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ABSTRACT 
Recommendations in business development are important for entrepreneurs in allocating resources in 
determining the appropriate type of business.  In carrying out business development, a decision-making 
model is needed for entrepreneurs to produce decision recommendations regarding the type of business 
that has prospects for sustainability.  In determining a decision with various criteria and alternatives can 
apply the Multi Criteria Decision Making (MCDM) decision-making technique. The complexity in multi-
criteria and multi-alternative decision making can be solved by the application of MCDM, this is due to the 
alternative selection process based on the number of interrelated quantitative and qualitative criteria and 
the calculation of weight values objectively. The combination of Measuring Attractiveness by a Categorical 
Based Evaluation Technique (MACBETH) and Surrogate Weighting Procedures technique is applied in 
forming a business type decision model. MACBETH method is used to perform scoring or ranking, as well 
as determining the final value based on the nature of qualitative and quantitative criteria. Surrogate 
Weighting Procedures technique that aims to determine the preference value of decision makers based on 
the priority order of the criteria, so as to determine the appropriate weight according to the number of 
criteria available. The result of this research is to determine the best alternative based on 3 quantitative 
criteria and 2 quantitative criteria dynamically, the criteria scoring process is successful, and the final 
alternative ranking process can be used as a recommendation in business development. 
 
Keywords:Multi Criteria Analysis Model, Dynamic Criteria, MACBETH Method, Surrogate Weighting 
Procedures 
 
INTRODUCTION 
Developing a business is something that entrepreneurs must do to advance their business. The 
development of small businesses as the basis of the people's economy is one of the strategic steps that 
need to be followed up with real action. In the current era of digitalization, entrepreneurs are expected to 
understand and apply information technology to the business they are running. The existence of 
technology can provide convenience in conducting promotions, building relationships with consumers, 
and knowing the latest information that can be an opportunity for business development. In addition, 
technology can also be developed into a system that can help entrepreneurs in developing a business.  
The impact of the pandemic has affected Indonesia's economic sector. According to an Asian Development 
Bank survey on the impact of the pandemic on MSMEs in Indonesia, 88% of micro businesses have run out 
of cash or savings, and more than 60% of these micro and small businesses have reduced their 
workforce[1], [2]. After experiencing a difficult time in the economy during the pandemic, Indonesia 
began to make changes by creating a New Normal Era business development strategy. One of the 
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strategies used is the Blue Ocean strategy or the strategy of creating new markets[3],[4]. The importance 
of implementing Blue Ocean is the creation of a strategy that companies can implement to be able to 
continue to grow, and make competition no longer relevant [5]. 
This strategy can be an alternative for entrepreneurs to carry out business development. In carrying out 
business development, a decision-making model is needed for entrepreneurs to produce 
recommendations regarding the type of business that has prospects for sustainability[6]. In the decision-
making process, there are considerations of various criteria and conflicting alternatives so that the 
decision model can assist entrepreneurs in producing the best alternative decision on the type of business.  
In the urgency of research, there are several criteria, namely business capital, profit, promotion, 
competitors by considering several alternative types of business. In determining a decision with various 
criteria and alternatives can apply the Multi Criteria Decision Making (MCDM) decision-making 
technique[7], [8]. The complexity in multi-criteria and multi-alternative decision making can be solved by 
the application of MCDM, this is due to the alternative selection process based on the number of 
interrelated quantitative and qualitative criteria and the calculation of objective weight values [9]–[11]. 
Decision-making models with dynamic criteria can provide convenience for decision makers by choosing 
specific methods in the process of calculating quantitative and qualitative criteria and alternative 
selection.  
Research contributions focus on forming a decision-making model by applying MCDM decision-making 
techniques, selecting methods considering the number of qualitative and quantitative criteria and 
alternatives, and determining the preference value of each criterion. In taking into account the objective 
value of criteria preferences, there is a Surrogate Weighting Procedures technique that aims to determine 
the preference value of decision makers based on the priority order of the criteria, so as to determine the 
appropriate weight according to the number of criteria available[12]. This technique can facilitate 
decision makers without subjectively calculating the weight value of the criteria. Furthermore, to 
determine the final results of alternative selection and ranking, the MACBETH method is used to perform 
scoring or ranking, as well as determining the final value based on the nature of qualitative and 
quantitative criteria. The Measuring Attractiveness by a Categorical Based Evaluation Technique 
(MACBETH) method is used to convert qualitative attributes into quantitative attributes and then rank 
alternatives[13]. In addition, the MACBETH method has the advantage that in determining the weight of 
criteria and alternative assessments can be done only with qualitative assessments[14].  
The implication of the research is not only to form a decision model, but to combine the MACBETH 
method and the Surrogate Weighting Procedures technique in completing the calculation of quantitative 
and qualitative criteria and determining the weight of the criteria based on the priority level of the 
criteria. The results of business development recommendations using the MACBETH method and 
Surrogate Weighting Procedures so that this system can help business owners in making decisions to 
choose the type of business to be developed and help the younger generation become a creative and 
innovative generation in entrepreneurship. 
 
