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Multi-Criteria Decision Making (MCDM) methods are widely 

used to address complex decision problems involving 

multiple alternatives and criteria with different 

characteristics. However, ranking outcomes may be 

sensitive to normalization mechanisms, criterion weights, 

and aggregation processes, particularly when benefit and 

cost criteria are evaluated simultaneously. This study 

proposes the Enhanced Root Assessment Method (ERAM), an 

improved root-based MCDM framework designed to provide a 

more structured and balanced evaluation of alternative 

performance while improving ranking stability. ERAM 

integrates modified normalization, weighted 

normalization, positive and negative aggregation, 

Relative Benefit–Penalty Balance, and an Enhanced Root 

Assessment Index to construct the final preference 

measure. The proposed method is evaluated using a new 

store location selection dataset comprising eight 

alternatives and six criteria. Its performance is 

examined through comparative analysis with SAW, WASPAS, 

GRA, and MOORA, together with sensitivity analysis using 

±0.05 changes in criterion weights. The results show that 

ERAM maintains a stable ranking structure under weight 

variations and achieves a strong Spearman correlation of 

0.9286 with the reference ranking, exceeding WASPAS 

(0.9048) and SAW, GRA, and MOORA (0.8810). These findings 

demonstrate that ERAM can produce consistent rankings 

while maintaining robustness against moderate changes in 

criterion importance. Therefore, ERAM provides a 

structured and robust framework for multi-criteria 

ranking problems involving heterogeneous criteria and 

uncertain decision preferences. 
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I. Introduction 

The development of Multi-Criteria Decision Making (MCDM) has 

become an important part of supporting decision-making processes in 

various complex problems that involve many alternatives and criteria[1]–

[3]. In practice, each alternative can have different performance levels 

for a number of criteria that have different characteristics, measurement 

units, value ranges, and levels of importance. These differences make 

it impossible to directly compare the values of each criterion because 

one criterion might be the higher the better (benefit), while another 

criterion might be the lower the better (cost). Therefore, the 

normalization process becomes an important step in MCDM to convert the 

original values of each criterion into a uniform and comparable scale, 

without losing the relative relationships between alternatives[4], [5]. 

Normalization allows information from various criteria with different 

scales and characteristics to be processed consistently during both the 

weighting and ranking stages, making the evaluation results of 

alternatives more objective, structured, and usable as a basis for making 

more accurate decisions. 

Criteria weighting is one of the important steps in MCDM because 

it serves to represent the relative importance of each criterion in the 

process of evaluating alternatives[6], [7]. The resulting weights will 

affect each criterion's contribution to the final score and can 

ultimately determine the ranking of alternatives. However, various 

conventional MCDM methods still have limitations in producing consistent 

and stable rankings, especially when there are changes in the performance 

values of alternatives, criteria weights, or decision-making conditions. 

Even small changes in these parameters under certain conditions can cause 

significant shifts in alternative positions, reducing confidence in the 

decision results. Therefore, robust alternative ranking becomes an 

important aspect in developing decision support systems, because it 

doesn’t just focus on determining the best alternative, but also ensures 

that the ranking results remain relatively stable when facing variations 

or uncertainties in data and weights[8]–[10]. In this way, evaluating 

robustness can give an idea of how reliable the method is in producing 

consistent and accountable decisions under different decision-making 

conditions. 

Even though various MCDM methods have been developed, there are 

still a number of methodological gaps that can affect the stability and 

reliability of alternative ranking results[11]–[13]. One of the main 
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issues is the sensitivity of rankings to changes in criterion values, 

where a small change in an alternative's performance value can lead to 

a significant shift in its ranking position. In addition, some MCDM 

methods still heavily rely on certain normalization mechanisms, so the 

way values are transformed during normalization can directly impact the 

final result. Another problem is the less-than-optimal balance in 

handling benefit and cost criteria, especially when both types of 

criteria have different ranges and contribution patterns[14], [15]. At 

the aggregation stage, using a value merging mechanism that doesn’t 

really consider the contribution structure of each criterion can also 

lead to distortions, because the influence of one criterion on the final 

score can become too dominant or too reduced. On the other hand, root-

based assessment approaches haven’t really been explored much as a way 

to map out the contribution of criteria and produce more stable rankings. 

This situation shows that there’s a need to develop new approaches that 

can reduce ranking sensitivity, treat benefit and cost criteria more 

fairly, and use root-based assessment mechanisms more optimally to 

generate robust alternative rankings in a multi-criteria decision-making 

environment. 

The Root Assessment Method (RAM) is an approach in MCDM that uses 

root-based transformations to evaluate the relative contributions of 

alternatives to each criterion before producing the final scores and 

ranking[16]–[18]. Using root functions can offer some advantages, 

especially in reducing the impact of extreme values, controlling the 

dominance of alternatives or criteria with overly large values, and 

generating more moderate contributions during the aggregation stage. RAM 

can also be designed to accommodate both benefit and cost criteria 

through different formulations, ensuring that the preference direction 

of each criterion is maintained. That said, RAM still has some 

limitations, such as dependence on the form and order of the root 

function, possible influence of the normalization mechanism on the final 

results, and potential loss of some information differences due to the 

value compression process[15], [19], [20]. Besides that, using root-

based transformations doesn’t automatically guarantee a robust ranking, 

because the stability of the results can still be influenced by changes 

in criterion values and weights. So, there’s still room to develop RAM 

with a more balanced mechanism in handling benefit and cost criteria, 

controlling the contribution of each criterion during aggregation, and 

optimizing root-based assessment to produce alternative rankings that 

are more stable and robust to changes in data and weights. 

