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ABSTRACT ARTICLE HISTORY
The multiple criteria decision-making (MCDM) utility-determining Received 13 June 2016
techniques are considered to be new development techniques that Accepted 22 June 2017
have been recently presented, extended and used by some schol-

ars. In the current work, an attempt is made to present a system- ARAS: COPRAS:

atic review of methodologies and applications of the MCDM utility- mana’gemem_ MCDM:
determining techniques discussed in recent years. The researchers MOORA and ;\AULTIM'()ORA;
reviewed 86 papers, describing the use of the MCDM utility-deter- SWARA; WASPAS
mining techniques, which were published in the period 2004-2015

in more than 42 scientific journals. They mainly refer to the area of JEL CLASSIFICATIONS
management and are extracted from online databases, such as C4; C44

Web of Science, Scopus and Google Scholar. According to the clas-

sification used by the researchers, the papers were grouped based

on the five main MCDM utility-determining techniques, including

stepwise weight assessment ratio analysis (SWARA), the weighted

aggregated sum product assessment (WASPAS), the additive ratio

assessment (ARAS), the method of complex proportional assess-

ment (COPRAS), multi-objective optimisation by ratio analysis

(MOORA) and MULTIMOORA (MOORA plus a full multiplicative

form). Furthermore, the papers were categorised taking into

account their authors, publication date, journal name, the tech-

nigue and method used, research objectives, research gap and

problem, solution and modelling and, finally, the results and find-

ings. The results of this study show that, in 2013, scholars pub-

lished more papers on the MCDM utility-determining techniques

than in other years. It is also worth noting that a group of COPRAS

methods (COPRAS-Grey and COPRAS-Fuzzy) was ranked number

one among the methods used in this area. With regard to journals,

the Journal of Civil Engineering and Management was ranked first in

the list of journals, which contributed to this review.

KEYWORDS

1. Introduction

In operations research, mathematical modelling and sophisticated statistical analysis
have been used for solving a number of business and organisational problems and
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improving a decision-making process. Due to the increasing complexity of the busi-
ness environment, companies rely on analysis to make decisions, which were formerly
based on managers’ intuition. Operations research provides the required tools for
government agencies and large companies to make better decisions to reduce risks,
and to enhance the quality of their performance. Challenges associated with the
development of technology and global economy complicated the business environ-
ment even more. The operations research based on the advanced software tools and
sophisticated mathematical models can help to evaluate all the options available to a
firm with respect to possible project outcomes and perform the analysis of risks asso-
ciated with making particular decisions. The results obtained in these analyses present
the complete information, based on which managers can make the required decisions
and work out an appropriate policy. As an effective framework, multiple criteria
decision-making (MCDM) was widely used to evaluate a finite number of decision
alternatives with multiple criteria. It was used in diverse scientific fields, such as busi-
ness and in solving the problem of sustainability. In solving many real-world prob-
lems, it is difficult for decision-makers to precisely assess performance ratings and
criteria weight (Hatami-Marbini, Tavana, Moradi, & Kangi, 2013). The fuzzy set of
Zadeh (1965) has been found to be particularly suitable for describing the ambiguities
when decision options associated with the solution of MCDM problems are evaluated.
Various scholars proposed different methods in the framework of multi-attribute util-
ity theory for multi-criteria decision-making in previous years.

Various new MCDM methods and techniques of multi-criteria decision-making
were used in a number of projects in different areas, especially in the field of manage-
ment and engineering projects related to construction management, energy saving,
etc. Moreover, some new techniques for using multi criteria analysis (MCA) of par-
ticular projects were extended by scholars in previous years. These techniques are as
follows: complex determination, which is important for considering qualitative and
quantitative characteristics (e.g., complex proportional assessment (COPRAS)
method) (Zavadskas, Kaklauskas, Banaitis, & Kvederyte, 2004; Kaklauskas, Zavadskas,
Raslanas, Ginevicius, Komka, & Malinauskas, 2006) and the method of multi-
objective optimisation by ratio analysis (MOORA) (Brauers & Zavadskas, 2006). The
presented techniques had some practical implications; for example, MOORA and
COPRAS techniques were applied to multi-attribute evaluation in making road design
solutions and to assessing the sustainability of residential areas in Vilnius (Zavadskas,
Kaklauskas, Tuskis, & Tamosaitiene, 2008c).

In management and engineering, one of the most persistent problems refers to
making optimal decisions in particular situations. For example, in management and
engineering, researchers are often faced with different problems associated with the
need for making effective decisions. Management and engineering projects are con-
sidered to be complex projects associated with situations where robust decisions
should be made. These decisions are made at various stages of management and
engineering project development. For example, decisions are made at the stage of
feasibility study prior to design, procurement and construction stages to identify the
viability of the project undertaken by an investor. Decision-making in the field of
management and engineering often faces the need to deal with hazardous
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phenomena. They include industrial accidents, causing damage to the built property,
as well as structural failures, extreme natural phenomena and dangerous human activ-
ities. Proper decisions made by architects and civil engineers might reduce the risk
posed by the above-mentioned phenomena. Decision-making in this field might be
facilitated by applying some formal methods, such as MCDM, as well as discrete or
continuous optimisation methods. Most, if not all, decisions are usually made under
uncertainty. The failure probability analysis is an effective tool for decision-making
on the reliability of structures. The factors referring to decision-making can be identi-
fied by using the methods of uncertainty and sensitivity analysis of mathematical
model outputs. The sensitivity analysis is crucial for understanding and applying
complex mathematical models to the investigation of the reliability problems associ-
ated with bearing structures. All the terms, describing the ranking of influence,
importance and dominance, are related to uncertainty and sensitivity analysis.

Previous studies were based on methods and techniques offered by the scholars of
that time. However, the conducted surveys did not keep up with the changing situ-
ation in this field. Therefore, the researchers believe that there is a need for a system-
atic review of the most important recent studies conducted in the considered area. In
addition, the researchers think that there is a need for a comprehensive paper com-
bining the available studies and methods. The presented review attempts to systemat-
ically describe some previous studies that employed the considered methods and
techniques. In addition, this paper attempts to discuss the exponentially growing
interest in the MCDM methods and techniques and provide comprehensive literature
on the MCDM methodologies and applications. This paper makes three contributions
to this area of study; first, by developing a classification scheme with practical consid-
erations, structurally reviewing the literature with the aim of presenting a guide to
these studies of MCDM methods offered by previous scholars, and some recommen-
dations for future studies. Moreover, the current study takes into consideration some
new perspectives in reviewing the articles, such as categorisation of the papers based
on their authors, publication date, journal name, the technique and method used,
research objectives, research gap and problem solution, as well as modelling and,
finally, the results and findings. The remaining part of this paper is organised as fol-
lows. Section 2 reviews the literature on the decision-making techniques. Section 3
presents the research methodology and the procedure used in the study. Section 4
provides the findings of this review based on the literature describing the application
areas, objectives and problems. Section 5 discusses the results based on the research
problems. Finally, Section 6 presents the conclusion, limitations of the research and
recommendations for future studies.

