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Abstract Over the last decades, the academic and
professional communities have paid much attention
towards the use of multi-criteria decision-making
(MCDM) methods in a range of business and fi-
nancial problems due to the variety and complex-
ity of their decisions. Within this branch of opera-
tions research, the value-based and outranking re-
lations approaches stand as two of the most pow-
erful methodologies for decision-makers and ana-
lysts to produce accurate predictions and consistent
evaluations in financial decision-making problems.
This paper aims to provide an in-depth presentation
of the contributions of multi-attribute value-based
and outranking relations methods to a group of rele-
vant financial applications in the period 2000–2018,
putting the emphasis on the state-of-the-art devel-
opments and identifying open questions and critical
challenges that deserve further research efforts.
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12071 Castelló de la Plana, Spain
E-mail: sanchez@uji.es

1 Introduction

The recent economic crisis, the globalization of fi-
nancial markets, the ongoing social and technologi-
cal changes and the new regulatory framework have
given rise to an increase in uncertainty and com-
plexity of business and financial decision-making
problems. This scenario poses new challenges that
have to be faced according to the current financial
requirements. The tools commonly adopted to make
financial decisions have mainly been based upon
statistical and econometric models, such as discrim-
inant analysis, logistic regression, multivariate adap-
tive regression splines and probit analysis. How-
ever, these techniques present several drawbacks that
make difficult the inclusion of qualitative criteria
in the decision-making process. To overcome these
shortcomings, new techniques inspired by the foun-
dations of operations research (e.g., multi-criteria
decision-making methods, mathematical program-
ming) and computational intelligence (e.g., neural
networks, support vector machines, fuzzy logic, evo-
lutionary computing) have emerged as plausible al-
ternatives to the conventional approaches.

Over the past years, MCDM models have ac-
quired a great relevance in various application ar-
eas of finance because these tools of operations re-
search and management present many features that
make it especially suitable for analyzing complex
real-life problems. One of the main characteristics
of the MCDM methods refers to the fact that most
of them can deal with both quantitative and qual-
itative data, and also with the subjective opinions
and/or the preferences of experts [21]. A decision-
making process typically defines objectives, chooses
the criteria to measure the objectives, specifies al-
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ternatives, transforms the criterion scales into com-
mensurable units, assigns weights to the criteria that
reflect their relative importance, and applies an al-
gorithm for ranking and choosing an alternative [75].

MCDM comprises a collection of analytical tech-
niques and methods for evaluating the strengths and
weaknesses of competing alternatives, solutions or
actions based on multiple (usually conflicting) cri-
teria, attributes or objectives of different nature, with
the aim of making “optimal” decisions according to
the preference judgment of the decision-makers [80,
111]. Here optimality means that the solution sat-
isfies the preferences of the decision-maker and it
is not dominated by other possible decisions, which
suggests that there must be some compromise among
the different viewpoints. As pointed out by Roy [124],
the ultimate goal of the MCDM modeling frame-
work is not to discover the best solution to a prob-
lem, but to provide a method that helps an indi-
vidual taking part in a decision process to shape
and transform her/his preferences or to make a deci-
sion based on her/his objectives. A general MCDM
problem can be expressed in the form of a (M×N)

decision matrix where M is the number of alterna-
tives andN denotes the number of decision criteria.

In MCDM, it is possible to distinguish three types
of problematics [29]: choosing, ranking, and sort-
ing. In the case of choosing, the aim is to find the
best alternatives; the ranking approach provides an
order of preference (usually from the best to the
worst) on the set of alternatives; and the sorting (or
ordinal classification) involves the assignment of each
alternative to one of the categories predefined by
some scores on particular criteria. On the other hand,
Cohon [21] proposed a general procedure with six
steps for solving multi-criteria problems: (1) iden-
tification and quantification of the relevant objec-
tives, (2) definition of decision variables and con-
straints, (3) data collection, (4) generation and val-
uation of alternatives, (5) selection of alternatives
based on the preferences of the decision-maker, and
(6) implementation of the selected alternatives.

The MCDM techniques can be categorized into
two groups according to the determination of al-
ternatives [10,26]: (i) the multi-objective decision-
making approach assumes a theoretically infinite (or
a very large) number of alternatives, and (ii) the
multi-attribute decision-making requires the eval-
uation of a finite set of alternatives, which corre-
sponds to the most common situation in financial
decision-making problems (e.g., credit applications).
Pardalos et al. [111] proposed a rather different tax-
onomy that has been then extensively used by other

researchers [69]: (i) multi-objective mathematical
programming, (ii) multi-attribute utility/value the-
ory, (iii) outranking relations, and (iv) preference
disaggregation analysis. As already pointed out, the
present study focuses on the multi-attribute value
theory and outranking relations approaches because
both these methodologies have been widely recog-
nized as two of the most useful tools to face the
complexity of financial decision-making problems.
Besides, unlike other MCDM techniques, these meth-
ods are able to deal with any kind of problematic.