1.1. Motivation for Conducting Research 

The motivation behind developing the Enhanced Root Assessment 

Method (ERAM) comes from the need to strengthen the root-based approach's 

ability to represent the relationship between alternative performance 

and criteria contributions more proportionally. This development isn’t 

just about changing the mathematical formulas; it’s about creating an 

assessment mechanism that can retain important information throughout 

the evaluation process until the final alternative scores are obtained. 
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The ERAM structure is designed so that each stage has a clear role in 

forming the alternative scores, making the assessment process less 

dependent on just one calculation component. This approach is expected 

to provide a more controlled assessment, especially when there are 

significant differences in contributions across criteria. 

The next ERAM is motivated by the need to build a more structured 

relationship between performance values, criteria weights, and the final 

contribution of alternatives. By using a normalized decision matrix and 

a weighted normalized matrix, performance information and the importance 

of criteria are placed in a consistent representation before entering 

the root-based assessment process. Meanwhile, separating the 

contributions of benefits and costs allows information from both groups 

of criteria to be retained according to their preference direction before 

being combined in the final stage. This mechanism provides a basis for 

applying root-based final assessment as the core of the evaluation, so 

the final value is not just the sum of contributions, but also reflects 

the structure of the relationships between the assessment components 

built into the method. 

Another motivation is to make ranking stability an integral part 

of method development, not just an additional analysis after the ranking 

is obtained. ERAM is designed to allow evaluation results to be checked 

through changes in input conditions so that ranking characteristics can 

be understood more objectively. This approach is important for 

distinguishing between methods that only produce a certain ranking and 

methods that can maintain priority patterns when evaluation parameters 

vary. In this way, the development of ERAM is aimed at creating a root-

based assessment mechanism that not only functions as a ranking procedure 

but also provides a basis for evaluating consistency, sensitivity, and 

the robustness of decision outcomes. 

1.2. Research Objectives 

This research aims to develop the ERAM as an MCDM method that can 

provide a more structured and adaptive evaluation mechanism for 

alternatives according to the characteristics of decision problems. 

Specifically, the study is aimed at producing final alternative scores 

by proportionally considering the contributions of benefit and cost 

criteria, so that differences in preference directions between criteria 

are accurately reflected in the assessment process. In addition, this 

research aims to obtain a more stable ranking of alternatives, so that 

the resulting priority order doesn’t easily change due to variations in 

evaluation conditions. Achieving these goals is expected to give ERAM 

characteristics that are different from existing MCDM approaches, 

especially in producing consistent assessments under conditions with 

diverse criteria characteristics. 

To find out how effective the developed method is, this study also 

aims to carry out a comparative evaluation between ERAM and several other 

MCDM methods under equivalent testing conditions. The comparison is done 

to identify differences in score values, the order of alternatives, and 

the level of ranking agreement produced by each approach. Furthermore, 
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sensitivity analysis is used to test how the rankings respond to changes 

in parameters, especially variations in criteria values and weights. The 

test results serve as a basis to assess the robustness of ERAM and to 

see how well the method can maintain the priority pattern of alternatives 

under various change scenarios. So, the research evaluation doesn’t just 

focus on the final ranking results, but also on the consistency and 

resilience of the method when applied in different decision-making 

conditions. 

1.3. Research Contribution 

The main contributions of this study lie in the formulation and 

empirical validation of the ERAM as a new framework for multi-criteria 

evaluation. The proposed approach introduces a more structured 

computational mechanism in which the information generated at each 

evaluation stage is carried forward to construct the final preference 

measure, allowing the resulting scores to reflect the relative 

contribution of the considered criteria. A distinct treatment of benefit 

and cost criteria is incorporated to maintain the directionality of 

preference throughout the assessment process, while the root-based 

formulation provides the mathematical foundation for deriving a unified 

score for each alternative. Beyond the formulation of the method itself, 

this study contributes an extensive evaluation framework that examines 

the behavior of ERAM under different decision conditions, including 

comparisons with established MCDM approaches and variations in relevant 

parameters. The resulting analyses provide evidence regarding the 

consistency of alternative priorities, the degree of ranking variation, 

and the robustness of the proposed method, thereby providing a more 

comprehensive basis for assessing its applicability to multi-criteria 

decision problems. 

 

II. Methodology 

2.1. Framework ERAM 

The ERAM is proposed as an improved framework for multi-criteria 

decision-making that focuses on evaluating the relative performance of 

alternatives through a root-based assessment mechanism. The framework 

is designed to transform the original decision matrix into a comparable 

assessment structure while considering the different characteristics of 

benefit and cost criteria. By establishing a consistent reference for 

each criterion, ERAM enables the performance of alternatives to be 

evaluated on a common scale and reduces the influence of differences in 

measurement units and criterion magnitudes. The resulting assessments 

are subsequently aggregated according to the importance of each criterion 

to produce an overall performance score for every alternative. 

The main advantage of ERAM lies in its ability to provide a 

structured and robust evaluation of alternatives while maintaining a 

relatively simple computational framework. The method emphasizes the 
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relationship between alternative performance and criterion-specific 

reference values, allowing stronger-performing alternatives to obtain 

more favorable assessment values. The framework can accommodate 

heterogeneous criteria and can be integrated with objective or subjective 

weighting approaches depending on the decision context. Through the 

resulting overall assessment, alternatives can be ordered from the most 

to the least preferable, providing a clear basis for decision-making. 

Thus, ERAM is intended to offer an interpretable and flexible MCDM 

framework that can be applied to various selection, prioritization, and 

ranking problems. The overall mathematical framework of ERAM is presented 

in Figure 1. 

 
 Framework ERAM 

The ERAM framework consists of six main stages designed to create 

a more systematic and adaptive multi-criteria decision-making process. 

