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ABSTRACT Determining criteria weights is a frequent issue in multi-criteria decision-making (MCDM)
techniques. The weight given to various criteria can have a significant impact on a decision’s outcome. As a
result, researchers developed numerous methods for determining the criteria’s weights. Weighting methods
can be objective, subjective, or integrated. In this study, the ‘‘Opinion Weight Criteria Method’’ (OWCM)
has been proposed as a new weighting method to specify the criteria weights by integrating the concepts
of objective and subjective weighing. OWCM is keen to extract the weight based on the decision-maker
preferences with zero inconsistency. Some computational analyses were presented to confirm the efficiency
of the OWCM. First, an example of the OWCM’s procedure for calculating the weights for each criterion
is provided. Second, the validity of the new method is provided. Finally, the evaluation and validation are
presented to show the power of the new method. The management implications of the OWCM method
highlight its capacity to improve decision-making by eliminating inconsistencies, aligning with decision-
maker preferences, and fostering transparency. The conducted analyses demonstrate that the OWCM is
efficient in determining the criteria weights.

INDEX TERMS Weight, opinion weight criteria method, OWCM, multi-criteria decision-making.

I. INTRODUCTION
MCDM, an interdisciplinary area, has gained substantial
attention in recent years. This field of study is especially
applicable in circumstances when a certain range of options
must be thoroughly evaluated based on many criteria [1],
[2]. The primary objective of MCDM approaches is to offer
a systematic framework for decision-makers to make logi-
cal, comprehensible, and defensible choices [3], [4]. MCDM
challenges are frequently encountered in many businesses
and decision-making scenarios. The intricacy occurs when
decision-makers must navigate among a plethora of possi-
bilities, each assessed against a set of criteria. These criteria
might include many aspects, such as cost, efficiency, sus-
tainability, and other pertinent elements, depending on the
specific circumstances of the choice [1], [2]. A commonly
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used approach to express MCDM problems is by using a
decision matrix. The matrix represents the decision space by
organizing the options and criteria in a systematic manner.
Every option is evaluated based on each criterion, leading to a
full assessment of the performance of each alternative across
the defined criteria as follows:

C1 C2 . . . Cn

DM =

A1
A2
...

Am


x11 x12
x21 x22

. . . x1n

. . . x2n
...

...

xm1 xm2

...
...

. . . xmn


where A1. . .Am are the potential alternatives to prioritized
by decision-makers; C1. . .Cn are the criteria by which each
alternative is evaluated; xij is the evaluation of Ai concerning
Cj [3], [5]. The decision matrix is an effective instrument
that enables decision-makers to methodically arrange and
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evaluate intricate choice scenarios. MCDM approaches pro-
vide a systematic review process by organizing options and
criteria in an organizedmanner, allowing for both quantitative
and qualitative analysis. The utilization of a matrix-based
representation not only improves the lucidity of the decision
issue, but also establishes the groundwork for the application
of diverse MCDM strategies. In general, if a weight wj (wj ≥

0;
∑
wj = 1) is assigned to criterion j, then can use the

additive weighted value function to obtain Si [5], [6] as shown
in equation 1, where the majority of the MCDMmethods are
built upon:

Si =

n∑
j=1

wjxij (1)

According to Eq.1, the most important value which has
been the impetus of several MCDM methods is how the
weight of the criteria or the vector w = (w1,w2, . . . ..wn) is
obtained [7], [8].

Several MCDM methods can extract the weight for evalu-
ation criteria by converting the decision-makers preferences
into crisp values. These values can be considered as a weight
for the evaluation criteria. The most popular methods are
AHP (Analytic Hierarchy Process) [9], ANP (Analytic Net-
work Process) [10], and BWM (Best Worst Method) [7].
The main concept of AHP and ANP is deriving the weight
of evaluation criteria depending on a pairwise comparison
between the set of evaluation criteria [9], [10], [11]. Pair-
wise comparison was introduced by Thurstone [12]. Pairwise
comparison is a way to extract the weight for the evaluation
criteria [13], [14], [15]. On the other hand, in academic liter-
ature, several researchers have used the BWM technique to
find the weight [16], [17], [18], [19], [20]. The main concept
of BWM is based on assessments of the ideal criterion to
other criteria and the worst criterion to further criteria [7].
It uses a Likert scale to compare and determine preferences
for the chosen criterion over the others. Additionally, it selects
the worst criterion and performs a reference comparison to
ascertain the preferences for the remaining criteria based on
the worst criterion. AHP, ANP, and BWMsuffered significant
challenges (i.e., the inconsistency ratio) [21], [22], [23], [24].
The inconsistency ratio is generated by comparing the evalu-
ation criteria [25]. This number may gradually increase once
the amount of criteria increases. As a result, pairwise com-
parisons introduce a particular amount of inconsistency [21],
[22], [23], [24], [26]. Therefore, the BWM developer strives
to minimize comparisons through reference comparisons [7].
Figure 1 shows the variances of comparisons between the
AHP and BWM.

According to Figure 1, applying ten evaluation crite-
ria results in 45 comparisons in AHP and 17 in BWM.
As a result, the inconsistency among AHP, ANP, and BWM
decreases. However, BWM still suffered from inconsistency
as a result of the decision-maker comparison.

FUCOM is considered one of the most important methods
recently discovered by the research team, as it addressed

FIGURE 1. The difference in the number of comparisons between AHP
and BWM.

some of the problems that AHP and BWM suffered from;
however, it suffers from the nature of the dissimilar compar-
isons. For example, the first criteria refer to color, and the
second criterion refers to sound. It is incorrect to compare
the sound with color, so the FUCOM method suffers from
this issue (unnatural comparison). Basically, comparing two
unrelated criteria is not an inherent process and is challenging
to do. Thus, the concept of an optimal solution and opin-
ion matrix is used to address the identified obstacles. Our
approach yields rational determinations since it relies on the
judgment of the DM (the specialist). On the other hand, com-
paring two distinct quantities is not a natural procedure and
requires some effort on the part of the decision-maker [27].
This proposal is motivated by the urgent requirement for
creative and modern techniques for weighting criteria in
MCDM. Thus, using one of these methods to evaluate any
decision-making problem is considered impractical due to
these disadvantages. Also, researchers have instead employed
mathematical methods to extract weight for the evaluation
criteria, such as the entropy method [28], [29], [30] and
the Preference Selection Index (PSI) [31], [32], [33]. The
mathematical approaches for determining the weight of a
criterion are based on applying Mathematical equations on
a decision matrix. As a result, the derived weight did not
reflect the decision-maker’s perspective. In light of these con-
cerns, an intelligent solution is required. Therefore, this study
presents an original method constructed on the integration of
the philosophy of the fuzzy decision by opinion score method
(FDOSM) to extract the evaluation criteria weights [27].
By combining the decision-maker preferences and the math-
ematical technique to extract the weights for the evaluation
criteria, the weight reflected the decision-maker’s favorites
and made it easier to apply the mathematical equations. The
study’s contributions may be summarized as follows:

1- Propose a novel approach for determining the weight of
assessment criteria by integrating decision-maker pref-
erences with mathematical methods. The procedure is
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referred to as the Opinion Weight Criteria procedure
(OWCM).