In portfolio management, bankruptcy prediction
and credit risk analysis, the aim is to seek the best
alternative(s) or to classify/sort the alternatives into
groups according to multiple conflicting criteria, and
both the multi-attribute value methods and the out-
ranking models provide an appropriate structured
methodology to fulfill these objectives [133]. Tak-
ing the relevance of these MCDM techniques into
account, the purpose of this study is to explore the
use of these techniques in the financial management
applications we have just pointed out, summarize
the most popular methods available to analysts and
decision-makers, review the recent contributions in
the related state-of-the-art literature, and highlight
new avenues of research in this field. With the hope
of being useful and profitable for researchers and
practitioners working in the intersection between fi-
nancial management and MCDM, this paper per-
forms an up-to-date bibliographic review with ar-
ticles published in peer-reviewed journals between
2000 and 2018, and tries to identify open questions
and emerging challenges that deserve further inves-
tigation.

Henceforth, this paper is organized as follows.
First, Sections 2 presents a brief summary of other
reviews and surveys closely related to this work.
Sections 3 and 4 provide a general overview of the
multi-attribute value and outranking relations ap-
proaches respectively, followed by a brief descrip-
tion of the most popular methods within each group.
Section 5 describes the research methodology that
we have adopted to elaborate the present survey.
Section 6 reviews the application of value-based mod-
els and outranking relations to portfolio analysis and
selection, bankruptcy prediction, and credit risk pre-
diction and assessment, and includes a through bib-
liometric analysis. Next, Section 7 identifies a set of
possible issues and research avenues that should be
addressed in the future. Finally, Section 8 remarks
the main findings of this study.
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2 Related reviews and surveys

Steuer and Na [135] presented a first categorized
survey of the relevant literature on the application
of MCDM techniques to a variety of problems in
finance from 1955 to 2001, showing that the ini-
tial contributions were mostly focused on goal pro-
gramming models for capital budgeting decisions.
Afterward, Zopounidis et al. [166] extended the sur-
vey with an updated bibliographic review of MCDM
methods in financial decision-making problems for
the time horizon 2002–2014, stressing methodolog-
ical trends and new application areas. Franek and
Kashi [42] discussed the advantages, disadvantages
and practical implications of MCDM methods in
real business environments; besides, the authors also
explained how these techniques should be applied
and presented to non-expert users. Spronk et al. [133]
conducted an in-depth analysis of the contributions
of MCDA in finance, putting the emphasis on the
methods used, applications, computation, and di-
rections for future research.

Hülle et al. [62] examined the extent to which
specific MCDM models were used in management
accounting and control by undertaking an extensive
bibliometric analysis for the period 1980-2009, re-
vealing that the analytic hierarchy process (AHP)
was the most popular tool with which to support
management in complex decision-making problems.
Zavadskas and Turskis [159] presented a review of
MCDM tools in economics and summarized the most
important results and applications over the period
2006–2010. Zopounidis and Doumpos [165] ana-
lyzed the relevance of multi-criteria decision sys-
tems for financial decisions, providing a detailed
discussion and review on portfolio selection, cor-
porate performance evaluation and credit scoring.
Utama et al. [138] presented a literature review of
decision support systems with multiple criteria for
the international expansion of construction enter-
prises. Guerrero-Baena et al. [50] performed a bib-
liometric analysis of the research on the applica-
tion of MCDM techniques to corporate finance is-
sues during the period 1980–2012, concluding that
MCDM can be especially relevant in capital budget-
ing processes and in the assessment of firms’ eco-
nomic and financial performance.

Xidonas and Psarras [151] performed a litera-
ture review on equity portfolio management with
MCDM techniques. It is also common to find sev-
eral surveys on multi-objective evolutionary algo-
rithms applied to portfolio management and other
financial and economic problems [16,102,118]. Wu
et al. [146] reviewed state-of-the-art literature in en-

terprise risk management, looking at the modeling
perspectives of analytic models to include optimiza-
tion, simulation, and applications of data mining
and multiple criteria analysis. Sawik [128] presented
a review of linear and mixed integer programming
multi-objective portfolio optimization. A systematic
bibliographic review of MCDM methods for cor-
porate social responsibility management was pre-
sented by Doś [25]. A comprehensive literature re-
view of multiple objective deterministic and stochas-
tic programming models for portfolio selection was
carried out by Masmoudi and Abdelaziz [95].

It is also remarkable the book edited by Masri et
al. [96] highlighting new methodological contribu-
tions and real applications of MCDM in finance. It
covers a wide range of MCDM approaches, includ-
ing multi-objective optimization, goal programming,
value-based models, outranking relations, and fuzzy
models. In addition, it provides researchers and prac-
titioners with a set of MCDM methodologies and
empirical results in areas such as portfolio manage-
ment, investment appraisal, banking, and corporate
finance, among others. The book addresses issues
related to problem structuring and modeling, solu-
tion techniques, comparative analyses, as well as
combinations of MCDM models with other analyt-
ical methodologies.

