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Abstract. This paper introduces a novel approach to large-scale group
decision-making, addressing the challenge of effectively aggregating di-
verse expert opinions. By integrating the Ranking Comparison (RAN-
COM) method into the aggregation process, the approach minimizes the
impact of individual inaccuracies on the final results. The study com-
pares six aggregation techniques through simulation experiments and a
practical case study on solar panel evaluation. Additionally, it proposes
a new fuzzy ranking-based method for aggregating group results. The
research highlights the importance of accounting for inaccuracies in in-
dividual assessments and subtle differences in expert opinions. Key con-
tributions include an improved method for aggregating expert input and
a robust framework for large-scale group decision-making, enhancing the
reliability of outcomes in complex multi-criteria scenarios.

Keywords: large-scale group decision-making - multi-criteria analysis -
judgment inaccuracy - expert knowledge

1 Introduction

Decision-making is a daily activity undertaken by individuals in various roles [14].
While some decisions carry minimal individual responsibility, others are critical
to businesses or public institutions [9]. Multi-criteria problems introduce addi-
tional complexity due to conflicting objectives, making it difficult to evaluate
alternatives using analytical skills alone. These situations often involve multiple
decision-makers, requiring the integration of diverse perspectives [10]. Multi-
Criteria Group Decision-Making (MCGDM) approaches offer structured and re-
liable methods for addressing such challenges [33], enabling the modeling of
available information to generate solutions that reflect the collective expertise of
the group.

MCGDM methods can be categorized based on the scale of their applica-
tion. Conventional group decision-making typically involves up to 20 experts,
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whereas large-scale scenarios include 20 or more participants [20]. Incorporating
multiple expert opinions enhances decision quality by reducing individual bias
and increasing overall reliability [5]. However, a key challenge lies in reconciling
differences in expert judgments [17]. To address this, MCGDM methods often
utilize Multi-Criteria Decision Analysis (MCDA) techniques and aggregation
procedures to achieve consensus among diverse viewpoints.

Effectively aggregating individual judgments is essential in group decision-
making, especially when experts hold differing opinions |7]. Addressing inaccura-
cies in expert assessments is critical, as such errors can compromise the reliability
of the final outcome [1]. Minimizing these inaccuracies is particularly important
in large-scale group decision-making to ensure robust and trustworthy results.
Aggregating input from a large group of experts involves trade-offs and requires
careful validation of methods to ensure they accurately capture diverse perspec-
tives [16]. Given the wide range of available approaches, research should focus
on evaluating their effectiveness and their ability to reflect expert opinions with
sensitivity to subtle differences.

In this paper, we propose a novel approach to large-scale group decision-
making by incorporating the Ranking Comparison (RANCOM) method [27].
Numerical simulations were conducted with expert groups of varying sizes (n =
30,40, 50) and differing levels of opinion divergence (¢ = 0.2,0.5, 0.8), comparing
the effectiveness of six aggregation procedures. To reduce the impact of poten-
tial inaccuracies in individual assessments, the RANCOM method was integrated
into the aggregation process. The approach was further validated through a prac-
tical case study involving the evaluation of solar panels for photovoltaic farms.
Additionally, we introduced a fuzzy ranking-based aggregation method designed
to capture nuanced differences in expert preferences. This study addresses key
challenges in large-scale group decision-making, particularly those related to the
accuracy of expert evaluations and the limitations of traditional aggregation
methods. The main contributions of this work are:

— This study extends the RANCOM method for aggregating different expert

opinions in large-scale group decision-making effectively.

Comparative analysis of different aggregation procedures to verify the impact

of selected approaches on the robustness of the results.

— A new group results aggregation procedure based on the fuzzy ranking con-
cept was introduced.

— The RANCOM method was integrated into the proposed approach for large-
scale group decision-making to minimize the risk of inaccuracy of expert
judgments.

The rest of the paper is organized as follows. Section 2 presents the work
related to large-scale group decision-making approaches. Section 3 describes the
preliminaries of the RANCOM method and the fuzzy ranking aggregation pro-
cedure. Section 4 shows the study case with experiments directed toward the
comparative analysis of different aggregation procedures and validation of the
proposed approach within a practical problem from literature. Section 5 discusses
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the obtained results. Finally, Section 6 concludes the research and indicates fu-
ture directions.

