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 ملخص
 ستخيا  هداد ه يقمتم  ت هجلتله (DEA) تستخدم هذت اهدرمسد تحهيل متله ا تيهدرتم  ت  

. 8062-8002وذرتتمهس  تتخدمد هسم  تت  هدرستتنيد هدرمسد تتمحههدر تن  متتحفتت هدام   تتحههك متتح 61فتت ه

درت يهققتي هى تتضهو درتت يهتست نمه فتضهة ثتمحهغتت  هح تحهدا مت هه (CRS)يت هيبتمتنه ذتيذ هههرقتم

 ت هه4 وجظهت  هدرنخت  أهج .  هجهدلممخلا ه،هوذرمه  هجللهيلمقمهدركف  ةهدرنستيمحهرلتلهك متح

ك متتتتحهدر  تتتتي هدرسم  تتتتمحهو ادساتتتتح،ه  هتتتتمه: ذتتتت اهدرل متتتت  ه تتتت . ك متتتتحهي ستتتت هس ركفتتتت  ةه61جصتتتتله

وىتتتلاوةه. در  تتتي هملخذ ىمتتتح،هك متتتحهلاد هودر  تتتي ه  ستتت  محهوك متتتحهم خ تتت اهو ادسةهدىذتتت ن

رمسد تتتحهدرخاتتتتتد ه  خ لمتتتحه Mamlquist ى تتتضهذرتتتم،هيتتت هد تتتخدمد ه التتت ه  خ لمتتتحهدرل متتتح

يظه هيلستن هفت ههMamlquist درسنياحهنودلم ملا ه. 8062 فضهدر   هه8002  ه  هدر   هر ل م

د  ستتتإله فتتتضهيلستتت هفتتت هدرخاتتتتتهدرخكنيرتتتي  ههبشتتتلل تتتمةهدرمسد تتتحهوا لتتت هذرتتتمههختتتلان  خ لمتتتحه

 .تاتتهس ركف  ة ذيه ذ  دكثت

Abstract 

This study uses Data Envelopment Analysis (DEA) in order to 

assess the performance levels of 16 faculties of the Lebanese University 

using data from academic years 2008-2013. The Constant Return to Scale 

(CRS) model based on input oriented approach has been applied in order 

to determine the relative and scale efficiency of each faculty. The results 

show that, under Constant Return to Scale, 4 out of 16 faculties are 

efficient. These faculties are: Faculty of Political and Administrative 

Sciences, Institute of Social Sciences, Faculty of Letters and Human 

Sciences and Faculty of Economics and Business Administration. 

Moreover, the Mamlquist total productivity index is used to study the 
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productivity change of faculties from 2008 to 2013. The annual 

Malmquist means show an improvement in total productivity of this 

period which is mainly due to improvement in technological change 

rather than in efficiency. 

Introduction 

Nowadays, we notice an increasing interest in the measurement of 

performance and efficiency in non-profit organizations such as publicly 

owned universities, schools and hospital. In fact, the increasing demand 

for evaluation of the public entities is a result of the governmental desire 

for accountability. Governments demand from the public organizations to 

operate efficiently and achieve their targets consuming the least possible 

resources. 

This study uses Data Envelopment Analysis (DEA) in order to 

assess the performance levels of 16 faculties of the Lebanese University 

using data from academic years 2008-2013. The Constant Return to Scale 

(CRS) and the Variable Return to Scale (VRS) models have been applied 

in order to determine accurate performance estimates (Charnes et al., 

1978; Coelli, T.J et al 2005; Banker et al. 1984). 

The Malmquist total factor productivity index is used to study the 

productivity change of faculties from 2008-2013 (Benli Y.K et  al, 2013; 

Coelli T.J et al 2005). The study shows how the advanced techniques in 

efficiency analysis can be used to assess institutional performance issues. 

The results reveal the misallocation of resources if any. 

This research is organized as follows: 

Section 2: In this section we give a brief history of the Lebanese 

University, subject of our study. 

Section 3: A brief literature review of similar studies is presented in 

this section. 

Section 4: The illustration of different DEA models, and the 

Malmquist total productivity index, which are used in our study, is given 

in this section. 

Section 5: Data and results are presented in this section. 

Section 6: Summary of our study is provided. 



دارة الأعمال 37  مجلة العلوم الاقتصادية وا 

 

Section 2: Lebanese University 

Higher education in Lebanon has been initially established in 1951 

following the vast popular demand and protest held early that year which 

called for a true independence of the country through an official high-

level educational institution that preserves its culture and heritage (29). 

By December 1951, the first department of the Lebanese University, the 

high house of teachers and the statistics center were ready to welcome 

the first class of 68 students (29). No major changes in the university 

took place from that time up to 1959 when an official decree No. 2883 

defined the Lebanese University as “an official institution that provides 

higher education in its various branches and levels”. This was followed 

by the other regulating decree that served in structuring and expanding 

the University which now consists of 19 different faculties (29). 

Until 1975, the university was located solely in Beirut and its 

suburbs. But following the civil war and the resulting difficulties in 

transportation between different areas, most of the faculties were 

extended to the other areas through the establishment of new branches 

sharing the same curricula. 

The main administration remained centralized in Beirut. After this 

expansion, the university experienced remarkable growth in enrolment, 

about 70546 students in 2013 (29), and significant expansion in faculty 

and administrative staff. In fact, it has become one of the biggest and 

most prestigious universities in the Middle East which provides degrees 

in three different levels: English, French and Arabic and various fields 

represented in its faculties. The university has become known not only 

for its rich academic program but for its unique and rich mix of cultural, 

religious and social backgrounds. 

Finally, this rapid expansion of the Lebanese University should be 

accompanied by relevant studies as to raise the performance indicators 

and determine the appropriate levels of doctors and staff needed in order 

to eliminate the unnecessary wastage of human resources. The Data 

Envelopment Analysis technique used allows us to measure the 

performance of the faculties of the Lebanese University and to reveal 

their strengths and weaknesses. It should be noted that even though there 

are numerous studies estimating the efficiency of departments or faculties 
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within universities or universities as a whole in different countries, very 

few similar studies exist in Arab countries. 

Section 3: Literature review 

The Data Envelopment Analysis (DEA) has been used for higher 

education institutes in many countries around the world (Abdelrazek S., 

2014; Athanassopoulos A. et al 1997; Flegg A.T. et al 2004; Johnes J. et 

al 2008). Each study differs in the way it chooses the decision making 

units (DMUs), that is the units to be analyzed, and the variables. Many 

studies evaluated the efficiency of universities, the university as a whole 

being the DMU, such as the studies done by Carrington R. et al 2005, 

Abbott and Doucouliagos (2003), Johnes and YUL. (2008), Fandel G. 

(2007), Agasisti, T. and Johnes G.(2010) and Srairi S.A.(2014). Another 

kind of studies assessed the performance of academic departments or 

faculties in a given university, such as the studies done by: Tyagi P. et al 

(2009), Kao, and Hung H. T. (2008), Moreno A. and TadPalliR. (2002), 

Agha et al (2011) and Alshayea A. and Battal A. H. (2013). 

As stated earlier, each study differs in the way it chooses the 

variables. In fact, there is no definitive rule to guide the inputs and 

outputs selection in higher education efficiency evaluation. The table 

below, will present some of the input and output variables chosen by the 

aforementioned studies. 
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Table 1: Inputs and outputs used by some researchers 

Author(s) Inputs Outputs 

Moreno and 

Tapedalli 

(2002). 

Faculty salaries. 

Staff salaries. 

Operational budget 

Equipment budget. 

Space allocated in square feet. 

Graduates. 

Under-graduates. 

Full time equivalent produced. 