Apart from the reviews and surveys related to
the MCDM techniques that have specifically been
applied to financial and economic issues, other au-
thors have analyzed the fundamental theories, meth-
ods and developments of several decision-making
tools covering a broad range of application areas
such as supply chain management and logistics, wa-
ter management, human resources management, en-
ergy management, civil engineering and construc-
tion, manufacturing systems, health and medicine,
and information technology, among others [2,8,9,
48,51,74,79,94,119,132,136,137,139,158].

The present study differs from previous reviews
and surveys in several aspects. First, the most ob-
vious difference refers to the time period chosen
since this paper provides an up-to-date review of
related publications between 2000 and 2018. Sec-
ond, we concentrate on two MCDM methodologies
that have not been specifically covered in other sur-
veys. Likewise, our attention is on portfolio man-
agement and bankruptcy and credit risk prediction
and assessment, while previous reviews have pro-
vided a general overview of MCDM methods ap-
plied to economics and finance or have focused on
other particular application areas such as capital bud-
geting and financial planning, investment appraisal,
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asset evaluation, banking, country risk analysis, au-
diting, etc. Finally, apart from a comprehensive lit-
erature review of related contributions, this paper
also performs an extensive bibliometric analysis to
examine the knowledge structure, development and
global research trends involving articles on multi-
attribute value-based models and outranking rela-
tions applied to those two areas of finance.

3 Multi-attribute value-based models

The multiple-attribute value theory rests upon the
assumption that it is possible to associate a real num-
ber with each alternative in order to produce a pref-
erence order of the alternatives based on the value
judgments of a decision-maker [41,76]. This means
that the preferences can be represented by a real
value function, U(a), such that a is judged to be
preferred to b, taking all criteria into account, if and
only if U(a) > U(b); this implies indifference be-
tween a and b if and only if U(a) = U(b).

Based on the concept of value maximization,
the ideal point methods order a set of alternatives by
their separation (measured with a distance metric)
from the ideal point, which represents a hypothet-
ical alternative consisting of the highest weighted
levels of each criterion across the alternatives un-
der consideration. Alternatives that are closer to the
ideal point are preferred to those that are further
away from it. The ideal point approaches provide
a complete ranking of alternatives and information
on the relative distance of each from the ideal solu-
tion. Two of the most prominent models are TOP-
SIS (Technique for Order of Preference by Similar-
ity to Ideal Solution) and VIKOR (VlseKriterijuska
Optimizacija I Komoromisno Resenje).

3.1 The TOPSIS method

The basic principle behind TOPSIS is to rank the
alternatives or to choose the best alternatives by si-
multaneously minimizing the distance from the pos-
itive ideal solution and maximizing the distance from
the negative ideal solution [63,155]. The positive
ideal solution (a+) corresponds to a composite of
the best performance values exhibited by any al-
ternative for all criteria, whereas the negative ideal
solution (a−) is the composite of the worst perfor-
mance values.

Afterwards, the procedure follows by comput-
ing the separations of each alternative ai from the
positive and negative ideal solutions, d+i and d−i ,

using theN -dimensional Euclidean distance. Finally,
it calculates the relative closeness to the ideal solu-
tion, which is defined asRi = d−i /(d

+
i +d−i ). Note

that Ri ∈ [0, 1] because d+i ≥ 0 and d−i ≥ 0. Then
the alternatives can be ranked using this index in
decreasing order, without the need of criterion pref-
erences to be independent [156].

3.2 The VIKOR method

This technique seeks to define a preference ranking
of alternatives with conflicting criteria and selecting
a compromise solution that corresponds to the clos-
est to the ideal alternative and allows to reflect the
opinion of most decision-makers [32,108]. It is a
useful tool in MCDM problems where the decision-
maker cannot express her/his preferences. The com-
promise solution could be accepted by the decision-
makers because it provides a maximum “group util-
ity” of the “majority”, and a minimum of the indi-
vidual regret of the “opponent”.

Since each alternative ai is evaluated according
to each criterion ck, the preference ranking can be
derived by comparing some particular measure of
closeness to the ideal solution. The multi-criteria
measure for compromise ranking is developed from
the Lp-norm used as an aggregation function in a
compromise programming method [160].

4 Outranking relations

The founding principle of the outranking relations
theory rests upon the definition of a binary prefer-
ence relation (called outranking relation) between
alternatives evaluated over multiple attributes [125].
In general, the outranking relations are built through
a series of pairwise comparisons of the alternatives
in terms of each criterion in order to estimate which
alternative is preferred over the other; then, with
aggregating this information across all criteria, the
model seeks to discover the best alternative.