The process starts with a Decision Matrix to lay out the initial values 

of each alternative based on all the criteria used. Next, Normalization 

(Modification) is done to standardize the data scale while considering 

the characteristics of benefit and cost criteria. The normalized results 

are then combined with the criteria weights through the Weighted 

Normalization stage to get the relative contribution of each criterion 

to each alternative. These values are then separated and aggregated 

through Positive and Negative Aggregation to show the contribution of 

benefits and penalties for each alternative. The Relative Benefit–

Penalty Balance (Modification) is used to balance the influence of 

positive and negative values so that a more representative performance 

measure for alternatives is obtained. The final stage is the Enhanced 

Root Assessment Index (Modification), which produces a final assessment 

index as the basis for ranking the alternatives, with higher index values 

indicating better alternatives. 

2.2. ERAM Method  

The ERAM method is an MCDM method developed to evaluate and rank 

alternatives based on the positive and negative contributions of various 

criteria in an integrated way. This method processes the decision matrix 

through a normalization process that takes into account benefit and cost 

characteristics, then combines the normalized results with the criteria 

weights to get a weighted contribution. Next, ERAM separates and 
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aggregates positive and negative aspects, calculates the relative 

balance between benefits and penalties, and produces the Enhanced Root 

Assessment Index as the final measure of an alternative's performance. 

With this approach, ERAM can provide a ranking mechanism that considers 

not just the level of benefits gained, but also the penalties or losses 

inherent in each alternative, resulting in a more comprehensive 

evaluation in multi-criteria decision-making. 

The ERAM stages consist of six main processes. The first stage is 

the Decision Matrix, which is used to represent the performance value 

of each alternative against each criterion using (1). The second stage 

is Normalization, which aims to equalize the value scale between criteria 

by considering the characteristics of benefits and costs using (2). Next, 

Weighted Normalization is carried out by integrating the normalized 

values with the weight of each criterion using (3). The fourth stage is 

Positive and Negative Aggregation, which is used to accumulate the 

positive and negative contributions of each alternative based on (4) and 

(5). The next stage, Relative Benefit–Penalty Balance, is used to obtain 

the relative balance between the benefits and penalties of each 

alternative using (6). The next stage is the Enhanced Root Assessment 

Index, which is calculated using Equation (7) to obtain an assessment 

index for each alternative. Finally, the Final Index Alternative is 

calculated using Equation (8) to obtain the final performance value of 

each alternative, which serves as the basis for determining the final 

ranking. In this assessment, a lower Final Index Alternative value 

indicates better overall performance, meaning that the alternative with 

the lowest index value is ranked as the most preferred alternative. 

𝑋=[𝑥𝑖𝑗]𝑚𝑥𝑛     (1) 

𝑛𝑖𝑗 =

{
 

 
𝑥𝑖𝑗

max
𝑗

𝑥𝑖𝑗
; 𝑏𝑒𝑛𝑒𝑓𝑖𝑡

min
𝑗
𝑥𝑖𝑗

𝑥𝑖𝑗
; 𝑐𝑜𝑠𝑡

     (2) 

𝑘𝑖𝑗 =𝑤𝑗 ∗ 𝑛𝑖𝑗     (3) 

𝑆+𝑖 =∑ 𝑘+𝑖𝑗
𝑛
𝑗=1      (4) 

𝑆−𝑖 =∑ 𝑘−𝑖𝑗
𝑛
𝑗=1      (5) 

𝐷𝑖 =
𝑆+𝑖

𝑆+𝑖−𝑆−𝑖
     (6) 

𝐸𝑅𝐼𝑖 = √2 + 𝑆+𝑖

2+𝑆−𝑖
𝐷𝑖

     (7) 

𝑅𝑖 =
𝐸𝑅𝐼𝑖

max
𝑖
𝐸𝑅𝐼𝑖

     (8) 

In the ERAM method, 𝑋=[𝑥𝑖𝑗]𝑚𝑥𝑛 denotes the decision matrix, where 𝑥𝑖𝑗 is 

the performance value of alternative 𝑖 with respect to criterion 𝑗, 𝑚 is 

the number of alternatives, and 𝑛 is the number of criteria. The 

normalized value 𝑛𝑖𝑗 represents the normalized performance of alternative 

𝑖 under criterion 𝑗, while 𝑤𝑗 denotes the weight of criterion 𝑗. The 
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weighted normalized value 𝑘𝑖𝑗 represents the weighted contribution of 

criterion 𝑗 to alternative 𝑖. The terms 𝑘+𝑖𝑗 and 𝑘−𝑖𝑗 denote the positive 

and negative contributions, respectively, which are aggregated into 𝑆+𝑖 

and 𝑆−𝑖 to represent the total positive and negative performance of 

alternative 𝑖. The term 𝐷𝑖 denotes the Relative Benefit–Penalty Balance, 
which reflects the relationship between the positive and negative 

contributions of alternative 𝑖. The 𝐸𝑅𝐼𝑖 represents the Enhanced Root 
Assessment Index, which integrates the positive and negative assessment 

components into a root-based preference measure. Finally, 𝑅𝑖 denotes the 

final normalized preference score of alternative 𝑖, obtained by dividing 

its 𝐸𝑅𝐼𝑖 by the maximum 𝐸𝑅𝐼𝑖 value among all alternatives. Higher values 

of 𝑅𝑖 indicate more preferred alternatives in the final ERAM ranking. 

The strength of ERAM lies in its ability to provide a more 

comprehensive evaluation of alternatives by considering both the 

benefits and penalties of each criterion at the same time. Modifications 

in the normalization stage, Relative Benefit–Penalty Balance, and 

Enhanced Root Assessment Index allow this method to produce assessments 

that are more adaptive to data characteristics and reduce the dominance 

of a single aspect in the ranking process. In addition, ERAM has a 

systematic and relatively simple calculation structure, so it can be 

applied to various Multi-Criteria Decision Making (MCDM) problems that 

involve criteria with both benefit and cost characteristics. 