LITERATURE REVIEW 
The development of Dynamic Criteria Decision Making Models for business development 
recommendations requires a solid understanding of Multi-Criteria Decision Making (MCDM) frameworks, 
especially those that incorporate dynamic elements and surrogate weighting procedures. The MACBETH 
method emerges as a prominent approach in this context, which facilitates a qualitative criteria 
assessment scoring process to measure the relative attractiveness of alternatives based on multiple 
criteria. 
MACBETH is particularly advantageous in scenarios where decision makers face complex choices 
involving conflicting quantitative and qualitative criteria. The method allows structuring of decision 
problems and generation of value scores through qualitative assessments, which are then converted into 
numerical values using mathematical techniques[15]–[17]. The intricacies of qualitative judgement in the 
presence of quantitative data have been effectively addressed by this method in a variety of domains[13], 
[18], [19]. Moreover, MACBETH's flexibility in accommodating dynamic criteria makes it suitable for the 
ever-evolving business landscape, where decision parameters may change over time [20], [21]. 
Incorporating surrogate weighting procedures enhances the MACBETH framework by addressing the 
challenges associated with preference strength in MCDM. Surrogate weighting can help mitigate the 
limitations of traditional weighting methods, which often rely on static, ordinal rankings that may not 
capture the nuances of decision makers' preferences[22], [23]. The integration of surrogate weights 
allows for a more nuanced evaluation of alternatives, accommodating the dynamic nature of the business 
environment where criteria may change in importance over time [24], [25]. This adaptability is critical to 
developing recommendations that remain relevant as market conditions evolve. 
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Moreover, the dynamic aspect of decision making is further emphasized by the need to consider the 
temporal performance of alternatives, as highlighted in the literature on Dynamic Multi-Criteria Decision 
Making (DMCDM)[26]. This approach recognizes that the effectiveness of alternatives may vary over time, 
requiring models that can adapt to these changes. Therefore, the proposed dynamic multi-criteria 
decision-making model should integrate the MACBETH methodology and surrogate weighting techniques 
to provide a comprehensive framework that supports informed decision-making in the context of business 
development.  
The synthesis of MACBETH with dynamic criteria and surrogate weighting procedures presents a robust 
model for business development recommendations. This integrated approach not only improves the 
decision-making process by accommodating both qualitative and quantitative assessments, but also 
ensures that the model remains relevant in the face of ever-changing business dynamics. 
 
RESEARCH METHOD 
Study Design And Setting 
Macbeth Method 
The Measuring Attractiveness by a Categorical Based Evaluation Technique (MACBETH) Macbeth's 
approach solves competing criteria or attributes as well as alternative difficulties with multi-attributes by 
rating alternatives with different quantitative and qualitative features[27][28]. a method employing 
measuring scale[29][30]that can help decision-making in producing numerical preferences from 
qualitative and quantitative aspects. MACBETH's approach is robust in that it is a compensatory method 
that takes into account the positive and negative aspects of the alternatives under consideration[31], this 
method can solve problems where the attributes are either mutually independent or have a trade-off 
between attributes  [32]. Decision-makers do not have to translate qualitative features into quantitative 
ones. The Macbeth approach consists of [14]:  
1. Decision Matrix 
In this process, evaluation criteria are presented in the form of a decision matrix, which is employed to 
obtain alternative data input information for each criterion[33]. 

