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Abstract 

Selection problems which contain many criteria are important and complex problems that involve different approaches 

have been proposed to fulfill this job. The Analytic Hierarchy Process (AHP) can be very useful in obtaining a likely 

result which can consider the decision maker’s subjective ideas. On the other hand, the Data Envelopment Analysis 

(DEA) has been a popular method for measuring the relative efficiency of decision making units (DMUs) and ranking 

them objectively in quantitative data. In this paper, a three-step procedure based on both DEA and AHP was formulated 

and applied to a case study. The procedure maintained the philosophy inherent in DEA by allowing each DMU to 

generate its own vector of weights. These vectors of weights were used to construct a group of pairwise comparison 

matrices which were perfectly consistent. Then, we utilized group AHP method to produce the best common weights 

compatible with the DMUs judgments. Using the proposed approach can give precise evaluation, combining the 

subjective opinion with the objective data of the relevant factors. The applicability of the proposed integrated model was 

illustrated using a real data set of a case study, which consisted of 19 facility layout alternatives. 

 

Keywords: Data envelopment analysis; Group analytic hierarchy process; Common weights; Efficiency evaluation; 

Most efficient decision-making unit 

 1. Introduction 

In order to survive the increasingly intense competitions, companies are currently trying to find better locations, system 

designs, materials, and so on to satisfy their customers’ needs?. Therefore, selection problems are of the most challenging 

decision-making areas the manager of a company encounters. There are many research subjects within the research field 

of selection problems, such as portfolio selection, supplier selection, technology selection, material selection, and so 

forth. That is why so many approaches have been suggested for selection problems and this problem has found a 

significant number of applications in various fields. 

Even though a good amount of research work carried out on selection problems, there is still a need for simple and 

systematic scientific methods or mathematical tools to guide user organizations in taking a proper selection decision. 

Making decision in presence of multiple conflicting criteria is known as multiple criteria decision-making (MCDM) 

process, and MCDM approaches like AHP and DEA methods are the most common approaches, which have been used 

in selection problems. 

DEA is a non-parametric method for measuring the efficiency of a set of decision- making units (DMUs), such as firms 

or public sector agencies (Azadi, Jafarian, Farzipoor Saen and Mirhedayatian, 2015).  Inherent philosophy of DEA 

approach is allowing each DMU to have the most favorable weights as long as the efficiency scores of all DMUs 

calculated from the same set of weights do not exceed one. This flexibility in selecting the weights deters the comparison 

among DMUs on a common base. Furthermore, it has some drawbacks such as unrealistic input/output weights, lack of 

discrimination among efficient DMUs, and finding the most efficient DMU. 
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AHP is widely used in multiple criteria decision analysis methodology. It operates by structuring a decision problem as 

a hierarchical model consisting of criteria and alternatives. A very important step in an AHP application is the need to 

estimate weights of decision entries (which can be criteria or alternatives). The flexibility of AHP has allowed its use in 

group decision making. Group decision making process is strongly evident in many organizations in today's highly 

competitive business environment, where most decisions are usually made after extensive studies and consultation, either 

internal or external (Dong and Cooper, 2015). 

This paper proposes an integration of DEA and group AHP methods for efficiency evaluation. The procedure maintained 

the philosophy inherent in DEA, allowing each DMU to produce its own vector of weights which maximized the 

efficiency score of that DMU as long as the efficiency scores of all DMUs calculated from the same set of weights did 

not exceed one. These vectors of weights were used to construct a group of pairwise comparison matrices and check 

whether they were perfectly consistent. In other words, each DMU was asked (as a decision maker) to compare the 

relative importance of inputs/outputs and a pairwise comparison matrix was developed using the efficiency judgments 

(by solving one of the DEA models). Then, we utilized group AHP method to produce the best common weights which 

were consistent with DMUs judgments. Based on these common weights, the efficiency score of DMUs can be calculated 

and using them for ranking and finding the most efficient DMU which was a desirable goal in many applications of 

DEA.   

The remainder of this paper is organized as follows: Section 2 briefly discusses DEA and group AHP. In section 3, the 

Group DEAHP model which combines DEA and AHP is presented. The applicability of the proposed integrated model 

is illustrated using a real data set of a case study consisting of 19 facility layout alternatives in section 4, and finally, 

conclusions are presented in section 5.   