Amount of grants evaluated. 

Abbott and 

Doucouliagos 

(2002) 

Total number of academic staff. 

Total number of non-academic 

staff. 

Expenditure on all other inputs. 

Number of equivalent full-time 

students. 

Number of post-graduates. 

Under graduate degrees enrolled. 

Number of post-graduate degrees 

conferred. 

Number of under graduate degrees 

conferred. 

Kao and Hung 

(2006) 

Personal 

Operating expenses. 

Floor space. 

Credit hours. 

Publications. 

External grants. 

Agha et al. 

(2011) 

Operating expenses. 

Credit hours. 

Training resources. 

Graduates. 

Number of promotions. 

Public service activities. 

Al-Shayea and 

Battal (2013) 

Student enrolled. 

Staff. 

Teachers. 

Bachelor‟s degree. 

Research. 

Srairi S. A. 

(2014) 

Number of non-academic staff. 

Number of academic staff. 

Non labor expenditures. 

Number of students. 

Number of graduates 

Total amount of research grant. 

Section 4: Data envelopment analysis 

Data Envelopment Analysis (DEA) is a non-parametric technique 

used to assess the efficiency of Decision Making Units (DMUs) through 

using linear programming method, in order to construct an efficient 

frontier by enveloping all the observed input and output vectors (Coelli 

T.J. et al. 2005; Cooper W. et al. 2002; Charnes A. et al. 1978; Banker 

R.D. et al 1984). The term DEA was first introduced by Charnes, Cooper 

and Rhodes 1978. Since then many studies have emerged, which used 

and extended the DEA technique. 



دارة الأعمالمجل ة العلوم الاقتصادية وا   37 
 

4.1. DEA with constant return to scale 

This model was put forward by Charnes, Cooper and Rhodes 1978. 

It is input oriented and assumes a constant return to scale and known as 

CCR model. The CCR model aims to maximize the relative efficiency 

which is given by the following ratio: 

                    
     

 
   

     
 
   

 

Where:  

y and x are semi-positive vectors of outputs and inputs. 

m is the number of outputs. 

n is the number of inputs. 

u and v are the weighing factors for the outputs and inputs 

respectively. 

Before going any further, it should be stated that the efficiency 

obtained using the CCR model is relative, as it is computed by referring 

to a given set of DMUs. This efficiency is also called technical 

efficiency. The assumption of constant return to scale causes the same 

propositions of increase or decrease in the output vector (Charnes A. et 

al” 1978). 

The mathematical formulation of the CCR model is represented by        

 Maximize 
    

    
 

 Subject to : 
    

    
  1 for j = 1,…, L 

u, v  0 

where:  

i  is the DMU to be analyzed. 

L is the number of DMUs. 

u, v are the variable (weights) to be computed. 

x, y as already stated. 



دارة الأعمال 37  مجلة العلوم الاقتصادية وا 

 

The constraints illustrate the idea that no DMU can be more than 

100% efficient. Hence the efficiency of DMU should be less than or 

equal to one. From the objective function one can realize that if we are 

going to assess a particular DMU (say for example the i
th

 DMU). The 

DEA technique will determine the values of u and v such that the 

efficiency measure for the i
th

 DMU is maximized subject to the 

constraints that all efficiencies must be less than or equal to one. 

The above model is a nonlinear programming. In fact it can be 

linearized by imposing the following equality constraint v’xi = 1  

(Charnes et al. 1978; Cooper W. et al. 2002). 

Therefore, the linear programming formulation will be                       

Maximized u'yi  

Subject to ; v’xi = 1  

 -v‟xj + u‟yj  0  for i = 1,…, L 

u, v  0 

Note that the two models have the same optimum solution. The dual 

problem of the latter problem is: 

Minimize  

Subject to ;  -yi + Y  0  

 xi - X  0  

  0 

Where: 

 is the dual variable related to v’xi = 1; 

Y and X are two matrices which represent the inputs and outputs 

respectively. 

 = ( 1, …, 2) dual variables related to v’xj + u’yj  0. 

Almost all DEA software use the dual problem in order to compute 

the efficiency  (note that, Max u’yi = Min   duality rule) as it contains 

fewer constraints, which is the number of inputs and outputs. However, 
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as a rule of thumb the number of DMUS should be at least three times the 

number of inputs plus the number of outputs (Coelli T. J. et al. 2005).  

is the technical efficiency score and 0 <  1. In fact, a DMU is said to 

be CCR efficient if  = 1 and has zero slacks. Hence a DMU is CCR 

efficient if and only if it has no input excesses and no output shortfalls. In 

addition 
*
 = 1 means that the DMU is on the efficient frontier. 

Note that the zero slacks are obtained by solving an additional linear 

programming problem, which is: 

Maximize  =    
      

  
   

 
    

Subject to S
-
 = 

*
xi - X  

               S
+
 = Y - y0 

Where  as defined before ; S
-
 = (  

      
 ) and S

+
= (  

      
   

The aim of solving the above problem is to determine a solution that 

maximizes the sum of input excesses and output shortfalls while keeping 

 = 
*
 (where 

*
 is the optimum solution attained by solving the CCR 

model. 

When 
*
 < 1 (CCR inefficient), the analyzed DMU is said to be 

inefficient. However one of the advantage of this model is its ability to 

specify sources or value of inefficiency in each output and input for each 

DMU. In addition, the CCR model identifies the reference set (some 

called it peer) or benchmark member of the efficient set used to effect 

these assessment and specify the source of inefficiency. 

In addition inefficiency is calculated using the distance measure 

between the given DMU and the most efficient DMUs (reference set). 

This is the main idea behind the use of DEA technique (Collli T.J. et al. 

2005; Charnes A. et al. 1978). 

In fact when solving the LP problem, if 
*
 < 1, there must be at least 

one DMU for which the variable (u
*
, v

*
) produce equality between the 

left and right hand side, otherwise, 
*
 could be increased. These DMUs 

constitute the reference set for the DMU assessed. The same can be 

achieved by solving the dual problem where the reference set is the one 

with   
 > 0 
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i.e the reference set for the i
th

 DMU if   
  < 1 is given by  

Ei = {j/  
  for j = 1, …, L} 

As already stated, the first version of the CCR model is input 

oriented. The model attempts to minimize inputs while maintaining the 

same level of outputs. The other type of CCR is output oriented, which 

aims at maximizing outputs given the same levels of inputs. However the 

two models provide the same value of efficiency. In many studies, 

analysts have selected input oriented model. However, the choice of the 

orientation should be based on variables on which they have most control 

over. 

4.2. DEA with variable return to scale 

The CCR model is applicable when the DMUs are operating at an 

optimal scale, which is not always the case. In fact, many reasons, such 

as finance limitations and imperfect competition, may cause the DMUs 

not to operate at an optimal scale. Banker, Charnes and Cooper (Banker 

R.D et.al. 1984) presented a model which accounts for variable return to 

scale (VRS) characteristics. They extended the CCR model to account for 

variable return to scale by adding one constraint to the CCR model which 

is       
   . Hence, BCC model gives an efficiency value which is 

greater than or equal to the CCR efficiency. In fact, the BCC model 

develops a convex hull frontier that envelops the input and output vectors 

of course more tightly than the CCR model. Note that the convexity 

constraint        
    makes sure that an efficient DMU is only 

benchmarked against DMUs of similar size. The mathematical 

formulation of the BCC model is represented by: 

Minimize  

Subject to ;  -yi + Y  0 

 xi – X  0 

           
    

       0 
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4.3. Scale efficiency 

A DMU is said to be scale efficient when its size of operations is 

optimal so that any changes of its size will render the DMU less efficient. 