2 Related works

Multi-Criteria Group Decision-Making (MCGDM) methods are widely used to
evaluate complex decision problems by leveraging knowledge from multiple ex-
perts [8]. MCGDM approaches can be categorized into standard group decision-
making methods involving fewer than 20 experts and large-scale group decision-
making methods, which involve more than 20 decision-makers [24]. Various tech-
niques have been proposed to aggregate conflicting expert opinions [13]. Among
them, average and geometric mean procedures are popular aggregation tech-
niques [34]. Other approaches utilize fuzzy logic to identify fuzzy sets that rep-
resent group preferences, from which crisp values are derived and used in sub-
sequent evaluation steps. Triangular Fuzzy Numbers (TFNs) are commonly ap-
plied in aggregation procedures [11], along with other fuzzy-based extensions |2,
23]. Furthermore, several compromise-based methods have been developed to
facilitate consensus among conflicting expert preferences or resulting rankings,
including Borda [3], rank position methods [3], Half-Quadratic (HQ)[15], and
Iterative Compromise Ranking Analysis (ICRA)[19].

Moreover, group decision-making approaches often combine aggregation pro-
cedures with various Multi-Criteria Decision Analysis (MCDA) methods to eval-
uate the considered decision alternatives. Among the numerous developed MCDA
techniques, methods such as the Best-Worst Method (BWM)|21], ELimination
and Choice Expressing REality (ELECTRE)[2], VIseKriterijumska Optimizacija
I Kompromisno Resenje (VIKOR)[6], Technique for Order Preference by Simi-
larity to Ideal Solution (TOPSIS)[36], and COmbinative Distance-based ASsess-
ment (CODAS) [35], among others, have been widely integrated into group-based
decision-making methodologies.

MCGDM methods have been applied to a wide range of practical decision
problems. Tang and Liao proposed a multi-attribute large-scale group decision-
making approach for evaluating circular economy initiatives [25]. Wan, Cheng,
and Dong applied the MCGDM concept combined with probabilistic linguis-
tic information to evaluate emergency assistance efforts during the COVID-19
pandemic [26]. Wu et al. utilized a group decision-making approach for portfo-
lio allocation within an interval type-2 fuzzy environment [32]. Nikas, Doukas,
and Lopez developed a tool for assessing climate policy risk based on expert
group knowledge [18]. These studies highlight the growing importance of group
decision-making in addressing complex, multi-criteria problems with conflicting
objectives, reinforcing the need to enhance the performance and reliability of
methods in this field.
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3 Preliminaries

3.1 The Ranking Comparison method

The RANCOM method offers a novel approach to gathering expert knowledge
while considering various decision factors [27]. Through a comparative exam-
ination against the Analytic Hierarchy Process (AHP) method, this method
demonstrates superior ability in managing discrepancies within expert assess-
ments. The RANCOM method has been applied to several practical problems
within the MCDA field [12, 29, 30]. The formal notation and procedural steps of
the weights calculation process are presented in [27].

3.2 Fuzzy ranking procedure

The fuzzy ranking concept introduces a novel method for achieving consensus
among conflicting rankings [28]. It utilizes fuzzy sets to determine membership
degrees, which represent the confidence in assigning specific rank positions to
each alternative. The result is a two-dimensional matrix that captures the cer-
tainty of recommendations across different rankings, offering decision-makers
deeper insights into the uncertainty and reliability of these positions. The for-
mal definition of this matrix, illustrating the membership degrees, is provided in
Equation (1).:

Al Ay A3 ... A,
Ry | pi1 p2r P31t ... DPml
Ry | p12 pe2 P32 ... Dm2
M= R3 | pi3 Dp23 D33 ... Dm3 (1)
Rm Pim P2m  P3m oo Pmm

where p;; represents the frequency of placing ¢ — th alternative within j — th
position in ranking.

Furthermore, the matrix M must meet two essential conditions. The first
condition ensures that the sum of values in each column equals 1, indicating
comprehensive coverage of ranking positions for each alternative (2).

> pei=1 2)

where c¢ is the column index and m the number of alternatives. The second
condition ensures that the sum of values in each row falls within the range [0,
m)], illustrating the frequency of placing alternatives across ranking positions (3).

