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ABSTRACT
Keywords: Vendor selection is a critical decision in supply chain
Vendor management because it directly influences procurement
Selection; costs, product quality, delivery performance, and
Multi-Criteria operational continuity. The presence of multiple evaluation

Decision Making; criteria with different characteristics makes vendor
MEREC Weighting; selection a complex multi-criteria decision-making problem.

PIV Method; This study proposes an integrated MEREC-PIV method to
Decision Support provide an objective and systematic approach to vendor
System; selection. MEREC 1is applied to determine the objective

weights of the evaluation criteria based on the effect of
criterion removal on overall alternative performance, while
PIV is used to rank vendor alternatives according to their
proximity to reference values. The proposed approach was
implemented wusing a dataset consisting of 25 vendor
alternatives and six criteria, namely price, delivery time,
quality, service, reputation, and flexibility. The MEREC
results indicate that delivery time (KT2) and price (KT1)
are the most influential criteria, with weights of 0.3620
and 0.3618, respectively. The PIV ranking results show that
V07 achieved the highest priority with a final wvalue of
0.2665, followed Dby V18 (0.2762), V13 (0.2796), V03
(0.2962), and V23 (0.3287). These findings demonstrate that
the MEREC-PIV integration can objectively determine
criterion importance and generate a systematic ranking of
vendor alternatives. The proposed approach can support
decision-makers in identifying the most suitable wvendor
based on quantitative and data-driven evaluation.

I. Introduction

Vendor selection is an important strategic aspect of supply chain
management because vendor choices can directly affect operational
efficiency, procurement costs, supply continuity, on-time fulfillment of
needs, and the quality of products or services an organization
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receives[1l], [2]. Choosing the right wvendor isn’t Jjust about their
ability to provide goods or services at competitive prices; it also
involves considering various other aspects related to performance and
the sustainability of supply chain relationships. In practice, vendors
are evaluated based on many criteria that have different characteristics,
measurement scales, and levels of importance, such as price, quality,
delivery timeliness, capacity, flexibility, service, reputation, and
reliability. This situation makes the vendor evaluation process quite
complex because each option may have strengths in certain criteria but
also weaknesses in others, so decisions can't be made by just looking
at a single indicator[2], [3]. The complexity increases even more when
the number of vendors and criteria being evaluated goes up, so an
approach is needed that can systematically integrate various information
to produce decisions that are objective and accountable. In this context,
multi-criteria decision-making (MCDM) can handle the complexity of
evaluating vendors by considering various criteria at the same time,
determining the importance weights, and systematically ranking the
alternatives. Its application supports a more objective, consistent
vendor selection and can improve supply chain efficiency and
performance[4]-[6].

Although MCDM can help handle the complexity of vendor evaluation,
the decision-making process still faces several challenges, especially
in determining the weighting of criteria objectively[7], [8].
Assessments that rely too much on the decision-maker's subjectivity can
lead to inconsistencies 1in setting the importance level of each
criterion. Moreover, vendor criteria generally  have different
measurement scales and characteristics, so a proper normalization
process 1is needed to ensure all values can be compared fairly. After
that, a ranking method that can accurately integrate evaluation results
from various criteria 1is needed to produce a reliable vendor order.
Therefore, choosing the right MCDM method is important to achieve a
vendor evaluation that is more objective, consistent, and
representative.

Method based on the Removal Effects of Criteria (MEREC) is one of
the objective weighting methods that determines the importance level of
criteria based on their impact on evaluation results[9], [10]. This
method uses the concept of removing criteria to identify how much each
criterion contributes to the aggregation result. Each criterion is
evaluated by comparing the aggregation result before and after the
criterion is removed. Criteria that cause a bigger change when removed
show a stronger influence on the evaluation outcome. Therefore, these
criteria will get a higher weight compared to criteria that cause smaller
changes. This approach allows the importance level of criteria to be
determined based on the information contained in the evaluation data[ll]-
[13]. The MEREC method is relevant to use in decision-making because it
can produce weights objectively without relying on subjective judgments
or preferences from experts.

The Proximity Indexed Value (PIV) method is a ranking method used
to determine the priority of alternatives based on how close their values
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are to a reference condition[13], [14]. This method evaluates the
performance of each alternative across various criteria to get a
proximity index wvalue that represents the alternative's position
relative to the desired condition. The better the alternative's position
compared to the reference condition, the higher the priority it gets in
the decision-making process. In the context of selecting vendors, PIV
can be used to rank vendors after the weight of each criterion is obtained
through an objective weighting method[15], [16]. Using these weights
allows the contribution of each criterion to be considered in determining
the overall performance of the vendor. The integration of MEREC and PIV
allows the weighting and ranking process to be done systematically by
combining data-based objective weights with the evaluation of how close
alternatives are to reference conditions.

Some research on vendor selection still applies weighting and
ranking methods separately or uses a combination of different methods.
This situation shows that there is still room for development in
integrating MEREC and PIV specifically to support the vendor selection
process. MEREC has the ability to determine criteria weights based on
the impact of removing a criterion on the evaluation results, while PIV
provides a ranking mechanism based on the proximity of alternatives to
reference conditions. Integrating these two methods can 1link the
objective weighting process with a proximity-based ranking mechanism.
This approach allows criteria weights to be determined based on data
characteristics without relying on subjective judgment. Therefore, an
integrated MEREC-PIV approach is needed to create a more systematic,
objective, and consistent vendor evaluation and ranking process.