2. Literature of the related review  

The complexity of the decisions that the manager faces makes it difficult to rely to a single decision maker’s knowledge 

and capabilities to obtain a meaningful and reliable solution. Therefore, group decision making has received significant 

attention in both research and practice. Group decision making (GDM) is a procedure that combines the individuals’ 

judgments and a common opinion on behalf of a whole group. To express the judgments of individuals, several formats 

are usually used in GDM, such as fuzzy preference relations (Tanino, 1984; Cabrerizo, Moreno, Perez and Herrera-

Viedma, 2010; Xu, Li, and Wang, 2013), linguistic preference relations (Herrera, Herrera-Viedma and Verdegay, 1995; 

Herrera, Herrera-Viedma and verdegay, 1996; Wu and Xu, 2012; Alonso, Pérez, Cabrerizo and Herrera-Viedma., 2013), 

utility functions (Brock, 1980;  Keeney and Kirkwood, 1975; Greco, Kadziński, Mousseau and Słowiński, 2012; Huang, 

Chang, Li and Lin, 2013), and the AHP (Dyer and Forman, 1992; Van Den Honert and Lootsma, 1997; Chiclana, Herrera 

and Herrera-Viedma, 2001; Altuzarra Moreno-Jimenez and Salvador, 2010). Our method integrates two well-known 

models, DEA and group AHP. Both DEA and AHP are commonly used in practice and many researchers highlight the 

relationship between DEA and AHP techniques.  

First of all, Shang and Sueyoshi (1995) used a combination of DEA and AHP approaches for the selection of a flexible 

manufacturing system. Sinuany-Stern, Mehrez and Hadad (2000) derived the AHP pairwise comparison matrices 

mathematically from the input/output data by running pairwise DEA runs.  Yang and Kuo (2003) proposed an AHP 

process and DEA approach to solve a plant layout design problem. Ertay, Ruan and Tuzkaya (2006) addressed the 

evaluation of the facility layout design by developing a robust layout framework based on the DEA/AHP methodology. 

Azadeh, Ghaderi and Izadbakhsh (2008) proposed the integration of DEA and AHP with computer simulation for railway 

system improvement and optimization. Wang, Liu and Elhag (2008) proposed an integrated AHP–DEA methodology. 

Tseng Chiu and Chen (2009) measured business performance in the high-tech manufacturing industry by using DEA, 

AHP, and a fuzzy MCDM approach. Recently, Yousefi and Hadi-Vencheh (2010) proposed a decision-making model in 

automobile industry by integration of AHP, TOPSIS, and DEA. Contreras (2011) proposed a new model consisting of 

two stages. First, a DEA-inspired model for the aggregation of preferences is applied, wherein the objective is not the 

maximization of the aggregated value, but rather the ordinal position induced by these values. Second, in order to obtain 

a group solution, the procedure derives a compromise solution by determining a social vector of weights for evaluating 

the complete set of alternatives. 

HakimiAsl, Amalnicka Zorriassatineb and HakimiAsl (2016) integrated Fuzzy AHP and VIKOR methodologies assess, 

and select green suppliers of a solar power plant. To evaluate the effectiveness of multi-stage units in presence of 

undesirable elements, a new model in the DEA by network structure is offered by Amini, Alinezhad and Salmanian 

(2016) that can analyze the performance considering undesirable factors. 

Li, Liu, Wang  and Gao (2016) presented an enhanced DEA model, which modified conventional DEA model by adding 

the constraint cones generated from the Fuzzy- AHP model to evaluate the transit operator's efficiency. The proposed 

model aimed at including preference information over indicators in DEA process. 
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Although all these efforts developed their methods for selecting or evaluating DMUs, some requirements cannot be 

satisfied. At first, the simple implementation of the method is of prime importance. Moreover, most methods are 

qualitative and the usual way they make their evaluations is to list all the criteria in a form and ask the decision makers 

to give their evaluations for each criterion. In this paper, a quantitative method with a simple implementation is presented 

to solve this problem. At first, the following two subsections describe DEA and AHP methods briefly, after which, in 

section 3, a new hybrid model is described. 