2. Literature review
2.1. Classification of MCDM methods

The MCDM methods cover a wide range of distinct approaches. The MCDM meth-
ods can be classified into two categories: the discrete MCDM or discrete multi-attri-
bute decision-making (MADM) and continuous multi-objective decision-making
(MODM) methods (Chauhan & Vaish, 2012; Kahraman & Cebi, 2009; Zavadskas,
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Turskis, & Kildiene, 2014c). Recently, hundreds of papers have been published pro-
viding information about MCDM methods, their development and application in dif-
ferent fields. This article provides an overview of the publications describing MCDM
methods. The study was performed on the Web of Science database, which is a part
of Thomson Reuters Web of Knowledge. The 1970s present an important period for
many seminal works. The fundamentals of modern MCDM methods were developed
in 1950s and 1960s. The research and development of MCDM methods increased
during the 1980s and early 1990s, but it seems that the exponential growth of this
process continued (Koksalan, Wallenius, & Zionts, 2011). The book by Koksalan
et al. (2011) provides a brief history of the development of MCDM methods. It
describes the development of this area from ancient to modern times. Mardani,
Jusoh, Md Nor, Khalifah, and Zakwan (2015a) and Mardani, Jusoh, and Zavadskas
(2015b) grouped MCDM and fuzzy MCDM (FMCDM) tools in a different way.
Keeney, Raiffa, and Rajala (1979) formulated the basics of decision with multiple
objectives. Hwang, Masud, Paidy, and Yoon (1979) provided a review of the develop-
ment and applications of MODM methods in a relatively short period of time. Later,
Tzeng and Huang (2011) reviewed the MADM methods (simple additive weighting
(SAW), technique for order of preference by similarity to ideal solution (TOPSIS),
elimination and choice expressing reality (ELECTRE), and the linear programming
technique for multidimensional analysis of preference (LINMAP)).

Saaty (1980) published a detailed study of the analytic hierarchy process (AHP).
Later, Saaty (1996) published a study of the further development of the analytic net-
work process (ANP) method. Zeleny and Cochrane (1982) published a book dealing
with the problem of the compromise theory. Hwang and Lin (1987) published the
investigation of group decision-making under multiple criteria. Roy (1996) summar-
ised the information on the ELECTRE group methods. Seminal studies were prepared
by Belton and Stewart (2002), Gal, Stewart, and Hanne (1999) and Miettinen (1999).
Brauers (2004) published research based on the MOORA and MULTIMOORA
(MOORA plus the full multiplicative form) methods. In recent years, the develop-
ment of hybrid and modular methods has grown in importance. The related studies
are performed on the previously developed well-known methods, such as TOPSIS
(Hwang & Yoon, 1981), SAW (MacCrimmon, 1968), AHP (Saaty, 1971; Saaty, 1988),
ANP (Saaty, 1996), visekriterijumska optimizacija i kompromisno resenje (VIKOR)
(Opricovic, 1998; Opricovic & Tzeng, 2002), decision-making trial and evaluation
laboratory (DEMATEL) (Fontela & Gabus, 1976), data envelopment analysis (DEA)
(Charnes, 1994; Charnes, Cooper, & Rhodes, 1978; Nazarko & Chodakowska 2015),
preference ranking organisation method for enrichment evaluations (PROMETHEE)
(Mareschal, Brans, & Vincke, 1984), ELECTRE (Roy, 1968; Roy, 1971; Roy, 1978; Roy
& Bertier, 1973) and their modifications by applying fuzzy and grey number theory.
The relatively recently developed MCDM methods, such as complex proportional
assessment (COPRAS) (Zavadskas, Kaklauskas, & Sarka, 1994; Zavadskas &
Antucheviciene, 2007; Zavadskas, Kaklauskas, Turskis, & Tamosaitiene, 2008c), addi-
tive ratio assessment (ARAS) (Turskis & Zavadskas, 2010a; Turskis & Zavadskas,
2010b; Zavadskas & Turskis, 2010), MOORA (Brauers & Zavadskas, 2006),
MULTIMOORA (Brauers & Zavadskas, 2010), stepwise weight assessment ratio
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analysis (SWARA) (Kersuliene, Zavadskas, & Turskis, 2010) and weighted aggregated
sum product assessment (WASPAS Zavadskas, Turskis, Antucheviciene, & Zakarevicius,
2012a) are being rapidly developed and applied to solve real-life problems.

The related literature covers a number of classifications of MCDM tools with fuzzy
theory sets. For example, Peneva and Popchev (2008) stated that if the weights were given
as real numbers, the operators, such as weighted arithmetic means (Chiclana, Herrera, &
Herrera-Viedma, 1998), ordered weighted maximum (OWMAX) and minimum
(OWMIN) (Fodor & Roubens, 1995) and the ordered weighted geometric operator
(Chiclana, Herrera, & Herrera-Viedma, 2000) could be applied to the aggregation of fuzzy
relations. In the mathematical model, there are operators whose weights do not adequately
represent them: Min, Max, MaxMin, gamma and generalised mean (da Costa Sousa &
Kaymak, 2001). The idea of using the given weights in this case is offered in Yager
(1994). The two other categories proposed by Hwang, Chen, and Hwang (1992) include
the ways for finding a ranking based on the degree of optimality, linguistic ranking meth-
ods and the comparison function, as well as Hamming distance, proportion to the ideal,
fuzzy mean and spread, centroid index, left and right scores and area measurement. The
second category contains the methods, employing different ways of evaluating the relative
significance of multi-attributes, including analytic hierarchy process, fuzzy simple additive
weighting methods, fuzzy outranking methods, fuzzy conjunctive/disjunctive methods and
maximin methods. Inuiguchi, Ichihashi, and Tanaka (1990) performed a study of recent
developments in fuzzy programming. In their work, they employed such applications as
flexible programming, possibilistic programming, possibilistic linear programming with
fuzzy goals, possibilistic programming with fuzzy preference relations, possibilistic linear
programming using fuzzy max and robust programming.

