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Data envelopment analysis (DEA) is used as a tool for technical 
efficiency evaluation of decision- making units. The units are compared 
with each other, which means to compare inputs, outputs and evaluate 
their efficiency. In case of non-efficiency unit, we can ordain necessary 
changes for achievement of efficiency using the DEA methods. One of the 
necessary conditions for using basic DEA methods is non-negativity. If 
that condition is not satisfied, it is not possible to use the basic DEA 
methods. Another problem is with unrealistic recommendation for non-
efficiency units given by basic DEA methods. Problems mentioned above 
will be illustrated in evaluation of farms farming in sugar beet growing 
area. 
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INTRODUCTION 
 

We meet several problems in evaluation of efficiency decision making 
units with basic Data Envelopment Analysis Methods. These problems do 
not allow us to use the basic DEA methods (Charnes, Cooper and Rhodes 
(CCR) (1978) and Banker, Charnes and Cooper (BCC) (1984)) and common 
software. 

The first of these problems were negative data. One of conditions 
necessary for application of CCR and BCC models is non-negativity inputs 
and outputs. But we often meet negative data in data set (for example loss 
making business). For radial projection common in CCR and BCC models, 
achieving of efficiency frontier leads to a worse loss. 
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The other problems are unrealistic recommendation for non-efficiency 
units. Each of the units is in a way specific and not way how to reach 
efficiency units for one unit has not always to fit the other unit. 

The introduced problems of classical DEA models are depicted in 
Figure 1. Dashed line symbolises the classical radial projection of point D 
to point D’’ lying on the efficiency frontier. Vice versa the dotted line 
symbolises the oriented projection of point D to D’. This projection is given 
by vector (1,0) allowing possible changes only in output 1 (y1). 

 

 
 

Figure 1- Oriented projection of inefficient units. 
 

This problem and problem with negative input data can be solved by 
using of Weighted Slack-based measures of efficiency (WSBM) proposed 
by Tone (2001) and Generic Directional Distance Model (GDDM) proposed 
by Chambers (1996, 1998). The advantage of these modified DEA methods 
is a possibility of affecting recommended changes by weights or directional 
vectors. Further, GDDM was improved by the handling of negative data by 
Portela et al. (2004). 

Modified DEA model allow the units to reach efficiency frontier 
according to posibility of these units, defined with directional vector. 
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METHODOLOGY 
 

Generic Directional Distance Model (GDDM) 
This model was proposed by Chambers (1996, 1998). The main 

advantage of this model is the ability to project inefficient units on 
efficiency frontier with a selected direction. This feature is well applicable 
in our application, because the model provides each unit with its own way 
to efficiency, respecting its improvement potential. The GDDM is as 
follows: 

For the set of units nj ,...,2,1= , with input levels mixij ,...,2,1, =  and 

output levels skykj ,...,2,1, =  and unit jo ∈  which is to be assessed is the 

generic directional distance model given as follows: 
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Vector ( )yx gg represents possible changes of input (output). 

This model (1) is valid in the case of variable returns to scale (VRS) 
and with input and output vectors in smR +  and can be simply changed in the 
case of constant returns to scale (CRS). Target values of inputs (outputs) 
were obtained as product X (Y) and λ. If the negative data occurs among 
observed inputs (outputs), the last constraint of model (1) would be violated. 

GDDM was further modified by Portela et al. (2004) in order to 
handle negative data for the Range Directional Model (RDM+) and Inverse 
Range Directional Model (RDM-). These models substitute the vector of 
desired changes with the vector of ranges of inputs and outputs in the case 
of RDM+ and the vector of the inverted value of ranges in the case of 
RDM-. Both types of RDM use different ways to compute efficiency scores 
similar to radial efficiencies traditionally used in DEA (see Portela et al. 
(2004)).  