2- OWMC can address the inconsistency problem.
3- The OWMC was applied to the numerical example, and it

achieved a correct weight for the evaluation criteria.
4- Combine the OWMC with TOPSIS method to extract the

final rank for the numerical example.
5- Several ways are applied in this paper to ensure the vali-

dation of OWMC.

II. THE PHILOSOPHY OF FDOSM
This section discusses the FDOSM philosophy. FDOSM is
the abbreviation for a new method in MCDM that was devel-
oped in 2020 [27]. FDOSM comprises three blocks: data
input, data transformation, and data processing.

The input unit is like other MCDM techniques with m set
of alternatives and n set of criteria, as shown below.

C1 C2 . . . Cn

DM =

A1
A2
...

Am


x11 x12
. . . . . .

. . . x1n

. . . . . .
...

...

xm1 xm2

...
...

. . . xmn


After the decision matrix is constructed, FDOSM utilizes
the transformation unit to determine the optimal solution,
considering three unique parameter options: the minimum,
maximum, and critical values (notably, the lowest, highest,
and crucial values). The minimum value is used in com-
bination with the cost criterion, where the lowest value is
considered the ideal decision, while higher values indicate
better results. The ‘‘critical value’’ pertains to the evaluation
of value in many settings, particularly when the ideal answer
is outside the boundaries of minimal or maximum values.
This is represented by situations such as the assessment of
blood pressure. By always retaining the same perspective, it is
possible to ascertain the optimal answer for the immeasurable
worth. Consequently, the optimal resolution is as follows:

A∗
=


((

max
i
vij | j∈J

)
.

(
min
i
vij | j ∈ J

)

.
(
Opij ∈ I .J

)
| i = 1 . . . n

  (2)

Let max represent the optimal value based on benefit criteria,
min represent the optimal solution based on cost criteria, and
Opij represents the crucial value that lies between max and
min.

In the next phase, decision-makers are given with eval-
uating whether the significant variances between the ideal
solution and the alternatives heavily impact the decision-
maker’s perspective. The reference comparisons use an
implicit allocation of weights, using five factors to assess
linguistic words that span from ‘‘Huge difference’’ to ‘‘No
difference.’’ The decision-maker identifies the optimal solu-
tion by using Equation 3. The step of selecting the optimal

solution entails a thorough comparison between the ideal
solution and the alternatives that are now accessible.

OpLang =

{((
ṽ
ij
⊗vij | j ∈ J

)
. | i= 1.2.3. . . . .m

)}
(3)

where ⊗ a reference comparison between the optimal option
and the alternatives is specified. As seen in Figure 2.

Where ∗ NO_D: No Difference / S_D: Slight Differ-
ence / DI: Difference / B_D: Big Difference / H_D: Huge
Difference.

The linguistic term opinion matrix shown in the following
is the end result of this process.

OpLang =

C1 C2 . . . Cn
A1
A2
...

Am


Op11 Op12
. . . . . .

. . . Op1n

. . . . . .
...

...

Opm1 Opm2

...
...

. . . Opmn


When Opmn is the value of the alternative after transfer into
an opinion linguistic term.

The opinion matrix is constructed by comparing the philo-
sophical principles linked to the ideal value with other values
in the same criteria. The inconsistency in OWCM is zero
because it is developed depending on the philosophy of
FDOSM. FDOSM solved the problem of inconsistency by
developing the opinion matrix and comparing the values in
the same criterion, not between the set of criteria itself [27].
Therefore, from the opinion matrix, the weight of each

criterion will be extracted. The next section presents the
Opinion Weight Criteria Method (OWCM).

III. OPINION WEIGHT CRITERIA METHOD (OWCM)
This section briefly discusses OWCM. The evaluation cri-
teria’s weight is determined by performing the steps listed
below:

Step 1: Using the five Likert scale, convert the linguistic
terms into crisp numbers via Table 1.

Step 2: Normalize the crisp decision matrix to standardize
it. After discussing the advantages and disadvantages of the
opinion matrix in a previous section [27], the normalizing
method involves using the following equation:

Rij =
xij
xmaxj

(4)

Step 3: Calculate the average score of the standardised deci-
sion matrix.

N =
1
N

m∑
i=1

Rij (5)

Step 4: Determines the degree of preference variation and its
corresponding value. According to this equation, the value of
each attribute’s preference variation (∅j) is calculated:

∅j =

m∑
i=1

[
Rij − N

]2
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FIGURE 2. Scale used to transfer data.

j = the value of each criterion (6)

Step 5: Formulate the following equation in order to calculate
the deviation in preference values:

�j = 1 − ∅j

j = the value of each criterion (7)

Step 6: Identify the criteria weight by using the following
equation:

wj =
Ωj∑n
j=1 Ωj

(8)

The total of weights for the criteria should be = 1.
In the following section, we present a numerical example

to explain how to apply OWCM.

IV. NUMERICAL EXAMPLE
Machine learning methods, as described in reference [35],
have become essential tools in the field of artificial intel-
ligence for classifying and handling COVID-19. These
algorithms utilize patterns and insights obtained from exten-
sive datasets to aid in activities such as identifying problems
at an early stage, predicting the severity of conditions, and
categorizing patients based on their characteristics. The use of
machine learning in healthcare, particularly during a world-
wide epidemic, highlights the pressing need and importance
of employing sophisticated technology to improve decision-
making procedures. A decisionmatrix is created to accurately
assess the efficacy of machine learning algorithms in the
classification of COVID-19 [35]. This matrix functions as
a complete instrument for evaluating and contrasting eight
alternative machine-learning methodologies. The choice of
these approaches is crucial, given the variety in their method-
ology and applications. The decision matrix is constructed
based on nine evaluation criteria, each of which plays a
crucial part in assessing the effectiveness of the machine
learning algorithms. The decision matrix seeks to offer a
comprehensive viewpoint on the merits and drawbacks of any
machine learning technique by considering numerous factors.
The details of this decision matrix are shown in Table 2.