0< me« <m (3)
i=1

where 7 represents the rows’ index from the matrix and m represents the number
of alternatives.
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Based on the defined M matrix, the fuzzy ranking is established and can be
expressed in two ways. The first notation denotes the membership degree (u) of
a given alternative (A;) concerning ranking positions, defined as (4):

i {pu pi2 P pm} )
; R R U R Rom
where A; represents the i-th alternative, R; the j—th position, and m the number
of alternatives. A higher value for a specific position indicates greater confidence
in classifying the alternative there.

The second notation indicates the membership degree (1) of a given position
(R;) concerning all analyzed alternatives and is defined as (5):

uR:{p“ Pa_  Pii p"“’} (5)
; A Ay A A,
where ¢ represents the i-th rank position, A; the j — th alternative, and m the
number of alternatives. A higher value indicates greater reliability in placing
alternative A; in the i — th position.

These ranking representations provide decision-makers with insights into
placing alternatives across positions or the likelihood of achieving a specific
position, unlike conventional crisp rankings. Employing max normalization is
recommended for enhanced stability and comparison, standardizing the fuzzy
set within the range [0, 1]. The normalization procedure for alternative member-
ship degrees to ranking positions is outlined as (6):

Pij
R V. 6
Pij maxp; (6)
where 7 is the row index and j the column index in the M matrix. The formula to
calculate the normalized ranking membership degree for all analyzed alternatives
is presented as (7):

Py = ot 7)

where ¢ stands for the row index and j represents the column index in the M
matrix. In this case, normalization should be done for each column.

After computing the fuzzy ranking for each alternative, the next step is to
aggregate them into a consolidated ranking that represents the group’s consen-
sus. This process merges the individual fuzzy rankings into a single ranking that
reflects the overall group preferences. The weighted rank is calculated by multi-
plying each row of the fuzzy ranking matrix by its corresponding position. This
step is expressed in Equation (8):

weighted _rank; = Zpij - (8)

i=1
where ¢ stands for the row index and j represents the column index in the M
matrix.
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The obtained weighted values are then ranked to determine the final crisp
positional ranking, where lower values correspond to better positions in the rank-
ing.

4 Study case

The case study was divided into two stages to evaluate the performance of the
proposed large-scale group decision-making method based on the RANCOM ap-
proach. The first stage involved simulation experiments that modeled varying
numbers of experts and different levels of disagreement among their opinions.
These simulations compared six selected methods for aggregating expert judg-
ments, including the fuzzy ranking-based approach proposed in this study. The
second stage focused on assessing the effectiveness of the proposed method in
a practical decision-making scenario—evaluating solar panels for use in photo-
voltaic farms.

4.1 Simulations

In this study, we propose a large-scale group decision-making approach based on
the RANCOM method, which is characterized by strong robustness to individ-
ual expert error. Integrating this method into the group decision-making process
helps minimize the impact of inconsistent judgments from individual decision-
makers, thereby enhancing the reliability and error tolerance of the evaluation
procedure. Given the variety of existing approaches for aggregating expert pref-
erences, the study compares six aggregation techniques. Three of these are based
on aggregating the relevance rankings of weights, while the remaining three ag-
gregate the actual criteria weights. The newly proposed fuzzy ranking-based ag-
gregation method is compared with compromise-based approaches such as Borda
and Rank Position, as well as with traditional aggregation techniques including
the arithmetic mean, geometric mean, and TFNs operators. This comparative
analysis aims to evaluate the effectiveness of each method in aggregating expert
opinions within large-scale group decision-making contexts.

The performance of the proposed method was validated through a simulation-
based study, modeling various group sizes and levels of expert opinion dis-
agreement, represented by the parameter €. Lower values of ¢ indicated greater
alignment among expert opinions. The study considered three group sizes (n €
30,40,50) and three levels of disagreement (¢ € 0.2,0.5,0.8), resulting in nine
distinct test scenarios. Each scenario was evaluated over 1,000 iterations, using
decision problems involving 10 alternatives and between 4 and 16 criteria. The
complete set of simulations, including all implementation details and visualiza-
tions, has been made available in an open-access repository [31].