X = 

 
 
 
 
 

r11 … r1j … r1n
… … … … …

ri1 … rij … rin
… … … … …

rm1 … rmj … rmn 
 
 
 
 

 

Where; rij = the element of the decision matrix for ith alternative in jth attribute. In addition, the decision 
maker provides the weight of attribute[ w1; w2; ...; wn ]. 
2. Converting of Semantic Scale into Numerical Scale 
Variations in attribute values that are contingent upon the presence of either positive or negative 
attributes. The negative attributes are transformed into positive attributes during the conversion of the 
semantic scale to a numerical scale, which is achieved by employing a seven-point semantic scale[34].  

 
Table 1. Seven-Point Semantic Scale 

Semantic Scale 

Equivalent 
numerical scale 
(negative 
attribute) 

Equivalent 
numerical scale 
(positive 
attribute) 

Significance 

Null 6 0 Indifference to alternatives 

Very Weak 5 1 
An alternative is very weakly 
attractive over another 

Weak 4 2 
An alternative is weakly attractive 
over another 

moderate 3 3 
An alternative is moderately 
attractive over another 

Strong 2 4 
An alternative is strongly attractive 
over another 

Very Strong 1 5 
An alternative is very strongly 
attractive over another 

Extreme 0 6 
An alternative is extremely 
attractive over another 

 

m x n 

; i = j, ..., m, j =1, ..., n (1) 
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3. Preference Level 
The alternative preference value for each attribute is determined by the alternative decision-maker. A 
score of 100 is assigned to the ith alternative reference value on the jth largest attribute. Conversely, the 
jth lowest attribute's ith alternative reference value is assigned a score of 0. 
rj

-  = min rij ; i = 1, ..., m, j = 1, ..., n     (2) 
rj

+  = max rij ; i=1, ..., m, j=1, ..., n     (3) 
where  
rj

- =the smallest reference values 
rj

+ = the largest reference values 
4. Macbeth Score (V) 
This phase involves the arrangement of alternatives and criteria in a pairwise evaluation matrix in order 
of their significance, from left to right. 

v(rij ) = v(r-
j )+ 

(rij− rj
_)

(rj
+−rj

_)
 v rj

+ − v rj
−  ; =   i=1, ...,m, 

j=1, ...,n   (4) 

where 
v(rij ) = macbeth score on ith alternative in jth attribute 
5. Calculation of Final Ranking Score 
This phase involves the evaluation of decision makers, which is achieved through pairwise comparisons 
into the MACBETH scale by solving the linear programming model. 

Vi =  v rij . wj
n
j=1 ;    i=1, ...,m     (5)    

where 
Vi = final score of ith alternative 
v(rij ) = macbeth score on ith alternative in jth attribute 
wj  = jth attribute weight value 

6. Final Ranking Calculation 
The weight and criteria equation is employed to determine the alternative's overall score in the final 
stage. 
Vi >......>Vm ; i=1, ...,m      (6) 
 
Surrogate Weighting Procedures  
Surrogate Weighting Procedures is a technique used to determine the weight value only based on the 
priority order of the criteria from the most prioritized or seeing the same degree of importance in each 
criterion[35].  There are several methods for representing priorities and translating information about 
weight rankings into specific values for each criterion weight, so surrogate values are used for decision 
making[36], [37]. The simplest method is to determine equal weight or known as Equal Weight (EW). The 
assumption of this method is that all elements are of equal significance to the decision problem and that 
there is no prioritisation information among criteria. Rank Sum (RS) is a method that normalises the 
relationship between the rank position of the criteria and the sum of the ranks in order to assign weights. 
The range of weights is normalised by a scale that defines the priority of the criteria as n (number of 
rankings), using the number of criteria. The method of Rank Order Centroid (ROC) is concerned with the 
priority level of the criteria and the weighting of each criterion based on its priority ranking [38]. This 
research uses the ROC technique in calculating the objective criterion preference value by determining the 
priority level of each criterion starting from the priority of the 1st criterion, the priority of the 2nd 
criterion to the priority of the nth criterion.  