TABLE 1. The linguistic terms.

For each criterion, the decision-maker compared the ideal
solution’s value versus that of each of the alternatives in
that criterion as a reference point for comparison, according
to Eqs. 2 and 3. The decision-maker employed a five-point
Likert scale, see Table 1. The outcome of this stage is an
opinion matrix for decision-makers based on the FDOSM
philosophy. The opinion matrix for the first decision-maker
is shown in Table 3.

The opinion matrix pertaining to the three experts is
displayed in Table 3. This matrix represents the many per-
spectives and preferences of the decision-makers, offering
significant insights into the process of making decisions
based on multiple criteria. The NO D refers to the optimal
choice, and HD to the worst choice.

The decision-opinion maker’s matrix is expressed in crisp
value based on step 1. Table 4 displayed the crisp decision
matrix based on decision-maker preferences.

Table 4 serves as a vital process, reflecting the experts’
choices in a crisp matrix. This depiction provides a lucid
and succinct summary of the available decisions made by
decision-makers, offering crucial insights to guide their
choices. Every individual cell inside the crisp choice matrix
represents the assessed performance of an option in relation
to specified criteria, serving as the basis for a thorough
study. In the second phase, Equation 4 was utilized in order
to standardize the crisp decision matrix. The normalization
step is crucial as it converts the values of the matrix into a
standardized scale that ranges from 0 to 1. The advantages
of this normalization procedure are numerous, as it offers
decision-makers a uniform and comparable foundation for
assessing options based on various criteria.

Table 5 offers the normalized matrix. The normalization
enhances efficiency and effectiveness in conducting compar-
ative analysis, allowing decision-makers to accurately detect
patterns, trends, and ideal options.

In Step 3, the mean is calculated for each criterion value
according to Eq. 5. Therefore, the means of criteria are Train
time = 0.575, Test time = 0.75, AUC = 0.525, CA = 0.6,
F1 = 0.725, Precision = 0.6, Recall = 0.725, LogLoss =

0.6, and Specificity = 0.625. Then, apply step 4 by using Eq.
6 to calculate the value of preference variation. The values
of each criterion as follow: Train time = 0.435, Test time
= 0.46, AUC = 0.715, CA = 0.48, F1 = 0.635, Precision
= 0.48, Recall = 0.635, LogLoss = 0.64, and Specificity =
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TABLE 2. Decision matrix.

0.435. in step 5, we achieved the deviation of preference value
using Eq. 7, and the value of each criterion as follows: Train
time = 0.565, Test time = 0.54, AUC = 0.285, CA = 0.52,
F1 = 0.365, Precision = 0.52, Recall = 0.365, LogLoss =

0.36, and Specificity = 0.565. Ultimately, step 6 is carried
out to determine the weight given to each criteria, as specified
by Equation 8. The definitive weights for each criterion are
outlined in Table 6.

Train time and Specificity have the highest weights
(0.1383109 each). These criteria are considered the most
important in the decision-making process, indicating that they
carry the highest significance or priority when evaluating
alternatives.

F1 (F1 Score) and LogLoss (Logarithmic Loss) have the
lowest weights (0.0893513 and 0.0881273, respectively).
These criteria are considered less important compared to the
others and may have a lower influence on the final deci-
sion. Based on Table 6, the fact that there is a total weight
= 1 for all criteria indicates that the OWCM successfully
determined the appropriate weight to assign to each criterion
by considering the preferences of the person making the
decision.

V. COMBINE OWCM WITH TOPSIS
This section provides the final ranking of the machine learn-
ing algorithms using TOPSIS, based on the weights collected
by OWCM for each criterion in the case mentioned above.
The TOPSIS technique is widely used in MCDM to rank
alternative options [36]. The primary notion of TOPSIS is to
calculate the distance between alternatives, the ideal solution,
and the negative solution. The optimal option is both the clos-
est to the ideal and the furthest from the negative answer [37],
[38], [39]. The stages of TOPSISmay be succinctly described
as:
Step 1: Identify the decision matrix.

Step 2:Construct the normalized decisionmatrix: Attribute
comparisons can be performed on non-dimensional attributes
rather than the original multi-dimensional ones. One method
divides each criterion’s outcome by the norm of the crite-
rion’s whole result vector. The rij element of the normalized
decision matrix is normalized using the vector normalization
technique.:

rij = xij

/√√√√ m∑
i=1

x2ij (9)

As a result, the vector unit length of each attribute is the same.
Step 3: Constructing the weighted and normalized deci-

sion matrix involves utilizing a set of weights w =

w1,w2,w3, · · · ,wj, · · · ,wn, with the constrain
∑m

j=1 wj = 1
To achieve this, the decision matrix provided by the expert
is normalized, and each column of the normalized decision
matrix (R) is multiplied by its corresponding weight wj The
resulting matrix from this operation is denoted as. This pro-
cedure creates a new matrix V, and it represents the weighted
and normalized decision matrix.

V =


v11 v12 . . . v1n

...
...

vm1 vm2

...
...

. . . vmn



=


w1r11 w2r12 . . . wnr1n

...
...

w1rm1 w2rm2

...
...

. . . wnrmn


Step 4: Detecting the ideal and anti-ideal solutions
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TABLE 3. The opinion matrix for first decision-maker.

TABLE 4. The crisp decision matrix.

TABLE 5. The normalization decision matrix.

