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ABSTRACT

The assignment of weights to criteria plays a vital role in addressing multi-objective optimization problems
in general and Multi-Criteria Decision-Making (MCDM) problems in particular. This study introduces a
new approach for calculating criteria weights, referred to as the Combined PSI-ROC Weight method, and
operates in two stages. First, the Preference Selection Index (PSI) method is applied to determine the
priority order of the criteria, and then the Rank Order Centroid (ROC) method is used to calculate the
weights based on this established order. The effectiveness of the Combined PSI-ROC weight method was
tested using two randomly generated numerical examples and one case study involving the evaluation of
fire-resistant material criteria. The results indicate that the proposed method outperforms the PSI and
Entropy weight methods in maintaining the rank stability of alternatives when assessed by different
MCDM techniques. Specifically, the average Spearman correlation coefficients between rankings
generated by MCDM methods reached 0.9467, 0.8933, and 0.9444, respectively, when using PSI-ROC
weights. In comparison, the PSI method achieved coefficients of 0.8067, 0.8076, and 0.9016, while the
Entropy method produced values of 0.9267, 0.7162, and 0.8873.

Keywords-Multi-Criteria Decision-Making (MCDM); criteria weighting; PSI method; ROC method; combined
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I.  INTRODUCTION

When solving MCDM problems, it is often necessary to use
several different methods simultaneously, as each may yield a
ranking of alternative solutions that is not entirely consistent
with the others [1]. Several factors contribute to this situation,
including the use of different algorithms within each method,
the application of various data normalization techniques, and
the implementation of distinct weighting methods [2]. The
weights of the criteria reflect their importance and have a
significant impact on the results of multi-objective optimization
problems [3]. Also, the choice of a weighting method for the
criteria needs to ensure the stability of the alternative rankings
when they are ranked by different MCDM methods [4].
However, selecting an appropriate weighting method is
challenging due to the wide variety of available approaches,
ranging from objective to subjective methods [5].

Different strategies have been explored to address this
challenge. Some studies have focused on comparing existing
weighting methods [6], while others have combined multiple
methods to achieve improved performance [7, 8]. Researchers

have begun repurposing criteria ranking methods as weighting
methods. For example, the R method, originally designed to
rank alternatives, has been adapted to calculate criteria weights.
It has been shown that applying these weights within other
MCDM methods produces more reliable results than using the
R method directly for ranking. Nonetheless, when used in this
way, the R method becomes a subjective approach, as the
weights depend on the decision maker’s personal judgments
regarding the importance of criteria [9].

The PSI method, also intended for ranking alternatives, has
similarly been adapted for calculating criteria weights. These
weights have then been applied in methods such as TOPSIS
and MABAUQ, yielding better performance compared to directly
applying PSI for ranking [10]. In [11], PSI-derived weights
were integrated with RAPS and MCRAT methods, again
demonstrating improved results over using PSI alone. These
findings suggest that employing PSI as a weighting method is
an innovative and effective approach. However, because PSI is
classified as an objective weighting method, it does not
incorporate expert judgments on the importance of the criteria.
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So, it may sometimes lead to decisions that overlook valuable 1<1
domain knowledge [12, 13]. Wiroe = — Z; ®)
k=i

Both purely subjective and purely objective weighting
methods have inherent limitations. To overcome the latter, the
present study proposes a combined approach that integrates
subjective and objective elements, thereby capitalizing on the
strengths of each while reducing their weaknesses. The PSI
method was selected as the subjective component for its
demonstrated advantages, while the ROC method was chosen
as the objective component. ROC has been reported to achieve
up to 96% accuracy in identifying the best alternative [14], and
its key advantage lies in minimizing the errors associated with
individual weight assignments by determining the "centroid of
potential weights" while maintaining the established ranking
order.

II. THE PROPOSED MODEL

The steps for the PSI method [15], which is one of the two
components of the developed model, are:

Step 1: Construct a decision matrix consisting of m
alternatives and n criteria. Let y; be the value of criterion j for
alternative i, where j=1...n and i=1...m.

