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Abstract

Determining criteria weights is the crucial part of the MCDM process as the weights significantly affect
the ranking results of alternatives. Therefore, various techniques have been created to determine the
weights of criteria, which are grouped into subjective, objective, and hybrid techniques. In this study, a
new method based on LOGarithmic normalization and STAndard deviation (LOGSTA) is developed to
determine objective criteria weights. The method has been described through two examples, one with
square matrix (six alternatives and six criteria) and the second with seven alternatives and five criteria. The
outcomes of the LOGSTA technique are compared with the Entropy, CRITIC, MEREC techniques to
present the validity of results. LOGSTA shows various ranks although in some cases, it is fully correlated,
which has been provided with SCC and WS correlation coefficients. The comparative analysis shows that
the LOGSTA is efficient to determine objective weights of criteria. This method allows consideration of
both types of criteria, a separate normalization process for benefit and cost criteria, and a different
normalization procedure compared to other methods.
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1. INTRODUCTION

During the decision-making process, several alternatives are ranked based on determined criteria
to identify the best alternative. Nowadays, decision-making has become more complex and
dynamic. Individuals must handle various objectives, criteria, and alternatives in a rapidly
changing environment [1]. Therefore, multi-criteria decision-making (MCDM) techniques are
commonly used in solving decision problems as they provide a systematic approach to handle
complex decision problems with several conflicting criteria and alternatives. MCDM techniques
present a comprehensive framework to assure the coherence of findings. Typically, four stages
are followed during the assessment of alternatives with MCDM techniques. First, the criteria and
alternatives are determined. Second, the criteria weights are found. Third, the scores of
alternatives based on each criterion are calculated. Fourth, the cumulative performance of all
alternatives is determined. There are numerous MCDM techniques in literature. They are
categorized into two groups: MCDM techniques, (1) which determine alternative rankings and
(2) which determine criteria weights. The focus of this study is on determining the criteria weights
in the second step. Determining criteria weights is one of the most significant and complex parts
of the MCDM process, as criteria weights present the significance of each criterion, which
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eventually affects ranking of alternatives. Thus, incorrect weights can result in wrong ranking
results. There are different ways to find the weights. One of the earliest approaches in determining
the criteria weights is giving equal weights to each criterion, such as in [2]. It ignores the
differences in the criteria, therefore presents an easy way for weight calculation. This approach is
helpful if there is an insufficient amount of knowledge and if there is no possibility to gather the
decision maker's opinion about the significance of the criteria. Although it has been one of the
commonly used approaches, there is a significant loss of information as the equal weights
approach does not consider the relative importance of criteria, thus, it is not commonly used
nowadays. To deal with the loss of information, it is important to rank the criteria.

There are three groups of weight determination techniques to rank the criteria and therefore
to assign weights to the criteria. The first group is subjective weighting techniques, which
identifies the weights based on the opinions of decision makers. Techniques such as Analytic
Hierarchy Process (AHP) [3-5], Step-Wise Weight Assessment Ratio Analysis (SWARA) [6],
and Decision Making Trial and Evaluation Laboratory (DEMATEL) [7] provide an analytical
framework to assess criteria weights using subjective judgment of experts. The process of
decision making is improved as decision makers are significantly involved in the process
therefore decisions are made as adapted to the given conditions [8]. On the other hand, the
reliability of weights determined based on decision maker opinions decreases if the number of
criteria increases because of the mental capacity of decision makers [9]. The second group is
the objective weighting techniques, which do not include decision maker opinions, but
determine weights by applying mathematical approaches such as Entropy method [10], Criteria
Importance Through Intercriteria Correlation (CRITIC) [11-13], Mean Entropy-based Relative
Criteria Weighting (MEREC) [14], Criterion Impact Loss (CILOS) [15], Integrated
Determination of Objective Criteria Weights (IDOCRIW). Compared to subjective techniques,
the objective techniques present flexibility in weight determination [16]. The third group is
integrated techniques which combine both subjective and objective weighting techniques.

This study aims to develop a novel criteria weighting technique using objective data, called
LOGSTA (LOGarithmic normalization and STAndard deviation). The contributions of this
study are: A new approach has been developed for calculating criteria weights, the LOGSTA
can solve the inconsistency issue, two numerical examples are solved with the LOGSTA
technique, and findings are found to be consistent, the LOGSTA technique is compared with
the CRITIC, Entropy, and MEREC methods to determine validity.

2. LITERATURE REVIEW

Several recent studies offering novel objective weight techniques and applying them to specific
decision problems are summarized in this section.

2.1 Entropy

The entropy technique determines weight using real data. Chodha et al. [17] evaluated industrial
robots using the Entropy and TOPSIS methods. They found that average energy consumption is
the most significant criterion. Wang et al. [18] used the Entropy and Combined Compromise
Solution (CoCoSo) techniques to assess the road sustainability of OECD countries. It was found
that energy use is the most important criterion, and Japan is the first country in terms of road
sustainability. Yadav et al. [19] examined five dental composites with 11 criteria based on the
Entropy and Vlsekriterijumska Optimizacija I KOmpromisno Resenje (VIKOR) techniques.
Polymerization shrinkage indicator was found to be the most significant criterion. Yucenur and
Maden [20] applied the Entropy and Additive Ratio Assessment (ARAS) techniques to select the
most optimal city to establish a hydroponic greenhouse in Turkiye using geothermal energy.
Geothermal water flow was determined to be the most important criterion and Denizli was found
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to be the best location. Wang et al. [21] examined international 3PL suppliers with the Entropy
and Measurement of Alternatives and Ranking According to Compromise Solution (MARCOS)
methods. Jameel et al. [22] examined the sustainability of alternative energy systems in Turkiye
with the circular intuitionistic fuzzy sets (CIFS), Entropy, SWARA, and CoCoSo. System
efficiency factor was presented as the most important criterion, and geothermal energy was
determined as the most optimal option.