A∗ (the ideal) and A- (the anti-ideal) are the two artificial
alternatives in this process:

A∗
=

{((
max
i

.vij | j∈J
)
,

(
min
i

.vij | j ∈ J−

)
| i= 1, 2, . . . ,m

)}
=

{
v∗1, v

∗

2, . . . ,v
∗
j , · · ·v

∗
n

}
(10)

A−
=

{((
min
i

.vij | j ∈ J),
(
max
i

.vij
∣∣ j ∈ J−

)
| i=1, 2, . . . ,m)

}
=

{
v−1 , v−2 , . . . ,v−j, · · ·v

−
n

}
(11)

where, J = {j = 1, 2, . . . , n|j to benefit criteria}
J−

= {j = 1, 2, . . . , n|j to cost criteria}
The A∗ and A- are indicated by the two newly constructed

alternatives, A∗ and A-, respectively.
Step 5: Use the Euclidean distance to obtain the difference

measurement.
The n-dimensional Euclidean Distance formula could be

used to estimate the distance between options. The following

formula can be used to determine the distance between each
alternative and the ideal one, as follows:

S i∗ =

√√√√ n∑
j=1

(
vij − v∗j

)2
, i = (1, 2, · · ·m) (12)

As with the anti-ideal one, the separation is determined by

Si− =

√√√√ n∑
j=1

(
vij − v−j

)2
, i = (1, 2, · · ·m) (13)

Step 6: Calculate closeness to the ideal solution
In the process, the closeness of Ai to the ideal solution A∗

is defined as:

Ci∗ = Si−
/
(Si∗ + Si−) , 0 < Ci∗ < 1, i = (1, 2, · · ·m)

(14)
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TABLE 6. The final weight for each criterion extracted by OWCM.

It is clear that Ci∗ = 1 if and only if (Ai = A∗), similarly,
Ci∗= 0 if and only if (Ai = A−) An alternative Ai is closer
to A∗ as Ci∗ approaches to 1.
Step 7: Alternatives can now be rated in decreasing order

of C∗

According to step 2, the normalization process for the
decision matrix is done using Eq. 9. The normalized decision
matrix is reported in Table 7.
In step 3, the weighted normalized decision matrix,

depending on the weight of each criterion, was extracted by
using OWCM. The weighted normalized decision matrix is
reported in Table 8.
Equation 10 and Equation 11 are used in Step 4 to

ascertain the positive and negative ideal solutions for each
criterion. The cost criteria in our case study include Train
time, Test time, and log loss, whereas the benefit criteria
comprise AUC, CA, F1, Precision, Recall, and Specificity.
Proceeding to Step 5, the measurement of distance is con-
ducted, and S∗ (positive ideal solution) and S- (negative ideal
solution) are obtained using Equation 12 and Equation 13,
respectively. Equation 14 is used to compute the proxim-
ity to the ideal solution, which ultimately determines the
final scores for the alternatives. It is important to mention
that the highest score indicates the most superior option.
The final outcomes of the TOPSIS technique are shown
in Table 9.
According to Table 9, the best alternative is Logistic

Regression with a score (0.851721), and the worst alterna-
tive is Neural Network with a score (0.364321). In the next
section, we present three ways to ensure the OWCM is the
accurate weighted method.

VI. OWCM EVALUATION
This section will present the systematic rank way for
the final result to make sure the rank of TOPSIS was
provided weight by the OWCM is a systematic rank. Sen-
sitivity analysis is also present to show the power of
OWCM. Finally, a comparison analysis between OWMC
and three well-known methods in MCDM for extracting
criteria weighting (i.e., AHP, FUCOM, and BWM) will be
explained.

A. SYSTEMATIC RANK
In MCDM, many researchers recommended using objective
validation to ensure the final result is valid [2], [40], [41],
[42]. The objective validation technique involves dividing
the benchmarking machine learning algorithms into separate,
equally sized groups. The quantity of machine learning tech-
niques inside each category and the quantity of categories
have no impact on the objective validation result. In order to
verify the outcomes of benchmarking machine learning algo-
rithms, it is necessary to carry out many procedures as shown
below: (1) The machine learning techniques are ranked based
on their TOPSIS final result. (2) After ranking, the machine
learning methods are divided into two equal groups. (3) The
mean (x ¯) for each group in GDM result is then determined
using Equation 15.

.x̄ =
1
n

∑n

i=1
xi (15)

Each group’s mean is used as the basis for the comparison
process. The comparison method is based on the average of
the results in each of the groups. There are two groups com-
pared in this study: one with the lowest mean and one with the
highest mean. We need the second group’s average outcome
to be larger than or equal to the first group’s average outcome.
If the evaluation findings are in line with the assumption,
the conclusions are correct. Objective validation findings
for comparing machine learning approaches are shown in
Table 10.

The mean score of the first group is 0.275106545, which
is less than the mean score of the second group, which is
0.349896534. This demonstrates the validity of benchmark-
ing machine learning algorithms by using the weight of each
criterion collected by OWCM. The OWCM provides weight
for each criterion depending on the decision-maker’s opinion
with zero inconsistency. In the next section, the second type
of evaluation (i.e. Sensitivity Analysis) is presented.

B. SENSITIVITY ANALYSIS
Here, the proposed OWCM method is tested for its sensi-
tivity to shifting weights of the various evaluation criteria.
Consequently, Sensitivity analysis predicts the impact on the
ranking results of machine learning systems when modifying
the weights of criteria. Firstly, it is crucial to choose the
primary criteria for the aim of assessing sensitivity. The train
schedule was the primary factor taken into account for all the
criteria mentioned in Table 11 of this study. The experiment
included varying the weights assigned to various criteria to
see the impact of these weight changes on the products.
The virtual change of each criterion compared to the most
significant one (Train time) is calculated with a value of 0.1.

wn : (1 − wz1) = w∗
n :

(
1 − w∗

z1
)

(16)

where,Wn is the advanced significant influence, andW ∗
n rep-

resents the original weight values computed using OWCM.
The neural networks ranked eighth in each of the fourth,

fifth, sixth, seventh, eighth, and ninth scenarios, and at the
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TABLE 7. The normalized decision matrix.

TABLE 8. The weighted normalized decision matrix.

seventh rank for the tenth and third scenarios, while in the first
and second scenarios, it was in fourth place. In terms of SVM,
it ranked sixth in all scenarios except for the seventh and
eighth scenarios, where it was in seventh place. In addition,
Logistic Regression remained first in 8 scenarios but dropped
to the second rank in the first and second scenarios.Moreover,
KNNmaintained the sixth rank in the eighth and ninth scenar-
ios and decreased to the seventh rank in four scenarios (fourth,
fifth, sixth, and seventh), while KNN was in the last rank
in the remaining scenarios. Random Forest was raised to the
first rank from scenario 1 and scenario 2 and maintained the
second rank in all other 8 scenarios. Regarding Naive Bayes,
it also dropped to fifth place in the first and second scenarios
and continued in all the remaining scenarios in its fourth
rank. Furthermore, Tree was in the third rank in all scenarios.
Finally, AdaBoost continued in fifth place in all scenarios
except for the first and second scenarios, dropping to seventh
rank. Broadly, no significant changes were detected; around
four to five situations consistently aligned with a certain
alternative, such as Naive Bayes, Logistic Regression, and
AdaBoost. Only two of the 10 possibilities changed, with
the others remaining consistent. Notably, the Decision Tree’s
performance remained consistent across all cases. Figure 3
depicts the sensitivity analysis for ranking options in these
10 situations.