In order to compute the scale efficiency score of DMU, the CCR 

model and BCC model should be solved then: 

                  
                                   

                                   
 

The efficiency obtained using BCC model purely reflects managerial 

performance to organize the inputs in the production process. Hence, it is 

known as pure technical efficiency. Thus: 

Technical efficiency = Scale efficiency × Pure technical efficiency 

The measure of scale efficiency allows the management to select the 

optimum size of resources that is to choose the scale of production that 

will result in the expected production level. In fact an inappropriate size 

could be the reason of technical efficiency. 

However, the scale efficiency score as already determined does not 

indicate whether the DMU is operating in an area of decreasing or 

increasing to scale. 

This shortcoming can be overcome by running additional DEA 

problem with non-increasing return to scale. i.e. in the BCC model the 

constraint       
    can be replaced by      

 
   ;   0 

The non-increasing return to scale (NIRS) DEA problem is given by  

min  

subject to   -yi + Y  0 

      xi - X  0 

          
 
    

       0 
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After solving the above problem if NIRS efficiency is equal to BCC 

efficiency then decreasing returns to scale exists for that DMU. 

Otherwise, increasing return to scale prevails. Finally, the constraint  

     
 
   , is to make sure that the DMU under assessment is not 

compared with DMU that is substantially larger than it but could be 

benchmarked with DMU smaller than it. 

4.4. Malmquist productivity index 

The Malmquist total factor productivity index will enable analysts to 

measure the changes in total factor productivity index over years. In fact, 

the Malmquist factor productivity is calculated based on two different 

periods say for example t and t+1. 

Hence, it is taken as the geometric mean of the two measures. 

However, Malmquist productivity index uses the distances functions in 

order to compute the productivity change. Hence, it can be measured 

using an input or output based distance function, as already stated in 

calculating the efficiency using CCR or BCC model. 

Using Malmquist total factor productivity index, the change in 

DMU‟s productivity from period t to t+1 is computed based on constant 

returns to scale characteristics and input orientation using the following 

formula (Benly Y.K. et al. 2013; Worthington A., 2000) 

  
                      

  
            

  
        

 
  

              

  
          

     

The above equation is equivalent to: 
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Hence the Malmquist productivity index is divided into two 

elements the first one is the technical change in efficiencies = 

  
              

  
        

 and the second is technological change which equal to: 

 
  

            

  
              

 
  

        

  
          

     

So the change in Malmquist productivity index is the result of the 

multiplication of the change in technical efficiency and technological 

change. If it is greater than one, we have an increase in total factor 

productivity during period t and t+1; otherwise we have a decrease. 

Finally the Malmquist productivity index, is obtained by solving 

many CCR input based model. 

   
         

  = Min. 

Subject to ;  -yit + Yt  0 

      xit - Xt  0 

  0 

The same applies to t+1 period instead of using data for t, we used 

data for t+1. 

Note that i represents the i
th

 DUM under assessment 

   
               

  = Min. 

Subject to ;  -yit+1 + Yt+1  0 

      xit+1 - Xt+1  0 

  0 

   
           

  = Min. 

Subject to ;  -yit + Yt+1   0 

 xit - Yt+1   0 

  0 
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The above formulation means you compare the data of t with the 

efficient limit of time t+1. The same way, we should compare the data of 

time t+1 with the efficient limit of time t. 

   
             

  = Min. 

Subject to ;  -yit+1 + Yt   0 

                xit+1 - Yt   0 

                                  0 

4.5. DATA                        

Our objective in this study is the assessment of the performance 

measures of 16 faculties of the Lebanese University using the DEA 

technique based on 2012-2013 academic year data. The constant return to 

scale (CRS) and the variable return to scale (VRS) models-based on input 

oriented approach, will be applied to compute the relative and scale 

efficiency of each faculty. The Malmquist total productivity index is used 

to study the productivity change of faculties over the period 2008-2013. 

The input variables are chosen to represent the human resources 

utilized by the faculties: 

Total number of academic staff 

Total number of nonacademic staff 

The output variables are: 

Total number of undergraduate students 

Total number of post-graduate students 

Total number of research 

All the data was gathered from the Lebanese University (29). The 

total number of research was obtained from the Lebanese University and 

CNRS (28, 29). 
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Section 5: Results and discussion 

In this study we assess academic faculty efficiency of the only 

public university in Lebanon which is the Lebanese University. Data 

Envelopment Analysis is used for evaluating the efficiency of 16 

faculties at the Lebanese University. Data Envelopment Analysis (DEA) 

is concerned with measuring production efficiency for each production 

unit of a set of decision-making units (DMUs) – faculties in this instance. 

Comparability means that the set of DMUs has the same objectives and is 

producing similar outputs using similar inputs with the same technology. 

DEA is employed to assess efficiency when there are multiple inputs 

and outputs in the absence of acceptable weights for aggregating inputs 

and outputs. If prices of all inputs and outputs exist, then we can use the 

value of inputs and outputs or their indexes. The existence of prices is 

possible in the case of private firms. However, in the case of public 

sector production, prices are not usually available or do not reflect social 

values; thus the appeal of DEA for the efficiency analysis of public 

operations. 

The lack of prices implies that DEA analysis evaluates technical 

efficiency, not economic efficiency. In other words, the DEA shows how 

efficiently inputs are used to produce outputs, but not whether the 

efficient units could reduce costs or enhance the value of outputs by 

choosing different combinations of inputs or outputs. In spite of that, 

information on technical efficiency is valuable for assessing and 

improving the performance of DMUs when prices are absent or limited. 

The DEA is relative in making the technical analysis. It determines 

an efficient group from the set of analyzed DMUs. However, it still 

might be possible to improve the technical efficiency of even those 

efficient DMUs which were the best production possibilities. Moreover, 

the efficient DMUs in DEA are the most efficient of those observed, not 

in comparison to some ideal. Hence, The DEA efficient group is that 

subset demonstrating the “best practices” among a group of operating 

DMUs. Inefficient DMUs are compared to those units demonstrating 

superior performance (McMillan, Datta, 1998).  

The Data Envelopment Analysis is a linear programming procedure 
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used to construct a frontier or production possibilities curve for a set of 

units. It is applied on homogenous units with the same production 

(objective) function. This method assigns a score of 1 to efficient units 

and less than one to (relatively) inefficient units. The score reflects the 

radial distance from the estimated production frontier to the DMU under 

consideration.  

Two forms of DEA models are considered: input-oriented and 

output-oriented forms. In the input-oriented model, a DMU is not 

efficient if it is possible to decrease without increasing any other input 

and without decreasing any output. In other words, the question is “By 

how much can inputs be proportionally reduced without altering 

outputs?” In an output-oriented model, a DMU is not efficient if it is 

possible to increase any output without increasing any input and without 

decreasing any other output.  

The concept of “technical efficiency” is understood to imply the 

maximum possible output from a given set of inputs. In the higher 

education context, technical efficiency became hence associated to the 

physical relationship between the resources used (labor, equipment, 

capital) and some education outcomes. 

Thus, to use the DEA technique we apply two input and three output 

variables for comparing the performance in 16 faculties of the Lebanese 

University using Data Envelopment Analysis. These faculties are 

reported in table 2.  

The input variables are: number of academic staff, number of 

nonacademic staff. The output variables are: number of faculty graduates, 

number of faculty postgraduates, and number of published papers (see 

table 3). The sample period is the year 2013. 

Applying DEA technique supposes using the adequate sample size. 