2.2 Criteria Importance Through Intercriteria Correlation (CRITIC)

CRITIC technique calculates weights by taking the contrast intensity and correlations among
criteria into account [11]. Yu et al. [23] used the CRITIC and TOPSIS techniques for selecting
the best methodology for the detection of transmission line component. Among all criteria, the
performance criterion was found to have the most significance. Ranjan et al. [24] utilized the
CRITIC and MARCOS techniques to solve material selection decision problem in automobile
industry. Cost criterion was revealed as the most important criterion and sintered hardened steel
is the best material. Dhara et al. [25] used the CRITIC and TOPSIS techniques for business
plane selection. The results suggested that the Cessna Citation jet M2 is the best alternative. Ali
et al. [26] examined the financial sustainability of banks in Iraq with the CRITIC and Ranking
of Alternatives through Functional Mapping of Criterion Sub-intervals into a Single Interval
(RAFSI) method. It was presented that BTRI has the highest score.

2.3 Mean Entropy-based Relative Criteria Weighting (MEREC)

MEREC enhances the consistency in distribution of weights by decreasing the surplus of
information entropy [14]. Mastilo et al. [27] evaluated the financial performance of banks in
Bosnia and Herzegovina using the MEREC and MARCOS techniques. Return on assets was
determined to be the most significant and Raiffeisen Bank has the best performance. Wang et
al. [28] utilized the MEREC and CoCoSo methods to choose the best optimal sensor alternative.
The study indicated that Ease of Installation is the most crucial factor and proximity sensor is
the best alternative. Popovi¢ et al. [29] developed an MCDM model with the MEREC and
Comprehensive Distance Based Ranking (COBRA) methods to choose the best strategy for
developing e-commerce. Compliance with mission and vision of the company is the most
crucial criterion. It was also found that the social e-commerce adoption model is the best
strategy for e-commerce development. Ivanovi¢ et al. [30] used the MEREC and double
normalized MARCOS techniques to choose the most optimal pump for concrete mixer vehicles.
The findings presented that drum feeding speed is the most critical criterion and Magnum MK
24.47-80/115 RH is the best alternative pump to use in concrete mixers. Ulutas et al. [31] solved
insulation material selection problem in construction sector using the Preference Selection
Index (PSI), MEREC, Logarithmic Percentage Change-Driven Objective Weighting
(LOPCOW), and Multiple Criteria Ranking by Alternative Trace (MCRAT) methods. Energy
consumption was determined as the most significant criterion and sheep wool was identified as
the best insulation material to be used in the construction of buildings.

2.4 Criterion Impact Loss (CILOS)

The CILOS technique evaluates criterion loss against the alternative with the optimal (maximal or
minimal) value [15]. Naz et al. [32] examined the beauty companies with CILOS and WASPAS.
Sahin Macit [33] ranked European and Central Asian nations based on the macroeconomic
performance between 2019 and 2021 with CILOS and AROMAN. The results identified that
Germany is ranked first in 2019, Turkiye in 2020, and Armenia in 2021. Nebati [34] used the
CILOS and COPRAS to determine the most efficient LED screen. Price criterion was identified as
the most important factor, and LG was selected as the best LED screed alternative.
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2.5 Integrated Determination of Objective Criteria Weights (IDOCRIW)

The IDOCRIW technique integrates both Entropy and CILOS methods. With IDOCRIW, the
disadvantages of Entropy method are alleviated using the CILOS method [15]. Ozdemir [35]
ranked EU-27 nations based on the environmental resilience using IDOCRIW and CoCoSo.
Fossil fuel subsidies factor was determined as the most critical factor in the analysis of
environmental resilience. The results suggested that Switzerland is the most resilient country.
Chatterjee et al. [36] selected the most optimal oil used in electrical discharge machining with
the IDOCRIW and Double Normalization-Based Multiple Aggregation (DNMA). The results
showed that Spark SPO-A EDM oil is the best alternative.

2.6 Standard Deviation (SD)

SD Technique determines the weights with the fluctuation of data. Standard deviation of criteria
defines the weights. The higher deviation means the higher weight. Camlibel [37] ranked the
performance pension firms with the SD and MARCOS techniques. The results show that the
total debts criterion is the most significant criterion. Vavrek [38] evaluated financial
performance of state organizations with the SD and TOPSIS methods. The SD results indicated
that the most efficient criterion is the total debt. Topal and Ulutas [39] ranked G8 states based
on the logistics performance using the SD and Alternative Ranking Order Method Accounting
for Two-Step Normalization (AROMAN). It was found that timeliness is the most crucial
indicator, and Germany has the best performance.

