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About the EWG-DSS 

 
The EWG-DSS is a Working Group on Decision Support Systems within EURO, the Association of 
the European Operational Research Societies. The EWG-DSS was founded during a memorable 
EURO Summer Institute on DSS that took place at Madeira, Portugal, in May 1989. Most of the 
participants of the EURO Summer Institute on DSS in Madeira in 1989 still continue nowadays to 
pursue their goals, working actively in their research areas related to OR and Decision Support 
Systems. 

The EWG-DSS was born with 24 founding-members. Since then, the number of members has 
substantially grown along the years. Now we are over 300 registered members coming from 
various nationalities. There has also been established quite a few well-qualified research co-
operations within the group members, which have generated valuable contributions to the DSS 
field in journal publications. 

Since its creation, the EWG-DSS has held annual Meetings in various European countries, has 
taken active part in the EURO Conferences on decision-making related subjects; and has 
organized several workshops and conferences on different topics around Decision Support 
Systems. 

The main purpose of the EWG-DSS is to establish a platform for encouraging state-of-the art high 
quality research and collaboration work within the DSS community. Other aims of the EWG-DSS 
are to: 

 Encourage the exchange of information and knowledge among practitioners, end-users, 
and researchers in the area of Decision Systems. 

 Enforce the networking among the DSS communities and facilitate activities that are 
essential for the start-up of international collaborative research and projects. 

 Create professional, academic and industrial opportunities for its members. 

 Inspire the development of innovative models, methods and tools in the field Decision 
Support and related areas. 

 Actively promote the interests on Decision Systems in the scientific community by 
organizing dedicated workshops, seminars, mini-conferences, and conference streams in 
major conferences, as well as editing special and contributed issues in relevant scientific 
journals. 

The process-loop shown next translates the main activities of the EWG-DSS envisaging the 
dissemination of DSS Information (1) and Research (2), in order to encourage DSS Development 
(3) and Collaboration (4) among the DSS researchers and professionals. Consequently, Publication 
(5) opportunities to document the research & development processes and the end results are 
promoted within the EWG-DSS editions. 



 

14  

 

 

 

Specifically, to accomplish the main objectives listed above, the EWG-DSS promotes the 
following key activities: 

 Annual ICDSST Conference and other Conference-Streams organization related to 
Decision Support Systems topics. 

 Annual Journal Special Issues publications, in support of the annual EWG-DSS organized 
Conferences, providing publication opportunities in the DSS Community. 

 Annual EWG-DSS Newsletter publication, promoting the events and the research 
achievements of the EWG-DSS members and of the DSS Community as a whole. 

 Annual EWG-DSS Award: a motivating research initiative for young researchers to submit 
and present their work in one of the EWG-DSS organized events during the year. 

 Collaboration projects among the group members. Check about the EWG-DSS research 
project Collab-Net Project, as well as the R&D competences of some member-institutions 
listed for collaboration in European projects. 

Since 2007 the EWG-DSS has been managed by a Coordination Board. One of the aims of this 
Coordination Board is to promote joint work among the group members and to encourage more 
participation of the whole group in DSS related projects and events, the best way possible. The 
Current EWG-DSS Coordination Board counts with the assistance of a board of six members, 
namely: Professor Shaofeng Liu, Professor Boris Delibasic, Professor Isabelle Linden, Dr Jason 
Papathanasiou Dr Pavlos Delias and Dr Ana Paula Cabral Seixas Costa. 
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EWG-DSS Management Structure 

 
Since May 2015, the EWG-DSS has updated its Management Structure in order to incorporate 
into the Coordination Board (CB) with an Advisory Board (AB), which is composed of senior 
members of the EWG-DSS group and of the international DSS community, including the 
Professor Pascale Zarate and Dr Fatima Dargam who moved onto the Advisory Board from the 
Coordination Board. The Advisory Board is chaired by Professor Rita Ribeiro. 

 
The Board of Assistants (BA) is formed by young 
researchers linked to the Coordination Board (CB) 
members, in order to assist them with the EWG-
DSS annual tasks. Board and Team members can 
be in more than one of the groups of the EWG-
DSS new defined Management Structure. 
However, the members of the Coordination 
Board are not supposed to be members of the 
Advisory Board and vice-versa. 
The new Management Structure also 
distinguishes different teams, namely: the 
Scientific Collaboration Team (SCT) and the 
Editorial Team (ET), amongthe EWG-DSS 
Members who collaborate with EWG-DSS 
projects and joint–Editions, respectively, as 
illustrated in the Figure. 

The EWG-DSS Editorial Team (ET) is a dynamic group of researchers composed of EWG-DSS 
Members that have guest-edited Journal Special Issues and Springer Books with the EWG-DSS. 
The Scientific Collaboration Team (SCT) includes the researchers who are involved with EWG-DSS 
research projects and initiatives, for instance the Collab-NetProject. For more details about the 
EWG-DSS organized events and publications, check the homepage: 
http://ewgdss.wordpress.com/ 

Joining the EWG-DSS 

The EWG-DSS membership does not cost you anything. If you wish to join the EURO-Working 
Group on Decision Support Systems, all you have to do is to send an e-mail to our group at: ewg-
dss@fon.bg.ac.rs with the following information: 

Name; Affiliation; Mailing Address; Phone; e-mail; and Homepage link. 

Alternatively, you can also join the EWG-DSS via our LinkedIn Group at: 
https://www.linkedin.com/groups/1961459/ 

Thanks for your interest! 

The EWG-DSS Coordination Board 

http://ewgdss.wordpress.com/
mailto:ewg-dss@fon.bg.ac.rs
mailto:ewg-dss@fon.bg.ac.rs
http://www.linkedin.com/groups/1961459/
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Preface 
 

ICDSST – the International Conference on Decision Support System Technology – is the flagship 
event of the Euro Working Group of Decision Support Systems (EWG-DSS). The ICDSST series of 
conference is relatively young and vibrant (since 2015), while its predecessor, including EWG-DSS 
workshops and summer schools, has a long tradition. The EWG-DSS was formally established in 
1989 during a memorable EURO (European Association of Operational Research) summer school 
in Madeira, Portugal. Since then, the society has successfully organised wonderful events in 
many countries with collaboration from fantastic organisations, institutes and communities.  

The ICDSST 2022 International Conference on Decision Support System Technology has been 
organized by the EURO Working Group on Decision Support Systems EWG-DSS in cooperation 
with the Department of Business Administration of the University of Macedonia (GR), during the 
period of May 23rd to May 25th, 2022. The purpose of this Conference, focused on the main 
theme of “Decision Support addressing modern Industry, Business and Societal needs”, is to 
bring together researchers, developers and specialists in the related areas of decision making, 
including its methodologies and technologies, as well as application-oriented practitioners 
directed to the implementation of solutions for DSS challenges. Main topics included: 

 Decision Support Systems: Advances and Future Trends 

 Multi-Attribute and Multi-Criteria Decision Making 

 Knowledge Management, Acquisition, Extraction, Visualisation and Decision Making 

 Multi-Actor Decision Making: Group and Negotiated Decision Making 

 Collaborative Decision Making and Decision Tools 

 Discursive and Collaborative Decision Support Systems 

 Mobile and Cloud Decision Support Systems 

 GIS and Spatial Decision Support Systems 

 Data Science. Data Mining, Text Mining, and Sentimental Analysis 

 Big Data Analytics 

 Imaging Science (Image Processing, Computer Vision and Pattern Recognition) 

 Human-Computer Interaction 

 Internet of Things 

 Social Network Analysis for Decision Making 

 Simulation Models and Systems, Regional Planning, Logistics and SCM 

 Business Intelligence, Enterprise Systems and Quantum Economy 

 Machine Learning, Natural Language Processing, Artificial Intelligence 

 Virtual and Augmented Reality 

 New Methods and Technologies for Global Crisis Management 
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 Analytics for Mitigating the Impact of Pandemics 

 Intelligent DSS for Crisis Prevention 

 Innovative Decision Making during Global Crises 

 New DSS Approaches for Post-Crisis Recovery of Economy 

 Decision Making in Modern Education 

 Decision Support Systems for Sports 

 General DSS Case Studies (Education, E-Government, Energy, Entrepreneurship, 
Environment, Healthcare, Industrial Diversification and Sustainability, Innovation, 
Logistics, Natural resources, etc.) 

It is a great pleasure to introduce you to the papers and posters presented at ICDSST 2022, 
comprising this e-version of proceedings “Decision Support addressing modern Industry, 
Business and Societal needs”. Each paper/poster in the proceedings has been evaluated by 
multiple reviewers. The papers are published in two forms: a selection of high quality, long 
papers are published by Springer in their book series of “Lecture Notes in Business Information 
Processing”. All abstracts, posters and a selection of short papers are published electronically in 
these proceedings. Hope you will find the proceedings really interesting and stimulating. 

The technical realization of the conference takes place in the Department of Business 
Administration of the University of Macedonia, Thessaloniki, Greece, during the period of May 
23rd-25th, 2022. The University of Macedonia specializes in economic and social sciences. It was 
founded by the Greek State under the Presidential Decree 147/10-4-1990. In the past, it was 
widely known as Graduate School of Industrial Studies of Thessaloniki which was founded in 
1948 and started its first operation during the academic year 1957-1958. In the academic year 
2021-2022 the University of Macedonia completed 64 years of operation as an Institution of 
Higher Education in Greece. 

Today, more than 17.000 students study at the University of Macedonia in economic, 
administration, social and political related fields. Its primary consideration is the maintenance of 
high standards in terms of the University’s operation. The high level of graduates and professors 
and their participation in the shaping of new knowledge with publications of international 
standing, the innovative teaching methods, the modern equipment, and the qualified 
administrative staff constitute the factors which define the university’s quality. By developing 
new and updating the existing Undergraduate Study Programs, organizing high-standard 
Postgraduate Programs, and giving emphasis on scientific research, the University of Macedonia 
aspires to become one of the leading Higher Education Institutions in its fields of specialization in 
the Balkan Peninsula and Europe. 

We don’t want to end without thanking many people who have greatly contributed to the 
success of the proceedings and the conference. Organizing a conference is certainly not an easy 
task and demands hard work, dedication, and management efforts that we luckily find among 
the EWG-DSS Coordination Board members, Advisory Board members, Board of Assistants, and 
members of the Organizing Committee of the ICDSST 2022, despite the uncertain environment 
we have faced during the past two years due to the covid-19 pandemic. We also would like to 
thank EURO and the Department of Business Administration, University of Macedonia, 
Thessaloniki, Greece, for the support they have given to the realization of the conference. 
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We wish to thank all authors and participants of the conference, for having trust and interest in 
the EWG-DSS organized conferences by submitting their work for reviewing, presentation, and 
publication. Special thanks go to all Program Committee members for their excellent reviewing 
support on this conference. We have accepted 46 submissions contributed by 135 authors from 
15 countries and we had a tight schedule for providing review feedbacks. We would not have 
achieved our reviewing goals without the highly qualified, constructive, and effective 
cooperation of our team of reviewers. We sincerely express our gratitude to all the people for 
their help and support which has made this conference happen! 

We wish all the ICDSST 2022 participants an enjoyable and fruitful collaboration time during the 
conference, with lots of networking for further cooperation and joint work. Finally, the ICDSST 
2022 is a good opportunity to visit the beautiful city of Thessaloniki and enjoy its charm. Enjoy 
the ICDSST 2022! 

 

The Editors: 

Prof. Jason Papathanasiou 

Maria-Paraskevi Belioka 

Panagiota Digkoglou 

Dimitrios Zopounidis 
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Professor Evangelos Grigoroudis, Technical University of Crete, Greece: 
“Multiple Criteria Decision Analysis and Online Ratings: Theoretical Models and 

Applications” 

 

 

Online ratings and reviews are currently considered as extremely useful tools for both 
consumers and business organizations. Considering the current technological progress, they 
are becoming increasingly available, widespread, and influential. Consumers generate and rely 
on these ratings and reviews for their purchasing decisions, while business organizations are 
developing systems to collect and analyze this online information. Regardless of the context of 
analysis, online ratings and reviews are widely considered as effective management-marketing 
and strategy tools for businesses. Current research reveals that they affect, like no 
advertisement does, consumers’ purchasing decisions. Given the structure and nature of 
rating and review data, multiple criteria decision analysis (MCDA) has been widely used to 
analyze them. The majority of existing MCDA tools adopts a regression-based approach. In 
this context, the main principles of ordinal regression are presented, focusing on its ability to 
analyze ordinal data and explain consumer behavior through a set of quantitative indices and 
perceptual maps. Building on existing large-scale datasets, online tourist ratings are analyzed, 
in order to demonstrate the applicability and the benefits of ordinal regression analysis. The 
presented application focuses on identifying the attributes that influence customers’ 
satisfaction, as well as the strengths and weaknesses of the provided tourism services. 

Evangelos Grigoroudis is Professor on management of quality processes in the School of 
Production Engineering and Management of the Technical University of Crete, Greece (2002-). 
He followed postgraduate studies in Technical University of Crete, Greece from where he 
received his Ph.D. degree in 1999. He has received distinctions from the Hellenic Operational 
Research Society, the Academy of Business and Administrative Sciences, the World 
Automation Congress, the Foundation of Ioannis and Vasileia Karayianni, the Technical 
University of Crete, and the State Scholarships Foundation of Greece. He acts as reviewer for 
more than 70 scientific journals, and he is associate editor of the Operational Research: An 
International Journal, the Journal of Knowledge Management, the Journal of the Knowledge 
Economy (senior associate editor), the Journal of Innovation and Entrepreneurship (senior 
associate editor), the International Journal of Decision Support Systems, the International 
Journal of Social Ecology and Sustainable Development, the International Journal of Food and 
Beverage Manufacturing and Business Models, and the Palgrave Communications and 
member of the Editorial Board of the scientific journals: International Journal of Information 
and Decision Sciences, International Journal of Information Systems in the Service Sector, 
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International Journal of Multicriteria Decision Making, Journal of Marketing and Operation 
Management Research και World Journal of Applied Agricultural Sciences and Engineering. He 
coauthored/coedited more than 15 books in service quality measurement, corporate strategy 
and published more than 170 articles in scientific journal, books and conference proceedings. 
His research interests include service quality measurement processes, customer and 
employee satisfaction, performance evaluation, business excellence, operational research 
(evaluation methodologies and techniques), multicriteria decision analysis, data analysis 
(qualitative data analysis methods), and marketing (market and customer satisfaction 
surveys). 
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Professor Zoran Obradovic, Statistics Department, Temple University, USA: 
“Disruptive Even Detection and Categorization from Streaming Data with Scarce and 

Imprecise Labels” 

 

 

Accurate predictions at multiple temporal and spatial scales from many sensors can 
potentially enable innovations across various industries. For example, moving from corrective 
to predictive maintenance of complex infrastructure based on knowledge extracted by many 
instruments could be more cost effective since this can facilitate early and interpretable risk 
predictions with uncertainty estimates and allow optimization of damage mitigation and 
prevention strategies. Similarly, in proactive emergency monitoring, a network of sensors 
could estimate operating conditions before they occur, which can direct deployment of 
control measures for avoiding undesirable outcomes. In this talk an overview of our recently 
developed methods to facilitate such end-to-end solutions will be discussed within the 
context of our ongoing DOE funded project aimed at predictive analytics in a large electricity 
grid from multiple phasor measurement units. Challenges and the proposed solutions will be 
discussed related to (1) deep-learning based detection and classification of local and system-
wide events using rapidly refined, partially inspected event labels; (2) digital-twin based data 
enhancement for events insufficiently represented in field-recordings over the training period; 
and (3) transfer learning to leverage relevant labeled events from a different network to 
minimize additional labeling effort. 

Zoran Obradovic is a Distinguished Professor and a Center director at Temple University, an 
Academician at the Academia Europaea (the Academy of Europe) and a Foreign Academician 
at the Serbian Academy of Sciences and Arts. He mentored 45 postdoctoral fellows and Ph.D. 
students, many of whom have independent research careers at academic institutions (e.g. 
Northeastern Univ., Ohio State Univ.) and industrial research labs (e.g. Amazon, Facebook, 
Hitachi Big Data, IBM T.J.Watson, Microsoft, Yahoo Labs, Uber, Verizon Big Data, Spotify). 
Zoran is the editor-in-chief at the Big Data journal and the steering committee chair for the 
SIAM Data Mining conference. He is also an editorial board member at 13 journals and was 
the general chair, program chair, or track chair for 11 international conferences. His research 
interests include data science and complex networks in decision support systems addressing 
challenges related to big, heterogeneous, spatial and temporal data analytics motivated by 
applications in healthcare management, power systems, earth and social sciences. His studies 
were funded by AFRL, DARPA, DOE, KAUST, NIH, NSF, ONR, and the PA Department of Health 
and industry. For more details see http://www.dabi.temple.edu/zoran-obradovic 

http://www.dabi.temple.edu/zoran-obradovic
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ABSTRACT 

This article aims to analyse the management of student housing allocation within a university. 

The research consists of allocating university rooms to students. As many requests for 

accommodation are received by the university accommodation officer each year, it will be 

impossible to satisfy all the requests by housing all the students in the university. Thus, a 

technique for ranking students is essential to select them.We propose a decision support system 

based on multi-criteria decision support methods. For this purpose, we apply the three methods 

AHP, WSM and PROMETHEE. First, AHP to rank the weights of the criteria, then AHP, WSM 

and PROMETHEE to rank the students. The objective is to find out how each method ranks the 

students. Then to compare the ranking results obtained by these three methods. Finally, we 

choose the most appropriate method for this case. As a result, we find that each method can rank 

the students. Subsequently, AHP compared to WSM gives a very different ranking result and 

AHP compared to PROMETHEE has an equal half ranking. However, WSM compared to 
PROMETHEE has only a slight equality in ranking. From an application point of view, we 

observe that AHP is not very practical for multiple alternatives. 

 

Keywords: accommodation allocation, Decision Support System, AHP, WSM, PROMETHEE. 
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INTRODUCTION 

According to what we have identified, several authors have already been interested in the 

subject of student housing management [1] [2] [3]. Mayer [4] said that “our current global 

situation with regard to the student housing sector is anything but consistent, and this can be a 

huge problem even in many developed countries” such as the UK, India, South Africa, and 

Canada. 

However, each university has its own procedures for allocating student accommodation. The 

most common is the consideration of criteria which vary in number according to each institution  

[5] [6]. 

Our research has focused on decision support systems. Since 1971 until today, several authors 

have investigated the application of these systems such as Eom et al. [7] [8] and Papathanasiou 

et al. [9] . Authors like Carlsson and Walden [10] have noted that decision support systems are 

currently innovative and among the technological challenges. Keenan [11] has shown that they 

are spread over several areas including life sciences and biomedicine, physical sciences, and 

social sciences. 

Thus, we have developed a decision support system based on AHP, WSM and PROMETHEE to 

rank students and facilitate their selections during the housing allocation process. 

1. ISSUES 

Regarding the criteria for housing allocation, each student is considered as a specific case. The 

idea is to select those students who meet them. However, there is much more demands than 

offers, but sometimes there are many more students who meet the criteria than there is housing 

to be allocated [12]. So, the question which remains is: what housing applications should be 

admitted or rejected? And which of these students will be housing allocated?  

To do this, a method needs to be chosen to fairly distribute this accommodation. 

2. METHODOLOGY 

Multi-criteria analysis methods are used to formulate real problems, according to three basics 

formulations: the choice problem, noted Pα, the sorting or allocation problem noted Pβ and the 

ranking problem noted Pγ [13]. The allocation of accommodation to students belongs to the 

ranking problem (Pγ). This situation led us to choose the following three methods: AHP, WSM 

and PROMETHEE to solve the problem of ranking students. 

2.1. Analytic Hierarchy Process (AHP) 

AHP was developed by Saaty in 1970 [14].  According to its founder [15] , the method is based 

on three concepts: hierarchical structure, priority structure and logical consistency. To find the 

logical consistency, the following calculations have to be made: 

Finally, when comparing pairs, the consistency ratio (CR) must be within 0.1. Otherwise, the 

results could be inconsistent. 

2.2.  Weigth Sum Method (WSM) 

 The weighted sum method combines all criteria into one scalar composite objective function 

using the weighted sum [16]. The steps to follow are normalisation of all alternatives, 

normalisation of the weights whose sum must be equal to 1 and implementation of the weighted 

sum. The result is obtained by [17] : 

(1) :  Medium consistency (2) :  Consistency index (3) :  Consistency ratio 
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2.3. Preference Ranking Organisation METHods for Enrichement Evaluation 

Brans initiated the PROMETHEE method in 1982 [18] . It is a multi-criteria method for 

defining the relationships of outranking, indifference, and incomparability between alternatives. 

Two concepts are to be considered, namely the preference index and the outranking flows. The 

method of calculating these flows [19] is presented below. 

The result is obtained by comparing the outflows, inflows, and net flows of the alternatives. 

3. PROTOTYPE 

Let us recall that a DSS is structured by three main components which are: the model 

management system, the user interface, and the knowledge base [20]. The DSS will be 

composed by a Data Base, a Model Base, and a Human/Interface module. 

3.1. Database 

The developed DSS consists of allocating housing to students through their applications. We 

have implemented a relational database management system using three methods AHP, WSM 

and PROMETHEE. We present in the following figures some structure of this database. 

3.2. Process  

The application concerns a university that has eleven criteria for evaluating students [12]. These 

criteria are grouped into two sets, of which the first six are basic criteria and the last five are 

social criteria. The following table 1 describes these evaluation criteria. 

 

Table 1 : Criteria for evaluating students at a university 

Basic criteria 
Admission 

requirements 
 Social criteria Value 

Age By level  Physical capacity (CP) Normal = 5 ; Disability = 10 

Year of Baccalaureate By academic year  Orphan of parent (OP) 
None = 0; Father or Mother 

= 5; Father and Mother = 10 

Administrative Enrolled  Parent's place of work University = 5 ; Other = 0 

(1) : Preference index (2) : Outflow (3) : Inflow 

 
 
 

 
 
                     

 

   

                     

 

   

  

      
 

   
       

   

       
 

   
       

   

 

(4) :  Net flow 

                  

 

 

 

 

 

 

 

 

 

 

Figure 1: extract of relationships between tables Figure 2: data entry form 
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registration (LTP) 

Examination result Successful  
Dependent child of parent 

(EC) 
By number 

Nationality 
According to the 

case 
 Distance from home (DD) By mileage 

Professional situation Not employed    

In relation to these two groups of criteria, the assessment procedure proceeds in two stages 

including the admission test for the basic criteria and the ranking by social criteria as the 

following figure 3 shows.  

Figure 3: processing applications for student’s room 

3.3. Result  

3.3.1. Assessment according to the basic criteria 

This concerns the housing applications of students in the first year of the Computer Science and 

Law degrees. The result is shown in Table 2 below. 

Table 2 :  Result of the processing applications for student accommodation 

3.3.2. Assessment according to social criteria 

This second phase will deal with the 26 and 78 students meeting the basic criteria. We show for 

each of the three methods chosen, the result for the 26 students of the Computer Science major. 

To begin with, below in the figure 4 the initial judgement matrix.  

Figure 4: initial judgement matrix 

The application of the comparison scale according to Saaty [21] , allowed us to obtain the 

criteria judgement matrix and the result of the priorities presented in figure 5. Thus, the values 

of the elements of logical consistency are given below. 

 

Mention Application received Student meets basic criteria Application rejected 

Computer science 35 26 9 

Law 101 78 23 
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Figure 5 : priority of criteria 

Logical consistency check 

           

         

         
As CR<0.1 the comparison is consistent. 

Now that the criteria weights are obtained, we can move on to applying the three methods to 

rank the students. The ranking results for each method are given in the following figure 6. 

Figure 6: Ranking of students with AHP, WSM and PROMETHEE 

3.4. Discussion  

In 2000, Zhendong and Moore [22] developed a student housing management software by 

assigning a student to a dormitory in a building according to his or her gender and study level. 

In 2015, Scutariu and Alexandrescu [23] discussed campus housing allocation by proposing an 

application that calculates the housing share of different faculties. Youssouf [24] proposed an 

automated system for the allocation of student housing at the Université de Toamasina in 2015. 

For our part, we developed a DSS focusing on student housing allocation using three multi-

criteria decision support methods (AHP, WSM and PROMETHEE) to better compare the results 

obtained.  And to make a choice between the method used by the university, we illustrate in 

terms of number and percentage in the following table 3 the two-by-two comparison of the 

results obtained and the similarity of student ranks. 

 

Table 3 : similarity of student ranks on two methods 

Number % Number %

AHP 8 30,77       13 50

WSM 4 15,38       

WSM PROMETHEE

 
 

4. CONCLUSION AND PERSPECTIVE 

Three methods were studied: AHP, WSM and PROMETHEE. The result showed us that each 

method was able to rank the students. Nevertheless, we can report that a difficulty was 

encountered when using the AHP method. This being when the criteria or the alternatives are 

more numerous. For example, in the case of the 78 students in the Law stream and the other 

applications accepted in the other streams, the students are even more numerous. It will be 

difficult to handle such a large square matrix. 

So, in our future research, we will use the AHP method only to calculate the criteria weights. On 
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the other hand, WSM and PROMETHEE for storing students. And in addition, we will look for 

another method that is easier to handle and combine with these two methods for storing 

students. Then, we will not stop with a simple application of the methods, but we will look for a 

trick allowing to recover all the ranks of the students carried out by the methods implemented in 

the system and to reorder the students from all their ranks. 

Finally, our objective in this first analysis is then to integrate all these ranking methodologies 

into the developed prototype, offering end users the possibility of having several methodologies 

to use. And in the perspective, it will be to find the possibility of using all the results of these 

methods to obtain a new ranking of the students.  
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ABSTRACT 

Document Intelligence is a complex task which is getting more relevant in the last few years due 

to the need to efficiently process physical documents. Several businesses from insurance to 

banking sectors have to spend a large amount of man-hours manually inspecting documents to 

validate them, extract and transcribe relevant information. In this context, there is growing 

interest in automatic systems able to automatically process documents to stand in for or to 

support manual operations. Therefore, in this work we propose a business application able to 

automatically process tax documents and extract relevant content in a structured manner. The 

solution consists of an automatic aid for human agents in order to support manual processing. 

Stacks of documents are automatically classified in their parts and each relevant page is 

processed to extract relevant information which is then compared to the fields which were 

manually annotated. This crucial step helps to identify manual errors, resulting in a direct 

decrease in the time needed for the whole process by reducing the need for human agents to 

elaborate documents a second time. The system leverages cutting-edge deep learning models for 

classification and text extraction, applying a mixed approach of visual and text features. Several 

models have been trained on a multi-language real-world document dataset. The chosen solution 
shows good performance on both classification and information extraction, as well as the ability 

to be easily generalisable on future data. 

 

Keywords: Document Intelligence, Deep learning, Document validation,  Document OCR, 

Object detection, Computer Vision. 
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INTRODUCTION 

Nowadays, despite the increase in digitalisation, most businesses are still processing 

documents manually to classify them, verify compliance or extract relevant content. This is due 

to the complexity of the task (e.g. content understanding, information retrieval, ..), even if it 

results in a time consuming and error prone process. In this context, a new trend is growing on 

building automatic systems able to process, organise documents and extract relevant 

information in a structured way. 

These systems face different challenges as they aim to execute human tasks that some simple 

hard-coded rules cannot solve. Additionally, with technology available to most people, paper 

documents can be easily digitised: taking a picture with a smartphone, scanning documents, etc. 

This phenomenon generates a heterogeneous variety of digital documents with different formats 

and styles, even for the same original document. 

In this paper we propose an innovative system that, leveraging deep learning models, 

identifies and extracts relevant information from tax documentation while assessing document 

quality. The three main problems tackled are (1) document quality assessment, (2) document 

classification from images, (3) extracting relevant key fields such as name, surname, VAT, etc. 

The paper is organised as follows: a literature review of document intelligence and 

interpretation methods is initially presented. Later the proposed document processing system is 

discussed with a focus on the three main models: quality assessment, classification and field 

extraction. Finally, the fourth section shows experimental results and the final section 

summarises achievements and conclusions. 

 

RELATED WORK 

Automatic document processing has been widely researched[1] for different businesses in the 

last few years. GV et al.[2] proposed a framework for insurance documents classification and 

information extraction, Engin et al. [3] a classification system for banking documents. Along 

with document processing frameworks, literature shows a broad work on the three specific tasks 

tackled by our system: image quality assessment, classification and field extraction. In detail, 

document quality assessment[4] has been treated using different techniques such as defining 

sharpness images metric[5], applying a deep learning approach[6] or a multimodal quality 

assessment[7]. Document classification tasks can be based on different techniques, such as 

image classification or text classification. Recently, image classification for documents focuses 

especially on deep learning based methods[8]. Different well-known CNN architectures have 

been proposed: AlexNet[9], VGG-16[10], GoogLeNet[11]. Among them, Afzal et al.[12] 

suggest VGG-16 as the preferred one for document classification. Ghumade et al.[13] propose a 

deep learning approach based on textual features, while Bakkali et al.[14] propose a mixed 

approach using visuals along with textual features for document classification. Finally, different 

approaches have been proposed for field extraction, from geometric techniques[15] to deep 

learning methods[16]. 

 

AUTOMATED DOCUMENT PROCESSING SYSTEM 

The proposed system, Figure 1, is composed of three modules:  a) document quality 

assessment, b) classification and c) field extraction applied to tax documents. 
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Figure 1: System architecture 

Dataset 

The dataset contains tax documents in different languages,  such as legal documents used to 

certify employment income, self-employment or other income types; containing both personal 

data and other information. The document acquisition does not happen in a controlled 

environment, hence image quality changes based on the acquisition technique employed. 

Currently, there are two document layouts that differ by the visual elements they contain. 

Therefore we divide the dataset into three different groups: layout-1 containing the page of 

interest for the first layout, layout-2 containing the page of interest for the second layout and 

other containing any other page as well as pages collected from any other document type. Due 

to the unbalanced nature of the dataset, data augmentation has been used during training. 

 

Document  quality assessment 

The quality of the results during field extraction and OCR is strongly dependent on the 

quality of the images. For this reason, we need to quantify how much the image quality impacts 

the final result of our system. After manually labelling each image into two categories (high and 

low quality), we compared different classifiers: SVM, Gaussian Naive Bayes, Random Forest, 

K-Nearest Neighbors and chose the one with the best results, using a grid search for the tuning 

of the hyper-parameters of all models.  

Given a grey scale image of 224x224 pixels, we use their distribution as input feature for all 

classifiers. As shown in Figure 2, digitally native document distribution shows a flat distribution 

with few high peaks compared to scanned document distribution. 

 

 
Figure 2: Document quality feature extraction for high and low quality images. Distribution has been computed 

on 100 bins 

Document classification 

The second step in our process consists in the identification, starting from a multi-page PDF 
document, of the exact page in which the relevant information is contained. We decided to 

frame this task as an image classification problem, in which the interesting pages are labelled as 

the positive class and all other pages are labelled as the negative class. 

Initially, we compared two approaches: (1) SIFT[17], a traditional computer vision algorithm 

(2) and a more cutting-edge Convolutional Neural Network based method. 

The two methods have advantages and disadvantages: traditional methods do not rely on 

Machine Learning thus are applicable without a true dataset; the drawback is that they are very 

sensitive to the quality of the images and their complexity. The Scale-invariant feature 

transform (SIFT) is more a detection algorithm than a classification tool: it extracts key points 

from a reference image which are then compared to the features of the images for which the 

detection is desired. It is a very simple algorithm that works well for kinds of images with well 

defined keypoints. A low quality image, very different from the reference image employed, 

could make this detection difficult. 



 

                                                                                                                                                             40  

On the other hand, Machine Learning methods need a dataset of labelled examples to learn 

from, and Neural Networks, especially CNNs, are probably the most data-hungry class of ML 

algorithms. The advantage is that they are very good at generalising, resulting in a more robust 

classification even for complex and low quality images. For this task, we did not have access to 

a big enough dataset for training a Neural Net from scratch. For this reason, we chose to exploit 

an architecture that was pre-trained on millions of images. The more shallow layers of CNNs 

trained on images act as “detectors” for simple patterns; for this reason, a popular technique is to 

keep these layers frozen and add a couple of trainable layers at the end of the network specific 

for the custom application. Specifically, we chose the VGG-16 architecture, trained on the 

imagenet dataset, which was cut at the fifth block and with three dense layers specific for the 

classification problem at hand[12]. The model, starting with pre-trained weights, has been 

further trained with our dataset for 50 epochs using Adam optimizer and categorical cross-

entropy as loss function. 

For reaching optimal results, we decided to improve the architecture by feeding the model 

not only images but also information about the text. We used a non optimised model from the 

tesseract package for a quick OCR of the pages. The output string was summarised by a bag of 

words model with a reduced vocabulary of 20 words. This vector, combined with the output 

vector of the second-to-last layer of VGG-16, is directly fed to the last dense output layer of our 

custom network. 

Field extraction 

The final step is to extract relevant fields from the identified image. The fields we are 

interested in are: social security number, name, surname, gender, date of birth, place of birth, 

province of birth. 

Before extracting the relevant information, we need to extract the bounding boxes of each 

word on the document page. To do so, we pass the image to an OCR engine, in our case Google 

Vision API, that returns (x,y) coordinate of each point of the bounding box. After the OCR 

engine returns the bounding box we can finally extract the personal information we need. For 

this task, we exploit the logical construction of the social security number and search it with a 

regex. Using its position as anchor, we apply a geometric distance approach to find the other 

fields of interest. 

 

EXPERIMENT - RESULTS 

We tested our models using a total of 509 documents, each composed of different pages 

reaching a total of 3690 images that are divided as follows. For the quality assessment task 1994 

low-quality and 1696 high-quality images, with 80%-20% train-test split. The SVM model 

shows better performances for the F1 metric and outperforms  other classificators especially on 

precision while detecting high-quality documents and recall for low-quality documents. 

Table 1: Comparison of quality classification on the test set in terms of Precision (P), Recall (R)  and F1 score (F1) 

  Score  

Mo

del 

Cla

ss 

na

me 

P 

R 

F1 Support 

SVM 
low-quality 0.89 0.95 0.92 396 

high-quality 0.94 0.87 0.90 342 

Gaussian NB 
low-quality 0.89 0.58 0.70 396 

high-quality 0.65 0.92 0.76 342 

Random Forest 
low-quality 0.76 0.89 0.82 396 

high-quality 0.84 0.68 0.75 342 

K-Nearest Neighbors low-quality 0.74 0.88 0.8 396 
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high-quality 0.82 0.64 0.72 342 

 

The image classification task dataset is composed of 3 classes: layout-1 375, layout-2 119 

and other 3196, with a 84%-8%-8% train-validation-test split. As the results show, the mixed 

approach outperforms both VGG-16 and SIFT. 

Table 2: Comparison of quality classification on the test set in terms of Precision (P), Recall (R)  and F1 score (F1) 

  Score  

Mo

del 

Cla

ss 

na

me 

P 

R 

F1 Support 

Mixed VGG-16 

other 1 1 1 237 

layout-1 1 1 1 31 

layout-2 1 1 1 9 

VGG-16 

other 0.99 0.97 0.98 237 

layout-1 0.91 0.94 0.92 31 

layout-2 0.69 1 0.82 9 

SIFT 

other 0.72 0.9 0.8 237 

layout-1 0.64 0.4 0.49 31 

layout-2 0.66 0.14 0.23 9 

 

 

The field extraction task shows different accuracy metrics depending on the fields, as shown 

in Table 3. Different accuracies are highly dependent on the document layout since some fields 

such as surname are positioned in a well-separated area compared to others such as province of 

birth. 

Table 3: Accuracy for field extraction 

Fields 

Social 

security 

number 

Name Surname Gender 
Date of 

birth 

Place of 

birth 

Province 

of birth 

Acc

ura

cy 

0.98 

0.94 

0.95 0.91 0.85 0.94 0.85 

 

CONCLUSIONS 

This paper proposes an innovative system to automatically process and extract relevant 

information from documents. The system has been validated on a dataset of Italian tax 

documents showing promising results, especially in managing different types of document 

layout and image quality and technique of acquisition. 

Future improvements can be achieved by extending the dataset to other types of documents 

and testing other approaches, such as deep learning for the field extraction task. 
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ABSTRACT 

Algorithmic decision-making is facing a rising concern of unwanted discrimination. Biases 

that exist in decision-making, data collection, or in the attributes can lead to unfair 

decisions, and consequently to legal issues. In this paper, we investigate the information 

theory definition of equal odds and its decomposition to independence, balance, and 

accuracy on equal odds. Based on those definitions we design three linear regularization 

terms and observe how these regularizations influence each other. The results on three 

datasets, namely Adult, COMPAS, and German, suggest that each regularization improves 

fairness in terms of disparate impact, balance, and equal odds. However, separation 

regularization performs the best in terms of equal odds. An interesting finding is that the 

proposed regularizations do not reduce accuracy, which is in accordance to the information 

theory point of view on equal odds. 

 

Keywords: Algorithmic fairness, equal odds, balance, independence, deep learning 
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INTRODUCTION 

Algorithmic decision-making is a subject of many discussions in both practice and research 

communities. The promises that algorithms can replace human decision-makers are reasonable 

and expected. However, these promises are yet to be delivered. Algorithms can be better than 

the human expert [1]. First, algorithms can process a larger amount of information compared to 

the human expert. Second, they can process information much faster, and third, the final 

decision is, in general, more accurate compared to the human expert. There was an additional 

promise that algorithms remove the bias that exists in human reasoning [2]. More specifically, 

due to historical and cultural effects, human decision-makers implicitly use the properties of an 

individual in decision-making and consequently make unfair and unjust decisions. However, 

there are numerous recent examples where algorithms make unfair and unjust decisions. One 

prominent example is the COMPAS decision support system, which is a system used to help 

decision-makers (judges) by estimating the probability of a person committing a crime. An 

independent analysis of the decision-support system identified a possible racial bias with 

African-Americans having between 10% and 15% greater risk scores than White-Caucasians 

[3]. 