Standardized Generic Directional Distance Model 
Standardised Generic Directional Distance Model (S-GDDM) is 

based on (GDDM) and improves its deficiencies (see below). During the 
common assessment of DMU, we often meet the situation where inputs and 
outputs differ in nominal values one from the other. The solution of GDDM 
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puts more emphasis on the input or the output, depending on their size. In 
some special cases, GDDM gives recommendations only for inputs or 
outputs. The reason for this problem is the occurrence of the product of 
variable β and vector )( yx gg  in both sets of constraints for inputs and 

outputs. This imperfection of GDDM needs to be corrected. One possibility 
of adjusting GDDM is the standardization of components of vectors xg  and 

yg . Another way for the correction of the above mentioned imbalance 

between inputs and outputs is presented further. 
In the case of non-comparable levels of inputs and outputs, it is 

necessary to standardize them to be from the interval 1;0  and afterwards to 

find the solution using GDDM. To obtain a balanced solution for inputs and 
outputs, it is necessary to make a reverse transformation of the measure of 
inputs and outputs. One way of such a transformation is presented in the 
application part. The GDDM model can be rewritten to S-GDDM model 
using transformed inputs and outputs instead of original values in formula (1) 
we use x’ (y’) instead of x (y). 

This method provides us with efficiency scores similar to radial 
efficiencies traditionally used in DEA. Efficiency scores for the 
standardized model can be calculated as follows. 
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Where oϕ is efficiency for assessed unit o, 

 *
iox′  is the target value of i-th transformed input projected on 

the efficiency frontier, 
 *

koy′  is the target value of k-th transformed output projected on 

the efficiency frontier, 
{ } skyyR kokj

j
ko ,...,2,1,max =′−′= , 

{ } .,...,2,1,min mixxR ij
j

ioio =′−′=  
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The main advantage of this model is the ability to project inefficient 
units on the efficiency frontier with the selected direction and to obtain a 
real as possible recommendation. This feature is well applicable in our 
application, because the model provides each unit its own way to efficiency 
respecting its improvement potential. 

 

APPLICATION 
 

We considered a group of 20 farms of similar characteristics 
(farming in sugar beet growing regions). As input, we took into account the 
ratios of soil for growing wheat, spring barley, sugar beet and rape. As 
output, we took into account the per hectare yields of the above mentioned 
crops in tons (see Table 1 and Table 2). 

 
Table 1 

Description of inputs and outputs 
 

Symbol Description 
x1 ratio of soil for growing wheat 
x2 ratio of soil for spring barley 
x3 ratio of soil for sugar beet 
x4 ratio of soil for rape 
y1 yield per hectare of growing wheat 

[t] 
y2 yield per hectare spring barley [t] 
y3 yield per hectare sugar beet [t] 
y4 yield per hectare rape [t] 

 
The first step to the successful usage of the above mentioned models 

is to determine the direction of the potential improvement described by the 
directional vector for S-GDDM. For inefficient units, changes in inputs and 
outputs can be adjusted with the assistance of weights. The possible change 
of input (output) increases according to their weights. 
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Table 2 