Step 2: Classify the criteria "larger is better" as B and
"smaller is better" as C, and normalize the data using:

Yi it jeB
maxy;
n.=1y . €]
b \miny,
— if jeC
Yij

Step 3: Calculate the mean ﬁj of the normalized data using:

_ 1
i =15, o
n D

Step 4: Determine the deviation in preference values using:

” 2
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Step 5: Calculate the weights for the criteria using:

.
! )

9
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1

The second method of the model is ROC [16] and its steps
are:

m
=1

Step 1: Rank the criteria in descending order of priority,
where the most important criterion is ranked as 1 and the least
important is ranked as n.

Step 2: Calculate the weights of the criteria using:

where k is the rank of criterion j.

From the criteria weight values calculated by the PSI
method, the priority ranking of the criteria can be determined,
which corresponds to Step 1 of the ROC method. The criteria
weights calculated by the ROC method then become the
criteria weights of the hybrid PSI-ROC method (Figure 1).

Build a decizion matrix

.

Mormalize the data

v

Calculate the average valus
of the normalized data

.

Determine the deviation in
pricrity values

.

Calculate weights for the
criteria
1
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Calculate final weights for
the criteria

PSI method
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Fig. 1. PSI-ROC combined weighting method.

1. MODEL EVALUATION

To evaluate the performance of the combined PSI-ROC
weighting method, three case studies were conducted. In the
first case, criteria weights were calculated for a decision-
making problem involving five alternatives (Al-AS5), each
characterized by four "larger-is-better" (B-type) criteria (C1-
C4). In the second case, criteria weights were determined for
six alternatives (A1-A6), each evaluated using five "smaller-is-
better" (C-type) criteria (C1-C5). In the third case, criteria
weights were obtained for ranking eight types of fire-resistant
materials, where each alternative was assessed using four B-
type criteria and one C-type criterion.

For all three cases, the weights were computed using the
PSI method, the proposed PSI-ROC method, and the widely
used Entropy method. The resulting weights were then applied
in six MCDM techniques: MOORA, ROV, COCOSO,
TOPSIS, PIV, and RAM, to rank the alternatives. Ranking
stability across these MCDM methods was assessed using
Spearman’s rank correlation coefficient [17, 18], denoted as S,
which is calculated by:
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6y D?
m(m —1)
where D; is the difference in ranking of the alternative i across
methods, and m is the number of alternatives.

A. Case ]

In the first case, the decision problem involved five
alternatives (A1-A5) and four B-type criteria (C1-C4). Using
(1-4) on input data (Table I), the criteria weights were obtained
with the PSI method. The corresponding priority order was
then applied in (5) to determine the ROC-based weights,
leading to the combined PSI-ROC weighting. The results were
then compared with those of the Entropy method (Table II).
The alternatives were ranked using the six MCDM methods for
each weighting approach (Tables III-V), and the Spearman
coefficients between methods were then calculated (Tables VI-
VIID).

TABLE L. CASE 1 INPUT DATA

Alt. C1 C2 C3 C4
Al 21 5.5 102 68
A2 24 5 106 64
A3 20 4.8 100 70
A4 25 4 101 66
AS 18 43 94 65