Based on the relationship among the aggregated arguments, the aggregation opera-
tors can be roughly divided into two classes: the operators that consider the depend-
ence of aggregated arguments and those that consider these arguments independently.
In the case of the first class, Yager (1988) introduced the ordered weighted averaging
(OWA) operator for reordering the arguments prior to their aggregation. This operator
motivated Chiclana et al. (2000) and Xu and Da (2002) to propose the ordered
weighted geometric (OWG) operator. Yager (2004) used the continuous interval-valued
arguments to develop the continuous ordered weighted averaging (C-OWA) operator.
Torra (2010) and Torra and Narukawa (2009) developed the hesitant fuzzy sets (HFSs)
concept to present the hesitant fuzzy information, which covers the arguments with a
set of possible values. It is considered to be an efficient new tool for collecting and rep-
resenting the arguments under uncertainty, particularly, in the decision-making process.
Zhu, Xu, and Xia (2012) investigated the Geometric Bonferroni Means (BMs) com-
bined with hesitant fuzzy information and introduced the hesitant fuzzy geometric
BMs (HFGBM). Yu, Wu, and Zhou (2012) developed the generalised hesitant fuzzy
BM (GHFBM), with its application in the multi-criteria group decision-making.

The aggregation techniques had a great influence on the MCDM problems, and
the aggregation operators were widely applied to MCDM. In a fuzzy environment,
Chen and Tan (1994) developed several functions for measuring the extent to which
each alternative is suitable with respect to a set of the criteria used in MCDM. Hong
and Choi (2000) used the maximum and minimum operations for developing some
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approximate techniques to address the MCDM problems. Moreover, the aggregation
operators extended to the intuitionistic fuzzy environment of intuitionistic fuzzy sets
(IFS) (Atanassov, 1986) play a significant role for basic elements that reflect prefer-
ence values or judgements of decision-makers. Li (2005) designed several linear pro-
gramming models and introduced the respective decision-making methods by means
of IFSs. Liu, and Wang (2007) proposed a series of score functions to be applied to
solving MCDM problems in accordance with the evaluation functions and the intui-
tionistic fuzzy point operators. Based on the interval-valued IFSs, Chen, Wang, and Lu
(2011) offered a method of multi-criteria group decision-making. However, very few
studies were focused on the MCDM problems under the hesitant fuzzy environment.
Furthermore, in the decision-making process, hesitancy and uncertainty are generally
considered as unavoidable problems. To express the evaluation information of deci-
sion-makers more objectively, several improved tools, including a fuzzy set (Zadeh,
1965), an intuitionistic fuzzy set (Atanassov, 1986) and a fuzzy multi-set (Miyamoto,
Liu, & Kunii, 2000; Yager, 1986), as well as a linguistic fuzzy set (Xu, 2004a; Xu,
2004b) and type-2 fuzzy set (Dubois & Prade, 1980), were offered in the literature.

The MCDM methods can be applied effectively to determining the value and util-
ity degree of management and engineering and establishing the priority order for
their implementation (Turskis, 2008). Using these methods, the problem of evaluating
a discrete set of alternatives can be examined based on a set of decision criteria.
Different criteria represent various dimensions of the alternatives; as a result, they
might conflict. For example, in the construction processes, complex decisions, involv-
ing a number of conflicting and interactive criteria are analysed. As a result, the
MCDM theory was provided with the elements of mathematical statistics and MCDM
methodology, considering statistical relations between the developed criteria. In this
regard, some scholars in recent years have attempted to develop, extend and present
new MCDM methods and techniques, as well as utility-determining approaches.

The present review paper attempts to systematically describe the techniques and
methods offered and used by individual scholars (Table 1).

Although previous studies applied various MCDM utility-determining techniques
to different fields of management and engineering, such as the construction manage-
ment, Lin, Chang, and Lin (2011) used the fuzzy analytic hierarchy process (FAHP)
and fuzzy Delphi method to evaluate the performance of a knowledge management
system (Radziszewski, Nazarko, Vilutiene, & et al. 2016). In the field of equipment
and material selection, Ulubeyli and Kazaz (2009) and Akadiri, Olomolaiye, and
Chinyio (2013) employed ELECTRE III, FAHP and AHP for selecting pumps and
new materials, as well as sustainable materials. In the transportation field, Cheng and
Li (2005) ranked railroad projects by using AHP and the artificial neural network
(ANN). In the building field, Kahraman and Kaya (2012) and Kaya and Kahraman
(2014) integrated multi-attribute utility theory (MAUT), TOPSIS and AHP to evalu-
ate intelligent buildings. In the construction project field, Pinter and Psunder (2013),
Gudiene, Banaitis, Podvezko, and Banaitiene (2014) and Antucheviciene,
Zakarevicius, and Zavadskas (2010) used M-TOPSIS, TOPSIS and AHP for assessing
the projects and evaluating the construction management. In the field of assessing the
construction contractor, Nieto-Morote and Ruz-Vila (2012) used F-TOPSIS, while in
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Table 1. New MCDM methods.

NO. METHODS AND TECHNIQUES AUTHOR PUBLICATION YEAR
1 MOORA Brauers and Zavadskas 2006
2 COPRAS Zavadskas, Kaklauskas, 1994
and Sarka
3 COPRAS-F Zavadskas and 2007
Antucheviciene
4 COPRAS-G Zavadskas, Kaklauskas, 2008c
Turskis, and Tamosaitiene
5 ARAS Zavadskas and Turskis 2010
6 ARAS-G Turskis and Zavadskas 2010b
7 ARAS-F Turskis and Zavadskas 2010a
8 SWARA Kersuliene, Zavadskas, 2010
and Turskis
9 MULTIMOORA Brauers and Zavadskas 2010
10 TOPSIS-M tAntucheviciene, 2010
Zakarevicius,
and Zavadskas
1 WASPAS Zavadskas, Turskis, 2012a
Antucheviciene, and
Zakarevicius
12 COPRAS method for group Razavi Hajiagha, Hashemi, 2013
decision making in an and Zavadskas
interval-values intuitionis-
tic fuzzy environment
13 WASPAS-IVIF Zavadskas, Antucheviciene, 2014a
Hajiagha, and Hashemi
14 KEMIRA Krylovas, Zavadskas, 2014
Kosareva, and Dadelo
15 WASPAS-F Zavadskas, Turskis, and 2015
Antucheviciene
16 WASPAS-G Turskis, Zavadskas, 2015b
Antucheviciene,
and Kosareva
17 IVIF-MULTIMOORA Zavadskas, Antucheviciene, 2015¢