Original non-standardized data 
 Input Output 

DMU x1 x2 x3 x4 y1 y2 y3 y4 

1 0.75 0.00 0.00 0.25 6.43 0.00 0.00 2.80 

2 0.38 0.33 0.18 0.10 7.07 6.74 49.28 3.76 

3 0.48 0.38 0.14 0.00 4.76 3.91 54.09 0.00 

4 0.47 0.44 0.00 0.09 5.81 4.45 0.00 3.24 

5 0.54 0.15 0.18 0.13 6.13 4.73 46.77 3.16 

6 0.33 0.38 0.29 0.00 6.81 5.17 53.24 0.00 

7 0.57 0.24 0.12 0.07 7.83 6.76 66.00 3.60 

8 0.51 0.20 0.11 0.17 6.62 5.86 61.64 3.26 

9 0.54 0.24 0.00 0.22 5.54 3.82 0.00 3.82 

10 0.53 0.17 0.04 0.25 5.05 5.45 73.76 3.08 

11 0.90 0.10 0.00 0.00 4.32 4.21 0.00 0.00 

12 0.57 0.17 0.14 0.12 6.04 4.92 49.94 2.89 

13 0.35 0.31 0.18 0.16 6.92 5.52 60.50 3.43 

14 0.55 0.09 0.18 0.18 6.04 5.31 53.57 0.00 

15 0.52 0.00 0.25 0.24 5.65 0.00 57.80 3.44 

16 0.48 0.16 0.21 0.15 7.68 5.52 54.98 4.21 

17 0.43 0.54 0.00 0.03 6.05 4.49 0.00 2.88 

18 0.39 0.35 0.12 0.14 7.07 6.11 53.65 3.39 

19 0.83 0.17 0.00 0.00 5.31 4.31 0.00 0.00 

20 0.46 0.28 0.14 0.12 6.54 5.73 53.90 3.07 

 
Determination of weights for evaluation models 

Values of per hectare yields are proposed for the inputs. This 
adjustment assures binding of inputs and outputs which are typical in 
agriculture. Therefore we propose the biggest changes for the crop plants 
with low hectare yields for inputs. Vice versa, for the outputs, we propose 
the biggest changes for crop plants with the highest prices on the market.  

It is necessary to standardize values of per hectare yield before 
obtaining elements of the weights vector suitable for our models as follows: 
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where kjy  is the yield for the k-th plant and the j-th unit, kd  is the 

minimal yield, given the plant from dataset, kh  is the maximal yield from 

the dataset. Standardized yields belong to interval 1;0 . These standardized 

criteria values remain a type of maximization which is discrepant against the 
weight request. 

Now maximization criteria values are transformed to minimization 
criteria values. There are many ways to accomplish it. We will use the 
following method. The highest standardized yield for each crop plant 

)(max kj
j

k uU =  is chosen and the crop plant yield of every unit is subtracted 

from its highest yield in the data set, kjkkj uUz −= . Then the criterion is a 

type of minimization and describes the difference between the highest crop 
plant yield and the real crop plant yield of a specific enterprise. 

Particular weights for all crop plants, and each enterprise, are 
computed as follows: 
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For the outputs represented with per hectare yields, we proposed 
adjusting of the weights according to the price level of crop plants. 

The weights for outputs are computed as follows: 
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where kp  is the profit from the k-th crop plant. Profit from crop 

plants are given in Table 3. 
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Table 3 
Profit per tone of output 

 Output 
DMU y1 y2 y3 y4 
1-20 0.2130 0.2262 0.2262 0.3346 

 
Weight vector rk is used for all units, because of very similar levels 

of prices of crop plants, work, energy etc, in selected area.  
These weights adjusted in the above mentioned ways can be used for 

evaluation with S-GDDM.  
Data set standardization for S-GDDM 

For the successful use of GDDM, comparable inputs and outputs are 
a necessary condition. 

Therefore we propose this way of data set standardization: 
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By means of the GDDM standardized inputs and outputs were 
evaluated. After evaluation (finding of the inefficiency of units and 
determining suitable recommendations), it is necessary to use reverse 
transformation. 

 

RESULTS AND CONCLUSION 
 

The results of S-GDDM for inefficient units are depicted in Table 4. 
There are only four inefficient farms in the sample.  

 
Table 4 

Results of S-GDDM for inefficient units 
 Projected point (inputs) Projected point (outputs) 

DMU X1 x2 x3 x4 y1 y2 y3 y4 
5 0.494 0.153 0.202 0.150 6.366 4.499 45.816 3.418 
8 0.538 0.205 0.116 0.142 6.471 5.393 53.812 3.372 
12 0.524 0.186 0.159 0.131 6.374 5.073 52.086 3.085 
20 0.447 0.290 0.144 0.119 6.686 5.946 54.137 3.343 
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In this paper we proposed a modification of the GDDM in order to 

find realistic recommendations for agricultural enterprises where classical 
DEA models don’t respect the particular improvement potential which is 
represented by the direction vector, based on the existing results of farming. 
The proposed S-GDDM model solves the deficiency of the GDDM model 
which occurred in the case of imbalanced outputs and inputs. In general, the 
described modification is well applicable in the case of imbalanced inputs 
and outputs for others areas of the economy. As this projection on the 
efficiency frontier is generally non-radial, we propose a method to compute 
an efficient score too. 
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