To illustrate the experimental modeling of expert opinions with varying levels
of disagreement, Figure 1 presents the distribution of Weight Similarity Coeffi-
cient (WSC) correlation values [22] between experts for a group of 30 and 50
decision-makers, under two levels of disagreement (¢ = 0.2 and £ = 0.8). The
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results show a clear distinction in correlation values depending on the degree
of disagreement. Specifically, lower € values result in higher similarity between
expert weightings, while higher ¢ values reflect more diverse opinions. This con-
firms that the simulation scenarios effectively captured a range of realistic group
decision-making situations, from highly consistent to significantly divergent ex-
pert judgments.

30 experts (e =0.2) 30 experts (€ =0.8)
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Fig. 1. Comparison of the distribution of Weights Similarity Coefficient (W SC') values
for the groups including 30 and 50 experts and two levels of disagreement rates (¢ =
0.2, e = 0.8).

Based on the simulated expert assessments within the study group across
1,000 simulation runs, the criteria weights determined using the RANCOM
method were aggregated using six selected techniques. Given the differing com-
putational procedures and assumptions underlying these approaches, it was es-
sential to examine how the aggregated weight vectors influenced the outcomes
of the multi-criteria decision analysis. To this end, the resulting weight sets were
applied within the TOPSIS method to generate recommendation rankings for
the evaluated decision alternatives. For each simulation iteration, the Weighted
Similarity (W.S) rank coefficient was computed to assess the correlation between
rankings obtained from the different aggregation methods. Finally, the average
WS values were calculated across all iterations to evaluate the consistency and
performance of each aggregation technique.

Figure 2 presents the average WS correlation values obtained for the test
scenario involving 50 experts and two levels of opinion disagreement (¢ = 0.2
and € = 0.8). As observed, lower disagreement levels led to slightly higher av-
erage ranking correlations across the tested aggregation methods compared to
scenarios with more divergent expert opinions. The proposed approach based
on the fuzzy ranking concept exhibited slightly lower correlation values relative
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to the other methods. However, all methods achieved strong correlations, with
values exceeding 0.80, indicating a high degree of similarity between the result-
ing rankings. It is noteworthy that the other aggregation techniques produced
nearly identical average correlation values, suggesting minimal variation in the
final rankings. This consistency implies that these methods, despite computa-
tional differences, may not contribute distinct insights to the group preference
aggregation process. In contrast, the fuzzy ranking-based method, while still
maintaining high correlation levels, demonstrated more noticeable variation in
ranking similarity. This could indicate that the method incorporates additional
information or captures nuanced differences more effectively, potentially enhanc-
ing the consensus-building process in group decision-making contexts.

50 experts (¢ =0.2) 50 experts (¢ =0.8)
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Fig. 2. Comparison of mean Weighted Similarity (W.S) rank coeflicient values for six
selected group weights aggregation approaches and two disagreement levels of ¢ = 0.2
and € = 0.8. (M;: Fuzzy ranking, M»: Rank position, M3: Geometric mean, My: Borda,

M5: Average mean, Me: Triangular Fuzzy)

Additional metrics were used in the simulation study to evaluate the accu-
racy of aggregated group weights in comparison to individual expert weights.
Specifically, the Mean Absolute Error (M AE) and Mean Squared Error (M SE)
were employed for this purpose. Figure 3 illustrates the distribution of M AFE and
MSFE values for a test scenario involving 50 experts and a high disagreement
level (¢ = 0.8) across the analyzed aggregation techniques. The results indicate
that as the number of criteria in the decision problem increased, the proposed
fuzzy ranking-based approach consistently produced lower mean M AFE values.
The standard deviation of M AE remained comparable across the tested tech-
niques, regardless of the number of criteria. Among all methods, the Triangular
Fuzzy Numbers aggregation yielded the most consistent MAE values, show-
ing the lowest variability. In comparison to the other techniques, the proposed
method demonstrated values that were generally more aligned with the indi-
vidual expert weights, especially when evaluated using the M AE metric. These
findings suggest that while differences among the methods in terms of MSFE
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Fig. 3. Comparative analysis of Mean Absolute Error (M AE) and Mean Squared Error
(MSE) values for 50 decision-makers and for six selected group weights aggregation
procedures for the different number of criteria in the decision problem.

were not substantial enough to cause wide dispersion in values, the fuzzy rank-
ing approach still provided a more accurate and stable representation of group
preferences in the presence of significant opinion divergence.