Hajiagha, and Hashemi

the field of bidding strategy, Chou, Pham, and Wang (2013) proposed a new bidding
strategy by using FAHP and regression-based simulation. Some studies, including the
work of Kucukvar, Gumus, Egilmez, and Tatari (2014), employed F-TOPSIS to evalu-
ate the performance to identify the pavement problems. Wang, Yu, Yang, Lin, Lee,
and Cheng (2013), Mohammadi, Sadi, Nateghi, Abdullah, and Skitmore (2014),
Jaskowski, Biruk, and Bucon (2010) and Safa, Shahi, Haas, and Hipel (2014) used
AHP and ANP, FAHP and TOPSIS for selecting the contractor, project managers
and the supplier, while Marcic, Ceric, and Kovacevic (2013) employed the AHP
approach for selecting a field-testing method. Regarding the evaluation of perform-
ance efficiency in semiconductor companies, Hsu (2015) used the VIKOR method. In
the field of renewable energy, Ertay, Kahraman, and Kaya (2013) evaluated renewable
energy components by using FAHP. Jato-Espino, Castillo-Lopez, Rodriguez-
Hernandez, and Canteras-Jordana (2014) published an article where they presented
the application of MCDM methods in management and engineering. In this review
paper, AHP, TOPSIS, PROMETHEE, VIKOR, ELECTRE, SAW, DEA, as well as the
utility theory, COPRAS, ANP, Delphi, Grey systems theory and other methods used
in management and engineering were discussed. However, their review only covered
publications from 2004 to 2014, while earlier works were not cited. In their paper,
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some significant previously published articles including the article by Stowinski
(1986) on the problem of application of MCDM methods to planning the water sup-
ply system development were mentioned. On the other hand, Skibniewski and Chao
(1992) were the first to use the AHP method in management and engineering.
However, the processes of conducting, developing, extending and presenting new
MCDM methods and techniques could not keep up with the changing situation.

3. Research method

Due to the existence of a wide range of applications of the MCDM utility-determin-
ing techniques in the real world, there is a strong motivation to categorise these
applications in various areas and subareas. This paper reviews the literature to iden-
tify the articles which were published in popular journals and those that provided the
most important information to practitioners and researchers who attempted to use or
investigate the MCDM utility-determining techniques. To this aim, an extensive
search aimed at finding the MCDM utility-determining techniques according to the
titles, abstracts, keywords and research methodologies of the papers was made. This
paper attempts to document the exponentially increased interest in using the MCDM
utility-determining techniques and provide a systematic review of the related litera-
ture about the MCDM utility-determining technique applications and methodologies.

3.1. Literature search and article eligibility

According to the classification scheme, a reference repository, which includes a total of
86 published papers, describing the use of the MCDM utility-determining techniques
(e.g, MOORA, COPRAS, COPRAS-F, COPRAS-G, ARAS, ARAS-G, ARAS-F, SWARA,
MULTIMOORA and WASPAS) is presented. The papers are classified according to the
publication date, technique and method, research objective, research gap and problem,
solution and modelling, as well as the results and findings and the journals’ names. The
contributions of the current paper are in three areas as follows: enhancing the classifica-
tion scheme by focusing on practical considerations, structurally reviewing the literature
to guide the research on the MCDM utility-determining techniques and identifying
related issues for future studies. Moreover, two new perspectives are taken into consider-
ation in reviewing the articles, which include the categorisation of the papers according
to the main five techniques and their categorisation based on research criteria.

The researchers targeted two main library databases, such as Scopus, Web of Science
and Google Scholar, which cover the journals presenting the MCDM utility-determining
techniques. Items considered in the doctoral dissertations, master’s theses, textbooks and
unpublished papers were not included in this review. For finding 86 papers published in
scientific journals, the researchers mainly considered international journals presenting
MCDM utility-determining applications. Figure 1 shows the research methodology.

The following sections briefly describe the papers and summarise the topics in the
tables based on the techniques used. In each table, the papers are summarised and
highlighted according to their introductions, research methods, and the results of
investigation.
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Search in Online Databases

Online Database
12 years, from ‘Web of Science
2004 to 2015 Scopus
> Google Scholar
( Identification of Survey Goal )

Journal
Articles

Excluded chapters of books, theses and dissertations,
unpublished papers, textbooks, editorial notes, etc.

MCDM utility
determining
techniques

Identified and screened articles related to MCDM Excluded papers that do not meet the inclusion criteria
utility determining techniques > (n=134)
(n=240)

Review of RS )
articles . COPRAS (n=29)
Classnﬁed. based on »|  WASPAS (n=9)
techniques MOORA & MULTIMOORA (n= 24)
SWARA (n=9)

Selected articles related to engineering and

management (n=86)

Energy source (n= 10)
Buildings (n=20)
Material (n=7)

. Project management (n= 6)
Classified based on ——»| Construction management (n=9)
areas Resource (14 =n)allocation
Safety and health (n=2)

Risk management (n=2)
v Author (s) Sustainability assessment (n= 6)
Other areas (n= 16)

Primary review of articles based on
abstract Published Year

Technique and method

Research Objective Discussion and

\ 4 Conclusions

86 full-text articles included in Research gap and problem
systematic review

Solution and modeling

Results and finding

Figure 1. Summary of analyses and procedures used in the study.

4. The obtained results
4.1. Distribution of the MCDM utility-determining techniques

In recent years, research on the MCDM utility-determining techniques has been con-
tinued, and many applications of these techniques have been found in several fields.
MCDM provides effective decision-making methods for domains where the selection
of the best alternative is highly complicated. The current study provides a detailed
review of the main trends of considering the MCDM theory and practice. The main
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purpose of the review is to identify various MCDM utility-determining techniques
used in previous studies and to suggest approaches that could be most effectively
applied to identifying the best alternative. MCDM utility-determining techniques
were used in many areas, especially in management and engineering. MCDM meth-
ods help to choose the best alternatives based on multiple criteria. The best alterna-
tive can be determined by analysing the scopes and weights of the criteria and
selecting the optimum ones, using any MCDM technique. The current review closely
shows the process of enhancing various MCDM utility-determining techniques and
their applications in management and engineering and other fields from various per-
spectives. In total, 86 papers were classified according to the applied five MCDM
utility-determining techniques, such as (1) SWARA, (2) WASPAS, (3) ARAS,
(4) COPRAS and (5) MOORA and MULTIMOORA (Figure 1).

The sections below provide a systematic review of 86 papers and categorise them
into 10 application areas. In the step described below, all papers will be presented in
separate tables and each application area will be generally described based on their
authors, publication date, the technique and method used, research objective, research
gap and problem, as well as solution and modelling, results and findings and the
journal’s name. In the considered section, the papers were classified based on the
applied techniques and then distributed based on the MCDM utility-determining
techniques and publication years. The last section presents the papers based on the
journals’ distribution.