The Spearman Correlation Coefficient (SCC) was used to
measure the level of correlation between the final results

of different scenarios [43], [44]. The approach of Spear-
man’s rank correlation coefficient (SCC) is highly effective
in quantifying the degree of correlation among a group of
variables [45]. By utilizing Equation 17, we can obtain it.

rs = 1 −
6

∑
i d

2
i

n3 − n
(17)

where (‘‘di’’) shows a contrast between the rank of (‘‘ith’’)
alternative in the suggested operator and the other operator,
and (‘‘n’’) represents the quantity pair values. The Spearman
rank correlation coefficient values are presented in Table 12.

According to Table 12, the SCC value is 0.9761 in four
out of ten scenarios (i.e. scenarios 4, 5, 6, 7). The other
two scenarios had SCC values of 0.6667 for scenario 1 and
scenario 2. On the other hand, for scenario 3 and scenario 10,
the SSC value was 0.9285. Finally, in scenarios 8 and 9, the
SSC value was 1. Correlation analysis results for the ranking
of the machine learning methods are shown in

As a summary for this section, the results of the Spearman
correlation coefficient presented a high correlation for all
scenarios. That means OWCM is an advanced and robust
method for weighting. In the next section, we present the third
type of evaluation.

C. COMPARISON ANALYSIS
Traditional MCDM methods, such as AHP, FUCOM,
and BWM, are widely used due to their efficacy and
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TABLE 9. The final result of TOPSIS method.

TABLE 10. The objective validation results.

adaptability [46], [47]. Although these approaches provide
systematic frameworks for making decisions, it is essential
to acknowledge their inherent constraints. AHP is dependent
on the evaluation of pairwise comparisons, a process that can
be both time-consuming and subjective [48], [50]. FUCOM,
while accepting interdependencies, may become complicated
as the decision network expands. BWM demonstrates profi-
ciency in managing qualitative data but may have difficulties
in prioritizing many criteria. Hence, despite their extensive
utilization, decision-makers must be aware of the limitations
inherent in these conventional techniques and should explore
supplementary or substitute ways as necessary. Table 13
explains many key concepts: the number of judgments to
be utilized, the challenge of comparing objects of various
natures (such as sound and scent), the procedure of ranking,
and the issue of inconsistency when a decision maker pro-
vides conflicting answers. When comparing OWCM, AHP,
FUCOM, and BWM, it is important to keep in mind that AHP
and BWM have a limited number of comparisons, making it
a difficult task for experts to complete.

AHP and BWM rankings depend on the weights of
the decision criteria in addition to the expert’s comparison
of alternatives. OWCM differs from other approaches by

TABLE 11. The final rank for each scenario.

TABLE 12. The result of the spearman correlation coefficient.

adding subjective weights implicitly into the opinion matrix,
therefore closely correlating with the decision-maker’s

VOLUME 12, 2024 5613



A. D. Ahmed Mandil et al.: OWCM: A New Method for Weighting Criteria With Zero Inconsistency

TABLE 13. The comparison between OWCM, AHP, BWM, and ANP methods.

FIGURE 3. The sensitivity analysis ranking scenarios.

perspective. This technique has shown a clear and rational
connection between its components. OWCM outperforms
AHP FUCOM, and BWMwhen it comes to criterion weight-
ing. Finally, we can conclude and confirm that the OWCM is
powerful and robust as well as it provides reliable results for
weighting criteria.

VII. MANAGERIAL IMPLICATIONS
The managerial implications of a method which integrates
subjective and objective factors during the weighing process
may seriously affect decision-making processes within the
decision. By including subjective factors, decision-makers
are able to clearly articulate their preferences and values. This
alignment guarantees that the ultimate choice accurately rep-
resents the distinct goals of the decision-maker, resulting in a
more tailored and pertinent conclusion for the final decision.
The OWCM methodology tackles the issue of inconsistency
seen in conventional methodologies. OWCM use an opinion
matrix to compare values inside the same criterion rather
than across several criteria sets. This approach helps to reduce
inconsistencies and enhances the reliability and strength of
the decision-making framework. The approach effectively
determines the weights for each criterion by taking into
account the preferences of the decision-maker. Precision is
essential to ensure that the relative significance of criteria

FIGURE 4. Correlation of ranks among 10 scenarios.

is accurately represented in the decision-making process,
resulting in more knowledgeable and purposeful decisions.
Integrating subjective preferences can improve the clarity
of decision-making. By clearly acknowledging and integrat-
ing the viewpoints of decision-makers, the decision-making
process becomes more transparent and comprehensible to
stakeholders, hence promoting trust and approval of the ulti-
mate choice. The capacity of OWCM to integrate subjective
and objective factors into a cohesive framework allows for
adaptable decision-making. This is especially advantageous
in scenarios where a combination of quantitative and qual-
itative aspects needs to be taken into account, enabling a
more thorough examination. By including subjective com-
ponents, decision bias can be reduced since decision-makers
are able to deliberately evaluate factors according to their
significance. This mitigates the potential influence of uncon-
scious biases on the choice outcome, hence fostering fairness
and objectivity process. Active participation and engage-
ment are promoted by the engagement of decision-makers in
expressing their preferences and ideas. By adopting a col-
laborative approach, the decision-making process becomes
more inclusive, ensuring that the final choice is in line with
the organization’s larger aims and values. Implementing the
OWCM may require providing training to decision-makers
to proficiently utilize the methodology and clearly express
their preferences. Managers must provide resources towards
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the education of their teams in order to facilitate a seamless
transition to this methodology, therefore improving the orga-
nization’s collective decision-making prowess.