Previous studies have demonstrated the potential of integrating
objective weighting and ranking methods to address multi-criteria
selection problems. Keshavarz-Ghorabaee et al. introduced MEREC (Method
based on the Removal Effects of Criteria) as an objective weighting
approach that determines criterion importance based on the impact of
removing each criterion from the decision process, providing a different
perspective from conventional variation-based weighting methods[17].
Subsequent studies have applied MEREC in various selection problems,
including distribution center location assessment and supplier
selection, confirming its applicability for deriving data-driven
criterion weights[18]. In particular, the integration of MEREC and PIV
(Preference Index of Ideal Solution/Preference Index Vector) has been
applied to renewable energy source selection, where MEREC was used to
determine objective weights and PIV to rank alternatives, with
sensitivity analysis employed to examine the robustness of the
results[19]. However, existing applications of MEREC-PIV remain
relatively limited across different vendor-selection contexts,
particularly in comprehensive evaluation involving heterogeneous
criteria such as cost, delivery performance, quality, service,
reputation, and flexibility. This indicates a research gap in further
examining the integration of MEREC and PIV specifically for multi-
criteria vendor selection, including whether the combination can provide
stable and interpretable rankings when criteria have different
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characteristics and levels of importance. Therefore, this study proposes
the integration of the MEREC objective weighting method and PIV ranking
method for multi-criteria vendor selection to address this gap and
provide a data-driven framework for evaluating competing vendors.

This study aims to develop the MEREC-PIV framework to support a
systematic and objective vendor selection process. The MEREC method is
used to determine the weight of each criterion based on its impact on
the evaluation results. Then, the PIV method is applied to rank wvendors
according to how close their performance is to the reference conditions.
Integrating these two methods is expected to create a structured and
consistent weighting and ranking process. In addition, this study
evaluates the stability and consistency of the results through
sensitivity analysis and/or comparison with other MCDM methods. The
evaluation results are used to assess the reliability of the MEREC-PIV
framework in supporting vendor selection decision-making.

ITI. Methodology

2.1. Research Stage

The research stages are a series of systematic processes carried
out to achieve the research objectives, starting from identifying the
problems, determining criteria and alternatives, <collecting data,
forming a decision matrix, weighting using MEREC, ranking using PIV, to
evaluating the stability and consistency of the results. Each stage is
carried out sequentially to ensure the vendor selection process 1is
objective and structured. Overall, the research stages used in developing
the MEREC-PIV framework are shown in Figure 1.

Sensitivity and

Consistency Analysis ‘

Problem Identification

Data Collection

Weighting using MEREC

‘Ranking using PIV

Figure 1. Research Stages

The research process begins with problem identification, which
focuses on defining the vendor selection problem and determining the
criteria required to evaluate vendor performance. The next stage is data
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collection, where relevant data are obtained for each vendor based on
the selected criteria. The collected data are then processed through
weighting using MEREC to determine the objective importance of each
criterion based on its removal effect. Subsequently, ranking using PIV
is performed to evaluate and prioritize vendors according to their
proximity-based performance. Finally, sensitivity and consistency
analysis 1s conducted to assess the stability, robustness, and
reliability of the resulting vendor rankings.

2.2. MEREC Method

MEREC method is an objective weighting method in MCDM that
determines the importance level of each criterion based on its impact
on the evaluation results when the criterion is removed. The main
principle of MEREC is that the greater the change in the evaluation
results due to removing a criterion, the higher the importance level of
that criterion. By using information from the decision matrix, MEREC can
determine criteria weights objectively without requiring subjective
judgment from decision-makers or experts.

The MEREC stages start with creating a decision matrix that
includes alternatives and criteria as the main 1input 1in the data

processing using (l1). Next, the wvalues 1in the decision matrix are
normalized by considering the characteristics of each criterion, both
benefit and cost, as shown in (2). Based on the normalization results,

the aggregate performance value for each alternative is then calculated
using (3). Afterwards, a recalculation of the alternatives' performance
is done by removing each criterion one by one to identify the impact of
each criterion on the evaluation results using (4). The difference
between the initial performance and the performance after removal 1is
used to determine the size of the removal effect for each criterion
through (5). These values then serve as the basis for determining the
importance level of each criterion, resulting in objective weights
through (6).

X=[x;] (1)
Xij
mjaxxij'JEB
nij = mjinxi]- ) (2)
oy ;J€C
1
Si=In(1+ (E ?=1|1n(nij)|)) (3)
’ 1
Sy =In (1 + (X e j|In(n) ) (4)
Ej=%]_|Si;' = Sil (5)
w; = ;ﬁ (6)
J Zj:1EJ'

MEREC can be used as an objective weighting method that determines
the importance level of <criteria based on their contribution to
evaluation results. The main advantage of this method lies in its ability
to utilize data characteristics and the impact of removing criteria
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without needing subjective assessments from experts. MEREC also allows
each criterion to receive a weight according to its level of influence,
so criteria that contribute more to changes in evaluation results will
get a higher weight. This approach makes MEREC suitable for use in MCDM
problems, especially in vendor selection processes that involve many
criteria with varying levels of importance.

2.3. PIV Method

PIV is an MCDM method used to determine priorities based on how
close performance values are to reference values for each criterion.
This method considers the weight of each criterion when calculating the
overall closeness. The calculation results for each criterion are then
aggregated to get the final value, which serves as the basis for ranking.
The main feature of PIV is its use of the proximity concept to compare
performance against reference values in a systematic and measurable way.