3. A NEW LOGSTA METHOD

This method represents a new objective method for determining criteria weights based on
quantitative data and consists of the following procedure (Fig. 1).

| LOGSTA |

v

| Inifial decision matrix is created. |

v

| Normalized decision matrix is formed with logarithmic normalization. |

v

| Standard deviation values of nommalized decision matrix is calculated. |

v

| G matrix is created. |

v

| Criteria weights are determined. |

Figure 1: The flowchart of LOGSTA method.

Step 1: The initial decision matrix Z is organized for » alternatives and m criteria.

z=(z,] (1)

where z, denotes the value of alternative i per criterion ;.

Step 2: The initial decision-making matrix is normalized using logarithmic normalization
depending on the criterion type. Compared to Entropy, for instance, this method considers the
type of criterion, which results in various criterion weights. Eq. (3) is applied if the criterion
belongs to the benefit group, while Eq. (4) is used if the criterion belongs to the cost group.

N= [”z‘i ] 2)
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ny=|———— JjE€B )
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Step 3: Computation of matrix G that represents product of the standard deviation g; of
normalized values and the inverse value of /n of sum n;;.

G=[g ], ()

g}.:o'jx( : j (6)

Z](ln (n,.j ))
Step 4: The final value of each criterion wj is obtained using Eq. (7), as follows:

' Z g (7

4. ILLUSTRATIVE EXAMPLES

This section provides illustrative examples created with Monte Carlo simulation to prove the
validity of the proposed new objective method for determining the weights of criteria named
LOGSTA. The method is tested on two examples with matrices of sizes 7x5 and 6x6. It is
important to note that the proposed objective LOGSTA method is tested considering various
scenarios from the criteria type aspect (cost, benefit, and combination of cost and benefit
criteria).

4.1 Example 1: matrix 7x5
The initial matrix (7x5) is shown in Table 1.

Table I: Simulated initial decision-making matrix of size 7x5.

C1 C2 C3 C4 Cs
Al 368 262 495 198 618
A2 988 336 780 31 860
A3 38 680 716 745 806
A4 886 137 904 501 577
A5 914 722 891 480 183
Ab 797 107 335 905 240
A7 99 654 699 610 887

To understand the procedure of the LOGSTA method we have provided an example of
calculation for the data shown in Table I. So, after creating initial decision matrix, next step
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representing the normalisation process using Eq.(3) manifested through logarithmic
normalization and benefit group of criteria.

Inz, ‘

o[11]

i=1

5.9081 |_,

=0.1430
41.32187|

ny, =

In(368) |
In (368 %988 x 38x 886 x914x 797 x 99)|

The remaining normalized values are calculated using the same equation because all criteria
are benefit and Table II gives the completed normalized matrix with standard deviation.

Table II: Normalized matrix of size 7x5 (benefit criteria).

C1 C2 C3 C4 Cs
Al 0.1430 0.1373 0.1367 0.1291 0.1470
A2 0.1669 0.1434 0.1467 0.0839 0.1546
A3 0.0880 0.1608 0.1448 0.1615 0.1531
A4 0.1642 0.1213 0.1499 0.1518 0.1455
A5 0.1650 0.1623 0.1496 0.1508 0.1192
A6 0.1617 0.1152 0.1281 0.1663 0.1254
A7 0.1112 0.1598 0.1443 0.1566 0.1553
oj 0.0313 0.0194 0.0079 0.0286 0.0146

In the next step, the coefficients of matrix G are calculated as follows:

n

glzo'lx(

i=1

Z(ln(”v ))

-1
J ,gl:0.0313><(|1n(0.1430)+1n(0.l669)...+1n(0.112)|) =0.0023

and the final weight for the first criterion has been obtained using Eq. (7) as w1 =0.3064, while
Table III gives the weights for other criteria, g; and rank of criteria.

Table III: Final values of criteria for matrix of size 7x5 (benefit criteria).

C1 C2 C3 C4 C5
g 0.0023 0.0014 0.0006 0.0021 0.0011
w 0.3064 0.1909 0.0781 0.2799 0.1447
rank 1 3 5 2 4

In the next part of the paper, we will represent the situation when all criteria belong to the
cost group, so we are using data from Table I and Eq. (4) for the normalisation process because
all criteria are within the cost group of criteria. The normalised matrix size of 7x5 with all cost

criteria is presented in Table IV.

Table IV: Normalized matrix of size 7x5 (cost criteria).

C1 C2 C3 C4 Cs
Al 0.1428 | 0.1438 | 0.1439 | 0.1451 0.1422
A2 0.1389 | 0.1428 | 0.1422 | 0.1527 | 0.1409
A3 0.1520 | 0.1399 | 0.1425 0.1397 | 0.1412
A4 0.1393 0.1465 0.1417 | 0.1414 | 0.1424
AS 0.1392 | 0.1396 | 0.1417 | 0.1415 | 0.1468
Ab 0.1397 | 0.1475 0.1453 0.1390 | 0.1458
A7 0.1481 0.1400 | 0.1426 | 0.1406 | 0.1408
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Applying the same methodology, we have obtained final results for matrix with all cost
criteria and for matrix with combined type of criteria (1%, 3, and 5™ are cost, while 2°¢ and 4"
are benefit). These results are shown in Table V.