Wj =
1

K
 (

1

i
)

K

i=j
       (7)  

Where:  
Wj = kth attribute weighting value 
K = number of attributes 

i = attribute priority order value 
 
Study Population 
The population in this study were small entrepreneurs in various fields in the Bali area. From this population, 
there are 150 research respondents consisting of small and medium entrepreneurs from handicraft businesses, 
F & B businesses and other businesses. based on the research respondents, then provide questions related to 
criteria data in determining the type of business and alternatives to the type of business.   
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Data Collection 
In determining the Decision-Making Model for Business Development Recommendations, there are 
criteria data obtained from 150 respondents of small entrepreneurs in the Bali area, by applying the 
questionnaire technique, 5 criteria (C) were selected in determining the type of business, namely profit 
(C1), capital (C2), promotion (C3), competitors (C4) and business prospects (C5). There are 5 alternatives 
(A), namely the Cake Shop business type (A1), Florist business type (A2), Cake Material Shop business 
type (A3), Electronics Shop business type (A3) and Stationery Shop business type (A4). 
 
RESULT AND DISCUSSION 
Criteria and AlternativeAnalysis 
Based on the results of data collection, then there is a determination of the type of criteria based on the 
type of data, namely quantitative data and qualitative data. For each criterion, the nature of the criteria is 
determined, including benefit or cost criteria. Criteria data can be seen in table 1. 
 

Table 2. Criteria Data Details 
Criteria Code Criteria Name Criteria Type Nature of 

Criteria 
C1 Profit Quantitative Benefit 
C2 Capital Quantitative Benefit 
C3 Promotion Qualitative Benefit  
C4 Competitors Qualitative Benefit  
C5 Business Prospect Qualitative Cost 

 
Based on the criteria data table above, there are types of quantitative and qualitative criteria based on the 
type of criteria data. Quantitative criteria, consisting of Capital (C2), are said to be quantitative criteria 
because they refer to data in the form of numbers, and can be measured the amount of capital needed in a 
business. Profit criteria (C1) are said to be quantitative criteria because in addition to producing data in 
the form of numbers carried out using mathematical calculation techniques, profit is also objective, which 
means that it can be interpreted by everyone regarding the amount of profit that will be obtained each 
month. Qualitative criteria, consisting of business prospects (C5), are said to be qualitative criteria 
because business prospects are a general description of a business in the future based on potential and 
supporting factors, so these criteria can only be observed and are non-numerical. Promotion criteria (C3) 
are said to be qualitative criteria because promotion is an effort to inform or offer a product to potential 
customers, so these criteria can only be described through the form of persuasive sentences.  Competitor 
Criteria (C4) are said to be qualitative criteria because competitors are other forms of business that have 
similar business products to the business currently being run or the business to be run, so these criteria 
can only be observed in the form of non-numeric data. 
Each criterion is categorized into benefit and cost criteria. The difference between benefit and cost criteria 
is that benefit criteria are criteria that the higher the weight value, the better the value, while cost criteria 
are criteria that the greater the weight value, the lower the value. In this research, benefit criteria are 
denoted by a (+) symbol while cost criteria are denoted by a (-) symbol.  
 
Application of the MACBETH Method 
A. Decision Matrix 
The conversion of qualitative attributes to numerical values is a process. Quantitative attributes are not 
converted. The attribute's influence is more significant when the positive attribute properties are better 
determined, and the influence is more significant when the negative attribute properties are better 
determined. The smaller the attribute value, the greater the influence. 
 
 
 
 

A1
A2
A3
A4
A5  
 
 
 
 

Very Weak
Moderate
Moderate

Very Strong
Strong

15.690.000
25.000.000
53.900.000

117.000.000
15.000.000

15.000.000
3.000.000

10.880.000
23.400.000
7.500.000

Very Strong Very Strong
Strong

Moderate
Very Strong

Moderate

Strong
Moderate

Weak
Moderate  

 
 
 
 

 

Fig 1. Alternative Decision Matrix on each criterion 
 

C1 C2 C3 C4 C5 

+ + + + - 
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B. Weigh Attributes 
Calculate the weights of the assessment attributes using the ROC technique with equation (7). Calculation 
of the criterion preference value (W) or criterion weight value using equation (4) so that the 1st criterion 
priority level is Profit, the 2nd criterion priority level is Capital, the 3rd criterion priority level is 
Promotion, the 2nd criterion priority level is Competitors, the 2nd criterion priority level is Business 
Prospects. 

 
Table 2. Weight Attributes 

Attribute C1 C2 C3 C4 C5 
Wj 0,457 0,257 0,157 0,090 0,040 

 
C. Converting Semantic Scale into Numerical Scale 
In this process, there is a change in the semantic scale to a numerical scale for qualitative criteria, namely 
C1, C4, and C5. This numerical scale change is adjusted to the nature of each criterion, namely benefits and 
costs. 
 