2.3. Research Stage 

The research stages are a series of systematic processes used to 

guide the implementation of research, starting from problem 

identification to obtaining results and conclusions[21], [22]. Each 

stage is arranged sequentially and interconnected to ensure that data 

collection, data processing, method application, result analysis, and 

evaluation can be done in a structured way. In research on the 

development of the ERAM method, the research stages serve as a framework 

for designing the method formulation, applying it to MCDM problems, 

comparing results with other methods, and testing the stability and 

robustness of rankings through sensitivity analysis. The research stages 

are shown in Figure 2. 

 
 Research Stage 
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The research stages start with Dataset Preparation, which involves 

preparing and organizing alternative data and criteria used as the basis 

for evaluation, including making sure the characteristics of each 

criterion and the quality of the data before processing it using the 

proposed method. Next, Ranking Using the ERAM Method is carried out by 

applying all the calculation steps of the Enhanced Root Assessment Method 

(ERAM) to obtain the final values and priority order of each alternative. 

After the ranking is obtained, Sensitivity Analysis is conducted by 

giving variations to certain parameters, such as criterion values or 

weights, to observe changes in alternative positions and to understand 

the stability level of the results produced by ERAM. The final stage is 

Comparative Analysis, which compares the ERAM results with several other 

MCDM methods based on scores, ranking order, and the measure of ranking 

match or correlation to understand the characteristics and relative 

performance of the proposed method. 

 

III. Result and Discussion 

The research results were obtained through a series of data 

processing and analysis steps according to the established research 

stages. The prepared data was then used to get evaluation results using 

the proposed method, and then analyzed to identify patterns, differences, 

and characteristics emerging from those results. Each finding was 

interpreted based on the research objectives and compared with results 

from other relevant approaches to gain a more comprehensive 

understanding. Additionally, the analysis was done to check the 

consistency and reliability of the results under different testing 

conditions, giving a clearer picture of how well the developed method 

supports decision-making. 

3.1. Dataset  

A dataset is a collection of structured data used as a basis in 

the process of analysis, testing, and evaluation of a research method. 

In the context of MCDM, a dataset usually consists of several 

alternatives evaluated based on multiple criteria, where each value 

represents the performance level of an alternative against a specific 

criterion. The dataset serves as the main input to form a decision 

matrix, apply processing and calculation methods, and produce evaluation 

values and alternative rankings. The quality, completeness, and 

characteristics of the dataset are important factors because they can 

affect the evaluation results as well as the method's ability to make 

consistent and reliable decisions. 

The dataset used in the study consists of evaluation data obtained 

from [23], which contains several alternatives assessed based on multiple 

criteria. Each alternative is evaluated according to the performance 

values associated with the criteria, forming the decision matrix used 

in the decision-making process. The criteria represent different aspects 

of the assessment and may have either benefit or cost characteristics 
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depending on their influence on the overall evaluation. This dataset is 

used as the main input for the proposed ERAM method, including the 

normalization, weighting, aggregation, and ranking processes, as 

presented in Table 1. 

Table 1. New Store Location Assessment Dataset[23] 
Alternatives RC BA A CT PA I 

SLOC-1 45 120 8 550 10 9 

SLOC-2 40 100 7 500 8 8 

SLOC-3 55 150 9 600 12 9 

SLOC-4 38 90 6 480 6 7 

SLOC-5 60 160 8 620 15 10 

SLOC-6 42 130 9 570 11 8 

SLOC-7 36 110 7 510 9 7 

SLOC-8 48 140 8 590 13 9 

Dataset pada Table 1 consists of eight new store location 

alternatives (SLOC-1 to SLOC-8) evaluated based on six criteria, namely 

Rental Cost (RC), Building Area (BA), Accessibility (A), Consumer Traffic 

(CT), Parking Availability (PA), and Infrastructure (I). Each 

alternative is represented by a set of performance values that describe 

the characteristics of the respective store location. The criteria have 

different measurement characteristics, where Building Area, 

Accessibility, Consumer Traffic, Parking Availability, and 

Infrastructure are considered benefit criteria, while Rental Cost is 

treated as a cost criterion. The dataset forms the decision matrix used 

as the primary input for the proposed ERAM method to perform 

normalization, weighted assessment, positive and negative aggregation, 

benefit–penalty balancing, and final ranking of the store location 

alternatives. 

The calculation results and rankings of those eight alternatives 

are presented in Table 2. These results are used as a reference to 

compare with the ranking results obtained using the ERAM method in this 

study. 

Table 2. Rank Alternatives 
Alternatives Rank 

SLOC-5 1 

SLOC-3 2 

SLOC-8 3 

SLOC-6 4 

SLOC-1 5 

SLOC-7 6 

SLOC-2 7 

SLOC-4 8 

The ranking results obtained through the ERAM method were then 

compared with the ranking results in the original paper to see how well 

they match and where the positions of each alternative differ. This 

comparison serves as a basis for evaluating ERAM’s ability to produce 

an alternative order that’s consistent with the reference ranking, while 

also showing the impact of modifications applied in the normalization 
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stage, Relative Benefit–Penalty Balance, and Enhanced Root Assessment 

Index. So, the results in Table 2 don’t just show the best alternatives, 

but also provide a foundation to assess how well the ERAM method performs 

compared to previous research. 

The dataset in Table 1 was selected because it provides a suitable 

decision environment for evaluating the proposed ERAM method, 

particularly in handling heterogeneous criteria with different 

measurement scales and both benefit and cost orientations. The store 

location selection problem involves eight alternatives evaluated using 

six criteria that represent diverse aspects of location performance, 

including financial considerations, physical capacity, accessibility, 

customer potential, parking availability, and infrastructure. The 

presence of one cost criterion (Rental Cost) alongside five benefit 

criteria creates an appropriate setting for examining ERAM's ability to 

balance positive and negative contributions during the assessment 

process. In addition, the dataset has an established reference ranking, 

allowing the results produced by ERAM to be directly compared with a 

previous study and providing a consistent basis for evaluating ranking 

agreement, stability, and robustness.  