Due to many algorithmic unfairness examples, practitioners and researchers attempted to 

identify and measure unfairness in decision-making, and adjust the decision support system to 

minimize the possibility of unfair decisions. To start solving this issue, one needs to measure 

unfairness, and then find a way to mitigate the possibility of an unwanted event. In the area of 

machine learning, one of the commonly used measures of fairness is equal odds. Equal odds 

measures the difference of performance in both getting the desired outcome and not getting the 

desired outcome for any subpopulation in the dataset (for example, males and females). More 

specifically, every subpopulation in the dataset should have the same true-positive rate and 

false-positive rate [4].  

Observing fairness from the information theory lenses allows greater inspection of fairness 

measures and their decomposition, such that one can obtain a deeper understanding of the 

fairness issue [5, 6]. Equal odds corresponds to the measure defined as the separation of the 

outcome and the predicted value given the value of the sensitive attribute. Using mutual 

information decomposition, we can describe separation using accuracy, balance, and 

independence terms. Each term has its interpretation and its effect on the equal odds. The idea of 

this paper is to observe the effects of linear formulation of balance, independence, and 

separation in deep learning settings. More specifically, we defined linear regularization 

functions that correspond to the balance, independence, and separation terms. For each of them, 

we tested different strengths of regularization and tested predictive power in terms of accuracy, 

as well as fairness measures in terms of disparate impact, balance, independence, and 

separation. The hypotheses we tested are that balance and independence regularization improve 

equal odds, and vice-versa. However, based on the equal odds decomposition, improving equal 

odds should not affect the accuracy of the model. 

The remainder of the paper is structured as follows. In Section 2, we provide background on 

the fairness measures and the information theory decomposition of the equal odds. Section 3 

explains the methodology of the experiment, as well as research questions. In Section 4, we 

present the results and provide a discussion on the results. Finally, Section 5 concludes the 

paper. 

 

 

BACKGROUND 

Although fairness in machine learning can be observed from the individual level (fairness on 

the instance level) [7], most often one observes fairness from the group level. Group fairness 

measures the differences in average treatment between two or more groups. Attributes that one 

uses to define a group of people are race, gender, religion, etc. An attribute that is used to define 
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a group of people is denoted as  , and single individual can be either in a privileged group 

(     ) or an unprivileged group (     ). The simplest definition of fairness, called disparate 
impact, requires equality in outcomes regardless of merit. It is defined as: 

 

   
           

           
   (1) 

 

where    represent the predicted outcome and   expectation of the predicted outcome. A 
simple interpretation of the disparate impact is that one would like to achieve independence of 

predictions and the sensitive attribute, i.e. information about the sensitive attribute does not 

contribute to predictions [8]. 

The disparate impact may suffer from overcompensation of the predicted outcomes. More 

specifically, the same or similar percentage of people getting the desired outcome is achieved by 

assigning more outcomes to an unprivileged group with a lot of false-positive errors. This 

undesired property is mitigated with an equal odds measure [9]. Mathematically, 
 

   
               

               
         (2) 

 

where   represents an outcome with value  . In the case of binary classification, outcomes 

could be desired (   ) and undesired (   ). An interpretation of equal odds is that one 
seeks that true-positive rates and false-positive rates are the same across the groups. In other 

words, for each possible outcome, one would like to achieve equality of getting that outcome. 

An interesting point of view on equal odds comes from the information theory [6]. Instead of 

using equality of expected values, one can use conditional mutual information between the 

predictions and the sensitive attribute given the outcome. The nice property of information 

theory for fairness metric calculation is the decomposition of equal odds to components that 

separately influence the notion of fairness. Mathematically,  
 

                           
       

           
            

             
        

   (3) 

 

where   represents mutual information or conditional mutual information. Based on (3), equal 
odds (or separation) are decomposed to balance, independence, and accuracy terms. The 

balance represents information shared between the outcome and prediction given the sensitive 

attribute. Although one would like that prediction and outcome to share the same information, 

the sensitive attribute should not influence that information. Therefore, one would like to 

minimize the balance term. Independence is information shared between the sensitive attribute 

and the predictions. Since one does not want the sensitive attribute to give any information 

about the predictions, this term should also be as low as possible. Finally, accuracy positively 

influences fairness, which may sound counter-intuitive regarding that most of the fairness-

related approaches explore the trade-off between fairness and accuracy [10]. In other words, the 

higher the accuracy lower the separation (better the value of equal odds). 

There are multiple approaches to fairness in machine learning algorithms, ranging from data 

preparation (pre-processing), or adjusting learning algorithms (in-processing), to adjusting the 

prediction scores (post-processing). Interested readers are referred to [11, 12] for a detailed 

survey of potential approaches and results. 

 

 

METHODOLOGY 

The methodology section consists of two parts. The first part describes the research design, 

as well as the research hypotheses. The second part explains the experimental setup. 

 

Balance, Independence, and Separation 
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Information theory can be used to explain the information shared between the outcome, 

prediction, and a sensitive attribute. In a general interpretation, mutual information is a general 

measure of dependence between two or more attributes and using mutual information and 

conditional mutual information results in a stronger notion of dependence than correlation and 

partial correlation. This is because correlation and partial correlation measure linear 

dependency. However, being able to measure dependency comes with a cost. It is 

computationally hard. Originally, mutual information is calculated using integrals, which is hard 

for an optimization procedure. If one opts to discretize the prediction into either bins or the 

recommended decision, the function would not be differentiable.  

To mitigate this issue, we propose a linear approximation of the balance, independence, and 

equal odds (separation). The idea of this paper is to use functions (4), (5), and (6) as 

regularization functions when learning the machine learning model. 
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(6) 

where     represent the probability of getting the desired outcome (value of the sigmoid 

function),     the number of instances belonging to the unprivileged group,       the number 

of instances belonging to the privileged group,     the number of instances that get the desired 

outcome, and       the number of instances that did not get the desired outcome.  
Balance, independence, and separation, presented in (4), (5), and (6) respectively, are linear 

approximations of the mutual information counterparts presented in (3). The balance part 

measures the difference between the outcome and the predicted outcome in absolute terms given 

the value of the sensitive attribute. More specifically, prediction errors should be approximately 

the same for different values of the sensitive attribute.  Independence, corresponding to the 

linear formulation of the disparate impact in formula (1), measures the difference in predictions 

between the privileged and unprivileged groups. Finally, separation consists of two parts. The 

first part measures the true-positive like the difference between the privileged and unprivileged 

groups, while the second part measures the false-positive like the difference between the 

privileged and unprivileged groups. This measure is, therefore, a more complex and thus more 

rigid measure of fairness. It is very similar to independence; however, it is conditioned on the 

true value of the outcome, while independence is conditioned on the sensitive attribute. 

Intuitively, it is expected that models with balance regularization have the best values for 

balance. Similarly, the models with independence regularization have the best values for 

independence, and finally, the models with separation regularization have the best values for the 

separation. However, since both balance and independence are a part of separation it is expected 

that models with balance and independence regularizations improve separation, and vice-versa, 

models with separation regularization improve both balance and independence. Another 

hypothesis to be tested is the accuracy term. In formula (3), accuracy reduces the unfairness. 

Therefore, we believe that separation regularization would not influence accuracy to a greater 

extend. However, balance and independence are not related to accuracy, thus they might reduce 

the accuracy score. 
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Experimental Setup 

To test these hypotheses, we employ different strengths of regularizations and measure the 

values of accuracy and fairness functions. The regularization functions we used are tested with 

different regularization strengths. More specifically, we use values ranging from 0.000001 to 

0.1 on a logarithmic scale. These values were empirically selected, using values larger than 0.1, 

resulting in a larger drop in predictive performance and a greater increase in fairness. The 

learning algorithm was a single hidden-layer neural network where the hidden layer had 50 

neurons. This architecture is selected based on the grid search with inner cross validation where 

several architectures were tested. The neural network uses Adam as an optimizer in 100 epochs 

with a batch size of 10% of the dataset size. 

We used three commonly used datasets in the fairness research. Namely, Adult (30,162 

instances and 96 attributes), ProPublica (6,617 instances and 10 attributes), and German (1000 

instances and 58 attributes). Every dataset is prepared in the same manner as in the [6]. 

Sensitive attributes are sex for Adult and German datasets, and race for the ProPublica dataset. 

Since the research questions are related to inspection of indirect satisfaction of the fairness 

criteria and indirect effects on the accuracy, we plot the results of three regularizations in a line 

chart and draw conclusions based on them. To ensure that the findings are not the result of 

chance, every experiment is repeated 25 times and the dataset is randomly divided to train and 

test datasets, with a 70-30 ratio. For each experiment, we measured accuracy as a performance 

measure, and disparate impact, balance, and separation as fairness measures. The values we 

report (average values and confidence intervals) are calculated on the test set. 

 

RESULTS AND DISCUSSION 

The impact of balance (red line), independence (green line), and separation (blue line) 

regularization on accuracy is presented in Figure 1. As we can observe from the Figure, none of 

the regularizations influence the accuracy of the model. It looks like all three regularization 

functions achieved relatively stable accuracies (values on the y-axis) regardless of the 

regularization strength (values on the x-axis). An interesting finding is that the accuracy 

increases with a large value for the regularization.  
 

 

Figure 1: Accuracy on a) Adult, b) COMPAS, and c) German datasets 

An interesting result is visible when inspecting the disparate impact. As the disparate 

impact is calculated using the formula (1) values closer to one are better (closer to the 

perfect fairness). Based on the definitions of regularizations, independence is the one that 

should have the greatest impact on the disparate impact, as it is directly optimizing the 

disparate impact. In addition, separation regularization indirectly optimizes disparate 

impact, thus explaining the improvement in disparate impact. However, the results suggest 

that all regularization functions help in reducing unfairness in its most general form. 
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Figure 2: Disparate impact on a) Adult, b) COMPAS, and c) German datasets 

Regularizing for balance resulted, as expected, in the lowest balance score (better) compared 

to other regularizations. As we increase the regularization term, balance is decreasing with an 

exception for the Adult dataset where the balance is constant with a spike at 10
-3

. Balance, as a 

measure, is harder to satisfy because of the double absolute value (one for the difference 

between outcome and prediction and another for the difference between the values of the 

sensitive attribute), which might be an explanation for this behavior. In other words, not only 

that balance and separation regularizations improve balance as a measure, but independence as 

well. 
 

 

Figure 3: Balance on a) Adult, b) COMPAS, and c) German datasets 

Finally, if directly optimizing for the equal odds the best results are obtained using 

separation regularization. With an increase in regularization strength, equal odds improves 

on all the datasets. However, independence and balance remain constant. This indicates that 

separation is achieved at the expense of accuracy term from the formula (3). 
 

 

Figure 4: Separation on a) Adult, b) COMPAS, and c) German datasets 

Having these results, we empirically show that directly optimizing for the equal odds 

using separation regularization might improve fairness in both independence and balance 

terms, as well as achieve improvement in accuracy. 

 

 

CONCLUSIONS 

This paper empirically analyzes several linear regularizations obtained from the information 

theory-based definition of equal odds. More specifically, equal odds is decomposed to balance 

term (information between the outcome and prediction given the sensitive attribute), 
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independence (information between the prediction and sensitive attribute), and accuracy term 

(information between the outcome and prediction). We propose linear approximations for the 

independence and balance terms, as well as equal odds (or separation as called in the literature).  

Experiments are conducted on three datasets, and the results suggest that none of the 

regularizations have a large negative effect on the accuracy. In addition, every regularization 

function improves fairness, regardless of how it is measured. However, independence 

regularization performs best in independence as a fairness measure, balance regularization in 

balance as a fairness measure, and separation regularization in separation as a fairness measure. 

As a part of future work, we want to optimize mutual information and conditional mutual 

information. We believe that direct optimization of the information theory definition of equal 

odds could contribute to better satisfaction of fairness metrics. 
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ABSTRACT 
 

 The diffusion of smart sensor technology in production enables real-time monitoring of 

production conditions. Machine self-diagnosis shall serve the analysis of these conditions by 

differentiating expected data from anomalies. Several algorithms have been developed in 

practice and academia to detect anomalies in real-time and to support machine self-diagnosis, so 

that counteractions can be taken. However, due to the algorithms’ different functionalities, they 

yield different results when applied to the same data. Our research aims to leverage 

complementary potentials among these algorithms. To this end, we use a design science research 

approach to design and prototypically implement a real-time anomaly detection algorithm 

selector to support decision making regarding machine self-diagnosis. The selector decides in 

real-time for each sensor-emitted data point, which algorithm yields the most reliable result in 

terms of anomaly detection. We evaluate functionality and feasibility with two real-world case 

studies. The evaluation shows that the algorithm selector may outperform single algorithms and 

that it is applicable in practice. 

Keywords: Algorithm Selection, Machine Self-Diagnosis, Real-Time Anomaly Detection. 
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ABSTRACT 

Event data, as recorded through the execution of business processes, evidence the patterns, 

behaviors, particularities, dysfunctions, and many other elements of the process. An 

unsupervised method like clustering can expose several of those elements, assuming a 

relevant problem formulation exists. Indeed, when event data are correlated to a single case 

identifier, existing clustering approaches, like trace clustering, can deliver useful insights. 

However, when a business process involves multiple objects, event data reflect a more 

complex reality, correlated to multiple entities, that cannot be captured by a unidimensional 

clustering model. 

The goal of this work is to propose a problem formulation for discovering patterns when a 

business process involves multiple entities. We propose an embedding representation that 

captures simultaneously the similarity of traces within the objects of the same object type, as 

well as the relationships between the objects of different types. We formulate an 

optimization problem that involves the similarity matrices, the cross-objects types 

relationships matrices, and the embeddings. Then, we follow an iterative algorithm to 

optimize it and deliver the embedding representation, and eventually the cluster 

memberships for each object type. 

This work presents the fundamental formulation towards this goal and a proof of concept 

that demonstrates the applicability of the proposed approach. 

 

Keywords: Process Mining, Multiple Entities, Clustering, Network embeddings 
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INTRODUCTION 

Process mining techniques start from an event log that typically contains an event classifier 

(activity name or state), a timestamp for each event, and a case identifier that correlates events 

to the life-cycle of cases. The implicit assumption is that there is a single case notion that can 

reflect the reality of the business process. However, in a business process, we expect multiple 

related entities to interact. For example, in the Order-to-Cash process, one can observe the 

traces of orders, or the traces of the packages, or of the items that are included in an order. Each 

case notion carries only a part of the aspects of the overall situation, thus, reducing the process 

to a single case notion means to deliberately neglect certain facets of reality, and moreover, it 

conceals a major risk to present features of one particular case notion as the global truth of the 

process [1]. 

This is exactly the argument put forward by the Object-centric Process Mining [2] which 

suggests that there are “multiple intertwined case notions” (entities - object types) and that 

process mining techniques should account for such inter-relationships. On this ground, there 

have been several recent advancements, ranging from a standard for Object-centric (OC) event 

logs [3], to formalizing the retrieval and aggregation of multi-dimensional event data [4], to 

discovery techniques [5], or even to conformance checking [6].  

The research aim of this work is to enable the wealth of clustering to deliver results for an 

Object-centric event log. There is a particular challenge in this aim because every clustering 

technique, at some stage, calculates the similarity between events or traces based on a single 

case notion, which is exactly what is deprecated in an OC setting. Indeed, to assess the 

similarities in OC settings, we should account for the puzzling combinations of both the 

connections of objects of the same type, as well as for the relationships between objects of 

different types [7]. The different object types (modalities) that co-exist in a business process 

influence each other, mostly with latent “modi operandi”, indicating the need for a 

representation in a different space. 

To reach our aim, we are proposing to learn such a representation through an optimization 

problem that captures the interconnections of the different object types and synthesizes an 

overall embedding representation. The proposed approach can be used with any trace clustering 

that is creating a similarity matrix, thus realizing the central aim of enabling the existing wealth 

of techniques. More specifically, we capture the within-object types traces similarities with 

pairwise similarity matrices, and the cross-objects types relationships with co-occurrences 

matrices. We introduce two kinds of embeddings, one for the objects (of each type) and one for 

the latent “modi operandi” of the cross-objects relationships. We formulate an optimization 

framework that integrates all the above and adopt an iterative algorithm to solve it. 

 

METHODOLOGY 

Rationale 

The basic idea behind the methodology of this work is to obtain a clustering membership for 

objects of each type that captures the collective inter-dependencies of the objects of all types. 

We want to assess the proximity of  objects that belong to different types (e.g., orders, items, 

and customers), given the similarities of objects that belong to the same type. Because the 

objects of different types are not directly comparable, we resort to an embedding representation 

of the objects to capture the latent features that interact with each other to generate cross-objects 

relationships. Overall, the methodology tries to calculate the embedding representation that 

jointly optimizes the within-object type similarities and the cross-objects proximities. The input 

of the method is an object-centric event log  with multiple objects types. Each object type can be 

used as a case notion, although this is not mandatory. The goal of the method is to deliver 

embedding representations for all objects, which will be used as feature vectors for a clustering 

algorithm.  
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To kick-off the method, we extract one event log per object type. This is a typical approach 

to provide multiple views for multi-dimensional event data [2], [8], [9], because, as Lu et al. [8] 

discuss, it is possible to analyse the interactions between the objects types by extracting a 

sequential log per type. 

Then, we use the objects logs to calculate a pairwise similarity matrix per object type. For a 

particular object type, the (symmetric) similarity matrix has the object identifiers relevant to that 

type at the rows and columns. The values in the cells indicate the similarity between the row 

object and the column object. We should stress that our method is agnostic to the techniques that 

are used to create the similarity matrices. 

The next step is to create the cross-objects relationship matrices. For every pair of objects 

types, we create a matrix that has the objects identifiers of one type at the rows and the other 

type's objects identifiers at the columns. These matrices indicate if the two objects identifiers co-

occurred in an event (binary matrices) and they capture the cross-objects dependencies between 

different objects types. 

We want objects of the same type that are similar to be clustered together, but we 

simultaneously want objects of different types (that are related to each other) to be proximate in 

the embeddings space. The core of the  method involves expressing both distances (i.e., the 

distance within the same object type and the cross-objects distance) in terms of the embeddings. 

Having obtained expressions using the same terms, we can create a joint formula for an 

optimization problem, namely the simultaneous optimization of all distances, that can be solved 

through an iterative algorithm. 

 

Problem Formulation 

Let us denote from the outset the notations that we are using in our approach with Table 1. 

We assume that for each object type   we can calculate a matrix     for the pairwise similarities 

that exist between the    objects pertinent to that type. Then, to capture the cross-object 
relationships, we define a matrix                                . The elements of        are 1 if 

there is a relationship between the specific object of type   and the specific object of type   and 
it is 0 otherwise. We want to produce an embedding representation            for all the objects 

of type  , for all object types. 

Table 1: Notations used in this work 

Description Notation 

The number of object types (layers)          
The number of traces relevant to the i

th 
object type    

The cross-objects type relationships matrix between object type i and j                       
Within-object type similarity matrix for object i             
A matrix for the embeddings of the i

th
 object type            

Embeddings interaction matrices between object type i and j             

 

Let us first try to express the within-object similarity of objects in  the embedding space. To 

this end, we will exploit the spectral clustering theory that suggests that we can use the 

eigenvectors of the normalized graph Laplacian of a graph to perform the clustering of its nodes. 

In particular, for a specific object type  , if we consider its corresponding objects to form a 
graph (the nodes being the objects and the edges being their pairwise similarities), its 

normalized graph Laplacian will be         
    

    
   

, where    is the degree matrix for 

the graph of object type  . As [10] have proved, for every    , we can express its 
relationship to the original graph as: 
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  ,    being the degrees of objects (nodes)   and  . If we want the embedding representation to 

preserve the original graph structure, i.e., the embeddings of two objects to be close when those 

objects are originally similar, we should minimize that expression. Therefore: 

                                  

                     
(1) 

if we ask for       to avoid the arbitrary scaling of  . Then, considering that we need to 
get transported into the eigenspace, that the trace of a matrix is the sum of its eigenvalues, and 

by letting               , to calculate an embedding representation for object type   that 

preserves the original structure, we have the following optimization problem: 

                 s.t.         (2) 

We can solve   similar problems separately (for each object type) or we can just aggregate the 

optimization problems into a single (additive) maximization problem. 

Having expressed the within-object type similarity in terms of the embedding space, we 

should now do the same for the cross-objects type relationships. The original relationships are 

described by the matrices      that we introduced earlier.      matrices are symmetric, and non-
negative matrices since they are created by checking the co-occurrences of the objects of the 

two types (  and  ) in an event. To approximate dyadic matrices (like co-occurrences matrices), 

Long et al. [11] proposed the “block value decomposition” that suggests that the original data 

can be factorized by three components: a block value matrix that captures the fundamental block 

structures of the data, and two matrices that are guiding the linear combinations of those block 

structures to reconstruct the original data. In particular, they proved that this decomposition can 

be derived by the minimization of                    , where       are non-negative, 

real matrices. 

In our case, letting              be a matrix that captures the relationships in the embedding 

space (i.e., the equivalent block structure matrix), and by integrating the embedding matrices    

into the formula, we can assess the proximities of the objects of two different object types   and 

  by the following optimization problem: 

   
          

                
 
 

s.t.        ,         
(3) 

where the constraints are asked to avoid again the arbitrary scaling of the embeddings. To 

address the overall problem, we have to create similar optimization problems for all the pairs of 

objects. On the whole, we have achieved our goal to express the problem in terms of the 

embeddings. Overall, there are   maximization problems for the within-object type similarities 

and 
      

 
 minimization problems for the cross-objects types relationships. To get the desired 

embedding representation we can solve a combination of those two problems, but it turns out 

that solving such a complex optimization problem is not straightforward. In the next section, we 

show how this is possible. 
 

 

PROPOSED SOLUTION 

Following the formulation of the optimization problems in terms of the embedding 

representation, we can combine the marginal optimization problems into a single objective 

function for a particular object type like the following: 

   
  

                              
 

 

   

 

s.t.                    

(4) 

where the parameter   is a positive number that can be used to weight the contributions of the 
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two factors (within-object type similarity and cross-objects types relationships). 

However,  equation (4), as the subscript of the max operator suggests, has two sets of 

variables for optimization (the embeddings matrix    as well as the embeddings interaction 

matrices     ) so its optimization is not straightforward. To solve it, we rely on the iterative 
algorithm that is proposed in [12]. More specifically, Li et al. [12] suggest that we first initialize 

the  embeddings matrices    , and given the fixed values for   , we can calculate     . Then 

based on the calculated     , we can update   , and so forth, until convergence. 

To calculate the embeddings interaction matrices     , we can exploit the proof of [12] that 
states that the optimal solution of a minimization problem 

   
    

                
 
 

that is similar to the second part of the eq. (4), given fixed values for    and    can be 
calculated as 

               (5) 

To update the embeddings matrices   , we can replace       with eq. (5), so that 

                 
 
              

 
 

 

     

 

     

                     
 
   

 

     

 

and  because               
 
  

      is constant and it can be eliminated in an optimization 

process, we can re-write the optimization problem of eq. (4) as: 

   
  

                                 
 
   

 

     

 

s.t.                    

(6) 

By continuing working on eq. (6), we can notice the following: 

1)                    because of the similarity invariance property of trace 

2)                    
 
                    

 
  because of the cyclic property of 

trace and because         
3) The fundamental property of trace                     

so eventually, the optimization problem of eq. (6) is equivalent to 

   
  

                     
 

 

   

  

s.t.                    

(7) 

which is actually a trace maximization problem of the matrix 

                      
  

    with orthogonality constraints. Assuming that the matrix    

is a positive semidefinite matrix, we can have the optimal solution for    by getting the 

eigenvectors of    that correspond to its top   eigenvalues (Ky-Fan theorem [13]). 

After we obtain the updated values for   , we can calculate the current value of eq. (4), 
check for convergence, and if there is no convergence, we can start a new iteration (i.e., 

calculate the new value for     , update   , etc.).  

Finally, after convergence, we expect to have calculated for every object type   a matrix 

         which is an embedding representation that captures simultaneously the similarities 
of the objects within the same object type and their relationships  to the objects of other types. 

We can use the columns of matrix    as features vectors to be input in a clustering algorithm 

like e.g., k-means to obtain the clustering membership, which is the target and the final output of 

our method. 
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ABSTRACT 
Technological changes in transport and communications have shown to be one of the most 

important determinants of geographic fragmentation of production process which led to shaping 

of global value chains (GVCs). Governance of these complex production systems is becoming 

increasingly challenging, especially due to the lack of information about the processes and actors 

in the chain, which leads to sustainability issues and higher costs of assuring resilience and 

robustness. Blockchain technology (BT) provides opportunities to address these challenges. This 

paper provides a systematic overview of BT potential to transform GVCs. It points out 
transparency as one of the most important features of BT, which provides traceability and 

efficiency gains potential in a range of areas, as it enables real-time information-based decision 

making of leading firms and other members of GVCs. It also points out that BT can provide 

decision-support to consumers through information that was not previously available to them, 

thus facilitating their choices. Furthermore, it can facilitate government's international trade 

regulation enforcement. These changes have the potential to contribute to upgrading 

opportunities and bring another global production reorganization. Decision-support is needed to 

foster and facilitate BT adoption process. 

Keywords: global value chains, decision support, information-based decision making, 

governance, blockchain.  
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ABSTRACT 
 Mobile applications (or apps) are present on every portable device and have become the center 

of tremendous attention from developers and software vendors. Some apps meet significant 

success with high profitability, but most of them tend to remain anonymous, with weak returns 

on investment. The risk incurred when launching a new app is therefore significant. In this 

article, we introduce the concept of Publication Strategy, resulting from the numerous decisions 

made by an app designer on all the variables which are publicly visible on the stores 

(screenshots, description, title, etc.). This paper studies the extent to which the success of an app 

may be predicted using such Publication Strategy. To do this, we use metadata about more than 

40,000 apps from both the Google Play Store and the Apple App Store and adopt a machine 

learning research strategy by training and testing a number of classification models. We observe 

that in about 50% of the cases, it is possible to predict the rating of an app based solely on its 

Publication Strategy. The results are very similar between the 2 stores. These results bring us to 

the definition of a number of research avenues to further explore the notion of App Publication 

Strategy which can be used to support apps designers in their decisions. 
 

Keywords: mobile applications, apps, Publication Strategy, empirical study, machine learning, 

Google Play Store, Apple App Store, decision support 
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Blockchain and Artificial Intelligence in Real Estate 

 

ABSTRACT 
 

Since their development, blockchain and artificial intelligence (AI) technologies have gained 

substantial momentum and immense adoption in different industries worldwide. The 

innovations of cryptocurrencies and machine learning algorithms have had significant 

implications for the growth and advancement of these technologies. The combination of the 

two presents incredible benefits to organizations in various sectors in terms of harnessing 

existing data for pattern recognition and insight identification. The technologies have 

impacted how industries do their businesses. This study includes a systematic review that 
explores how blockchain and AI, have changed the real estate industry, as well as the way 

the related businesses can take advantage of the technologies’ capabilities to stay afloat 

within this new technological development. This research adopts the Prisma methodology to 

explore how the application of blockchain and AI has impacted the real estate sector. The 

main finding is that in real estate, the combination of blockchain and AI has great potential, 

especially in modeling data and valuation, storing information in digital formats and securing 

transactions. 

Keywords: Blockchain, Artificial Intelligence, Real Estate 

 

 

THE FULL PAPER HAS BEEN PUBLISHED IN LNBIP 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ICDSST 2022 PROCEEDINGS – ONLINE VERSION   

THE EWG-DSS 2022 INTERNATIONAL CONFERENCE ON DECISION SUPPORT SYSTEM TECHNOLOGY  
J . Papathanasiou, M. P. Belioka, P. Digkoglou, D. Zopounidis  

Thessaloniki, GR, 23-25 May 2022 



 

                                                                                                                                                             61  

 

Modelling the Development and Deployment of Decentralized Applications in 

Ethereum Blockchain: A BPMN-based approach 
 

Nikolaos Nousias
1
, George Tsakalidis

1
, Sophia Petridou

1
 and KostasVergidis

1
 

1
Department of Applied Informatics, University of Macedonia, Thessaloniki, Greece 

 nnousias@uom.edu.gr, giorgos.tsakalidis@uom.edu.gr, spetrido@uom.edu.gr, kvergidis@uom.edu.gr 

 

ABSTRACT 
 

 Decentralized Applications (DApps) have emerged as a new model for building massively 

scalable and profitable applications. A DApp is a software application that runs on a peer-to-

peer blockchain network offering censorship resistance, resilience, and transparency that 

overcome the challenges of typical centralized architectures. Developing and deploying a DApp 

in a blockchain net-work is highly challenging. Developers need to initially decide if developing 

a DApp is justified, before considering different aspects of blockchain technology (e.g., 

cryptography, transactions, addresses, etc.). This adversity along with the plethora of previously 

published works highlight the need for new tools and methods for the development of 

blockchain-based applications. Throughout lit-erature there is a lack of procedures that can 

guide practitioners on how to de-velop and deploy their own applications. This paper aims to 

address this research gap, by standardizing and modelling such processes, through the 

employment of the BPMN modelling technique. Initially, a DMN decision model is presented 

that can facilitate developers to determine whether developing a DApp is justi-fied. 

Consequently, two BPMN models are introduced, namely the DApp devel-opment and the 

DApp deployment process models. The models can orchestrate new DApp initiatives and 

facilitate the developers’ communication and imple-mentation transparency. We expect that 

they can serve as a roadmap for enhanc-ing the decision-making in the act of developing a 

DApp and reducing the imple-mentation time and cost. Finally, we further discuss how the 

models implement a DApp for the registration and verification of academic qualifications and 

how BPMN can constitute a powerful tool for the development of DApps.  
 

Keywords: Blockchain, Ethereum, DApp, DApp development, DApp deploy-ment, BPMN, 

DMN, Modelling, Decision-making. 
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ABSTRACT 
 

 Migrant labor market integration is one of the key areas mentioned in the new EU Action Plan 

on Integration and Inclusion. Enhanced resilience of the European economy is envisaged through 

migrant labor market integration which is considered to generate large economic gains, fiscal 

profits and contributions to national pension schemes and welfare. In view of the new EU Pact 

on Migration and Asylum, this paper employs the multiple criteria decision making analysis 

method PROMETHEE to formulate a relocation model for refugees in the EU28, for a period 

between 2015 and 2019, based on the labor market integration outcomes of the resident migrant 

population in the EU. The purpose of this paper is to indicate a relocation plan based on migrant 

labor market integration prospects that could favor the newcomers’ sustainable independent 

living and social inclusion. Under this lens, the legal commitments, and the actual contributions 

of the Member States to the EU emergency relocation scheme are observed. The suggested 

decision making approach to relocation allows policy makers to define the preferences and 

weights of the criteria so as to assure fair sharing of responsibility among the EU countries. The 

paper provides evidence that countries opposed to the relocation scheme could have been more 

favorable destinations for the relocation of migrants since 2015.  

 

Keywords: EU Relocation, Migrant Integration, PROMETHEE 
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ABSTRACT 
The aim of the paper is to assess the state of social sustainability throughout European countries, 

based on the inclusion of various indicators that reflect the social dimension of sustainable 

growth. Using the methods for creating composite indexes combined with official social 

statistics, the ranking of European countries based on poverty and social exclusion indicators is 

provided. The terms poverty and social exclusion refer to various types of social disadvantages, 

related to the problems such as unemployment, income inequality, material deprivation and the 

inability to participate in social and political activities. Our analysis enables the evaluation of 

social sustainability, at the country level, through formation of a composite index that includes 

all observed indicators. The indicators included in the analysis are classified into three groups: 

(1) income distribution and monetary poverty, (2) living conditions (health, labour, and housing) 

and (3) material deprivation. Research is based on the data provided by European Union (EU) 

statistics on income and living conditions, a comparative statistic on income distribution and 

social inclusion for EU countries as well as accession candidate countries. The results are based 

on analysis that includes 33 countries. 

For the assessment of social sustainability, a multi-criteria analysis model is developed, 

combining the CRITIC method (CRiteria Importance Through Intercriteria Correlation) for 

determining the relative importance of criteria and PROMETHEE (Preference Ranking 

Organization METHod for Enrichment Evaluation) method for ranking countries. The results 

clearly indicate that candidate countries have a lower level of social sustainability compared to 

EU countries. 

 

Keywords: Social Sustainability, Multi-criteria Analysis, Poverty, Social Exclusion, Material 

Deprivation. 
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ABSTRACT 
 

Decision support systems are crucial in helping decision makers to quickly identify optimal 

business decisions in increasingly volatile and complex business environments. However, the 

ideal DSS for one decision maker may not optimally address the requirements for decision 

support of another decision maker. This is due to differences between decision makers in 

business goals, regulatory restrictions or availability of resources such as data. By using a 

suboptimal DSS, decision makers risk implementing suboptimal decision recommendations 

which endanger the success of their business. This presents DSS developers with the challenge 

to implement a customizable DSS which can be tailored to the individual requirements for 

decision support of a single decision maker. In order to address this challenge, we suggest a 

decision support ecosystem in which DSS developers, decision makers and other domain 

experts collaborate using a shared platform to provide and combine reusable decision support 

services into a tailored DSS. The contribution of our paper is twofold: First, we define the 

concept of a decision support ecosystem with respect to existing digital business ecosystems and 

discuss expected benefits and challenges. Second, we present a reference architecture for a 

shared platform supporting the realization of a decision support ecosystem. We demonstrate our 

contributions in the example application domain of regional energy distribution network 

planning. 

 

Keywords: Decision Support Ecosystem · Ecosystem Platform · DSS Generator · Multi-

Enterprise DSS · Collaborative DSS. 
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ABSTRACT 

 Business models and decision making play a vital role in the delivery and implementation of 

technological innovations in the healthcare industry, especially for entrepreneurs, healthcare 

providers, managers, researchers and policy makers. However, despite its significance, current 

conceptualisations of business models do not adequately guide in designing business models 

particular to the complex and dynamic healthcare environment. With the exploratory nature and 

lack of research in this area, this paper aims to design a new methodology to develop business 

models incorporating multidimensional implications of various stakeholder perspectives. A 

systematic literature review of existing methods in business models and decision making has 

been done and a new methodology has been proposed, entitled Thematic+TISM+MICMAC = 

TTM methodology. An application of this method has been tested with empirical findings from 

the healthcare diagnostics value chain to establish the key factors of innovative business model 

development in healthcare decision making. Limitations, future directions and challenges in the 

proposed methodology is also discussed. It is hoped that this study will guide practitioners in 

future work towards advancement of these techniques and will help the managers to select better 

decisions by making use of these methodologies. 

         Keywords: Business Model, Decision Making, Healthcare Value Chain, Innovative Diagnostics, 

Medical Device, Success Factors. 
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ABSTRACT 
 

The great needs for the movement of people and the movement of goods and products in 

the modern world require the construction of roadways with high requirements that will 

ensure both speed and safety in these movements. Skid resistance, water permeability, long 

life and high resistance to climatic conditions and stress from traffic load are some of these 

requirements. These characteristics are given to the road surface layer through the selection 

of the appropriate asphalt mixture through the abundance of available materials. 
 

Multicriteria analysis is mainly used in cases of decision making. The complexity of the 

decision-making process has led to the creation of many methods. Most of them used, relate 

to problems with many criteria and problems in which the classification of alternatives from 

best to worst is sought. 
 

This paper deals with the classification of bituminous mixtures that possess characteristics 

suitable for surface layer in urban and suburban roads of Northern, Central and Southern 
Europe with the help of the multicriteria method PROMETHEE. Its objective is to analyze 

the comparative course of these bituminous mixtures in roads and countries with different 

requirements and different climatic conditions. Initially, the analysis parameters were 

determined. The six available bituminous mixtures, which were the alternatives, were 

identified. The twelve most important surface characteristics that determine the behavior 

of the road surface and which a road surface must possess were selected as criteria. 
 

The results indicated as ideal solutions of bituminous mixtures for the laying of surface 

layers in Europe, Porous Asphalt (PA) and Asphalt Concrete for Very Thin Layers (AC- 

VTL) as they occupy the first positions in all six scenarios. Specifically for Northern 

Europe as the first ideal solution is the SMA, with the PA and the AC-VTL following 

immediately after and being equally ideal solutions. 

Keywords: Multicriteria Analysis, Asphalt Mixture, Road Surface Layer, Flexile 

PROMETHEE Method 
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INTRODUCTION 

The great needs for the transportation of people and goods and products in the modern world 

impose the construction of high-strength, long-lasting roads and excellent surface 

characteristics that will ensure both speed and safety in these movements. Anti-slip, tightness, 

long service life and high resistance to climatic conditions and traffic stress are some of the 

characteristics of the surface layer that every road must have. 

These characteristics are given to the surface layer by the selection of the appropriate asphalt 
mix through the plethora of available ones. The current paper has as aim the selection of the 

appropriate asphalt mix for surface layer on flexible roads in Northern, Central and Southern 

Europe. This analysis will be carried out by applying a multi-criteria decision-making method. 

The most well-known methods based on the theory of relations of superiority include the 

methods of the ELECTRE family [1], as well as the methods of the PROMETHEE family 

[2],[3],[4]. 

In the context of the present work, the multi-criteria PROMETHEE method will be used, 

and in particular the computer software visual PROMETHEE Academic Edition, which allows 

the total classification of the following six asphalt mixtures selected as alternatives: 

 

 Asphalt Concrete for very thin layers (AC-VTL) 
 Porous Asphalt (PA) 

 Microsurfacing (MS) 

 Stone mastic asphalt (SMA) 

 AC-T1, Asphalt Concrete Type I (Greek dense asphalt concrete for surface courses) 

 AC-T2, Asphalt Concrete Type IΙ (Greek semi-open asphalt concrete for surface 

courses) 

 

For the evaluation of the above alternatives it was decided to use the following criteria: 

 

 Laying thickness 

 Traffic limitations (some types of surface courses in various countries are used only to 

low-medium traffic roads) 

 Skid resistance 

 Structural strength 

 Sensitivity to weather conditions (wind, temperature and moisture) 

 Water permeability 

 Noise reduction 

 Spray reduction 

 Ability to improve evenness (very thin surface layers cannot improve evenness) 

 Design life when modified bitumen is used 

 Cost 
 Developed knowhow (if the same surface mixture is used continuesly, there is a 

gained experience on all stages of its manufacture: design, production, transport, 

laying, compaction and performance) 

 
METHODOLOGICAL APPROACH 

The methodology followed to approach the topic of the research included the following 

steps: Initially, a research and study of Greek and international literature was carried out with 
an inquiry for data in books, scientific articles and theses with a related subject. 
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After processing and analyzing the above data, the theoretical part of the work was formed. 