TABLE IL CRITERIA WEIGHTS
Weight method C1 C2 C3 C4
0.2434 0.2453 0.2554 0.2559
PSI Priority order
4 3 2 1
PSI-ROC 0.063 0.146 0.271 0.521
Entropy 0.2457 0.3078 0.2211 0.2254
TABLE IIIL. ALTERNATIVE RANKINGS FOR THE PSI
METHOD
Alt. | MOORA | ROV | COCOSO | TOPSIS | PIV | RAM
Al 2 1 1 2 2 2
A2 1 2 3 1 1 1
A3 4 3 2 4 4 4
A4 3 4 4 3 3 3
AS 5 5 5 5 5 5
TABLEIV. ALTERNATIVE RANKINGS FOR THE PSI-ROC
METHOD
Alt. | MOORA | ROV | COCOSO | TOPSIS | PIV | RAM
Al 1 2 2 1 1 1
A2 3 3 3 3 3 3
A3 2 1 1 2 2 2
A4 4 4 4 4 4 4
A5 5 5 5 5 5 5
TABLE V. ALTERNATIVE RANKINGS FOR THE ENTROPY
METHOD
Alt. | MOORA | ROV | COCOSO | TOPSIS | PIV | RAM
Al 1 1 1 2 1 1
A2 2 2 3 1 2 2
A3 3 3 2 3 3 3
A4 4 4 4 4 4 4
A5 5 5 5 5 5 5

TABLE VL SPEARMAN COEFFICIENTS FOR THE PSI
METHOD
Method ROV | COCOSO | TOPSIS PIV RAM
MOORA | 0.8000 0.5000 1.0000 1.0000 | 1.0000
ROV 0.9000 0.8000 | 0.8000 | 0.8000
COCOSO 0.5000 | 0.5000 | 0.5000
TOPSIS 1.0000 | 1.0000
PIV 1.0000
Average 0.8067
TABLE VII.  SPEARMAN COEFFICIENTS FOR THE PSI-ROC
METHOD
Method ROV_ | COCOSO | TOPSIS PIV RAM
MOORA | 0.9000 0.9000 1.0000 1.0000 | 1.0000
ROV 1.0000 0.9000 | 0.9000 | 0.9000
COCOSO 0.9000 | 0.9000 | 0.9000
TOPSIS 1.0000 | 1.0000
PIV 1.0000
Average 0.9467
TABLE VIII. SPEARMAN COEFFICIENTS FOR THE ENTROPY
METHOD
Method ROV | COCOSO | TOPSIS PIV RAM
MOORA 1.0000 0.9000 0.9000 1.0000 | 1.0000
ROV 0.9000 0.9000 1.0000 | 1.0000
COCOSO 0.7000 | 0.9000 | 0.9000
TOPSIS 0.9000 | 0.9000
PIV 1.0000
Average 0.9267

The findings showed that PSI-ROC achieved the highest
stability with all Spearman coefficients, meaning greater than
0.9 and an average of 0.9467, in contrast with the PST method,
which had an average of 0.8067, and the Entropy method,
which obtained 0.9267. This indicates that PSI-ROC
significantly enhances the ranking consistency across different
MCDM methods [19].

B. Case 2

In the second case, six alternatives (A1-A6) were evaluated
using five C-type criteria (Table IX). Following the same
procedure as in case one, the weights were determined using
PSI, PSI-ROC, and Entropy, and then the rankings and
Spearman coefficients were calculated (Tables X-XII).

TABLE IX. CASE 2 INPUT DATA
Alt. C1 c2 C3 C4 Cs
Al 205 1.7 77 22.1 41
A2 200 1.8 65 23 38
A3 208 2.5 60 18.4 40
A4 210 2.3 72 22 44
A5 212 1.6 70 23.1 50
A6 223 2 74 25.2 43.5
TABLE X. SPEARMAN COEFFICIENTS FOR THE PSI
METHOD
Method | ROV | COCOSO | TOPSIS PIV RAM
MOORA | 1.0000 | 0.8286 0.5714 1.0000 1.0000
ROV 0.8286 0.5714 1.0000 1.0000
COCOSO 0.5143 0.8286 | 0.8286
TOPSIS 0.5714 | 0.5714
PIV 1.0000
Average 0.8076
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TABLE XI. SPEARMAN COEFFICIENTS FOR THE PSI-ROC
METHOD
Method | ROV | COCOSO | TOPSIS PIV RAM
MOORA | 1.0000 0.9429 0.7143 1.0000 | 1.0000
ROV 0.9429 0.7143 1.0000 | 1.0000
COCOSO 0.7714 0.9429 | 0.9429
TOPSIS 0.7143 | 0.7143
PIV 1.0000
Average 0.8933
TABLE XII.  SPEARMAN COEFFICIENTS FOR THE ENTROPY
METHOD
Method ROV | COCOSO | TOPSIS PIV RAM
MOORA | 0.8000 0.5714 0.7429 1.0000 | 1.0000
ROV 0.7143 0.3143 0.8000 | 0.8000
COCOSO 0.3714 0.5714 | 0.5714
TOPSIS 0.7429 | 0.7429
PIV 1.0000
Average 0.7162