2.1. DEA preliminaries 

DEA was first proposed by Charnes, Cooper and Rhodes (1978) and during the past two decades, it has emerged as an 

important tool in the field of efficiency measurement. DEA is a nonparametric approach that does not require any 

assumption about the functional form of production. The authors proposed a data-oriented approach to measure the 

performances of decision-making units (DMUs).The method converts multiple inputs into multiple outputs. DMUs can 

be manufacturing units, universities, schools, bank branches, hospitals, power plants, etc. (Wang Nguyen and Nguyen, 

2015). DEA is a quantitative method, which can avoid the subjective factors of decision makers (Dobos and Vörösmarty, 

2018).  

Assume that there are n DMUs, (DMUj: j = 1, …, n) which consume m inputs (xij: i = 1, …, m) to produce s outputs 

(yrj: r = 1, …, s). A standard formulation of  DEA creates a separate linear program for each DMU. It is instructive to 

apply the output-oriented version of the multiplier BCC model as follows:  

misrvu

njxvyu

yuts

xvMin

ir

o

m

i

iji

s

r

rjr

s

r

ror

m

i

oioi

,,1,,,1,

,,10

1..

11

1

1































                                      (1) 

Where xij and yrj are the inputs/outputs of the j-th DMU, vi and ur are the inputs/outputs weights of the DMUo which are 

under evaluation, and optimal values of vi and ur are the best vectors of weights which maximize the efficiency score of 

DMUo.    

2.2. Group AHP preliminaries  

The AHP (Saaty, 1980) is a multi-criteria, decision-making method that has been used in many applications related to 

decision-making problems (Ho, 2008) and is applicable to both individual and group decision making situations. To 

obtain group priorities in the AHP, the two mostly used procedures are the aggregation of individual judgments (AIJ) 

and the aggregation of individual priorities (AIP) (Ramanathan and Ganesh, 1994). 

AHP was designed to solve complex problems involving multiple criteria. It allows decision makers to specify their 

preference using a simple scale, which can be very useful in helping a group or an individual to make a synthetic decision. 

Many authors suggested AHP as a proper approach to selection problems because of its inherent capacity to handle 

qualitative and quantitative criteria. The hierarchical structure used in formulating the AHP model can enable all the 

members of the evaluation team to visualize the problem systematically in terms of relevant criteria and sub-criteria. 

Because of the importance of the views given by the decision makers, however, the AHP model may produce the result 

greatly affected by the subjective attitudes of the decision makers greatly the quantitative data. 

AHP, which is a comprehensive tool developed by Saaty (1977) for constructing decision models and establishing the 

decision priorities with respect to a finite set of alternatives, has been widely applied to group decisions because of the 

flexible structure and our innate ability to make relative comparisons. Allocating the weight or importance to each 

individual within a group is an important component in the decision process and plays a key role in obtaining the final 

solution in an AHP model. In the past three decades, multiple methods have been proposed to determine the weights of 

individuals (Ramanathan and Ganesh, 1994; Saaty, 1994; Forman and Peniwati, 1998; Bolloju, 2001; Van den Honert, 

2001). However, these methods suffer from several drawbacks. First, most of these methods assign the weights according 

to subjective judgments. Thus, at least one individual must serve as a judge of the judges to provide this subjective 

weighting for the preferences of the decision makers. In practice, this potential for bias is a significant obstacle to 

overcome. Furthermore, it could be more reasonable to assign the weights of importance to each decision maker 

according to how compatible their judgments are with those of others (Xu and Cai, 2011; Xu, Li, and Wang., 2013). 

Therefore, we develop a dynamic method using the opinion transition probabilities, which serves as a way to measure 

the compatibility between decision makers, to allocate the weights to the decision makers in place of needing a judge. 
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AHP was first proposed by Saaty (1980), AHP follows four steps, the first two of which incorporate the individual 

preferences (judgments) that reflect the relative importance of the alternatives through a pairwise comparison judgment 

matrix A. Here, if aij.ajk=aik (i,j,k=1,…,n), we said that the pairwise comparison matrix A is consistent. For using AHP, 

it is necessary that decision maker’s judgment be consistent or near consistent, which is evaluated based on the definition 

of consistency ratio. However, since decision maker cannot estimate precisely measurement values, the pairwise 

comparison matrices are more likely to be cardinally inconsistent.  