The distribution of W SC' values observed in the other analyzed test scenarios
closely resembled the distributions shown in Figure 1. For the inconsistency level
e = 0.5, the mean W SC values ranged from 0.90 for problems with 4 criteria to
0.88 for problems with 16 criteria. In contrast, the mean W.S correlation values
between the rankings obtained using the analyzed group preference aggregation
approaches remained relatively consistent across different expert group sizes and
levels of disagreement. For simulations involving 30 experts, the mean correlation
values were approximately 0.01 higher than those observed with 50 experts.

Differences in the mean and standard deviation distributions for the M AFE
metric were observed, varying according to the modeled level of disagreement
among expert ratings. For ¢ = 0.2, the M AFE values ranged between 0.00 and
0.06, regardless of the number of experts in the group. For ¢ = 0.5, the range
widened slightly, with values between 0.00 and 0.10. In the case of the MSE
metric, the values for ¢ = 0.2 ranged from 0.000 to 0.010, while for € = 0.5, they
extended from 0.000 to 0.020. Across all test scenarios, as the number of criteria
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in the decision problem increased, both M AE and M SE values decreased signif-
icantly. The full experimental implementations and accompanying visualizations
are available in the open-access repository [31].

4.2 Practical problem

To verify the proposed approach of large-scale multi-criteria group decision-
making based on the RANCOM method, the practical problem from the lit-
erature was selected. Baczkiewicz et al. addressed the problem of solar panel
evaluation in [4]. The authors included 30 alternatives and 6 criteria in the de-
cision problem. The set of criteria determined for the assessment purposes were
open circuit voltage (C1), short circuit current (Cs), module efficiency (C3), peak
power per m? (C}), cost per m? (Cs), and weight per m? (Cg). The decision ma-
trix and types of criteria used in the performed evaluation with the proposed
approach were described by the authors in their work [4].

The decision problem was evaluated using the TOPSIS method for a group
of 50 experts, with a disagreement level of € = 0.8. The reference weights, which
served as the basis for modeling expert behavior, were determined using the
entropy method. For the group of 50 experts, the relevance of each criterion was
assessed and aggregated to evaluate the correlation between the resulting values.
The mean weight similarity coefficient was 0.87, with a standard deviation of
0.08.

Fuzzy Rank Average Geometric Triangular

ranking 9 Borda [ =

- position mean mean Fuzzy

Ranking position
- iy N N w
o w o w o

w

A1 Az A3 Ag As Ag A7 Ag Ag A10A11A12A13A14A15A16A17A18A10A20A21A22A23A24 A5 AgeA27 A2s Aze Aso

Fig. 4. Comparison of Weighted Spearman (rw) coeflicients values for six selected
group weights aggregation approaches, disagreement level € of 0.8 for the solar panels’
evaluation.

Figure 4 presents the rankings of the evaluated solar panels, obtained us-
ing six different group aggregation techniques. Several differences were observed
among the examined methods. For instance, while some solar panels consistently
maintained their positions across all techniques, others exhibited significant vari-
ations in their rankings, depending on the aggregation approach used. This sug-
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gests that the choice of aggregation method can influence the final ranking order
of the solar panels in the given problem. These discrepancies underscore the im-
portance of carefully selecting an appropriate aggregation technique based on
the specific characteristics of the decision-making context.

While some methods consistently rank selected solar panels in the same po-
sitions, others place them in different orders. In the top part of the ranking, the
most significant discrepancy was observed for alternative Asg, which showed a
five-position difference across the examined aggregation procedures. Addition-
ally, alternatives Ay, A1g, A1s, Aag, and Asg exhibited a four-position difference
among the aggregation methods. This variability suggests that depending on the
chosen weights aggregation procedure, the order of alternatives in the ranking
can differ significantly. Moreover, it highlights the sensitivity of the obtained
results to the selected technique.