The size of the sample utilized in this study is in line with the rules of 

thumb available in DEA literature. One of these rules stipulates that the 

number of DMUs (n) should be at least three times the sum of number of 

input (m) and output (s) variables (n > (m + s). In this study, the sample 

size is n = 16 and m = 2 and s = 3. It is feasible and exceeds the desirable 

size. 
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Table 2: Faculties of the Lebanese University 

DMU Faculty names   

 1 Faculty of Sciences  9 Faculty of Agronomy 

 2 Faculty of Law and 

Political Administrative 

Sciences 

10 Faculty of Engineering 

 3 Faculty of Pedagogy 11 Faculty of Public Health 

 4 Institute of Social Sciences 12 Faculty of Medical Sciences 

 5 Faculty of Letters and 

Human Sciences 

13 Faculty of Pharmacy 

 6 Institute of Fine Arts 14 Institute of Technology 

 7 Faculty of Information 15 Faculty of Tourism and 

Hospitality Management 

 8 Faculty of Economics and 

Business Administration 

16 School of Dentistry 

We notice that the faculty of letters and human sciences has the 

highest number of undergraduate and postgraduate students. However, 

the school of pharmacy has the lowest number of undergraduate students. 

Moreover, the following faculties do not have postgraduate students: 

Faculty of Engineering, Faculty of Medical Sciences, Institute of 

Technology, and School of Dentistry. In addition, Faculty of Economics 

and Business Administration registers the highest number of researches 

and the Institute of Arts has no research at all. 

Table 3 indicates that the highest number of academic staff is in the 

Faculty of Sciences and lowest one is in the Faculty of Pharmacy. As to 

nonacademic staff, the Faculty of Public Health has the highest number 

and the Institute of Technology has the lowest.  
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Figure 1 presents a comparison between the number of academic 

and nonacademic staff. We notice that the number of academic staff 

increased progressively from 3947 in 2008 to 5027 in 2013 (except for 

the year 2010 where the number dropped slightly), while the number of 

nonacademic staff remained approximately stable between 2500 and 

2600.  

Figure 1: A comparison between academic and nonacademic staff at 

the Lebanese University 

 

a) CCR Results 

We use three scenarios to deal with the output variables in order to 

take into account the influence of each scenario on the performance of 

each faculty. The first scenario consists of taking all the inputs and 

outputs without any change. In the second scenario we take the research 

and we merge the graduate students with the postgraduates so that we 

have only two outputs. The third scenario takes the merged graduates and 

postgraduates without the research, thus we have only one output. 

We employ in this study the constant return to scale (CCR) model 

that is based on input oriented approach. Due to the fact that in a 
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university environment, it is easier to control the inputs rather than the 

outputs, the DEA input-oriented model is used to compute the efficiency 

of these faculties. The purpose of an input-oriented study is to evaluate 

by how much input quantity can be proportionally reduced without 

changing the output quantities. We aim at identifying potential cases of 

waste of resources among faculties at the Lebanese University. We used 

DEAFrontier software developed by Zhu (2003) and we applied Constant 

Returns to Scale input oriented. 

Figures 2, 3 and 4 present the results of the three scenarios in 2013. 

The faculties with a score of 1 are efficient and those with a score less 

than 1 are inefficient. Applying the CCR model, we can observe that four 

faculties out of 16 are fully efficient in the first scenario while the 

number of efficient faculties was three units in the second scenario (the 

Institute of Social Sciences was removed) and two efficient faculties in 

the third scenario (the Institute of Social Sciences and the Faculty of 

Economics and Business Administration were discarded). Therefore, this 

indicates two interesting findings: firstly, research plays an important 

role in improving the efficiency of faculties (especially, the efficiency of 

the Institute of Social Sciences and the Faculty of Economics and 

Business Administration) and secondly, the results show the positive 

effect of having undergraduate and postgraduate students in the faculties 

under study (especially, the efficiency of the Institute of Social Sciences).  

Since the higher number of best practice units appears in the first 

scenario,  

 CCR results in the first scenario will be used in the analysis 

throughout the rest of the study. Hence, in figure 1, we notice that there is 

wide variation in efficiency scores and a big gap between lower and 

higher efficiency scores, The Faculty of Public Health has the smallest 

score around 18% in CCR model. The number of efficient faculties in the 

CCR model is four. These faculties are: Faculty of Law and Political 

Administrative Sciences, Institute of Social Sciences, Faculty of Letters 

and Human Sciences, and Faculty of Economics and Business 

Administration. These faculties together define the best practice or 

efficient frontier and, thus, form the reference set for inefficient faculties. 

The human resources utilization in these faculties is functioning well. 

This means that the production process in these faculties does not 
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illustrate any waste of inputs. Therefore, they are characterized by an 

overall technical efficiency (OTE) and set as an example of good 

operating practices for inefficient faculties to imitate. In DEA 

terminology, these faculties are called peers. The remaining 12 faculties 

are deemed to be relatively inefficient since they have OTE score less 

than 1.  

The results indicate that faculties at the Lebanese University are 

characterized with large asymmetry with regard to overall technical 

efficiency (OTE) (in percentage terms). Efficiency scores of the faculties 

range from 18% to 100%. Four faculties are efficient and 12 are 

inefficient.  The Faculty of Public Health has the lowest efficiency score 

of 18%. The average of efficiency scores is around 0.63175 which 

implies that, on average, the 16 faculties in question would be able to 

achieve the same level of performance and the same output levels by 

using 37% less resources. In other words, if an average faculty is on the 

efficient frontier instead of its current (virtual) location, it would need 

63% of the inputs currently being used. It has to reduce its physical 

capital by 37% and still produce the same level of outputs. In addition, 

faculties need to produce 1.58 (=1/0.63175) times as much as outputs 

from the same level of inputs. Thus, when a faculty is judged as 

inefficient, a reasonable reaction might be to reduce its inputs and focus 

on making internal practices more efficient. However, the potential 

reduction in inputs from adopting the best practices varies from faculty to 

faculty. Lastly, the mean of the efficiency scores is 63.32% and the 

standard deviation is 0.27.  

The inefficient faculties can improve their efficiency by decreasing 

their inputs. For instance, Faculty of Science has an efficiency score of 

0.72 which implies that this faculty can potentially reduce its inputs by 

28% while keeping their outputs unchanged. This interpretation of the 

overall technical efficiency can be extended for other inefficient 

faculties. 
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CCR model (Total Variables - 2013) 

  

 Efficient,  Inefficient. 

Figure 2: Efficiency of the faculties using all the inputs and outputs (first 

scenario) during 2013. 
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-CCR model (Total Students – 2013) 

 

    

 Efficient,  Inefficient. 

Figure 3: Efficiency of the faculties using 2 outputs: Total Students 

(undergraduates + postgraduates) and research (second scenario) 
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CCR model (Total Students without Research – 2013) 

 
 

 Efficient,  Inefficient. 

Figure 4: Efficiency of the faculties using 1 output: Total Students 

(undergraduates +  postgraduates) without research (third scenario) 
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b) Peers of inefficient faculties 

DEA also provides information on peers. A peer (or benchmark) is a 

faculty against which the technically inefficient faculties may be 

benchmarked. 

Table 4 shows all inefficient faculties with their peer units. These 

inefficient DMUs are asked to learn how to transform their inputs to 

outputs. We notice that all inefficient faculties have peers (reference sets 

of benchmarks). In other words, inefficient faculties should adopt their 

peers‟ policies and techniques in order to become efficient. They can 

learn best practices from their peer faculties. The number of peers in 

CCR model is four. For instance, the faculty of Sciences is an inefficient 

faculty and its peers in CCR model are Faculty of Law and Political 

Administrative Sciences, Institute of Social Sciences, Faculty of Letters 

and Human Sciences, and Faculty of Economics and Business 

Administration. Therefore, for Faculty of Sciences to become efficient, it 

can learn best practices from these faculties. However, the other faculties 

have different combinations of peers. Furthermore, Chen (1997) and 

Chen and Yeh (1998) use method to discriminate efficient faculties. 