 The flexibility of AHP has allowed its use in group decision making. The AHP literature describes two different ways 

of approaching group decision making in order to obtain group priorities. These are(i) Aggregation of individual 

judgments (AIJ) and (ii) Aggregation of individual priorities (AIP). In AIJ procedure, a new judgment matrix for the 

group as a whole is constructed on the basis of individual judgments using the weighted geometric mean method 

(WGMM), and then the group’s priorities are drawn from this group judgment matrix. Using the row geometric mean 

method (RGMM), the individual priorities are to obtain in AHP, and the group’s priorities are established on the basis 

of the individual priorities using the weighted geometric mean method (Blagojevic, Srdjevic, Srdjevic and Zoranovic, 

2015).  

3. Group DEAHP method  

Because of its great flexibility and wide applicability, integrated AHP approaches have been studied extensively for the 

last 20 years (Ho and Ma, 2017). Real life applications of AHP show that in many cases, some decision makers do not 

want to change their individual judgments hoping to obtain stronger consensus for the group decision. Therefore, this 

research has focused on evidencing the practicality and usefulness of establishing a group aggregation procedure which 

would return a more concise group priority vector corresponding with the consensus degree (consensus level) principle 

between decision makers. As a result of this focus, we developed the procedure described in this paper and tested it along 

with several other procedures presented in the literature. The core of our approach holds that the group Euclidean distance 

should be used to measure the consensus level among decision makers while the simulated annealing (SA) algorithm is 

used to maximize consensus level. One important reason for such an approach is that the group Euclidean distance is a 

universal cardinal error measure which in many cases perfectly follows the purpose of the AHP to calculate cardinal 

information (weights) and not only ranks of alternatives like many other multi-criteria methods do (Azadeh, Ghaderi and 

Izadbakhsh, 2008; Alonso et al., 2013; Dong and Cooper, 2015;  Blagojevic et al., 2015).  

There have been several previous attempts in the literature to tie AHP and DEA. In this section, we use group AHP to 

make an aggregated weight vector of DMUs input/output weights. This weight vector can be used as common weights 

for efficiency evaluation, ranking, and finding the most efficient DMU.  

Whenever using the AHP within a group decision making context, the optimal outcome is interpreted as achieving the 

highest degree of consensus among decision makers while deriving the group priority vector. 

1. At first, we solve output -oriented BCC model to find optimal weights. Suppose that optimal solution of model (1) be 

as follows: Wo=(v10,…,vmo,u10,…,uso) o=1,…,n. Note that, we only need the weights vector assigned to the inputs/outputs 

of DMUo. In other words, we can use any other DEA models with or without consideration of slack and surplus variables. 

These vectors of inputs/outputs weights are used to construct a group of pairwise comparison matrices Aj( j = 1,…,n) for 

each DMUj, where they are perfectly consistent, e.g. for DMUo we have:  
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2. All relevant pairwise comparisons can be calculated this way. In other words, we ask each DMU (as a decision maker) 

to compare the relative importance of inputs/outputs and each DMU constructs its pairwise comparison judgment matrix 

based on the best weights produced according to a DEA model. Based on these pairwise comparison matrices, we can 

use one of the AIP or AIJ methods to aggregate the n set of inputs/outputs weights. Here, we use the AIP method. Then, 

the aggregated matrix of all of these pairwise matrices, AG, will produce as follows: 

AG=(aG)(m+s)(m+s) where aG
(i+r)(i+r)= srmia n
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1. When the RGMM prioritization procedure is applied, and after normalization, WG=(v*1,…,v*m,u*1,…,u*s) is a 

common set of weights.  

Finally, for efficiency evaluation in BCC model, in addition to inputs/outputs weights, we need the value of
* . Note 

that, normalization of these common weights is associated with the coefficients of a supporting hyper plane that contain 

production possibility set (PPS) of BCC model in only one of the half spaces and pass among at least one of its points. 

Therefore, we can find the value of 
* based on the value of WG accompanying the input/output values of the observed 

DMUs. To this end, it is sufficient to solve the following model which can be performed based on simple comparisons. 
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In this manner, the output oriented efficiency score of DMUj, j=1,...,n, can be obtained by using these common weights 

as follows: 
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4. Numerical example 

Table 1, which is provided by Ertay, Ruan and Tuzkaya (2006), shows the real data of 19 DMUs that consume two inputs 

to produce four outputs. In this section, efficiency score of these 19 DMUs is evaluated using the suggested method in 

section 3. The optimal variables of the output-oriented BCC model 1 are depicted in table 2. 