4.2. SWARA

There are several kinds of MADM methods for criteria weight calculation in the lit-
erature. A decision-maker usually finds it more difficult to evaluate different criteria
in a decision-making process. In addition, in some methods, the number of calcula-
tions is very great, and the accuracy of the methods is not very high. SWARA is a
method where experts apply their own implicit knowledge, experiences and informa-
tion. In addition, it is not considered to be complicated and time-consuming (Zolfani
& Saparauskas, 2013). The main feature of the SWARA method is associated with its
possibility of estimating the experts’ or interest groups’ opinions about the signifi-
cance of the attributes in the process of weight determination (Kersuliene et al,
2010). The first criterion in ranking is considered to be most significant, while the
last is least significant (Alimardani, Zolfani, Aghdaie, & Tamosaitiene, 2013). The
final ranks are determined by a group of experts based on their average value
(Kersuliene & Turskis, 2011). All past and recent studies, where SWARA method-
ology was used for a particular purpose, are as follows: Kersuliene and Turskis (2011)
used it for architect selection; Kersuliene et al. (2010) employed it in rational dispute
resolution method selection; Hashemkhani Zolfani, Aghdaie, Derakhti, Zavadskas,
and Morshed Varzandeh (2013b) used it in the investigation of success factors of
online games based on explorer; Hashemkhani Zolfani, Farrokhzad, and Turskis
(2013b) also used it in decision-making on business issues with foresight perspective;
Hashemkhani Zolfani and Saparauskas (2013) used it in prioritising the sustainability
assessment indicators of an energy system; Alimardani et al. (2013) used it in agile
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supplier selection; and Hashemkhani Zolfani and Bahrami (2014) used it in invest-
ment-prioritising in high-tech industries. The SWARA technique methodology is pre-
sented in Figure 2.

Table 2 presents the studies based on the application of SWARA technique.
According to the data presented in this table, a total of nine studies described
SWARA techniques that were combined with other techniques and applications. This
table shows that one of these papers was published in 2015, three in 2014, four in
2013, one in 2011 and one in 2010. Most of the above-mentioned studies referred to
the field of construction management. Table 2 presents all papers, considering the
SWARA technique and its application.

4.3. WASPAS

The following section explains the WASPAS method, which is considered to be one
of the most recent methods proposed in the literature. This method was designed on
two bases, including the weighted product model (WPM) and the weighted sum
model (WSM) (Zavadskas et al., 2012a). Zavadskas et al. et al. (2012a) proposed this
new method and proved that this aggregated method performs more accurately than
other approaches. The comprehensive research conducted recently by using WASPAS
method is presented in the following sources: Staniunas, Medineckiene, Zavadskas,
and Kalibatas (2013) employed it for ecological-economic assessment of multi-
dwelling house modernisation; Zavadskas, Antucheviciene, Saparauskas, and Turskis
(2013a) applied it to verification of robustness of methods in assessing the alternative
solutions; Dejus and Antucheviciene (2013) used it for assessing health and safety sol-
utions on the construction site; and Hashemkhani Zolfani et al. (2013b) applied it to
decision-making with respect to business issues with foresight perspective. The meth-
odology of WASPAS technique is presented in Figure 3.

Table 3 presents the studies where the WASPAS technique was used. Based on the
results presented in this table, a total of nine studies used WASPAS technique com-
bined with other techniques and applications. This table shows that three papers were
published in 2014 and six in 2013. All of these studies referred to the management
and engineering field (see, for example, Bagocius, Zavadskas, & Turskis, 2014).
Table 3 presents all papers using the WASPAS technique.

4.4. ARAS

Zavadskas and Turskis (2010) proposed the ARAS method, which is a recently
formed but easy-to-use and effective MCDM method. This method was applied to
solve different decision-making problems. The fuzzy and grey extension of this
method referred to as ARAS-Fuzzy (ARAS-F) (Turskis & Zavadskas, 2010a) and
ARAS-Gray (ARAS-G) (Turskis & Zavadskas, 2010b) were developed. Only a few of
the available studies have been mentioned in the present paper, including Zavadskas,
Susinskas, Daniunas, Turskis, and Sivilevicius (2012b), Zavadskas, Turskis, and
Tamosaitiene (2010b) and Bakshi and Sarkar (2011). The following steps describe the
procedure of solving problems by using the ARAS method: Step 1 - determine the
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Drawing a set of %| Respondent survey H Listing the main criteria |9 Drawing a general list of criteria

criteria

Analysis of criteria list Arrangement of criteria according to

Deletion of interrelated

attributes frequency of indication
Dravwing of u;;\;lawd crterie | et th mest imporuant exeron s iid a the it one, te.)
v
| Presentation of j criterion I Determining the final criteria ranks
v
Presentation of k=j+1 =N Determining how much k cri.ter'ion is more important thz}n j criterion. Relative
criterion decrease in importance must be applied

Calculating the value of k

l criterion importance value

If j<n (n is the number of
unrelated criteria)?

Determining the importance
vector of the criteria

\:

Determining the criteria
importance

ji=jt+l \l/

Figure 2. SWARA methodology.

optimal performance rating for each criterion after creating the decision matrix; Step
2 - calculate the normalised decision matrix; Step 3 — calculate the weighted normal-
ised decision matrix; Step 4 - calculate the overall performance index for each alter-
native; Step 5 —calculation of the utility degree for each alternative; and Step 6 - rank
the alternatives and/or select the most efficient (Figure 4).

Table 4 presents the papers that used ARAS technique. Based on the results pre-
sented in this table, a total of nine studies used ARAS, ARAS-F and ARAS-G techni-
ques combined with other techniques and applications.

4.5. COPRAS

COPRAS is a method for ranking the alternatives for determining their preference
order, which was improved by Zavadskas et al. (1994). They assumed direct and pro-
portional dependences of the priority and utility degrees of the available alternatives
in the presence of mutually conflicting criteria. Figure 5 presents the COPRAS tech-
nique methodology. This technique focuses on the alternatives’ performance by con-
sidering various criteria and the corresponding criteria weights. By using the decision
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Development of a decision/evaluation matrix, X = [xi j] m X n where x;; is the performance of i" alternative with
respect to j" criterion, m is the number of alternatives and n is the number of criteria

U

Decision matrix is normalized using the following two equations:

Xij 2 P min ; x;j ° Tt
x;j = —2— for beneficial criteria and x;; = ——= for non-beneficial criteria
i

max ; x;

The total relative importance of i*" alternative is calculated as follows:

1
QY = 1 xyw,

where w; is weight (relative importance) of j th criterion.