The PIV method steps start by determining a reference value as a
basis for measuring how close each alternative's performance is to the
desired condition. Next, the closeness value of each alternative to the
reference value for each criterion is calculated by considering the
benefit and cost characteristics of the criteria using (7). These
closeness results are then combined with the criteria weights obtained
from MEREC to get weighted values using (8). After that, the weighted
values from all criteria are aggregated to obtain the PIV index value
for each alternative using (9). The final step is to determine the final
value and rank the alternatives based on the PIV calculation results

using (10), giving the ranking of the alternatives.
( xu—ngnxu

maxx--—minx--;jEB
)i Gy
Tij =9 max x;j—x;j (7)
——J————T——ﬁjEC
maxxij—mjmxi]-
J
nij=Wj*rij (8)
m]axnij —n;j; jeB
6= . . 9
ij nij—mjlnnij;]eC (9)
—_\y"n
@i =25=10ij (10)

PIV is a ranking method that can provide priority results based
on how close performance is to reference values in a systematic way. One
of PIV's advantages is its ability to integrate criteria weights into
the evaluation process, so the importance level of each criterion is
taken into account. Additionally, PIV can handle criteria with Dboth
benefit and cost characteristics, and it produces final scores that are
easy to use for determining priority order. These features make PIV
suitable to be combined with objective weighting methods in building a
more structured and data-driven decision-making process.
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IIT. Result and Discussion

Choosing a vendor is an important part of supply chain management
because the decisions made can affect procurement costs, product or
service quality, timeliness, and operational continuity. The process
generally involves various criteria that have different characteristics,
scales, and levels of importance, making selecting the best wvendor a
complex issue. MCDM can be used to handle these conditions by considering
several criteria at the same time. However, the effectiveness of the
MCDM process is greatly influenced by the method's ability to determine
criteria weights objectively and produce consistent rankings. Relying
on subjective weights can impact decision outcomes, while differences
in characteristics between criteria require proper evaluation and
ranking mechanisms.

The integration of MEREC and PIV offers an approach that links
objective weighting with a closeness-based ranking process. MEREC
determines the weights of criteria based on how much a criterion
influences the evaluation results when it is removed, so weights can be
obtained from the data characteristics without relying on expert
judgment. Then, PIV is used to determine priorities based on how close
performance is to reference values, taking into account the weights
already obtained. Integrating these two methods allows the evaluation
process to be carried out systematically, from determining the importance
level of criteria to forming rankings. The MEREC-PIV approach is expected
to result in a vendor selection process that is more objective,
consistent, and capable of providing a more reliable basis for decision-
making.

3.1. Problem Identification

Choosing a vendor is an important issue in supply chain management
because the decisions made <can affect operational efficiency,
procurement costs, product or service quality, and supply continuity.
In practice, organizations have to ©pick a vendor from several
alternatives while considering various criteria that differ from one
another. These criteria can include price, quality, on-time delivery,
service, capacity, flexibility, and reputation. The varying
characteristics and importance of each criterion mean that evaluation
can’t be done based on just one indicator. That’s why a decision-making
approach that can consider multiple criteria at the same time and in a
structured way is needed.

Another problem arises in determining the importance level of each
criterion. Using weights based on subjective Jjudgment can lead to
differences in decisions because it heavily depends on the decision-
maker's perception or preference. This situation can reduce consistency
and objectivity in the evaluation process. Moreover, each criterion may
have different measurement scales and characteristics, so proper data
processing is needed before ranking. This complexity highlights the
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importance of using a weighting method that can utilize the information
contained in the data to determine criteria weights objectively.

Based on these issues, an approach is needed that can integrate
the weighting and ranking process systematically. MEREC can be used to
determine the weights of criteria based on the influence of each
criterion on changes in evaluation results when a criterion is removed.
Then, PIV can be wused to generate priorities based on how close
performance is to reference values while considering the weights that
have been obtained. Integrating MEREC and PIV 1is expected to reduce
reliance on subjective judgments while providing a more structured
evaluation mechanism. The MEREC-PIV approach becomes relevant to support
decision-making in multi-criteria problems that require objective and
consistent evaluation results.

3.2. Data Collection

Data collection was carried out to obtain the information needed
in the vendor selection process based on the criteria that had been set.
The data used includes several vendor alternatives along with their
performance scores on each evaluation criterion. Each criterion was
chosen to represent relevant aspects in assessing the capability and
performance of vendors, so the data obtained can be used as a basis for
weighting and ranking. The vendor selection data used in this study is
presented in Table 1.

Table 1.Dataset Vendor Selection

Alternative KT1 KT2 KT3 KT4 KT5 KT6
V01l 3 8 88 7 86 4
V02 2 6 92 8 90 5
v03 5 12 85 6 84 2
v04 1 5 94 9 93 5
V05 4 10 87 7 88 3
V06 2 7 91 8 92 4
V24 1 5 94 9 93 5
V25 4 8 89 7 88 4