3.2. Ranking Alternative using ERAM Method 

The ranking alternative using the ERAM method is conducted to 

determine the priority order of alternatives based on their overall 

performance across multiple evaluation criteria. The method provides a 

comparative assessment by considering the performance characteristics of 

each alternative and producing a final index that reflects its relative 

preference. This ranking provides a clear basis for identifying the best-

performing alternative and supports objective decision-making in 

selecting the most suitable store location. 

The ERAM method consists of six main stages. The first stage is 

the Decision Matrix, which represents the performance values of each 

alternative with respect to each criterion. The decision matrix provides 

the initial representation of the alternatives and their corresponding 

criterion values and is formulated using (1). The resulting decision 

matrix is presented below. 

𝑋=

𝐴1
𝐴2
𝐴3
𝐴4
𝐴5
𝐴6
𝐴7
𝐴8
[
 
 
 
 
 
 
 
 
𝐶1 𝐶2 𝐶3 𝐶4 𝐶5 𝐶6
45 120
50 100
55 150

8 500
7 550
9 600

10 9
8 8
12 9

38 90
60 160
42 130

6 480
8 620
9 570

6 7
15 10
11 8

36 110
48 140

7 510
8 590

9 7
13 9 ]

 
 
 
 
 
 
 
 

 

The second stage is Normalization, which aims to transform the 

original criterion values into comparable scales while considering the 

characteristics of benefit and cost criteria. This process ensures that 

differences in measurement units and value ranges do not directly affect 

the subsequent evaluation process. The normalization process is 
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performed using (2), and the resulting normalized values are presented 

in Table 3. 

Table 3. Normalization Results of the ERAM Method 
Alternatives RC BA A CT PA I 

SLOC-1 0.8000 0.7500 0.8889 0.8871 0.6667 0.9000 

SLOC-2 0.9000 0.6250 0.7778 0.8065 0.5333 0.8000 

SLOC-3 0.6545 0.9375 1.0000 0.9677 0.8000 0.9000 

SLOC-4 0.9474 0.5625 0.6667 0.7742 0.4000 0.7000 

SLOC-5 0.6000 1.0000 0.8889 1.0000 1.0000 1.0000 

SLOC-6 0.8571 0.8125 1.0000 0.9194 0.7333 0.8000 

SLOC-7 1.0000 0.6875 0.7778 0.8226 0.6000 0.7000 

SLOC-8 0.7500 0.8750 0.8889 0.9516 0.8667 0.9000 

The third stage is Weighted Normalization, which incorporates the 

importance of each criterion into the normalized performance values. The 

normalized values are multiplied by the corresponding criterion weights 

to obtain weighted performance values that represent the contribution 

of each criterion to the overall assessment. This calculation is 

performed using (3), with the resulting weighted normalized values 

presented in Table 4. 

Table 4. Weighted Normalization Results of the ERAM Method 
Alternatives RC BA A CT PA I 

SLOC-1 0.1370 0.1349 0.1521 0.1167 0.1331 0.1319 

SLOC-2 0.1542 0.1124 0.1331 0.1061 0.1065 0.1173 

SLOC-3 0.1121 0.1686 0.1711 0.1274 0.1597 0.1319 

SLOC-4 0.1623 0.1011 0.1141 0.1019 0.0798 0.1026 

SLOC-5 0.1028 0.1798 0.1521 0.1316 0.1996 0.1466 

SLOC-6 0.1468 0.1461 0.1711 0.1210 0.1464 0.1173 

SLOC-7 0.1713 0.1236 0.1331 0.1083 0.1198 0.1026 

SLOC-8 0.1285 0.1573 0.1521 0.1252 0.1730 0.1319 

The fourth stage is Positive and Negative Aggregation, which 

evaluates the positive and negative contributions of each alternative 

based on the weighted normalized values. The positive aggregation 

represents the accumulated beneficial contribution, whereas the negative 

aggregation represents the accumulated penalty associated with the 

evaluated criteria. These calculations are performed using (4) and (5), 

and the resulting positive and negative aggregation values are presented 

in Table 5. 

Table 5. Positive and Negative Aggregation Results of the ERAM Method 
Alternatives Positive Negative 

SLOC-1 0.5367 0.1370 

SLOC-2 0.4580 0.1542 

SLOC-3 0.6267 0.1121 

SLOC-4 0.3969 0.1623 

SLOC-5 0.6631 0.1028 

SLOC-6 0.5845 0.1468 

SLOC-7 0.4847 0.1713 

SLOC-8 0.6076 0.1285 
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The fifth stage is Relative Benefit–Penalty Balance, which 

determines the relative balance between the beneficial and penalty 

contributions obtained from the previous stage. This measure provides 

an overall representation of the relative performance of each alternative 

by considering both positive and negative effects. The calculation is 

performed using (6), and the resulting Relative Benefit–Penalty Balance 

values are presented in Table 6. 

Table 6. Relative Benefit–Penalty Balance Results of the ERAM Method 
Alternatives Relative 

SLOC-1 0.7966 

SLOC-2 0.7482 

SLOC-3 0.8482 

SLOC-4 0.7098 

SLOC-5 0.8658 

SLOC-6 0.7992 

SLOC-7 0.7389 

SLOC-8 0.8255 

The next stage is the Enhanced Root Assessment Index, which is 

calculated using (7) to obtain an assessment index for each alternative. 

This index represents the relative performance of the alternatives based 

on the previously obtained benefit–penalty balance and serves as an 

intermediate measure in the overall evaluation process rather than the 

final ranking value. The resulting Enhanced Root Assessment Index values 

are presented in Table 7. 