1— Inz,,
7 In (988
n| [z, 1— n(988)
L 1= In (368> 988 x 38 x 886 x914x797x99)| [1-0.1669)
ny, = — = < = - |=O.1389

Table V: Final values of criteria for matrix of size 7x5 (cost criteria and combination of B and C).

|l a1 | 2 | ¢3 | ¢4 | C5 |l c1 | 2 | 3| ¢4 | ¢5
Cost criteria 1%, 37, 5t (C); 2", 4 (B)
g [0.0004 [ 0.0002 [ 0.0001 [ 0.0003 [ 0.0002 | g [0.0004[0.0014 [0.0001 | 0.0021 [ 0.0002
w, |0.3078 | 0.1902 | 0.0775 | 0.2807 | 0.1439 | w; | 0.0924 | 0.3411 [ 0.0233 | 0.5000 | 0.0432
rank | 1 3 5 2 4 |rank| 3 2 5 1 4

4.2 Example 2: matrix 6x6

To show applicability of our proposed objective method for determining criteria weights, we
have performed calculation for matrix with equal number of alternatives and criteria, in this
case matrix 6x6 with initial data shown in Table V1.

Table VI: Simulated initial decision-making matrix of size 6x6.

C1 C2 C3 C4 Cs Ceé
Al 29 472 97 519 826 804
A2 490 60 819 973 84 61
A3 168 682 818 649 134 400
A4 979 43 723 801 174 527
AS 713 72 150 454 391 417
Ab 501 522 660 433 832 657

After applying the LOGSTA method results for simulated matrix 6x6 in cases where all
criteria are benefit, all criteria are cost, and when there is combination of both types of criteria
have been shown in Table VII.

Table VII: Final values of criteria for matrix of size 6x6 for all cases.

| aa | ¢2 | a3 | c4 | ¢ | ce
Benefit criteria
g 0.0035 | 0.0037 0.0025 0.0008 0.0026 0.0024
w; | 0.2241 | 0.2401 0.1586 0.0507 0.1705 0.156
rank 2 1 4 6 3 5
Cost criteria
g 0.0007 | 0.0008 0.0005 0.0002 0.0005 0.0005
w; | 0.2251 | 0.2412 0.1581 0.0502 0.1699 0.1555
rank 2 1 4 6 3 5
1%, 3", and 5™ are cost, while 2" and 4™ are benefit
g 0.0007 | 0.0037 0.0005 0.0008 0.0005 0.0024
w, | 0.0814 | 0.4299 0.0572 0.0907 0.0614 0.2794
rank 4 1 6 3 5 2
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S. COMPARATIVE ANALYSIS

In the papers on the proposal of new MCDM methods, it is mandatory to verify the results
obtained with the existing MCDM methods through comparison analysis (CA). In our case, we
compared the proposed LOGSTA method with other objective methods to determine the weight
of the criteria: CRITIC [11, 40], Entropy [10], and MEREC [41]. Figs. 2 and 3 show the results
of the CA with the above methods for the 7x5 and 6x6 respectively. Fig. 2 shows that the
LOGSTA method gives good results in comparison to other MCDM methods. In case when all
criteria are simulated as beneficial, the most significant criterion is identical with CRITIC and
Entropy methods, while in comparison with MEREC method the most important and second
important criteria changed places. Considering only beneficial criteria for matrix 7x5 it can be
concluded that the results provided with the LOGSTA method are less correlated with CRITIC,
while the Entropy and MEREC have high correlation. The same conclusion can be derived in
case that all criteria are simulated as cost criteria, with note that the most important criterion is
C1 in the whole comparative analysis. In third case where considered criteria are both type
LOGSTA method gives same results as MEREC method, while Entropy and CRITIC showed
some differences.

5
4
£
2
1
B ClIC2C3C4C5 CcClCca2Cc3cCc4c5ecBLC1Ic2e3c¢4c6s
Criterion
e CRITIC e=———ENTROPY e——MEREC ——LOGSTA

Figure 2: Results of the comparative analysis for the 7x5 matrix.

Fig. 3 shows that the LOGSTA method gives good results in comparison to other MCDM
methods, but with a higher difference in comparison to the 7x5 matrix. In case when all criteria
are simulated as beneficial, the most significant criterion is identical with the Entropy method,
while in comparison with MEREC and CRITIC methods, there is a variety in three positions. The
LOGSTA method provides results closer to other methods where all criteria belong to the cost
group, so C2 is the most important criterion in all comparative analyses except the CRITIC
method. In case where we have a combination of both types of criteria, results are very different
so next should be calculated correlation coefficients to check exact correlations.

Rank
— N WA N

B CIC2C3C4C5C6 C C1C2C3C4C5C6CBC1C2C3C4C5C6

Criterion

CRITIC —ENTROPY ——MEREC ——LOGSTA

Figure 3: Results of the comparative analysis for the 6x6 matrix.

Fig. 4 shows the deviation in the ranks of different methods in relation to LOGSTA with
different criterion orientation structures for matrix 7x5 (left) and for matrix 6x6 (right).
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c1 c2 C3 4 Cc5

s CRITIC s ENTROPY MEREC BCRITIC BENTROPY BMEREC

Figure 4: Stdev in ranking criteria of LOGSTA and three other MCDM methods for matrix 7x5 (left)
and for matrix 66 (right).