Table 1 presents the Vendor Selection Dataset, consisting of 25
alternatives (V01-V25) evaluated wusing six criteria (KT1-KT6). The
criteria include Price (KT1l), Delivery Time (KT2), Quality (KT3), Service
(KT4), Reputation (KT5), and Flexibility (KTo), with different
measurement ranges and characteristics. KTl (Price) ranges from 1 to 5
and is categorized as a cost criterion, while KT2 (Delivery Time) ranges
from 3 to 15 and is also classified as cost. In contrast, KT3 (Quality)
with values of 80-95, KT4 (Service) with values of 5-9, KT5 (Reputation)
with wvalues of 80-95, and KT6 (Flexibility) with wvalues of 1-5 are
classified as benefit criteria, where higher values indicate better
performance. The variation in the values and criterion types provides a
diverse decision matrix for evaluating vendor performance. The dataset
is subsequently used as the input for the MEREC weighting process and
PIV ranking process.
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3.3. Criterion Weight Calculation using MEREC

Calculating criteria weights using the MEREC method is done to
determine the level of importance of each criterion objectively, based
on its impact on the evaluation results of alternatives. MEREC measures
criteria weights by looking at the changes in the aggregate value of
alternatives when a criterion is removed from the calculation process.
The bigger the change caused by removing a criterion, the more important
that criterion is. This approach lets criteria weights be set based on
each criterion's actual contribution to the overall decision, which helps
reduce reliance on subjective judgment in the weighting process.

The MEREC weighting procedure is conducted through a sequence of
calculations designed to objectively determine the relative importance
of each criterion. First, the decision matrix is established by arranging
all alternatives according to the selected criteria using Equation (1),
and the decision matrix results are the same as those in Table 1. The
matrix is subsequently transformed through criterion-based
normalization, where the calculation is adjusted to distinguish between
benefit and cost criteria according to Equation (2), with the normalized
results presented in Table 2.

Table 2.Normalization Results of the MEREC Method

Alternative KT1 KT2 KT3 KT4 KT5 KT6
V01l 0.3333 0.3750 0.9263 0.7778 0.9053 0.8000
V02 0.5000 0.5000 0.9684 0.8889 0.9474 1.0000
V03 0.2000 0.2500 0.8947 0.6667 0.8842 0.4000
v04 1.0000 0.6000 0.9895 1.0000 0.9789 1.0000
V05 0.2500 0.3000 0.9158 0.7778 0.9263 0.6000
V06 0.5000 0.4286 0.9579 0.8889 0.9684 0.8000
V24 1.0000 0.6000 0.9895 1.0000 0.9789 1.0000

V25 0.2500

(@}

.3750 0.9368 0.7778 0.9263 0.8000

The normalized data are then used to obtain the overall
performance measure of each alternative through Equation (3), and the
calculated values are summarized in Table 3.

Table 3.0Overall Alternative Performance Score of the MEREC Method

Alternative Alternative Performance Value
vo1l 0.3750
v02 0.2351
V03 0.5645
v04 0.0866
V05 0.4613
V06 0.2822
V24 0.0866
V25 0.4036

To assess the contribution of individual criteria, the performance
values are recalculated repeatedly after excluding one criterion at a
time using Equation (4), with the results provided in Table 4.
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Table 4.Alternative Performance Scores After Elimination of the MEREC

Method
Alternative KT1 KT2 KT3 KT4 KT5 KT6
vo1l 0.2405 0.2558 0.3662 0.3458 0.3635 0.3491
vo02 0.1393 0.1393 0.2309 0.2195 0.2280 0.2351
vO03 0.3990 0.4237 0.5539 0.5254 0.5528 0.4737
vo4 0.0866 0.0053 0.0850 0.0866 0.0833 0.0866
vO05 0.3039 0.3261 0.4520 0.4345 0.4532 0.4061
v06 0.1911 0.1696 0.2768 0.2673 0.2782 0.2538
v24 0.0866 0.0053 0.0850 0.0866 0.0833 0.0866
V25 0.2360 0.2880 0.3963 0.3752 0.3951 0.3785

The resulting changes are compared with the original performance
values to obtain the removal effect associated with each criterion
through Equation (5), which is presented in Table 5.

Table 5. Performance Scores for each Criteria of the MEREC Method
KT1 KT2 KT3 KT4 KT5 KT6
2.7207 2.7222 0.1968 0.6295 0.2243 1.0266

Finally, these removal effects are converted into criterion
importance values and objective weights using Equation (6), and the final
weights are reported in Table 6.

Table 6.Criteria Weight Value of the MEREC Method
KT1 KT2 KT3 KT4 KT5 KT6
0.3618 0.3620 0.0262 0.0837 0.0298 0.1365

The weighting results using the MEREC method show that KT2 has
the highest weight at 0.3620, followed by KTl with a weight of 0.3618,
making these two criteria the most dominant factors in the evaluation
process. Next, KT6 got a weight of 0.1365, while KT4 has a weight of
0.0837. Meanwhile, KT5 and KT3 have relatively low weights, at 0.0298
and 0.0262 respectively. These results show that MEREC assigns different
levels of importance to each criterion based on their impact on changes
in alternative performance when a criterion is removed.

3.4. Calculation of Alternative Values Using the PIV Method

The calculation of alternative values using the PIV method is done
to determine how close each alternative is to the ideal condition based
on all the criteria that have been weighted. This process uses the weight
values from the MEREC method as a basis to measure each criterion's
contribution to the final alternative score. Each alternative 1is
evaluated based on normalized criterion values, then combined with the
criterion weights to produce the PIV value. This final value is used as
a basis to determine the ranking of alternatives, where the alternative
with the best closeness value gets a higher rank according to the PIV
calculation characteristics. All calculation steps are done
systematically until the final values are obtained, which can be used
to compare the performance of all alternatives.
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The calculation of alternative values using the PIV method is
performed through several sequential stages to determine the relative
performance of each alternative. First, a reference value is established
for each criterion as a benchmark for assessing the proximity of the
alternatives to the desired performance level. The reference values are
determined according to the characteristics of the criteria and presented
in Table 7.