Table 3. Attributes Conversion Value 
Attribute C1 C4 C5 
A1 1 5 1 
A2 3 4 2 
A3 3 3 3 
A4 5 5 4 
A5 4 3 3 

 
D. Value of reference level 
The r- value, which is the largest alternative value for each attribute, and the r+ value, which is the smallest 
alternative value for each attribute, are used to determine the reference level value.  
 

Table 4. Value of Reference Level 
Attribute C1 C2 C3 C4 C5 
r- 1 15.000.000 3.000.000 3 1 
r+ 5 117.000.000 23.400.000 5 4 

 
E. The MACBETH Score (V) 
The MACBETH score is computed to ascertain the value of each alternative.  

V1 = 0 + 
(1−1)

(5−1)
 x (100 - 0) = 0 

V2 = 0 + 
(3−1)

(5−1)
 x(100 - 0) = 50 

V3 = 0 + 
(3−1)

(5−1)
 x (100 - 0) = 50 

V4 = 0 + 
(5−1)

(5−1)
 x (100 - 0) = 100 

V5 = 0 + 
(4−1)

(5−1)
 x (100 - 0) = 75 

The value of each alternative on each criterion is determined from the MACBETH score calculation. The 
MACBETHscore is determined by converting qualitative attribute values to numerical values. 
Simultaneously, the quantitative attribute values determine the ultimate classification value. 
 

Table 5. Macbeth Score 
 C1 C2 C3 C4 C5 
A1 0 0,676 58,823 100 0 
A2 50 9,803 0 50 33,333 
A3 50 38,137 38,627 0 66,667 
A4 100 100 100 100 100 
A5 75 0 22,058 0 133,333 

 
F. Calculation of Final Ranking Score 
At this stage the results of the MACBETH score calculation will be summed up into an overall score to get a 
ranking of each alternative with a final value of V for each alternative.  
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Table 6. Overall Alternative Score 
 C1 C2 C3 C4 C5 V 
A1 0 0,676 58,823 100 0 159,499 
A2 50 9,803 0 50 33,333 143,136 
A3 50 38,137 38,627 0 66,667 193,431 
A4 100 100 100 100 100 500 
A5 75 0 22,058 0 133,333 230,391 

 
Based on the results of the above calculations, it can be concluded that in this case study which has the 
highest score is an electronic store or the fourth alternative (A4). Therefore, the fourth alternative (A4) is 
the best alternative recommended for business development. The ranking of each alternative can be 
described as follows.  
A4>A5>A3>A1>A2 
 
CONCLUSION 
The combination of MACBETH method and surrogate weighting procedures technique has been able to 
produce the best alternative in determining the type of business to be developed. The MACBETH method 
is used to examine alternatives with multicriteria and rank alternatives with respect to various qualitative 
and quantitative criteria. While the surrogate weighting procedures method is able to convert the priority 
level of criteria into a numerical weight value with a simple calculation but still takes into account the 
relationship between the priority level of criteria and the number of criteria.  The methods used in this 
research are the MACBETH method and the surrogate weighting procedures method. The MACBETH 
method is used to examine alternatives with multicriteria and rank alternatives with respect to various 
qualitative and quantitative criteria. While the surrogate weighting procedures method is able to convert 
the priority level of criteria into a numerical weight value with a simple calculation but still takes into 
account the relationship between the priority level of criteria and the number of criteria. Suggestions for 
future research are the need for sensitivity analysis on each combination of methods to determine the 
method that is most sensitive to changes in weight values, conduct sensitivity analysis on criteria so as to 
find out the most critical criteria and affect changes in the final results of alternative rankings.  
 
REFERENCES 
[1] T. Tambunan, “Micro, small and medium enterprises in times of crisis: Evidence from Indonesia,” J. 

Int. Counc. Small Bus., vol. 2, no. 4, pp. 278–302, 2021, doi: 10.1080/26437015.2021.1934754. 
[2] R. Sunoko, A. Saefuddin, M. Nanere, and V. Ratten, “Micro Small Medium Enterprises (MSMEs) and 

Indonesian National Economies During and Post COVID-19 BT,” in Entrepreneurial Innovation: 
Strategy and Competition Aspects, V. Ratten, Ed. Singapore: Springer Nature Singapore, 2022, pp. 
141–150. doi: 10.1007/978-981-16-4795-6_13. 

