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Abstract. Currently used methods of multiple criteria evaluation (MEM) based on the values obtained allow us to estab-
lish the priority order of the considered object’s alternatives. However, they do not allow us to determine the values of 
multicriteria evaluation of a particular alternative taken out of their context. This restricts the range of MEM applications. 
To expand the application area of the methods, we should know how the criteria of a particular alternative describing the 
object considered which are expressed in different dimensions, can be normalized. This can be achieved by dividing any 
different value by the respective quantity of the same dimension. The task is complicated by the fact that these quantities 
should be comparable for all the criteria.
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1. Introduction

In recent years, multicriteria evaluation methods have 
been widely used in solving both theoretical and practi-
cal problems. Actually, these methods are universal be-
cause they allow us to quantitatively evaluate any com-
plicated object described by a set of criteria. Another 
advantage of these methods is their ability to combine 
both maximizing and minimizing criteria expressed 
in various dimensions into one integrated criterion. 
The maximizing criteria imply that, if their values are 
growing, the situation is getting better, while for mini-
mizing criteria this means a worsening situation. The 
integration is achieved by normalization which helps 
to convert all the criteria values into non-dimensional, 
i.e. comparable quantities.

Many similar assignments, involving various techni-
cal, social and other problems have been solved. For 
example, the following problems have been solved 
in construction: evaluation of the effi ciency of rural 
buildings’ projects (Ustinovičius et al. 2006), the ef-
ficiency of investments (Ustinovičius, Ševčenko, 
Kočin 2006; Zavadskas et al. 2006; Ustinovičius, 

Ševčenko 2007; Ustinovičius, Kočin, Ševčenko 2007), 
economical effi ciency of plots for building construc-
tion of a particular type (Šarka, Budinas, Šarkienė 
2004; Šarka, Šarkienė, Budinas 2005), the effi ciency 
of investments into multi-storied residential build-
ings (Ustinovičius, Šarkienė 2006), the effi ciency of 
architectural solutions and investments into the con-
struction of individual dwelling houses (Ustinovičius, 
Šarkienė, Šarka 2003; Šarkienė, Ustinovičius, Šarka 
2005, 2006), the effi ciency of construction contracts 
and the selection of contractors (Ustinovičius et al. 
2005a, 2005b, 2007; Ashikhmin et al. 2006; Turskis 
et al. 2008; Ustinovičius, Barvidas, Ashikhmin 2007), 
the comparison of the available construction alterna-
tives (Migilinskas,  Ustinovichius 2004, 2006a, 2006b; 
Popovas, Ustinovichius, Mikalauskas 2004), the al-
ternatives of the repair and selling of offi ce premises 
(Ustinovichius, Podvezko, Ginevičius 2006), selection 
of building sites for commercial buildings (Ustinovi-
chius, Kochin, Narkevičiūtė 2004; Larichev, Kochin, 
Ustinovichius 2003; Zavadskas, Ustinovichius, Stasi-
ulionis 2004; Stasiulionis, Ustinovičius 2003a, 2003b; 
Karablikovas, Ustinovičius 2002), etc.
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A great number of social and economic problems have 
been solved applying multicriteria evaluation methods 
and commonly used normalization (Ginevičius, Pod-
vezko 2000, 2001, 2003, 2004a, 2004b, 2004c, 2005, 
2007a, 2007b; Ginevičius, Mikelis 2002; Podvezko, 
Ginevičius 2003; Ginevičius, Podvezko, Mikelis 2004, 
2006; Гинявичюс, Подвезько 2004; Gineičius, Pod-
vezko, Ustinovičius 2005a, 2005b; Ginevičius, Pod-
vezko, Andruškevičius 2007).

A number of these publications consider the problems 
of education (Ginevičius, Podvezko, Ginevičienė 
2004a, 2004b, 2004c; Гинявичюс, Подвезько, Гиня-
вичене 2005).

Multicriteria methods are even used in the analysis 
of medical problems (Kochin, Ustinovichius, Slieso-
raitiene 2005; Ustinovichius et al. 2005, 2006).