According to this method, the frequency that an efficient faculty shows 

up in the reference sets of inefficient faculties represents the extent of 

robustness of that Faculty relative to other efficient faculties. The higher 

the frequency, the more robust it is.  

It is observed that Faculty of Economics and Business 

Administration is the most recurring benchmark. It was referred to 10 

times, which means that there are 10 faculties which could learn from 

this faculty best practices and thus become efficient. The same can be 

said about the other recurring benchmarks like Faculty of Letters and 

Human Sciences which was referenced for 9 times. In other words, at 

least 9 inefficient faculties can improve their efficiencies by learning 

from the methods and techniques adopted by this faculty.  

We can use DEA method to investigate the super-efficient faculties. 

Table 5 provides these scores. The faculty with the highest score is the 

super-efficient one. The results indicate that Faculty of Economics and 

Business Administration has the highest score 2.32585. The second one 

is the Institute of Social Sciences with a score of 1.57770, the third one is 
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Faculty of Letters and Human Sciences with a score of 1.49705, and the 

last one is Faculty of Law and Political Administrative Sciences with a 

score of 1.43692. 

Table 4: Peers in the year 2013 using total variables (first scenario), √ 

indicates the appropriate peer 

 Peers (CCR model) 

Inefficient faculty 

Faculty of Law 

and Political 

Administrative 

Sciences 

Institute 

of Social 

Sciences 

Faculty of 

Letters 

and 

Human 

Sciences 

Faculty of 

Economics and 

Business 

Administration 

Faculty of Sciences √ √ √ √ 

Faculty of Pedagogy   √ √ 

Institute of Fine Arts   √  

Faculty of Information √ √ √ √ 

Faculty of Agronomy   √ √ 

Faculty of Engineering √   √ 

Faculty of Public Health √ √  √ 

Faculty of Medical 

Sciences 
  √  

Faculty of Pharmacy    √ 

Institute of Technology   √ √ 

Faculty of Tourism and 

Hospitality 

Management 

 √ √ √ 

School of Dentistry   √ √ 
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   Table 5: Super efficiency scores 

DMU 

No. 
DMU Name 

Super 

Efficiency 

1 Faculty of sciences 0.72286 

2 
Faculty of law and political administrative 

sciences 
1.43692 

3 Faculty of pedagogy 0.56596 

4 Institute of social sciences 1.57770 

5 Faculty of letters and human sciences 1.49705 

6 Institute of fine arts 0.58900 

7 Faculty of information 0.52082 

8 
Faculty of economics and business 

administration 
2.32585 

9 Faculty of agronomy 0.62555 

10 Faculty of engineering 0.38584 

11 Faculty of public health 0.18015 

12 Faculty of medical sciences 0.54246 

13 Faculty of pharmacy 0.69371 

14 Institute of technology 0.75673 

15 
Faculty of tourism and hospitality 

management 
0.32860 

16 School of dentistry 0.19632 

c) Scale efficiency 

The objective of the faculties is to operate at most productive scale 

size (or constant returns to scale, CRS) in order to minimize inputs and 

maximize outputs. In fact, in the short run these faculties may operate in 

one of the following zones: increasing returns to scale (IRS) or 
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decreasing returns to scale (DRS). However, in the long run, they will 

move towards CRS by becoming larger or smaller. This involves 

changing the faculty‟s operating strategy in terms of size scaling up or 

scaling down. This information can be used to determine whether a 

faculty has the appropriate size or not. 

The existence of IRS or DRS can be identified by examining the 

sum of intensity variables (i.e.,    
 
   ) in the CCR model. If     

 
    

 , then scale inefficiency occurs due to increasing returns to scale. This 

indicates that particular faculty has sub-optimal scale size. On the other 

hand, if     
 
     , then scale inefficiency appears due to decreasing 

returns to scale. This implies that the faculty in question has supra-

optimal scale size. 

A measure of scale efficiency (SE) can be obtained by comparing 

technical efficiency measures that are computed under the assumptions of 

constant returns to scale (CRS) and variable returns to scale (VRS). The 

technical efficiency under the CRS assumption is defined as overall 

technical efficiency (OTE) which measures the inefficiencies due to the 

input/output configuration as well as the size of operations. As to 

efficiency measure related to VRS assumption, it represents the pure 

technical efficiency (PTE) which measures inefficiencies due only to 

managerial underperformance. The ratio of overall technical efficiency to 

the pure technical efficiency (SE = OTE/PTE) provides a measure of 

scale efficiency. Thus by comparing the two different DEA approaches 

we express whether a faculty is operating at its “optimal size”. If it is not 

the case, we can use further comparisons of DEA technique (using 

increasing or decreasing returns to scale) in order to see whether the 

faculty is “too large” or “too small”. 

To do so, we need first to compute the efficiency scores under the 

variable returns to scale. This is called BCC model. Figure 5 presents a 

depiction of the CCR and BCC models (see figure 5). 

Table 5 reports the Score efficiency in both models CCR and BCC 

and the scale efficiency of the 16 faculties of the Lebanese University. 

The scale efficiency is 1 for the faculties that are efficient in both models 

(CCR and BCC). 

In both models CCR and BCC, there is a room for improvement in 
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several faculties.  The number of faculties with low performance is 

relatively high in the CCR model. However this number increases 

remarkably in the BCC model.  

Consequently, BCC model yields more efficient faculties than CCR 

model. After dropping the assumption of constant returns to scale more 

faculties appear to be efficient. This indicates that these faculties (Faculty 

of Pharmacy, Institute of Technology, and Faculty of Tourism and 

Hospitality Management) are technically efficient and the source of 

inefficiency in the CCR model was due to environmental factors more 

than technical factors. In other words, these faculties already have the 

best practices, but the only difference in their productivity is due to 

economies of scale.  

It is possible to increase the productivity of the faculties that are 

only efficient in the VRS DEA, by using increasing or decreasing returns 

to scale. For more insights see Appendix A. This letter shows that among 

all inefficient faculties, the Faculty of Sciences is the only one that 

should have decreasing returns to scale while other inefficient faculties 

should have increasing returns to scale. The efficient faculties in VRS 

DEA model only are already using the best practices. However, because 

of economies of scale it is not possible to achieve an overall technical 

efficiency. It is about adjusting the scale and not adopting efficiency 

measures this time. It is just increasing or decreasing the scale in order to 

reach the CRS frontier while keeping the best practices they already 

have. 

The four efficient faculties (25%) that are fully efficient in both 

models are working with the most productive size. Those faculties are 

Faculty of Law and Political Administrative Sciences, Institute of Social 

Sciences, Faculty of Letters and Human Sciences, and Faculty of 

Economics and Business Administration. They are operating at most 

productive scale size and experiencing CRS. The additional three 

faculties, which are found to be efficient in the VRS model, have pure 

technical efficiency but don‟t have scale efficiency. Other faculties that 

are inefficient in both models have neither technical nor scale 

efficiencies. 

The 12 inefficient faculties according to CCR model are divided into 

two groups. The first group consists of 11 faculties (67%) that are 
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experiencing increasing returns to scale. These faculties are operating 

below their optimal scale size and hence they need to increase their size 

in order to enhance their OTE. The second group consists of one faculty 

(Faculty of Science) which experiences decreasing returns to scale and 

needs to reduce its scale in order to become fully efficient. 

All in all, increasing returns to scale is the predominant form of 

scale inefficiency in the faculties of the Lebanese University. 
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CCR model (Total Variables - 2013) 

         

 Efficient,  Inefficient. 
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BCC model (Total Variables - 2013) 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Efficient,  Inefficient. 