Regarding the experimental part of the current paper, in the beginning the parameters of the 

application analysis were formulated. 

Regarding the alternatives, the six best known asphalt mixtures were selected for the most 

widely used surface layer in Europe. Regarding the criteria, the twelve most important surface 

characteristics were selected that determine the behavior of the road surface, according to the 

available literature. The scenarios selected included the following: 

 Urban roads of Northern Europe 
 Intercity roads of Northern Europe 

 Urban streets of Central Europe 

 Intercity roads of Central Europe 

 Urban roads of Southern Europe 

 Intercity roads of Southern Europe 

All the above elements were entered in the Visual PROMETHEE software in order to extract 

the results for the final classification of the asphalt mixtures. 

A questionnaire was constructed for the weights of the criteria required to be entered in the 
software, which was sent to academics at universities in Northern, Central and Southern 

Europe. 

Finally, the results were discussed and conclusions were presented as to which asphalt 

mixtures are suitable for use in the surface layer, in the regions of Northern, Central and 

Southern Europe. 

 

DISCUSSION OF RESULTS 

Table 1 shows the criteria weights per scenario. For the best picture of the analyses, figure 
1 presents the aggregate schematic representation of the classification of asphalt mixtures for 

each scenario, table 2 which shows the frequency of occurrence of asphalt mixtures for each 

position in the ranking for the six scenarios and table 3 with the net flows for each asphalt mix 

and for each scenario in which the minimum values are marked in red and the maximum in 

green for each alternative. 
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Table 1. Criteria Weights per Scenario 

 
 

Crit

eria 

 

Criteria 

Descriptio

n 

 

Weig

ht 

Scenar

io 1 

 

Weight 

Scenario 2 

 

Weight 

Scenario 3 

 

Weight 

Scenario 4 

 

Weight 

Scenario 5 

 
Weight 

Scenario 6 

C₁ Cost 0,1 0,1 0,1 0,1 0,15 0,1 

C₂ 
Traffi

c 

limitatio

ns 

0,04 0,05 0,01 0,05 0,02 0,01 

C₃ 
Structu

ral 

strengt

h 

0,13 0,12 0,1 0,05 0,1 0,06 

C₄ 
Skid

- 

resistan

ce 

0,1 0,15 0,15 0,2 0,15 0,25 

C₅ 
Water 

permeabilit

y 

0,09 0,05 0,1 0,05 0,05 0,05 

 

C₆ 

Sensitivi

ty to 
weather 

conditions 

 

0,09 

 

0,1 

 

0,1 

 

0,1 

 

0,05 

 

0,11 

C₇ 
Nois

e 

reducti

on 

0,15 0,08 0,2 0,05 0,25 0,04 

C₈ 
Spra

y 

reducti

on 

0,05 0,05 0,05 0,1 0,05 0,15 

 

 

C₉ 

Design 

life when 

modified 

bitumen 

is used 

 

 

0,08 

 

 

0,1 

 

 

0,05 

 

 

0,1 

 

 

0,04 

 

 

0,1 

C₁₀ 
Develop

ed 

knowho

w 

0,07 0,1 0,05 0,05 0,05 0,03 

 

C₁₁ 

Ability 

to 

impro

ve 

eveness 

 

0,05 

 

0,05 

 

0,04 

 

0,05 

 

0,04 

 

0,02 

C₁₂ 
Layi

ng 

thickn

ess 

0,05 0,05 0,05 0,1 0,05 0,08 
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Figure 1: Aggregate schematic representation of the classification of asphalt mixtures for 
each scenario 

 
Table 2. Frequency of ranking of each alternative for all scenarios 

 
Scenarios 

Asphalt 

Mixture 

1st 2

n

d 

3

r

d 

4

t

h 

5

t

h 

6

t

h 

AC-
VTL 

4 2 0 0 0 0 

PA 0 4 2 0 0 0 

MS 0 0 1 4 1 0 

SMA 2 0 3 1 0 0 

AC-T1 0 0 0 1 1 4 

AC-T1 0 0 0 0 4 2 

 

Table 3. Net Flows per each Asphalt Mixture for each Scenario 

 
Scenarios 1 2 3 4 5 6 

R

A

N

K 

Asph

alt 

Mixtu

re 

Phi Phi Phi Phi Phi Phi 

1 AC-
VTL 

0,1525 0,1510 0,1755 0,2026 0,2725 0,3730 

2 PA 0,1215 0,1389 0,1445 0,15 0,2145 0,1910 

3 MS -
0,1545 

-
0,1520 

-
0,0705 

-
0,0553 

-0,0975 0,1090 

4 SMA 0,2095 0,2288 0,1315 0,1289 -0,0265 0,0210 

5 AC-T1 -
0,1235 

-
0,1662 

-
0,2055 

-
0,2921 

-0,2055 -
0,3770 

6 AC-T1 -
0,2055 

-
0,2005 

-
0,1755 

-
0,1342 

-0,1575 -
0,3170 

Urban roads of 
Northern Europe 

Intercity roads of 
Northern Europe 

Urban streets Intercity roads of 

of Central Central Europe 

Europe 

Urban roads of 

Southern 

Europe 

Intercity roads of 
Southern Europe 

AC-VTL 

PA 

SMA 

 

AC-T2 

AC-T1 

MS 
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CONCLUSIONS 

Considering the analyses results a number of conclusions can be drawn. Specifically, it is 

observed from the above mentioned tables that SMA, PA and AC-VTL are for all six scenarios 

showing a positive net flow. 

The AC-VTL is first in the ranking with the highest net flow (0.3730) recorded in the sixth 

scenario (Intercity Roads in Southern Europe). It generally shows small fluctuations. Its best 

performance is recorded in the sixth scenario (Intercity Roads in Southern Europe) with net 

flow (0.3730) while its worst performance is in the second scenario (Intercity Roads in 

Northern Europe) with net flow (0.1510). In addition, it appears a total of four times in the first 

place and twice in the second place, which makes it one of the best asphalt mixtures alternatives 

for surface layer. 

It can also be considered that the PA shows good behavior like the AC-VTL as it moves only 
in the green area of the net flow receiving only positive values. The highest net flow of PA 

appears in the fifth scenario (Urban Roads in Southern Europe) with a value of 0.2145 and the 

lowest in the first scenario (Urban Roads in Northern Europe) with a value of 0.1215. The good 

course of the PA is visible in table 2 where it occupies four times the first place and twice the 

third place. 

Regarding MS, it may show a positive net flow (0.1090) in the sixth scenario (Intercity 

Roads in Southern Europe) but in the previous scenarios it shows only negative values with a 

lower (-0.1545) in the first scenario (Urban Roads in the North Europe). The positions it holds 

in the table are once in the third place, four times in the fourth place and once in the fifth place. 

The fact that in five of the six scenarios it is in the red area makes it a poor choice of asphalt 

mix for the surface layer. 

The SMA has a clear positive flow in five of the six scenarios, as evidenced by its progress 
in the green zone. Specifically, the maximum positive flow appears in the second scenario 

(Intercity Roads in Northern Europe) with a value of 0.2288 and the next value 0.2095 appears 

in the first scenario (Urban Roads in Northern Europe) which makes it an ideal choice for 

surface paving of urban and interurban roads in the countries of Northern Europe. This result 

is completely logical due to the great know-how that these countries have in the production and 

distribution of SMA. According to the data in table 2 it holds the first place twice, the third 

place three times and the fourth place once. Finally, its minimum value appears in the fifth 

scenario (Urban Roads in Southern Europe) with a value of -0.0265. 

Regarding AC-T1 it is clear that its position is very unfavorable in relation to the asphalt 

mixtures mentioned above as for all scenarios it is in the red area, ie it shows a negative net 

flow. The maximum negative net flow -0.1235 is noted in the first scenario (Urban Roads in 

Northern Europe) while the lowest in the sixth scenario (Intercity Roads in Southern Europe) 

with a value of -0.3770. The unfavorable position is also verified by table 2 as it appears four 

times in the sixth and last position, more times than any other asphalt mix. 
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ABSTRACT 
Engagement in sustainable mobility planning seems to act as a starting point to unlock a new era 

of responsible and sustainable behaviors. After almost a two-years experience of a global crisis 

(COVID-19) revealing that the only way out is through jointly walking on the way into 

sustainability and resilience, engaging people in shifting to sustainable mobility options has 

become an imperative need. The current paper exploits Multi-Criteria Decision Analysis 

(MCDA) in building a methodological 5-step framework for evaluating the transferability 

potentials of good practices (GPs) in citizens’ sensibilization and engagement in sustainable 

mobility. 10 good practices were selected in order to cover the whole cycle of sustainable 

mobility planning (SUMP cycle) while representatives from different EU Regions were 

involved in the assessment procedure resulting in this way in a general transferability guide. The 

guide, tailored to each case, can be a very useful tool in the hands of single authorities while 

making their mobility engagement plan.  

 

Keywords: sustainable mobility, engagement, co-planning, multicriteria decision analysis, 

PROMETHEE method, transferability, COVID-19 
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ABSTRACT 
 

 

Nanotechnology is a broad and complex domain that makes a great promise for innovations 

that can benefit mankind. This paper makes a review of the different approaches used to 

develop a comprehensive and reliable framework of criteria, for evaluating the synthesis and 

the sustainability of nanoproducts. While many possible decision-making approaches exist, 

multi-criteria decision analysis (MCDA) is a powerful analytical framework for nanomaterial 

risk assessment and their manufacture management. This research combines state-of-the-art 

analysis in MCDA methods applicable to nanotechnology during the last decades. The 

framework of incorporating multi-criteria decision analysis and adaptive management tools 

presented in this paper could provide a good foundation for bringing together multiple 

information sources to assess risks associated with nanomaterials. 

 

Keywords: MCDA, nanotechnology, materials, sustainability, green nanoproducts 
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INTRODUCTION 

 
Nanotechnology is a new, coming out field of science, characterized as one of the future 

industrial revolutions, generating new products in a large set of application areas, including 

environment, energy, composites reinforcements and drug delivery[1]. Nanotechnology blends 

research and technological advances at the atomic, molecular or large-molecular level. In 

modern use, recently developed nanomaterials are materials whose structure at the nanoscale is 

controlled and holds a dominant influence on the desired behaviour of the material or device. 

Nanocomposite polymeric materials are a rapidly growing scientific and technological field. 

Τhe rapid growth and development of industry and the economy in general, are also related to 

the emergence, development and evolution of major environmental problems, the effects of 

which compromise the overall sustainability of the environment. Safety issues regarding health 

and environment caused by nanomaterials are gaining increased attention. 

The objectives of greener/sustainable nanotechnology are focusing on serving the 
fundamental pillars of sustainable development such as environmental responsibility 

(eliminating hazard of the products whenever possible, minimizing the impacts of 

nanomaterial production from extraction to end-of-life) and economic sustainability. 

Designing sustainable and greener nanoscale products, requires to go through the original 

principles such as (i) eliminate hazard, (ii) design nanomaterials for end-of-life (reuse, 

repurpose or degradation) and (iii) incorporate safety by designing the material at the 

molecular level to prevent exposure. As a result important decisions must be applied [2]. The 

incorporation of available sustainability information on nanotechnology with multiple criteria 

decision analysis (MCDA) methods can upgrade comparability and evaluation of 

nanotechnology outputs [1]. 

Hazard identification is another important act in evaluating nanomaterial risk and is demanded 

under multiple regulatory frameworks worldwide. Hazard screening (or ranking) is a method 

used to decide the hazard potential of several nanomaterials against one another. Weight of 

Evidence (WOE) evaluation has been suggested as a tool for nanomaterial risk assessment, but 

the majority of WOE frameworks are qualitative in nature and do not satisfy the objectivity 

and transparency that are necessary for sound decision making [3]. In order to identify and 

classify the sustainability criteria of nanoproducts, different tools are employed to map the 

areas that received most attention. For all the above reasons, a literature search was performed 

using web of science and Google Scholar database with a combination of the keywords 

“nanotechnology”, “sustainability”, “nanoproducts”, “environment”, “MCDA, “decision-

making, “multi-criteria decision analysis, “risk assessment”, “regulation”, “impacts”, 

“potentials”, “risks”. 

 
RESULTS & DISCUSSION 

 
 

A number of applications of MCDA are connected with the incorporation of green chemistry 
and nanotechnology. Some of them, refer to selection of an appropriate solvent for respective 

processes, with consideration of criteria that describe their greenness [4],[5]. In general, the 

majority of the published research uses AHP (Analytic Hierarchy Process) as a tool to select 

solvents according to their environment, health and safety properties which are criteria that 

allow to consider various solvents properties simultaneously[6]. TOPSIS (Technique for 

Order of Preference by Similarity to Ideal Solution), is another decision making tool, very 

frequently used, which is applied to construct a solvent selection guide. TOPSIS allows to 
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rank proposed alternatives within a multiresponse aim of assessment [6]. Different criteria, 

such as conductivity, water swelling and other factors, who are playing an instrumental role 

in the preparation of nanoproducts, are used in PROMETHEE (Preference Ranking 

Organization Method for Enrichment Evaluations) assessment. PROMETHEE, is 

characterized as an adaptable tool that satisfies all the decision makers' requirements due to 

their greenness. This demonstrates that also other materials, such as sorbents or samplers can 

be theoretically selected with MCDA. Greenness assessment of derivatization agents are 

frequently applied in nanotechnology and analytical chemistry [7]. The criteria of assessment 

include safety information and physicochemical and environmental parameters analyzed and 

estimated with appropriate models. There are also studies presenting a combination of several 

MCDA methods [8]. AHP and DEMATEL (decision making trial and evaluation laboratory) 

are used to choose the proper chemical process between a plethora of alternatives. 

DEMATEL can identify the influences among the indicator groups and is combined with the 

adaptability of AHP for the most sustainable process route of nanosynthesis. Authors also 

select the most sustainable chemical process by using other kinds of criteria and subcriteria 

such as metrological, economical, environmental ones, limits of detection, precision of the 

methodology, recovery of analytes, the number of other analytes, time of analysis, amount of 

organic solvent, the hazards and toxicity related to the solvents and reagents applied in the 

procedure, the amount of solid wastes generated during analysis, etc [6],[9]. 

Plenty of research has utilized the ELECTRE (ELimination Et Choice Translating REality) 

technique to make a decision-making model for a materials selection problem. What 

characterizes ELECTRE and DRSA (dominance-based rough set approach) is the fact that 

they are all based on the whole set of considered alternatives, something that is also a 

characteristic of AHP and PROMETHEE. The easiness of use is a fundamental aspect in the 

MCDA process concerning nanotechnology, specifically when the decision-makers are not 

usually experts in the MCDA field. For what concerns MAUT (Multi-attribute utility theory) 

and AHP, a discrepancy has been identified in the literature between the lengthy and 

cognitive demanding activities that the MAUT and AHP procedures require, in contrast with 

the easy-to-use and straightforward software have been developed to support them [10]. 

Hybrid Multi-criteria Decision Making techniques, such as, the Fuzzy Analytic Hierarchy 

Process (Fuzzy AHP) has been adopted many times to solve similar models for materials 

selection in different applications. Moreover, the fuzzy analytical hierarchy process has been 

utilized, in combination with the TOPSIS and VIKOR (VIekriterijumsko KOmpromisno 

Rangiranje) methods, for materials selection in industry, too. The ordered weighted averaging 

(OWA) operator in the VIKOR approach has been employed to find an appropriate material 

for a product subjected to high temperature environment. A multi criteria decision model 

based on multi-objective optimization on the basis of ratio analysis (MOORA), has been 

advanced to choose the best material for similar applications. The MULTIMOORA method 

with fuzzy numbers and Shannon entropy significance coefficients of attributes to find 

suitable material for an automobile component[11]. 

Life Cycle Assessment (LCA) is an important environmental management "tool", based on 
the theory of life cycle thinking which allows the evaluation of the environmental behaviour 

of a product and its possible environmental impacts across its entire life cycle. There are 

many benefits to combine LCA with multicriteria decision analysis. It has been proposed as 

one of the most promising nanotechnology risk governance tools. MCDA are critical in 
making decisions regarding nanotechnology. MCDA has been applied to LCA involving 

nanotechnology to evaluate the risks of nanotechnology and the environmental costs and 

benefits of nanocomposition. LCA is a useful tool, in combination with MCDA, not only for 

nanomaterials but also for other emerging technologies [12]. 

https://en.wikipedia.org/wiki/Multi-attribute_utility
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CONCLUSIONS 

 

MCDA has been put forward as an excellent candidate to perform sustainability assessment, 
and a variety of applications have emerged. It is important to mention that during 

sustainability assessments of green chemical nanoproducts and processes, social, economic 

and environmental criteria are considered, too. This review reported and discussed the results 

of a comparative analysis of ten MCDA methods (MAUT, AHP, PROMETHEE, ELECTRE, 

MULTIMOORA, VIKOR, Fuzzy AHP, TOPSIS, DEMATEL and DRSA). MCDA methods 

can be easily used in combination with other tools such as with LCA. The analysis 

demonstrates that all the methods can mix data and support a sustainable perspective. 

ELECTRE, PROMETHEE and DRSA have been applied in more research than MAUT and 

AHP in terms of sustainability approach. AHP is the most popular method in this field, while 

PROMETHEE and DRSA are less used. Last but not least, there are some research gaps, 

because no extended study has been developed regarding sensitivity analysis. 

Moreover, some MCDA tools are missing from this review such as, analytical network 

process (ANP), preference selection index (PSI), data envelopment analysis (DEA), Quality 

Function Deployment (QFD) and Quality Function Deployment for the Environment 

(QFDE). This is something to be tackled in future work. 
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ABSTRACT 

In order to invest in more sustainable sources of energy and tackle climate change a global 

increase in renewable energy initiatives is required. At the same time, the revolution in the 

development of renewable energy technologies has created a plethora of options. However, 

the energy crisis that has unfolded in recent months is making decision-making on energy 

issues increasingly difficult. Thus, the challenges that exist in making critical decisions in 

the renewable energy sector could be addressed by using MCDA methods. In this paper, a 

brief meta-level analysis is carried out by studying 15 review papers that examine the 

application of MCDA to renewable energy problems. The aim of this article is to study the 

popularity as well as the effectiveness of MCDA in such problems and to discover the trends 

emerging in the scientific community. Consequently, it was found that the application of MCDA 

to renewable energy problems is increasing, with particular emphasis in the last decade. AHP 

seems to be one of the dominant MCDA methods and countries such as Turkey, Greece and 

China are showing increasing interest in using MCDA. In addition, the use of fuzzy MCDA and 

hybrid MCDA is increasing in an attempt to deal with the complexity and uncertainty of real-

world conditions. However, there are some challenges and difficulties in applying MCDA to 

real-world problems, which decision makers should take into account. 
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INTRODUCTION 

The climate change crisis is getting increasingly urgent in today's globe. The energy industry 

is a major source of pollution since energy production and consumption place enormous strain 

on the environment through greenhouse gas and pollutant emissions, land use, waste generation, 

and oil spills. These polluting effects contribute to climate change, harm natural ecosystems, and 

have a negative impact on human health. On the other side, renewable energy can offer multiple 

benefits and can actively participate in the processes of sustainable development at a global 

level. Hence, the urgent need to develop and use sustainable and renewable forms of energy is 

becoming more and more crucial. However, energy planning is becoming increasingly 

challenging owing to the consideration of numerous factors such as technical, social, economic, 

and environmental factors. Consequently, decision-makers face significant constraints in their 

efforts to optimise sustainable and renewable energy decision making. 

For solving complex problems such as those related to renewable energy planning, multiple 

criteria decision aiding (MCDA) can be an effective tool for efficient energy planning, as during 

the last ten years, MCDA has been widely used in energy system planning, especially in 

renewable energy applications [1]. As the application of MCDA is increasingly growing in 

related decision-making problems, this paper performs a meta-analysis of publications, and 

more specifically analyses 15 review papers on the application of MCDA to sustainable and 

renewable energy decision making in order to explore the effectiveness of MCDA methods to 

address the challenges created in the intense global need to use more and more renewable 

energy. The rest of the article is structured as follows: a summary of MCDA procedures and 

methods prevalent in the scientific community is given, the research methodology is explained, 

useful and important results are presented, and finally the conclusions are drawn. 
 

Multi-Criteria Decision Aid (MCDA) 

 

The attempt to develop more structured decision-making processes dates back to antiquity. 

With regard to multicriteria analysis, its roots are indistinguishable [2], but over the last decades 

the scientific community has made great progress in the development of multicriteria decision 

making techniques, the so-called Multi-Criteria Decision Aid (MCDA). As decision-making is a 

multidimensional process, MCDA involves a variety of scientific fields, such as mathematics, 

economics, management, psychology, and social sciences [3]. However, the use of MCDA is not 

limited to a specific scientific field as it can be applied to any situation that requires a critical 

decision [4]. Therefore, it could be argued that MCDA is a general term that encompasses a 

multitude of techniques that take into account multiple factors and criteria in order to assist in 

decision making [5]. 

 

MCDA methods 

A wide variety of MCDA methods have been developed and the scientific community divides 

it into three general families of methods [3]. Here, for the purpose of brevity, the MCDA 

methods that dominate the scientific community will be mentioned. Thus, the first family is that 

of the full aggregation approach, where the methods belonging to it have as their main 

characteristic that a score is given to each criterion, which is then summed up to calculate an 

overall score. This technique entails compensatory scores, whereby a low score on one criterion 

is offset by a good score on another criterion. AHP, ANP, MAUT and MACBETH belong to the 

family of full aggregation methods. The second family of methods refers to the outranking 

approach, in which a higher score cannot be offset by a lower score. Since the incomparability 

condition is acceptable, alternative ranking can be partial, therefore two alternatives of the same 

score but possibly with different behavior can be incomparable. The outranking approach is 
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implemented by PROMETHEE and ELECTRE. The third family of methods is the goal, 

aspiration, or reference level approach. This approach establishes a target for each criterion and 

then determines the alternatives that are closest to the ideal target. This approach is used in 

TOPSIS, Goal Programming, and DEA. 

 

Research Methodology 

In terms of the research methodology used, this paper followed the PRISMA literature review 

process developed by Moher et al. [6]. Hence, the PRISMA’s three main stages were 

implemented: literature search, collection of eligible published papers, data analysis and 

finalisation. Thus, the first step was to search for published review papers regarding the 

implementation of MCDA methods on sustainable and renewable energies, and selected the 

Web of Science, Scopus and Google Scholar databases, using keywords such as "multi-criteria 

decision making" or "multi-criteria decision analysis" or "MCDM" or "MCDA" or focusing on 

specific methods e.g. e.g. "AHP" or "ANP" or "MAUT" or "MACBETH" or "PROMETHEE" or 

"ELECTRE" or "TOPSIS" or "VIKOR" in combination with topics related to "renewable 

energy" or "sustainable energy". The search was limited to articles published between 2000 and 

2021. Therefore, an evaluation of the results was performed and only review papers were 

selected to perform our meta-level analysis. Then, all review papers were analyzed in their main 

text in order to examine their suitability for the purposes of this paper. Consequently, from an 

initial 17 review papers during the first stage of research, we arrived at 15 review papers that 

met our criteria. In the final stage, we proceeded to a meta-analysis of the selected review papers 

and extracted the useful data and conclusions that follow in the next section. 

 

MCDA in energy decision-making 

 

Figure 2: Distribution of review papers based on publication years. 

One important observation noted is that the publications of review papers related to the 

applications of MCDA methods to renewable energy decision problems have seen a significant 

increase since 2015 (Figure 1). In fact, from 2000 to 2015 only 3 review papers were found, 

while from 2015 to 2021 12 review papers are found. At the same time, the review papers 

confirm the same increasing trend in publications in recent years, highlighting the growing 

interest in applying MCDA methods for solving sustainable and renewable energy decision-

making problems. 

In addition, data were collected on the number of papers studied in the review papers, the 

time intervals chosen for study, the predominant journals, as well as which MCDA methods 

were used the most and in which countries the most applications were performed. Thus, the 

average number of papers studied in the 15 review papers is 79.2 while the lowest number is 14 

[7] and the highest is 184 [8]. Regarding the years studied by the review papers, the oldest is 

1978 [9], the average is 16.93 years, while the review paper with the fewest years of study is the 
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[10] with 2 years (2021-2021), and the one with the most is the [9] with 39 years (1978-2016). 

The most published journal is Renewable and Sustainable Energy Reviews with 6 review 

papers, a journal that has an impact factor of 14.982 and is considered one of the dominant 

journals in the scientific community. Sustainability (Impact Factor 3.251) and Energies (Impact 

Factor 3.004) follow with 2 review papers each.  

Another interesting observation is that the most widely applied MCDA methos is AHP, 

which seems to be one of the most widespread methods, characterised by simple and user-

friendly processes. Other MCDA methods that dominate are TOPSIS, ELECTRE, VIKOR, and 

PROMETHEE. Fuzzy MCDA and Hybrid MCDA, tactics that help the decision maker to 

overcome the difficulties of uncertainty and ambiguity that characterize the human decision-

making process, are also increasingly used. Regarding the countries of most interest, it seems 

that Turkey, Greece, China, USA, Spain, UK are the ones that use MCDA the most to solve 

renewable energy problems. 

What is more, by taking a closer look at the content of the review papers we can gain an 

interesting insight into the use of MCDA in renewable energy decisions. Firstly, Siksnelyte et al. 

[11] concluded that MCDA is not only popular in renewable energy problems, but the methods 

are highly capable of handling such problems, while interest in evaluating renewable energy 

technology through MCDA is growing [7]. However, MCDA methods face some challenges in 

terms of integrating the views of experts and various stakeholders, but efforts to integrate the 

social dimensions of energy problems are increasingly improving the decision-making processes 

involved [8]. While also Kumar et al. [9] and Madrani et al.[12] strongly emphasize the 

importance of multi-stakeholder participation in renewable energy decisions, making MCDA 

methods a promising tool to address these challenges, but the different approaches between 

MCDA methods can lead to different conclusions, which decision-makers should be aware of 

[1], as well as that the weights of the criteria have a direct impact on the results of renewable 

energy decision-making [13]. While Scott et al. [14] argue that MCDA methods struggle to fully 

address the difficulties faced by the bioenergy sector. 

Beyond the popularity of AHP, fuzzy and hybrid approaches are increasingly used in 

renewable energy problems [15], as it is common practice to validate results using various 

MCDA methods, interactive decision support systems and fuzzy approaches [16], especially for 

site evaluation and decision optimisation between conflicting criteria for the installation of 

photovoltaic and solar parks [17]. Simultaneously, Arce et al. [18] distinguished that the use of 

grey-based methods in MCDA to assess sustainable energy systems leads to a robust practice, as 

addressing data uncertainty in this way increases the applicability and power of the analysis. 

Moreover, hybrid MCDA enhances the applicability of MCDA methods, such as combining 

MCDA with Life Cycle Assessment for the sustainable assessment of renewable energy 

systems, a tactic that leads to more appropriate results [19]. Similar conclusions were reached by 

Chachuli et al [10] and Martín-Gamboa et al. [20], studying the combination of DEA with Life 

Cycle Analysis, arguing that this combination is superior in practicality and soundness 

compared to the single application of DEA. 

 

CONCLUSIONS 

Considering the above mentioned, it could be said that the last decade or so shows an 

increasing interest in the use of MCDA methods in renewable energy decision making. 

However, the use of MCDA methods in relevant problems is not new, as it has been 

observed for 40 years, it is just that the strong increase in interest might be synchronized 

with the urgent need for renewable energy investments, and the increasing challenges due to 

the necessity of involving various experts and stakeholders, as well as various social criteria 

in the decision-making process. Like any critical decision-making process, the use of MCDA 
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in renewable energy problems involves multiple challenges and increased uncertainty. 

Consequently, there is growing interest in fuzzy MCDA and hybrid MCDA approaches, 

approaches that can lead to much more thorough results and better meet the challenges of 

applying MCDA in the real world.  

The aim of this paper was to present a brief meta-analysis, studying the major findings of 

the selected review articles on the use of MCDA in renewable energy problems. Research 

opportunities could be noted, such as further study of how the MCDA can effectively 

address the energy sector's problems and meet its needs. In any case, the approach of this 

article is indicative and limited to the specific scope. Thus, in future work, more emphasis 

may be placed on data analysis, or on studying more review papers on other environmental 

issues, while it would be of increased interest to study whether MCDA is used in real 

problems and whether they are involved in policy formulation as useful decision analysis 

tools for the policymakers. 
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ABSTRACT 
The energy demand of modern communities contributes significantly to climate change, 

increasing the release of greenhouse gases into the atmosphere. Energy efficiency is recognised 

as the key pathway to reducing energy usage while sustaining an equivalent, contemporary 

economic activity. In other words, to avoid climate change, mainstreaming energy efficiency 

finance is considered a top priority. This study focuses on introducing a rating system based on a 

Multi-Criteria Decision Analysis method that aims to promote the implementation and financing 

of energy efficiency investments. To this end, a benchmarking Tool is being deployed in order to 

materialise the proposed methodology and introduce a standardised procedure for benchmarking 

energy efficiency potential projects during the preliminary stages of investment 

conceptualisation. The proposed Tool exploits the Multi-Criteria Decision Analysis method 

ELECTRE Tri, taking into account major key performance indicators that are broadly used by 

investors and financing institutions to identify bankable energy efficiency investments and 

promote green transition. The methodology has been applied to benchmark 114 energy 

efficiency investments from eight different European countries. It should be mentioned that for 

the successful and effective development of the proposed Tool, input and feedback has been 

received by a variety of stakeholders from the energy sector and financing community, who also 

tested the Tool and confirmed that the approach proved to be extremely helpful to those seeking 

for sustainable investments in energy efficiency. The analysis resulted in the conclusion that the 

Tool covers the necessity for a standardised benchmark, providing added value to the energy 

efficiency market. 

Keywords: green transition, energy efficiency, sustainable investments, benchmarking, 

decision support 
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ABSTRACT 
Propose: This paper presents a supply chain control tower deployed with a decision support 

system for supply chain risk management in a multi-source data and risk environment. The study 

provides a digital risk management process and a group decision making approach for companies 

to improve their supply chain resilience in a supply chain risk environment. We have designed 

the system from two perspectives. Supply Chain Control Tower and Supply Chain Risk 

Management. Supply chain risks are mainly all the risks faced in the process from product 

design to delivery to customers. Supply chain risk management is a very complex activity that 

requires assessing the vulnerability of all participants in the supply chain. It is a multi-step 

process. The Supply Chain Control Tower is a dashboard that integrates information from across 

the supply chain. The supply chain control tower integrates multiple data sources, key 

performance indicators and activity sources in the supply chain. The control tower should 

include an intelligent decision support system that uses decision support models and 

technologies, such as machine learning, to provide decision support and ranking of alternative 

strategies for supply chain managers. 

Results. In this paper, a decision support system-based supply chain control tower is designed to 

support supply chain decision makers in selecting the most appropriate alternative strategies to 

reduce the risk impact and enhance the resilience of the supply chain. 

Keywords: Supply chain Risk management, Multiple-criteria decision-making, Database, Group 

decision support system, Supply chain control tower 
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ABSTRACT 

This paper mainly describes a design process in an ongoing project of the Sustainable 

Manufacturing Center (SMC) at Automation Robotics and Intelligent System (ARIPOLIS) 

in Eastern Economic Corridor of Innovation (EECi), Thailand to support companies, 

factories and system integrators on the way to Industry 4.0. The first step is to determine the 

gaps using the maturity index developed in a previous project by the National Science and 

Technology Development Agency (NSTDA) and the Federation of Thai Industries: Thailand 

i4.0 Index, after factories in Thailand had been evaluated by the Singapore Smart Industry 

Readiness Index (SIRI) funded by the Singapore Economic Development Board (EDB) in 

2019. 

SMC strives to organize an international expert hearing workshop as a part of ICDSST 2022. 

The collected suggestions etc. should feed into the development of a decision support system 

to bring factories and system integrators together for their step-up plans. 

 

Keywords: Decision Support, Maturity Index, Industry 4.0 
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INTRODUCTION 

Two events mark the birth of Industry 4.0. On 1 April 2011 Professor Dr. Henning 

Kagermann, Professor Dr. Wolfgang Wahlster and Dr. Wolf-Dieter Lukas published the German 

article “Industrie 4.0: Mit dem Internet der Dinge auf dem Weg zur 4. industriellen Revolution” 

[1]. After that Chancellor Dr. Angela Merkel announced the new term “Industrie 4.0” in the 

opening keynote of the Hannover Messe 2011 industrial fair on 3 April 2011. 

 

          

Figure 3: Henning Kagermann, Wolfgang Wahlster, Wolf-Dieter Lukas and Angela Merkel
i
 

 

Later, on 8 April 2013, acatech – National Academy of Science and Engineering (German: 

Deutsche Akademie der Technikwissenschaften) published 

 
Securing the future of German manufacturing industry 

Recommendations for 
implementing the strategic 
initiative INDUSTRIE 4.0 
Final report of the Industrie 4.0 Working Group 

 

[2] together with the Communication Promoters Group of the Industry-Science Research 

Alliance, SPONSORED BY THE Federal Ministry of Education and Research (BMBF). More 

than 130 contributors from more than 100 organizations, both public and private, were included 

in the report, e. g. professors from universities, experts from research institutes, industries, 

unions and associations. This made the recommendations widely accepted both in Germany and 

internationally. Meeting almost every year (with the exception of 2020 and returning for a 

Digital edition in 2021) in the Hannover Messe should be an important contributor to its 

international distribution. 

 

Industrie 4.0 Maturity Index 

acatech released the Industrie 4.0 Maturity Index - Managing the Digital Transformation of 

Companies [3] as acatech STUDY for the first time on 25 April 2017 in three languages: 

German, English and Russian, and Update 2020 in two languages: German and English [4] 
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along with Using the Industrie 4.0 Maturity Index in Industry - Current challenges, case studies 

and trends [5] in acatech COOPERATION format. 

In Thailand, National Science and Technology Development Agency (NSTDA) signed the 

Letter of Indication for funding with the Singapore Economic Development Board (EDB) to 

pilot the Smart Industry Readiness Index (SIRI) [6]. 20 factories in Thailand have been 

evaluated between October and December 2019 for SIRI, which was created by EDB in 

partnership with TÜV Süd and validated by an advisory panel of industry and academic experts. 

In December 2021 NSTDA by Innovation and Technology Assistance Program (ITAP) in 

collaboration with the Federation of Thai Industries gained funding from Digital Economy and 

Society Development Fund to develop the Thailand i4.0 Index [7]. 
 

Figure 2: Framework of Thailand i4.0 Index (left) and first evaluation results (right)  

 

Decision Support on the way to Industry 4.0 

Prioritization Matrix 

 

Figure 3: DoR (Degree of Relevancy) in two categories: Cost and KPI Factors are the goal of 

developing Prioritization Matrix. 
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The gaps identified by the evaluation should be closed in the appropriate order.  The 

Management should specify three to five KPIs. A Decision Support System (DSS) should 

show worthwhile strategies through a prioritization matrix with knowledge from three 

respective branches: food and beverage industry, electronic industry and auto parts industry. 

System Integrators (SI) 

Since Thailand mostly imports automation technology, SI play a very important role in 

the upgrade. The DSS should not only show suitable SI for the respective upgrade projects 

of the factories, but also show gaps in the SI branch of business themselves. This is intended 

to provide support from the Sustainable Manufacturing Center (SMC), the Royal Thai 

Cabinet’s decision on 25 August 2020 [8], and partners. The Thai-German Institute for 

example is currently developing advanced courses for SI with competencies in the area of 

system analysis (SA) and system development (SD). Funded by the Office for Industrial 

Economics, Ministry of Industry, three -free of charge- courses are to be held this year for 

about 20 participants each for the total duration of about one month, but not consecutively. 

The goal of the Royal Thai Cabinet for Center of Robotics Excellence 

http://www.corethailand.org, is to increase the number of registered SI to 1400, from 

currently less than 100. 

 

Gap Analysis 

First, interviews were conducted with selected SI. Then descriptions of recognized 

professions and training courses in Thailand and abroad are compiled in a table, part of 

which is shown in Table 1 as of January 2022. 

Table 2: Part of SI capability definition for I4.0 gap-closing 

Dimension Subdimension 1 Subdimension 2 
Band 

No. 
Band Title 

SI Capability to level up 

(from N-1 to N) 

3. IT system & 

Data 

Transaction 

Internal (Vertical 

Integrator) 
Integration 

1 Individual Oriented - 

2 Formal Procedure • Knowledge, 

understanding and/or 

experience in related work 

processes at a level that 

can be translated into 

Standard Operating 

Procedures with clear 

procedures and timelines. 

• Ability to integrate 

operation manuals in 

production lines and back 

office seamlessly 

3 Separate IT software … 

4 Sharing … 

5 Integrated planning 

and implementation 

• Design methods for 

evaluating performance 

based on the KPIs that the 

organization has set goals 

and install feedback 

reporting system to make 

real-time decisions 

6 Optimisation … 

 

Focus group meetings with partner organizations and institutes in Thailand are scheduled 

for 29-30 March 2022 followed by individual counseling in April 2022 and local public 

http://www.corethailand.org/
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hearing is scheduled between May and June 2022. 20 SI will then evaluate with this first 

draft. Factory and SI assessment reports with additional requirements will be submitted to 

SA to find/ match suitable partners for the upgrade project. As the number of registered SI 

will rapidly increase from currently less than 100 to 1400, knowledge about this matching 

process needs to be transferred to a decision support platform/ system. Users of the DSS 

could be SA or factory management direct. 