On the other hand, the currently used methods of mul-
ticriteria evaluation have some drawbacks, limiting 
the range of their application. These drawbacks do 
not negatively affect calculations only if multicriteria 
evaluation is aimed at establishing the priority order 
of the considered object’s alternatives. Normalization 
methods of the criteria of various dimensions are also 
used for this purpose, when their normalized values 
are obtained, for example, by dividing the value of the 
j-th criterion by the sum of all its values for all the 
alternatives of the object considered. In this case, the 
normalized value of the j-th criterion for one particular 
alternative can be determined from the context, i.e. it is 
infl uenced by the values of the same criterion of other 
alternatives. However, the need often arises to get the 
value of multicriteria evaluation of one particular al-
ternative. The alternatives may represent the level of 
economic and social development in various regions of 
the country as an object of consideration. It may also be 
the level of higher school development as an object of 
consideration in a particular school, the effi ciency of an 
enterprise’s commercial and economic activities as an 
object of consideration, etc. This would allow us to con-
sider the effect of various factors on these criteria and 
to assess the state of the considered object separately, 
not taking into account other alternatives. This approach 
could reveal a new area of practical and theoretical ap-
plication. The present paper addresses this problem.

2. Currently used multicriteria evaluation and 
data normalization methods

In recent years, many various multicriteria quantitative 
and qualitative evaluation methods of different com-
plexity have been used (Zavadskas 1991; Ustinovičius 
2001a, 2001b; Hwang, Yoon 1981; Hwang, Lin 1987; 

Saaty 1994, 1980; Beuthe, Scannella 2001). Qualitative 
methods based on expert judgement can be used to de-
termine the best of the suggested alternatives or several 
best options (Hokkannen, Salminen 1997; Ginevičius, 
Podvezko 2001, 2003; Ginevičius, Podvezko, Mikelis 
2004; Beshelev, Gurvich 1974; Yevlanov 1984; Fan, 
Ma, Tian 1977; Zavadskas 1991; Ustinovičius 2001a, 
2001b; Hwang, Yoon 1981; Hwang, Lin 1987; Saaty 
1994, 1980; Beuthe, Scannella 2001; Brans, Vincke, 
Mareschal 1986; Opricovič, Tzeng 2004; Roy 1996; 
Zavadskas, Kaklauskas 1996; Larichev, Moshkovich 
1977; Larichev 1979). Quantitative methods quantita-
tively evaluate each alternative determining the differ-
ences in the values obtained for the alternatives con-
sidered. The essence of multicriteria evaluation can be 
clearly shown by the so-called SAW (Simple Additive 
Weighting) method expressed as:

 
,
                                                        

(1)

where Sj is the value obtained in multicriteria eval-
uation of the j-th alternative; ωi is the i-th criterion 
weight;  is normalized value of the i-th criterion for 
the j-th alternative.

As can be seen from the formula (1), you should have 
normalized values of the criteria to determine the 
quantity of multicriteria evaluation. The sequence of 
normalization operations depends on the methods of 
multicriteria evaluation used. Calculating by SAW, 
normalization is based on the formula (Ginevičius, 
Podvezko 2004b; Ginevičius, Butkevičius, Podvezko 
2005):

                   

(2)

where rij is the i-th value of the j-th alternative.

SAW can also rely on the following method of maxi-
mizing criteria normalization (Zavadskas 1991; 
Ustinovičius 2001a, 2001b; Hwang, Yoon 1981):

                   
(3)

where  is the largest value of the criterion con-
sidered.

Multicriteria evaluation by using complex proportional 
assessment method (COPRAS) relies on the formula 
(Zavadskas et al. 2004):
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(4)

where Kj is the value obtained by COPRAS for the 

j-th alternative;  is the largest sum of the 

weighted values  of the j-th maximizing criteria (i.e. 
those whose largest value is the best) for all m alterna-

tives;  is the same for the j-th minimizing 

criteria (i.e. those whose smallest value is the best).

When calculating by COPRAS, data normalization is 
performed in this way:

                   

(5)

Multicriteria evaluation method TOPSIS (Technique 
for Order Preference by Similarity to an Ideal Solu-
tion) is based on the criterion  (Hwang, Yoon 1981; 
Hwang, Lin 1987; Opricovič, Tzeng 2004):

                 
(6)

where   is the value obtained by TOPSIS for the j-th 
alternative;  is the total distance of the j-th alterna-
tive to the worst solutions;  is the same for the best 
solutions.

When calculating by TOPSIS, vector normalization of 
data is used:

                

(7)

The following type of normalization is actually pro-
vided for by TOPSIS (Hwang, Yoon 1981; Hwang, Lin 
1987; Opricovič, Tzeng 2004):

 

.