Depending on the structure of the orientation of the criteria, it can be concluded that the
smallest deviation when modelling the MCDM problem exists in the case where there are only
cost criteria, while in the structure of the combination of cost and benefit criteria, the largest
deviation occurs, which reaches the maximum compared to the CRITIC method (2.828). To
prove the stability of the proposed LOGSTA method, we have calculated the correlation
coefficients WS [42, 43] and SCC [44, 45] which are shown in Fig. 5.

The average values for the group of benefit-cost criteria (SCC = 0.650 and WS =0.744) of
the calculated correlation coefficients show differences in the mutual comparison of LOGSTA
and other methods. An extreme difference is obtained in comparison to the CRITIC method.
The average values in the situation when the criteria in model are only beneficial (SCC=0.900
and W5=0.901) or only cost (SCC=0.925 and WS5=0.953) show high correlation in total. In the
square matrix in which the initial matrices are also simulated, it can be seen that the LOGSTA
method, compared to other methods and the previous analysis with the 7x5 matrix, has larger
deviations, that is, smaller matches in the ranks. The highest value of the deviation is also 2.828,
which appears more than once in the analysis, and in general, the average value of the standard
deviation is quite higher compared to the non-square matrix. In the case of a square matrix, the
ranks obtained with the LOGSTA method have small correlation in the comparative analysis
with other methods (Fig. 6), which is a consequence of a different normalisation process and
the fact that the LOGSTA method uses the natural logarithm twice in its procedure.

2500 2510

™ \/ N ’
(N |||iJ\/./ I :i:: \l/f’\l / I/I\\I

D50 cMTC ENTROPY MEFEC LOGSTA AV | CRITIC EVROPY MERGC |LOGSIA AV | CHITC INTRCPT MEREC LOGSTA AV 0 qric ENMOPY MEREC |10GSTA AV | CRITIC ENTROPY MENEC LOGSTA AV | CRITIC ENTROFY MEREC LOGSTA| AV

W5 Q53 LO0 OW Lem 031 AES LOM LW0 LN 03 D& 03 L0 Lo 0 —s 03 0BG DD LW 0GR 03 086 09N L0 084 a3 0T® 0 Lk o
=500 QN0 LOD DI WD 00 A0 Lo Lmg Le0 088 00 010 L0 L0 0 —C 043 033 034 LON 059 0l 085 038 Lhob 08B 038 DM 085 Lo 0Im

—CC — —_—C —

Figure 5: SCC and WS correlation coefficients in ~ Figure 6: SCC and WS correlation coefficients in
comparative analysis for matrix 7x5. comparative analysis for matrix 6x6.

6. CONCLUSION

In this paper, we have developed a new method based on LOGarithmic normalisation and
STAndard deviation (LOGSTA) to determine objective criteria weights. This method allows

597



Stevic, Ulutas, Topal, Marinkovic, Cavoski: A New Objective Method for Determining Criteria ...

simple and easy computation in cases where quantitative data are available, and it is needed to
consider both types of criteria. We have demonstrated the application of the LOGSTA method
on a square matrix and a non-square matrix, sized 6x6 and 7x5, respectively. The results obtained
have been checked and compared with the three main methods used for calculating the criteria
weights: CRITIC, Entropy, and MEREC. It is important to note that this method in comparison
with Entropy considers type of criteria and due to that criteria weights are various, which should
be in each method for determining the criteria weights. In comparison to different methods,
LOGSTA shows various ranks. However, in some cases, it is fully correlated, which has been
provided with SCC and WS correlation coefficients. Our proposed method provides consideration
of both types of criteria, a separate normalization process for benefit and cost criteria, a different
normalization procedure compared to CRITIC, Entropy, and MEREC methods, the application
of natural logarithm twice, and a combination with standard deviation. Future research related to
developed methods should be manifested with application of real case studies, extension of
various forms of uncertainties, and combination with methods for ranking potential variants
potentially also as a part of hybrid approaches [46]. Future research related to the developed
method should be manifested with the application of real case studies, the extension of various
forms of uncertainties, and the combination with methods to classify potential variants.

REFERENCES

[1] Tadi¢, D.; Luki¢, J.; Komatina, N.; Marinkovi¢, D.; Pamucar, D. (2025). A fuzzy decision-making
approach to electric vehicle evaluation and ranking, Technical Gazette, Vol. 32, No. 3, 1066-1075,
doi:10.17559/TV-20250223002410

[2] Pilavachi, P. A.; Stephanidis, S. D.; Pappas, V. A.; Afgan, N. H. (2009). Multi-criteria evaluation of
hydrogen and natural gas fuelled power plant technologies, Applied Thermal Engineering, Vol. 29,
Nos. 11-12,2228-2234, doi:10.1016/j.applthermaleng.2008.11.014

[3] Saaty, T. L. (1980). The Analytic Hierarchy Process. McGraw Hill, New York

[4] Tomi¢, V.; Marinkovi¢, D.; Markovi¢, D. (2014). The selection of logistic centers location using
multi-criteria comparison: case study of the Balkan Peninsula, Acta Polytechnica Hungarica, Vol.
11, No. 10, 97-113, doi:10.12700/APH.11.10.2014.10.6

