusgdur.

Acar sozlar: DEA, gorar vahidi, effektivlik, istehsal imkanlar1 yigim.
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TexHn4yeckue pe3yabTaThl pacuera 3¢ PeKTHBHOCTH UCIO0JIb30BAHUA
DEA B koJ1eqxe Cama

C. 26amm, A. 3amupu

PE3IOME

O¢ddexTnBHOCTS YUEOHBIX TPYHI ONpeAessieTcss IMyTeM CpaBHEHHS HX BXoAa M
BBIX0/a. J[JI1 HECKOJIBKMMH BXOaMH 1 BBIXOaMH TaKO€ CPaBHEHHE HE COBCEM IIPOCTO, HO
MOXET OBITH BHINOJHEHA ¢ HcToab3oBaHneM DEA. DTo MeTonnka oCHOBaHA HA JTMHEHHOM
MPOTPaMMHUPOBAHUH U CPABHUBACT KKAYIO CMHUILY CO BCEMH IPYTHMH H OTIPEIETSIET €ro
3¢ GEKTUBHOCTD C TOYKH 3PEHHS APYTHX TPYIII, CONOCTABUMBIX BXOJOB M BBIXOIOB. DTOT
METOJl UCTOJIB3yeTCs Al oueHKH 3ddekTHBHOCTH 5 y4eOHbIX rpynmn komiemka Cama B
Apnebure.

Kawuenbie cinoa: DEA, mpunsatie perieHuil eauHuipl, 3¢GEeKTHBHOCTh, HaOOp
MPOU3BOJICTBEHHBIX BO3MOXHOCTEH.
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