                                         

(8)

Multicriteria evaluation method VIKOR (Opricovič, 
Tzeng 2004; Ginevičius, Podvezk 2004) relies on the 
main generalizing criterion Qj calculated by the for-
mula:

                
(9)

where Qj is the value of the j-th alternative obtained 
by VIKOR; 

  
 

 v is the weighted value of the most cri-
teria.

VIKOR uses the following method of data normaliza-
tion:

   
(10)

As shown by the formulas (2, 3, 5, 7, 8 and 10), in all 
cases, the normalized value of the i-th criterion of the 
j-th alternative is derived from the i-th criterion values 
of all other alternatives. Therefore, this normalization 
logic is well suited when the aim of multicriteria evalu-
ation is ranking of the alternatives referring to the ob-
ject considered. However, this approach is not suitable 
when it is aimed at assessing one particular alternative 
by a multicriteria evaluation method because, in this 
case, every value of the considered alternative should 
be converted into a non-dimensional quantity.

3. Normalizing the criteria of one particular 
alternative of the considered object

Assume that we have four alternatives of the considered 
object. Every alternative is described by eight criteria. 
Their weights as well as the initial, non-normalized 
values are given in Table 1.

Table 1. The data on the alternatives of the considered object

Criteria Criteria 
weights

Units of 
criteria 

measurement

Alternatives

1st 2nd 3rd 4th

1st 0,23 lt. 800 5 000 1 200 12 000

2nd 0,20 kg 50 150 10 90

3rd 0,18 km 256 145 340 100

4th 0,13 units 4 1 2 9

5th 0,10 % 36 48 32 78

6th 0,08 lt. 80 52 161 314

7th 0,05 % 12 36 45 78

8th 0,03 t 18 3,6 4,1 5,6
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Let us normalize the data from Table 1 for multicriteria 
evaluation by SAW method aimed at determining the 
priority order of the alternatives (Table 2). The calcula-
tions will be made by formula 2.

Table 2. Normalized data on the considered 
object’s alternatives

Criteria Criteria 
weights

Alternatives

1st 2nd 3rd 4th

1st 0,23 0,042 0,2632 0,0632 0,6316

2nd 0,20 0,167 0,5 0,033 0,3

3rd 0,18 0,3044 0,1724 0,4042 0,1190

4th 0,13 0,25 0,0625 0,125 0,5625

5th 0,10 0,1856 0,2474 0,1649 0,4021

6th 0,08 0,1318 0,0857 0,2652 0,5173

7th 0,05 0,0702 0,2105 0,2632 0,4561

8th 0,03 0,1192 0,2384 0,2715 0,3709

Let us evaluate by SAW method the alternatives of 
the object considered, based on Table 2. The following 
results were obtained (Table 3).

Table 3. The data obtained in multicriteria evaluation of 
the considered object’s alternatives by SAW method

Criteria
Alternatives

1st 2nd 3rd 4th

Value 0,1634 0,2538 0,1692 0,4153

Rank 4th 2nd 3rd 1st

As shown in Table 2, normalization was made hori-
zontally, i.e. the values of the alternatives of each cri-
terion were summed up, and, then, all criterion values 
of these alternatives were divided by this number. Our 
aim was to make vertical data normalization, i.e. to 
convert all values of the considered alternative to non-
dimensional quantities, not taking into account the cri-
teria values of other alternatives. The formula (2) is not 
suited because we cannot sum up the criteria values of 
various dimensions.

To turn a quantity of a particular dimension into a 
dimensionless value, it should be divided by a value 
of the same dimension. In the case considered, this 
number should be found for each criterion. The ques-
tion arises, what number it should be. Since we want to 
perform normalization, the normalized value should be 
smaller than or at least equal to one (unity). Therefore, 
this number may be equal to or larger than the largest 
possible criterion value. There are several methods of 

solving this problem. The fi rst one relies on the larg-
est value of the criterion which is taken as the largest 
quantity. The second method is based on the values de-
termined by experts. In this paper, we use a simple fi rst 
method. Thus, basing ourselves on the data presented 
in Table 1, we will get the following largest values of 
the alternatives (Table 4).

Table 4. The largest possible values of the criteria

Indicators
Criteria

1st 2nd 3rd 4th 5th 6th 7th 8th

Unit of 
measurement

lt. kg km units % lt % t

The largest 
criterion 
value

12 000 150 340 9 78 314 78 5,6

Based on the data from Table 4, we can turn the values 
from Table 1 into non-dimensional quantities. This can 
be achieved by applying a data normalization method 
based on the formula (3) (see Table 5).