 

International expert hearing workshop as a part of ICDSST 2022 

World café is a structured conversational process for knowledge sharing. Pre-defined 

questions have been agreed upon at the beginning, outcomes or solutions are not decided in 

advance [9]. The project team is aiming for a workshop with a modified world café as a part 

of ICDSST 2022 or pre/post-conference. The collected suggestions etc. should feed into the 

development of the DSS. This experiment could also enrich the potencial and experiences of 

the EURO Working Group on Decision Support Systems. 

 

CONCLUSIONS 

This short paper describes a design process in an ongoing project of SMC for the 

development of a DSS using Thailand i4.0 Index assessment reports supplemented with further 

information on the factory upgrade intention and the potential of SI: Matching platform. Further 

education and training needs should also be identified. International expert hearing workshop as 

a part of ICDSST 2022 is strived. The result will be reported later for benefit of international 

research community. 
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ABSTRACT 

Decision support methods are utilised in the hospitality industry as a data analysis tool and 

operation support within departments. The hotel industry is nowadays experiencing fierce 

competition and is continuously searching for mechanisms to gain a market advantage. This 

paper aims to explore the role of decision support in the hotel industry and the decision 

support utilization to achieve competitive advantage. Outputs from the Web of Science 

research database were used in the investigation. A combination of methods was used in 

order to achieve the paper aim: (i) Bibliographic Analysis was made to explore the relevancy 

of the topic, and to get an insight of the research area, publishing timeline, geographical 

spread and citation trends. (ii) Content Analysis was made to extract the most frequently 

occurred words in the papers, and to outline most important research perspective on the 

topic. Interest findings emerged from the investigation. The bibliometric analysis confirmed 

the topic's relevance with increasing publications and citations in the last few years. The 

interest in the topic is worldwide and is investigated from various perspectives. The content 

analysis singled out the most important words and topics within the research area. For 

instance, the most significant research direction is online reviews as a decision support 

technique, which benefits hotel managers to create a personalized and enhanced offer. 

Furthermore, modern technology utilization as a decision support tool also attracts a lot of 

research interest. Modern technology implementation improves existing operations and 

serves as an information management tool. The findings could be beneficial both for 

practitioners and researchers who can use this paper as a base for new investigations. 

However, the paper is not without limitations, future analysis should explore more 

databases, and use advanced analysis techniques to obtain even more in-depth knowledge on 

the topic. 

 

Keywords: decision support, hotel industry, online reviews, modern technologies, 

bibliometric analysis 
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INTRODUCTION 

Decision support methods are widely used in the hospitality industry as a data analysis 

tool and department operation support [1]. Modern decision-making is complicated and 

tough due to the rapid development of the social economy and technology [2]. The enormous 

volume of data with complicated patterns provides a challenge to decision-makers in the 

modern era. Intelligent decision-making, which provides active decision assistance via the 

integration of artificial intelligence approaches, is gaining traction in a variety of industries, 

including logistics outsourcing, manufacturing, and health care [3]. 

The hospitality and hotel industry as one of the first technology solution adopters is also 

one of the significant areas where decision support methods [4]. There is no shortage of 

market research data in the hotel business; rather, multiple data sources are growing at an 

uncontrollable rate [5]. Decision support systems were used at first as marketing decision 

support in national tourism organisations but now are widely used in various hospitality 

branches and for different purposes such as tools for creating personalised offers and 

implementing modern technologies which are nowadays considered the creators of the 

competitive advantage in the hotel industry [6,7]. Decision-making can be extremely 

complex [8], especially in hotel industry. 

The goal of this paper is to obtain deeper insights on the topic. This paper aims to 

understand the relevance and research trends on the topic and to extract the main research 

directions within the topic. Outputs from the Web of Science keyword research were used 

for the analysis, total of 49 output papers were examined. The combination of bibliometric 

analysis and content analysis is used to achieve the paper's goals. Bibliometric analyses were 

used to investigate topic relevance, research areas, publication years and authors, and 

citation trends. WoS outputs were used for the bibliometric analysis and online tools such as 

Datawrapper for data visualization. Content analysis was conducted from the two steps: 

firstly, using the MAX QDA program the most frequently occurred words in the paper 

abstract were identified, and then the paper abstract content analysis was made in order to 

extract the most important patterns and research most important directions on the topic. 

The paper is organised as follows. In the Introduction section the paper aims and 

background of the research as presented. The methodology section provides the 

methodology and the results of the analysis. Finally, the last section is used to synthesize 

findings, limitations, and future directions. 
 

METHODOLOGY AND RESULTS 

Bibliometric analysis 

 

The analysis was made in two steps, bibliometric analysis, and content analysis. The 

bibliometric analysis was conducted in order to extract general knowledge from the research 

outputs. Furthermore, publication and citation analysis was made to investigate the interest and 

relevance of the topic. For the purpose of achieving the paper goals, the Web of Science 

database was researched as one of the most distinguished research engines [9]. The database 

output from the Boolean keyword combination to find relevant publications (“decision support” 

AND “hotels”) in order to det specific and broad results and it generated 49 output papers 

published in the scientific journals and conference proceedings from 2012. to 2022. 37 papers 

journal articles, 5 proceeding papers, and 6 review articles. 
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Figure 1: Publication research categories 

 

Figure 1 shows research categories within the WoS research categories. The 49 papers fell into 

10 categories. The majority of the paper outputs fell into Computer Science Information 

Systems categories (18) and Computer Science Artificial Intelligence (13) which interconnects 

the topic with the advanced and relative technology solutions, and the computer science as a 

foundation for decision support. Ten papers fell into the Hospitality Leisure Sport Tourism 

category, same as Operation Research Management category. The remaining categories are 

consisting of fewer papers and are related to economics and business, engineering, and computer 

science. 

Figure 2 presents publication countries origin made with Datawrapper online tool based on the 

WoS outputs. The Republic of China and the USA are countries with the most publications. The 

Republic of China produced 33,33% outputs and USA 27,05% outputs. Other countries have 

significantly fewer publications, Germany and Portugal have three publications, and other 

countries have two or one publication. Authors from 23 countries and 4 continents published on 

the topic which confirms world spread interest and the topic relevance.  All 49 paper outputs are 

written in the English language. 
 

 
Figure 2: Publication countries 

 

Most of the papers have All Open Access (20,53%), 10,41% have Gold Access, 8,33% Green 

Submitted, 4,16% Green Accepted, and 2, 08% Green Published. A total of 49 publications are 

cited in 1 490 articles, 1 478 without self-citations. The articles are 1 569 times cited total and 1 

549 without self-citation. The publication papers are cited on average 32,69 times per paper with 

an 18 H-index which confirms the topic relevance.  

Figure 3. shows publication and citations per year. The first paper on the topic date from 

2012. with one paper that provides literature reviews that highlight factors with the most 

significant hotel selection indicators in Teheran [10]. The recent years show increasing interest 

in the topic, except 2020. due to the COVID-19 crisis. 2021. is the year with by far the most 

publications, and are mainly concerned customer behaviour as decision making factor, and 

modern technologies implementation as decision support tools in the hotel industry. Citations 

show increasing publications following the increasing publications which also confirm the topic 

relevance and emerging importance in the last few years. 
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Figure 5: Publications and citations per year 

 

Content analysis 

 

The content analysis was made in two steps: Firstly, the extraction of the most frequent words 

that occurred in the paper output abstract was made in order to explore the key focuses on the 

topic. Program MAXQDA 2022 was used to extract the most frequent words and produce Word 

Cloud for visual data presentation. Secondly, abstracts were thoroughly read by the authors and 

grouped into comprehensive categories in order to extract in-depth knowledge on the topic. 

Table 1 presents the most frequently occurred words in the paper abstract. Words “hotel”, 

“hotels”, “decision” and “support” are mostly occurred as keyword search topics. However, 

within the top ten most frequent words is also the word “data” which occurs in nearly 50% of 

outputs which indicates that decision support is significantly used for data analysis in the hotel 

industry. Subsequently, words “information” and “management” are among the top ten 

frequently occurred words in the output abstract which also correlate information management 

with the topic. Words “online” and “reviews” are also frequently used which could imply that 

online reviews are explored as decision support tools. 
 

Table1: Most frequent words 
RANK WORD WORD LENGTH FREQUENCY % DOCUMENTS DOCUMENTS % 

1 hotel 5 84 1,33 26 54,17 

2 hotels 6 70 1,11 40 83,33 

3 decision 8 61 0,97 29 60,42 

4 data 4 60 0,95 23 47,92 

5 online 6 59 0,93 18 37,50 

6 reviews 7 55 0,87 17 35,42 

7 support 7 47 0,74 29 60,42 

8 information 11 43 0,68 19 39,58 

9 management 10 40 0,63 21 43,75 

10 model 5 39 0,62 18 37,50 

 

Finally, content analysis of the research output abstracts was made. The content analysis 

outlined a few research directions on the topic. The most popular research direction on the topic 

is the customer online review analysis as a decision support method for online booking. 15 of 49 

paper outputs were concentrated on the role of online reviews on the booking decision. Different 

perspectives of the customer reviews were analysed such as positive or negative, demographic 

characteristics of the reviewers, platforms, even fake reviews. Results indicate that reviews have 

a significant impact on the booking intention so it can be concluded that’s the prevalent research 
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focus on the topic altogether. The second important research direction on the topic is modern 

technology solutions as a decision support tool. Modern solutions such as big data, data lakes, 

text mining, BI and cloud are used in various ways as decision support for data analytics or 

operational support, which improve hotel functions and therefore influence the guest experience.  

Various advanced visualisation tools are used as decision support tools in different 

departments within the hotel, such as human resources, IT support, and reservations. A total of 

11 papers are related to modern technology solutions as decision support in the hotel industry. 

Nine papers are concentrated on decision support in order to advance revenue management. For 

instance, authors explore management techniques decision-making tools that will maximize 

profit from the sale of perishable inventory units or practices that enhance the financial 

performance of businesses [11, 12, 13]. 

 Furthermore, the next topic that emerged from the content analysis is operations research 

models which explore and evaluate operation techniques. Seven paper outputs fell into this 

category. Three papers on the topic are literature reviews that propose decision support 

indicators useful for hotel managers in order to achieve competitive advantage. Finally, four 

papers included in the analysis did not fall into any of the selected categories. They explore 

decision-making in the hotel industry from the aspects of renewable energy, intermediaries and 

location services, and navigation. 

 
Table 2: Publication topics 

 
 

CONCLUSIONS 

Decision support is the important mechanism of the hospitality industries with widespread 

utilization areas. The purpose of this paper was to examine the scope of how are decision 

support methods used in the hotel industry. The research was conducted by bibliometric analysis 

and content analysis, and by usage, different data analysis, and visualisation tools.  

Interesting findings emerged from the investigation. The increasing number of publications 

and citations imply that the topic is relevant and that the interest in the topic is rising. Authors 

who published on the topic are from 4 continents and more than 20 counties which indicates a 

worldwide interest. Furthermore, content analysis of paper output abstracts resulted in a few 

topics that emerged as the important research focus. Online reviews as a decision support tool 

are the prevalent research interest that is used to create a tailored offer an enhanced experience. 

The utilization of modern technologies as decision support tools is also a significant perspective 

of the research on the topic. Modern technology solutions are used to improve existing 

operations or as support to information management. Other perspectives of decision support in 

the hotel industry are related to revenue management, operation research model, 

conceptualisation, and others.  

However, this paper is not without limitations. The research was limited only to the WoS 

database, and only the paper abstracts were analysed thoroughly. Future research could 

concentrate on the expand the research to another database, and examining full papers. Text 

mining could be introduced as a technique that could detect output patterns and clusters. Finally, 

0 2 4 6 8 10 12 14 16 

other 
literature review 

operations research models 
revenue management 

modern technology solutions 
customer online reviews 
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the two main perspectives, online reviews as decision support methods, and modern technology 

implementations should be explored deeply in order to detect important findings and benefit 

both for practitioners and researchers. 
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ABSTRACT 
 

As part of the new Road Safety Action Plan, Ascendi (a company responsible for the 

maintenance and management of a motorway network) needs to collect data regarding 

drivers’ speed from its motorway network in order to study and understand drivers’ 

behavior and accidents’ causes. As so, Ascendi will be implementing data collection 

equipment in strategic points of the network. The characteristics of the network, and the 

criteria and constraints of the decision, suggested a mixed approach of statistical analysis 

and decision-making support methods. Therefore, to support Ascendi in deciding where to 

locate new equipment, we have developed a hybrid methodology taking in to account the 

different groups proposed by the cluster analysis, the different concessions and the different 

motorways. The application of the methodology resulted in an implementation proposal for 

the installation of new equipment considering the existing equipment, the pre-installed 

points and other constraints determined by the decision-makers. 

 

Keywords: cluster analysis, multilevel decision, decision-making, motorway, data 

collection 
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INTRODUCTION 

Safety measures can focus on educating drivers to change their behavior, or enforcing 
local legislation [1]. However, on both cases, to design the proper safety measures and 

analyze their impact, it is necessary to study the changes on drivers’ behaviors. On that 

note, companies must collect data to acquire knowledge regarding average drivers’ 

behavior, and only after, they can design safety measures. The relationship between 

enforcement, accidents and speed [1] suggests that collected data must include the number 

of vehicles, their speed, and accidents. 

Focusing on improving the safety of its network, Ascendi developed a Road Safety 

Action Plan for the next years. While the number of vehicles and accidents are being 

registered, speed data is quite scarce. For that reason, Ascendi needs to implement new 

equipment in strategic points in order to collect proper data. 

In this context, we have developed a methodology to support Ascendi’s decision on 

where to locate new monitoring equipment. As a result, the proposed methodology follows 

a holistic approach of the network, while still considering local constraints to install 

equipment. In the end, we adopted a hybrid approach to respond to the multilevel 

characteristics of this challenge. The developed approach considers both the different 

motorways and the different concessions in which motorways are distributed, fitting well 

into Ascendi business management, and assures an equal representativeness of the network. 

Although Ascendi is responsible for the entire network, each concession represents a 

different contract with the Portuguese government to manage a group of motorways. 

Concessions are organized geographically. 

The remaining sections of this paper present the methodological approach and the 

reasoning behind the choices of the development of the methodology, the description of the 

methodology itself, and a case study in which we applied the proposed methodology. In the 

end, we describe some conclusions. 

 

METHODOLOGICAL APPROACH 

The challenge proposed by Ascendi was to select road segments in a way that the entire 

network is well represented in future studies. Possible approaches to this problem would 

be through optimization problems [2], or multi-criteria decision methods if there were 

multiple criteria to evaluate such as higher volume of traffic, or more accidents [3]. In our 

case, those methods would lead to complex and unnecessary formulations. 

 

Figure 1. Methodology design process 

 
Moreover, the methodology was developed through a participative process with other 

stakeholders. As a result, decision criteria were not defined at first, but were selected in a 

hierarchical process. However, the number of segments and the number of variables to 

consider created a long process to execute manually. To overcome that issue, we applied a 

cluster analysis to group similar segments according to their characteristics. Due to the type 
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of variables, we performed a PAM clustering analysis as suggested by [4]. The resulting 

formulation, that could have been difficult to formulate as optimization problem, was 

transformed into an iterative and participative design process ( Figure 1) of analyzing few 

groups of segments. 

 

A HYBRID DECISION-MAKING METHODOLOGY FOR SELECTING DATA 

COLLECTION POINTS ALONG MOTORWAY 

After the iterative process, the proposed methodology can be summarized in three stages: 

1. Cluster analysis and characterization; 

2. Equitable distribution of equipment to assure cluster and concession 

representativeness; 

3. Selection of road segments where equipment will be installed. 

 

In stage 1, to find similarities between road sections, we performed a cluster analysis of 

the variables related to the geometry of the section, the usage of the road (annual average 

daily traffic - AADT - and percentage of heavy vehicles), and the number of injury crashes 

registered. Considering that there were both continuous and categorical variables, we opted 

to perform a partition around medoids (PAM) clustering analysis (or k-medoids clustering), 

with Gower distance. By grouping the road segments in clusters, we were able to assure 

that similar segments would be covered by the same level of equipment on the final 

proposal. In the end of stage 1, Ascendi determined the main objective would be to have 

an equal coverage of all cluster and concessions at the same time. 

Then, for stage 2, we designed a decision process and validated it with Ascendi. The 

decision process was presented to Ascendi in the form of a flowchart. The designed process 

assures that in each decision we follow the priorities defined by Ascendi in selecting data 

collection locations, while maintaining the pre-determined level of representativeness by 

cluster and concession. This was achieved by computing, by cluster, the necessary number 

of equipment and comparing it to number of existing and active equipment, potential points 

for new equipment (using existing infrastructure), and points with no infrastructure where 

equipment could be installed but with higher investment. After, the number of necessary 

new equipment was distributed by concession to satisfy the level of representativeness in 

each concession. The decision process can be summarized in 4 stages: 

1. Compute the current coverage of each group; 
2. Starting with the groups with lower coverage, compute the necessary equipment to 

satisfy minimum coverage. Skip this step in the groups with higher coverage; 

3. In each group, distribute the equipment by each concession uniformly. This applies 

also for groups with coverage higher than minimum required, to assure that each 

concession is represented within each group; 

4. Compute, by concession, the new equipment necessary considering existing 

coverage, and potential points of installation; 

Finally, in stage 3, we selected the road segments where the equipment will be installed, 

considering a geographic distribution. The main decision criteria were: 

- Segments that were already covered, or have potential to be covered for having pre- 
installed infrastructure had priority over other segments; 

- Segments adjacent to covered segments should not be considered; 

- Segments with similar characteristics should consider number of injury crashes as a 

tiebreaker criterion. 
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APPLICATION OF THE MEHODOLOGY TO ASCENDI’S NETWORK 

The methodology proposed in the previous section was applied in Ascendi’s motorway 
network. Ascendi is responsible for managing and operating a network of approximately 

870 km. The database provided for this work comprised 296 road segments distributed by six 

concessions and 14 motorways. Each segment represents the section of the motorway between 

two junctions in a certain direction. 

The concessions and motorways are organized as follows: 

- Norte manages three motorways in the northern region; 

- Grande Porto manages four motorways in Metropolitan Area of Porto (AMP) region; 

- Costa de Prata manages three coastal motorways connecting north to central Portugal; 

- Beira Litoral e Alta manages one motorway connecting Aveiro to Spain; 

- Pinhal Interior manages one motorway connecting inland north to central Portugal; 

- Grande Lisboa manages one motorway in the Lisbon region. 

 
Cluster analysis 

The clustering process resulted in the creation of 5 clusters. These clusters are 

characterized by the geometry of the road (cross section and horizontal alignment), the 

AADT, the percentage of heavy vehicles, and injury crash frequency. The average values 

(for continuous variables) and the dominant category (for categorical variables), in each 

cluster, suggest that the clusters can be characterized as follows: 

- Two clusters related with urban sections with high traffic volumes and lower speed 

limits. These clusters have different percentages of heavy vehicles. 

- Two clusters related with rural sections with low traffic volumes, less concentration 

of entry/exit nodes and higher speed limits. These clusters differ in the total number 

of crashes. 

- Suburban roads with medium traffic levels and similarities to urban roads in some 

variables (longitudinal profile), and to rural roads in other variables (cross section 

and speed limit). 

 
Equipment distribution 

After the cluster analysis, Ascendi established the objective to have a minimum of 30% 

coverage of the total network, and in each cluster. Following the methodology designed, 

we verified the current coverage of the network considering active equipment. The results 

showed that cluster 1 is over the minimum with a current percentage of 45%; cluster 4 has 

a current coverage of 30%; and clusters 2, 3 and 5 are below 30% with 6%, 24% and 14% 

coverage. Each cluster was analyzed separately, starting with the clusters with lower 

coverage. The process comprised identifying potential spots for installation using pre- 

installed infrastructure. This analysis was performed by concession. As an example, we 

describe the decision of equipment distribution in cluster 2 (Table 1). 
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Table 1. Equipment distribution for cluster 2. 
 

Concessio

n 

Number 

of 

segmen

ts 

Active 

equipment 

Total equipment 

required (30% 

coverage) 

Equipment 

to 

install 

BLA 2

3 

3 7 4 

CN 2

0 

0 6 6 

CP 4 0 1 1 

GP 2 0 1 1 

Tot

al 

4

9 

3 15 12 

 

To assure a minimum of 30% coverage, this cluster required the installation of 12 new 

equipment, since there are only 3 equipment active now. The 12 spots should be distributed 

assuring a coverage of 30% in each concession. Every concession had enough preinstalled 

infrastructure, except for Concessão Norte (CN) that only had 2 potential spots out of 6 

required. Therefore, this cluster needs 8 new equipment in spots with existing 

infrastructure, and 4 new equipment in spots with no infrastructure. 

 

Table 2. Final equipment distribution and final network coverage. 
 

 Active 

equipmen

t 

Clust

er 
Total equipment 

after 

implementation 

Coverage 

by 

concession 

(%) 

1 2 3 4 5 

Active equipment  1
4 

3 1
7 

3
3 

5   

 C
o
n

ce
ss

io
n

 

B

L

A 

8 1 4 0 2 1 16 30 

C

N 

0 1 6 1 8 3 19 31 

C

P 

16 0 1 1 6 1 25 34 

G

P 

12 0 1 4 0 1 18 35 

G

L 

10 0 0 0 1 0 11 39 

PI 26 0 0 0 0 0 26 100 

Total equipment 

after 

implementation 

72 1

6 

1

5 

2

3 

5

0 

1

1 

115 
 

Final coverage 

by cluster 

(%) 

 
5

2 

3

0 

3

3 

4

5 

3

0 

 
39 

 

In clusters with higher coverage than 30%, we needed to assure the 30% coverage of the 

concessions. In cluster 1, concessions Costa de Prata (CP) and Pinhal Interior (PI) have 

more than 30% coverage, and concessions CN and Beira Litoral e Alta (BLA) have less 

necessary. So, even though this cluster has 45% coverage, it still requires 2 new equipment 

in concessions CN and BLA. The final proposal of the equipment to be installed by 
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concession and by cluster is explained in Table 2. 

In the end, following the distribution criteria of stage 3 of the methodology, we provided 
Ascendi with the list of the segments where equipment should be installed. 

 

CONCLUSIONS 

Decision support methods can be quite complex, but it is important that decision makers can 
understand and repeat the process themselves. To accomplish that, this work sought to reduce 

the complexity of the decision process in two forms: (1) by involving decision-makers in the 

design of the methodology; and (2) by breaking the decision into several smaller decisions, 

thus creating 3 decision levels (network, cluster and concession, segment). 

The design process of the methodology itself showed the importance of the participation of 

stakeholders in different moments of the decision process. While common decision-making 

approaches focus on collecting constraints, requirements and expectations of stakeholders, in 

this study decision-makers participated in the design of the decision process itself. That was 

made possible using small and simple decision steps. One factor that was many times stressed 

by Ascendi was that, whereas academic methods were interesting for research, to engage 

decision-makers language and complexity must be accessible to all participants. Consequently, 

the adoption of an iterative design process helped to remove acceptance barriers that decision- 

makers could have in participating and increased the success of the outcome, once they were 

confident of the results during each step of the process. Another advantage of the developed 

methodology is the fact that decision-makers can reproduce it whenever necessary if they want 

to increase the coverage of the network in the future. 

The final implementation plan assures a coverage of 30% of the network, in every 

perspective (cluster, concession, motorway). Though the final coverage is higher than the 

minimum required, it still reduces costs by considering pre-existing infrastructure. As so, we 

can state that the methodology fulfilled its main objective. The process is simple to repeat if, 

in the future, Ascendi wants to increase coverage. The new equipment will provide more data 

that can be used to increase Ascendi knowledge regarding drivers’ behavior and study new 

safety measures to include in the ongoing Road Safety Action Plan. 
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ABSTRACT 

Analysis of crime is essential for providing safety and security to the civilian population. 

Using data analyses is possible to discover critical information that can help public managers to 

increase efficiency and safety. The main purpose of this work is to support local authorities to 

detect crime and areas of importance. For this purpose, it was created a web-based decision 

support system for crime hotspots and vehicle routing, so it is possible to suggest an optimal 

route for police patrolling that concentrates enforcement efforts in areas characterized by high 

crime rates and assist in the evaluation of hotspots. Using historical data to identify crime 

hotspots, clusters were identified that served as input parameters for police vehicle routing 

methods. The analysis resulted mainly in the creation of maps with a focus on crime 

occurrences. Subsequently, the division of these crimes was analyzed into clusters using a non-

hierarchical supervised machine learning method, k-means. The algorithm also calculated the 

distance matrix between the central points of each cluster using the GoogleMaps API. This API 

takes traffic into account, as well as any obstructions on the road and peak times. Finally, a 

suggestion was made of routes that minimize the distance traveled by police vehicles and 

prioritize all hotspots calculated by k-means using the traveling salesman methodology. 

 

Keywords: Vehicle Routing Problem, Crime, Hotspots, K-means, webDSS. 
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INTRODUCTION 

The rate of intentional violent deaths in Brazil in 2020 was 23.6 per 100,000 inhabitants, 

while in the state of Pernambuco, this number rises to 38.3 per 100 million inhabitants [1].  The 

allocation of police resources to hotspots of crime is regarded as one of the most successful 

policing interventions to reduce crime [2]. In Brazil, hotspot mapping is a tool used to produce a 

national systematization of crime control, making it possible to establish which types of places 

are most vulnerable in terms of the occurrence of violent deaths in the country [1]. 

Several different mapping techniques can be used to identify crime hotspots, such as point 

mapping, clustering of census areas, or kernel density estimation [3]. Using historical data to 

identify crime hotspots makes the identified clusters capture a higher density of crime costs and 

thus justifies prioritizing these hotspots in daily police patrolling [4]. 

K-means clustering is one of the cluster analysis methods and it is an unsupervised machine 

learning method, where a decision-maker chooses the desired number of clusters. The K-means 

procedure iteratively moves the centers to minimize the total variation within the cluster [5]. 

This approach helps us to analyze historical crime rates and increase the present crime 

resolution rate and also helps in making decisions to prevent future incidents using preventive 

mechanisms based on observed patterns [6]. 

Clustering methods can serve as an input basis for the Vehicle Routing Problem (VRP) 

which consists of determining an optimal set of routes to be followed by one or more vehicles to 

minimize the distance or cost involved [7]. Decision Support Systems are designed to help 

decision-makers solve complex problems, like routing, and Web-based Decision Support 

Systems are designed to provide the vital information required by decision-makers when 

location issues are involved in decisions. 

Therefore, the objective of this work is to support public managers in the creation of a web-

based spatial decision support system for crime hotspots and vehicle routing to suggest an 

optimal route for police patrolling that concentrates enforcement efforts in areas characterized 

by high crime rates and assist in the evaluation of hotspots.  

 

METHODOLOGY 

Study Area and Data Collection 

Pernambuco has an estimated population in 2021 of 9.674.793 residents and about 

98.067.880 km2 [8]. On the issue of public security, Pernambuco has a division of responsibility 

for the state’s territories called integrated security areas (ISA), the whole State is split into 26 

operational regions.  

The dataset used in the following work was provided by the Pernambuco Department of 

Social Defense and is divided into Lethal and Intentional Violent Crimes (CVLI – Crime 

Violento Letal e Intencional) and Violent Crimes against Property (CVP - Crimes Violentos 

contra o Patrimonio) such as robberies and robberies of vehicles with dates of occurrence 

between April from 2017 to May 2021. The dataset presents information on the amount of 

crime, georeferenced data informing latitude and longitude, and the date and time of the crime. 

 

Algorithm steps 

The algorithm was built using the python programming language because in addition to being 

a language with no costs involved has a variety of libraries and tools widely used in the 

literature in the context of data analysis. 

The first step, importing and formatting a database, consists of transferring information on 

crime data from a tabular format to a geographic format according to the user's need. The user 

can define which AIS will be the object of study, which time interval will be analyzed, and the 
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type of crime, CVP or CVLI. After that, the algorithm creates heat maps and maps with 

georeferenced crimes according to the parameters that the user informed.  

The second stage is to determine the location of the hotspots based on the crime and consists 

of applying K-means to divide crimes into clusters. The user informs the number of clusters 

since it is a supervised clustering method, it should be noted that for the problem in question it is 

important that the user manually define the number of clusters so that he can decide the 

granularity of the division of the region that the vehicle will patrol, then he has access to the 

points of these centroids both in the form of a table as plotted on a map. 

As routing parameters input, it is necessary to inform the departure point of the vehicles, in 

this scenario the vehicles leave and arrive from the police stations that are responsible for each 

integrated area of security (AIS). 

Then the distance between the centroids is calculated by the google maps API. The 

information received is based on the recommended route between origin and destination, as 

calculated by the Google Maps Distance Matrix API, which is a service that provides travel 

distance and time for a matrix of origins and destinations [9,10]. There are advantages to using 

the Google Maps API travel time estimation as the Google Maps API approach uses the most 

up-to-date road data, as well as taking into account road congestion and considering the 

difference between peak hours and off-peak hours [ 11]. 

With the Google Maps API output, the distance between each centroid is calculated then for 

organizing the optimal patrol route, the python TSP library was used to connect centroids via 

the shortest distance. After that, it is generated a map with the suggested routes that minimize 

the time and passes in all points considered as hotspots. Figure 1 shows the computing flow of 

the algorithm. 

Figure 1 – Computing flow of the algorithm. 

System Architecture 

The DSS facilitates better decision making, using data management, model management, 

dialog/interface management, where this interface allows the user to interact with the DSS. 

Developing a graphical user interface (GUI) will ensure that users can select multiple ways to 

present the results.  

The WebDSS interface includes menus, graphical maps, control buttons, and form input. 

These interface materials perform selections, input data, and map queries using HTML. User 

entries are submitted to the web server via the HTTP protocol [12]. The basis for implementing 

the language contained in the framework will be general-purpose Python programming. The 

GUI was built by the Tornado framework, which is a Python web framework and asynchronous 

network library [13]. 

Each request made by a GUI is sent to a script, then a query is made in the database, with a 

response with data on Latitudes and Longitudes of the crimes, information about the number of 
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clusters, and the time interval, being stored in variables on each request. The database is 

periodically fed with updated crime data. 

The Google Distance Matrix API results were provided as JavaScript Object Notation 

(JSON) objects to calculate distances between centroids taking into account road congestion and 

considering the difference between peak and off-peak times. Figure 2 presents a preliminary 

schema of what the DSS will involve. 

 
Figure 2 – Schematic representation of Web-based Decision Support System components 

 

DISCUSSION 

The System contains a graphical user interface (GUI) created to facilitate user interaction. In 

the form, it is possible to insert data referring to the ISA, the type of crime, the start and end 

date, the number of centroids, and the position where the vehicle will start the routing. As an 

output, the user can select which maps are relevant for the analysis, being them, a map showing 

the location of crimes, a heat map, a map with centroids, or a map with suggested routes. It is 

worth mentioning that the user can order all maps together. Figure 3 exemplifies a query 

through the system form made by the user.  

As an output, the DSS returns a URL page with the information requested by the user by the 

check-box. Figure 4 exemplifies a user interaction and shows a variety of maps. Figure 4a 

shows an example of the DDS result, where it informs the location of crimes that occurred in the 

time interval requested by the user. Figure 4b exemplifies the crime heat map, where warmer 

colors mean a greater concentration of crimes, while locations with few crime points are 

identified through cold colors. This heat map can serve as a visual parameter to help the 

decision-maker quantify the needs of cluster numbers in the k-means step.  

Figure 4c shows the points with georeferenced information from the centroids of the crime 

clusters on the city map, informing which regions are considered most critical and need more 

attention through patrolling. Figure 4d shows the distribution of crimes in the clusters and 

informs the midpoints of each cluster. Figure 3e shows the route suggested by the model starting 

from the starting point informed by the user. 
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Figure 3 - GUI Interface 

 

 
Figure 4 – Outputs from the web-based Decision Support System 
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CONCLUSIONS 

A prototype of a web-based decision support system (wDSS) was presented to suggest a 

police patrol aiming at the occurrence of crimes developed by the authors. wDSS is designed to 

be accessed entirely through the Internet browser, making it easy to access across multiple 

devices. This study focused on reducing police dispatch time, suggesting an ideal route for 

police patrolling, and assisting in decision making as it provides quick information about 

different scenarios and different time intervals. 

This flexibility and speed of information can be useful for analyzing different scenarios, such 

as analyzing how crime centers have changed before and after the covid-19 pandemic, as well as 

helping to reassess and compare crime hotspots by time interval. 

By using open-source tools (Python programming language and its libraries), we were able to 

establish the spatial framework and extract data for crime occurrences. In addition, using the 

Google Maps API, it is possible to consider current traffic information, as well as any 

obstructions on the road and peak times in the calculation of the distance between the points to 

be patrolled. As future work, it is suggested to insert more indicators for the calculation of 

hotspots and centroids, such as socioeconomic indicators. 
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ABSTRACT 
The Vehicle Routing Problem (VRP) with three-dimension (3D) constraints (3L-CVRP) is a 

variant of the VRP with many possible applications in real-world scenarios. The purpose of this 

paper is to propose a Decision Support System for the VRP with pickup and delivery and 3D 

constraints (3L-CVRP-PD), considering multiple criteria. A Graphical User Interface (GUI) is 

developed, aiming to provide a better interaction experience with the software. The GUI 

includes a 3D representation of the loading bay for each vehicle, a feature that makes solutions 

easier to comprehend. The routing segment of the 3L-CVRPPD is solved using a heuristic 

method, while item packing takes place in an exhaustive manner and multiple solutions are 

generated for each problem. The solutions are ranked by a Multi-Criteria Decision Method 

(MCDM). Two MCDMs are tested in this paper, the Preference Ranking Organization Method 

for Enrichment of Evaluations (PROMETHEE) and the UTility Additives* (UTASTAR), on 

modified instances from the literature. 

 

Keywords: Vehicle Routing Problem · Multi-Criteria VRP · Three Dimensional  Loading · 

Graphical User Interface. 
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ABSTRACT 

Socio-economic efficiency is one of the pillars of sustainable development and as a result, 

researchers and policy makers have attempted to interpret it and measure it in such a way 

that the focus is on the actual implications of its value and not on the methodological 

limitations of how it is measured. One method that was used extensively in the literature is 

Data Envelopment Analysis (DEA). The purpose of the current paper is to utilize a new two-

stage DEA model to measure an index of socio-economic efficiency of European countries 

under three different combinations of parameters. The results indicate that that the countries 

are separated into three groups: Those that perform relatively well in all combinations of 

parameters, those that do not perform well in all combinations and those countries that 

depending on the combination might have relatively high or low socio-economic efficiency. 

 

Keywords: Two-stage Data Envelopment Analysis; Socio-economic efficiency; European 

countries 
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INTRODUCTION 

Socio-economic development is focused on promoting the reduction of inequalities while 

advancing economic progress [1]. However, during the past decade, the global economic 

environment has changed significantly, and these changes sometimes came at the detriment of 

social progress [2]. 

Nonetheless, the importance of socio-economic development has not diminished and 

testament to that fact is that it is considered one of the dimensions of sustainability; according to 

the Brundtland report [3] sustainable development cannot be achieved unless social 

development is promoted in parallel to economic prosperity [4] and without negative 

consequences to the environment [5]. 

However, one important aspect of socio-economic development is its interpretation into 

operational variables and how to best measure it [1], since the indicator of Gross Domestic 

Product has been criticized and found not to be adequate [6]. Furthermore, the lack of a unified 

methodological framework means that whatever results are produced might be judged by the 

methodological limitations and not by their contribution to the issue. 

Thus, research has been stirred towards finding an appropriate methodology that could assist 

in measuring socio-economic development. One method that has been proposed and used in the 

literature is Data Envelopment Analysis (DEA). It is a mathematical programming technique 

that is used to assess (and cross-comparison of) the efficiency of Decision Making Units, where 

technical efficiency is defined as the ration of the sum of its weighted outputs over the sum of 

its weighted inputs [7]. The advantages of DEA include that no Price information is required, no 

relationship between inputs and outputs is necessary or any knowledge regarding data 

distributions [8].  

These advantages helped to spread the use of DEA in the literature for the comparison of 

socio-economic development of countries (and of the comparison of their sustainability). Rabar 

[2] performed a literature review on the issue on the works that used classic DEA models to 

calculate the socio-economic efficiency of countries. However, in the review, the majority of the 

works is skewed towards economic and environmental variables/indicators; they might be 

important social elements, but no “pure” social indicators where used such as people in risk of 

poverty or the progress towards women’s equality. Consequently, the issue of how to best 

define socio-economic development is still in dispute since different authors consider different 

aspects as societal.  

This has been also recognized by Zhou et al. [9] and Tsaples and Papathanasiou [10], who 

performed reviews on the use of DEA to measure sustainability. Both papers recognized that 

although in the last few years efforts have been made to include parameters that represent the 

social dimension (such as the work by Stancovic et al. [1]), a lot of papers focus heavily on the 

economic and environmental aspects of sustainability. Thus, two gaps are identified in the 

literature: firstly to include societal aspects in the measurement of economic development and 

secondly, to find an approach that allows the integration of different perceptions of what a social 

dimension is. 

Hence, the objective of the current paper is to propose a measurement of socio-economic 

development of European countries with the use of a two-stage Data Envelopment Analysis 

under different perceptions (meaning different variables representing the social and economic 

dimensions). The rest of the paper is organized as follows: The next section is focused on the 

description of the DEA variation that is used and the parameters/data that were selected. In the 

next section, results are presented and analyzed, while conclusion and future research directions 

are discussed in the last section of the paper. 