From a methodological viewpoint, these tech-
niques generally comprise two stages [164]. First,
an outranking relation among the considered alter-
natives is developed. And second, this outranking
relation is utilized to pick out the best alternatives
(problematic α), classify them into homogeneous
groups (problematic β), or rank them from the most
to the least preferred ones (problematic γ).

It is also worth pointing out that the outranking
methods present a series of advantages over other
MCDM techniques. For instance, they are simple
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to implement and use, and their solution is easy for
the decision-maker to understand and for the ana-
lyst to manage. In addition, they model the prefer-
ences of the decision-maker in a realistic fashion by
accepting the hesitation of the decision-maker and
they are also able to handle uncertainties in differ-
ent manners [54,99]. The outranking relations can
deal with a large number of conflicting alternatives
and can be used with various scales of criteria eval-
uation [127]. On the other hand, they can consider
non-compensatory and intransitive preferences [165].
As a result, apart from business and financial man-
agement, the outranking approach has also success-
fully been applied to many other practical domains
such as environmental and natural resources man-
agement, logistics and supply chain management,
landscape and urban planning, chemistry, medical
diagnosis, energy management, and manufacturing,
to cite just a few.

The family of ELECTRE (ELimination Et Choix
Traduisant la REalité) models and the many ver-
sions of PROMETHEE (Preference Ranking Orga-
nization Method for Enrichment Evaluations) are
probably the most influential and most-widely used
outranking relations techniques, although other rep-
resentatives such as ORESTE, MELCHIOR, AR-
GUS, REGIME, IDRA, PRAGMA, QUALIFLEX,
TACTIC and MAPPAC have also been applied to a
variety of real-life application areas. All these ap-
proaches introduce definitions and computations of
particular binary relations, which are partially linked
to the basic ideas of the original ELECTRE meth-
ods [49].

4.1 The ELECTRE method

The first version of ELECTRE methods was de-
veloped by Roy [123], who introduced the concept
of outranking relation S to model preferences be-
tween alternatives. Following the bases of the orig-
inal model, several extensions have been proposed,
including ELECTRE II, III, IV for ranking (defi-
nition of a preference order on the finite set of al-
ternatives), ELECTRE IS for choosing (selecting
a subset of the best alternatives), and ELECTRE
Tri for ordinal classification or sorting (assigning
each alternative to one of the categories predefined
by some scores on particular criteria) [40,48,125,
126].

The general procedure of ELECTRE methods
comprises two main stages [40]: (1) the construc-
tion of outranking relations with the aim of compar-
ing each pair of alternatives, and (2) the exploitation

phase to make recommendations from the results
obtained in the first stage. The nature of the recom-
mendations depends on the problematic to be ad-
dressed (ranking, choosing or classification/sorting).

Given two alternatives ai, aj ∈ A, the outrank-
ing relation aiSaj allows the decision-maker to fig-
ure that ai outranks aj if there are enough argu-
ments (coalition of the criteria) to prove that ai is
at least as good as aj (concordance), while there
are not sufficiently strong proofs to refute this state-
ment (non-discordance). Note that both the concor-
dance and the non-discordance conditions must hold
for supporting the assertion “ai outranks aj”.

The measure used to assess the concordance test
is the global concordance index C(ai, aj) ∈ [0, 1],
which is calculated as the weighted average of par-
tial concordance indices defined for each criterion.
Values of C close to 1 indicate that the strength of
the arguments that support the assertion “ai out-
ranks aj” is high. On the other hand, the strength
of the arguments against this assertion is measured
through a discordance index Dk for each criterion
ck ∈ C = {c1, c2, . . . , cN}: the higher its value,
the greater is the opposition of the criterion on the
validity of the assertion. If the value ofDk surpasses
a given threshold, then the non-discordance condi-
tion is not fulfilled irrespective of the result on the
remaining criteria and correspondingly, the asser-
tion “ai outranks aj” is no longer valid. Finally, the
results of the concordance index C and the discor-
dance indicesDk are combined to generate the final
outranking relation.

4.2 The PROMETHEE method

The aim of this outranking relations model [15,13]
is to choose the best alternatives (PROMETHEE I)
or to rank the alternatives based on their values over
different criteria (PROMETHEE II). The evaluation
process involves the pairwise comparisons of alter-
natives (ai, aj) to determine the preference index
π(ai, aj) ∈ [0, 1] by measuring how ai is preferred
to aj . The idea of this index is similar to that of the
global concordance index in the ELECTRE meth-
ods: the higher is the preference index, the higher
is the strength of the preference for ai over aj . The
calculation of the preference index depends on the
specification of the criteria weightswk and the pref-
erence functions Pk(ai, aj) for each criterion ck.
This preference function reflects the strength of the
preference for ai over aj on criterion ck.