[5] Jana, S.; Giri, B. C.; Sarkar, A.; Jana, C.; Stevi¢, Z.; Radovanovi¢, M. (2024). Application of fuzzy
AHP in priority based selection of financial indices: a perspective for investors, Economics —
Innovative and Economics Research Journal, Vol. 12, No. 1, 27 pages, doi:10.2478/e0ik-2024-0007

[6] Kersuliene, V.; Zavadskas, E. K.; Turskis Z. (2010). Selection of rational dispute resolution method
by applying new step-wise weight assessment ratio analysis (SWARA), Journal of Business
Economics and Management, Vol. 11, No. 2, 243-258, doi:10.3846/jbem.2010.12

[7] Thakkar, J. J. (2021). Decision-making trial and evaluation laboratory (DEMATEL), Multi-Criteria
Decision Making, Springer, Singapore, Vol. 336, 139-159, doi:10.1007/978-981-33-4745-8 9

[8] Kizielewicz, B.; Tomczyk, T.; Gandor, M.; Satabun, W. (2024). Subjective weight determination
methods in multi-criteria decision-making: a systematic review, Procedia Computer Science, Vol.
246, 5396-5407, doi:10.1016/j.procs.2024.09.673

[9] Alfares H. K.; Duffuaa, S. O. (2016). Simulation-based evaluation of criteria rank-weighting methods
in multi-criteria decision-making, International Journal of Information Technology & Decision
Making, Vol. 15, No. 01, 43-61, doi:10.1142/S0219622015500315

[10] Shannon, C. E.; Weaver, W. (1964). The Mathematical Theory of Communication, University of
Illinois Press, Urbana

[11] Diakoulaki, D.; Mavrotas, G.; Papayannakis, L. (1995). Determining objective weights in multiple
criteria problems: the CRITIC method, Computers & Operations Research, Vol. 22, No. 7, 763-770,
doi:10.1016/0305-0548(94)00059-H

[12] Stevié, Z.; Baydas, M.; Kavacik, M.; Ayhan, E.; Marinkovié¢, D. (2024). Selection of data conversion
technique via sensitivity-performance matching: ranking of small e-Vans with PROBID method,
Facta  Universitatis, Series: Mechanical Engineering, Vol. 22, No. 4, 643-671,
doi:10.22190/FUME240305023S

598


https://doi.org/10.17559/TV-20250223002410
https://doi.org/10.1016/j.applthermaleng.2008.11.014
https://doi.org/10.12700/APH.11.10.2014.10.6
https://doi.org/10.2478/eoik-2024-0007
https://doi.org/10.3846/jbem.2010.12
https://doi.org/10.1007/978-981-33-4745-8_9
https://doi.org/10.1016/j.procs.2024.09.673
https://doi.org/10.1142/S0219622015500315
https://doi.org/10.1016/0305-0548(94)00059-H
https://doi.org/10.22190/FUME240305023S

Stevic, Ulutas, Topal, Marinkovic, Cavoski: A New Objective Method for Determining Criteria ...

[13] Petrovi¢, N.; Jovanovi¢, V.; Petrovi¢, M.; Nikoli¢, B.; Mihajlovi¢, J. (2025). Comparative
investigation of normalization techniques and their influence on MCDM ranking — a case study,
Spectrum of Mechanical Engineering and Operational Research, Vol. 2, No. 1, 172-190,
doi:10.31181/smeor21202542

[14] Keshavarz-Ghorabaee, M.; Amiri, M.; Zavadskas, E. K.; Turskis, Z.; Antucheviciene, J. (2021).
Determination of objective weights using a new method based on the removal effects of criteria
(MEREC), Symmetry, Vol. 13, No. 4, Paper 525, 20 pages, doi:10.3390/sym13040525

[15] Zavadskas, E. K.; Podvezko, V. (2016). Integrated determination of objective criteria weights in
MCDM, International Journal of Information Technology & Decision Making, Vol. 15, No. 02, 267-
283, do0i:10.1142/50219622016500036

[16] Sahoo, M.; Sahoo, S.; Dhar, A.; Pradhan, B. (2016). Effectiveness evaluation of objective and
subjective weighting methods for aquifer vulnerability assessment in urban context, Journal of
Hydrology, Vol. 541, Part B, 1303-1315, do0i:10.1016/j.jhydrol.2016.08.035

[17] Chodha, V.; Dubey, R.; Kumar, R.; Singh, S.; Kaur, S. (2022). Selection of industrial arc welding
robot with TOPSIS and Entropy MCDM techniques, Materials Today. Proceedings, Vol. 50, Part 5,
709-715, doi:10.1016/j.matpr.2021.04.487

[18] Wang, C.-N.; Le, T. Q.; Chang, K.-H.; Dang, T.-T. (2022). Measuring road transport sustainability
using MCDM-based entropy objective weighting method, Symmetry, Vol. 14, No. 5, Paper 1033, 19
pages, doi:10.3390/sym14051033

[19] Yadav, R.; Singh, M.; Meena, A.; Lee, S.-Y.; Park, S.-J. (2023). Selection and ranking of dental
restorative composite materials using hybrid Entropy-VIKOR method: an application of MCDM
technique, Journal of the Mechanical Behavior of Biomedical Materials, Vol. 147, Paper 106103, 8
pages, doi:10.1016/j.jmbbm.2023.106103