Figure 5: Efficiency of the faculties using all the inputs and outputs 

(first strategy) during 2013 

0.77

1.00

0.77

1.00 1.00

0.73 0.73

1.00

0.84

0.45

0.24

0.73

1.00 1.00 1.00

0.57

0.00

0.20

0.40

0.60

0.80

1.00

Fa
cu

lt
y 

o
f 

sc
ie

n
ce

s

Fa
cu

lt
y 

o
f 

la
w

 a
n

d
 p

o
lit

ic
al

 a
d

m
in

is
tr

at
iv

e 
sc

ie
n

ce
s

Fa
cu

lt
y 

o
f 

p
ed

ag
o

gy

In
st

it
u

te
 o

f 
so

ci
al

 s
ci

en
ce

s

Fa
cu

lt
y 

o
f 

le
tt

er
s 

an
d

 h
u

m
an

 s
ci

en
ce

s

In
st

it
u

te
 o

f 
fi

n
e 

ar
ts

Fa
cu

lt
y 

o
f 

in
fo

rm
at

io
n

Fa
cu

lt
y 

o
f 

ec
o

n
o

m
ic

s 
an

d
 b

u
si

n
es

s 
ad

m
in

is
tr

at
io

n

Fa
cu

lt
y 

o
f 

ag
ro

n
o

m
y

Fa
cu

lt
y 

o
f 

en
gi

n
ee

ri
n

g

Fa
cu

lt
y 

o
f 

p
u

b
lic

 h
ea

lt
h

Fa
cu

lt
y 

o
f 

m
ed

ic
al

 s
ci

en
ce

s

Fa
cu

lt
y 

o
f 

p
h

ar
m

ac
y

In
st

it
u

te
 o

f 
te

ch
n

o
lo

gy

Fa
cu

lt
y 

o
f 

to
u

ri
sm

 a
n

d
 h

o
sp

it
al

it
y 

m
an

ag
em

en
t

Sc
h

o
o

l o
f 

d
en

ti
st

ry



دارة الأعمال 887  مجلة العلوم الاقتصادية وا 

 

d) Decomposition of overall technical efficiency: Pure 

technical and scale efficiencies 

The overall technical efficiency (OTE) helps to measure two kinds 

of efficiencies: pure technical efficiency (PTE) and scale efficiency (SE) 

which is due to inappropriate faculty size. On the contrary to OTE 

measure, the PTE is an efficiency measure derived from BCC under 

variable returns to scale assumption. This measure is devoid from the 

scale effects.  Hence, the inefficiencies deriving from this model result 

from managerial underperformance (i.e. managerial inefficiency) in 

organizing the faculty‟s inputs.  In DEA literature, faculties that attain 

OTE and PTE scores equal to 1 are known as „globally efficient‟ and 

„locally efficient‟ faculties respectively.  

Table 5 reports the OTE, PTE, and SE scores. We notice that 7 

faculties have the status of „locally efficient‟ since they achieved an OTE 

score equal to 1. In addition, four faculties out of the 7 efficient faculties 

under VRS are „globally efficient‟. For the three faculties that became 

efficient under VRS assumption but were found to be inefficient under 

CRS case, we can infer that the latter inefficiencies are not caused by 

poor input utilization (i.e., managerial inefficiency) rather caused by the 

operations of the faculties with inappropriate scale size. The remaining 9 

faculties that have PTE < 1 are assumed to have managerial inefficiency. 

These faculties have both PTE and SE scores less than 1 and their 

inefficiency stems from both pure technical and scale inefficiencies. Out 

of 9 faculties, 5 faculties have PTE score less than SE score. This implies 

that the inefficiency in resource utilization in the 5 faculties is primarily 

attributed to the managerial inefficiency rather than to the scale 

inefficiency. 

The analysis of the PTE and SE measures for these faculties as a 

whole shows that the technical inefficiency in these faculties is due to 

both poor input utilization (i.e. pure technical inefficiency) and failure to 

operate at most productive scale size (i.e. scale inefficiency). The average 

PTE for 16 faculties is around 80% (see table 6). This indicates that 20% 

of the about 37% overall technical inefficiency is attributed to faculty 

managers who are not following appropriate management practices and 

selecting incorrect input combinations. The remaining overall technical 

inefficiency is attributed to inappropriate scale of faculties.  
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Table 5: BCC, CCR, and Scale Efficiency of the Faculties of the 

Lebanese University in 2013.  

 

  

DMU DMU Name 
Scale 

Efficiency 
(SE) 

BCC 

Efficiency 
(PTE) 

CCR 

Efficiency 
(OTE) 

1 Faculty of sciences 0.94 0.77 0.72 

2 
Faculty of law and political 

administrative sciences 
1.00 1.00 1.00 

3 Faculty of pedagogy 0.74 0.77 0.57 

4 Institute of social sciences 1.00 1.00 1.00 

5 
Faculty of letters and 

human sciences 
1.00 1.00 1.00 

6 Institute of fine arts 0.81 0.73 0.59 

7 Faculty of information 0.71 0.73 0.52 

8 
Faculty of economics and 

business administration 
1.00 1.00 1.00 

9 Faculty of agronomy 0.74 0.84 0.63 

10 Faculty of engineering 0.86 0.45 0.39 

11 Faculty of public health 0.76 0.24 0.18 

12 Faculty of medical sciences 0.75 0.73 0.54 

13 Faculty of pharmacy 0.69 1.00 0.69 

14 Institute of technology 0.76 1.00 0.76 

15 
Faculty of tourism and 

hospitality management 
0.33 1.00 0.33 

16 School of dentistry 0.35 0.57 0.20 

     
 

Efficient 

Faculties 
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Table 6: Descriptive statistics of OTE, PTE, and SE scores  

DMU 

Scale 

Efficiency 

(SE) 

BCC 

Efficiency 

(PTE) 

CCR 

Efficiency 

(OTE) 

N 16 16 16 

Average efficiency 0.78 0.80 0.63 

Standard Deviation 0.20 0.23 0.27 

Minimum 0.33 0.23 0.18 

Maximum 1 1 1 

Average inefficiency (%) 22% 20% 37% 

e) Target values 

Data envelopment analysis is a linear programming that provides 

optimal solution with non-zero input and output slacks corresponding to 

input and output constraints. The slacks exist only for the inefficient 

faculties and provide important information related to the areas which an 

inefficient faculty needs to improve in order to achieve the status of 

efficient one. Slacks represent only the leftover portions of inefficiencies; 

the input-slack represents the input excess and output slack indicates the 

output which is under-produced (Avkiran, 1999a; Ozcan, 2008).  

The inefficient faculties can benefit from this study by using the 

CCR model to compute the amounts by which they should reduce their 

inputs to become efficient. 

Table 7 reports the input and output slacks derived from CCR model 

for 12 inefficient faculties at the Lebanese University.  

The analysis of the slacks for all inefficient faculties shows that 

among the input variables, five faculties have non-zero slacks for 

academic staff and three faculties have non-zero slacks for non-academic 

staff. As to non-zero slacks for output variables, there are four faculties 

with non-zero slacks for graduate students, six for postgraduate students, 

and two for research.  
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The source of inefficiency for each faculty with respect to the input 

and output variables can be investigated using slacks and inefficiency 

scores (1 - efficiency scores). The target values of these variables at 

faculty level are calculated using OTE scores, optimum values of slacks 

and actual values.  