Table 7. Enhanced Root Assessment Index Results of the ERAM Method 
Alternatives Root Assessment Index 

SLOC-1 12.1489 

SLOC-2 13.3229 

SLOC-3 11.0748 

SLOC-4 14.3402 

SLOC-5 10.7930 

SLOC-6 12.8143 

SLOC-7 14.5070 

SLOC-8 11.8385 

 

Finally, the Final Index Alternative is calculated using (8) to 

obtain the final performance value of each alternative, which serves as 

the basis for determining the final ranking. In this assessment, a lower 

Final Index Alternative value indicates better overall performance, 

meaning that the alternative with the lowest index value is ranked as 

the most preferred alternative. The resulting Final Index Alternative 

values and ranking are presented in Table 8. 

Table 8. Final Index Alternative of the ERAM Method 
Alternatives Final Index 

SLOC-1 0.8375 

SLOC-2 0.9184 

SLOC-3 0.7634 

SLOC-4 0.9885 
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SLOC-5 0.7440 

SLOC-6 0.8833 

SLOC-7 1.0000 

SLOC-8 0.8160 

Based on the Final Index Alternative values, the alternatives are 

subsequently ranked according to their respective index values. Since a 

lower Final Index Alternative value indicates better performance, the 

alternative with the lowest value is assigned the first rank, followed 

by alternatives with progressively higher values. The resulting ranking 

of the alternatives is presented visually in Table 9. 

Table 9. Rank Alternative of the ERAM Method 
Alternatives Final Index Rank 

SLOC-5 0.7440 1 

SLOC-3 0.7634 2 

SLOC-8 0.8160 3 

SLOC-1 0.8375 4 

SLOC-6 0.8833 5 

SLOC-2 0.9184 6 

SLOC-4 0.9885 7 

SLOC-7 1.0000 8 

The ranking results obtained using the ERAM Method show that SLOC-

5 is the best-performing alternative, achieving the lowest Final Index 

value of 0.7440 and ranking first. It is followed by SLOC-3 with a value 

of 0.7634 in second place and SLOC-8 with 0.8160 in third place. 

Meanwhile, SLOC-1, SLOC-6, and SLOC-2 occupy the fourth, fifth, and sixth 

positions with Final Index values of 0.8375, 0.8833, and 0.9184, 

respectively. The lowest-ranked alternatives are SLOC-4 with a value of 

0.9885 in seventh place and SLOC-7 with 1.0000 in eighth place. These 

results indicate that SLOC-5 is the most preferred store location 

alternative, while SLOC-7 is the least preferred alternative, based on 

the ERAM evaluation. 

3.3. Sensitivity Analysis 

Sensitivity analysis is a step in evaluation used to find out how 

strong and consistent a decision-making result is when there are changes 

in the parameters used in the method, especially the criteria 

weights[24], [25]. Sensitivity testing is done by creating several 

scenarios of weight changes, then recalculating the ranking process for 

each scenario and comparing it with the initial condition. Through this 

approach, you can see whether relatively small changes in weights cause 

significant changes in ranking or actually result in a consistently 

stable decision. Sensitivity analysis also serves to identify the 

stability level of a method, to know which criteria or parameters have 

a greater impact on decision outcomes, and to measure the model's 

resistance to changes in evaluation conditions[26], [27]. The more stable 

the ranking results are under various change scenarios, the stronger the 

indication that the method used can produce robust decisions and is not 

too dependent on certain weight configurations. Therefore, sensitivity 
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analysis is not just used as an additional test, but also as a tool to 

assess the reliability and trustworthiness of ranking results before the 

method is applied to real decision-making problems. 

A sensitivity analysis on changes in weights was done by applying 

variations of +0.05 and −0.05 to the criteria weights to create several 

test scenarios[28]–[30]. These changes were used to see how much the 

rankings of alternatives were affected by increases or decreases in the 

criteria weights from their initial values. Each scenario was then 

recalculated to get the alternative rankings, so any changes in positions 

could be compared with the original rankings. This approach aims to find 

out how stable the decision results are when there are changes in the 

importance of the criteria. The changes in alternative rankings for each 

sensitivity analysis scenario are shown in Figure 3. 

 
 Alternative Rankings for each Sensitivity Analysis 

The sensitivity analysis results show that the ranking of 

alternatives generally has a high level of stability against changes in 

weights of ±0.05 across various test scenarios. SLOC-5 stays in first 

place and SLOC-3 remains in second place in all scenarios, indicating 

that both alternatives are not affected by the given weight changes. 

SLOC-8 and SLOC-1 also show high stability, staying in third and fourth 

place respectively, except in Test 7 when their positions swapped to 

fourth and third. A similar pattern occurs with SLOC-6 and SLOC-2, which 

keep fifth and sixth place respectively, but switch positions in Test 

7. Meanwhile, the biggest changes were seen in SLOC-7 and SLOC-4, which 

swapped positions a few times between seventh and eighth place from Test 

2 to Test 9 and then changed again from Test 10 to Test 12. Even though 

there were some shifts in a few options, the overall ranking structure 

stayed pretty consistent and didn't show any extreme changes. This 

suggests that the ranking results are quite robust against a ±0.05 change 

in criteria weights. 
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3.4. Comparative Analysis 

Comparative Analysis is an analysis used to compare the results 

of one method with another based on certain aspects, such as ranking 

values, result consistency, level of suitability, stability, or the 

method’s ability to produce different or similar decisions[31]–[33]. In 

the context of MCDM, comparative analysis is generally done by applying 

several methods to the same dataset and criteria, then comparing the 

ranking results of the alternatives obtained. This approach aims to 

understand the characteristics and performance differences of each 

method and provide a more objective basis for assessing the reliability 

of the proposed method. Besides that, comparative analysis can be used 

to identify the level of match in results through correlation measures 

or certain evaluation metrics, so it can be seen whether the developed 

method produces decision patterns that are consistent with the comparison 

method. Therefore, comparative analysis serves as one approach to 

strengthen the validation of research results and show the position and 

advantages of the method used compared to alternative approaches. 