Table 7.Preference Value of the PIV Method

Alternative KT1 KT2 KT3 KT4 KT5 KT6
vo1l 0.5000 0.5833 0.5000 0.5000 0.4000 0.7500
vo02 0.7500 0.7500 0.7857 0.7500 0.6667 1.0000
vO03 0.0000 0.2500 0.2857 0.2500 0.2667 0.2500
vo4 1.0000 0.8333 0.9286 1.0000 0.8667 1.0000
V05 0.2500 0.4167 0.4286 0.5000 0.5333 0.5000
V06 0.7500 0.6667 0.7143 0.7500 0.8000 0.7500
v24 1.0000 0.8333 0.9286 1.0000 0.8667 1.0000
V25 0.2500 0.5833 0.5714 0.5000 0.5333 0.7500

Subsequently, the proximity wvalue of each alternative to the
corresponding reference value is calculated by considering whether each
criterion is classified as benefit or cost using Equation (7), and the
results are presented in Table 8.

Table 8. Proximity Value of the PIV Method

Alternative KT1 KT2 KT3 KT4 KT5 KT6
v01l 0.1809 0.2112 0.0131 0.0419 0.0119 0.1024
V02 0.2713 0.2715 0.0206 0.0628 0.0199 0.1365
V03 0.0000 0.0905 0.0075 0.0209 0.0080 0.0341
V04 0.3618 0.3017 0.0243 0.0837 0.0259 0.1365
V05 0.0904 0.1508 0.0112 0.0419 0.0159 0.0683
V06 0.2713 0.2413 0.0187 0.0628 0.0239 0.1024
V24 0.3618 0.3017 0.0243 0.0837 0.0259 0.1365
V25 0.0904 0.2112 0.0150 0.0419 0.0159 0.1024

The obtained proximity values are then combined with the criterion
weights generated by the MEREC method to calculate the weighted proximity
values using Equation (8), with the resulting values presented in Table
X. Next, the weighted values across all criteria are aggregated to obtain
the PIV index for each alternative using Equation (9), and the calculated
index values are presented in Table X.

Table 9.PIV Index of the PIV Method

Alternative KT1 KT2 KT3 KT4 KT5 KT6

V01l 0.1809 0.2112 0.0131 0.0419 0.0179 0.0341

V02 0.2713 0.2715 0.0056 0.0209 0.0099 0.0000

V03 0.0000 0.0905 0.0187 0.0628 0.0219 0.1024

v04 0.3618 0.3017 0.0019 0.0000 0.0040 0.0000

V05 0.0904 0.1508 0.0150 0.0419 0.0139 0.0683

V06 0.2713 0.2413 0.0075 0.0209 0.0060 0.0341
*Corresponding Author: fericopasaribu@teknokrat.ac.id (A. Ferico
Octaviansyah Pasaribu)
DOI: https://doi.org/10.67449/jcoda.v1i2.6 119

Copyright © 2026 by the authors.

This is an open access article under the CC BY license (https://creativecommons.org/licenses/by-sa/4.0/)


https://e-journal.pilar.or.id/index.php/jcoda/index
mailto:fericopasaribu@teknokrat.ac.id
https://doi.org/10.67449/jcoda.v1i2.6
https://creativecommons.org/licenses/by-sa/4.0/
https://pilar.or.id/

Volume 1 Number 2 November 2026, Available online November 24, 2026. Page 109-129

Journal of Computer and Data Science | Faﬁ;ﬁ;ﬁ
E-ISSN 3164-5194 &Mm‘sﬁms

journal homepage: https://e-journal.pilar.or.id/index.php/jcoda/index

v24 0.3618 0.3017 0.0019 0.0000 ©0.0040 0.0000
V25 0.0904 0.2112 0.0112 0.0419 0.0139 0.0341

Finally, the PIV results are processed to obtain the final
alternative values and rankings using Equation (10), with the resulting
ranking presented in Table 10. This final ranking represents the relative
performance of the alternatives based on their proximity to the reference
conditions.

Table 10. PIV Index of the PIV Method
Alternative Final Value
vo1l 0.4990
v02 0.5793
v03 0.2962
v04 0.6693
v05 0.3803
v0o6 0.5812
V24 0.6693
V25 0.4027

The final wvalues obtained from the PIV method are subsequently
used to determine the ranking of the alternatives based on their overall
performance across all criteria. Each alternative is ordered according
to its final PIV wvalue, allowing the relative position of each
alternative to be clearly identified. The resulting ranking provides an
objective comparison of the alternatives based on their proximity to the
reference conditions, where the alternative with the most favorable PIV
result occupies the highest position. The complete ranking of the
alternatives based on the final PIV values is presented visually in
Figure 2.