 

METHODOLOGY 
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The seminal papers that established DEA are those of Charnes, Cooper and Rhodes [11] and Banker, 

Charnes and Cooper [12]. Those papers presented the typical one stage DEA, where inputs are 

transformed into outputs and the efficiency is measured by the equation: 

 

                      
          

         
                                        

(1) 

 

However, there are situations where it is considered beneficial to have a more detailed description of the 

inner workings of a DMU. For that reason, two-stage models were proposed that represent the operations 

of a DMU as follows: 

 

 

Figure 4: Structure of two-stage DEA 

The goal is to simultaneously improve the efficiency of each stage (E1 the efficiency of the first 

stage, E2 the efficiency of the second stage) and the overall efficiency (denoted as E0). Several 

models have been proposed in the literature for two-stage DEA such as the one by Kao and 

Hwang (2008). However, in the context of the current paper, another variation is used that was 

developed by Tsaples et al. [14] and its mathematical formulation is: 

Assume a two-stage process for N DMUs. Each             in the first stage uses 

  inputs, the level of which is notated as              , to produce   intermediate 

measures, the level of which is notated as              . The intermediate measures are 

used as inputs in the second stage to produce   outputs, notated as                The 

proposed two-stage model is: 

        
  (2) 

Subject to  

      

 

   

       

 

   

           (3) 

      

 

   

       

 

   

         (4) 

      

 

   

       

 

   

           (5) 

      

 

   

       

 

   

   
    

    (6) 

      

 

   

   (7) 

             (8) 



 

                                                                                                                                                           121  

             (8) 

             (10) 

        
    

    (11) 

The variable    represents the positive deviation and variable    represents the negative 

deviation of the efficiency of stage 1 from reaching the maximum value. Variable   
  represents 

the positive deviation while the variable   
  represents the negative deviation of the efficiency of 

stage 2 from reaching its maximum value. The variables      
  are desirable because they allow 

the stage efficiencies to be as large as possible. On the contrary, the variables      
  keep the 

efficiencies of the individual stages away from their maximum values and for that reason they 

should be minimized. The above model calculates the optimal weights for the inputs, 

intermediate measures and outputs and the efficiencies of the individual stages are calculated 

with the equations: 
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Finally, the overall efficiency of each DMU is calculated with the equation: 

   
 
 
       

    

 

(14) 

Finally, to take into account the different interpretations of socio-economic development, three different 

scenarios/indicators are calculated using the following parameters with data by Eurostat for the year 

2018
1
 : 

 Socio-economic Index 1 

o Inputs: Total Labour force (x1000 persons), Gross fixed capital at current prices (PPS) 

o Intermediate measures: GDP per capita in PPS-Index (EU28 = 100) 

o Outputs: Overall life satisfaction, Satisfaction with living environment, Satisfaction with 

financial situation 

 Socio-economic Index 2 

o Inputs: Total Labour force (x1000 persons), Gross fixed capital at current prices (PPS) 

o Intermediate measures: Total expenditure [Euro per inhabitant] 

o Outputs: Overall life satisfaction, Satisfaction with living environment, Percentage of 

females in total labor population-2018 

 Socio-economic Index 3 

o Inputs: Gross fixed capital at current prices (PPS 

o Intermediate measures: Total expenditure [Euro per inhabitant], Mean consumption 

expenditure of private households on cultural goods and services by COICOP 

consumption purpose [Purchasing power standard (PPS)] 

o Outputs: Percentage of females in total labor population, Life expectancy at birth, People 

at risk of poverty or social exclusion [thousand persons] [modified to be maximized] 

 

RESULTS 

                                                     
1
 https://ec.europa.eu/eurostat (accessed January 2021) 

https://ec.europa.eu/eurostat
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Figure 2 below presents the results for the three indices. 

 

 
 

Figure 5: Results of the three socio-economic indices 

 

As it can be observed, there are countries like Malta and Cyprus that perform relatively well 

compared to the other countries for all indices, there are countries like Romania and Bulgaria 

where the socio-economic development is either high or low depending on the combination of 

inputs, intermediate measures and outputs. Finally, the majority of the countries does not 

perform well regardless of the combination of parameters. Consequently, European countries 

need to do a lot better in order to increase their socio-economic efficiency.  

 

CONCLUSIONS 

The purpose of the current paper was to measure the socio-economic efficiency of European 

countries with a two-stage DEA model. Furthermore, since there is no unified definition of what 

socio-economic development might mean, different combinations of parameters were used.  

The results illustrated that the countries are separated into three groups: Those that perform 

relatively well in all combinations of parameters, those that do not perform well in all 

combinations and those countries that depending on the combination might have relatively high 

or low socio-economic efficiency. The research presents several implications for policy makers. 

Firstly, governmental policy could be designed to take into account different perceptions, thus 

making each policy inherently more inclusive. Moreover, the monitoring of a country’s socio-

economic development under different perceptions is an indication of how robust are the 

policies that are applied and what can be done to increase their positive impact. Finally, a multi-

perspective socio-economic index could mitigate the limitations of GDP as a measurement of 

development and growth. 

Future directions of the research include the calculation of socio-economic development of even 

more countries, with even more combinations of parameters and finally, the analysis of the 

results with the assistance of Machine Learning techniques. 
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ABSTRACT 

Brazilian governments are increasingly demanding public organizations to implement 

Enterprise Risk Management (ERM) as a way to aid the achievement of good governance 

and public interest protection. The Comptrollership Generals of the States (CGS) generally 

represent their respective governments in stimulating ERM implementation in other public 

organizations, thus having to perform two main activities: provision of consulting services 

and auditing ERM implementation. Considering that in some cases the CGSs’ teams are not 

big enough to perform both activities at a big number of public organizations, the need to 

prioritize such organizations has become apparent. Therefore, this paper contributes to the 

enhancement of government initiatives in implementing ERM through the proposal of a 

prioritization model (ERM-POP) to rank public organizations, thus aiding the CGSs to plan 

the provision of consulting services and ERM implementation audits.  

 

Keywords: Enterprise Risk Management; Maturity Assessment; Public Organizations; 

Audit Roles; PROMETHEE II. 
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INTRODUCTION 

The managerial aspect of public organizations entails protecting the public interest with the 

objective of enhancing or maintaining the well-being of citizens. Accordingly, Enterprise Risk 

Management (ERM) is considered a promising strategy to meet such expectations [1] and, as 

such, the Brazilian governments at all tiers (federal, state and municipal) have enacted their 

respective regulations that incentivize and demand ERM implementation.  

Brazilian Comptrollership Generals of the States (CGS) represent the governments’ internal 

control responsible for activities such as transparency, internal audits, defense of public assets, 

ombudsman and corruption prevention. Recently, ERM has brought innovation to the CGSs’ 

activities as they started to provide ERM consulting services and to train public employees, 

aiming at auditing the adherence of public organizations to ERM after some time of 

implementation. Hence, risks started to be identified and managed proactively. Nonetheless, in 

some CGS the teams with the duty to provide consulting services and to audit the ERM 

implementation are small, while the number of public organizations is large, demanding the use 

of strategies to innovate their ERM audit planning process and to prioritize organizations. 

The prioritization of public organizations to plan government internal audits generally 

comprise criteria analysis. Some of the analyzed factors include the frequency of audit 

assessments, the probability of risk occurrence, the degree of risk controls, the existence of an 

audit committee or senior management, the existence of norms, budget allocation, the 

performance of processes, individual and collective professional judgments, degree of the 

organization’s maturity, strategic alignment, criticality, etc. [2]. The importance of establishing 

a formal procedure to prioritize the organizations according to the capacity of the CGSs 

involves the treatment of the subjectivities of choices. Hence, it is necessary to have a rational 

and methodological procedure, with steps and a logical axiomatic structure that can model and 

give the adequate treatment to this problem, as well as to minimize errors around the intensity of 

the subjective judgments. With this purpose, multicriteria decision methods (MCDM) are found 

in the literature, allowing decision makers to evaluate a set of alternatives under multiple 

criteria, elucidating their own preference structures and considering the performance of the 

alternatives for each criterion [3, 4]. 

Therefore, this study contributes to the enhancement of government initiatives in 

implementing ERM through the proposal of a prioritization model to rank public organizations 

and aid CGSs to plan the provision of consulting services and the ERM implementation audits. 

Denominated as ERM-POP Model (Public Organizations Prioritization Model for ERM), it is 

composed of two main features: the first one is the identification of ERM maturity in public 

organizations based on the perception of their specialists, and the second is the use of the 

Promethee II method to rank organizations for both ERM consultancy and auditing activities. 

Further details and benefits of the model are discussed in the following sections. 

 

THEORETICAL BACKGROUND 

 

ERM maturity and the internal audit roles 

ERM is a discipline that has evolved over the years moving from a traditional to a 

holistically governing perspective [5, 6]. Traditionally, risk management is referenced as an 

activity carried out in operational silos, compartmentalized and uncoordinated.  On the other 

hand, a holistic approach, applied enterprise-wide and named ERM, has emerged with the 

focus on a systemic management of significant risk exposures through a risk portfolio 

embracing a holistic view [5, 6]. Therefore, in advanced stages, ERM comprises the 

alignment with organizational strategy and performance with the aim to add value to 

organizations [6, 7]. Hence, ERM maturity involves the analysis of this evolution and is 
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being explored by scholars [6, 7, 8, 9]. For instance, [9] identifies that organizational culture 

related to outcome orientation and innovation is associated with ERM maturity in not-for-

profit organizations, and [8] identifies a positive association to the level of executive 

engagement on risk oversight, ERM responsibilities assigned to a board committee, 

formalized risk reports and risk appetite.  

ERM maturity is supposed to be audited to assure that ERM is working effectively. 

Consequently, Internal Audit (IA) roles are characterized by providing independent and 

objective assurance to the governing body of the organization on the effectiveness of ERM 

implementation [10]. More specifically, the position paper released by [11] identifies core 

activities that the IA should perform, the activities that should be performed with 

safeguards, and the activities that should not be undertaken. Figure 1 below depicts the fan 

provided by [11] containing IA roles and indicates the level of maturity accordingly.  

 
Figure 1:  Internal Audit Roles in ERM. Source: adapted from [11]. 

Summarizing Figure 1, the core IA roles towards ERM implementation (the left third part of 

the fan) comprise assurance activities [5], and the legitimate IA roles with safeguards (the center 

third part) represent the consulting activities. The main roles in assuring ERM implementation 

are evaluating and then providing assurance on the adequacy of the organization’s ERM 

processes. Other important roles consist of reviewing and evaluating the reporting on the 

organization’s management of key risks [5]. On the other hand, the roles that must be performed 

with safeguards involve championing the introduction of ERM in the organization and coaching 

its implementation, facilitating and supporting managers to identify and evaluate risks, 

coordinating ERM activities, developing and monitoring the ERM framework, as well as 

consolidating reports to the governing body. Hence, the consulting activities are supposed to be 

performed when the organization presents lower levels of ERM maturity, whereas the assurance 

activities should be undertaken when the organization presents higher levels of ERM maturity. 

It is understood that the intensity of consulting activities in ERM is likely to diminish over time 

as the organization advances in ERM maturity [11]. 

 

The Promethee II method  

The Promethee (Preference Ranking Organization Method for Enrichment of 

Evaluations) method has a great number of successful applications [12] in several problem-
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solving contexts and scenarios [13]. In this method, the information can be easily calculated 

in a complete ranking and the concepts are easily understood by decision makers. The 

ranking is built with a specific criterion that represents the decision makers’ preferences. It 

does not share an intrinsic absolute utility for each alternative; instead,  it subtracts the 

evaluations of two alternatives on a specific criterion. Furthermore, the Promethee fixes a 

maximum of two parameters (preference and indifference) to real applications [14].  

The Promethee has the advantage of being clear, simple and stable [13]. This method is 

based on a pairwise comparison of possible decisions, considering a variety of criteria. The 

use of the Promethee requires two additional types of information: a weight and a preference 

function on a finite set of feasible alternatives. As an outranking method, the Promethee 

does not eliminate any alternative; rather, it places the alternatives in an order regarding the 

criteria and the decision makers’ preferences [12]. It includes two main phases [13]: the 

establishment of an outranking relation and its further exploitation. In the first phase, a 

preference function is decided for each criterion, obtained from a preference degree ranging 

from 0 to 1. Therefore, the intensity of the preference between alternatives is calculated 

through F(a,b) = f[g(a) – g(b)].  

In case the problem has more than one criterion, it is possible to mix the functions [14]. 

In the second phase, the preference index is defined for each pair of alternatives by using the 

functions and the weights of the criteria. 

       
  i i      
   

  i 
   

                                                                                             (1) 

The outranking relation involves the description of the outgoing flow, ϕ+(a), and the 

incoming flow, ϕ -(a). The former flow implies the intensity of preference of alternative a 

over the other alternatives, whereas the second flow is the opposite, meaning the intensity of 

all the alternatives over a. 

ϕ
+
(a) =                                                                                                                (2) 

ϕ
-
(a) =                                                                                                  (3) 

where K is the set of possible alternatives. 

Promethee II reveals the total preorder (complete ranking) by calculating the decreasing 

values of the net flow scores: ϕ(a) = ϕ+(a) - ϕ-(a). Consequently, a outranks b if ϕ(a) > ϕ(b), 

and a is indifferent to b if ϕ(a) = ϕ(b). The complete ranking of this method is obtained by 

ordering the alternatives according to these net flow scores [14]. 

 

METHODOLOGY 

The development of the ERM-POP Model proposed in this paper is adapted from [3]. Figure 

2 depicts the methodology used, containing ten steps that are grouped into three phases. In the 

first phase, the decision problem was structured in 4 steps. In Step 1, the decision makers were 

characterized with the duty to validate the decision context and the objectives, establishing their 

preferences according to the problem to be analyzed. In Step 2, the fundamental objectives were 

identified, and in Step 3, four criteria were established based on those objectives. Finally, in 

Step 4, the organizations to be prioritized and the action space were established. Phase 2 

comprises data collection (Step 5), the MCDM choice (Step 6) and the modelling structure of 

the problem (Step 7). Lastly, phase 3 characterizes the solution to the problem through the 

application of the selected MCDM. In Step 8, the method is executed, followed by the 

sensibility analysis (Step 9), and the result analysis with recommendations (Step 10). The 

arrows pointing back to previous phases and steps apply the refinement approach according to 

[3], implying the improvement of such phases and steps if needed.  
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Figure 2: Methodology Steps. Source: adapted from [3] 

 

APPLICATION 

This study was applied as a test in one of the 27 state-level governments of Brazil. The CGS 

of this selected government has an “ERM Directorship” which is accountable for championing, 

stimulating and auditing the ERM implementation. The executive branch of this government is 

comprised of around 80-90 public organizations that operate in different industries. Therefore, 

with few human resources and such a large number of public organizations, the ERM 

Directorship needs to strategically split the auditors between the consulting and the auditing 

activities regarding the ERM implementation. The following subsections detail the application 

of the ERM-POP Model to rank the public organizations of this setting.  

Phase I – the preliminary phase  
This prioritization model is proposed to aid one decision maker (Step 1), the director of the “ERM 

Directorship”. This director is the leader responsible for managing a team of auditors that are supposed 

to perform ERM consulting services and audit the ERM implementation. For the application of this 

model, the director validated the decision context (that is, the problem, and how it would be analyzed) 

and the objectives defined in Step 2. Such objectives were described as: (i) to audit public organizations 

that are critical and/or essential for maintaining the good reputation of the government; (ii) to provide 

consulting services to the public organizations that present lower levels of ERM maturity; and (iii) to 

audit the public organizations that present higher levels of ERM maturity.  

To operationalize the objectives defined in Step 2, four criteria were established (Step 3) with their 

respective properties, involving measure, operation and understanding [15]. For the first objective, the 

criteria used to prioritize the public organizations were “budget allocation”, “previous non-compliance 

findings”, and “government strategic planning relevance”. For the other two objectives, the ERM-POP 

Model uses the concept of “maturity”, since it is understood to be paramount to define which public 

organizations are deemed to receive consultancy services (lower maturity levels) or to be audited (higher 

maturity levels). All criteria are measured under a qualitative scale (Table 1) and present the following 

definitions: 

 Budget allocation – this criterion is related to the yearly allocation of public budget to 

the organizations that belong to the government. The organizations that receive higher 

amount of budget are prioritized as they have a more complex management, thus 

receiving higher scores. Data are provided in Brazilian currency (R$). 

 Previous non-compliance findings – this criterion considers the results of previous 
general audits regarding the most serious non-compliance findings. These findings are 

classified into three types: irregular (when the public organization presents significant 

non-compliance issues); regular with reservations (when the public organization has 

audit reports that are approved, albeit with demands for clarifications regarding the 



 

                                                                                                                                                           129  

compliance issues); and regular (when the public organization does not present 

compliance problems).  

 Government strategic planning relevance – it identifies the level of importance of the 
public organization to the institutionalized central government strategic planning. Thus, 

they can be classified as: relevant (public organizations that collaborate or are cited in 

the official strategic planning); associated (public organizations linked to the ones 

considered relevant); and irrelevant (further public organizations).  

 ERM maturity self-assessment – it reflects the perception of the public organizations’ 

specialists about their own efforts to implement the ERM. This criterion is used in two 

moments: first, to split the organizations between the ones that will be provided with the 

consulting services and the ones that will have ERM implementation audits; and second, 

to provide the final ranking jointly with the other criteria.  

Table 1. Qualitative scales for the first three criteria 

Budget Allocation Score 
Previous non-

compliance findings 
Score 

Government strategic 

planning relevance 

Scor

e 

More than R$1 billion 5 Irregular 3 Relevant organizations 3 

Between R$100,01 million 

and R$1 billion 
4 

Regular with 

reservations 
2 Associated organizations 2 

Between R$10,01 million 

and R$100 million 
3 Regular 1 Irrelevant organizations 1 

Between R$1,01 million and 

R$10 million 
2     

Up to R$1 million 1     

 
For Step 4, 17 public organizations were selected to be tested as alternatives in the ERM-POP Model 

and, as the problem comprises the prioritization of such organizations in two different rankings, an 

ordering problem logic was defined [16]. 

 

Phase II – modelling the problem  
Data collection (Step 5) was performed by the ERM Directorship both internally and externally. 

Internally, the team of auditors searched for information within the CGS regarding “budget allocation”, 

“previous non-compliance findings”, and the “Government strategic planning relevance”. Externally, a 

questionnaire containing 61 questions with a 7-point Likert scale, varying from “not applied” to “fully 

applied”, was sent to the selected public organizations to compose the ERM maturity self-assessment 

criterion. The questions comprise details related to several aspects, such as: formalization, frequency in 

identifying, evaluating and reporting risks; strategic alignment; operational embeddedness; tone from the 

top, etc. 

The Promethee II method was chosen to rank the public organizations (Step 6) because of its non-

compensatory feature, thus satisfying the decision maker’s rationality in the context [3]. Hence, the 

public organizations with general better performances in the criteria are prioritized, not allowing trade-

offs between criteria. Then, the modelling structure (Step 7) was established with the next tasks. First, to 

split the 17 organizations between ERM implementation audits and ERM consulting services, an average 

of the evaluations given by the public organizations’ specialists was derived according to Mi: 

   
 

      
   

 
                                                                                                                                                 (4) 

Where: 

i is the public organization that assesses its own ERM maturity. 

n is the number of questions. 

f(j) is the score given for each question. 

Given Mi, a threshold was used with regards to how many times the number “1” in the scale 

(meaning “not applied”) was marked. Thus, if the public organization’s specialist marked up to 

29 times the number “1”, it would be classified as receiving ERM audits. On the other hand, if 
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the amount of numbers “1” appeared 30 or more times, the public organization would be 

classified for ERM consulting services. Therefore, in this test, the action space for the auditing 

activity was comprised of 13 public organizations (PO-AA, PO-AB, …, PO-AM). For the 

consulting services, the action space consisted of 4 public organizations (PO-CA, PO-CB, PO-

CC, and PO-CD). With this result, it was implied that the decision maker would be able to 

allocate more resources for the auditing activity than for the consulting services.  

Next, with the information of the public organizations concerning each criterion (intra-

criteria evaluation), the decision maker was asked to provide his own preferences over the 

criteria in terms of percentage, thus providing intercriteria evaluation. In this test, the Director 

gave more emphasis to “budget allocation” and “previous non-compliance findings”. Tables 2 

and 3 represent the consequence matrices where it is possible to find the criteria weights, the 

calculation of Mi and the information provided for the other three criteria. 

Table 2. Consequence matrix for ERM consulting services 

Public 

Organizations 

ERM 

Maturity 

self-

assessment 

 

Budget 

allocation 

Previous 

non-

compliance 

findings 

Government 

strategic 

planning 

relevance 

10%  35% 35% 20% 

PO-CA 2,28  5 2 3 

PO-CB 1,95  1 2 3 

PO-CC 1,00  5 1 3 

PO-CD 1,00  3 2 2 

Table 3. consequence matrix for ERM implementation audits 

Public 

Organizations 

ERM Maturity 

self-assessment 

Budget 

allocation 

Previous non-

compliance 

findings 

Government 

strategic planning 

relevance 

10% 35% 35% 20% 

PO-AA 6,49 5,00 2,00 3,00 

PO-AB 5,92 4,00 1,00 3,00 

PO-AC 5,46 4,00 3,00 3,00 

PO-AD 5,41 3,00 3,00 3,00 

PO-AE 4,92 1,00 1,00 3,00 

PO-AF 4,85 3,00 1,00 3,00 

PO-AG 4,66 4,00 1,00 3,00 

PO-AH 4,07 5,00 1,00 1,00 

PO-AI 3,97 4,00 2,00 1,00 

PO-AJ 3,92 4,00 2,00 3,00 

PO-AK 3,82 2,00 3,00 1,00 

PO-AL 3,67 4,00 2,00 1,00 

PO-AM 3,23 3,00 1,00 2,00 

Phase III – application of the method and result analysis 

By applying the Promethee II method (Step 8), data were normalized for every criterion and 

the usual function was applied [14] as the answers were based on ordinal scales, making it 

needless to use thresholds. Therefore, if: 
F(a,b) = 1,  f[g(a) – g(b)] > 0                                                                                                      (5) 

F(a,b) = 0,  f[g(a) – g(b)] ≤ 0                                                                                            (6) 

With results derived from the software PROMETHEE Gaia, Table 4 shows the ranking 

orders generated for the public organizations. Thus, for ERM implementation audits, PO-AA 

was prioritized (ɸ=0,617), being followed by PO-AC and PO-AJ; whereas for ERM consulting 

services, PO-CA held the first place.  

Table 4. Promethee II rankings 
ERM implementation audits ERM consultancy 
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Rank 

I 

Public 

Organizations 
ɸ ɸ+ ɸ- 

Rank 

II 

Public 

Organizations 
ɸ ɸ+ ɸ- 

1 PO-AA 0,617 0,667 0,050 1 PO-CA 0,317 0,417 0,100 

2 PO-AC 0,458 0,533 0,075 2 PO-CC 0,217 0,417 0,200 

3 PO-AJ 0,217 0,400 0,183 3 PO-CB -0,200 0,217 0,417 

4 PO-AB 0,200 0,383 0,183 4 PO-CD -0,333 0,250 0,583 

5 PO-AD 0,196 0,446 0,250      

6 PO-AG 0,133 0,342 0,208      

7 PO-AH -0,083 0,354 0,438      

8 PO-AF -0,129 0,254 0,383      

9 PO-AI -0,150 0,279 0,429      

10 PO-AL -0,192 0,254 0,446      

11 PO-AE -0,304 0,196 0,500      

12 PO-AK -0,454 0,204 0,658      

13 PO-AM -0,508 0,175 0,683      

 

In Step 9, a sensibility analysis was performed twice, following the local process of analysis [3]. The 

first analysis considered equalized weights for all criteria, while the second reduced 5% in “budget 

allocation” and “previous non-compliance findings” and increased 10% in “ERM maturity self-

assessment”. The results showed that less than half of the organizations remained in the same position, 

demonstrating that the ERM-POP Model is sensible to the intra-criteria analysis, as some organizations 

perform differently among the criteria.  For instance, PO-AH has the maximum performance in “budget 

allocation” (5 points), while in “previous non-compliance findings” and in “government strategic 

planning relevance” it has 1 point each. For this reason, its position changes in the ranking depending on 

the weights of the criteria. In Step 10, the decision maker was aware of the changes in the sensibility 

analysis and was asked to analyze the results of the PROMETHEE Gaia; he demonstrated being satisfied 

as, in his opinion, the order of the public organizations made sense. 

 

CONCLUSIONS 

This study proposes a prioritization model called ERM-POP Model aimed at Brazilian state 

governments. The model contributes to the practice of government internal audits as it improves 

the way public organizations are prioritized for the execution of auditing and consulting services 

regarding ERM implementation. In this setting, the governments are represented by the CGSs 

that generally have the duty to stimulate ERM adoption in the public organizations. The 

problem of the setting remains when a CGS’s resources are limited in face of a large number of 

public organizations. Therefore, the prioritization model presented in this paper comprises the 

identification of ERM maturity through self-assessment performed by the organizations’ 

specialists, and the ranking of the public organizations using a MCDM.  

For future studies, this prioritization model could be evolved and applied in a group decision-

making environment. The context where public organizations from democratic governments 

operate is considered complex due to the need to involve several stakeholders in the decision-

making process; therefore, this method could be enhanced and applied in broader situations of 

the public sector.  
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ABSTRACT 

This paper aims to propose a multicriteria model for natural gas distribution planning. To 

solve the problem, we used a benefit-to-cost ratio-based approach for portfolio selection 

under multiple criteria with incomplete preference information, based on the Flexible and 

Interactive Tradeoff (FITradeoff), which starts from the principles of the traditional tradeoff 

procedure but works as a flexible and interactive way of eliciting the criteria weights, 

seeking only partial information about the decision maker's preferences. First, we performed 

a numerical application with real data to test the model. Then, after defining the problem, 

the model was structured with a set of 40 alternatives and six criteria, which evaluated the 

natural gas consumption forecast, the internal rate of return, the urgency to serve the 

customers in that area, the number of consumers units, payback and risk. The alternatives 

were ranked based on the benefit to cost ratio, and the portfolio was defined for the 2021-

2025 interval. With the new model, a systemic mathematical method was incorporated into 

the company's decision process that allows adding financial and strategic objectives to the 

critical decision of identifying a portfolio of projects for the expansion of the natural gas 

distribution network. Thus, the company can make bold decisions, optimizing its resources 

and maximizing its results. 

 

Keywords: Multicriteria Portfolio, FITradeoff, Natural Gas 
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INTRODUCTION 

Natural gas has been playing an essential role in the supply of energy worldwide, mainly due 

to its lower environmental impact. In Brazil, government policies to open the market promote 

the dynamization and competitiveness of the sector and the ample supply in the pre-salt, making 

the fuel economically advantageous [4]. 

As the entire natural gas infrastructure develops and dynamizes, natural gas distributors must 

attend this expansion and make this fuel accessible to the most significant number of consumers 

to collaborate with the energy transition, promote safety for society, and meet the interests of the 

numerous stakeholders involved in the process [8]. 

One of the challenges that natural gas distribution companies face is the decision-making 

process of network expansion, in line with organizational objectives. To ensure that gas supply 

services can reach new consumer units and ensure that companies have better financial, 

technical, operational, and environmental results, the use of a formal methodology that 

systematizes and standardizes the entire decision-making process involved is necessary. 

Planning the expansion of natural gas distribution networks is complex since it involves 

several criteria, which are often conflicting. In this context, there are multicriteria decision 

support methods used when it is impossible to represent all objectives in just one problem [2]. In 

addition, the application of structured multicriteria models for energy planning in natural gas 

companies makes use of analytical tools that help and support the strategic choices made, 

aiming to reduce risks uncertainties and achieve results that meet established goals. 

Multicriteria modeling allows analyzing the possible implementation of an action, evaluating 

its positive and negative points, considering the degree of importance of the criteria, conflicting 

objectives defined by a decision-maker or a group of decision-makers [2]. 

Thus, this study proposes a multicriteria model for natural gas distribution planning based on 

the definition of a portfolio of projects for network expansion. To do so, we use the Flexible and 

Interactive Tradeoff method (FITradeoff) procedure for project portfolio selection based on a 

cost-benefit ratio. FITradeoff was chosen because it uses partial information from the decision 

maker's preferences to determine the alternatives that best meet their needs, making the 

procedure less exhaustive [3]. 

 

METHODOLOGY 

Brazilian gas distributors are remunerated based on their investments in pipeline gas 

expansion, so they must carefully assess their project portfolio. The volume (in cubic 

meters) to be added is one of the main criteria to justify such investments, but it should not 

be the only one to be considered for decision making. However, even if other criteria do not 

perform well, the volume criterion can compensate for its good performance. 

Therefore, the decision problem has a compensatory rationality and has a preference 

structure with preference and indifference relationships in the comparisons of alternatives. 

These characteristics are intrinsic to Single Criteria Synthesis methods, which define the 

criteria offset in a single value called scale constants [6]. The Fitradeoff method is an 

additive aggregation method that is easy to apply, due to its flexible and interactive form. In 

addition, the method has the Portfolio Problem approach, which aims to determine, from a 

set of alternatives, a certain subset that meets the organization's objectives considering the 

implementation cost.  

The definition of a portfolio can be done in different ways, and one of the types of 

analysis is the cost-benefit ratio of each project. Given a set of projects P, each project is 

evaluated by its cost and by performance evaluations determined by multiple criteria. The 

use of cost-benefit calculation has an advantage in treating the portfolio selection problem 
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more straightforwardly, which reduces the computational cost compared to the usual 

decision problems [3].  

The benefit of each project b(pi) is the weighted sum of the project's performance against 

the criteria vj(xij) and the scaling constants of the criteria kj, as shown in Equation 1. 

                 
 
                                                                                                  (1) 

It is necessary to carry out an inter-criteria evaluation to calculate the scale constants. 

FITradeoff applies elicitation techniques that reduce time and effort to establish the values 

of scaling constants [1]. Thus, the first step is to develop a criterion ranking according to the 

decision maker's preferences. 

The second step is to elicit the decision maker's preferences regarding the consequences 

of the criteria. The decision maker's preferences generate inequalities that build a system 

called a viable space of weights, w, according to [3]. 

As it is a portfolio problem, which considers the cost-benefit analysis of each project, it is 

necessary to divide the aggregate performance of the project by its cost to find the BCR 

ratio per investment of each alternative (Equation 2), to maximize the benefit divided by the 

cost. Based on the values found by the ratio between benefit and cost of each project, 

FITradeOff will organize them in a ranking, from the highest value to the lowest value. 

Using the ranking, the method will form a subset until the sum of project costs reaches the 

budget determined by the company in a way that maximizes the benefit [3]. 

      
      

          
 
   

  
  

          
 
   

  
                                                                    (2) 

Therefore, a Brazilian natural gas distribution company was chosen to validate the model. 

The planning manager was defined as the DM, whose attribution is to decide which projects 

will be performed. As for the other actors in the decision-making process, the authors of this 

study were defined as analysts, who provided methodological support for the development 

of the model. The planning analyst was defined as a client, who acted as an intermediary 

between the DM and the analysts. And all those affected by the decision were identified as 

stakeholders, which are final consumers, private and government shareholders, supplier 

companies and regulatory agency. 

The step of defining the criteria is established from the identified objectives [2]. The set 

of criteria is shown in Table 1. 

Table 3: Description of the criteria and their objectives 

Criteria Name Objective 

C1 Payback Minimize 

C2 IRR Maximize 

C3 Volume Maximize 

C4 Urgency Maximize 

C5 Compromisse  Maximize 

C6 Risk Minimize 

 

Payback evaluates the time required for the company to obtain a return on the capital 

initially invested in that segment. The general idea is that the lower the return value 

associated with the project, the lower the risk involved [8]. 

The Internal Rate of Return (IRR) will address the economic impact of a particular 

investment. The IRR is the percentage of return obtained on the balance of capital invested 

and not yet recovered. Mathematically, the internal rate of return is the interest rate that 

equates the present value of cash inflows to the current value of cash outflows [5]. 

The volume represents the estimate in m³ of the forecast of gas consumption due to the 

execution of the expanded network in the project. It considers the number of customers and 
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an average consumption forecast based on data such as the establishments' average 

consumption of natural gas (or electricity). 

The urgency seeks to assess the need and urgency for service and execution of the 

expansion of the network. This analysis occurs due to situations in which there is an implicit 

need to prioritize projects requiring natural gas availability in the previous or next period. 

The commitment seeks to evaluate the impact of expanding a specific network based on 

the number of consumer units that will be provided with the execution of the project . 

The risk aims to assess the risks associated with possible failures and problems in each of 

the stretches that are candidates for expansion. The Failure Mode and Effects Analysis 

(FMEA) was used to evaluate this criterion. 

Based on the need to justify the assumptions of investments made to shareholders and to 

the body that regulates the distribution service. The space for alternatives was defined based 

on various information about the potential market, mainly the volume to be added to the 

company's client portfolio. Therefore, the space of alternatives was defined as a discrete set 

containing 40 potential networks for the expansion of the natural gas, where A = {A1, A2, ..., 

A40}.  

Then, information was collected related to the consequences of the networks concerning 

the defined criteria (intra-criteria evaluation), and the preferences of the networks between 

the criteria levels were explored (inter-criteria evaluation). 

After collecting information and evaluating the set of actions, it was possible to establish 

the matrix of consequences in an Excel spreadsheet format that was added in the software of 

the chosen method, Fitradeoff, whose first step is the ranking of the criteria by the decision-

maker who defined: C3 > C2 > C4 >C5 > C1 > C6. Then, the decision-maker interacts with 

the software in the elicitation step to determine the scale constants for each criterion in the 

model. 

Finally, a recommendation was defined after 18 rounds of iterations, which showed a 

rank for determining the project portfolio, as illustrated in Figure 1. 

 

 
Figure 1 : Application Result 

 

The red line represents the budget of R$15,000,000.00 to expand the natural gas 

distribution networks, indicating that it would be possible to carry out all projects up to level 

12 and part of the projects in item 13. 

It is possible to notice that there was a tie in the ranking for some ranking levels. The 

interpretation is that all alternatives at that level presented an equivalent performance 

according to the decision maker's choices. Thus, when implementing the decision generated 
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by the model, the managers responsible for the decision must discuss these cases and 

analyze the implementation possibilities, considering the dominance relationship between 

the alternatives. 

A sensitivity analysis was performed to verify the robustness of the model. The study was 

conducted with the range of values that the scale constants of each criterion can assume 

without changing the final ranking. The outputs for evaluating the sensitivity of the result 

can be seen in Figure 2. 

 

 
Figure 2 : Graph of the acceptable range of variation for the scale constant of each 

criterion 

 

The result found in the application of the model is sensitive to the minimum and 

maximum values of each scale constant. The solution found remains the same for any value 

of 'k' between the minimum and maximum thresholds. For any change of scale constant 

within limits, the solution found is not changed, demonstrating robustness to the result 

found. 

 Therefore, it is possible to affirm that the applied model is robust and consistent for the 

results and possible variations in the scale constants. Furthermore, after carrying out the 

steps of sensitivity analysis and evaluation of inconsistencies, it was possible to validate the 

model result with the decision-maker. Thus, observing that the organization's expansion 

budget for the year of 2021 was R$15,000,000.00, the recommendation for the company's 

expansion project portfolio is that the projects can be implemented according to the ranking 

established until the total exhaustion of the available budget. 

 

CONCLUSIONS 

The main contribution of this study is in the standardization of procedures for a new 

decision-making process to define the project portfolio for the expansion of the natural gas 

distribution network. With the new model, a systemic mathematical method was incorporated 

into the company's decision to add financial and strategic objectives to the vital decision of 

identifying a portfolio of projects to expand the natural gas distribution network. In this way, the 

company can make bold decisions, optimizing its resources and maximizing its results. 

In addition to bringing benefits to the company, the company's employees, and stakeholders' 

structure, the new decision-making process also presents contributions by noting that practical 

analysis of the potential set of alternatives to expansion also allows the incorporation of 

society's objectives in the form of attributes for prioritizing networks according to their 

performance. 

Due to the great benefits, the model can be replicated to other natural gas distributors in each 

Brazilian state, or even to other companies at each stage of the natural gas sector, as all of them 

aim to expand their gas infrastructure. naturally based on several criteria. 
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Furthermore, the multi-criteria portfolio selection model can also be applied to other 

infrastructure expansion problems, such as energy transmission networks and sanitation 

networks, to encompass the maximum number of final consumers without burdening companies' 

investments. 
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ABSTRACT 
 

The study demonstrates the flexible functioning of the FITradeoff method that integrates the 

Holistic Evaluation with the Elicitation by Decomposition. For that purpose, the new features of 

the FITradeoff method in which integrates the two paradigms of preference modeling have been 

explored to solve a real multi-criteria decision problem. In this paper, a truck acquisition 

problem, at a midsize carrier faced with an uncertain and turbulent scenario due to the 

Coronavirus pandemic, was solved using the FITradeoff method. In this problem, seven criteria 

were considered to represent the Decision-Maker objectives. Also, six trucks (alternatives) have 

been examined by the Decision-Maker (Financial Director). The FITradeoff DSS supported the 

company as to obtain, through the combination of Holistic Evaluation and Elicitation by 

Decomposition, a ranking of all the trucks based on the preferences expressed during the 

decision process to ensure lower costs and higher profits in the long run, also guaranteeing a 

quicker (more efficient) resolution of the problem. 

Keywords: FITradeoff method, Elicitation process, Holistic evaluation, Multi-Criteria Decision 

Making/Aiding (MCDM/A), Truck Acquisition. 
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ABSTRACT 

The Brazilian government decided to open the applications of liquefied petroleum gas 

(LPG) that were previously limited to use in the kitchen. With this, decision makers are 

faced with a very complex problem, where the need to find ways to support decision making 

to analyze the best energy source for a given application appears. A multi-criteria decision 

model (MCDM) is considered an important tool to demonstrate the evaluation of a given 

problem that, many times, may have conflicting criteria and preferences. Thus, this study 

aims to investigate which MCDMs are being applied in the evaluation of LPG and other 

energy sources and which criteria are taken into account for the model. To achieve this 

objective, a literature review was performed based on the review of 15 articles. The research 

produced evidence that showed the most used methods were Fuzzy Logic and the most 

analyzed criteria were involving the Environmental, Technical and Economic areas and that 

can be used to guide future research that compares LPG to other energy sources in various 

applications in Brazil. 