On the other hand, the PROMETHEE method-
ology also makes use of the concepts of positive and
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negative preference flows [14]: the positive prefer-
ence flow φ+(ai) evaluates how an alternative ai
is outranking all the other alternatives, whereas the
negative preference flow φ−(ai) measures how an
alternative ai is outranked by the remaining alterna-
tives. Finally, the global net preference flow, which
is calculated as φ(ai) = φ+(ai)−φ−(ai), indicates
how an alternative ai is outranking (φ(ai) > 0) or
outranked (φ(ai) < 0) by all the other alternatives
on all the evaluation criteria. As a result, the alter-
native ai with the maximum global net preference
flow will be deemed to be the best.

5 Research methodology

The present study was carried out in the first trimester
of 2019 following the guidelines proposed by Sta-
ples and Niazi [134], which comprises two primary
phases (each one with a sequence of steps): (i) the
definition stage to establish the purpose and the pro-
tocol for the research, and (ii) the development stage
for collecting related papers, handling the relevant
data, analyzing the outputs for knowledge discovery
and drawing conclusions. This process is not linear;
rather it requires iteration, feedback and refinement.

The definition stage consists of three steps. In
the first one, we have to identify the need for a new
research to cover a gap in the domain of study. Af-
terwards, the definition of the general objectives al-
lows to circumscribe the specific research to be un-
dertaken better, whereas the definition of the method-
ology focuses on giving a formal and detailed proto-
col for the execution of the research. Both the iden-
tification of a gap and the definition of the objec-
tives (the first two steps in the process) have already
been addressed in the previous section. The defini-
tion of the research methodology, whose flow chart
is shown in Figure 1, will be discussed in the next
paragraphs.

The first step of the development stage employs
some particular search strategy to retrieve an initial
list of publications that may be relevant to the study
in hand. Nonetheless, this procedure needs further
refinement in order to exclude several articles that
do not completely fulfill the research requirements
and also include some others that may be of inter-
est to the objectives. With the support of Web of
Science, which is one of the most popular and ex-
tensively used on-line bibliography search engines
covering about 11,500 peer-reviewed journals, the
present survey was carried out by cross-searching a
comprehensive set of keywords related to both the
aforementioned financial management applications

(e.g., portfolio selection, portfolio analysis, portfo-
lio management, bonds, stocks, equity, financial dis-
tress, bankruptcy prediction, business failure, credit
risk assessment, credit risk analysis, credit scoring,
creditworthiness) and the field of outranking rela-
tions (e.g., MCDM, multi-criteria decision-making,
multi-attribute value, outranking relations, VIKOR,
TOPSIS, ELECTRE, PROMETHEE).

Fig. 1 Flow chart for the research methodology.

Each paper had to satisfy two basic conditions
to be included in the present study. First, it had to
be published in a peer-reviewed journal across the
period 2000–2018 and second, the manuscript had
to be written in English. Under these requirements,
works published as papers in conference proceed-
ings, master theses, doctoral dissertations, books,
book chapters, technical reports and notes were ex-
cluded from this survey due to their variability in
the reviewing process and the diversity in the pre-
sentation of their techniques and results. In addi-
tion, the abstracts of all publications were checked
to verify that they were directly related to the finan-
cial decision-making problems here studied (e.g.,
project portfolio selection). Finally, in order to com-
plete the set of articles analyzed, the reference sec-
tion in each of the retrieved papers was also scanned
to add up some other relevant works that were missed
in the initial list of publications.

Using the sample of papers given by the method-
ological procedure just described, the data extrac-
tion step was then designed to gather data perti-
nent to the survey. For each article, we recorded
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the journal title, the subject category of the journal
and the year of publication, along with the specific
ranking-based MCDM model used. Subsequently,
this meaningful information was organized in the
form of a table to make easier the analysis and eval-
uation of methods and application areas, the com-
putation of statistics, the discussion of findings and
the identification of subjects or directions that may
need further research.

6 Research outputs

The first part of this section summarizes the research
works carried out in the framework of multi-attribute
value-based methods and outranking relations ap-
plied to portfolio analysis and selection, bankruptcy
prediction and credit risk classification and evalua-
tion, and the most significant findings and observa-
tions are highlighted. Next, we conduct a compre-
hensive bibliometric analysis to assess the presence,
relevance and impact of the articles reviewed.

6.1 Application analysis

In this section, we have reviewed the articles col-
lected through the research methodology just de-
scribed in Section 5. The purpose of this analysis is
to examine how the ranking-based MCDM models
(multi-attribute value and outranking) have been ap-
plied to each of the financial management problems
here studied. Table 1 reports the resulting list of pa-
pers grouped according to the ranking method used.
In addition, Tables 5 and 6 in Appendix A provide a
detailed list of articles and methods used (TOPSIS,
VIKOR, ELECTRE, PROMETHEE) versus the ap-
plication areas considered in this study.