Table 7: Slacks for inefficient faculties at the Lebanese University 

 Input Slacks Output Slacks 

Inefficient 

faculty 

Total 

number of  

academic 

staff 

Total 

number of 

nonacademic 

staff 

Total number 

of 

undergraduate 

students 

Total 

number of 

postgraduate 

students 

Total 

number 

of 

research 

Faculty of 

Sciences 
0.00000 0.00000 0.00000 0.00000 0.00000 

Faculty of 

Pedagogy 
12.33840 0.00000 985.74704 0.00000 0.00000 

Institute of Fine 

Arts 
90.61975 0.00000 2059.41121 0.00000 5.79813 

Faculty of 

Information 
0.00000 0.00000 0.00000 0.00000 0.00000 

Faculty of 

Agronomy 
0.00000 1.81187 889.70380 0.00000 0.00000 

Faculty of 

Engineering 
0.00000 9.35128 0.00000 93.23076 0.00000 

Faculty of Public 

Health 
0.00000 20.11437 0.00000 0.00000 0.00000 

Faculty of 

Medical Sciences 
142.27917 0.00000 0.00000 259.71916 0.78001 

Faculty of 

Pharmacy 
0.00000 14.94934 105.70732 50.48780 0.00000 

Institute of 

Technology 
77.16570 0.00000 0.00000 164.54299 0.00000 

Faculty of 

Tourism and 

Hospitality 

Management 

0.00000 0.00000 0.00000 27.74676 0.00000 

School of 

Dentistry 
0.50915 0.00000 0.00000 89.02473 0.00000 
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We use the following formulae to define a target point        : 

       
       

                                         

                                                        

            
                                                

                      
                                             

Where:  

     is the target input i for o-th faculty,  

     is the target output r for o-th faculty, 

    is the actual input i for o-th faculty, 

    is the actual input i for o-th faculty, 

  
  is the OTE score of the o-th faculty, 

  
   are the optimal input slacks, 

  
   are the optimal output slacks. 

Table 8 reports the actual and targeted values of inputs and outputs 

for each faculty. Inefficient faculties with input slacks need besides the 

proportional reduction of all inputs by the levels of observed technical 

inefficiency to add the required slacks. As to the observed outputs they 

need to be added to the required slacks. 

From table 8 we notice the potential improvement in input-output 

activities needed to put an inefficient faculty onto the efficient frontier. In 

order to show the potential input reduction and output addition we 

consider the case of Faculty of Public Health.  To move onto the efficient 

frontier, this faculty needs to reduce its academic staff by 83.6% and its 

non-academic staff by 45.4%. It has also to increase their research from 1 

per year to 2 per year. We notice that this faculty doesn‟t have 

postgraduate students and according to the obtained results, it needs to 

take 260 postgraduate students. Consequently, this faculty is able, with 

lower inputs, to produce more outputs than the actual situation. 

Similar conclusions can be drawn for other inefficient faculties. 
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Considering the Lebanese University as a whole, we need to reduce, on 

average, academic staff and non-academic staff by 37.8% and 38.5% 

respectively and augment the graduates, postgraduates, and research by 

6.8%, 7.1%, and 1% respectively. The execution of these instructions 

will project all the inefficient faculties onto the efficient frontier. 
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f) Malmquist productivity index 

The relative productivity change of faculties over time is measured 

using Malmquist productivity index (MI). This method is based on DEA 

models. For each faculty, the combination of inputs and outputs in 

periods t and t+1 is used to determine whether the variation in its 

performance is due to technical efficiency change (TEC) or technological 

change (TC).  

Hence, the use of Malmquist indexes allows us to compare the 

productivity change within faculties and the productivity change within 

the Lebanese University.  Moreover, the total factor productivity gives 

rise to changes in efficiency and changes in technology. The 

interpretation of Malmquist total factor productivity implies considering 

all its components. These indicate improvement when they are greater 

than one while a value less than one refers to regression or deterioration 

and a value equals to one refers to stagnation or no improvement. We 

used DEAFrontier software developed by Zhu (2003) and we applied 

Constant Returns to Scale input oriented. The reciprocals of the original 

estimates are reported for ease of interpretation, so that values above 

unity denote progress and vice versa. 

The results are presented in tables 9 and 10. The total average of the 

period, for each faculty, indicates that 62.50% of the faculties have 

shown improvement in total productivity over the period 2008-2013 (see 

table 9). Moreover, these faculties have shown an improvement in 

efficiency change by 31.25% and technological change by 68.75%. 

However, the annual average results revealed an improvement in 

productivity by 80%, in efficiency change by 20%, and in technological 

change by 80% (see table 10). It is noticed that there was an 

improvement in total productivity with the exception of the year 2010-

2011where a deterioration of the productivity has been observed. The 

overall means of the period 2008-2013 show that the productivity change 

recorded an improvement by 2.82%, and technological change improved 

by 3.78%, and the efficiency change deteriorated by 2.68%.  The year 

2011-2012 recorded the highest improvement in productivity change by 

28%, and efficiency change by 7.73, and technological change by 

18.58%. 



 887 مجلة العلوم الاقتصادية وإدارة الأعمال
 

A graphical representation of the average productivity change, 

efficiency change, and technological change within faculties over the 

period 2008-2013 and within Lebanese University over the afore-

mentioned period is provided in figures 6 and 7 respectively.  

Figure 6 shows that, Faculty of Dentistry is the most productive 

faculty over the period 2008-2013. It recorded an improvement in 

productivity by 28%. However, Faculty of engineering recorded the least 

productivity change. It deteriorated by 24%. As to the productivity 

change of The Institute of Social Sciences, it remains unchanged during 

the study period. 

Figure 7 reveals that the year 2011-2012 recorded the highest 

improvement in productivity change by 29%. However, the year 2010-

2011 recorded the highest deterioration by 24%. 

Table 9: values of the total factor productivity (Malmquist index) and 

its components: technical efficiency change and technological change. 

Mean (2008-2013) 

Malmquist 

Index 

Efficiency 

Change 

Frontier 

Shift 

DMUs     

Faculty of sciences 1.008 0.930 1.081 

Faculty of law and political 

administrative sciences 1.024 1.045 0.979 

Faculty of pedagogy 1.013 1.020 1.05 

Institute of social sciences 0.996 1.000 0.996 

Faculty of letters and human 

sciences 1.019 1.000 1.019 

Institute of fine arts 1.214 1.129 1.064 

Faculty of information 1.026 0.927 1.069 

Faculty of economics and 

business administration 1.117 1.000 1.117 

Faculty of agronomy 1.128 0.928 1.063 

Faculty of engineering 0.762 0.785 0.982 

Faculty of public health 0.918 0.903 1.003 
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Mean (2008-2013) 

Malmquist 

Index 

Efficiency 

Change 

Frontier 

Shift 

Faculty of medical sciences 1.096 1.157 0.928 

Faculty of pharmacy 0.965 0.979 1.060 

Institute of technology 0.952 0.907 0.998 

Faculty of tourism and 

hospitality management 0.757 0.781 1.015 

School of dentistry 1.262 1.242 1.018 

Mean (2008-2013) 1.016 0.983 1.028 

 tfpch <1=06 effch <1=08 techch <1=05 

 tfpch >1=10 effch >1=05 techch >1=11 

 tfpch =1=0 effch =1=03 techch =1=0 

where tfpch is the total factor productivity change, effch is the efficiency 

change, and techch is the technological change. 