The comparative evaluation in this study focuses on the extent to 

which the proposed method produces ranking patterns that are aligned 

with or different from those of established MCDM methods. Particular 

attention is given to the relative position of each alternative and the 

overall agreement among the resulting rankings. This evaluation is 

important because a method may produce a different ranking not 

necessarily due to lower performance, but because of differences in 

normalization, weighting, aggregation, and preference formulation. 

Therefore, examining the ranking patterns across methods provides a basis 

for determining whether the behavior of ERAM is consistent with 

established decision approaches while also identifying distinctive 

ranking characteristics resulting from its proposed assessment 

mechanism. 

The comparison was done by applying ERAM, SAW, WASPAS, GRA, and 

MOORA to the same dataset and criteria to get an idea of how consistent 

the ranking results are. ERAM was used as the main method, and its 

results were compared with several widely used MCDM methods, namely SAW, 

WASPAS, GRA, and MOORA. This comparison looked at the ranking positions 

produced by each method for every alternative, so we can see how similar 

or different the decision results are. Using several comparison methods 

with different calculation characteristics allows for a more 

comprehensive evaluation of ERAM's results. If ERAM's ranking results 

show a relatively consistent pattern with the comparison methods, it can 

be an indication that the decisions have a good level of reliability. 

On the other hand, ranking differences can be used to identify the 

influence of each method's characteristics on the final results and serve 

as a basis for analyzing the strengths and sensitivity of ERAM in solving 

multi-criteria decision-making problems. The ranking comparison results 

between the ERAM, SAW, WASPAS, GRA, and MOORA methods are shown in Figure 

1. This comparison is used to see how well the position of each 

alternative generated by ERAM aligns with the other comparison methods. 
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 Ranking Comparison with the MCDM Method 

The radar chart shows a comparison of the rankings of eight 

alternatives, from SLOC-1 to SLOC-8, based on six MCDM methods: ORI, 

ERAM, SAW, WASPAS, GRA, and MOORA. The results show that SLOC-5 

consistently ranks first across all methods, followed by SLOC-3 in second 

place and SLOC-8 in third, indicating a strong level of consistency and 

dominance. SLOC-1 and SLOC-6 show minor shifts in position, especially 

in the ERAM and WASPAS methods, while SLOC-2, SLOC-7, and SLOC-4 

experience relatively greater ranking variations. Overall, the radar 

pattern shows that most methods produce a similar ranking structure, 

indicating consistency in the rankings across methods and reinforcing 

SLOC-5’s reliability as the best-performing alternative. 

The comparison of rankings obtained from the ORI, ERAM, SAW, 

WASPAS, GRA, and MOORA methods is then analyzed using Spearman's 

correlation coefficient to measure how well and consistently the ranking 

results relate to each other. The Spearman correlation value is used to 

determine how much the changes in alternative positions in one method 

follow a similar pattern to the others, with values closer to 1 

indicating a stronger ranking relationship[34]–[36]. The results of the 

correlation calculations between methods are then presented in the form 

of a correlation matrix in Figure 5, so the consistency and similarity 

of ranking patterns between methods can be analyzed more clearly. 
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 Comparison of Correlation Values 

The comparison results show the Spearman correlation values 

between the rankings produced by the ORI method and the ERAM, SAW, 

WASPAS, GRA, and MOORA methods. The results indicate that ERAM has the 

highest correlation value at 0.9286, followed by WASPAS at 0.9048, while 

SAW, GRA, and MOORA each scored 0.8810. All correlation values are above 

0.88, showing a very strong and consistent ranking relationship between 

ORI and the other methods. This finding suggests that changes in the 

alternative positions in ORI generally follow a similar pattern to the 

other methods, with ERAM showing the-highest ranking agreement. 

3.5. Discussion 

The comparative results reveal a pronounced and structurally 

consistent preference pattern among the evaluated store location 

alternatives. SLOC-5 emerges as the most preferred alternative, followed 

by SLOC-3 and SLOC-8, and this ordering is consistently reproduced across 

the evaluated MCDM approaches. This consistency is particularly 

noteworthy because the alternatives are assessed across criteria with 

heterogeneous measurement characteristics and opposing preference 

directions, where Rental Cost is treated as a cost criterion while the 

remaining criteria represent benefits. The persistent superiority of 

SLOC-5 can be attributed to its relatively strong performance across 

several benefit-oriented dimensions, particularly Building Area, 

Consumer Traffic, Parking Availability, and Infrastructure. More 

importantly, its favorable aggregate performance remains sufficient to 

compensate for its relatively less advantageous rental cost. This finding 

indicates that the ranking is not driven by a single criterion but rather 

reflects the cumulative interaction of multiple performance dimensions. 

From a decision-making perspective, the stable dominance of SLOC-5 

suggests that its selection is structurally supported by the dataset and 

is therefore less likely to be an artifact of a particular ranking 

mechanism. 
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Despite the strong agreement among the leading alternatives, 

moderate ranking variations are observed for alternatives occupying the 

middle and lower positions. In particular, SLOC-1 and SLOC-6 exhibit 

changes in their relative positions, while SLOC-2, SLOC-7, and SLOC-4 

also demonstrate differences depending on the applied MCDM approach. 

These variations are methodologically meaningful because they reflect 

how alternative decision-making procedures respond to differences in 

criterion values and relative performance. Methods such as SAW, WASPAS, 

GRA, MOORA, and ERAM employ distinct normalization and aggregation 

mechanisms, which can alter the relative contribution of criteria when 

alternatives have comparable performance profiles. Consequently, small 

differences in criterion performance may become sufficient to change the 

ordering of closely competing alternatives. Conversely, the absence of 

substantial changes among the top-ranked alternatives suggests that 

their performance separation is sufficiently pronounced to withstand 

methodological differences. This distinction between stable and 

sensitive alternatives provides an important insight: methodological 

disagreement is concentrated primarily in marginal cases, whereas the 

identification of the most competitive alternatives remains 

comparatively robust. 