LY

The total relative importance of it" alternative is evaluated using the following equation:
n

o= | |

LY

A joint generalized criterion of weighted aggregation of additive and multiplicative methods is as
follows:

Q=050 + 050® = 053, xyw; + 0.5 QP = [Ty (i)’

<

More generalized equation for determining the total relative importance of i** alternative is as follows:
n n

=20+ (1= 0e® = 2) xw + 1= D] Je)”,  a=0,01,..,1
j=1 j=1

U

The optimal values of A can be determined while searching for the following extreme function:
a? (@)
A= !
O-Z(Q(l)) + UZ(Q(Z))
The variances oz(Qi(l)) and O'Z(QL-(Z)) can be computed applying the equations as given below:
2(AD) _ yn 2 2
o (Qi ) = Xj=1 Wi o (xi5)
n wi
z( (2)) _yn =)™ wi 5
o Q7 ) = Xj=a( ; )2 02(x;;)
! J=1 (ei)"i (xij)(l vy ”

0

The estimates of variances of the normalized initial criteria values are calculated as follows:
Uz(xi]') = (005 xi]')z

Figure 3. Methodology of WASPAS technique.

approach, the direct and proportional dependence of the significance and utility
degrees of the alternatives can be evaluated in a system of attributes, weights and
the attributes’ values. COPRAS attempts to find a solution by using the distance to
the ideal solution and the distance to the ideal-worst solution, which are the best
and the worst solutions, respectively. The degree of utility is determined by making a
comparison between the analysed alternatives and the best one. The values of the util-
ity degree are ranged between 0% and 100% and between the worst and the best
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| Determine optimal performance rating for each criterion |
<3

Calculate the normalized decision matrix

<~

| Calculate the weighted normalized decision matrix |
EP

Calculate the overall performance index for each alternative
EPS

Calculate the degree of utility for each alternative

==

Rank alternatives and/or select the most efficient one

Figure 4. Methodology of ARAS technique.

alternatives. The COPRAS method was effectively employed to solve different prob-
lems in construction management (Kaklauskas et al., 2006; Kaklauskas, Zavadskas, &
Trinkunas, 2007; Zavadskas, Kaklauskas, Turskis, & Tamosaitiene, 2009b), economics,
property management, etc. Zavadskas et al. (2008c) described the main ideas related
to the COPRAS-G method. The idea of COPRAS-G about the criterion values
expressed in intervals is based on real conditions of decision-making and applications
of the Grey systems theory (Deng, 1982; Deng, 1988). In COPRAS-G, a stepwise eval-
uating procedure and ranking of the alternatives is used in terms of the utility degree
and significance. In recent improvement of COPRAS, Uzsilaityte and Martinaitiss
(2010) have compared several criteria of building renovation, which employed energy,
environmental and economic criteria, and investigated the effect of renovation in the
building’s lifecycle; Chatterjee, Athawale, and Chakraborty (2011) used EVAMIX and
COPRAS for selecting the materials; Podvezko (2011) used COPRAS and SAW for
the comparative analysis of the MCDM approaches; and Chatterjee and Chakraborty
(2012) used COPRAS-G for selecting the material in a manufacturing environment.
The COPRAS-F method can be employed in cases when the criteria weights and
alternative ratings are given in linguistic terms or expressed using trapezoidal or tri-
angular fuzzy numbers.

Table 5 presents the studies where the COPRAS technique is used. Based on the
results given in this table, a total of 29 studies employed COPRAS, COPRAS-G, and
COPRAS-F techniques combined with other techniques and applications. This table
shows that one paper was published in 2015, six in 2014, 12 in 2013, eight in 2012,
five in 2011, five in 2010, two in 2009, six in 2008, three in 2007 and one in each
year from 2004 to 2006. Table 5 presents all papers that used the COPRAS technique.

4.6. MOORA and MULTIMOORA

Multi-objective optimisation, also known as multi-criteria or multi-attribute optimisa-
tion, is the process of simultaneous optimisation of two or more conflicting attributes
(objectives) that are subject to some particular constraints. The MOORA method
introduced by Brauers (2004) is a multi-objective optimisation technique, which can
be successfully used for solving various types of complex decision-making problems
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Decision-making matrix (Matrix with values of attributes described in intervals)
Normalizing decision-making matrix

<

Weighting normalized decision-making matrix

>

Calculating minimizing indexes R; for each alternative
(The sums of normalized weighted indexes describing the j — tX alternative to be minimized are calculated)

<

Calculating maximizing indexes P; for each alternative
(The sums of normalized weighted indexes describing the j — tX alternative to be maximized are calculated)

>

Calculating the sums of normalized weighted indexes describing the j — tX alternative
The alternatives are described by minimizing indexes

<t

Determining minimal value of R;

<>

Determining significance of alternatives

S~z

Ranking the alternatives according to relative significance of each alternative

Figure 5. Methodology of COPRAS technique.

in the manufacturing environment. The MOORA method starts with a decision
matrix showing the performance of different alternatives with respect to various
attributes. The MOORA method employs a ratio system, where each performance rat-
ing of an alternative with respect to a particular criterion is compared to a denomin-
ator, which is representative of all alternatives concerning this criterion (Brauers &
Zavadskas, 2012). For this denominator, the best choice is the square root of the sum
of squares of each alternative per objective. Different units of performance ratings as
well as their range of magnitude are normalised to convert the criteria to dimension-
less attributes in the range of 0-1. The MOORA method relies on the reference point
approach, implying that the chosen alternative should have the highest composite
score which represents the difference between the sum of benefit (SOB) and the sum
of non-benefit (SONB) scores.

As mentioned above, the MOORA method was introduced by Brauers and
Zavadskas (2006) on the basis of earlier investigations. Brauers and Zavadskas (2010)
extended the MOORA method and made it more robust under the name of
MULTIMOORA. This feature can be linear utility methods and decision criteria
aimed at separating positive and negative criteria to optimise the above-mentioned
options. These methods were applied in several studies (Balezentis, Valkauskas, &
Balezentis, 2010; Brauers & Ginevicius, 2010; Brauers, Ginevicius, & Podvezko, 2010),
which focused on regional studies, international comparisons and investment
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The ratio system defines data normalization by comparing the alternative of an objective to all
w Xy
ij =
Je1 %)

values of the objective: x

-
Summary index of state is derived by the formula:
x _ i=g i= *
¥i = Xi=q Xij - Xizgs1 Xij
<~

Every element of the normalized responses’ matrix is recalculated and the final rank is given
according to the deviation from the reference point and the Min-Max Metric of Tchebycheft:

min; (max; || ; — xj; )
<0

Form a method embodying maximization as well as minimization of purely multiplicative utility function.
Overall utility of the j — th alternative can be expressed as a dimensionless number:

Aj i . . . .. .
Uj’ = B—’, where 4; = H§7=1 Xgi,j = 1,2, ... m; m is the number of alternatives; i is the number of objectives
Ui
to be maximized; B; = IMHEn Xij, 1 — iis the number of objectives to be minimized;

U]-' is the utility of alternative j with the objectives to be maximized and the objectives to be minimized

Figure 6. Methodology of MULTIMOORA and MOORA techniques.

management. Figure 6 presents the methodology underlying the MULTIMOORA and
MOORA techniques.

Table 6 demonstrates the studies performed by using the MULTIMOORA and
MOORA techniques. According to the results presented in this table, a total of 24
studies employed MULTIMOORA and MOORA techniques combined with other
techniques and applications. Table 6 presents all studies which used the
MULTIMOORA and MOORA techniques.