[3] S. Sadiq, M. S. Amjad, M. Z. Rafique, S. Hussain, U. Yasmeen, and M. A. Khan, “An integrated 
framework for lean manufacturing in relation with blue ocean manufacturing-A case study,” J. 
Clean. Prod., vol. 279, p. 123790, 2021, doi: 10.1016/j.jclepro.2020.123790. 

[4] D. Wahyudi, T. Taryana, M. R. Tawil, Z. Zulkifli, and B. Sipayung, “SWOT Analysis in Business Risk 
Awareness in MSMEs,” TECHNOVATE J. Inf. Technol. Strateg. Innov. Manag., vol. 1, no. 2, pp. 56–61, 
2024, doi: https://doi.org/10.52432/technovate.1.2.2024.56-61. 

[5] M. S. Amjad, M. Z. Rafique, M. A. Khan, A. Khan, and S. F. Bokhari, “Blue Ocean 4.0 for sustainability–
harnessing Blue Ocean strategy through industry 4.0,” Technol. Anal. Strateg. Manag., vol. 36, no. 4, 
pp. 797–812, 2024, doi: 10.1080/09537325.2022.2060072. 

[6] S. B. J. Maulidah, I. G. I. Sudipa, Y. P. Fittryani, K. K. Widiartha, and K. R. Winatha, “Determination of 
MSMEs Business Feasibility Decisions using the Profile Matching Method,” Sink. J. dan Penelit. Tek. 
Inform., vol. 8, no. 3, pp. 1313–1325, 2024, doi: 10.33395/sinkron.v8i3.13638. 

[7] I. G. I. Sudipa et al., “Application of MCDM using PROMETHEE II Technique in the Case of Social 
Media Selection for Online Businesses.,” in IOP Conference Series: Materials Science and 
Engineering, 2020, vol. 835, no. 1, p. 12059. doi: 10.1088/1757-899X/835/1/012059. 

[8] I. G. A. A. M. Aristamy, I. G. I. Sudipa, C. P. Yanti, I. Pratistha, and V. D. Waas, “An Application of a 
Decision Support System for Senior High School Scholarship with Modified MADM Method,” in 2021 
6th International Conference on New Media Studies (CONMEDIA), 2021, pp. 54–59. doi: 
https://doi.org/10.1109/CONMEDIA53104.2021.9617180. 

[9] T. W. Harjanti, H. R. Widjaja, N. Nofirman, I. G. I. Sudipa, S. A. Pramono, and R. Rahim, “Selecting the 
Optimal Location for a New Facility: A PROMETHEE II Analyst,” Int. J. Artif. Intell. Res., vol. 7, no. 1, 
pp. 82–87, 2023, doi: https://doi.org/10.29099/ijair.v7i1.738. 



Journal of Computational Analysis and Applications                                                                             VOL. 33, NO. 5, 2024                         

 

                                                                                 45                                                               I Gede Iwan Sudipa et al 38-46 

[10] Z. T. Rony, D. Sofyanty, F. Sarie, I. G. I. Sudipa, A. Albani, and R. Rahim, “Evaluating Manufacturing 
Machines Using ELECTRE Method: A Decision Support Approach,” in International Conference on 
Mechatronics and Intelligent Robotics, 2023, pp. 567–578. doi: 10.1007/978-981-99-8498-5_46. 

[11] I. G. I. Sudipa, I. K. H. Prananda, I. M. S. Sandhiyasa, K. J. Atmaja, and M. L. Radhitya, “Application of 
The TOPSIS Approach in A Company’s Stock Investment Ranking Decision Support System Based 
On Value Investing,” ISAR J. Sci. Technol., vol. 2, no. 3, pp. 1–7, 2024, doi: 
https://doi.org/10.5281/zenodo.10885951. 