Table 1 Summary of journal articles recorded and analyzed.

Model Articles Amount Percentage

TOPSIS [4,11,17,19,33,34,36,
39,45,52,55,64–67,
73,78,81,82,84,83,
92,100,104,110,113,
114,129,130,142–145,
147,148,152–154,157,
161–163]

42 44.68

VIKOR [3,7,35,43,56,71,82,
106,114,121,122,131,
153]

13 13.83

ELECTRE [5,22–24,28,31,38,37,
46,47,57,60,61,68,
77,85–90,97,98,107,
117,149,150]

27 28.72

PROMETHEE [1,12,22,18,30,44,53,
58,59,88,91,93,103,
105,114,116,140,141]

18 19.15

The primary observation from the summary re-
ported in Table 1 is that TOPSIS corresponds to
the most widely-used methodology with a total of
42 papers, that is, nearly 45% of the publications.
Next, the PROMETHEE and ELECTRE techniques
have also been applied to a broad range of decision-
making problems in the topics of business, economic
and financial management here studied, with 18 and
27 articles respectively. Finally, the VIKOR model
has been identified as the least represented MCDM
method with only 13 publications (approximately,
14%), probably because it assumes a linear relation-
ship between each criterion and a decision-maker
utility [109].

6.1.1 Portfolio management

Hatami-Marbini and Kangi [55] introduced three
versions of the fuzzy TOPSIS methodology for rec-
ommending undervalued stocks in the Tehran Stock
Exchange. Medeiros and Ferreira [100] developed
an approach to managing a purchasing portfolio for
a large Brazilian hospital using Kraljic’s model, the
fuzzy TOPSIS method and decision rules. The se-
lection/ranking of traded equities listed on the main
board of the Kuala Lumpur Stock Exchange was
tackled by designing an extension of TOPSIS that
uses fuzzy networks [152]. Two intuitionistic fuzzy
TOPSIS models [73,104] were proposed for the se-
lection of different portfolios with the assets of com-
panies. With the aim of allocating assets and stocks
in portfolio problems under vague environment, the
fuzzy AHP was firstly applied to evaluate the rel-
ative weights of the criteria, and then TOPSIS was
used to rank the alternatives in stock portfolio selec-
tion [19,154]. Patari et al. [113] compared TOPSIS
to median-scaling, AHP and data envelopment anal-
ysis (DEA) for equity selection portfolio formed
with non-financial firms on the NYSE, AMEX, and
NASDAQ.

A hybrid approach based on eigenvector, DEA
and TOPSIS was introduced to evaluate the risks of
portfolio in the FOREX market [4]; they used the
eigenvector method to determine the weights of the
criteria and linguistic terms to assess portfolio risks
under each criterion, then adopted the DEA model
to determine the values of the linguistic terms and
finally, the TOPSIS method was used to aggregate
the portfolio risks under different criteria into an
overall risk score of each portfolio. Chang et al. [17]
extended TOPSIS by incorporating the Euclidean,
city-block and Minkowski distances to evaluate the
performance of open-end equity mutual funds.
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Bilbao-Terol et al. [11] proposed a compromise
model for portfolio selection of sovereign bonds that
incorporates a methodology to assess their sustain-
ability performance using the TOPSIS model. Fer-
reira et al. [39] adopted a fuzzy TOPSIS method
to select a personal investment portfolio in private
banking, considering legal aspects and investor pref-
erences. Khalili-Damghani and Sadi-Nezhad [78]
proposed a hybrid MCDM approach based on goal
programming and modified fuzzy TOPSIS; it was
applied to rank a set of projects in the form of in-
vestment chances considering sustainability and sup-
portive criteria in a large Iranian financial and credit
institute.

The VIKOR model was applied by Jerry Ho et
al. [71] to pick the most suitable portfolio from semi-
conductor companies in the Taiwan Stock Exchange.
Hsu [56] combined VIKOR with the grey entropy
weighting method for the performance evaluation
of 62 listed opto-electronics companies in Taiwan.
Mousavi et al. [106] developed a VIKOR method
based on intuitionistic fuzzy sets with multi-judges
and multi-attributes for the portfolio selection in a
stock exchange.

Isac et al. [68] applied ELECTRE to an invest-
ment selection problem in a franchising portfolio.
Fernandez et al. [38] proposed the application of
extended non-outranked sorting genetic algorithm
and ELECTRE III to the problem of allocating pub-
lic funds to competing programs, projects, or poli-
cies, with a subjective approach applied to define
the concept of highest portfolio social return. The
ant colony optimization algorithm and fuzzy ELEC-
TRE were combined to optimize the selection of
interacting project portfolios [24,37]. Gomes and
Rangel [47] proposed ELECTRE IV as a tool to as-
sist a private institution in Brazil in selecting projects
to support financially.