 

Keywords: Multi-criteria decision making, LPG, Energy sources evaluation, Multi-criteria 

analysis. 
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INTRODUCTION 

Liquid petroleum gas (LPG) is a mixture of gases dissolved in petroleum and which can be 

found in natural gas, being basically composed of propane and butane. It is widely used around 

the world as an alternative fuel, with a variety of applications. Its main advantages, according to 

authors [1], come from the low emission of pollutants when in combustion, reaching a CO2 

reduction of 7% to 10% or more compared to gasoline. 

Even though it is widely used for cooking, the history of LPG in Brazil is troubled and 

controversial. On February 8, 1991, the Brazilian National Congress approved Law 8176, which 

restricted the commercialization and use of LPG, and its use in engines of any kind and other 

industrial applications was prohibited [2]. Over time, the law remained, and LPG continued with 

its application restricted to cooking gas and its production and commercialization monopolized 

by a few companies, which ended up increasing its cost. However, since 2019, a bill has been 

pending that seeks to revoke the restrictions imposed on LPG and bring back the freedom of the 

vast applications it has and to open the market to new companies. 

This fact would open the possibility of manufacturing new products that use LPG as fuel, 

such as a seed dryer that [3] used as the basis of a study proving the technical and financial 

feasibility and the increase in grinding quality when using LPG as an energy source; an LPG-

based generator controlled by an electronic control unit (ECU) that was designed by [4]. 

In this context, studies that compare the efficiency of LPG application in Brazil to other 

energy sources, such as gasoline, diesel, ethanol, and biodiesel, are crucial. Thus, the use of 

methodologies that support companies and interested parties in the decision of whether or not to 

use LPG becomes relevant, taking into account a series of factors. Among the methodologies, 

multicriteria decision models (MCDM) stand out, which are used where there is a difficulty in 

representing all the conflicting objectives of a decision, bringing the possibility of analyzing its 

use, weighing its advantages and disadvantages in comparison with the criteria, considering the 

degree of importance for them [5]. 

The authors [6] showed that since 2014 there has been an increase in articles that use and 

define the MCDM to build composite indicators, applied in a wide variety of fields: 

sustainability (29%), environment (12%), business (8%), energy (6%), tourism (5%), human 

development (5%), water service (4%) and investment (4%). The MCDM was shown to be 

efficient and advantageous in solving complicated problems involving several factors and 

criteria in all of the publications, as well as being of considerable assistance to people interested 

in decision-making.  

Therefore, this project seeks to carry out a review of multi-criteria decision models and 

criteria commonly used to evaluate the use of liquefied petroleum gas compared to other energy 

sources. This is not an exhaustive systematic review because the study's intention is not to cover 

all the literature looking for concepts related to the evaluation of LPG use, but to support 

decision-makers with a discussion and explanation of variables that can usually be used to 

analyze the efficiency of LPG applications in Brazil. This short paper presents partial results of 

a larger study that will develop a decision model for evaluation. 

 

METHODOLOGY 

The issue that motivates this research can be summed up in a single question: What are the 

criteria and multi-criteria decision methods that are typically used to evaluate energy sources? 

An exploratory-descriptive study based on a literature review was conducted to answer this 

question. The articles for review were chosen from a review of published papers that presented 

the evaluation of energy sources (specifically, LPG) in the MCDM research area, as well as the 

evaluation criteria and methods for fuel classification. Figure 1 depicts the research model and 

the steps taken to complete this study. 
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Figure 6: Research model 

It is important to note that this review was not a systematic review, due to its exhaustive 

nature. As a result, a sample of 15 articles was chosen (Appendix A).  The selected sample for 

this article was limited to articles categorized as "Evaluation of energy sources" with the 

keywords "Multi-criteria analysis" or "Multi-criteria decision" in the Web of Science and 

Scopus research database. The goal of this research is to define only the MCDM that were used 

in decision problems involving alternative energy sources. The titles, abstracts, and keywords of 

all articles delimited in the sample were reviewed in step 2 of the research model. This step's 

goal was to choose only MCDMs that had been used in the evaluation of energy sources that 

included LPG as a fuel alternative. Articles focusing on other segments were left out of the 

analysis. Each article was read in step 3 of the article content review. If it was not possible to 

determine whether the reviewed article should be included in the analysis in step 2, the article 

was read in full in step 3 to ensure that only articles relevant to this study were chosen. Step 4 

was used to analyze, discuss, and present the findings and conclusions. 

 

RESULTS AND DISCUSSION 

Applying what was mentioned in the research model, 15 articles were identified for the 

selected domains. Of these, there was an initial separation between the articles, in order to 

identify the MCDM methods used, as can be seen in Table 1.  

Among the methods, Fuzzy Logic stands out, which is a form of propositional calculation in 

which there are more of two truth values, in which the truth values of the variables can be any 

real number between 0 (corresponding to the false value) and 1 (corresponding to the true 

value). Within the review, Fuzzy logic was used in different ways and in combination with other 

methods as well [7]. There was also a high use of the Analytic Hierarchy Process (AHP) 

method, which consists of the decomposition and synthesis of the relationships between the 

criteria until a prioritization of its indicators is reached, approaching a better single measurement 

response. of performance [8]. The third most used method in the review is TOPSIS (Technique 

for Order Preference by Similarity to Ideal Solution), which is a technique for evaluating the 

performance of alternatives through their similarity to an ideal solution. According to this 

technique, the best alternative is the one closest to the ideal solution and farthest from the non-

ideal solution [9]. The PROMETHEE (Preference Ranking Organization Method for 

Enrichment Evaluation), WSM (Weighted Sum Method) and VIKOR (VIseKriterijumska 

Optimizacija I Kompromisno Resenje) methods ended up with the same frequency of use in the 

review, dealing with overclassification, weighted sum and classification methods, respectively. 
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Table 1 – Multi-criteria methods distribution 

Paper 

No. 
Authors 

Multi-criteria method used 

Fuzzy AHP PROMETHEE WSM VIKOR TOPSIS 

1 Tzeng et al., 2005 x    x x 

2 Kahraman & Kaya, 2010 x x     

3 Chang et al., 2013 x 
  

x 
  

4 Streimikiene et al., 2013 
     

x 

5 Aydin & Kahraman, 2014 x x 
  

x 
 

6 Yavuz et al., 2015 x 
  

x 
  

7 Mukherjee, 2017 x 
    

x 

8 Oztaysi et al., 2017 x 
    

x 

9 Sehatpour et al., 2017 
  

x 
   

10 Strantzali et al, 2017 
  

x 
   

11 Büyüközkan et al, 2018 x 
    

x 

12 Chen & Ren, 2018 x x 
    

13 Ullah et al., 2018 
 

x 
    

14 Hansson et al., 2019 
 

x 
    

15 Liang et al., 2019 x x         

 

 

Then, the criteria used by the review authors were analyzed. Within the 15 articles, 24 

different criteria were selected, belonging to 4 groups of criteria, namely: Technical : 

Technical factors were assessed on the basis of sub-criteria such as efficiency and fuel 

availability; Economic: includes criteria such as fuel costs, tariffs, and investments. 

Environmental: which takes into account the criteria that directly influence the environment; 

Social: criteria that take into account aspects of society, acceptance, and government policy.  

Table 2 lists the criteria observed by the review authors. It's worth noting that only criteria 

that appeared in multiple articles were considered, in order to rule out problems caused by 

particularly precise criteria. Furthermore, some criteria, such as "air pollution," which includes 

GHG, CO2, and other gases that may pollute the atmosphere, were merged into one. 

 

Table 2 – Criteria Distribution 
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Air pollution Env. 14 x x x x x x x x x x x x   x x 

Energy supply Tech. 12 x   x x x x x   x x x   x x x 

Energy efficiency Tech. 12 x     x x x x x x x x x x   x 

Costs of operation Eco. 10     x   x x x x x x x x   x   

Costs of 

implementation 
Eco. 9     x   x x x x x x x   x     

Costs of maintenance Eco. 9 x   x x x x x x x x           

Fuel cost Eco. 9     x x x x     x     x x x x 
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Table 2 – Cont. 
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Social acceptance Social 7   x x   x       x     x x   x 

Social welfare Social 7           x x x x x x     x   

Feasibility Tech. 7   x x     x     x x   x   x   

Vehicle characteristics Tech. 6 x       x x x       x       x 

Safety Social 5     x   x     x x         x   

Land requirements Social 4   x         x           x   x 

Market Maturity Social 4           x   x         x   x 

Capital & transition 

cost fuelling 

infrastructure  

Eco. 3 x         x   x               

Sense of comfort Social 3 x       x     x               

Labour impact Social 3   x       x             x     

Economic value Eco. 3   x       x   x               

Reliability Tech. 3   x               x   x       

Policy criteria Social 3   x                       x x 

Noise pollution Social 2 x                   x         

Availability of funds Eco. 2   x                       x   

Market Penetraon Social 2           x   x               

Secondary market 

Development  
Social 2           x   x               

 

The criteria "Air pollution", "Energy supply", "Energy efficiency", "Costs of operation" and 

"Costs of implementation" were the 5 most frequent criteria in the review articles, which also 

demonstrates the concern of decision makers with the environmental, technical and economic 

problems that imply the choice of a better fuel. Interestingly, only 7 of the 15 articles were 

concerned with social acceptance and some of them were also concerned with the fuel 

marketing criterion. 

 

CONCLUSIONS 

This research enabled the primary goal of this project to be met. When reviewing the 15 

articles, it was discovered that several MCDM methods, such as Fuzzy, AHP, PROMETHEE, 

WSM, VIKOR, and TOPSIS, were used in decision problems. It was discovered that Fuzzy 

Logic was used in 9 of the 15 articles. This is thought to be due to the wide perspective of these 

models, which makes them one of the most used and frequent in multicriteria decision 

problems. In addition, the criteria that the authors considered in decision problems were listed. 

Decision-makers are clearly concerned with criteria such as pollution, implementation and 

operation costs, as well as fuel and energy supply energy efficiency. These are criteria that can 
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be used to guide future research that compares LPG to other energy sources in various 

applications in Brazil. 

Finally, the main limitation of this study is the lack of a comprehensive comparative 

approach to investigating the use of multi-criteria methods in fuel evaluation. It would be 

interesting for the academic literature to identify the main similarities and differences, as well as 

the benefits and disadvantages, of each of the multi-criteria decision methods developed/applied 

for this domain. As a result, it is suggested that future studies conduct a comparative study with 

a wide range of MCDMs in energy source evaluation problems. 
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ABSTRACT 

This article aims to present the overall results of a study on the judgments of small and medium-

sized companies' managers who apply Information Technology Outsourcing (ITO) as a 

management strategy, helping to understand what they believe to be relevant for maintaining 

these relationships considering various relational factors for analysis. The analytical approach 

applies fuzzy sets theory elements, converting the managers' judgments into crisp values 

through a defuzzification process for application in the multicriteria method of partial 

information ELECTRE IV. The approach was applied to managers from a Brazilian information 

technology pole, and the results ensured the creation of rankings for the studied relational 

factors considering the two sides of the ITO relationships: suppliers and contractors. 

 

Keywords: Relational factors, Information Technology Outsourcing, Fuzzy Sets, 

Multicriteria Decision Aid, ELECTRE IV, Managers' judgments. 
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INTRODUCTION 

Outsourcing is one of the most applied strategies in Information Technology management, 

being quite a recurring theme by both researchers and practitioners [1]. Outsourcing can bring a 

series of benefits to its adopters, among which the focus on the company's core business stands 

out, with consequent cost reduction and productivity increase, elements that have repercussions 

on the improvement of the quality of services and access to new knowledge and technologies [2, 

3]. 

It is crucial to understand the factors associated with the relationship between contractors and 

suppliers in an outsourcing process, especially when managers on both sides are interested in 

keeping the outsourcing strategy aligned with organizational objectives [4]. The way both 

parties in the outsourcing process are concerned with maintaining their partnership can be 

described through a series of concepts understood as critical success factors for the outsourcing 

partnership. 

This work aims to present the main results of the last part of a research developed in a large 

Brazilian Information Technology pole. Expanded results are registered in the sequence of 

works by [5, 6, 7]. The most recently published part (in 2021) applied elements of fuzzy set 

theory to mitigate the vagueness in managers' judgments, using the defuzzified values obtained 

in the process as inputs for the ELECTRE IV multicriteria decision method to generate rankings 

of relational factors as judged by managers. 

 

RELATED WORKS 

Much of the ITO literature focuses only on one of the perspectives (either contractors or 

suppliers), addressing issues about the outsourcing decision, involving contractual issues, 

organizational performance, information security, relationship, or even dealing with isolated 

relational aspects. The work by [8] gives an example of this situation, focusing on evaluating 

suppliers for selection by the contractors, using the PROMETHEE I and II methods and Fuzzy 

Sets Theory. 

The work by [9] follows in the same direction, however, applying an evaluative approach 

based on different methods, this time trying to evaluate the risk-benefit in a fuzzy context 

involved in the selection of suppliers, ranking them through Data Envelopment Analysis (DEA) 

with Analytic Hierarchy Process (AHP) and the Technique for Order Preference by Similarity to 

Ideal Solution (TOPSIS). Another example is the study by [10] oriented to prioritize contractor 

evaluation factors through a fuzzy multicriteria hierarchical analysis. There is a particular need 

to know the different perspectives and ways the parties deal with the impacts of decisions taken 

in outsourcing [11]. 

The study by [5] aims to find internal correlations to each set of relational factors analyzed, 

from the perspective of both contractors and suppliers, to identify which factors have stronger 

relationships. The study by [6] expands this idea, going beyond the correlational study and 

prioritizing the factors studied through the PROMETHEE II Multicriteria decision method. The 

study by [7], to be detailed in the following sections, seeks to address the vagueness in the 

judgments of the managers of the companies studied on relational factors for later application of 

the ELECTRE IV multicriteria method performing new prioritizations. 

 

APPLIED METHODOLOGY 

The methodology applied was based on two central processes according to [7]: the treatment 

of vagueness in the judgments, using a process that led to defuzzification, thus obtaining crisp 

values for the judgments; and the subsequent application of crisp values in the ELECTRE IV 

method to prioritize relational factors according to the final aggregation of the judgments of 

managers in the relevant groups - either contractors or suppliers. Next, some central details of 
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the approach used will be given and the justifications for the methodological choices made. 

Definition of Relational Factors for Analysis 

The relational factors explored in the study were extracted from literature, as presented in 

previous works [5, 6, 7]. They were divided into three groups named according to their general 

associations in the relationship development among the parties involved in outsourcing: 

Contractual Aspects (CA) for those factors related to the initial conditions in the relationship, 

defined by formal contracts among companies involved; Critical Success Factors (CSF), for all 

the key factors related to softer aspects in the relationship, and which are not customarily 

formalized in contracts; and Risk Factors (RF), containing elements that can harm the 

development of the relationships.  

While [5] and [6] presented the CA and CSF with their concepts and some related literature, 

[7] introduced the RF, applying a new set to verify the model's sensitivity to the addition of new 

alternatives to the analysis. Table 1 contains these elements, according to the referred previous 

works. In [7], a concept equalization was made between the sets for contractors and suppliers, 

where it was verified that the CAs were conceptually the same, and for the CSF, only the factors 

with similar concepts were used. In the case of RF, as factors for checking sensitivity to the 

addition of new alternatives, they were the same from the beginning. Table 1 shows these 

groups and related factors. For their details about these factors, see the literature presented 

previously. 
 

Table 1. List of studied Relational Factors. 

Contractual Aspects Code 

Service Level Agreement CA1 

Detailed Contract CA2 

Incorporate Procedures for Flexibility CA3 

Definition of penalties for low performance and information 

violations 

CA4 

Duration of Contract CA5 

Costs CA6 

Critical Success Factors  

Commitment by managers of the companies CSF1 

Customer Relationship Management (CRM) CSF2 

Provide adequate services and structured contract CSF3 

Maintaining the companies' image in the market CSF4 

Conducting self-assessment of performance in service delivery CSF5 

Risk Factors  

Resistance to change by the staff RF1 

Pressure from contractors RF2 

Problems in services development, implementation, and 

continuity 
RF3 

Concurrency pressure RF4 

Geographic distance between contractor and supplier RF5 

 

Data Collection and Instrument Used 

A questionnaire was applied to 16 managers from supplying companies and 34 from 
contracting companies, located in a large Brazilian pole of Information Technology, placed in 

Recife (Pernambuco, Brazil), called Porto Digital. The instrument was addressed to the 

managers of these companies with the help of a local innovation agent linked to the Brazilian 

Service of Support to Micro and Small Enterprises. The sampling process was "for 

convenience" since the samples were extracted from an original number of 132 managers with 
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the support of an intermediate expert. 

The questionnaire had the following structure: Dimension A – Contractual Aspects (CA), 

containing six questions; Dimension B – Critical Success Factors (CSF), containing five 

questions; and Dimension C – Risk Factors (RF), containing five questions. Their questions 

were intended for the managers to analyze using a five-point ordinal scale: Very Low = 1, Low 

= 2, Medium = 3, High = 4, and Very High = 5. Pre-test, using Cronbach's Alpha test resulted in 

αs = 0.9173 for suppliers and αc = 0.8815 for contractors), corroborating the questionnaire's 

reliability. 
 

Defuzzification Process 

The process of associating the points of the ordinal scale with fuzzy triangular numbers was 

carried out considering the vagueness of the managers' assessment. Table 2 approximates the 

ordinal scale with semantic meaning and sets a triangular fuzzy number for each scale point, 

with the crisp number obtained by defuzzification. The vagueness of the managers' judgments 

on an ordinal scale was the characteristic that led to the use of an association process with fuzzy 

numbers and subsequent defuzzification. 
 

Table 2. Scale and corresponding fuzzy numbers. 

 

Linguistic Variable Order Variable Fuzzy Number Crisp Number 

Very Low 1 [0.00, 0.05, 0.15] 0.07 

Low 2 [0.10, 0.20, 0.35] 0.22 

Medium 3 [0.20, 0.40, 0.55] 0.38 

High 4 [0.35, 0.50, 0.75] 0.53 

Very High 5 [0.45, 0.75, 1.00] 0.73 

  

After associating the fuzzy triangular numbers for each managers' judgments, the 

defuzzification process was applied using the Center of Gravity (COG). The defuzzification 

process can also be understood as a normalization process: the numbers were on a scale between 

0 and 1 after being defuzzified into crisp numbers. 

 

Multicriteria Decision Method 

The ELECTRE IV method was selected because it aligns with the problem in question for 

the type of multicriteria evaluation applied. It is a method that follows the ranking problematic 

(P.γ) and works with partial information [12]. This last characteristic influenced its choice since 

the evaluation matrix has a structure where, instead of the criteria, the managers of the 

companies were inserted so that it would be impracticable to define weights for each one of 

them in particular. The decision matrix followed the same structure explained and adopted by 

[6] and [7], considering the companies that responded to the submitted questionnaire as criteria, 

therefore, following a group decision strategy. Mathematical formulations and procedures of 

ELECTRE IV are presented by [12] and [13]. 
 

OVERALL RESULTS 

The general results can be translated into rankings, prioritizing the factors studied. Table 3 

is divided into two parts: the right side contains the ranking from the contractors' point of view; 

the left side is the suppliers' point of view. 
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Table 3. Rankings for studied factors under the two perspectives. 

Contractors 

 

Suppliers 

 Factor Upward Downward Final 

 

Factor  Upward Downward Final 

CSF2 1.00 1.00 1.00 

 

CA2 1.00 1.00 1.00 

CA6 2.00 2.00 2.00 

 

CA1 2.00 2.00 2.00 

CSF1 2.00 2.00 2.00 

 

CA6 2.00 2.00 2.00 

CSF3 3.00 3.00 3.00 

 

CSF1 2.00 2.00 2.00 

CSF4 3.00 4.00 3.50 

 

CSF4 4.00 3.00 3.50 

CA2 4.00 5.00 4.50 

 

CSF3 5.00 4.00 4.50 

CA1 7.00 6.00 6.50 

 

CSF2 3.00 8.00 5.50 

CA3 6.00 7.00 6.50 

 

CSF5 6.00 5.00 5.50 

CSF5 5.00 10.00 7.50 

 

CA3 7.00 6.00 6.50 

CA4 8.00 8.00 8.00 

 

CA5 7.00 7.00 7.00 

CA5 9.00 9.00 9.00 

 

CA4 8.00 9.00 8.50 

 

Sensitivity analysis, with the inclusion of RFs, helped to understand how sensitive the 

multicriteria model used is concerning the addition of new factors to be considered for 

prioritization, generating or not changes in the orders established between the factors in the 

initial results. Table 4 presents the positions obtained according to the insertion of the RFs, for 

both perspectives. 
 

Table 4. Rankings for sensitivity analyses (both perspectives). 

Contractors 
 

Suppliers 

Factors Final 
 

Factors Final 

CSF2 1.00 
 

CA2 1.00 

CA6 2.00 
 

CSF1 2.00 

CSF1 2.50 
 

CA6 3.00 

CSF3 3.50 
 

RF1 3.00 

CSF4 3.50 
 

CA1 3.50 

CA1 5.50 
 

CSF4 6.00 

CA2 5.50 
 

CSF3 7.00 

CA3 6.50 
 

CSF2 7.50 

CSF5 8.00 
 

CSF5 8.00 

RF2 8.00 
 

CA5 9.00 

CA4 8.50 
 

RF4 9.00 

RF5 10.00 
 

CA3 10.00 

RF1 10.50 
 

CA4 11.00 

CA5 11.00 
 

RF2 12.00 

RF4 11.50 
 

RF3 13.50 

RF3 12.00 
 

RF5 14.50 

 

For contractors, comparing the original factors (CA and CSF) positions in Table 3 with the 

positions in Table 4, CA1 and CA2 suffered an inversion, but relative positions among the other 

original factors did not change with RFs inclusion. For suppliers, the changes were more 

pronounced, with CSF1 appearing in second position, between CA2 and CA6, and with CA1 

now appearing after CA6. Other changes in the suppliers' perspective can also be noted, 

indicating a greater sensitivity of the model according to the evaluations of this part. 

 

FINAL CONSIDERATIONS 

This article presented the combination of a vagueness treatment based on Fuzzy Sets 

Theory, using the association of fuzzy triangular numbers with the points of an ordinal scale, for 
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further defuzzification, with the ELECTRE IV method to perform a multicriteria assessment of 

a set of relational factors in IT outsourcing. Data collection was carried out with managers of 

contractors and suppliers of Porto Digital (Recife, Pernambuco, Brazil), obtaining their 

judgments on the factors studied according to previous works [5, 6, 7], enabling the 

prioritization of these factors according to the researched parties. 
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ABSTRACT 

A low-performing team can cause serious problems and have a substantial impact on the 

organization's performance. Unproductive teams frequently cause unnecessary interruptions 

and strategic failures. Despite extensive study on team building, the characteristics that play 

a role have received little attention. Our study's main purpose was to figure out which 

characteristics are important in team formation and performance. Our study consists of more 

than 10 questions broken into categories. Sixty to seventy percent of the over 300 

participants who were contacted responded to our call and provided their thoughts on the 

strengths and weaknesses of team formation characteristics. When the study's data is 

analyzed, a number of interesting results arise, revealing that several factors, play important 

role in team building. In this paper we will analyzes some of those characteristics that 

influence team performance according our responders.  

 

Keywords: Short Paper, Group formation, Characteristics, Group, questionnaire, survey 
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INTRODUCTION 

The impact of teamwork on organizational success is significant. A competent team can 

assist a company in achieving extraordinary achievements. A disorganized team can result in 

unneeded disturbance, missed deadlines, and strategic failure. Nowadays, it's nearly hard to 

escape being a part of a group. If you're not part of an official team at work, chances are you're a 

part of one in some way. Knowing your teamwork strengths and weaknesses is crucial for your 

personal and professional development. As mentioned in our previous work [1], [2], it has been 

argued that teams can handle complicated situations better than individuals working alone, 

corporations are increasingly relying on team-based work arrangements to achieve corporate 

objectives.[3]–[7]. Despite the considerable interest in cooperation, academics disagree over 

which components make up the construct and how it relates to team effectiveness.[8]–[11].  

A team is a complex and dynamic entity made up of two or more people with specific tasks 

to complete [12], [13]. Members of a team work together to achieve a common and valued goal 

in an adaptive, interdependent, and dynamic manner, and membership is usually limited in time 

[14], [15]. As a result, simply gathering a group of people does not constitute a team, because 

teamwork is more than the sum of many people's efforts [16], [17]. By its very nature, teamwork 

is complex and dynamic, and there is currently no universally accepted definition. Furthermore, 

components that are believed to comprise collaboration are labeled and used inconsistently, 

making it difficult to measure the construct and compare empirical results [18]–[21]. To put it 

another way, cooperation comprises the use of information, skills, and attitudes to assist team 

members and achieve team objectives. [19], [21]–[23].  

Given the difficulty of getting a representative sample, the appropriate method was chosen as 

a somewhat haphazard but concentrated technique, targeting at enterprises as well as 

educational institutions that largely require the formation of teams to complete their tasks. This 

is a valid sampling approach because the sample members are picked semi-randomly and the 

researchers can ensure that all aspects of the population are represented. The use of quantitative 

and qualitative survey questions together, or 'blended', is commonly acknowledged as adding 

explanatory value to solely descriptive data [24], [25]. 

 

Characteristics of an effective team 

A low-performing team can cause serious problems and have a substantial impact on the 

organization's performance. Unproductive teams frequently cause unnecessary interruptions and 

strategic failures. A strong team, on the other hand, will produce positive outcomes. An 

effective team comprises of a diverse set of individuals that complement each other's skills in 

order to complete the task. 

They interact in an open manner and value each team member's contribution. They are 

focused on collaborating and recognize that they are reliant on one another's efforts. They share 

responsibility for the outcomes and strive for synchronization, integration, and cooperation in 

whatever they do. 

Furthermore, the group is motivated by the opportunity to develop personally and 

professionally. This encourages each team member to give it their utmost in order to fulfill their 

tasks as efficiently as possible while also cooperating. They are engrossed in their work and see 

it as a worthwhile task. Working with an effective team doesn’t have to be difficult. Improving 

the team will elevate organizations to a higher level of effectiveness as well. Most of all, it 

reduces stress and dissatisfaction among employees. The following characteristics lead to 

effective teams.  

Successful teams develop strong working relationships by ensuring: Defined roles, 

Accountability, Clear and proactive communications, Trust, no conflict avoidance, decide 

together, hold each other responsible, focus on a collective result. In addition, successful teams 
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incorporate effective processes by incorporating: Shared leadership among team members, 

Diversity of skills and personalities, Frank and frequent critique. 
 

Results 

The diversity in how people operate and see the world makes for energizing teams and 

discussions. An effective team takes use of these inherent differences and maximizes 

performance by placing the right people in the right roles. 

The replies to some of the questions about: what would the responders value more, what would 

influence the performance of teamwork, the benefits of teamwork, and lastly what are the 

characteristics of an effective were evaluated. The knowledge gained from this type of analysis 

was intended to explain in greater detail how the means of all the answers were influenced, as 

well as to better understand the differences in perspective between team members. 

To the question, "What do you value most in a colleague?" in regards with the age of the 

correspondent. The majority of the answers replied that Character/Personality is valued more 

with almost 70% than knowledge Expertise or Experience. Furthermore, we notice in Figure 1, 

that age groups older than 30 give more weight to the personality than to the level of 

knowledge. Unlike younger people where the difference between the two is significant smaller. 

This shows us that people who are more "mature" and therefore more experienced, value 

character more than the level of knowledge. 

 
 

Figure 7: What do you value most in a colleague in respect with the age 

 

To our next question “What factors would have the most impact on the team's performance?” 

regarding the number of projects the correspondent have been participated. Most responded that 

lack of communication was a key feature that affected the team by 50% of the total responses, 

followed by "lack of motivation" by almost 20%, "lack of technical knowledge" by 15%, and 

finally with a smaller percentage the "lack of leadership" with almost 13% of the total 

responses. In the Figure 2 we can observe the factors that impact the performance of the team 

regarding the numbers of the projects the correspondent has participated. 
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Figure 8: Factors with the most impact on the team's performance in regards numbers of project 

participation 

When asked about the advantages of cooperation, more than 65 percent said it "promotes 

creativity and learning," "assists in the integration of complementary talents," and "encourages 

problem solving." Of course, there were other advantages to teaming with lower percentages, as 

indicated in Figure 3. 

 

Last but not least, regarding the characteristics of an effective team? Communication is the most 

important characteristic of an effective team, according to respondents, with 34%, followed by 

other traits such as commitment (24%) and other characteristics shown in Figure 12. 
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Conclusion 

This study looked into the characteristics that influence the development of teams. It has 

addressed challenges that interviewees have with building teams, such as social/cultural issues, 

member distribution based on background, and respondents' preferences for leadership 

characteristics, as well as what influences team performance. Communication, including the 

frequency with which team members interact as well as the quality of that communication; 

cultural differences between team members, which can lead to misunderstandings that go 

unrecognized; team member commitment and social cohesiveness are vital; Effective teams can 

only communicate effectively if they have the right technology to enable them. Some care is 

required when romanticizing the benefits of labor. Good management and leadership are crucial 

in any team. At different stages of the team's lifespan, different leadership styles are required. 

These are the advocate (before the team is formed), catalyst (as the team develops), and 

integrator (as the team matures) (as the team matures). Regardless of leadership style, 

management must be aware of the difficulties listed above and ensure that the team has the 

resources it requires to perform at its best. Further research into teams could focus on: 

determining the nature of conflict and accompanying communication breakdowns inside groups, 

the consequences of imbalance in technology resources, modes of control, socialization and 

social competencies required in teams, and their influence on team cohesion. Consider the 

effects of national origin and cultural diversity, language, industry, and job function differences 

in teams, and the relationship between team and organizational performance in cross-cultural 

and comparative study. 
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ABSTRACT 

Cybersecurity has become a major issue worldwide, and better tools are needed to combat 

attacks of different kinds. This research analyses the perceptions of cybersecurity experts 

working in various South African industries with artificial intelligence (AI)-enabled 

cybersecurity tools, particularly those using machine learning and deep learning algorithms. It 

aims to establish how these users perceive usefulness of such cybersecurity tools, and the 

benefits that would encourage them to continue using these tools. Semi-structured interviews 

were conducted with 11 cybersecurity experts from large organisations. Using the Expectation 

Confirmation Model as a framework for questions, and thematic data analysis, a list of key 

benefits of such tools emerged, as well as associated challenges. Factors influencing satisfaction 

and continuance intentions of the expert users included automation, less human intervention, 

reduced false positives and risks, insightful reporting, and faster and easier data gathering. The 

study also identified challenges related to data privacy, alert fatigue, configuration issues, and 

the use of AI by cybercriminals. Despite these, overall perceptions of the expert users were very 

positive, and almost all indicated that they would continue to use such AI-enabled tools for 

cybersecurity. 

 

Keywords: Artificial Intelligence, Cybersecurity, Intrusion, Malware, Attacks. 
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INTRODUCTION 

The Society for Information Management (SIM) 2021 IT Trends Study [1] shows that 

Security/Cybersecurity/Privacy is the most important IT management issue for 454 

organisations and the most worrisome issue for their senior IT leaders. Analytics/Business 

Intelligence/Data Mining, together with Security/Cybersecurity head the list of information 

technologies that these leaders say should receive more investment, followed by Artificial 

Intelligence/Machine Learning/Expert Systems. Recent reports by [2] and [3] have highlighted 

that since the world moved to remote working in 2020, there has been a significant increase in 

phishing and targeted social engineering attacks. The cybersecurity report [4] noted that over 22 

billion confidential company records were exposed in cyber incidents in 2020. 

Traditional hardware and software defensive mechanisms against these heightened and 

intelligent attacks are inherently imperfect [5]. This has encouraged organisations to adopt 

advanced technology such as Artificial Intelligence (AI)-enabled cybersecurity defences to 

counter these threats against their infrastructure [6, 7]. Research into cybersecurity using 

machine learning (ML) and deep learning (DL) has predominantly focused on AI-enabled 

intrusion detection systems (IDS), malware analysis, and spam detection systems [8, 9, 10], and 

this study will therefore focus on those areas. There are many AI-enabled cybersecurity tools on 

the market [6, 7], and organisations in South Africa are deploying these to detect, respond, and 

prevent cyberattacks in real time.  

Given limited research in this area, the objective of this study was to explore the overall 

perceptions by expert users of such tools for cybersecurity, and to understand the benefits and 

challenges of these tools in South African organisations. There were two main research 

questions:  
1) How useful do expert users perceive these AI tools for cybersecurity? 

2) What factors influence intentions of expert users to continue using these tools? 

Some recent related literature follows this introduction, and next is a section on the research 

methodology and design, followed by an analysis of the data collected during interviews with 

cybersecurity experts. The conclusion includes suggestions for future research. 

 

BACKGROUND 

Within the last decade attacks on cyber systems have increased in prevalence and nature, 

forcing organisations to implement the right mixture of tools to protect their environments [6, 

11].  According to a report for 2020, 3950 breaches were reported, 45% of which featured 

hacking, 17% involved malware, and 81% were perpetrated against large organizations [12].  

With more people working from home, attacks from email significantly increased. A 2021 

Threat Report [2] stated that 94% of cyberattacks started with email; in the last year 60% of 

these were related to the Covid pandemic or preyed on remote workers. ML and DL algorithms 

can reduce spam emails reaching a user, with less time and effort [8, 10]. 

A survey of 1,400 IT and cybersecurity professionals from 12 countries published in 2022 

[13] showed that 46% of their organisations were using AI and ML technologies, and another 

46% planning to do so. Benefits had included accuracy of threat detection and reduction in 

human error. Ransomware attacks were experienced by 75%, up from 61% the previous year, 

and 96% had been targets of email-related phishing attempts; 2021 appeared to be the worst 

year on record for cybersecurity [13]. 

Many tools in the cybersecurity field now use AI to detect, respond to, and prevent 

cyberattacks in real time [6, 7]. For IDS, anomaly-base detection traditionally uncovers 

malicious activity based on recorded normal behaviour, or misuse-base detection does so on a 

repository of attack signatures. Both are however inadequate for new variants of advanced 

attacks, as they produce large amounts of data, requiring resource- and time-intensive manual 
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review [6, 11]. Here AI-enabled tools with ML and DL algorithms can reduce time and effort 

required to investigate IDS alerts [11]. Traditional signature-based systems like anti-virus and 

anti-malware software are not effective against zero-day malware (previously unknown attacks) 

and obfuscated malware. However, unsupervised ML and DL are able to detect and isolate these 

threats [11, 14]. 

AI-enabled products for cybersecurity offer several benefits to organisations: False positives 

are notifications that should be classified as normal traffic but are identified for investigation. 

Use of AI in IDSs can filter out false positives, and focus on the true positive notifications [5, 7, 

8, 10]. AI-enabled systems with ML and DL algorithms can detect previously unknown attacks, 

called zero-day attacks; AI can detect breaches faster and offer solutions relatively more quickly 

than traditional cybersecurity systems [6, 8, 10, 15].  

As with any technology, various challenges may need addressing. These include system 

configuration and complexity, data privacy issues, and AI use by cybercriminals [5, 7, 11, 14]. 

 

RESEARCH METHODOLOGY 

The Expectation Confirmation Model (ECM) developed by Bhattacherjee [16] was deemed 

suitable for this study as it examines the post-adoption views of information system’s users and 

their changing expectations as they gain more experience from using the specific information 

system [17]. The ECM has four constructs, which were used to understand the cybersecurity 

professionals’ perceptions of their AI tools [16, 18, 19].  

 Confirmation is defined as the relationship between the cybersecurity user’s initial perception 
of the information system (AI tools) and its actual performance.  

 Perceived usefulness is the perception the cybersecurity expert has on the AI tool to better 
enhance their performance in the workplace.  

 Satisfaction is defined as the attitudes (feelings) the cybersecurity experts have towards the AI 

tools they interact with in their daily work.  

 Continuance intention is the cybersecurity expert’s intention to continue to use the AI tools 
for cybersecurity in their job, and not to seek an alternative.  

P1 to P5 indicate propositions of positive links between the constructs, as proved in [16].  
 

 

Fig. 9. Expectation Confirmation Model (ECM) (Bhattacherjee, 2001) 

Given the relatively new research area, the study was exploratory and followed an interpretivist 

paradigm [20, 21, 22]. Non-probability purposive sampling of cybersecurity experts was most 

appropriate for this study, as they could provide first-hand experience and perceptions of the AI-enabled 

tools [21]. Semi-structured interviews [22] used questions related to the four ECM constructs, adapted 

for the research topic. These focused on their general opinion of AI tools for cybersecurity, and not on 

specific tools used, and enabled qualitative responses. Details of the 11 cybersecurity professionals 

interviewed, and their AI tools used are shown in Table 1.  
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Data Analysis followed both a deductive and inductive approach to thematic data analysis 

[20, 21, 23]. Based on questions related to the ECM constructs, deductive qualitative analysis 

was used to generate initial themes, with NVivo used for the coding. Inductive coding followed, 

which identified additional emerging themes and sub-themes [20, 23]. These themes and 

subthemes are listed in the next section, with a few supporting quotes from the interviewees. 

Table 4. Interviewees and Their Tools Used 

*1-Splunk; 2-IBM QRadar; 3-Cybereason; 4-Darktrace; 5-AlienVault; 6-Next-Gen Firewalls; 7-

Mimecast; 8-Netrix; 9-Geekflare; 10-Nessus; 11-Crowdstrike; 12-EDR Tools; 13-“Offensive Security 

Tools” 

 

ANALYSIS AND DISCUSSION 

Confirmation 

All but one of the interviewees had their initial perceptions of the products met after being able 

to use the product in their line of work, for example:  
“it's cutting-edge technology and that stuff excites me, so being able to use those sorts of tools and see 

what they can do. …. contrast it to what we're able to do just five years ago is always very exciting. 

These tools are great man. …And the amount of data they are able to collect, how quickly they able to 

get up and running” [EXP 2]. 

Perceived Usefulness 

A range of Perceived Benefits of the AI-enabled tools emerging inductively from the thematic 

analysis now follows. 