The lowest Spearman coefficient was 0.5143 for PSI and
0.3143 for Entropy, compared with a much higher 0.7143 for
PSI-ROC. The average correlation was also the highest for
PSI-ROC (0.8933), compared with PSI (0.8076) and Entropy
(0.7162). Both of these observations demonstrate that PSI-ROC
improves the ranking stability.

C. Case 3

In the third case, the evaluation focused on 8 fire-resistant
materials: PVC, SATH/PVC, 10ATH/PVC, 15ATH/PVC,
5ZB/PVC, 10ZB/PVC, 15ZB/PVC, and SATH/5ZB/PVC. The
parameters taken into account when processing the data (Table
XII) were the tensile strength at break, the elongation at
break, the elastic modulus, the total burning time, and the
limiting oxygen index (C1-C5). Among these, C4 was a C-type
criterion, while the rest were B-type.

TABLE XIII.  CASE 3 INPUT DATA

Alt. C1 Cc2 c3 Cc4 Cs

PVC 25.7 | 289.5 30.1 7.5 25.5
SATH/PVC 24.8 | 260.6 32.7 3.5 28.1
10ATH/PVC 22.5 | 205.1 33.1 1.9 30
15SATH/PVC 235 | 274.1 33.6 0.5 32
5ZB/PVC 214 | 2573 32 3.8 27.8
10ZB/PVC 214 | 2573 32.3 2.1 29.8
15ZB/PVC 19.2 240 33 0.7 31.7
SATH/5ZB/PVC 24.2 271 33.3 1.7 30.3

The results of the Spearman coefficients (Tables XIV-XVI)
also confirmed in this case that the PSI-ROC method delivered
the most consistent rankings, with an average coefficient of
0.9444, compared with 0.9016 for PSI and 0.8873 for Entropy.

TABLE XIV. SPREARMAN COEFFICIENTS FOR THE PSI

METHOD

Method ROV _| COCOSO | TOPSIS | PIV RAM

MOORA | 0.8095 0.8095 0.9048 | 0.9048 | 0.9762

ROV 0.8571 0.9048 | 0.9762 | 0.8571

COCOSO 0.9524 | 0.8810 | 0.8810

TOPSIS 0.9286 | 0.9524

PIV 0.9286
Average 0.9016

TABLE XV.  SPEARMAN COEFFICIENTS FOR THE PSI-ROC
METHOD
Method ROV | COCOSO | TOPSIS | PIV RAM
MOORA | 0.9524 0.8571 0.9762 | 0.9762 | 1.0000
ROV 0.8810 0.9762 | 0.9762 | 0.9524
COCOSO 0.9048 | 0.9048 | 0.8571
TOPSIS 1.0000 | 0.9762
PIV 0.9762
Average 0.9444
TABLE XVI. SPEARMAN COEFFICIENTS FOR THE ENTROPY
METHOD
Method ROV | COCOSO | TOPSIS | PIV RAM
MOORA | 0.8810 0.7143 1.0000 | 0.9762 | 1.0000
ROV 0.8810 0.8810 | 0.9048 | 0.8810
COCOSO 0.7143 | 0.8095 | 0.7143
TOPSIS 0.9762 | 1.0000
PIV 0.9762
Average 0.8873

In all three examples, the PSI-ROC method consistently
achieved higher average Spearman coefficients compared with
PSI and Entropy. Despite the differences in the problem size
and criteria types, PSI-ROC repeatedly outperformed the other
two methods. Its advantage arises from combining the
objective nature of PSI with the ranking-based robustness of
ROC, thus capturing the "centroid of potential weights"
perspective.