Table 10: Average of annual malmquist index, efficiency change, and 

technological efficiency 

Period Malmquist Index Efficiency Change Frontier Shift 

2008-2009 1.00241 0.98498 1.01144 

2009-2010 1.06136 0.97953 1.06253 

2010-2011 0.75703 0.88918 0.85119 

2011-2012 1.28587 1.07732 1.18580 

2012-2013 1.02827 0.93475 1.07839 

Mean 1.02699 0.97315 1.03787 

 

tfpch <1=01 effch <1=04 techch <1=01 

 

tfpch >1=04 effch >1=01 techch >1=04 

 

tfpch =1=0 effch =1=0 techch =1=0 

tfpch = total factor productivity change, effch = efficiency change, techch 

= technological change. 
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Figure 6: Total factor productivity (plot of the Malmquist index 

values). 
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Figure 7: Average of annual productivity change 

In summary, the annual Malmquist means shows an improvement in 

total productivity over the period 2008-2013 that is mainly due to 

improvement in technological change rather than change in efficiency. 

Thus, most faculties experienced technological progress. With reference 

to individual mean productivity change of individual faculties, the afore-

mentioned interpretation is valid too. 

Section 6: Conclusion 

The aim of this research is the evaluation of the performance 

measures of 16 faculties of the Lebanese University using the Data 

Envelopment Analysis based on 2012-2013 academic year data. The 

Constant Return to Scale (CRS) and the Variable Return to Scale (VRS) 

models based on input oriented approach have been applied in order to 

determine the relative and scale efficiency of each faculty. The results 

show that, under Constant Return to Scale, 4 out of 16 faculties are 

efficient. These faculties are: Faculty of Political and Administrative 
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Sciences, Institute of Social Sciences, Faculty of Letters and Human 

Sciences and Faculty of Economics and Business Administration. Under 

Variable Return to Scale, 7 faculties are proved to be efficient. These are 

the aforementioned faculties in addition to the Faculty of Pharmacy, 

Institute of Technology and Faculty of Tourism and Hospitality 

Management. The analysis of pure technical efficiency and scale 

efficiency measures for the 16 faculties as a whole shows that the 

technical inefficiency in these faculties is due to both poor input 

utilization and failure to operate at most productive scale. The average 

pure technical inefficiency of the 16 faculties is 80%. This indicates that 

20% out of 37% overall technical inefficiency is attributed to faculty 

management. The rest is attributed to inappropriate scale of faculties. The 

Mamlquist total productivity index is used to study the productivity 

change of faculties from 2008 to 2013. The annual Malmquist means 

show an improvement in total productivity of this period which is mainly 

due to improvement in technological change rather than in efficiency. 

Hence, most faculties experience technological progress. In addition, the 

Faculty of Dentistry is the most productive faculty over this period. It 

records an improvement of 23%. However, the Faculty of Engineering 

records the least productive change. It deteriorates by 24%.  

  



 وإدارة الأعمالمجلة العلوم الاقتصادية  887

 

References: 

Abbott M.and Doucouliagos C., “The efficiency of Australian 

Universities: A data envelopment Analysis”, Economics of Education Review, 

V22, No.1, p.89-97, 2003. 

Abdelrazek S., “The efficiency of Tunisia Universities: an application of a 

two-stage DEA approach”, Journal of knowledge globalization, V.7, No.2, 

2014. 

Agha S. R., Kuhail I., et al., “Assessment of academic departments 

efficiency using data envelopment analysis”,  Journal of industrial engineering 

and management, V.4, No.2, p.301-325, 2011. 

Agasisti T. and Johnes G., “Heterogeneity and the evaluation of efficiency: 

the case of Italian Universities”, Applied Economics, V.42, p.1365-1375, 2010. 

Al-Shagea A.S. and Battal A.H., “Evaluating the efficiency of faculties in 

Qassim University using data envelopment analysis”, Journal of business 

administration and education, V.4, No.2, p.132-138, 2013. 

Athanassopoulos A. and Shole, E., “Assessing the comparative efficiency 

of higher education institutions in the UK means of data envelopment analysis”,  

Education Economics, V.5, p.117-133, 1997. 

Avkiran N.K., Productivity Analysis in the service sedon.  Australia: N.K. 

Avkiran publisher. 2002. 

Avkiran N.K., “An application reference for data envelopment analysis: 

helping the notice researcher”, International Journal of Bank Marketing, V.M., 

No.5, p.206-220. 2002, 1999. 

Benli Y.K. and Degirmen S., “The application of data envelopment 

analysis Based Malmquist total factor productivity index: empirical evidence in 

Turkish Banking sdor”, Panoeconomicus, V.2, special issue, p.139-159, 2013. 

Banker R. D., Charnes A., Cooper W., “some models for the estimation of 

technical and scale inefficiencies in data envelopment analysis”, Management 

Sciences, V.30, p.1078-1092, 1984. 

Carrington R., Coelli T., and Rao D.S.P., “The performance of Australian 

Universities: conceptual issues and preliminary results”, Economics Papers, 

V.24, p.145-163, 2005. 



 888 مجلة العلوم الاقتصادية وإدارة الأعمال
 
Charnes A., Cooper W. and Rhodes E., “Measuring the efficiency of 

decision making units”, European Journal of operational research, V.2, p.429-

444, 1978. 

Coelli. T. J., Rao D. S. P, O‟Donnell C. Y. and Battese G. E., An 

introduction to efficiency and productivity analysis, springer second edition, 

2005. 

Cooper W., Seiford L. M and Tone K.., Data envelopment analysis, 

Klumn Academic Publisher, 2002. 

Chen T., “An evaluation of the relative performance of university Libraries 

in Taipie”, Library Review, V.46, No. 3, p.190-201, 1997. 

Chen T. and Yeh T., “A study of efficiency evaluation in Taiwan‟s 

Banks”, International Journal of service industry management”, V.9, No.5, 

p.402-415, 1998. 

Fandel G., “On the performance of universities in north Rhine-West 

Phalia, Germany: government‟s redistribution of funds judged using DEA 

efficiency measure”, European Journal of operational Research, V.176, p.521-

533, 2007. 

Flegg A. T., Allen D. O., Field K. and Thurlow, T. W., “Measuring the 

efficiency of British universities: A multi-period data envelopment analysis”, 

Education Economics, V.12, p.231-249. 2004. 

Johnes J. and Yu L., “Measuring the research performance of Chinese 

higher education institutions using data envelopment analysis”, China 

Economic Review, V.19, p.679-696, 2008. 

Johnes J., “Data envelopment analysis and its application to the measuring 

of efficiency in higher education”,  Economic Review, V.25, p.273-288, 2006. 

Kao C. and Hung H.T., “Efficiency analysis of university departments: an 

empirical study”, Omega, V.36, p.653-664, 2008. 

McMillan, M. & Datta, D., “The relative efficiencies of Canadian 

universities: a DEA perspective”, Canadian Public Policy, Vol. 24, No. 4, pp. 

485–511, 1998. 

Moreno A. and Tadepalli R., “Assessing Academic department efficiency 

a public university”, Managerial and Decision Economics, V.23, No.7, p.385-

397, 2002. 



 وإدارة الأعمالمجلة العلوم الاقتصادية  888

 
Ozcan, Y. A., “Health care benchmarking and performance evaluation: an 

assessment using data envelopment analysis (DEA)”, New york, Springer 

sciences, business media, 2008. 

Srairi SA., “The efficiency of Tunisian universities, an application of a two 

stage DEA approach”, Journal of Knowledge globalization, V.7, No.2, p.31-58, 

2014. 

Tyagi P., Ydav S.P andd Singh S. P., “relative performance of academic 

departments using DEA with sensitivity analysis”, Valuation and Program 

Planning, V.32, p.168-177, 2009. 

Worthington, A. C. ad Lee B.L., “Efficiency, technology and productivity 

change in Australian universities (1998-2003)”.  Economics of Education 

Review, V.27, p.285-298, 2005. 

Websites 

Central national de la recherche scientifique (CNRS). 

Lebanese University, www.ul.edu.lb 

Software 

DEA Frontier  

 

http://www.ul.edu.lb/