Table 5. Non-dimensional values of the considered 
object’s alternatives

Criteria Criteria
 weights

Alternatives

1st 2nd 3rd 4th

1st 0,23 0,0667 0,4167 0,1 1,0

2nd 0,20 0,3334 1,0 0,0667 0,6

3rd 0,18 0,7794 0,4265 1,0 0,2942

4th 0,13 0,4444 0,1111 0,2222 1,0

5th 0,10 0,4615 0,6154 0,4102 1,0

6th 0,08 0,2548 0,1656 0,5127 1,0

7th 0,05 0,1538 0,4615 0,5769 1,0

8th 0,03 0,3214 0,6429 0,7321 1,0

Now, we can perform multicriteria evaluation of the 
considered object’s alternatives by using the method 
SAW (Ginevičius, Podvezko 2005). The calculation 
results are given in Table 6.

Table 6. The results obtained in multicriteria evaluation of 
the considered object’s alternatives

Criteria
Alternatives

1st 2nd 3rd 4th

Value 0,3640 0,5041 0,3780 0,7930

Rank 4th 2nd 3rd 1st
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As shown in Table 6, the sequence of the considered 
value’s alternatives based on their advantages has not 
changed compared to that presented in Table 3. How-
ever, we are interested in the fact how much the alter-
native evaluation values have changed, depending on 
the multicriteria evaluation method used, rather than in 
the priority order of the alternatives. We can easily see 
that they have increased. The relationship between the 
values is given in Table 7.

Table 7. Comparison of the results obtained in multicriteria 
evaluation of the considered object’s alternatives, depending 

on the normalization method used

Criterion
Alternatives

1st 2nd 3rd 4th

The relationship between 
the respective numbers 
from Table 7 and Table 3

2,228 1,986 2,235 1,909

As seen in Table 7, the results of multicriteria evalu-
ation differ by about two times, depending on the 
normalization method applied. This is a considerable 
difference, therefore, the use of some results in fur-
ther research can be of particular importance. Thus, 
the suggested data normalization method is a valuable 
option.

4. Conclusions

Depending on the aim of multicriteria evaluation of 1. 
the available alternatives, two groups of objects can 
be distinguished. The fi rst group includes the cases 
when multicriteria evaluation is aimed at establish-
ing the priority order of the alternatives, while the 
second group embraces the cases when multicriteria 
method is aimed at assessing one particular alterna-
tive. Therefore, the above cases differ in the fi nal 
aim of applying multicriteria methods to the evalu-
ation of alternatives. In one case, the fi nal aim is to 
arrange the alternatives in the priority order, while 
in the second – to use the value obtained as a basis 
for further research.
Now, methods of normalizing the data describing 2. 
the alternatives of the object considered are clear 
if multicriteria evaluation is aimed at establishing 
the priority order of alternatives. In this case, the 
values of all the alternatives of a particular criterion 
are compared with each other in unit fractures, im-
plying that normalization is horizontal. However, 
for only one available alternative of the considered 
object the problem of normalization has not been 
solved yet. It is necessary to normalize the criteria 

values of various dimensions in this case if we want 
to apply multicriteria evaluation methods, and data 
normalization is vertical.
In order to combine the data on the criteria describ-3. 
ing the considered object into a single integrated 
quantity, i.e. to perform multicriteria evaluation, 
all the data should be non-dimensional. This can 
be achieved by dividing each criterion expressed 
in a particular dimension by a particular value of 
the same dimension. Therefore, the main problem 
in this case is to fi nd such a value for performing 
normalization of quantities having various dimen-
sions. This problem is complicated because the 
values expressed in different dimensions should be 
compared, otherwise, normalized values of various 
criteria would not be compared.
The above values can be found in two ways. In 4. 
the fi rst case, the values considered are determined 
by experts. In the second case, we take the largest 
criteria values of all considered alternatives. The 
largest values recorded over a certain period of time 
can be taken.
The results obtained in multicriteria evaluation of 5. 
the considered object’s alternatives show that the 
values differ by about two times depending on the 
normalization method used. This shows that it is 
necessary to use one of normalization methods, de-
pending on the aim of multicriteria evaluation.
The suggested method of data normalization indi-6. 
cates a new trend of applying multicriteria evalua-
tion methods to solving various complicated prob-
lems, e.g. determining the relationship between two 
complex quantities which are described by a number 
of criteria expressed in various dimensions.
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