[12] I. G. I. Sudipa, I. K. A. G. Wiguna, D. P. Asana, I. N. T. A. Putra, and P. Sugiartawan, “COMBINATION OF 
MACBETH METHOD AND RANK ORDER CENTROID TECHNIQUES IN DETERMINING THE BEST 
TOURISM LOCATION IN EAST BALI,” in Proceeding International Conference on Information 
Technology, Multimedia, Architecture, Design, and E-Business, Aug. 2022, vol. 2, no. 2, pp. 39–45. 
[Online]. Available: https://eprosiding.idbbali.ac.id/index.php/imade/article/view/708 

[13] Ö. Tosun, “Using MACBETH method for technology selection in production environment,” Am. J. 
Data Min. Knowl. Discov., vol. 2, no. 1, pp. 37–41, 2017, doi: 10.11648/j.ajdmkd.20170201.15. 

[14] N. Kundakcı, “An integrated method using MACBETH and EDAS methods for evaluating steam 
boiler alternatives,” J. Multi-Criteria Decis. Anal., vol. 26, no. 1–2, pp. 27–34, 2019, doi: 
10.1002/mcda.1656. 

[15] C. A. B. e Costa, J.-M. D. Corte, and J.-C. Vansnick, “Macbeth,” Int. J. Inf. Technol. Decis. Mak., vol. 11, 
no. 02, pp. 359–387, 2012, doi: 10.1142/s0219622012400068. 

[16] E. Roszkowska, “The Macbeth Approach for Evaluation Offers in Ill–Structure Negotiations 
Problems,” Optim. Econ. Stud., no. 5(71), pp. 69–89, 2014, doi: 10.15290/ose.2014.05.71.06. 

[17] D. Pamučar, A. E. Torkayesh, and S. Biswas, “Supplier Selection in Healthcare Supply Chain 
Management During the COVID-19 Pandemic: A Novel Fuzzy Rough Decision-Making Approach,” 
Ann. Oper. Res., vol. 328, no. 1, pp. 977–1019, 2022, doi: 10.1007/s10479-022-04529-2. 

[18] M. S. Yurtyapan and E. Aydemir, “ERP Software Selection Using Intuitionistic Fuzzy and Interval 
Grey Number-Based MACBETH Method,” Grey Syst. Theory Appl., vol. 12, no. 1, pp. 78–100, 2021, 
doi: 10.1108/gs-01-2021-0002. 

[19] N. Kundakcı and A. T. Işık, “Integration of MACBETH and COPRAS Methods to Select Air Compressor 
for a Textile Company,” Decis. Sci. Lett., pp. 381–394, 2016, doi: 10.5267/j.dsl.2016.2.003. 

[20] J. M. Hummel, M. D. Oliveira, C. A. Bana e Costa, and M. J. IJzerman, “Supporting the Project Portfolio 
Selection Decision of Research and Development Investments by Means of Multi-Criteria Resource 
Allocation Modelling BT - Multi-Criteria Decision Analysis to Support Healthcare Decisions,” in 
Multi-Criteria Decision Analysis to Support Healthcare Decisions, K. Marsh, M. Goetghebeur, P. 
Thokala, and R. Baltussen, Eds. Cham: Springer International Publishing, 2017, pp. 89–103. doi: 
10.1007/978-3-319-47540-0_6. 

[21] K. Kraugusteeliana and V. Violin, “Application of Decision Support in Performance Assessment of 
Delivery Services in the E-Commerce Industry,” J. Galaksi, vol. 1, no. 1, pp. 53–61, 2024, doi: 
10.70103/galaksi.v1i1.6. 

[22] M. Danielson and L. Ekenberg, “Using Surrogate Weights for Handling Preference Strength in Multi-
criteria Decisions BT - Outlooks and Insights on Group Decision and Negotiation,” in Outlooks and 
Insights on Group Decision and Negotiation, 2015, pp. 107–118. doi: 10.1007/978-3-319-19515-
5_9. 

[23] W. Widjaja, Y. Suprihartini, G. P. Dirgantoro, and W. Wahyudi, “Application of ROC Criteria 
Prioritization Technique in Employee Performance Appraisal Evaluation,” J. Galaksi, vol. 1, no. 1, pp. 
62–69, 2024, doi: 10.70103/galaksi.v1i1.7. 

[24] X. Yu, X. Zhang, and S. Liu, “Systematic Decision Making: A Extended Multi-Criteria Decision Making 
Model,” Technol. Econ. Dev. Econ., vol. 23, no. 1, pp. 157–177, 2017, doi: 
10.3846/20294913.2016.1212121. 