Ranking of Alternatives Using the PIV Method

Vo7 02665 (Rank 1)
vis 02762 (Rank 2)

Vi3 0.2796 (Rank 3)

Vo3 02962 (Rank 4)

Va3 03287 (Rank 5)

Vo5 0.3803 (Rank 6)

vio 0.3866 (Rank 7)

Va5 04027 (Rank 8)

V15 0.4105 (Rank 9)

vos 0.4441 (Rank 10)

V17 0.4692 (Rank 11}
V20 04747 (Rank 12)
V22 0.4770 (Rank 13)

Alternative

Vo1 04990 (Rank 14)

viz 05389 (Rank 15)

Vo2 0.5793 (Rank 16)

o8 05812 (Rank 17)

V21 06153 (Rank 18)

vie 0.6337 (Rank 19)

vi4 056430 (Rank 20)
Vil 0.6454 (Rank 21)
Vo4 0.6693 (Rank 22
Va4 06693 (Rank 23!
Vo9 06956 (Rank 24)

V19 0.7238 (Rank 25)

0.0 0.1 02 03 04 05 0.6 07
Final Value

Figure 2. Research Stages
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The results of the calculations using the PIV method show that
Alternative V07 ranked first with a final score of 0.2665, followed by
V18 in second place with a score of 0.2762, and V13 in third place with
a score of 0.2796. Next, V03 ranked fourth with a score of 0.2962, while
V23 took fifth place with a score of 0.3287. Positions six to ten were
occupied sequentially by V05 with a score of 0.3803, V10 with 0.3866,
V25 with 0.4027, V15 with 0.4105, and V08 with 0.4441. These results
indicate that the smaller the final score obtained, the higher the
priority of the alternative. Therefore, V07 is the alternative with the
highest priority based on the PIV method.

3.5. Sensitivity and Consistency Analysis

Sensitivity and consistency analysis 1s conducted to provide a
comprehensive evaluation of the robustness, stability, and reliability
of the proposed decision-making model. Sensitivity analysis examines the
extent to which changes in criteria weights, decision parameters, or
other relevant input values affect the final ranking of alternatives.
This analysis 1s important because a reliable decision-making method
should not produce substantially different results as a consequence of
minor changes in the initial conditions. By observing wvariations in the
ranking results under different scenarios, the sensitivity analysis can
demonstrate the stability of the proposed model and identify the extent
to which its performance is influenced by changes in the decision
environment. In addition, consistency analysis is performed to evaluate
the level of agreement between the ranking results generated by the
proposed method and those obtained using other established methods.
Statistical correlation measures or ranking comparison techniques may
be employed to assess the consistency of the results. A high level of
consistency indicates that the proposed method produces results that are
reliable and aligned with broader decision patterns. Therefore, the
combination of sensitivity and consistency analysis provides important
evidence to support the robustness, credibility, and practical
applicability of the proposed method in solving multi-criteria decision-
making problems.

The sensitivity analysis was conducted by examining the effect of
changes 1in the criteria weights on the final ranking results. The
analysis was performed using two modification scenarios for each
criterion: an increase and a decrease of 0.05 from its original weight.
In the first scenario, the weight of each criterion was individually
increased by 0.05, while the weights of the remaining criteria were
proportionally adjusted to ensure that the total weight remained equal
to one. In the second scenario, the weight of each criterion was
individually decreased by 0.05, followed by a proportional adjustment
of the remaining criteria to maintain the normalization requirement.
This procedure was repeated for all criteria to generate a series of
alternative weighting conditions. The resulting rankings from each
scenario were then compared with the original ranking to evaluate the
stability and robustness of the proposed method. A decision model 1is
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considered less sensitive when the changes in criteria weights produce
only minor variations in the ranking positions, particularly for the
highest-ranked alternatives. Conversely, substantial changes in the
ranking results indicate a higher sensitivity of the model to variations
in the weighting structure. Through these two scenarios, the sensitivity
analysis provides an assessment of the extent to which the proposed
method can maintain consistent decision results under moderate changes
in criteria importance. The results of the sensitivity analysis under
all weight modification scenarios are presented in Table 11.

Table 11. Scenario of Changing Criteria Weights
Scenario KT1 KT2 KT3 KT4 KT5 KT6
Initial Weight 0.3618 0.3620 0.0262 0.0837 0.0298 0.1365
Test Scenario 1 0.3922 0.3448 0.0250 0.0797 0.0284 0.1300
Test Scenario 2 0.3446 0.3924 0.0250 0.0797 0.0284 0.1300
Test Scenario 3 0.3446 0.3448 0.0726 0.0797 0.0284 0.1300
Test Scenario 4 0.3446 0.3448 0.0250 0.1273 0.0284 0.1300
Test Scenario 5 0.3446 0.3448 0.0250 0.0797 0.0760 0.1300
Test Scenario 6 0.3446 0.3448 0.0250 0.0797 0.0284 0.1776
Test Scenario 7 0.3282 0.3811 0.0276 0.0881 0.0314 0.1437
Test Scenario 8 0.3808 0.3284 0.0276 0.0881 0.0314 0.1437
Test Scenario 9 0.3808 0.3811 0.0000 0.0881 0.0314 0.1437
Test Scenario 10 0.3808 0.3811 0.0276 0.0355 0.0314 0.1437
Test Scenario 11 0.3808 0.3811 0.0276 0.0881 0.0000 0.1437
Test Scenario 12 0.3808 0.3811 0.0276 0.0881 0.0314 0.0911