VIII. CONCLUSION
MCDM techniques are widely used to solve difficult
real-world problems in the disciplines of operations research
and expert systems. There are two sorts of approaches:
weighing techniques and ranking methods. In turn, weighting
systems might be objective, subjective, or integrated. The
OWCM is a unique approach for establishing weights for
assessment criteria described in this work. This approach
combines subjective and objective parts of the weighing pro-
cess, deriving weights depending on the decision maker’s
preferences. The main advantages of OWCM were that it
solved the inconsistency problem by developing the opinion
matrix and comparing the values in the same criterion, not
between the set of criteria. In addition, OWCM extracted
the weight of each criterion accurately because this weight
depends on decision-maker preferences. Three ways were
applied in this paper to make sure the OWCMweight is valid.
We can conclude and confirm that OWCM is powerful and
robust as well as that the OWCM model provided credible
and reliable results for weighting criteria. The management
implications of the OWCM method highlight its capacity
to improve decision-making by eliminating inconsisten-
cies, aligning with decision-maker preferences, and fostering
transparency. However, its implementation necessitates a
deliberate strategy, encompassing training, communication,
and stakeholder involvement, in order to fully exploit the
advantages of this integrated subjective-objective weighing
process. We recommend that the researchers use OWCM
in any decision-making problem to extract the evaluation
criteria weights. Finally, as a future work, we recommend
using OWCM to extract weight for criteria and integrate it
with any MCDM mathematical methods like VIKOR. Also,
it can extend OWCM into a fuzzy environment.

REFERENCES
[1] J. Zagorskas and Z. Turskis, ‘‘Location preferences of new pedestrian

bridges based on multi-criteria decision-making and GIS-based estima-
tion,’’ Baltic J. Road Bridge Eng., vol. 15, no. 2, pp. 158–181, Jun. 2020.

[2] M. S. Al-Samarraay, M. M. Salih, M. A. Ahmed, A. A. Zaidan,
O. S. Albahri, D. Pamucar, H. A. AlSattar, A. H. Alamoodi, B. B. Zaidan,
K. Dawood, and A. S. Albahri, ‘‘A new extension of FDOSM based on
Pythagorean fuzzy environment for evaluating and benchmarking sign
language recognition systems,’’ Neural Comput. Appl., vol. 34, no. 6,
pp. 4937–4955, Mar. 2022.

[3] K. A. Dawood, A. A. Zaidan, K. Y. Sharif, A. A. Ghani, H. Zulzalil, and
B. B. Zaidan, ‘‘Novel multi-perspective usability evaluation framework
for selection of open source software based on BWM and group VIKOR
techniques,’’ Int. J. Inf. Technol. Decis.Making, vol. 22, no. 1, pp. 187–277,
Jan. 2023.

[4] K. H. Abdulkareem, N. Arbaiy, A. A. Zaidan, B. B. Zaidan, O. S. Albahri,
M. A. Alsalem, and M. M. Salih, ‘‘A new standardisation and selection
framework for real-time image dehazing algorithms from multi-foggy
scenes based on fuzzy delphi and hybrid multi-criteria decision analysis
methods,’’Neural Comput. Appl., vol. 33, no. 4, pp. 1029–1054, Feb. 2021.

[5] G. Campanella and R. A. Ribeiro, ‘‘A framework for dynamic multiple-
criteria decision making,’’ Decis. Support Syst., vol. 52, no. 1, pp. 52–60,
Dec. 2011.

[6] B. N. Abdullateef, N. F. Elias, H. Mohamed, A. A. Zaidan, and
B. B. Zaidan, ‘‘An evaluation and selection problems of OSS-LMS pack-
ages,’’ SpringerPlus, vol. 5, no. 1, p. 248, Dec. 2016.

[7] J. Rezaei, ‘‘Best-worst multi-criteria decision-making method,’’ Omega,
vol. 53, pp. 49–57, Jun. 2015.

[8] R. M. Maher, M. M. Salih, H. A. Hussein, and M. A. Ahmed, ‘‘A new
development of FDOSM based on a 2-tuple fuzzy environment: Evaluation
and benchmark of network protocols as a case study,’’ Computers, vol. 11,
no. 7, p. 109, Jul. 2022.

[9] T. L. Saaty, ‘‘What is the analytic hierarchy process?’’ in Mathematical
Models for Decision Support, Springer, 1988, pp. 109–121.

[10] T. L. Saaty and L. G. Vargas, ‘‘The analytic network process,’’ in Decision
Making With the Analytic Network Process, Springer, 2013, pp. 1–40.

[11] O. S. Albahri, J. R. Al-Obaidi, A. A. Zaidan, A. S. Albahri,
B. B. Zaidan, M. M. Salih, A. Qays, K. A. Dawood, R. T. Mohammed,
K. H. Abdulkareem, A. M. Aleesa, A. H. Alamoodi, M. A. Chyad, and
C. Z. Zulkifli, ‘‘Helping doctors hasten COVID-19 treatment: Towards
a rescue framework for the transfusion of best convalescent plasma to
the most critical patients based on biological requirements via ml and
novel MCDM methods,’’ Comput. Methods Programs Biomed., vol. 196,
Nov. 2020, Art. no. 105617.

[12] L. L. Thurstone, ‘‘A law of comparative judgment,’’ Psychol. Rev., vol. 34,
no. 4, p. 273, 1927.

[13] O. Zughoul, A. A. Zaidan, B. B. Zaidan, O. S. Albahri, M. Alazab,
U. Amomeni, A. S. Albahri, M. M. Salih, R. T. Mohammed,
K. I. Mohammed, F. Momani, and B. Amomeni, ‘‘Novel triplex procedure
for ranking the ability of software engineering students based on two
levels of AHP and group TOPSIS techniques,’’ Int. J. Inf. Technol. Decis.
Making, vol. 20, no. 1, pp. 67–135, Jan. 2021.

[14] M. Alaa, I. S. M. A. Albakri, C. K. S. Singh, H. Hammed, A. A. Zaidan,
B. B. Zaidan, O. S. Albahri, M. A. Alsalem, M. M. Salih, E. M. Almahdi,
M. J. Baqer, N. S. Jalood, S. Nidhal, A. H. Shareef, and A. N. Jasim,
‘‘Assessment and ranking framework for the English skills of pre-service
teachers based on fuzzy delphi and TOPSISmethods,’’ IEEEAccess, vol. 7,
pp. 126201–126223, 2019.

[15] A. Azimifard, S. H. Moosavirad, and S. Ariafar, ‘‘Selecting sustainable
supplier countries for Iran’s steel industry at three levels by using AHP
and TOPSIS methods,’’ Resour. Policy, vol. 57, pp. 30–44, Aug. 2018.