Table 1. Inputs/outputs of DMUs 

 Inputs Outputs 

DMU Cost Adjacency Shape ratio Flexibility Quality Hand-carry utility 

1 20309.56 6405.00 0.4697 0.0113 0.0410 30.89 

2 20411.22 5393.00 0.4380 0.0337 0.0484 31.34 

3 20280.28 5294.00 0.4392 0.0308 0.0653 30.26 

4 20053.20 4450.00 0.3776 0.0245 0.0638 28.03 

5 19998.75 4370.00 0.3526 0.0856 0.0484 25.43 

6 20193.68 4393.00 0.3674 0.0717 0.0361 29.11 

7 19779.73 2862.00 0.2854 0.0245 0.0846 25.29 

8 19831.00 5473.00 0.4398 0.0113 0.0125 24.80 

9 19608.43 5161.00 0.2868 0.0674 0.0724 24.45 

10 20038.10 6078.00 0.6624 0.0856 0.0653 26.45 

11 20330.68 4516.00 0.3437 0.0856 0.0638 29.46 

12 20155.09 3702.00 0.3526 0.0856 0.0846 28.07 

13 19641.86 5726.00 0.2690 0.0337 0.0361 24.58 
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Table 1. Continued 
 Inputs Outputs 

DMU Cost Adjacency Shape ratio Flexibility Quality Hand-carry utility 

14 20575.67 4639.00 0.3441 0.0856 0.0638 32.20 

15 20687.50 5646.00 0.4326 0.0337 0.0452 33.21 

16 20779.75 5507.00 0.3312 0.0856 0.0653 33.60 

17 19853.38 3912.00 0.2847 0.0245 0.0638 31.29 

18 19853.38 5974.00 0.4398 0.0337 0.0179 25.12 

19 20355.00 17402.00 0.4421 0.0856 0.0217 30.02 

 
Table 2. Results of efficiency evaluation of DMUs in output oriented BCC model 

DMU V1 V2 U1 U2 U3 U4 Γ 

1 0.000100 0.000100 0.868057 0.000100 0.000100 0.019173 1.52945564 

2 0.000100 0.000100 0.874607 0.000100 0.000100 0.019685 1.51159883 

3 0.000100 0.000100 0.881823 0.000100 0.000100 0.020248 1.49192528 

4 0.000100 0.000098 0.882244 0.000100 0.937710 0.021657 1.37840852 

5 0.000814 0.000172 1.033410 6.003779 0.000100 0.004785 16.0251 

6 0.000100 0.000100 0.847696 0.402349 0.000100 0.022662 1.41622636 

7 0.000100 0.000141 1.183573 0.068757 0.000100 0.026118 1.38276956 

8 0.001372 0.000100 1.765472 0.000100 0.000100 0.009014 26.6891 

9 0.001426 0.000100 1.768615 0.000100 0.000100 0.020153 27.4864 

10 0.000953 0.000100 1.505646 0.000100 0.000100 0.000100 18.6981 

11 0.000100 0.000100 0.000100 1.681307 0.000100 0.029058 1.42609621 

12 0.000100 0.000100 0.000100 1.746634 0.000100 0.030297 1.38570900 

13 0.001646 0.000100 0.000100 0.000100 0.000100 0.040682 31.7947 

14 0.000100 0.000100 0.000100 1.567012 0.000100 0.026889 1.49675728 

15 0.000100 0.000100 0.863997 0.000100 0.000100 0.018857 1.54052683 

16 0.000100 0.000100 0.000100 1.514958 0.000100 0.025901 1.52893850 

17 0.000100 0.000100 0.000100 1.761468 0.000100 0.030579 1.37653800 

18 0.001371 0.000100 1.765440 0.000100 0.000100 0.008899 26.6809 

19 0.000100 0.000100 0.834814 0.286838 0.000100 0.020199 1.49980655 

Based on these set of weights, we construct the pairwise comparison matrices Aj (j=1,…,19). For example, based on the 

preferred set of weights for DMU5, pairwise comparison matrix A5 is as follows: 