[25] I. G. I. Sudipa, I. M. D. P. Asana, I. K. A. G. Wiguna, and I. N. T. A. Putra, “Implementation of ELECTRE 
II Algorithm to Analyze Student Constraint Factors in Completing Thesis,” in 2021 6th International 
Conference on New Media Studies (CONMEDIA), 2021, pp. 22–27. doi: 
https://doi.org/10.1109/CONMEDIA53104.2021.9617001. 

[26] P. Sugiartawan, I. G. I. Sudipa, and I. K. A. G. Wiguna, “GDSS Development of Bali Tourism 
Destinations With AHP and Borda Algorithms Based on Tri Hita Karana,” IJCCS (Indonesian J. 
Comput. Cybern. Syst., vol. 16, no. 3, pp. 271–280, 2022, doi: 10.22146/ijccs.76605. 

[27] B. E. Costa, A. Carlos, and J.-C. Vansnick, “The MACBETH approach: Basic ideas, software, and an 
application,” in Advances in decision analysis, Springer, 1999, pp. 131–157. 

[28] C. A. B. e Costa and M. P. Chagas, “A career choice problem: An example of how to use MACBETH to 
build a quantitative value model based on qualitative value judgments,” Eur. J. Oper. Res., vol. 153, 



Journal of Computational Analysis and Applications                                                                             VOL. 33, NO. 5, 2024                         

 

                                                                                 46                                                               I Gede Iwan Sudipa et al 38-46 

no. 2, pp. 323–331, 2004. 
[29] C. A. Bana e Costa, J.-M. De Corte, and J.-C. Vansnick, “On the mathematical foundations of 

MACBETH,” in Multiple criteria decision analysis, Springer, 2016, pp. 421–463. 
[30] J. G. Lamas Leite, L. C. Brasil de Brito Mello, J. C. C. Baptista Soares de Mello, E. Picanço Cruz, and C. 

Navarro Fontanillas, “Using the MACBETH Method to improve the scenario analysis tool PESTEL in 
large civil construction projects,” Dyna, vol. 84, no. 203, pp. 322–327, 2017. 

[31] M. E. Banihabib, F.-S. Hashemi-Madani, and A. Forghani, “Comparison of compensatory and non-
compensatory multi criteria decision making models in water resources strategic management,” 
Water Resour. Manag., vol. 31, no. 12, pp. 3745–3759, 2017. 

[32] A. Alinezhad and J. Khalili, ANP Method, vol. 277. 2019. doi: 10.1007/978-3-030-15009-9_17. 
[33] A. Alinezhad and J. Khalili, New methods and applications in multiple attribute decision making 

(MADM), vol. 277. Springer, 2019. doi: 10.1007/978-3-030-15009-9. 
[34] P. Karande and S. Chakraborty, “Using MACBETH method for supplier selection in manufacturing 

environment,” Int. J. Ind. Eng. Comput., vol. 4, no. 2, pp. 259–279, 2013, doi: 
10.5267/j.ijiec.2013.01.002. 

[35] A. T. de Almeida Filho, T. R. N. Clemente, D. C. Morais, and A. T. de Almeida, “Preference modeling 
experiments with surrogate weighting procedures for the PROMETHEE method,” Eur. J. Oper. Res., 
vol. 264, no. 2, pp. 453–461, 2018, doi: 10.1016/j.ejor.2017.08.006. 

[36] M. Danielson and L. Ekenberg, “A Robustness Study of State-of-the-Art Surrogate Weights for 
MCDM,” Gr. Decis. Negot., vol. 26, no. 4, pp. 677–691, 2017, doi: 10.1007/s10726-016-9494-6. 

[37] A. A. Aldino, P. Palupiningsih, G. F. Laxmi, E. D. Mega, and I. Septiana, “Determining Best Graduates 
Using TOPSIS with Surrogate Weighting Procedures Approach,” in 2023 International Conference 
on Networking, Electrical Engineering, Computer Science, and Technology (IConNECT), 2023, pp. 
60–64. doi: 10.1109/IConNECT56593.2023.10327119. 

[38] R. C. Burk and R. M. Nehring, “An empirical comparison of rank-based surrogate weights in additive 
multiattribute decision analysis,” Decis. Anal., vol. 20, no. 1, pp. 55–72, 2023, doi: 
https://doi.org/10.1287/deca.2022.0456. 

 