It is revealed that the PSI-ROC method provides more
stable and reliable alternative rankings across different MCDM
approaches. It is, therefore, proposed as an effective alternative
to both PSI and Entropy for calculating criteria weights.

IV. CONCLUSIONS

This study combined two methods, Preference Selection
Index (PSI) and Rank Order Centroid (ROC), and introduced
the weighting approach PSI-ROC, which integrates the
strengths of both methods. The effectiveness of PSI-ROC was
validated through three cases. The findings demonstrated that
when PSI-ROC is employed to calculate criteria weights, the
resulting alternative rankings consistently exhibit higher
stability across multiple Multi-Criteria Decision-Making
(MCDM) methods, outperforming both the PSI and Entropy
approaches.

For future work, applying PSI-ROC to other decision-
making problems in place of PSI or Entropy is proposed.
However, it should be noted that PSI-ROC cannot be applied
directly when the maximum value of a B-type criterion equals
zero or when any C-type criterion takes the value zero. In such
cases, alternative data normalization procedures must be
adopted. This limitation highlights the need for further research
into handling these special cases. In addition, extending the
PSI-ROC framework to accommodate qualitative criteria
represents an important direction for future studies, which
could further enhance the robustness and applicability of the
method.

REFERENCES

[1] M. Bennani, F. Jawab, Y. Hani, A. EIMhamedi, and D. Amegouz, "A
Hybrid MCDM for the Location of Urban Distribution Centers under

www.etasr.com

Son et al.: The Combined PSI-ROC Weight Model



Engineering, Technology & Applied Science Research

Vol. 15, No. 6, 2025, 29235-29239 29239

(21

(41

(51

(6]

(71

(81

[91

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Uncertainty: A Case Study of Casablanca, Morocco," Sustainability, vol.
14, no. 15, Jan. 2022, Art. no. 9544, https://doi.org/10.3390/su14159544.

D. D. Trung, H. T. Dung, N. C. Bao, and D. V. Duc, "A novel approach
for determining criteria weights: application in ranking materials for
mechanical manufacturing processes," Manufacturing Review, vol. 12,
2025, Art. no. 16, https://doi.org/10.1051/mfreview/2025014.

A. Puska, M. Nedeljkovi¢, D. Pamucar, D. BozZani¢, and V. Simi¢,
"Application of the new simple weight calculation (SIWEC) method in
the case study in the sales channels of agricultural products," MethodsX,
vol. 13, Dec. 2024, Atrt. no. 102930,
https://doi.org/10.1016/j.mex.2024.102930.

T. V. Dua, D. V. Duc, N. C. Bao, and D. D. Trung, "Integration of
objective weighting methods for criteria and MCDM methods:
application in material selection," EUREKA: Physics and Engineering,
no. 2, pp. 131-148, Mar. 2024, https://doi.org/10.21303/2461-
4262.2024.003171.

M. A. Hatefi, "An Improved Rank Order Centroid Method (IROC) for
Criteria Weight Estimation: An Application in the Engine/Vehicle
Selection Problem," Informatica, vol. 34, no. 2, pp. 249-270, Jan. 2023,
https://doi.org/10.15388/23-INFOR507.

N. T. D. Linh, N. H. Son, and D. X. Thao, "Evaluating the Impact of
Weighting Methods on the Stability of Scores for Alternatives in Multi-
Criteria Decision-Making Problems," Engineering, Technology &
Applied Science Research, vol. 15, no. 1, pp. 19998-20004, Feb. 2025,
https://doi.org/10.48084/etasr.9518.

M. Alemi-Ardakani, A. S. Milani, S. Yannacopoulos, and G. Shokouhi,
"On the effect of subjective, objective and combinative weighting in
multiple criteria decision making: A case study on impact optimization
of composites," Expert Systems with Applications, vol. 46, pp. 426-438,
Mar. 2016, https://doi.org/10.1016/j.eswa.2015.11.003.