[16] K. H. Abdulkareem, N. Arbaiy, A. A. Zaidan, B. B. Zaidan, O. S. Albahri,
M. A. Alsalem, and M. M. Salih, ‘‘A novel multi-perspective bench-
marking framework for selecting image dehazing intelligent algorithms
based on BWM and group VIKOR techniques,’’ Int. J. Inf. Technol. Decis.
Making, vol. 19, no. 3, pp. 909–957, May 2020.

[17] P. You, S. Guo, H. Zhao, and H. Zhao, ‘‘Operation performance evaluation
of power grid enterprise using a hybrid BWM-TOPSIS method,’’ Sustain-
ability, vol. 9, no. 12, p. 2329, Dec. 2017.

[18] H. Gupta and M. K. Barua, ‘‘Supplier selection among SMEs on the
basis of their green innovation ability using BWM and fuzzy TOPSIS,’’
J. Cleaner Prod., vol. 152, pp. 242–258, May 2017.

[19] F. Foroozesh, S. M. Monavari, A. Salmanmahiny, M. Robati, and
R. Rahimi, ‘‘Assessment of sustainable urban development based on a
hybrid decision-making approach: Group fuzzyBWM,AHP, and TOPSIS–
GIS,’’ Sustain. Cities Soc., vol. 76, Jan. 2022, Art. no. 103402.

[20] V. Lahri, K. Shaw, and A. Ishizaka, ‘‘Sustainable supply chain network
design problem: Using the integrated BWM, TOPSIS, possibilistic pro-
gramming, and ε-constrained methods,’’ Expert Syst. Appl., vol. 168,
Apr. 2021, Art. no. 114373.

[21] W. W. Koczkodaj and R. Urban, ‘‘Axiomatization of inconsistency indi-
cators for pairwise comparisons,’’ Int. J. Approx. Reasoning, vol. 94,
pp. 18–29, Mar. 2018.

[22] S. Destercke, ‘‘A generic framework to include belief functions in pref-
erence handling and multi-criteria decision,’’ Int. J. Approx. Reasoning,
vol. 98, pp. 62–77, Jul. 2018.

[23] J. Benítez, J. Izquierdo, R. Pérez-García, and E. Ramos-Martínez, ‘‘A sim-
ple formula to find the closest consistent matrix to a reciprocal matrix,’’
Appl. Math. Model., vol. 38, nos. 15–16, pp. 3968–3974, Aug. 2014.

[24] R. Morgan, ‘‘An investigation of constraints upon fisheries diversifica-
tion using the analytic hierarchy process (AHP),’’ Mar. Policy, vol. 86,
pp. 24–30, Dec. 2017.

[25] T. L. Saaty, ‘‘How to make a decision: The analytic hierarchy process,’’
Interfaces, vol. 24, no. 6, pp. 19–43, Dec. 1994.

VOLUME 12, 2024 5615



A. D. Ahmed Mandil et al.: OWCM: A New Method for Weighting Criteria With Zero Inconsistency

[26] D. Ergu, G. Kou, Y. Shi, and Y. Shi, ‘‘Analytic network process in risk
assessment and decision analysis,’’Comput. Oper. Res., vol. 42, pp. 58–74,
Feb. 2014.

[27] M. M. Salih, B. B. Zaidan, and A. A. Zaidan, ‘‘Fuzzy decision by opinion
score method,’’ Appl. Soft Comput., vol. 96, Nov. 2020, Art. no. 106595.

[28] W. Chang, X. Lu, S. Zhou, and Y. Xiao, ‘‘Quality evaluation on diesel
engine with improved TOPSIS based on information entropy,’’ in Proc.
Chin. Control Decis. Conf. (CCDC), May 2016, pp. 6485–6490.

[29] R. Malik, A. A. Zaidan, B. B. Zaidan, K. N. Ramli, O. S. Albahri,
Z. H. Kareem, H. A. Ameen, S. S. Garfan, A. Mohammed, R. A. Zaidan,
and M. M. Salih, ‘‘Novel roadside unit positioning framework in the
context of the vehicle-to-infrastructure communication system based on
AHP-entropy for weighting and Borda-VIKOR for uniform ranking,’’ Int.
J. Inf. Technol. Decis. Making, vol. 21, no. 4, pp. 1–34, 2021.

[30] R. Sun, B. Zhang, and T. Liu, ‘‘Ranking web service for high quality by
applying improved entropy-TOPSIS method,’’ in Proc. 17th IEEE/ACIS
Int. Conf. Softw. Eng., Artif. Intell., Netw. Parallel/Distrib. Comput.
(SNPD), May 2016, pp. 249–254.

[31] A. P. U. Siahaan and M. Mesran, ‘‘Determination of education scholarship
recipients using preference selection index,’’ Int. J. Sci. Res. Sci. Technol.,
vol. 3, no. 6, pp. 230–234, 2017.

[32] K. Maniya and M. G. Bhatt, ‘‘A selection of material using a novel
type decision-making method: Preference selection index method,’’Mater.
Des., vol. 31, no. 4, pp. 1785–1789, Apr. 2010.

[33] R. Attri and S. Grover, ‘‘Application of preference selection index method
for decision making over the design stage of production system life cycle,’’
J. King Saud Univ.-Eng. Sci., vol. 27, no. 2, pp. 207–216, Jul. 2015.

[34] M. M. Salih, Z. T. Al-Qaysi, M. L. Shuwandy, M. A. Ahmed, K. F. Hasan,
and Y. R. Muhsen, ‘‘A new extension of fuzzy decision by opinion score
method based on fermatean fuzzy: A benchmarking COVID-19 machine
learning methods,’’ J. Intell. Fuzzy Syst., vol. 43, no. 3, pp. 3549–3559,
Jul. 2022.

[35] M. A. Ahmed, Z. T. Al-Qaysi, M. L. Shuwandy, M. M. Salih, and M.
H. Ali, ‘‘Automatic COVID-19 pneumonia diagnosis from X-ray lung
image: A deep feature and machine learning solution,’’ J. Phys., Conf. Ser.,
vol. 1963, no. 1, Jul. 2021, Art. no. 012099.

[36] M. M. Salih, B. B. Zaidan, A. A. Zaidan, and M. A. Ahmed, ‘‘Survey on
fuzzy TOPSIS state-of-the-art between 2007 and 2017,’’ Comput. Oper.
Res., vol. 104, pp. 207–227, Apr. 2019.