[20] Yiicenur, G. N.; Maden, A. (2024). Sequential MCDM methods for site selection of hydroponic
geothermal greenhouse: ENTROPY and ARAS, Renewable Energy, Vol. 226, Paper 120361, 9
pages, doi:10.1016/j.renene.2024.120361

[21] Wang, C.-N.; Nguyen, N.-A.-T.; Dang, T.-T. (2023). Sustainable evaluation of major third-party
logistics providers: a framework of an MCDM-based entropy objective weighting method,
Mathematics, Vol. 11, No. 19, Paper 4203, 27 pages, doi:10.3390/math11194203

[22] Jameel, T.; Riaz, M.; Aslam, M.; Pamucar, D. (2024). Sustainable renewable energy systems with
entropy based step-wise weight assessment ratio analysis and combined compromise solution,
Renewable Energy, Vol. 235, Paper 121310, 19 pages, doi:10.1016/j.renene.2024.121310

[23] Yu, H.; Gao, Y.; Yang, L.; Liu, F.; Gao, X.; Tan, Q. (2023). Knowledge reasoning of transmission
line component detection using CRITIC and TOPSIS approaches, Sofi Computing, Vol. 27, No. 2,
991-1004, doi:10.1007/s00500-022-07540-8

[24] Ranjan, R.; Rajak, S.; Chatterjee, P. (2023). Material selection for sintered pulley in automobile: an
integrated CRITIC-MARCOS model, Reports in Mechanical Engineering, Vol. 4, No. 1, 225-240,
doi:10.31181/rme040105102023r

[25] Dhara, A.; Kaur, G.; Kishan, P. M.; Majumder, A.; Yadav, R. (2021). An efficient decision support
system for selecting very light business jet using CRITIC-TOPSIS method, dircraft Engineering
and Aerospace Technology: An International Journal, Vol. 94, No. 3,458-472, doi:10.1108/AEAT-
04-2021-0135

[26] Ali, J.; Hussain, K. N.; Alnoor, A.; Muhsen, Y. R.; Atiyah, A. G. (2024). Benchmarking methodology
of banks based on financial sustainability using CRITIC and RAFSI techniques, Decision Making:
Applications in Management and Engineering, Vol. 7,No. 1,315-341, doi:10.31181/dmame712024945

[27] Mastilo, Z.; Stili¢, A.; Gligovi¢, D.; Puska, A. (2024). Assessing the banking sector of Bosnia and
Herzegovina: an analysis of financial indicators through the MEREC and MARCOS methods, Journal
of Central Banking Theory and Practice, Vol. 13, No. 1, 167-197, doi:10.2478/jcbtp-2024-0008

[28] Wang, Q.; Cheng, T.; Lu, Y.; Liu, H.; Zhang, R.; Huang, J. (2024). Underground mine safety and
health: a hybrid MEREC—CoCoSo system for the selection of best sensor, Sensors, Vol. 24, No. 4,
Paper 1285, 24 pages, d0i:10.3390/s24041285

[29] Popovi¢, G.; Pucar, D.; Smarandache, F. (2022). MEREC-COBRA approach in e-commerce
development strategy selection, Journal of Process Management and New Technologies, Vol. 10,
Nos. 3-4, 66-74, d0i:10.5937/jpmnt10-41073

599


https://doi.org/10.31181/smeor21202542
https://doi.org/10.3390/sym13040525
https://doi.org/10.1142/S0219622016500036
https://doi.org/10.1016/j.jhydrol.2016.08.035
https://doi.org/10.1016/j.matpr.2021.04.487
https://doi.org/10.3390/sym14051033
https://doi.org/10.1016/j.jmbbm.2023.106103
https://doi.org/10.1016/j.renene.2024.120361
https://doi.org/10.3390/math11194203
https://doi.org/10.1016/j.renene.2024.121310
https://doi.org/10.1007/s00500-022-07540-8
https://doi.org/10.31181/rme040105102023r
https://doi.org/10.1108/AEAT-04-2021-0135
https://doi.org/10.1108/AEAT-04-2021-0135
https://doi.org/10.31181/dmame712024945
https://doi.org/10.2478/jcbtp-2024-0008
https://doi.org/10.3390/s24041285
https://doi.org/10.5937/jpmnt10-41073

Stevic, Ulutas, Topal, Marinkovic, Cavoski: A New Objective Method for Determining Criteria ...

[30] Ivanovi¢, B.; Saha, A.; Stevié, 7.; Puska, A.; Zavadskas, E. K. (2022). Selection of truck mixer
concrete pump using novel MEREC DNMARCOS model, Archives of Civil and Mechanical
Engineering, Vol. 22, No. 4, Paper 173, 21 pages, doi:10.1007/s43452-022-00491-9

[31] Ulutas, A. Balo, F.; Topal, A. (2023). Identifying the most efficient natural fibre for common
commercial building insulation materials with an integrated PSI, MEREC, LOPCOW and MCRAT
model, Polymers, Vol. 15, No. 6, Paper 1500, 23 pages, doi:10.3390/polym15061500

[32] Naz, S.; Shafig, A.; Butt, S. A. (2024). CILOS-WASPAS approach based on Schweizer—Sklar
power operators for evaluating cosmetic brands in a group decision-making environment, Granular
Computing, Vol. 9, No. 3, Paper 59, 37 pages, doi:10.1007/s41066-024-00481-7