The sensitivity analysis was performed using twelve test scenarios
based on systematic modifications to the initial criterion weights. The
initial weight values were obtained as KTl = 0.3618, KT2 = 0.3620, KT3
= 0.0262, KT4 = 0.0837, KT5 = 0.0298, and KT6 = 0.1365. In Test Scenarios
1 to 6, the weight of one criterion was 1increased by 0.05 1in each
scenario. Specifically, Test Scenario 1 increased the weight of KTI,
Test Scenario 2 increased KT2, Test Scenario 3 increased KT3, Test
Scenario 4 increased KT4, Test Scenario 5 increased KT5, and Test
Scenario 6 increased KT6. After increasing the selected criterion, the
remaining criteria were proportionally adjusted to maintain the total
weight equal to one. Conversely, Test Scenarios 7 to 12 examined the
effect of decreasing the weight of each criterion by 0.05. Test Scenario
7 reduced the weight of KT1, Test Scenario 8 reduced KT2, Test Scenario
9 reduced KT3, Test Scenario 10 reduced KT4, Test Scenario 11 reduced
KT5, and Test Scenario 12 reduced KT6. Because the initial weights of
KT3 and KT5 were lower than 0.05, their weights were set to 0.0000 when
the reduction was applied, while the remaining criteria were
proportionally adjusted to preserve the total weight of one. Therefore,
the twelve scenarios represent systematic increases and decreases in the
relative importance of each criterion. The ranking results obtained under
these modified weighting conditions were compared with the initial
ranking to evaluate the sensitivity, stability, and robustness of the
proposed decision-making method.
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Based on the twelve sensitivity analysis scenarios, the ranking
process was subsequently performed for each modified weighting condition
to examine the effect of changes in criterion importance on the ranking
of alternatives. Each scenario was calculated using the corresponding
modified weights, covering both an increase and a decrease of 0.05 for
each criterion. The ranking results obtained from Test Scenarios 1 to
12 were then compared with the ranking generated using the initial
weights to identify changes in the position and relative preference of
each alternative. This comparison allows the stability of the ranking
results to be assessed under different weighting conditions and provides
an indication of the robustness of the proposed method against changes
in the relative importance of the criteria. If the ranking positions
remain relatively stable across the scenarios, the proposed method can
be considered less sensitive to changes in criterion weights. Conversely,
substantial changes in ranking positions indicate a higher degree of
sensitivity. The complete ranking results for the initial condition and
all twelve sensitivity analysis scenarios are presented in Figure 3.

Bump Chart of Alternative Rankings Across Scenarios

Rank

Highlighted Alternatives
- - - - - - V07 - - - - -
vig
- V13

ORI S1 52 S3 54 S5 56 57 S8 59 510 511 s12
Ranking Scenario

Figure 3. Alternative Ranking Stability Across Sensitivity Scenarios

The bump chart illustrates the ranking stability of 25
alternatives under the original ranking (ORI) and 12 sensitivity
scenarios (S1-S12). Overall, most alternatives maintain highly
consistent ranking positions across all scenarios, as indicated by the
predominantly horizontal lines. The most noticeable changes occur among
the top-ranked alternatives, particularly V07, V18, and V13, which
exchange positions under several scenarios. V07 remains the leading
alternative in most scenarios but shifts from rank 1 to rank 2 in S12,
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while V18 moves from rank 2 to rank 1 in S12. V13 also fluctuates slightly
between ranks 2 and 3. Minor ranking changes are additionally observed
among groups such as V17, V20, and V22, as well as V02 and V06, but
these changes remain limited in magnitude. Overall, the bump chart
indicates that the ranking results are relatively robust and stable
across the sensitivity scenarios, with most alternatives experiencing
only minor positional changes and the leading alternatives consistently
remaining within the top-ranked group.

To evaluate the changes in ranking results resulting from
variations in criterion weights, a correlation analysis was conducted
using the Spearman Rank Correlation method. This analysis aims to measure
the consistency and stability of the ranking order between the initial
condition and each scenario involving changes in criterion weights. The
correlation values obtained for each scenario were then compared to
assess the extent to which weight wvariations affected the ranking
positions of the alternatives. The results of the Spearman correlation
analysis for all scenarios are presented in Figure 4.

Spearman Rank Correlation by Scenario

1.000
0.9992

09985 09985 09985 09985

0.998 09977 0.9977 09977 09977 09977 09977

0.996 1

0.994

Spearman Correlation

0.992

0.990 -

s1 s2 53 54 55 S6 s7 S8 s9 510 511 s12
Scenario

Figure 4. Comparison of Spearman Correlation Values

The Spearman correlation results indicate a very high level of
consistency between the original ranking and the rankings generated under
all weight variation scenarios. The correlation coefficients range from
0.9938 to 0.9992, demonstrating that changes in criterion weights have
only a minimal effect on the ranking order of the alternatives. The
highest correlation is observed in S7 (0.9992), while the lowest is found
in S12 (0.9938). Nevertheless, all scenarios remain within the very
strong correlation range, indicating that the ranking results are highly
stable and robust against variations in criterion weights. Overall, these
findings confirm that the proposed ranking model maintains a consistent
ordering of alternatives despite changes in the weighting configuration.
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3.6. Discussion

The findings demonstrate that the MEREC-PIV approach provides a
systematic mechanism for addressing the complexity of vendor selection
involving multiple criteria with different characteristics. The MEREC
weighting results indicate that Delivery Time (KT2) and Price (KT1l) are
the two most influential criteria, with weights of 0.3620 and 0.3618,
respectively. This indicates that cost and delivery performance
constitute the dominant factors in the evaluation of the 25 wvendor
alternatives. Meanwhile, Flexibility (KT6) obtained a weight of 0.1365,
followed by Service (KT4) at 0.0837. Reputation (KT5) and Quality (KT3)
received relatively lower weights of 0.0298 and 0.0262. These differences
indicate that the importance of criteria is not determined merely by
their conceptual relevance but by the extent to which each criterion
affects changes in the overall performance of alternatives. The
relatively high weights assigned to KTl and KT2 suggest that variations
in price and delivery time provide greater discriminatory information
among the evaluated vendors, making them more influential in the
decision-making process.