Xidonas et al. [150] employed the ELECTRE
Tri method for equity portfolio selection exploiting
financial analysis. ELECTRE Tri was also used to
support investment decisions related to a portfolio
of information systems [23]. Xidonas et al. [149]
employed ELECTRE Tri and ELECTRE III on the
stocks that constitute the FTSE-140 index of the
Athens Stock Exchange, taking into account prof-
itability, management performance and capital struc-
ture. In order to select stocks for pairs trading (a
portfolio of two related stocks), an integrated ap-
proach combining ELECTRE III with artificial neu-
ral networks was used to identify potentially under-
and over-valued stocks for a selection of 90 stocks
from the S&P 100 index [60,61]. Pérez Gladish et

al. [117] proposed a fuzzy model with the ELEC-
TRE I method for regular mutual funds portfolio
selection. Muñoz-Porcar et al. [107] applied ELEC-
TRE I and ELECTRE IV for selecting an asset for
a company in the metallurgical industry.

To support decisions that concern the selection
of stock portfolios, Albadvi et al. [1] proposed the
application of PROMETHEE to select the superior
companies for investment in the Theran Stock Ex-
change. Bouri et al. [12] conducted a study using
PROMETHEE II and PROMETHEE V to select at-
tractive portfolios under the investors’ constraints,
while Mit̆ková et al. [105] analyzed the performance
and risk of private pension funds with PROMETHEE
II. Pereira Basilio et al. [116] used the PROMETHEE
II method to rank assets traded on the spot market
of the São Paulo Stock Exchange. Metzner [103]
presented PROMETHEE as an alternative model to
solve traditional evaluation and decision problems
in tactical real estate portfolio management. A sim-
ple modification of PROMETHEE II was introduced
by Marasović and Babić [93] for the selection of an
optimal portfolio in the Zagreb Stock Exchange.

Vetschera and Teixeira de Almeida [140] pro-
posed a new formulation of the PROMETHEE V
method for the problem of portfolio selection. A
PROMETHEE-based sorting model with the use of
linear programming for parameter inference was ap-
plied to allocate sovereign bonds into three cate-
gories of risk [91]. Hanafizadeh et al. [53] devel-
oped a new approach to portfolio design in invest-
ment companies by combining scenario planning
with PROMETHEE.

6.1.2 Bankruptcy prediction and and credit risk
assessment

Credit scoring [67] and company performance as-
sessment [33,92,129,145,153,157] have been for-
mulated by combining the AHP method and TOP-
SIS. The fuzzy TOPSIS model has been employed
to obtain the ranking order of companies according
to their financial risk [52,66,83,110,142,143] and
for credit risk evaluation [130]. İç [64] proposed a
model based on the fuzzy TOPSIS and linear pro-
gramming for credit risk decisions. Following the
same idea, other researchers have proposed a com-
bination of fuzzy AHP and VIKOR for the perfor-
mance evaluation of companies based on the opin-
ion of an expert [43], the analysis of some financial
ratios [3,35,153], or balanced scorecards [7]. Zey-
dan and Çolpan [161] introduced a framework that
combines fuzzy TOPSIS for measuring qualitative
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performance with DEA for measuring the quantita-
tive performance of job shops.

Garcı́a et al. [45] compared a goal programming
approach and a modified version of TOPSIS for es-
timating the performance measure weights of firms
using constrained regression. İç [65] developed a
model that integrates design of experiments with
TOPSIS to solve multi-attribute company ranking
problems. Faming [34] combined TOPSIS with the
SOM-K (self-organizing map and K-means cluster-
ing) algorithm for dynamic credit evaluation. Wu et
al. [148] introduced the concept of grey relational
degree into the ideal solution of TOPSIS for credit
risk evaluation of commercial banks. Zhu et al. [163]
employed TOPSIS to evaluate the quality credit of
companies. The TOPSIS model was adapted to bal-
ance three competing goals of credit risk prediction
algorithms: accuracy, complexity, and interpretabil-
ity [162]. An improved TOPSIS model based on the
concept of the Mahalanobis distance was proposed
by Wang and Wang [144] to evaluate competitive-
ness in Chinese high-tech industry.

Kou et al. [81] proposed an evaluation method-
ology based on TOPSIS to sort a collection of statis-
tical and machine learning algorithms for loan de-
fault prediction. Analogously, TOPSIS and VIKOR
were used to generate a ranking of clustering algo-
rithms and assess their quality in the domain of fi-
nancial risk analysis [82]. Wu and Hsu [147] em-
ployed the TOPSIS method to determine the most
suitable classifier for credit risk assessment. Peng
et al. [114] employed PROMETHEE, TOPSIS and
VIKOR to rank the performance results of eight ma-
chine learning algorithms applied to the prediction
of credit risk, fraud risk and bankruptcy.