4.7. Distribution of papers based on the area of applications

In recent decades, research on MCDM has continued and many areas for its applica-
tion have been found. MCDM provides effective decision-making methods in
domains where the selection of the best alternative is very complicated. The current
study reviews the main streams of considering the MCDM theory and practice in
detail. The main purpose is to identify various MCDM utility-determining applica-
tions and approaches in several fields of management and engineering, and to suggest
approaches which could be used most robustly and effectively to identify the best
alternatives. The MCDM method has been applied to many domains of management
and engineering. The MCDM method helps to choose the best alternatives in the
presence of multiple criteria, while the best one can be obtained by analysing differ-
ent scopes and weights of the criteria and the selection of the optimum ones is per-
formed by using any MCDM utility-determining technique. This survey shows the
development of various MCDM utility-determining methods and their applications in
management and engineering. In total, 86 papers were classified into 10 areas: (1)
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energy source, (2) buildings, (3) material, (4) project management, (5) construction
management, (6) resource allocation, (7) safety and health, (8) risk management, (9)
sustainability assessment and (10) other areas. Regarding the MCDM utility-determin-
ing techniques and methods, the results given in this Figure 1 show that; previous
scholars published more papers in the fields related to buildings than in other applica-
tion areas. The information on other application areas is provided in Figure 7.

4.8. Distribution of papers based on MCDM techniques

Figure 8 gives the frequency of use of popular MCDM utility-determining techniques,
including SWARA, WASPAS, COPRAS, MOORA, MULTIMOORA and ARAS.

4.9. Distribution of papers based on the journals of their publication

The results presented in Table 7 give more than 42 scientific journals and conference
publications using the considered MCDM utility-determining techniques.

Based on the research findings, the Journal of Civil Engineering and Management
was ranked first among the journals presented in this table, while Technological and
Economic Development of Economy was ranked second and Procedia Engineering third
among 42 journals considered in the work. The information about other journals is
presented in Table 7. Other information related to the distribution of journals is
given in Table 7.

4.10. Distribution of papers based on the publication year

Figure 9 presents important evidence based on the frequency of distribution in terms
of the year of publication. The results show that, from 2004 to 2015, the information
about using the MCDM utility-determining tools and approaches presented by schol-
ars has grown considerably. According to the findings of this section, the use of these
tools and approaches in 2011 was mentioned in 21 papers, and their number
increased to 24 papers in 2013. The use of MCDM utility-determining tools and
approaches has been increasing every year.

Another interesting result in this table refers to the year 2013, when the MCDM
utility-determining tools and techniques were used in the studies more often than in
other years. This year shows the highest number of such publications, reaching 24.
Accordingly, it can be noted that researchers use the MCDM utility-determining tools
and approaches in their studies referring to different fields and categories, and it can
be predicted that in the upcoming years their application will also increase. However,
in 2014 and 2015, the number of publications decreased.

5. Discussion

This study attempted to review the papers on using the MCDM utility-determining
techniques published in the period of about 12 years (i.e., 2004-2015) in popular
international journals accessible in databases such as Scopus, Web of Science and
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Figure 8. Distribution of papers based on MCDM utility-determining techniques.

Google Scholar. The first aim of this paper was to systematically review the con-
ducted studies, based on using the MCDM utility-determining techniques, such as
SWARA, WASPAS, COPRAS, MOORA, MULTIMOORA and ARAS, and which have
been published in recent years. To this end, in the first step, a total of 86 published
papers about MCDM utility-determining techniques were systematically and carefully
chosen and summarised based on the title, abstract, introduction, research method
and conclusion. In the next step, according to the predefined objectives of this study,
the papers related to the MCDM utility-determining techniques were categorised. In
addition, the researchers attempted to choose the papers describing the use of these
techniques in engineering and management. The results of this review paper have
shown that, in 2013, these techniques were employed by scholars in various interre-
lated fields of engineering and management (Figure 9). In addition, it has been found
that, in terms of the frequency of using the MCDM utility-determining techniques,
the COPRAS methods, including COPRAS-G and COPRAS-F, were applied more
often than other techniques (Figure 7). Additionally, several international journals,
making a total of 42 international journals from three popular databases, including
Web of Science, Scopus and Google Scholar, were considered in the current review
paper. The Journal of Civil Engineering and Management was ranked first among the
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Table 7. Distribution of papers based on the journals of their publication.

NUMBER NAME OF JOURNAL FREQUENCY
1 Journal of Civil Engineering and Management 10
2 Procedia Engineering 5
3 Technological and Economic Development of Economy 6
4 Journal of Business Economics and Management 1
5 Inzineriné ekonomika - Engineering Economics 2
6 Transport 2
7 Expert Systems with Applications 4
8 International Journal of Strategic Property Management 2
9 Archives of Civil and Mechanical Engineering 3
10 The 7th International Scientific Conference Business 1
and Management
1 The International Journal of Advanced 3
Manufacturing Technology
12 Economic Computation and Economic Cybernetics Studies 1
and Research
13 Informatica 1
14 Journal of Environmental Engineering and 1
Landscape Management
15 Renewable and Sustainable Energy Reviews 2
16 Omega 2
17 Automation in Construction 1
18 Energy and Buildings 1
19 Computer Modelling and New Technologies 1
20 Annals of Operations Research 1
21 Journal of Manufacturing Systems 1
22 Energy Procedia 1
23 Decision Science Letters 1
24 Engineering Applications of Artificial Intelligence 1
25 Building and Environment 1
26 International Journal of Information Technology & 1
Decision Making
27 Information technology and control 1
28 Energy Conversion and Management 1
29 Czech Economic Review 1
30 European Journal of Operational Research 1
31 20th International Conference/Euro Mini Conference on 1
Continuous Optimization and Knowledge-Based
Technologies
32 Applied Soft Computing 1
33 Materials & Design 1
34 International Journal of Multidisciplinary Sciences and 1
Engineering
35 Thin-Walled Structures 1
36 Land Use Policy 1
37 Serbian Journal of Management 1
38 Theory and Application 1
39 The Scientific World Journal 1
40 Zemeés Ukio mokslai 1
41 International Journal of Quality & Reliability Management 1
42 Grey Systems: Theory and Application 1

considered journals in terms of using these techniques. The Journal of Technological
and Economic Development of Economy was ranked second and Procedia Engineering
third among the 42 considered journals. Most of the highly ranked journals in the
current review were published by Taylor & Francis Group. The results obtained in
this study are presented in Table 7.
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Figure 9. Cumulative distribution of the publication years.