Automation. Most participants interviewed indicated that a major factor in these tools is 

automation, enabling them to focus their attention on other critical areas in the 

cybersecurity domain.  
. “So, the good thing is they do much of the work. Uh, from gathering all the information from, for 

example, within the SOC. They can gather all information related to uh to reports and give you one 

consolidated report…” [EXP 9]. 

Automation has a direct influence on the following factor that emerged: 

Less Human Intervention. “that's something one human being wouldn't be able to go 

through all manually to identify, … or even just to get a good understanding of what 

people are doing with the network.” [EXP 2]. 

Insightful reporting. This was cited by most participants as an important factor: “able to 

generate insights and able to see what's going on in the environment and then immediately 

address the various security issues you may have” [EXP 4]. 

Reduced False Positives. Most participants noted a big reduction in time-consuming false 

positives, as noted in literature [5, 7, 10]. E.g.: “It filters lot of unnecessary noise like your 

false positives. And then 99% of the time you get to deal with the real intelligence you 

ID Designation Organization Tools Used* Experience 

EXP 1 Cybersecurity Manager  Government  1, 7, 6, 8, 9, 10 9 Years 

EXP 2 Cybersecurity Consultant Consulting  1, 4, 11 5 Years 

EXP 3  Cybersecurity Specialist Banking  1, 13 5 Years 

EXP 4 Snr Info Security Officer Financial 1, 4, 5 23 Years 

EXP 5 Info Security Officer Banking  1, 2, 5, 12 7 Years 

EXP 6 SOC Analyst Banking  1, 2, 3 3 Years 

EXP 7 Snr Cybersec Specialist Retail 1, 2, 3, 6 9 Years 

EXP 8 Cybersecurity Specialist Banking 1, 2, 3, 5 3 Years 

EXP 9 Cyber Security Manager Automotive 1, 6 15 Years 

EXP10 Cyber Security Manager Financial 1, 3, 4 5 Years 

EXP11 Cybersecurity Specialist Banking 1, 2 7 Years 
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know, through the reports.” [EXP 1]. 

Reduced Risk. This was noted as another useful factor: “a scorecard talks to how risk is 

managed for any organization, so putting in that tool will be addressing a problem 

statement that helps their business to reduce risk, right?” [EXP 4]. 

Productivity. Almost all participants stated that the AI in the tools assists them and their 

teams to increase productivity, and creates time to focus on other tasks.  

“in terms of productivity, it's actually quite helpful. It reduces your workload. Yes, you'd 

rather use your other time towards something else.” [EXP 9]. 

Faster and Easier Data Gathering. Previous studies suggest that AI can detect breaches 

and offer solutions to counter the threat in relatively quicker times than traditional 

cybersecurity systems [6, 15]. Most participants agreed with this, suggesting that this 

strongly motivates their perceived usefulness of the tool. This also assists them in closing 

off investigations in less time.  

“Under normal occasion where you have to do a hunt for an incident 2-3 hours, with the 

AI enabled tools you take less 30 minutes an hour…. it simplifies the data and gives it to 

you in a very structured and analysed way that if a human being was to do it, it would take 

them hours. So yeah, I find them to be useful.” [EXP 10]. 

 

These benefits are all clearly important for the expert cybersecurity users, influencing 

their perceived usefulness of the tools. Some potential challenges were also identified, 

which if not addressed, have the potential to negatively impact on the overall perceived 

usefulness of the AI tools:  

Data Privacy Issues. These tools gather a large amount of data, which if exposed could 

lead to regulatory fines and reputational damage for both the organisation and product 

vendor [14].  

“there could also be risks attached to that, not just financial risks. You know people risks 

maybe even regulatory risks.” [EXP 2]. Expert users see the migration to more cloud-

based platforms as a potential challenge for the AI tools if not managed properly. EXP 10 

said: “now we're moving to the cloud, and they need now to align with the company. 

Strategy is going into the cloud. How are we going to have the same controls … in the 

cloud?” 

Alert Fatigue. Even though alerts are significantly reduced by the AI tools, some 

interviewees suggested that alerting issues are still prevalent in the systems, and can 

impact morale. “You find a lot of SOC Analysts, just telling you how stressful this job is, 

you know, because the things they have to do”. [EXP 2].     “…they produce a lot of false 

alarms. And it still takes the human effort to go in, filter out all of the false positives.” 

[EXP 11]. 

But this challenge depends on how the system is implemented and adapted over time:  

“We get thousands of alerts a day and like I said it takes time to refine.” [EXP 10]. 

 

Compatibility and Configuration Issues. These were highlighted by most interviewees, 

including strong advocates for the products. Implementation and integration with other 

tools were identified as a problem. The vendors also need to ensure that the product is 

adequately configured to different environments. 

  
“But the different environments are not really catered for, you know in the sense that at times some of 

the things that are flagged as being potential threats are not real threats in that organization, but in 

another organization, they are.” [EXP 7]. 
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AI Used by Cybercriminals. Most interviewees recognized that they need to deploy 

advanced technology to secure their environment against advanced persistent threat 

(APT) actors.  

 
“we've seen that their advanced persistent threat actors they are using more advanced mechanisms to 

get into environment and deploy, either ransomware or other various types of malware...” [EXP 5]. 

 

Marketing Hype. Even with the positive benefits noted by most interviewees, some feel that 

there is excessive marketing hype to sell the AI products. “the companies oversell in terms 

of capability. One instance was one like a tool was sold that it can actually prevent zero 

days and I think that's actually quite a misleading statement. Nothing can prevent zero 

day..” [EXP 5]. 

Cost. Some interviewees indicated that for their executives the cost of the tool and the 

return on investment was important for its continual usage. But cost was however not 

always a major factor: “at the end of the day we sit down and do a comparison of which 

one offers more value for money and then the case where the most cost effective one does 

have more functionality to go for that, but in some cases, there are tools that are just so 

impressive that we just take them regardless of the cost.” [EXP 6]. 
 

Despite the above potential challenges, almost all interviewees felt that their performance 

expectations of the AI tools were met, and the perceived usefulness factors have positively 

influenced their overall satisfaction and their continuance intention for the AI tools. 

 

Satisfaction 

Most interviewees were very satisfied with capabilities of the AI products and how these made 

their lives easier. EXP 8 said: “it's far better than doing things manually. For me, automation is 

the future. Machine learning is the future, AI the future.”  EXP 2 added: “These things are 

cutting edge technology, Man. If you see the things its able to do, it’s real good stuff.” 

 

Continuance Intention 

Most users only had positive statements to make about the tools and said the perceived 

usefulness of the tools significantly influenced their continuance intentions. But some said more 

work was needed: 

“So definitely there is, in my perspective continued need for these tools…. but there's a lot more 

work that needs to be done, specially in a South African market when it comes to being able to 

identify potential attacks and respond and recover.” [EXP 2] 

The only dissatisfied user EXP 3 (who in fact used very limited AI tools) also indicated that if 

their tools were improved or better implemented, they would not seek an alternative:  

“I definitely think there is a market for this and if correctly implemented will greatly increase 

the security of organisations.” [EXP 3] 

The cybersecurity experts’ overall positive satisfaction in almost all cases linked to an intention 

to continue using the AI products. 

  

CONCLUSION 

New technology or systems are not always widely accepted and used, for various reasons, often 

organisational. In this case many organisations now realise the potential of AI to reduce 

cyberattacks and incidents related to cybersecurity, and are integrating it into their cybersecurity 

armoury. This research set out to answer the following questions: 

1) How useful do expert users perceive these AI tools for cybersecurity? 
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2) What factors influence the intentions of expert users to continue using these tools? 

The ECM framework [16] proved to be useful in formulating and summarising interview 

questions, and answering the two research questions. The research found that in almost all cases 

cybersecurity experts felt AI tools had confirmed their expectations of them, and added 

significant value in detecting and combating cyber attacks. Their perceived usefulness covered 

benefits mentioned in recent literature, and added further benefits too.  Various challenges were 

also mentioned, but these did not detract significantly from the benefits achieved. Overall the 

cybersecurity experts were satisfied, and expected to continue using the AI-enabled tools, as 

they gave them a definite edge over those previously used. 

 

Limitations and Recommendations for Future Research 

Interviewees gave their general opinions of the many AI-enabled tools used; future research 

could examine benefits, challenges and satisfaction with specific tools for dealing with certain 

cybersecurity situations such as ransomware, brand spoofing, attacks on supply chains and 

utilities, and credential stuffing attacks. This research could also be replicated in other countries, 

or focussed on individual industry or governmental sectors. 
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ABSTRACT 
 

The success of companies nowadays is increasingly dependent on data. The 
importance of transforming this data into information and integrating this information 

into decision making is now commonly accepted. One way to achieve this goal is by 

using Data-Driven Decision Support Systems (Data-Driven DSS). Among them Self- 

Service Business Intelligence (SSBI) Systems aim to accelerate the BI process by 

minimizing the intervention of IT experts in the process and empowering business people 

to create their own business reports. This way, companies benefit from a higher level of 

reactivity, which is crucial in the dynamic environment they face. However, due to their 

lack of technical knowledge and the limitations of self-service features of the current 

tools, business people encounter several difficulties in using the SSBI tools. 

This short paper exposes our position on the current complexities of SSBI tools and the 

proposed approach to deal with them. This position paper highlights the complementarity 

between the problems faced by business people when using SSBI tools and the benefits 

provided by Semantic Recommendation Systems (SRS). To this end, the paper first 

develops the principles of Recommendation System (RS) and more specifically, of SRS. 

The potential of these systems will then be put forward by presenting some benefits of RS 

and Semantic Web Technologies (SWT) correlated to the current problems of SSBI. 

Some of the benefits generated by the integration of SWT within the RS are then 

described. We conclude this paper by evoking a few related works mobilizing the 

different concepts discussed in this work to position our approach in the existing 

literature. 

 
Keywords:   Data-Driven   DSS,   Self-Service   Business   Intelligence, Business User, 

Semantic Recommendation Systems. 

 
 

 

 

 

 

 

 

 

 

 
ICDSST 2022 PROCEEDINGS – ONLINE VERSION   

THE EWG-DSS 2022 INTERNATIONAL CONFERENCE ON DECISION SUPPORT SYSTEM TECHNOLOGY  
J . Papathanasiou, M. P. Belioka, P. Digkoglou, D. Zopounidis  

Thessaloniki, GR, 23-25 May 2022 

mailto:sarah.pinon@unamur.be
mailto:isabelle.linden@unamur.be
mailto:corentin.burnay@unamur.be


 

                                                                                                                                                           171  

 

INTRODUCTION 

The benefits of Data-Driven Decisions Support Systems (Data-Driven DSS) have been widely 

demonstrated within companies [1]. Business Intelligence (BI) is one such system [2,3] in which 

IT expert transforms data into information and Business User (BU) uses this information to 

make decisions[4].he standard BI is impacted by the increasingly dynamic environment that 

companies are facing. This new environment requires a high level of responsiveness in decision 

making [4,5]. To meet this requirement, the Self-Service Business Intelligence (SSBI) approach 

is a promising solution. The objective of SSBI is to minimize the involvement of IT experts in 

the creation of business reports by empowering BUs to create their own reports. Doing so, 

considerable time savings can be achieved and the responsiveness of companies can be 

improved [5,6]. Modern BI tools are increasingly focused on self-service functionalities [7]. 

SSBI tools do not currently meet all the requirements that are expected from them [4]. Indeed, 

these tools are at the moment inaccessible for a large part of BUs due to their lack of technical 

knowledge. They face several challenges in the process of transforming their business questions 

into information extracted from data [4,8] such as the choice of interesting data to explore or the 

most appropriate analyses for their business question [4]. 

Considering these BU challenges this paper enhances that different systems based on Artificial 

Intelligence (AI), and especially Semantic Recommendation Systems (SRS), offer relevant 

qualities to face them. Indeed, SRS provide many benefits aligned to the needs of BUs due to 

the two systems they mobilize, namely: the Recommendation Systems (RS) which are designed 

to support selection decisions and the Semantic Web Technologies (SWT) which integrate 

semantical aspects in technical systems. In addition, SRS are actually powerful RS. The 

knowledge base they use allows them to overcome many problems encountered by traditional 

RS. 

This paper is organized as follows: Section 2 develops the background of RS. Section 3 explains 

the potential of SRS within SSBI. Section 4 briefly states different works related to the main 

concepts of this paper. Finally, section 5 concludes the paper and indicates our future works. 

 

 

BACKGROUND ON RECOMMENDATION SYSTEMS 

RS are tools that generate recommendations on items that are likely to be of interest to the user. 

These recommendations help the user to find the most useful item for him [9]. Two types of 

conventional RS are the following: Collaborative Filtering RS and Content-based RS [10]. 

Collaborative Filtering RS focus on the interactions between users and items. These systems use 

the past ratings of all users to recommend a specific item. Content-based RS are based on user 

profile attributes. These systems recommend items that are similar to those already liked by the 

user in the past or items whose attributes match those of the user [11]. 

These traditional RS face several drawbacks such as the cold-start problem, rating sparsity and 

overspecialization. The cold-start problem is related to the lack of ratings of a new user or item. 

This leads to a lack of knowledge about the user's preferences and therefore an impossibility to 

provide recommendations and an insufficient rating for an item preventing its recommendation. 

The sparsity rating occurs when a user has rated only a few items and therefore cannot find 

similar users. Finally, the overspecialization problem corresponds to the recommendation of 

items very similar to the items already consulted by the user which are therefore irrelevant [10]. 

To face the major problems of these conventional systems, new RS have been developed such 

as those using SWT. 

The Semantic Web (SW) is an extension of the current web whose objective is to provide a 

knowledgeable representation of information readable and understandable for both machines 
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and people. This goal is achieved by clearly and formally defining the meaning of information 

[12]. To achieve this goal, different technologies have been developed to represent and 

manipulate this information. One of the main technologies of the SW is RDF (Resource 

Description Framework) modeling. RDF models represent information by identifying the set of 

relevant concepts of a domain and the relationships that link them. To interact with these 

models, the SPARQL (SPARQL Protocol and RDF Query Language) language has been 

developed. This language allows to formulate different queries on the RDF models. In addition, 

other SWT describe in details all the data modeled in RDF. RDFS (RDF Schema) and OWL 

(Ontology Web Language) models are such technologies detailing the different concepts 

identified and represented in the RDF model [13]. 

RS based on these SWT are called SRS. These RS are, in fact, knowledge-based RS for which 

the domain knowledge base is represented via SWT. Some SRS use the OWL (Ontology Web 

Language) modeling mentioned before [10,12]. The information representation via this specific 

language is called Ontology. In the context of RS, an ontology must be constructed for 

knowledge about users, items and the relationships between the item and the user’s need. Based 

on these ontologies, RS establish relations between users and items that are most likely to be 

suitable for them [10]. 

RS integrating SWT avoid a number of problems faced by conventional RS stated above. 

These advantages of SRS will be elaborated in the next section. 

 

 

INTEGRATION OF SRS INSIDE SSBI 

The integration of SRS within SSBI systems offers a number of benefits which can be grouped 

into three types of opportunities, namely: benefits of RS for SSBI systems, benefits of SWT for 

SSBI systems and benefits of SWT for RS. These three opportunities are elaborated below and 

motivate the relevance to exploit SRS within current SSBI systems. 

Opportunity 1: Benefits of RS for SSBI systems 

BU meet different challenges when using current SSBI tools for which RS is a potentially well-

suited solution. These challenges are related to the different decisions that must be made during 

the BI process such as the choice of interesting data to study based on the business question [4], 

the columns of data to analyze in parallel [14], or the data analysis best suited to the BU’s needs 

[15]. 

RS are perfectly suited to support these types of selection decisions that BUs face in their 

analytical process. By integrating the technical knowledge of IT experts into the 

recommendation's mechanism, BUs will be supported and guided in their different choices [16]. 

In this way, any incorrect analysis will be avoided by directing the BU to the appropriate 

functionalities. Moreover, a considerable time savings can also be achieved [15] by limiting the 

human-system interactions to the essential ones [16]. Finally, the manual effort can be reduced 

via the automatic generation of the successive steps to be performed by the BU [15]. 

Opportunity: Benefits of SWT for SSBI systems 

A second set of challenges come from that BUs often have a limited understanding or even a 

misunderstanding of the SSBI systems and their databases, this can be addressed using SWT. 

Indeed, BUs are regularly confronted with technical notations and symbols in, for example, 

column names of the database used, in the values contained in these columns, or in the names of 

the SSBI system functionalities. Most of this technical jargon is meaningless for BUs [14] and 

therefore complicates their understanding of the available data and significantly decreases the 

usefulness of SSBI functionalities [14,4]. This understanding is even more complex as the 

number of available columns within databases is increasing and as the number of functionalities 

within SSBI systems is large [15]. 
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SWT offer solutions to simplify human-system interaction by adapting current SSBI systems 

and complex databases to the BU. Indeed, these technologies can integrate the business jargon 

used daily by the BU instead of predefined technical notations and syntaxes that are not adapted 

to this user [14]. Moreover, the formal and structured representation offered by SWT, such as 

OWL modeling, can provide a clear and explicit understanding of the databases [17] or of the 

functionalities available within the SSBI system. This representation will facilitate the BU to 

locate the desired information [18]. 

Opportunity 3: Benefits of SWT for RS 

Finally, conventional RS face several problems that can be avoided by integrating SWT. The 

main problems faced by RS have been mentioned above, namely: the cold-start problem, rating 

sparsity or overspecialization [10]. 

SRS, combining RS and SWT, provide recommendations whose accuracy has been 

demonstrated to be superior [19], which will therefore reinforce the power of SSBI systems 

integrating them. Indeed, the main problems of cold-start, rating sparsity and overspecialization 

are absent in RS since these systems are mainly based on domain knowledge rather than on 

ratings [10]. In addition to these major problems, SWT also offer other benefits such as a 

guarantee of interoperability of the system resources, homogeneity in the representation of 

information or a better description of the system logic. 

 

 

RELATED WORK 

Before implementing our approach, we position our proposition by exploring the related works. 

This section presents briefly two works realized in each of the principles mobilized within our 

proposed solution, namely the integration of RS within BI, the use of SWT in BI systems and 

the development of SRS in other domains than SSBI. 

First of all, RS have already been investigated within BI systems. For example, [16] have 

developed RS with the objective of supporting BU in their analysis paths. They implemented the 

system by transferring the knowledge of IT experts. After evaluation, this proposal has been 

recognized as a real help for BU, providing user-friendly recommendations and also improving 

the analytical skills of BU [16]. Other RS have also been developed in the context of BI by [20] 

whose objective is to identify the interest of the person interacting with the BI system in order to 

recommend further interactions. This work also demonstrated the beneficial impact of RS on 

BUs [20]. 

Secondly, SWT have already been mobilized in the existing literature in the BI context. For 

example, [21] propose a transformation of the data warehouse into a database using RDF 

semantic modeling. This proposal is provided not as an improvement of traditional BI tools but 

as a complement to them. In practice, it appears that users appreciate and consider the modeling 

as useful and providing new insights on the data [21]. Another work [14] has integrated 

ontological engineering techniques within BI to represent the structure of the BI system. 

Through this ontological modeling, the interaction between the user and the system is business 

oriented and no longer technological, which makes it more suitable and user- friendly for the 

BU. This proposal has been considered valuable to support a more user- friendly, flexible, 

adaptive and automatic BI integration and analysis in the real world [14]. 

Finally, SRS have not yet been studied in the SSBI context as far as we know. However, these 

specific RS have been explored in very different fields. In the education sector, [9] have 

proposed an ontology-based RS. This system aims at helping students to choose their higher 

education courses at university. To achieve this, an ontology of the domain was created 

describing the different courses, students and jobs. On this knowledge base was then applied 
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two traditional RS. Compared to other recommendation approaches, the proposed solution 

provided higher user satisfaction and better accuracy [9]. Furthermore, [22] also developed an 

ontology-based RS but in the e-commerce domain. Based on an ontology of different users and 

products, the applied RS provided more varied and relevant recommendations for users than 

traditional RS [22]. 

This short literature review enables to compare and position our proposal among the work 

already done. The objective of our approach is not to mobilize only one of the components of 

the SRS, namely the RS and the SWT but rather to integrate a complete SRS within the SSBI. 

The SRS will, in fact, assist the BUs in the various decisions required within the BI process, 

from the choice of data to the choice of adequate visuals. These systems, because of their 

semantic nature, will allow to map several ontologies specifying different business needs, 

database’s features and SSBI functionalities. Due to the semantic representation of the system 

components, the recommendations given will be of superior quality. Moreover, our approach 

provides BUs with a tool that is more adapted to their business world and therefore more in line 

with the self-service perspective while mobilizing and exploiting all the Self-Service Business 

Intelligence functionalities. 

 

CONCLUSION AND FUTURE WORK 

This position paper elaborates about the opportunities that RS represent to address the 

limitations of current SSBI systems. The benefits of RS, SWT, and the integration of SWT 

within RS will make SSBI tools more suitable for BUs and increase their usability. 

This preliminary work confirms the relevance of the proposed SRS-integrated SSBI approach, 

and it opens many avenues for future research on the discussed areas. Our future research 

objective is, indeed, to develop SRS in the SSBI context. To reach this objective, we have 

already defined different steps to be taken. The first one concerns the development of a 

knowledge base on which the RS will be based via SWT. To do so, we will mobilize the 

Ontologies to represent the different concepts of the SSBI, the available data and the needs of 

BUs. The second step will consist in developing SR that will use semantic links to provide the 

BU with data analysis adapted to its business needs. 
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ABSTRACT 

Customer segmentation is the process of dividing consumers into different clusters based on 

their common characteristics, such as age, salary, location and so on. It lets firms establish 

different strategies depending on the target group. Clustering is a common data analysis 

technique to identify heterogeneous consumer groups, in terms of characteristics. The aim of  

this paper is to present a method that uses computational intelligence techniques to classify 

customers according to the values of their characteristics. A clustering approach based on 

Flying Fox Optimization algorithm is applied on a credit card dataset to determine 

appropriate marketing strategies. A comparison with common metaheuristics shows that the 

proposed method provides improved categorization capabilities. The comparison results 

demonstrate the superiority of the proposed method. 

 

Keywords: customer segmentation, flying fox optimization, clustering 
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ABSTRACT 
 

The theory and practice of project management propose and apply several methodologies that 

can be grouped into three categories: traditional, agile, and hybrid. The best-known 

methodologies are classified into various methods such as Waterfall, V Cycle, Scrum, Kanban, 

XP, SAFe, and many others. No methodology can be suitable for all types of projects as they 

differ tremendously. Instead, a project’s inherent characteristics determine which methodology 

is the most appropriate for a project. 

Even though there is no one-size-fits-all methodology, project managers are frequently 

familiarized with a particular one and, thus, keep choosing it inconsiderately of other 

important factors. 
 

Aiming to improve this practice, we define in this paper a detailed execution process that 

allows a better utilization of our upstream decision-making conceptual model for a Project 

Management Method (PMM) selection. To achieve this, we first define the execution process 

that we propose for the standardized execution of the approach. We suggest in this definition 

for each step a distinction of the expected activities based on the nature of the participants’ 

roles. Then, we define a reliable implementation environment and configuration that would 

allow a stable reproducibility of the approach as well as the adoption of an accessible set of 

tools and collaborative techniques. Eventually, we provide a detailed experimentation 

summary and future improvements avenues. 

 

Keywords: Project Management Methods, Project Management methodology, Multi-criteria 
Decision Analysis, Decision Model 

 
ICDSST 2022 PROCEEDINGS – ONLINE VERSION   

THE EWG-DSS 2022 INTERNATIONAL CONFERENCE ON DECISION SUPPORT SYSTEM TECHNOLOGY  
J . Papathanasiou, M. P. Belioka, P. Digkoglou, D. Zopounidis  

Thessaloniki, GR, 23-25 May 2022 

mailto:ines.ben-kraiem@sogeti.com
mailto:ines.ben-kraiem@sogeti.com


 

                                                                                                                                                           179  

INTRODUCTION 

Project Management methodologies (PMm) are generally grouped into the three following 

categories: traditional, agile, and hybrid. Traditional methodology is well structured and 

characterized by its adherence to a plan that is established at the start of a project. Agile 

methodology was developed to optimize traditional methodology in terms of planning, 

execution, and adjustments to specific challenges encountered during the project. This 

approach helps in adapting to high degrees of change and deliver project value more often. 

Hybrid methodology is created to enrich the traditional approach while taking into 

consideration the agile principles, thereby combining the advantages of both methodologies. 

The previously discussed methodologies are classified into various Project Management 

Methods (PMM) such as Waterfall, Scrum in addition to others [1]. 

Nowadays with the diversity of Information Technology (IT) projects, selecting an 

appropriate PMM in companies became complex and had a major impact on efficient project’s 

completion and success [2], [3]. Several factors play a role in rendering it a challenge such as 

the project’s environment specificity, the constantly emerging methodologies, the 

technological instability, the market demands, and the frequent changes in requirements. 

Many studies have confirmed that an inappropriate choice of PMM is a critical predictor 
of project failure, and in many cases, the root cause is not only technical but also managerial 

[4]. When choosing a PMM for a new project, one recurring risk is that project managers 

might be too familiarized with a particular method and, thus, keep choosing it inconsiderately 

of other important factors. Choosing an appropriate method is commonly overlooked due to 

the existence of various risk sources and uncertainties faced in IT projects’ initializations [5]. 

To deal with the challenges mentioned above, we have proposed in the original article [6] 

an upstream decision-analysis approach to support decision-makers in selecting the most 

suitable PMm and PMM. In this paper, we aim to detail the execution process that allows a 

better utilization of our upstream decision-making conceptual model. 

 

RELATED WORK 

Many studies have compared plan-driven management methods to change-driven ones [7- 

10]. However, very few of them have proposed decision models or structured processes for 

selecting project management methods. For instance, the authors in [1] proposed a decision 

model that relies on an empirical study conducted from 15 expert interviews across different 

industries to gather the factors of differentiation between agile and classical management 

approaches. The approach is based only on qualitative analysis that produces two sets of 

narrowing criteria for one of the two management methodologies. However, our decision 

model relies on qualitative and quantitative considered influencing criteria. 

With the same strategy of handling the PMm selection with quantitative analysis, Kokkeler et 

al, [11] defined a Bayesian network that relies on success factors from the literature and the 

decision variables defined by [1]. This approach considers estimations of the success levels for 

both agile and classical methodologies as a basis of the decision model. 

A Software Project Success Estimation model defined by [12] aims at predicting the 
likelihood of meeting project success criteria based on user-defined project factors and the 

selection of Agile or traditional methodologies. The solution, nonetheless, does not cover other 

PMM suitability aspects that we find relevant for a more informed decision. 

A multi-criteria decision support tool was proposed [13] to select an optimal scenario for a 

project. The solution considers the cost, duration, and risk as uncertainty factors, while we 
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focus in our approach on the early interpretation of requirements for a PMm/PMM more 

informed choice. Likewise, another decision [14] allows analyzing three project parameters 

(complexity, innovation, technology) and only considers the PMm level of prediction. 

 

THE DECISION MODEL 

We detail in this section the upstream decision model of [6] that we adopted for this paper. 

The approach relies on three main steps that we illustrate in Figure 1. 

Multi-criteria analysis. This step consists of a series of three analyzes to evaluate the 

information given during the initial project characterization. Each analysis corresponds to a 

decisional aspect namely: specificity, uncertainty, maneuverability (shown in circles in step 1 

of Figure 1). Each decisional aspect has three or four discovery attributes. 

 Specificity: represents the idea behind the project and the extent to which its preliminary 
details’ expression specifies the following discovery attributes namely inexistent sought- 

after outcome, the motivations and advantageous aspects, the pre-known technological and 

technical challenges, and the success bottom-line. 
 
 

 
Figure 1: The different steps of the decision model and the expected mandatory or optional outputs of each step 

 

 Uncertainty: represents the questioning of the project characterization to measure its 
incomprehensiveness and ambiguity after being analyzed for its specificity. The discovery 

attributes are the details about the completeness of the specifications of the requirements, 

the clarity of the business objectives, and the engagement of the top management or 

sponsorship. 

 Maneuverability: the discovery attributes related to this aspect are the late requirements 
expectation, the engagement of the stakeholder(s), the Staff and expertise needs’ 

expectation, and the lessons learned from previous successfully closed projects. 

The discovery attributes lead to questions related to the decision aspect attached to them. For 

example, “Inexistent sought-after outcome” is a discovery attribute of the "Specificity" and the 

question related to this is: “What is the ultimate product of the project?”. Note that the 

questions are provided as part of the decision-making approach in [6]. Likewise, we detail 

each discovery attribute and the main triggerable questions that help decision-makers 

quantitatively assess the set of discovery attributes. The actual evaluation, separately for each 

decisional aspect, is done using evaluation criteria defined in [6] and presented later in Table 

1. For example, for the specificity aspect, evaluation criteria are “clearness”, “preciseness” and 

“Thoroughness”. Also, decision-makers should indicate whether an evaluation criterion is 

overriding or not over another criterion. 
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Predictability analysis & improved characterization. In this step (illustrated as step 2 in 

Figure 1), the decision-makers will get as input the initial characterization and the results of 

the MCDA presented as a generated report. To ensure a sufficient level of predictability, we 

suggest performing a simple and fast collaborative technique such as “direct choice” or a 

“collaborative discussion” in which decision-makers will be asked to answer the question: To 

what extent do you consider predicting the most convenient PMm clear at this stage and with 

the currently available data? The answer gives the level of predictability of the PMm. A 

level labeled "high" does not imply any output related to that step except for a summary report. 

However, a level qualified as "low" means that improvements relating to the project’s initial 

characterization constitute the output of this step. The improvements are proposed for the 

decisional aspects for which the multi-criteria evaluation does not reach a first acceptance 

threshold. 

Execution planning. In this step, the decision-makers are invited to plan the execution of 
the project by selecting the appropriate PMM (shown in step 3 of Figure 1). They will get the 

six cumulative decision-support sources of information namely: (i) the multi-criteria analysis 

results, (ii) the predictability analysis results, (iii) the last version of the project’s 

characterization, (iv) the summary of the performed actions, (v) the contextual guidelines and 

(vi) the PMM adoption guidelines. 
 

IMPLEMENTATION ENVIRONEMENT AND RESULTS 

We validate our approach with a real case study of an industrial IT project (P). It was 

carried out by Capgemini engineering i.e., a large multinational IT company. It consists of 

developing an updated version of an application that allows users (notary, real estate experts) 

to carry out valuations and appraisals of real estate. During the workshop session, a group of 

two participants acted as project manager and associate project manager accompanied by a 

facilitator was involved. 

Multi-criteria analysis. The facilitator initiates the video conference using the Microsoft 

Teams tool, explains the different steps of the assessment process, and invites the decision- 

makers to a workshop session using Miro. The latter is an online collaborative whiteboard 

platform that enables distributed teams to work together, share, and collect ideas. Then, the 

facilitator discusses with the decision-makers their feedback concerning the initial 

characterization of the project and fills in, based on their responses, the questions relating to 

the discovery attributes. 
 

Table 1. MCDA results of P 
 

Decision Aspect Criterion Discovery Attributes Weight Score 

Datt1 Datt2 Datt3 Datt4 

Specificity Clearness 5 4 4 2 0.33 0.75 

Precision 4 3 4 3 0.33 0.7 

Thoroughness  3 4 3 0.33 0.67 

 0.71 

Uncertainty Completeness 2  5  0.5 0.8 

Clearness 3 3 5  0.5 0.67 

 0.72 

Maneuverability Availability  4 4 4 0.33 0.6 

Adaptability 4 4 5 4 0.33 0.85 

Regularity 4  3  0.33 0.35 

 0.6 
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After that, the facilitator carries out the multi-criteria evaluation and the aggregations using a 

unified template prepared in advance using Microsoft Excel to generate, for each analysis 

report, its final calculation results. The multi-criteria evaluation in this step is defined to 

separately aggregate, in the first step, for each Discovery attribute the weighted preferences of 

one or many decision-makers and, in the second step, the resulting sums for each associated 

Decision aspect [6]. In this step, all participants discuss each decisional aspect together and 

reach a consensus on the score for each evaluation criterion (from 0 to 5). 

Table 1 presents MCDA results of P for each decision aspect. As illustrated in Table 1, the 

respective aggregated evaluations of the two participants for Specificity, Uncertainty, and 

Manoeuvrability were 71%, 72% and, 60%. 

Predictability analysis. A part of the MCDA report about Specificity is shown in Figure 2 

below. The overall specificity level was 71% which means the idea behind the project and the 

extent to which its preliminary details’ expression were clear and well detailed. Similarly, for 

the uncertainty aspect, the decision-makers assigned a score of 5 for Datt3 in Table 1 because 

they consider that the sponsor will be very available for the project. They find that the clarity of 

business objectives is quite clear (Datt 2 in Table 1). Finally, they affirm that the stakeholders 

will be involved in the project and that the later requirements can be considered and managed. 

Figure 2. (A) MCDA report; (B) Predictability analysis; (C) Execution planning 

To decide the predictability level, the facilitator set up a voting session right on the Miro board 

as presented in Figure 2 (B). Taking into consideration the MCDA report and the initial 

characterization, the decision-makers have considered the level of predictability ‘High enough’ 

to move forward with an Agile/Hybrid PMm as shown in Figure 2 (B). During the discussion, 

‘Decision-maker 1’ has proposed to proceed strictly with agility while ‘Decision- maker 2’ has 

proposed that the project might be divided into two big parts. The first one of architecture 

definition for which a classical PMm would be more suitable and the second is the 

implementation part where the stakeholders would preferably be more engaged and, therefore, 

an agile PMm would suit better. 

Execution planning. At this step, we propose a contextual guideline that focuses on four 

different perspectives namely the organizational strategy, the working environment, the 

economic activity sector, and the technical application domain. In addition to that, we propose a 

non-exhaustive list of different PMMs including their methodology class and information about 

when it is better suited, and when it is to avoid. Having these two sets of guidelines specified, in 

addition to the outcomes of the first two steps of our approach, the final decision session can 

take place with two scenarios makers: a consensus-building or a direct choice as shown in 

Figure B (C). 
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CONCLUSION 

Determining the project management method is always challenging. Decision-makers usually go for 

a familiar method without taking into consideration the unique characteristics of the project and the 

organizational culture and environment. In this study, we have proposed an execution process of our 

upstream decision-analysis approach to help decision-makers in selecting a PMM and PMm. We 

have used a set of well-known decision-making tools that led into having a semi-automatic decision 

process. Our work takes into consideration not only the characteristics of the project but also the 

organizational factors as well as the previously discussed influencing factors of PMM selection. 

Our next plan will be implementing our approach in a prototype to increase its substantial 

effectiveness as well as its user-experience. In addition to that, our future directions will include 

improving this approach through integrating a system of recommendation and prediction such as 

machine learning. 
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ABSTRACT 

Industry 4.0 describes new technological advances that are changing production, logistics and 

supply chains by involving all stakeholders in the business process and creating value within the 

virtual and physical world through a variety of methods and technologies. It can be interpreted as 

the application of digitalization, the Internet of Things, smart factories and connectiveness of 

machines, products and tools to increase efficiency, flexibility, competitiveness of production 

and connectivity of products and customers. Its application aims to achieve independent 

communication between products, production processes, devices and machines without direct 

human influence. Industry 4.0 thus can have great impact on productivity of production and 

improvement of decision-making processes. In that regard, technologies of industry 4.0. present 

various opportunities. This paper describes the most prominent technologies of industry 4.0 and 

analyses which of the described technologies can have the greatest influence on improvement of 

productivity and decision-making processes of companies.    

 

Keywords: Industry 4.0, Decision-making, Business Processes, Internet of Things, Artificial 

Intelligence 
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INTRODUCTION 

The industry 4.0 integrates computer technology, data transmission and processing, and modern 

mechanical systems (Nikolić, Rogale, 2017). It refers to the rapid digital transformation of processes 

within the manufacturing industries. The transformation is based on intelligent networking of 

machines and other devices with the help of information and communication technologies, with the 

aim of enabling communication between devices, analyzing and collecting large described as a new 

level of organization and control over the entire value chain of the product life cycle, geared to 

individualized customer requirements. The process begins with a product idea, includes an order, 

expands through development and production and supplies all products to end users, and concludes 

with recycling, covering all related services (Franc, Dužević, 2020). 

Industry 4.0 can also be interpreted as the application of digitalization, the Internet of Things, 

smart factories and as the connection of machines, products and tools to increase efficiency, 

flexibility, competitiveness of production and increase the connectivity of products and customers. It 

requires strategic workforce planning, building a basic organizational structure that will develop 

partnerships and participation, and joint technological standardization, which is the foundation of 

technological progress (Franc, Dužević, 2020). The application aims to achieve mutual 

communication of the product, its production processes, devices and machines independently of man, 

and to achieve vertical and horizontal networking. 

Vertical networking is the use of a smart production system within an organization to enable rapid 

response to changes in demand or inventory levels as it seeks to meet customer needs, or specific, 

individualized and customized customer production. Horizontal networking or integration means 

connecting the entire value chain outside the organization, ie connecting with customers and 

suppliers.  

 

INNOVATIVE TECHNOLOGIES OF INDUSTRY 4.0 

Industry 4.0 is created by constant innovation with the application of new technological 

achievements and trends without which the implementation of the concept would not be possible. Its 

innovative technologies include: Internet of Things, Big Data analytics, 3D printing, cloud 

computing, energy storage, artificial intelligence, nanotechnology, synthetic biology, simulation, 

human-machine interface, mobile devices, cybersecurity, quantum computing, horizontal and vertical 

integration (Franc, Dužević, 2020). These technologies are based on the principles of interoperability, 

visualization, decentralization, real-time data management, agility, service orientation and business 

process integration. 

 

Internet of Things 

The Internet of Things (IoT) is a technology that connects physical devices, vehicles, 

machines, and other things that collect, share, and share data over the Internet. Connecting things 

can be wired and / or wireless and provides new opportunities for interaction between people and 

different systems. In this way they can communicate things, things with people and devices, with 

the common goal of facilitating and simplifying business but also people's lives since the Internet 

of Things is not only used in business environments but the use of the Internet of Things is 

widespread in everyday life (e.g. smart watches and bracelets, smart benches, refrigerators, 

washing machines, lighting, smart carpet, POS machines, ATMs, magnetic resonance imaging 

devices, etc.) (European Commission, 2020). The Internet of Things is made up of people, 

infrastructure, things, processes and data. 