5

.000814 .000814 .000814 .000814 .000814 .000814

.000814 .000172 1.03341 6.003979 .0001 .004785

.000172 .000172 .000172 .000172 .000172 .000172

.000814 .000172 1.03341 6.003979 .0001 .004785

1.03341 1.03341 1.0

.000814 .000172
A 

3341 1.03341 1.03341 1.03341

1.03341 6.003979 .0001 .004785

6.003979 6.003979 6.003979 6.003979 6.003979 6.003979

.000814 .000172 1.03341 6.003979 .0001 .004785

.0001 .0001 .0001 .0001 .0001

.000814 .000172 1.03341 6.003979 .0001

.0001

.004785

.004785 .004785 .004785 .004785 .004785 .004785

.000814 .000172 1.03341 6.003979 .0001 .004785

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Finally, by using these pairwise comparison matrices, the integrated weigh vector is produced as:  

W*=(v*1,v*2,u*1,u*2,u*3,u*4)=(.003562, .001539, .713029, .074878, .002656, .204343). 
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Moreover, based on formula (2), 
*  is obtained as 69.496388. Then, the efficiency scores of DMUs, based on these 

common weights and formula (3) are computed, which are depicted in Table 3. Note that, by using our proposed 

technique, DMU7 is identified as the most efficient DMU and we have a full ranking of DMUs. 

Table 3. Comparison of BCC output oriented efficiency scores and Group DEAHP scores 

GAHP-BCC Model BCC Model 

Rank DMU Efficiency score Rank DMU Efficiency score 

1 7 1 1 7 1 

2 17 0.909981 1 17 1 

3 12 0.748931 1 12 1 

4 4 0.682338 1 10 1 

5 6 0.675324 1 9 1 

6 5 0.643589 1 5 1 

7 11 0.634673 2 14 0.975886 

8 9 0.627127 3 6 0.959286 

9 14 0.624267 4 11 0.944669 

10 2 0.583343 5 4 0.942403 

11 3 0.564242 6 8 0.940494 

12 8 0.562149 7 3 0.938524 

13 13 0.561600 8 2 0.935608 

14 15 0.550519 9 15 0.915061 

15 16 0.546546 10 16 0.909308 

16 15 0.523314 11 13 0.903961 

17 1 0.522911 12 18 0.876324 

18 18 0.522759 13 1 0.875656 

19 19 0.216651 14 19 0.439388 

5. Conclusion 

DEA has been broadly used to take into account multiple criteria in decision making problems. DEA is a non-parametric 

linear programming technique for evaluating the relative efficiency of DMUs. Over the past three decades, a variety of 

DEA models have been used to evaluate the technical efficiency or technical effectiveness of DMUs in different settings. 

However, most of these works evaluate the performance from the perspective of technical efficiency or technical 

effectiveness.  

We believe that the main advantage of integrating DEA and group AHP is that it is independent of the used prioritization 

method, while other tested group aggregation procedures are not. By Integrating DEA and group AHP, minimum values 

of the group Euclidean distance are computed and the highest degree of consensus is achieved without changing any of 

the individual judgments of decision makers participating in the group. Based on the results presented in this paper, we 

think that the proposed approach within the AHP group decision making framework could be extended to situations 

which decision makers do not have equal weights, unlike the examples we used in this paper, and also for cases when 

other cardinal error measures (e.g. Manhattan distance) are used. 

As explained in Section 1, the selection problem is a very important problem in many organizations. There are some 

disadvantages in some approaches which are used to solve this problem. For example, AHP which is based on the 

corresponding pairwise comparison judgment matrices made by relevant decision makers contains much subjective 

opinion. On the other hand, DEA, which is based on the objective quantitative data of the selected input/output factors, 

has no subjective views of the decision makers.  

This paper introduced a three-step approach, which combines both DEA and group AHP to solve this problem, which 

can find a balance between subjectivity and objectivity. The aim of the DEA model was to construct the weights for the 

management (input) and the efficiency evaluation and the identification of most efficient DMU (output). As soon as the 

DEA evaluations are gathered to formulate the pairwise comparison judgment matrices, the normalized weighs are 

calculated to be used to synthesize the final evaluations.  

The proposed model which is based on the integration of DEA and group AHP models takes the best advantages of both 

models and be computationally efficient. It gives a full ranking of DMUs and is suitable for situations in which return to 

scale is constant or variable.  
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