The application of PIV using the MEREC-derived weights further
demonstrates how objective criterion importance can be incorporated into
the ranking process. The final PIV results show that V07 achieved the
highest priority with a score of 0.2665, followed by V18 with 0.2762 and
V13 with 0.2796. V03, Vv23, V05, V10, V25, V15, and V08 subsequently
occupied the fourth to tenth positions. The ranking indicates that vendor
performance cannot be determined from a single criterion because the
final position reflects the combined contribution of price, delivery
time, quality, service, reputation, and flexibility. In particular, the
high weights of KTl and KT2 cause performance differences in these
criteria to have a substantial influence on the final results. At the
same time, the contribution of the remaining criteria ensures that the
ranking still reflects a broader assessment of vendor capability.
Therefore, the integration of MEREC and PIV provides a structured
transition from objective weighting to preference-based ranking and
reduces the possibility that the final decision is dominated by arbitrary
subjective preferences.

The sensitivity analysis provides further evidence regarding the
robustness of the proposed MEREC-PIV approach. Twelve scenarios were
generated by increasing and decreasing each criterion weight by 0.05
while maintaining the total weight at one. The bump chart shows that
most alternatives maintain relatively stable positions across the
original condition and the twelve modified scenarios. The most visible
changes occur among the highest-ranked alternatives, particularly V07,
V18, and V13. V07 remains the leading alternative in most scenarios and
changes only to second place in S12, while V18 moves to first place in
that scenario. These changes are relatively 1limited and do not
substantially alter the overall structure of the ranking. The stability
of the results 1is also supported Dby the Spearman correlation
coefficients, which range from 0.9938 to 0.9992 across all scenarios.
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Such high correlation values indicate that modifications in criterion
weights have only a minor influence on the ranking order. Consequently,
the proposed model demonstrates a high degree of stability even when the
relative importance of the criteria is moderately changed.

Overall, the findings indicate that the MEREC-PIV approach is
capable of producing objective and robust vendor rankings in a multi-
criteria decision-making environment. MEREC contributes by deriving
criterion weights from the removal effect of each criterion rather than
depending directly on subjective assessments, while PIV translates these
weights into an integrated ranking based on the proximity of alternatives
to reference conditions. The dominance of Price and Delivery Time in the
weighting results provides useful managerial information because these
criteria should receive particular attention when evaluating vendor
performance. At the same time, the sensitivity and Spearman correlation
analyses demonstrate that the resulting ranking remains highly
consistent wunder different weighting scenarios. The combination of
objective weighting, systematic ranking, and robustness testing
therefore strengthens the reliability of the decision-making process and
provides a practical basis for selecting vendors. These findings suggest
that the MEREC-PIV integration can be considered a suitable approach for
vendor selection problems where multiple heterogeneous criteria must be
evaluated while maintaining objectivity, consistency, and ranking
stability.

IV. Conclusion

This study applied an integrated MEREC-PIV method to support
objective vendor selection based on multiple evaluation criteria. The
MEREC method successfully determined the objective importance of the six
criteria based on their removal effects on alternative performance. The
results showed that KT2 (Delivery Time) had the highest weight of 0.3620,
followed closely by KTl (Price) with a weight of 0.3618. Meanwhile, KT6,
KT4, KT5, and KT3 obtained weights of 0.1365, 0.0837, 0.0298, and 0.0262,
respectively. These results indicate that delivery time and price were
the most influential criteria in the vendor evaluation process. The
criterion weights generated by MEREC were subsequently incorporated into
the PIV method to determine the priority of 25 vendor alternatives. The
PIV results showed that V07 achieved the best performance with a final
value of 0.2665, followed by V18 (0.2762) and V13 (0.2796). The next
highest-ranked alternatives were V03 (0.2962), V23 (0.3287), V05
(0.3803), V10 (0.3866), V25 (0.4027), V15 (0.4105), and V08 (0.4441).
Because a lower final PIV value indicates a better position, V07 was
identified as the most prioritized vendor alternative.

Overall, the integration of MEREC and PIV provides a structured
decision-making framework that combines objective criterion weighting
with alternative ranking based on proximity to reference values. The
approach enables vendor alternatives to be evaluated consistently across
criteria with different characteristics while reducing dependence on
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subjective weighting. The main contribution of this study lies in
integrating MEREC, which determines criterion weights objectively based
on the influence of criteria on the overall evaluation, with PIV, which
ranks alternatives according to their proximity to ideal reference
values. This integration provides a transparent and reproducible
framework for vendor selection and demonstrates its applicability in
handling multi-criteria evaluation with varying criterion
characteristics. The resulting ranking can therefore serve as a
quantitative basis for selecting the most appropriate vendor, with V07
identified as the leading alternative in the evaluated dataset. However,
this study has several limitations. The evaluation was conducted on a
specific dataset with a limited number of vendor alternatives and
criteria, so the generalizability of the findings to other decision-
making contexts may be limited. In addition, the robustness of the
proposed MEREC-PIV integration may depend on the characteristics and
quality of the input data. Future research should therefore validate the
approach using larger and more diverse datasets, compare it with other
objective weighting and ranking methods, and conduct more extensive
sensitivity and robustness analyses to further assess the stability of
the resulting rankings.
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