The Spearman correlation analysis provides quantitative evidence 

supporting the observed consistency of the ranking structure. The 

correlation between ORI and ERAM reaches 0.9286, while WASPAS produces 

a correlation of 0.9048 and SAW, GRA, and MOORA each achieve 0.8810. 

Rather than interpreting these coefficients merely as numerical 

indicators of similarity, their magnitude demonstrates that the relative 

ordering of alternatives is largely preserved across fundamentally 

different MCDM procedures. The particularly high association between ORI 

and ERAM indicates that ERAM reproduces the reference preference 

structure with the greatest degree of concordance among the evaluated 

approaches. This result is important because rank correlation evaluates 

the ordering relationship rather than absolute score similarity; 

consequently, a high coefficient indicates that alternatives tend to 

move in a consistent directional pattern across methods. The relatively 

small differences between the correlation coefficients further suggest 

that the dataset contains an underlying preference structure that is 

sufficiently strong to be captured by multiple MCDM formulations. 

Nevertheless, the correlation results should be interpreted as evidence 

of ranking agreement rather than evidence that one method is 

intrinsically more accurate than another. 

The findings from the sensitivity analysis provide an additional 

dimension of validation by examining whether the ranking structure 

persists under perturbations of the criterion weights. The results 

demonstrate that moderate weight variations of ±0.05 do not substantially 

disrupt the overall ordering, particularly for the leading alternatives. 

SLOC-5 and SLOC-3 remain consistently positioned at the top, while only 

limited positional exchanges occur among alternatives with relatively 

close performance. The most pronounced changes are observed between SLOC-

4 and SLOC-7, which alternate between the final ranking positions under 
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several scenarios. This behavior is theoretically consistent with the 

principle that alternatives with similar aggregate performance are more 

susceptible to changes in preference weights than alternatives with 

clearly superior or inferior profiles. More broadly, the coexistence of 

high inter-method correlation and ranking stability under weight 

perturbations provides convergent evidence of methodological robustness. 

The results therefore suggest that ERAM is not excessively dependent on 

a narrowly defined weight configuration and can maintain a relatively 

stable preference structure under moderate uncertainty in criterion 

importance. Such robustness is particularly relevant in practical MCDM 

environments, where criterion weights are often subject to expert 

judgment and may inherently contain a degree of uncertainty. 

The results have direct implications for strategic store location 

selection because they provide not only a prioritized alternative but 

also an indication of the confidence associated with that prioritization. 

The persistent identification of SLOC-5 as the leading alternative across 

different MCDM approaches and sensitivity scenarios strengthens its 

position as the most defensible candidate within the examined decision 

environment. This consistency is practically important because location 

selection involves substantial long-term commitments, and decisions 

based on rankings that are highly sensitive to methodological assumptions 

may expose decision makers to additional uncertainty. SLOC-3 and SLOC-8 

can consequently be regarded as viable secondary options because their 

favorable positions are also maintained across alternative evaluation 

procedures. Conversely, the lower-ranked alternatives should not 

necessarily be interpreted as inherently unsuitable; rather, their 

positions indicate comparatively weaker aggregate performance under the 

current criterion structure and weighting configuration. Decision makers 

may therefore use the ranking results as a screening mechanism, followed 

by more detailed feasibility assessments involving financial, 

operational, geographic, and strategic considerations that may not be 

fully represented in the current dataset. 

The principal contribution of this study is the provision of a 

multidimensional evaluation of ERAM that extends beyond conventional 

ranking-based validation. By integrating comparative analysis with 

Spearman rank correlation and sensitivity analysis, the study evaluates 

ERAM from complementary perspectives of inter-method agreement and 

parameter robustness. The high correlation with established MCDM 

approaches, together with the stability observed under moderate weight 

perturbations, provides empirical support for the consistency of the 

proposed method in the examined store location problem. Nevertheless, 

several limitations should be acknowledged. First, the empirical 

evaluation is based on a single dataset comprising eight alternatives 

and six criteria, which limits the extent to which the findings can be 

generalized to other decision environments. Second, the use of a fixed 

criterion structure and weighting configuration may not fully capture 

the uncertainty and subjectivity inherent in real-world location 

selection. Third, strong rank correlation should not be equated with 

methodological superiority, as correlation measures agreement in 
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ordering rather than predictive accuracy or decision quality. Future 

research should therefore test ERAM across larger and heterogeneous 

datasets, different domains, alternative weighting strategies, and 

additional robustness and statistical validation procedures. Such 

extensions would provide stronger evidence regarding the 

generalizability, discriminatory capability, and practical effectiveness 

of ERAM in complex MCDM applications. 

 

IV. Conclusion 

This study proposed the Enhanced Root Assessment Method (ERAM) as 

an alternative MCDM framework for addressing decision problems involving 

heterogeneous benefit and cost criteria. The proposed framework 

integrates normalization, weighted assessment, benefit–penalty 

balancing, and root-based assessment to provide a more structured 

mechanism for evaluating alternative performance. The main contribution 

of this study is the development of an enhanced root-based assessment 

framework that explicitly balances positive and negative criterion 

contributions and incorporates an Enhanced Root Assessment Index to 

improve the consistency and interpretability of multi-criteria rankings. 

The findings indicate that ERAM can maintain a consistent preference 

structure under moderate changes in criterion weights and demonstrates 

strong agreement with established MCDM approaches. 

The study confirms that combining root-based assessment with 

explicit consideration of positive and negative contributions can 

provide a balanced and interpretable approach to multi-criteria 

evaluation. The integration of comparative and sensitivity analyses also 

strengthens the evaluation of ERAM by examining both ranking consistency 

and robustness rather than relying solely on the final ranking. However, 

the validation is limited to a single dataset and decision context. 

Future research should therefore investigate ERAM using larger datasets, 

different domains, alternative weighting techniques, and additional 

robustness measures to further establish its generalizability and 

practical effectiveness. 
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