6. Concluding remarks

In selected techniques supporting process of management such as decision-making,
fuzzy applications and theories, as well as different modelling techniques were offered
and a number of suitable approaches were provided for modelling decision-aiding.
The researchers focused on developing the alternatives to consider the complexity of
the process. Choosing a problem solution approach and a model is associated with
the actors involved in the process of decision-making, the desired goals, the available
information, time, etc. The most important advantage of the MCDM techniques
refers to their capability of addressing the problems which are marked by conflicting
interests. Using these techniques, practitioners are able to solve problems that cannot
be solved using the common optimisation models. This review paper is mainly
focused on the overview of the applications of the MCDM utility-determining techni-
ques, e.g., recent developments of these models of multi-criteria decision analysis.
These techniques are being increasingly employed for evaluating the alternatives as
well as for comparative analysis. Moreover, a number of significant concepts not
addressed in previous studies are discussed. The researchers provided a systematic
review of MCDM utility-determining techniques, including SWARA, WASPAS,
COPRAS, MOORA, MULTIMOORA and ARAS, where the papers were classified
into five different types.

The results presented in this literature review have shown that engineering and
management is an area most appropriate for using the MCDM utility-determining
techniques. The researchers have shown that there is a great number of MCDM util-
ity-determining techniques, and that several of these techniques had been used to
solve problems related to engineering and management. The selection among the
available MCDM utility-determining techniques can be considered a multi-criteria
problem. In the current review, the researchers attempted to show the application of
several MCDM utility-determining techniques to solving engineering and manage-
ment problems. All the papers examined by the researchers considered different
aspects of engineering based on different criteria. Moreover, this study confirms that
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the MCDM utility-determining techniques can help decision-makers and stakeholders
to overcome some inherent uncertainties of engineering and management decision-
making. Furthermore, it can be considered that environmental, economic, techno-
logical and social criteria, as well as the total cost, political and legislative factors, sup-
pliers’ factors, risk economic, technical environmental and social factors, labour
expenditures, urban factors, external risk assessment, project risk assessment, quanti-
tative and qualitative criteria, price, energy source, materials, labour, skilled labour,
energy demand, CO, emission, investment and exploitation, cost efficiency of energy
and power and capital investment, are regarded as the most commonly used criteria
in several fields of engineering and management. The criteria weights directly influ-
ence the decision-making results, regarding all areas of engineering and management
presented in the alternatives. The processes of evaluation and calculation in different
fields of engineering and management decision-making are usually based on using
the MCDM utility-determining techniques. It is necessary to apply different techni-
ques and approaches to obtain the rankings of the alternatives referring to engineer-
ing and management and to ensure the validity of MCDM utility determination. It is
believed that the results obtained by various mathematical methods are more rational,
and more mathematical methods can contribute to solving engineering and manage-
ment problems in the future. As long as the criteria and weights are used, MCDM
techniques and approaches are appropriate to solve specific decision-making problems
in engineering and management, and the MCDM utility-determining techniques can
be viewed as a powerful tool for solving the problems in different fields of engineer-
ing and management.

Typical engineering problems, such as design, assessment, inspection, maintenance
planning and decommissioning may be considered to be decision problems, involving
a combination of inherent modelling and statistical uncertainties. In several fields of
engineering and management, such as construction management, the construction
engineers, as well as engineering, project and asset managers are primarily responsible
for the whole decision-making process regarding the expenditure of the
infrastructure.

The use of the operations research methods, especially the MCDM techniques, is
very important for resolving conflicts between different competing goals in pursuit of
the environmental quality, economic prosperity, technological efficiency and social
equity. According to the results of the current review, the researchers concluded that
previous studies in the fields of engineering and management emphasised the devel-
opment and application of the multi-criteria methods in the fields of engineering and
management to promote the innovations based on the application of these methods,
which can facilitate the collaboration of researchers working with the MCDM utility
determining techniques in engineering and management and other research areas.
Moreover, the current study covered various decision-making problems in engineer-
ing and management. These problems can be categorised into the following groups:
problems associated with the construction process harmonisation, sustainable urban
development, the creation, optimisation and reliability of decision support systems for
designing rational technological processes, the application and improvement of the
MCDM methods, the problems related to the created expert systems and application
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of expert methods in construction, lifetime engineering, complex analysis of a build-
ing lifecycle, the creation of the building lifecycle models, risk management assess-
ment, the development of multi-criteria analysis in facilities management, as well as
the analysis, modelling and forecasting in construction, equipment selection, enhanc-
ing the efficiency of e-commerce systems in construction, using MCDM support sys-
tems, material selection and the development of MCDM utility = determining
techniques for evaluating the level of economic development, especially, in the mem-
ber states of the European Union.

This study aimed to review the papers that used the MCDM utility-determining
techniques in the field of engineering and management and were published in the
period from 2004 to 2015 in 42 international journals accessible in popular databases,
such as Scopus, Web of Science and Google Scholar. Moreover, this study attempted
to categorise the related papers according to the five main techniques: (1) SWARA,
(2) WASPAS, (3) COPRAS (COPRAS-F and COPRAS-G), (4) MOORA and
MULTIMOORA, (5) ARAS (ARAS-F and ARAS-G).

In fact, the MCDM methodology has been successfully used in various applications
and industrial sectors. However, interdisciplinary and social decision problems should
be emphasised. The study of the MCDM anatomy can be developed further. On the
other hand, there are many other conventional MCDM techniques which have not
yet been studied. Another recommendation for future research refers to the investiga-
tion of distinct differences and similarities among the MCDM utility-determining
techniques. The insights provided in the present review help channel the research
efforts and address the need of practitioners and researchers for an easy reference to
MCDM publications and studies.

This study has some major limitations, which can be considered as an object of
future studies. First, this review is focused on the use of the MCDM utility-determin-
ing techniques rather than on the old MCDM techniques. The articles published at
the end of 2014 and in 2015 (if any) have not been included in the present paper
because of the limited reporting time. The present review can be expanded for the
future studies. Another limitation is that the data were collected from journals, while
the examined documents did not include papers, textbooks, doctoral and master’s
theses and unpublished papers on the MCDM problems. Therefore, in future study,
the data can be collected from these sources and the obtained results can be com-
pared with the data obtained and reported in this study. One more limitation is that
all the papers were extracted from the journals written in English, which implies that
the scientific journals in other languages were not involved in the review. However,
the researchers believe that this paper comprehensively reviewed most of the papers
published by international journals. Moreover, the current review paper can provide
future academic scholars with a better understanding of the MCDM utility-determin-
ing techniques. This study can be used by academics and managers as a basis for fur-
ther research. It can also help practitioners make more appropriate decisions using
these techniques and be a guide to scholars, improving the discussed methodologies.
The authors of this paper carefully selected and summarised the available papers of
several publishers in Web of Science, Scopus and Google Scholar. However, a number
of relevant outlets remained beyond the scope of the current study. Therefore, future
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researchers will be able to review the papers that are not considered in the current
review. Another limitation is associated with the fact that the paper presents a review
of numerous works on the problem of using the recently developed MCDM methods
published in various journals. However, this review does not cover recent methods
discussed in books.

Disclosure statement

No potential conflict of interest was reported by the author.
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