Devices that work on Internet technology enable the development of ideas in the social, safe, 

medical, environmental, manufacturing and many other spheres. 

The technology that powers all these smart devices, machines, systems or objects works with 

sensors that perceive or measure different data, process and display or communicate in 



 

                                                                                                                                                                   187 
 

applications so that people can understand them and influence them at a distance. Devices, things 

and people interact with each other and provide almost unlimited opportunities in business and 

everyday life (European Commission, 2020). 

As part of the development of Industry 4.0, companies are increasingly using this technology 

in their business because the Internet of Things allows the integration of large quantities of 

devices that have built-in sensors that respond to certain units, which then give a signal and have 

the ability to process large amounts of data. The sensors then communicate with each other and 

with various applications, and the applications communicate with people (European Commission, 

2020). The Internet of Things is emerging as a new driver in all industries, whether 

manufacturing or service, including energy, healthcare, transportation and construction 

technologies. 

It is important to point out that IoT technology does not replace people but helps to optimize 

business processes. Connecting computers and mobile devices allows companies to track the time 

it takes for a person to complete their tasks which in turn enables companies to increase 

productivity. The installation of light and temperature control can reduce energy consumption 

and provide significant savings. Smart locking systems are also one of the advantages and 

possibilities of using the Internet of Things that allows certain employees to access a space, and 

can make certain spaces inaccessible. Businesses can control the entrances to the premises and 

monitor the entrances and passages from anywhere, and know at any time if the door is open. 

This option helps keep records of employee working hours. (GoDigital, 2019). 

 

Artificial Intelligence 

Artificial intelligence (AI) is the ability of a device to mimic human activities such as 

reasoning, learning, planning and creativity. It allows technical systems to perceive the 

environment, take into account what they see and solve problems in order to achieve a goal. The 

technological design of an artificial intelligence system involves understanding and analyzing 

language, speech, image, according to which the system learns how to react, plan or solve certain 

tasks. The computer receives data, processes it, and provides answers. Artificial intelligence 

systems can to some extent adapt their behavior by analyzing previous situations and working 

independently. Artificial intelligence is considered key to the digital transformation of society 

and business. Artificial intelligence is predicted to bring big changes in the future, and it is 

already present in our daily lives (European Commission, 2019). 

Research (Čizmić, 2020) has shown that companies, thanks to artificial intelligence, not only 

generate value from automation and operational efficiency but also increase and strengthen the 

ingenuity of their employees. 

As far as decision support of artificial intelligence is concerned, it has already been widely 

used through digital assistants in smartphones, autonomous vehicles, industrial robots, smart 

agriculture technologies, internet search engines etc. 

 

Robotics 

Robotics is a scientific field that deals with the design, construction, control and application of 

robots. Robots are intelligent machines that learn independently, adapt to their environment and 

can cooperate with humans. They are the future of Industry 4.0 and are applied in industrial 

activities from the automotive industry, medicine to the biotechnology sector. 

Robots based on the so-called weak artificial intelligence have been used for decades in 

industry, and sophisticated advanced robots have recently been developed for use in medicine, 

research, transportation, transportation, and elsewhere (Lipnjak, 2020). 

The European Union's Robotics Strategy Europe 2020 states: "Robotics will become dominant 

in the coming decade. It will affect every aspect of life at work and at home. It can change lives 

and work practices, improve efficiency and safety, provide higher levels of service and create 

Her influence will grow over time, as will the interaction between robots and humans. " 

The advantages of using robots in industrial production are (Pavlic, 2020): 



 

                                                                                                                                                                   188 
 

• Reduction of operating costs 

• Improving product quality 

• Improving the quality of workers' work 

• Increased productivity 

• Increasing production flexibility 

• Reduction of waste material and increase of turnover 

• Adherence to safety rules and safety at work 

• Reduction of labor turnover and difficulties in hiring workers 

• Reduction of capital costs 

• Space saving in production facilities 

 

The International Federation of Robotics believes that less than 10% of jobs could be fully 

automated. Robots are mainly used for repetitive tasks which allows workers to focus on more 

intense tasks. This way of automation in large production plants can perform some tasks more 

efficiently, which would increase production without additional labor costs. Effective robotic 

execution of some tasks could be particularly useful for small business owners who generally 

cannot employ as large a workforce as large manufacturers, and automation can help level the 

playing field. Some research has shown that increased use of artificial intelligence in the 

workplace can actually create new jobs, enabling employers to hire more staff in the future 

(Robotics and automation news, 2021). 

 

Nanotechnology 

Nanotechnology is an area of application of science and technology that involves the use of 

substances of molecular size, usually below 100 nanometers. It is one of the latest technologies 

that has found its application in various branches of industry, including the food industry, and is 

especially important in medicine. It has an important impact on food science from how food is 

produced to how it is packaged. Nanotechnology offers a number of benefits for industry and 

consumers, but possible risks should also be considered. While the possible applications of 

nanotechnology are indeed broad and diverse, developments have faced some caution, and 

progress may be halted due to insufficient project funding and potential risks (Knežević et al., 

2012). The application of nanotechnology can be segmented into (Car, 2015): 

• Nano-materials 

• Nano-electronics 

• Nano-medicine 

• Molecular nanotechnology 

• Tools and devices for nanotechnology 

 

Nanotechnology has a wide application in various areas of technological development. It 

enables the creation of new materials with specific properties that lead to innovative products and 

thus provide a competitive advantage. It requires very high financial investments as well as a 

very high structure of education in the fields of mathematics, physics, chemistry and biology with 

a focus on the environment and specialization in the field of application (Car, 2015). 

 

Autonomous vehicles 

Autonomous vehicles rely on sensors, an area of artificial intelligence that deals with the 

recognition of two-dimensional and/or three-dimensional objects in order to navigate in space, 

and on radar, GPS and a device for detecting the environment (Pavlić, 2021). Autonomous 

vehicles are believed to reduce the costs of transport and delivery companies, dependence on 

human drivers, and help industries facing labor shortages. 

Autonomous vehicles are already being used in the military, but there are many obstacles to 

civilian use caused by the still insufficient development of technology, the human desire to 

control the management of vehicles, but also legislative issues. Today, car traffic has the highest 
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percentage of deaths of all types of traffic. The use of autonomous vehicles that would transport 

people from door to door would certainly reduce the number of deaths caused by drunk driving or 

a state of fatigue and exhaustion. But the question arises as to who would take responsibility for 

any accidents caused by systematic error. Some experts see the solution to these issues in the 

development of user interfaces that would make people feel in control of the car that does most 

of the work for them. According to their ideas, people should make a decision on the route based 

on the traffic data visible on the map of GPS devices, while driving should be done by the car 

itself. In order to achieve an evolutionary shift from a classic steering wheel to a kind of joystick 

that would determine the direction of movement of the vehicle, it is considered that a period of 

25 years is needed, which is now the beginning (Opačić, 2007). 

Autonomous vehicles in fact do not yet exist as such but in the US and Europe there is talk of 

degrees of autonomy that are clearly defined. The development of autonomous vehicles takes 

place in 6 stages or levels, while contemporary autonomous vehicles belong to level 2/level 3 

(Galić, 2019).  

 

Cloud computing 

Cloud computing created by technological and infrastructural digital platforms represents 

efficient and secure use of almost unlimited digital (hardware, data and software) capacities 

primarily for data management, storage and use, without the need for capital investments and 

with the principle pay as much and what you use. Cloud computing is the ability of end users to 

use mass computing resources according to their needs and to access them quickly and easily 

(Spremic, 2017). 

It allows individuals to access and use any group of individual user information and programs, 

images, music, videos, word processing, and spreadsheets on remote servers. The user does not 

have to use any data storage media, because all his data is stored on these remote servers and the 

"cloud". Therefore, they are very useful for large companies or groups of agents because all 

companies or factories in the group can access data or documents that are common to them.  

 

3D printing 

Three-dimensional printing or 3D printing is a technology that uses processes based on the 

"ink-jet" technique to create objects. Using a 3D printer, the default object is obtained by 

stacking layers of material on top of each other until the default object is obtained. 

Although there are different types of 3D printing, all 3D objects are mostly built of layers. The 

3D printer starts with the bottom layer, waits for it to dry or harden, and then moves up. This 

layering process differs depending on the printer and the material it works with (metal, gypsum, 

polymer, resin) but also depends on whether it is an industrial or commercial 3D printer. They 

have been used in the industry for 30 years. Industrial 3D printers are usually very large and very 

expensive, but at the same time they are much faster than commercial ones. Some industrial 

printers can print with multiple nozzles at the same time or even use metal. They are mainly used 

for quick finding of prototypes (by architects, car manufacturers). 3D printers can be used to 

make aircraft parts from titanium, human bones, complex machines, nano-scale and more. We 

can assume that in the future almost everything will be produced using 3D printers.  

3D printing is used today in various branches of industry and research. It is applied in 

medicine, architecture, construction, archeology, art, fashion, production of cardboard packaging, 

food production, auto industry, etc. 

 

CONCLUSIONS 

This paper described the most important technologies of Industry 4.0. and analyzed its potential 

impact on business processes of companies and decision-making processes. While all of the 

aforementioned technologies will significantly reshape the face of industries and disrupt established 

business models, their impact will differ according to many external and internal factors. It seems 

that the artificial intelligence through its applications in Internet of Things technologies, robotics and 
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autonomous vehicles could have the most significant impact on decision making processes. The 

ability to process large amounts of data can facilitate making complex decisions which in turn can 

lead to greater productivity and/or better business results. However, technology itself without the 

existence of necessary prerequisites such as educated workforce cannot guarantee achievement of 

those goals.    
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ABSTRACT 

The Brazilian textile industry scenario has been unfavorable in relation to competition, mainly due to 

the entry of foreign products in the region. Thus, an opportunity to improve Brazil´s competitive 

potential in this sector can not only be perceived but also achieved by applying the technological 

tools of indus- try 4.0. Hence, this paper seeks to contribute to the organizational management of 

developing and applying a maturity model to evaluate companies in the textile sector in terms of 

technological maturity for industry 4.0, by taking a multicriteria approach based on the FITradeoff 

method for sorting problems. As a demonstra- tion of the applicability of the model, three Brazilian 

companies were evaluated. As to results, it was possible to access the maturity levels of these three 

compa- nies, and the main aspects associated with the attributes evaluated were also an- alyzed. 

Finally, it is believed that this study can serve as a support tool in the process of strategic planning 

for managers and others involved in companies in the textile and clothing market, who are seeking to 

develop strategies in relation to the aforementioned theme. In addition, this study contributes to 

mitigating the gap found in the literature. 

 
Keywords: industry 4.0; maturity; FITradeoff; sorting problems. 

 

 

THE FULL PAPER HAS BEEN PUBLISHED IN LNBIP 

 

 

 

 

 

 
ICDSST 2022 PROCEEDINGS – ONLINE VERSION   

THE EWG-DSS 2022 INTERNATIONAL CONFERENCE ON DECISION SUPPORT SYSTEM TECHNOLOGY  
J . Papathanasiou, M. P. Belioka, P. Digkoglou, D. Zopounidis  

Thessaloniki, GR, 23-25 May 2022 

mailto:duanvilela@gmail.com
mailto:anapaulahg@hotmail.com


 

                                                                                                                                                                   192 
 

 

A Decision Support Model to select a location for a new State Military Police 

Station based on MCDM/A and Optimization Location Model 

Suzana de França Dantas Daher, Ana Paula Cabral Seixas Costa, Maisa Mendonça Silva  

 Universidade Federal de Pernambuco 

Av. da Arquitetura, S/N, 50740-550, Recife/PE, Brazil 

suzana.daher@ufpe.br, apcabral@cdsid.org.br, maisa@cdsid.org.br 

 

Thárcylla Rebecca Negreiros Clemente 

Universidade Federal de Pernambuco 

Av. Marielle Franco, s/n - Km 59, 55014-900, Caruaru/ PE, Brazil  

trnegreirosc@gmail.com 

Ana Paula Henriques de Gusmão  

 Universidade Federal de Sergipe 

Avenida Marechal Rondon Jardim s/n - Rosa Elze, 49100-000, São Cristóvão/SE, Brazil 

anapaulagusmao@cdsid.org.br 

 

ABSTRACT 

This paper proposes a multicriteria decision making model based on the interactive and flexible 

tradeoff method (FITradeoff) to select a suitable main cover area so called Integrated Security Area 

(ISA) and after that, considering a combination of cluster analysis and optimization locations models 

to define a specific geographic location within these ISA. The model proposed was applied to 

evaluate 26 ISAs of the State of Pernambuco in Brazil. The decision maker was a military police 

commander and data were extracted from the Social Defense Department (SDD) from January 2020 

to May 2021. The results were presented to SDD and the model is in the implementation phase. 

 

Keywords: Multicriteria Decision Making, clustering, Capacitated Facility Location Problem, public 

security.   
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INTRODUCTION 

In Brazil, there are two types of police: the state military which is responsible for crime prevention 

and the civil police which is responsible for criminal investigations. The former demands a more 

complex operational infrastructure which is usually organized into State Military Police Stations 

(SMPS). To better coordinate the activities of both policies, the State of Pernambuco was split into 

26 operational areas called Integrated Security Areas (ISA). One main goal of both policies activities 

is control and/or reduce intentional lethal violent crimes (ILVC), comprising murders and other 

crimes that could result in death. Nowadays, ILVC is considered the most important performance 

indicator for the development of an official public security policy. However, this indicator is not 

enough to support a decision of a location of a new state military police station. 

According to [1], the police force in cities is a combination of police command and patrol areas. 

Those areas could be defined by a typical geographic problem. The boundaries of an area are mostly 

defined based on available police resources and specialists’ knowledge about the areas. The State of 

Pernambuco has a very similar operation manner as the one presented in [1]. However, it was 

observed that at this moment decisions to locate a SMPS are mostly based on political and/or 

financial issues, without a formal procedure to support decision making [2].  

According to [3], a location problem consists in defining a suitable placement of an infrastructure 

element in a specific area of interest while taking into account existing constraints and the 

preferences of decision makers. Certainly, selecting a proper location should consider not only 

criminal aspects, but also economic, social, and political issues. Thus, these issues may be 

represented by different criteria, depending on the decision maker’s point of view. 

The contribution to the local Social Defense Department (SDD) and to the scientific literature of 

this work is two-fold: the first one is to propose a multicriteria decision making model based on the 

interactive and flexible tradeoff method (FITradeoff) to select a suitable main cover area (an ISA) 

and after that, considering a combination of cluster analysis and optimization locations models, to 

define a specific geographic location within these ISA.  

This paper is organized as follows: the next section presents the model proposed, including a brief 

description of the methods. Section 3 presents the main results and in Section 4 some conclusions are 

drawn.    

 

MODEL PROPOSED 

Considering the decision problem addressed in this study, a decision model is proposed 

considering two steps. The first step is a multicriteria decision making model for selecting a proper 

region based on the decision rationality and on the decision problematic. The second step is a 

combination of cluster analysis and a location problem optimization model for selecting proper 

locations within the region obtained in the first step. Figure 1 shows the flowchart of the steps for 

applying the proposed model.  

 

 
Figure 1.  Model proposed 
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First step. Multicriteria Decision Making model for selecting a proper region  

According to [4], in a multicriteria decision-making process, the selection of the method to be 

used in a decision problem should take into consideration the problem context, the DM’s rationality, 

and the type of decision problematic. 

The FITradeoff (Flexible and Interactive Tradeoff) is a method based on a flexible tradeoff 

elicitation procedure for multicriteria additive models [5, 6]. This method was developed for eliciting 

scales constants of criteria aligned with a multicriteria value theory (MAVT) approach. The 

axiomatic structure of traditional tradeoff is still considered, but FITradeoff aims to minimize some 

elicitation errors that may arise when compared with the original tradeoff proposed by Keeney and 

Raifa [7]. More precisely, the method conducts a search for potentially optimal alternatives inside the 

space of weights by solving a set of linear programming problems [5]. For more details see [5, 6]. 

Finally, by using partial information and a simpler interaction process, FITradeoff requires less 

cognitive efforts from DMs.   

 

Second step. Cluster Analysis and Optimization Location Model for selecting proper locations 

inside the region  

Initially, the first optimization models for location problems were related to industrial contexts, 

where the aim was to minimize the cost of supplying a single commodity, from a set of potential 

locations to customers in known locations and demands. Location problems, where the objective is to 

locate facilities in a way that maximizes the number of customers (demand) covered by those 

facilities, are called location problems with coverage constraints. A demand area is said to be covered 

by a facility (server) if it is within a predefined distance (radius of coverage) from that facility. [8].  

The set of potential locations can be discrete or continuous, and thus, facility location problems 

can be classified into discrete facility location problems and continuous facility location problems 

[9]. In problems involving the location of discrete installations, there is a definition of potential 

locations for installations. Through variants of this type of location problem, it has been possible to 

model a wide variety of real-life problems [10] [11]. These problem variants could differ in terms of 

some characteristics (cost or capacity of opening a facility at a potential location, for example), 

objective functions and constraints. The basic nomenclature of these problems comprises a set D of 

demand points i, the demand di for each demand point, a set F of potential locations j for facilities, 

the cost cij of covering one demand points i using facility j [11]. 

Thus, in the second step, the set of potential locations is defined using the cluster analysis and the 

best locations for facilities, within the region, is established using a location optimization model. As 

examples of location optimization models, there are: the Maximal Covering Location Problem 

(MCLP), introduced by [12], in which the objective is to choose a subset F’ ⊆ F of facilities 
locations, considering a service distance S to the demand points; the Capacitated Facility Location 

Problem (CFLP), in which the objective is to choose a subset F’ ⊆ F of facilities locations without 

violating capacity constraints for the facilities [13]. In [14] is proposed a model to support police 

facility location using k-means to define the potential locations and the MCLP to define the optimal 

locations, considering some scenarios. The differences between the model proposed in this work and 

the model proposed by [14] are that in this work there is: (1) the use of a multi-criteria approach in 

the first stage to help defining the best alternative (safety area to be contemplated with a new 

installation), (2) a flexibility in relation to the methodology of clustering and regarding the 

optimization model for the unit location problem. This flexibility is essential considering the analysis 

and modeling needs presented by decision makers. 

 

CASE STUDY 

Daher et al. [15] presented the first step of the method. In that study, a set of six criteria - 

population density, number of prisons, intentional lethal violent crimes (ILVC) and violent crime 

against property (VCP), sense of security, attractive points - was considered to evaluate 26 ISAs of 

the State of Pernambuco (alternatives). The decision maker was a military police commander who 

also acted as the expert to fill the evaluation matrix (intracriteria evaluation phase). Using the 
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FITradeoff web-based decision support system (available at www.fitradeoff.com), DM’s preferences 

were elicited. The authors acted as facilitators supporting the DM during the interaction with the 

system. As a result, a ranking of all ISAs was provided, and the alternative ISA#2 were identified as 

the best candidate to receive a new SMPS. In a qualitative analysis, the DM mentioned that ISA#2 

has a very unusual profile: this region has in its composition (1) one extremely poor area, (2) a rich 

area with several attractive points, (3) a high number of VCPs, and (4) a low number of ILVCs.  

To start the second step of the model, data were extracted from the Social Defense Department 

from January 2020 to May 2021 to serve as input data for the second step of the model (see Figure 1). 

For this preliminary study, data from more than one ISA were considered just to gather more 

information to support DM’s final decision. In this initial analysis, data regarding violent crime 

against property (VCP), representing the demand points, were used. Figure 2 shows the potential 

locations (set F), represented by the centroids of 10 clusters defined using the k-means method. 

 

 

Figure 2.  The potential locations. 

The decision maker chosed to identify, of the 10 potential sites, the five best ones within a wider 

area of security. The MCLP model was run in this case and the percentage of coverage considering 

the five proposed locations was compared with the percentage of coverage that SDD can provide 

with the current locations. This comparison is shown in Table 1. 

 

 

Table 1. Performance analysis of current and proposed locations. 

 Coverage radius 

defined by DM 

(km) 

Number of 

events 

covered 

% of 

covering 

Average 

distance 

traveled to 

attend the event 

(km) 

The 5 current locations 3,000 7,400 0,543 2.97 

The 5 locations recommended by the 

model 

3,000 12,182 0,894 1.56 

 

Analyzing the data presented in Table 1, it is possible to conclude that there is a considerable gain 

in terms of the percentage of coverage and a reduction in the average distance needed to attend to the 

occurrences. These results were presented to SDD and the model is in the implementation phase 

considering some adjustments already requested, as well as the possibility of using different methods 

(both for cluster analysis and for the location optimization model) depending on the need for analysis 
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by the SDD. 

 

 

CONCLUSIONS 

This preliminary study was conducted to support the Social Defense Department of the State of 

Pernambuco, Brazil in selecting a proper area to install a new State Military Police Station. As 

practical implications of this proposal, the use of a model that provides an interactive and easy-to-use 

decision support system based on a combination of the Fitradeoff (available for download by request 

at http:// fitradeoff.org/) and clustering and optimization methods seems to be suitable and in 

accordance with the problem’s needs. Moreover, the selection of the area considering more 

information and optimal location methods represents a better allocation of SDD resources. The 

implications of this proposal for academia are the combined use of Multi Criteria Decision Model 

and Cluster Analysis in the context of decision support in Public Security. This study is part of a 

Technical Cooperation Agreement and is still under development.   
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ABSTRACT 

As a means of protecting citizens and property, public security protects public order as well as people 

and property, prevents and controls manifestations of crime and violence, and ensures citizens' rights. 

Therefore, the research aims to propose a knowledge extraction model for classifying neighborhoods 

more likely to have crimes against women. By combining structured and unstructured data, machine 

learning algorithms are able to perform classification. Consequently, public security departments can 

establish a series of measures to reduce the incidence of this type of crime, thus ensuring the safety of 

women. 

 

Keywords: KDD; Machine Learning; Public Safety; Violence Against Women. 
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INTRODUCTION 

Security is aimed at preserving public order and the safety of people and property, preventing, 

and controlling manifestations of crime and violence, ensuring the rights of citizens 

[1]. Constitutional principles must guide security, such as efficiency, which means providing the best 

possible service with the least number of resources. The effectiveness of security, besides providing 

economic services, also implies controlling the negative effects of crime on people and property, 

because the containment of crime improves the social and financial environment [2]. 

Several countries have a history of violence against women. Several social factors and 

everyday events contribute to this. As a result, authorities and governments seek to establish laws to 

protect women from crimes. 

There are two basic principles: understanding the type of crime that happens to women and 

where that is or may happen. Because of these two contexts, it is essential to analyze data that 

supports assertive measures of violence against women. Thus, methods that ensure data analysis must 

be established. It is through the data configuration in this situation that the factors that are associated 

with this crime can be implemented and executed in your particular data location, preventing future 

crimes. A model of knowledge in some database becomes essential, providing sufficient information 

for establishing a classification of neighborhoods that are more vulnerable to crimes against women. 

Therefore, the aim of this study is to propose an evaluation city model for classifying 

neighborhoods with a propensity for crimes against women in Recife, Brazil. It can apply this model 

in any city, considering the unique aspects of each location. 

 

BACKGROUND 
 

“The extraction of useful, implicit and previously unknown knowledge from large volumes of 

data is a process known as Knowledge-Discovery in Databases (KDD)” [5]. KDD aims to 

automatically process large amounts of raw data, identify the most significant patterns, and present 

them as knowledge to achieve the user’s objectives [6]. There are critical steps in the KDD process, 

which include selection, preprocessing, transformation, data mining, and evaluation [7][4]. This 

allows you to estimate the adequacy, quantity, quality, structure, and format of the data. 

Many public and private organizations have successfully applied KDD for managing and 

planning their activities and/or services. In public service, Kum [8] presented the key elements of a 

KDD information system to support self-assessment at the local level for child welfare. It evidenced 

key factors for implementing KDD in government: trust, support through policies and investments, 

access to knowledge in IT areas, and adequate knowledge [9]. We can get access to adequate 

knowledge through strong partnerships between government agencies and interdisciplinary teams in 

universities. This provides for a successful implementation of KDD information systems in the public 

sector [8]. Already in the private sector, for example, Amazon stands out, recommending books 

based on previous choices using KDD technology [10]. 

Therefore, these and other works present in the literature highlight the importance and 

benefits of KDD for organizations, especially public ones. In a scenario characterized by high 

uncertainty and limited time, KDD as a decision support technology in public security presents itself 

as a viable alternative, especially in violence against women. Thus, a method directed to the public 
sector for the public security problem that considers the local context is presented in this study. 

 

KNOWLEDGE DISCOVERY DATABASE MODEL  
 

KDD is divided into 5 major steps (Figure 1), where each step corresponds to a different data 

capture and analysis process, encompassing machine learning algorithms to process and extract 

knowledge from databases. 
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Figure 1: KDD Processes 

 

 

       In this context, the Selection phase comprises selecting a set or subset of data that will be part of 

the analysis. The data sources can be varied (spreadsheets, management systems, data warehouses) 

and have data with different formats (structured, semi-structured and unstructured). 

       Preprocessing comprises checking the quality of the stored data. The base goes through cleaning, 

correcting, or removing inconsistent data, verifying missing or incomplete data, identifying 

anomalies (outliers). 

       In the Transformation phase, transformation techniques are applied, such as normalization, 

aggregation, creation of new attributes, data reduction, and data synthesis. Here, the data is available 

grouped together in one place for the application of analysis models. 

       In Data Mining, one controls models of data mining techniques. These techniques aim to (1) 

verify a hypothesis, (2) discover new patterns autonomously. Discovery can be divided into 

predictive and descriptive. These models are usually applied and remade many times, depending on 

the aim of the project. 

       Finally, there is Interpretation and Evaluation: this step consists of evaluating the model’s 

performance, applying it to data that was not used in the training or mining phase. We can do the 

validation in several ways. Some of them are using statistical measures, going through the evaluation 

of business professionals. 

       Although the main KDD steps are important for data analysis, this method does not consider the 

analysis of large volumes of data or unstructured data (such as text and images). Considering 

databases in public safety related to the violence against women, there are several types of data, as 

well as a higher volume of them, which brings challenges for the analysis and results. In this context, 

it developed a new knowledge extraction model considering these peculiarities in data involved in 

public safety (Figure 2). 



 

                                                                                                                                                                   201 
 

 
 

Figure 2: KDD model 

 

 

1 - Data Selection - the associated database is checked, as well as the existing data types. It is at this 

point that there is a pre-analysis of the data to identify structured and unstructured data. 

2 - Map Reduce Process - it added this step to the main KDD model since, in public safety, we deal 

with a great excess of data. So, the function of MAP REDUCE is to look for patterns and reduce the 

number of rows to optimize the database. 

3 - Structured and Unstructured data - for each block of data, there is a way to analyze it. With 

structured data, one can use conventional extraction and analysis tools, such as standard data 

measurement scripts. With unstructured data, it is establishing a logical sequence of analysis, starting 

from the identification of patterns, until the transformation of this data into structured data. 

4–Machine Learning - from the identification and storage of data, we can associate machine 

learning algorithms that will aim to perform the classification of neighborhoods considering crimes 

against women. 

 
  

RESULTS 

 

Based on the method presented in the previous section, it conducted a case study in the state 

of Pernambuco to extract knowledge from databases involved in public security considering violence 

against woman. In this context, the real importance was to understand the neighborhoods most likely 

to have crimes of violence against women. 

Thus, the data included in the analysis were (considering structured data): type of crime in the 

locality; number of crimes involved; actions taken in the neighborhood and educational factors; 

regarding unstructured data, data from social networks, such as twitter, were used to find out how the 

population reacts, both to crime and to the policies established by the government to minimize the 

impact of crime in the city. 

From this analysis, and using the J.48 algorithm for classification, the city under study 

obtained seven neighborhoods in critical zones considering the violence against woman (Figure 3). 
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Figure 3: Classification Process 

 

 The result above shows that four regions of Recife are likely to have new crimes against 

women considering a two-month window. It is verified, historically, that these neighborhoods have 

high crime rates, reflected by several factors, such as cultural and educational factors. 

 

CONCLUSIONS 

 

The study presented a model for knowledge extraction in databases involved in public safety. 

This model combines knowledge extraction techniques in structured and unstructured data, allowing 

the use of machine learning algorithms that allow the classification and the prediction of crime. 

Thus, it is intended that this model contributes to the development of public policies in 

security and that these are more effective, allowing the minimization of the occurrence of crime and 

the increase of security in localities. 

As future works, it is interesting to study other points, such as the case of educational and 

social factors, identifying how they affect the criminality of a region. 
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ABSTRACT 

 
This short paper offers a brief overview of the methods used to deal with the problem of outliers in 

data-driven Process Monitoring and Fault Detection/Diagnosis (PM-FDD) in industrial chemical 

processes. Processes in the modern chemical industry, due to contemporary market demands, are 

becoming increasingly complicated in both structure and automation aspects, rendering PM-FDD 

systems indispensable for efficient and safe operation. Because of the high complexity, traditional 

model-based process monitoring methods, which rely on first-principles knowledge, become 

increasingly inadequate or even impossible to carry out. On the other hand, data-driven methods 

which rely basically on process data, recorded in huge amounts in today’s industries, can offer 

reliable solutions for PM-FDD. Perhaps the most widely   data-driven method for Process Monitoring 

is historically the Principal Component Analysis (PCA) method. Nevertheless, it is well-known that 

PCA is extremely sensitive to outliers. Outliers are observations that appear to break the pattern or 

grouping shown by the majority of the observations. The presence of these outlying observations can 

generally cause serious distortions in statistical models like PCA.  

 

Keywords: Outliers, Process Monitoring, Fault Detection and Diagnosis, Data-driven Methods, 

PCA, Robust Statistics. 
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INTRODUCTION 

The purpose of this report is to draw attention to the problem of outliers in a PCA analysis.  Outliers 

are observations that appear to break the pattern or grouping shown by the majority of the 

observations [1]. The presence of outliers can generally cause serious distortions in statistical models. 

Outlier detection in multivariate data and outlier-resistant (robust) techniques are briefly described in 

the following sections.   

 

NORMAL OPERATING CONDITIONS AND OUTLIERS 

One important step in applying data-based techniques for process monitoring and fault detection, 

such as the PCA, is to extract the portion of the data representing the normal operating conditions 

(NOC) from the plant historical database ([2,] [3], [4], [5]). Once the empirical model based on NOC 

is built, statistical control limits are calculated. New observations are projected onto this model, and 

the statistics calculated should be within the control limits for the process to be in control [5].  

In practice, the training data set of an industrial process usually contains outliers.  These are data 

points deviating from the pattern represented by the majority of training data. Outliers in an industrial 

process dataset can be faulty operation data, data collected during the shutdown and startup periods, 

and data obtained from different operating modes ([3], [6]). 

Most conventional multivariate methods, like classical PCA, are extremely sensitive to outliers due 

to the fact that they disturb the accurate estimation of the mean and variance/covariance of the data 

and even one outlier can have an arbitrarily large effect on the estimate and deteriorate the model 

([1], [2], [4], [6], [7], [8]). In addition, outliers may spoil the fault detection statistics (e.g., the 

Hoteling’s   statistic) and their control limits to make them unreliable [3]. 

There are basically two ways to deal with outliers in a PCA implementation ([4], [9], [10]):   

(a) One is the straightforward way of detecting and removing outliers from the training dataset 

before classical PCA analysis   
(b) Elimination of the influence of the outliers using a robust PCA method.  

Robust statistical methods, broadly speaking, are methods not affected by the presence of outlying 

observations and they are the subject of a distinctive branch of statistics called Robust Statistics. 

Some basic concepts of Robust Statistics are given in [1], [11] and [12].  

Although outliers could be easily identified in univariate, bivariate, or even trivariate data through 

graphical examination of the data, visual inspection does not work for more than three 

dimensions. Examining each dimension by itself or in pairs is not very efficient because as Figure 1. 

shows, it is quite possible for data to be outliers in multivariate space, but not outlying in any of the 

original univariate dimensions ([13]). 

Τhe problem of detecting outliers in a multivariate dataset can be very difficult, and the difficulty 

increases with the dimension of the data ([14]). 

 

Figure 10. A Scatter plot of Y versus X of a bivariate set (from Hadi et al, [13]) 
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DETECTION AND REMOVAL OF OUTLIERS PRIOR TO PCA ANALYSIS 

For the detection of outlying observations both univariate and multivariate approaches have been 

developed ([7], [12]).  

 

Univariate techniques 

Univariate techniques for outlier detection focus on each variable independently, identifying 

extreme observations based on the observed univariate distribution. For example, when the 

distribution is assumed normal, observations are often considered outlying when they are beyond a 

pre-specified number of standard deviations from the mean. 

 

Classical Approach 

The “3σ edit rule” is a popular univariate approach to detect outliers: 

            
where    is the mean of the data sequence and t= 3 is the threshold. This method labels outliers when 
data points are three or more standard deviations from the mean. 

Unfortunately, this procedure often fails in practice because the presence of outliers tends to inflate 

the variance estimation, causing too few outliers to be detected. As an alternative, a robust method 

can be followed. 

 

Robust Approach 

The so-called Hampel identifier replaces the outlier-sensitive mean and standard deviation estimates 

with the outlier-resistant median and median absolute deviation from the median (MAD). The 

MAD scale estimate is defined as: 

 

MAD =                  
   , 

 

where    is the median of the data sequence. The factor 1.4826 is chosen such that the expected 

MAD is equal to the standard deviation σ for normally distributed data ([2], [7]). 

The Hampel identifier is resistant to multiple outliers compared to standard “3σ edit rule”, but may 

not be robust enough in the presence of multiple outliers [2]. For this reason, more robust, than the 

MAD, estimators of scale have been developed. Two such estimators are given in [2]. 

 

Multivariate Outliers 

A multivariate outlier is a combination of unusual scores on at least two variables. Τhe problem of 

detecting multivariate outliers can be very difficult, and the difficulty increases with the dimension of 

the data [14]. Numerous multivariate outlier detection techniques are offered in the literature. In this 

report we briefly present only a few of the most popular ones. A more complete discussion and 

categorizations of the various methods can be found in [15], [16] and [12]. 

The Mahalanobis Distance 
A classical Approach for detecting multivariate outliers is to compute the Mahalanobis Distance 

(   ) for each observation   : 
 

                          
 

Where     and COV are the sample mean and sample covariance matrix of the dataset X, respectively. 

This distance tells us how far an observation is from the center of the data cloud, taking into account 
the shape of the cloud as well [11]. Observations with extreme Mahalanobis distances can be labeled 

as outliers. It is well-known and well-documented, however, that this approach suffers from the 

masking effect by which multiple outliers do not necessarily have a large     ([2], [17], [18]). To 

overcome this problem, robust measures of multivariate location and covariance can be used [19]. A 
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tutorial on the Mahalanobis Distance can be found in [20]. 

 

 

Multivariate Trimming 

In multivariate trimming, squared Mahalanobis distance values for each observation in the entire 

data set are calculated. 

 A fixed percentage of the observations with the highest    , chosen beforehand by the user, are 

removed and the process is repeated until either successive estimates of COV stabilize, or a set total 

percentage of the observations is trimmed. The remaining observations are used to calculate a mean 

and covariance matrix ([12], [21]). 

 

Minimum Volume Ellipsoid (MVE) 

The MVE method was one the first to be widely used for multivariate outlier detection. 

The basic idea of the MVE method is the search for the ellipsoid of the smallest volume that 

covers   data points out of the whole set of   data points. The value of   is defined by the user 

and it should be at least equal to    . 

The center and covariance matrix of the observations contained by the MVE are robust location and 

covariance matrix estimators. 

However, MVE is computationally expensive and nowadays, in most cases, the newer method of 

Minimum Covariance Determinant is used instead.   

 

Minimum Covariance Determinant (MCD) 

The minimum covariance determinant (MCD) is a highly robust estimator of multivariate location 

and scatter. Being resistant to outlying observations, makes the MCD very helpful in outlier 

detection [22]. Like in the MVE method, as a first step the user defines a value  . The basic idea of 

the MCD is the search for the   (out of  ) data points that have the smallest determinant of the 
classical covariance matrix. 

Then the location and scatter estimates are given by the mean and covariance matrix for this optimal 

subset of   observations. An example of a classical vs. MCD control ellipse for a data set is given in 

figure 2. 
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Figure 2.  An example of a classical (red) vs. MCD (blue) control ellipses for a data set. 

ROBUST PCA TECHNIQUES 

In the preceding sections, detection and removal of outliers from the training data prior to PCA 

analysis was discussed. In Robust-PCA methods, on the other hand, there is no need for prior 

outlier removal since they are designed to inherently eliminate the influence of outlying 

observations.  

Several ways of robustifying principal components have been proposed. They can be    grouped as 

follows ([1], [11], [12], [23]):  

(a) Techniques that replace the classical covariance matrix by a robust covariance via robust 

estimators of location and shape such as the MCD. Calculating the eigenvalues and 

eigenvectors of this robust covariance matrix provides eigenvectors that are robust to outliers. 

These approaches are limited to relatively low-dimensional data. 

 

(b) Projection pursuit (PP) searches for structure in high dimensional data by projecting these 

data into a lower dimensional space which maximizes a robust measure of spread, called 

the projection index,     , for example using the MAD. PP methods obtain robust eigenvector 

estimates by explicitly solving the maximization (or minimization) problem: find the direction 

(eigenvector)    that maximizes       . In subsequent steps, each new direction is 

constrained to be orthogonal to all previous directions. The procedure results in robust 

principal components and a robust covariance matrix. Classical PCA, which uses the classical 

variance as projection index is a special case of the PP algorithm.  

 

CONCLUSIONS 

 

Multivariate outlier detection in process data and robust techniques were concisely described. More 

comprehensive review articles of the topics discussed here can be found in [1], [12]. A recent 

review (2018), can be found in [18].  Generally, the subject of outliers and robust statistical 

methods has a very strong literature base.  
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