[33] Sahin Macit, N. (2023). Evaluation of the macroeconomic performance of selected European and
Central Asian countries by CILOS based AROMAN method, Eurasian Business and Economics
Journal, Vol. 34, 31-48, doi:10.17740/eas.econ.2023-V34-03

[34] Nebati, E. E. (2022). Selection of LED technology integrated CILOS-COPRAS approach, The
Journal of Quantitative Research in Social Sciences, Vol. 2, No. 2, 152-162

[35] Ozdemir, S. (2024). Unveiling environmental resilience: a data-driven multi-criteria decision-making
approach, Environmental Impact Assessment Review, Vol. 108, Paper 107607, 14 pages,
doi:10.1016/j.eiar.2024.107607

[36] Chatterjee, S.; Das, P. P.; Chakraborty, S. (2025). An integrated MCDM approach for dielectric fluid
selection during electrical discharge machining of aluminum bronze alloy, Multidiscipline Modeling
in Materials and Structures, Vol. 21, No. 3, 570-591, doi:10.1108/MMMS-07-2024-0207

[37] Camlibel, F. (2022). Evaluation of life and pension companies performance with SD and
MARCOS methods, International Journal of Insurance and Finance, Vol. 2, No. 2, 16 pages,
doi:10.52898/ijif.2022.6

[38] Vavrek, R. (2024). How much is too much: a case study of local self-government units in Slovakia
using absolute variability to determine the importance of financial criteria in MCDM analysis, PLoS
ONE, Vol. 19, No. 10, Paper 0311842, 28 pages, doi:10.1371/journal.pone.0311842

[39] Topal, A.; Ulutas, A. (2024). Evaluating the logistics performance of G8 nations using multi-
criteria decision-making models, Journal of Intelligent Management Decision, Vol. 3, No. 3, 150-
158, d0i:10.56578/jimd030302

[40] Paji¢, V.; Andreji¢, M.; Poledica, M. (2024). A novel approach based on CRITIC-MOOSRA
methods for evaluation and selection of cold chain monitoring devices, Journal of Intelligent
Management Decision, Vol. 3, No. 2, 68-76, doi:10.56578/jimd030201

[41] Puska, A.; Stojanovi¢, I; Stilié, A. (2023). The influence of objective weight determination
methods on electric vehicle selection in urban logistics, Journal of Intelligent Management
Decision, Vol. 2, No. 3, 117-129, do01:10.56578/jimd020302

[42] Wigckowski, J.; Kizielewicz, B.; Shekhovtsov, A.; Satabun, W. (2023). How do the criteria affect
sustainable supplier evaluation? — A case study using multi-criteria decision analysis methods in a
fuzzy environment, Journal of Engineering Management and Systems Engineering, Vol. 2, No. 1,
37-52, doi:10.56578/jemse020102

[43] Satabun, W.; Urbaniak, K. (2020). A new coefficient of rankings similarity in decision-making
problems, Krzhizhanovskaya, V. V.; Zavodszky, G.; Lees, M. H.; Dongarra, J. J.; Sloot, P. M. A_;
Brissos, S.; Teixeira, J. (Eds.), Computational Science — ICCS 2020, Vol. 12138, Springer, Cham,
632-645, doi:10.1007/978-3-030-50417-5_47

[44] Badi, I.; Stevi¢, Z.; Radovi¢, D.; Risti¢, B.; Cakié, A.; Sremac, S. (2023). A new methodology for
treating problems in the field of traffic safety: case study of Libyan cities, Transport, Vol. 38, No. 4,
190-203, doi:10.3846/transport.2023.20609

[45] Bozani¢, D.; Epler, 1.; Puska, A.; Biswas, S.; Marinkovi¢, D.; Koprivica, S. (2024). Application of
the DIBR II — rough MABAC decision-making model for ranking methods and techniques of lean
organization systems management in the process of technical maintenance, Facta Universitatis,
Series: Mechanical Engineering, Vol. 22, No. 1, 101-123, doi:10.22190/FUME230614026B

[46] Bouraima, M.; Badi, L.; Stevi¢, Z.; Kiptum, C. K.; Pamucar, D.; Marinkovic, D. (2024). A novel
vehicle routing algorithm for route optimization using best-worst method and ranking alternatives for
similarity to ideal solution, Engineering Review, Vol. 44, No. 4—S12024, 57-76, doi:10.30765/er.2597

600


https://doi.org/10.1007/s43452-022-00491-9
https://doi.org/10.3390/polym15061500
https://doi.org/10.1007/s41066-024-00481-7
https://doi.org/10.17740/eas.econ.2023-V34-03
https://doi.org/10.1016/j.eiar.2024.107607
https://doi.org/10.1108/MMMS-07-2024-0207
https://doi.org/10.52898/ijif.2022.6
https://doi.org/10.1371/journal.pone.0311842
https://doi.org/10.56578/jimd030302
https://doi.org/10.56578/jimd030201
https://doi.org/10.56578/jimd020302
https://doi.org/10.56578/jemse020102
https://doi.org/10.1007/978-3-030-50417-5_47
https://doi.org/10.3846/transport.2023.20609
https://doi.org/10.22190/FUME230614026B
https://doi.org/10.30765/er.2597