B. Németh et al., "Comparison of weighting methods used in
multicriteria decision analysis frameworks in healthcare with focus on
low- and middle-income countries," Journal of Comparative
Effectiveness Research, vol. 8, no. 4, pp. 195-204, Mar. 2019,
https://doi.org/10.2217/cer-2018-0102.

S. Zakeri, D. Konstantas, P. Chatterjee, and E. K. Zavadskas, "Soft
cluster-rectangle method for eliciting criteria weights in multi-criteria
decision-making," Scientific Reports, vol. 15, no. 1, Jan. 2025, Art. no.
284, https://doi.org/10.1038/s41598-024-81027-4.

R. N. Wardany and Zahedi, "A study comparative of PSI, PSI-TOPSIS,
and PSI-MABAC methods in analyzing the financial performance of
state-owned enterprises companies listed on the Indonesia stock
exchange," Yugoslav Journal of Operations Research, vol. 35, no. 2, pp.
313-330, 2025, https://doi.org/10.2298/YJOR240115017W.

T. V. Dua, "Development of the PSI-RAPS-MCRAT method: a hybrid
model," EUREKA: Physics and Engineering, no. 1, pp. 141-151, 2025,
https://doi.org/10.21303/2461-4262.2025.003404.

A. R. Paramanik, S. Sarkar, and B. Sarkar, "OSWMI: An objective-
subjective weighted method for minimizing inconsistency in multi-
criteria decision making," Computers & Industrial Engineering, vol.
169, Jul. 2022, Art. no. 108138,
https://doi.org/10.1016/j.cie.2022.108138.

P. Valentinas, Z. Edmundas Kazimieras, and P. Askoldas, "An
Extension of the New Objective Weight Assessment Methods CILOS
and IDOCRIW to Fuzzy MCDM," Economic Computation and
Economic Cybernetics Studies and Research, vol. 54, no. 2, pp. 59-75,
Jun. 2020, https://doi.org/10.24818/18423264/54.2.20.04.

T. Varshney et al., "Investigation of rank order centroid method for
optimal generation control," Scientific Reports, vol. 14, no. 1, May 2024,
Art. no. 11267, https://doi.org/10.1038/s41598-024-61945-z.

K. Maniya and M. G. Bhatt, "A selection of material using a novel type
decision-making method: Preference selection index method," Materials
& Design, vol. 31, no. 4, pp. 1785-1789, Apr. 2010,
https://doi.org/10.1016/j.matdes.2009.11.020.

X. T. Hoang, "Multi-Objective Optimization of Turning Process by Fuca
Method," Strojnicky casopis - Journal of Mechanical Engineering, vol.
73, no. 1, pp. 55-66, May 2023, https://doi.org/10.2478/scjme-2023-
0005.

[17]

[18]

[19]

B. Kizielewicz and A. Baczkiewicz, "Comparison of Fuzzy TOPSIS,
Fuzzy VIKOR, Fuzzy WASPAS and Fuzzy MMOORA methods in the
housing selection problem," Procedia Computer Science, vol. 192, pp.
4578-4591, Jan. 2021, https://doi.org/10.1016/j.procs.2021.09.236.

P. Aazagreyir, P. Appiahene, O. Appiah, and S. Boateng, "Comparative
Analysis of Fuzzy Multi-criteria Decision-making Methods for Quality
of Service-based Web Service Selection." Social Science Research
Network, Rochester, NY, 2023, [Online]. Available:
https://papers.ssm.com/abstract=4784837.

D. D. Trung, "Using RAM method for optimal selection of flame
retardant nanocomposite material fabrication solution," EPJ Applied
Metamaterials, vol. 11, 2024, Art. no. 4,
https://doi.org/10.1051/epjam/2024005.

www.etasr.com

Son et al.: The Combined PSI-ROC Weight Model