1.000

< BELN 097 097

0.995

0.985

M4 M3 M,
r'w

-0.975

-0.970

Ms

-0.965

Mg

097 095 096 mw

M1 3 M4 M5

-0.960

Fig.5. Comparison of Weighted Spearman (rw) coeflicients values for six selected
group weights aggregation approaches, disagreement level € of 0.8 for the solar panels’
evaluation. (Mi: Fuzzy ranking, Ms>: Rank position, M3: Geometric mean, My: Borda,
Ms: Average mean, Ms: Triangular Fuzzy)

Figure 5 compares the Weighted Spearman (ry,) correlation coefficient val-
ues for the rankings shown in Figure 4. The results indicate that the obtained
rankings are highly correlated, with ry values exceeding the threshold of 0.96.
Additionally, two pairs of methods (Borda and Rank Position, and Average Mean
and Geometric Mean) produced identical rankings. This suggests that despite
some variations in the rankings derived from the different weight aggregation
methods, the results remain highly consistent in the context of the practical
solar panel evaluation problem.
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5 Discussion

The study comprehensively examined the proposed large-scale group decision-
making approach based on the RANCOM method through simulation exper-
iments and a practical application in solar panel evaluation for photovoltaic
farms. The simulations analyzed various group sizes and expert opinion disagree-
ments, while the practical application validated the approach in a real-world
decision-making scenario.

The simulation experiment demonstrated the robustness of the proposed ap-
proach in handling diverse expert opinions and aggregating them effectively. By
comparing six aggregation techniques, including the new fuzzy ranking-based ap-
proach, the study showed the RANCOM-based group decision-making method’s
ability to reduce the impact of inconsistent judgments. Although variations in
rankings were observed across different aggregation methods, the proposed ap-
proach consistently yielded reliable and robust results, effectively representing
group preferences. The comparative analysis highlighted that depending on the
aggregation method, the results could differ, but most techniques produced sim-
ilar rankings. Minor differences were noted with the fuzzy ranking method, yet
the rankings correlation calculated using the WS coefficient showed high simi-
larity across different group sizes and disagreement rates. Despite slight ranking
differences, the fuzzy ranking method demonstrated potential in enhancing con-
sensus among differing expert opinions.

In the practical solar panel evaluation, the RANCOM-based approach proved
effective in providing consistent and highly correlated rankings across different
aggregation techniques. While minor discrepancies were seen in the 7y cor-
relation values, the results remained highly similar, confirming the approach’s
robustness in real-world decision-making. The study highlighted the advantages
of the large-scale group decision-making approach, offering a systematic and re-
liable framework for aggregating diverse expert opinions and fostering consensus
in complex decisions. The method is promising for a wide range of applications,
contributing to more informed and effective decision-making. By reducing indi-
vidual inaccuracies in expert judgments, the RANCOM method enhances the
reliability and credibility of aggregated decisions, making them more suitable
for critical scenarios where accuracy and consistency are crucial.

While the RANCOM-based approach offers many strengths, it is important
to recognize its limitations. It relies on assumptions that may not fully capture
the complexities of real-world decision problems, potentially leading to biases
or inaccuracies. The approach primarily focuses on aggregating expert opinions
based on rankings of criteria weights, without considering factors like exper-
tise level or expert credibility. Ignoring these factors could overlook valuable
insights from more experienced experts, affecting decision quality. Addressing
these limitations requires ongoing research to refine the approach and improve
its performance in practical decision-making contexts.
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6 Conclusion

The proposed RANCOM-based approach to large-scale group decision-making
shows promise in effectively aggregating different expert opinions and facilitat-
ing consensus building for varied preferences in complex decision-making prob-
lems. Through simulation experiments and a practical application in evaluat-
ing solar panels for photovoltaic farms, the approach demonstrated robustness
and reliability in representing group preferences. Despite minor discrepancies
observed across different aggregation techniques, the proposed group decision-
making method provided highly correlated rankings, indicating its suitability for
real-world decision-making scenarios. The proposed aggregation procedure based
on the fuzzy ranking concept showed potential for capturing additional informa-
tion about group preferences compared to the other techniques examined. This
highlights the versatility and effectiveness of the RANCOM-based approach in
enhancing consensus among differing expert opinions since the weights aggrega-
tion procedures could be integrated into the proposed method interchangeably.
For further research directions, it is worth considering comparing other ag-
gregation procedures to examine whether obtained group criteria weights would
differ significantly. Moreover, refining and optimizing the proposed aggregation
procedure based on the fuzzy ranking concept would be meaningful to maximize
its utility and applicability across various domains, ultimately enhancing the
quality and reliability of group decision-making processes. The proposed group
decision-making approach based on the RANCOM method should be compared
to other methods that aggregate criteria weights based on expert knowledge.
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