[37] I. Chamodrakas, I. Leftheriotis, and D. Martakos, ‘‘In-depth analysis and
simulation study of an innovative fuzzy approach for ranking alternatives
in multiple attribute decision making problems based on TOPSIS,’’ Appl.
Soft Comput., vol. 11, no. 1, pp. 900–907, Jan. 2011.

[38] E. Cables, M. S. García-Cascales, and M. T. Lamata, ‘‘The LTOP-
SIS: An alternative to TOPSIS decision-making approach for linguistic
variables,’’ Expert Syst. Appl., vol. 39, no. 2, pp. 2119–2126, Feb. 2012.

[39] M. Akram, W. A. Dudek, and F. Ilyas, ‘‘Group decision-making based on
Pythagorean fuzzy TOPSIS method,’’ Int. J. Intell. Syst., vol. 34, no. 7,
pp. 1455–1475, Jul. 2019.

[40] M. M. Salih, O. S. Albahri, A. A. Zaidan, B. B. Zaidan, F. M. Jumaah, and
A. S. Albahri, ‘‘Benchmarking of AQM methods of network congestion
control based on extension of interval type-2 trapezoidal fuzzy decision
by opinion score method,’’ Telecommun. Syst., vol. 77, no. 3, pp. 493–522,
Jul. 2021.

[41] O. S. Albahri, A. A. Zaidan, A. S. Albahri, H. A. Alsattar, R. Mohammed,
U. Aickelin, G. Kou, F. Jumaah, M. M. Salih, A. H. Alamoodi,
B. B. Zaidan, M. Alazab, A. Alnoor, and J. R. Al-Obaidi, ‘‘Novel dynamic
fuzzy decision-making framework for COVID-19 vaccine dose recipi-
ents,’’ J. Adv. Res., vol. 37, pp. 147–168, Mar. 2022.

[42] O. S. Albahri, A. A. Zaidan, M. M. Salih, B. B. Zaidan, M. A. Khatari,
M. A. Ahmed, A. S. Albahri, and M. Alazab, ‘‘Multidimensional bench-
marking of the active queue management methods of network congestion
control based on extension of fuzzy decision by opinion score method,’’
Int. J. Intell. Syst., vol. 36, no. 2, pp. 796–831, Feb. 2021.

[43] D. Pamucar, M. Yazdani, R. Obradovic, A. Kumar, andM. Torres-Jiménez,
‘‘A novel fuzzy hybrid neutrosophic decision-making approach for the
resilient supplier selection problem,’’ Int. J. Intell. Syst., vol. 35, no. 12,
pp. 1934–1986, Dec. 2020.

[44] D. Božanić, D. Tešić, A. Puška, A. Štilić, and Y. R. Muhsen,
‘‘Ranking challenges, risks and threats using fuzzy inference sys-
tem,’’ Decis. Making, Appl. Manage. Eng., vol. 6, no. 2, pp. 933–947,
Sep. 2023.

[45] J. H. Dahooie, A. H. Kashan, Z. S. Naeini, A. S. Vanaki, E. K. Zavadskas,
and Z. Turskis, ‘‘A hybrid multi-criteria-decision-making aggregation
method and geographic information system for selecting optimal solar
power plants in Iran,’’ Energies, vol. 15, no. 8, p. 2801, Apr. 2022.

[46] Y. R. Muhsen, N. A. Husin, M. B. Zolkepli, N. Manshor, and
A. A. J. Al-Hchaimi, ‘‘Evaluation of the routing algorithms for NoC-based
MPSoC: A fuzzy multi-criteria decision-making approach,’’ IEEE Access,
vol. 11, pp. 102806–102827, 2023.

[47] Y. R.Muhsen, N. A. Husin,M. B. Zolkepli, and N.Manshor, ‘‘A systematic
literature review of fuzzy-weighted zero-inconsistency and fuzzy-decision-
by-opinion-score-methods: Assessment of the past to inform the future,’’
J. Intell. Fuzzy Syst., vol. 45, no. 3, pp. 4617–4638, Aug. 2023.

[48] F. Xiao, ‘‘EFMCDM: Evidential fuzzymulticriteria decisionmaking based
on belief entropy,’’ IEEE Trans. Fuzzy Syst., vol. 28, no. 7, pp. 1477–1491,
Jul. 2020.

[49] F. Xiao, ‘‘Amultiple-criteria decision-making method based onD numbers
and belief entropy,’’ Int. J. Fuzzy Syst., vol. 21, no. 4, pp. 1144–1153,
Jun. 2019.

[50] F. Xiao, Z. Cao, and A. Jolfaei, ‘‘A novel conflict measurement in decision-
making and its application in fault diagnosis,’’ IEEE Trans. Fuzzy Syst.,
vol. 29, no. 1, pp. 186–197, Jan. 2021.

ALI DHAFER AHMED MANDIL received the
B.Sc. degree in computer science from Tikrit Uni-
versity, Tikrit, Iraq, in 2016, and the M.Sc. degree
from the College of Computer Science, Tikrit Uni-
versity, in 2020. He was with Asia-Cell Company
Telecom, Iraq.

MAHMOOD M. SALIH received the B.Sc. degree
in computer science from Tikrit University, Tikrit,
Iraq, in 2011, the M.Sc. degree in computer sci-
ence fromMiddle East University, Jordan, in 2015,
and the Ph.D. degree in computer science (arti-
ficial intelligence) from Universiti Pendidikan
Sultan Idris, Malaysia, in 2019. He is currently the
Dean of the Computer Science and Mathematical
Faculty, Tikrit University. He has published more
than 28 articles high-impact journals in Scopus and

ISI journals, and his citation is 1549 and H-index 17.

YOUSIF RAAD MUHSEN received the bachelor’s
degree in computer science from Al-Mustansiriya
University, and the master’s degree from
St. Petersburg University, Russia, in 2016. He is
currently pursuing the Ph.D. degree with UPM
University, Malaysia. He was a Lecturer with
the Faculty of Engineering, Wasit University,
from 2016 to 2021. His research interests include
management information, decision-making, fuzzy
set and machine learning, and multiprocessors

system-on-chip (MPSoCs) security, and performance. He has published
articles in high-impact journals and many conferences and other journals.
In addition, he is a regular reviewer in many journals.

5616 VOLUME 12, 2024