One of the first attempts to develop a credit risk
system based on the ELECTRE methods is the pro-
posal by Khalil et al. [77], showing their strengths
for default prediction. Feng and Wang [36] devel-
oped a performance evaluation process for Taiwan’s
airlines using the grey relation analysis to select the
most representative financial ratios and the TOPSIS
model for ranking the airlines. An empirical study
of ELECTRE Tri and other MCDM algorithms sug-
gested that this methodology constitutes a suitable
alternative to traditional statistical techniques in the
implementation of classification models for busi-
ness failure prediction and credit risk assessment [28].
Matsatsinis [97] designed an intelligent decision sup-
port system based on a machine-learning algorithm
and rough sets for credit card evaluation, compar-
ing its performance with that of ELECTRE Tri and
other MCDM methods; the ELECTRE Tri model

exhibited the best results in the experiments carried
out.

Rocha and Dias [122] proposed an ELECTRE-
based method to classify companies into categories
(bankruptcy risk levels) with the support of a pro-
gressive assisted sorting algorithm. Thus the decision-
maker may establish subjective qualitative evalua-
tion levels for the categories, instead of providing a
formal and explicit definition. Matsatsinis [98] ap-
plied ELECTRE Tri to credit card evaluation and
compared the results to decisions made by a loan
officer. Angilella and Mazzù [5] developed a judg-
mental credit risk model based on ELECTRE Tri
for innovative small- and medium-sized enterprises.
Gastelum-Chavira et al. [46] employed ELECTRE
III to model decision-maker preferences in the form
of valued outranking relations to generate applicant
credit rankings. Galariotis [44] proposed a two-stage
method for the concurrent evaluation of the busi-
ness, financial and sports performance of football
clubs; first, PROMETHEE was used to rank clubs
on their financial and business performance, and then
these rankings and the sports performance were used
by the partial least squares structural equation mod-
eling to identify the dynamic interrelationship of the
three performance dimensions.

Two hybrid models by combining the basic prin-
ciples of ELECTRE [85,89] or TOPSIS [84] with
case-based reasoning for financial distress predic-
tion were developed. Similarly, Li et al. [90] em-
ployed ELECTRE outranking relations to build up a
new feature-based similarity measure mechanism in
the k-nearest neighbors decision rule for bankruptcy
prediction. Afterward, this method has also been
incorporated into other classifiers, such as a sup-
port vector machine [87] and a multiple case-based
reasoning system by majority voting [86]. Also, a
business failure prediction method was proposed by
combining case-based reasoning with six outrank-
ing preference functions (true preference function,
quasi preference function, pseudo preference func-
tion, multilevel preference function, Gaussian pref-
erence function, and ranking-order preference func-
tion) in ELECTRE and PROMETHEE [88].

Using the idea of pairwise comparisons between
the alternatives, Doumpos and Zopounidis [30] ap-
plied a multi-criteria classification method based on
PROMETHEE to credit risk assessment. These au-
thors also developed a similar methodology for credit
rating and scoring, which combined the modeling
framework of ELECTRE Tri with an evolutionary
optimization algorithm and applied to a large sam-
ple of Greek firms from the commercial sector [31].
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Following a similar idea, Corazza et al. [22] de-
signed an evolutionary method to determine the val-
ues of the parameters in an outranking method that
combines some features of PROMETHEE and ELEC-
TRE for a credit scoring problem.

The single-layer perceptron has been combined
with PROMETHEE [18,58,59] and ELECTRE [57]
for various bankruptcy prediction problems. Vukovic
et al. [141] presented a new credit scoring system
that combined case-based reasoning, preference the-
ory functions of the PROMETHEE method and a
genetic algorithm. The objective of the genetic al-
gorithms was to optimize the parameters of the pref-
erence functions and the relevance (weights) of the
features.

6.1.3 Findings and observations

From the articles reviewed, the first observation is
that many works combine the multi-attribute value-
based models with some optimization approaches
to determine the weights of the criteria. For this pur-
pose, the most widely-used techniques correspond
to AHP and fuzzy AHP [3,7,19,33,35,43,67,92,
129,145,153,154,157], and other methods such as
linear and goal programming or grey relational anal-
ysis have also been used extensively [36,45,56,64,
78,91,148].

Biologically inspired methods such as evolution-
ary, genetic and ant colony optimization algorithms
appear as the most prominent tools for the model fit-
ting process in ELECTRE and PROMETHEE [22,
24,31,37,38,57,58,141]. Another fruitful research
avenue with a significant number of the articles has
concentrated on the design of hybrid prediction meth-
ods, thus combining the rank-based MCDM models
with various classifiers such as case-based reason-
ing [84–86,88,89,141], k-nearest neighbors [90],
support vector machines [87], SOM-K [34] or neu-
ral networks [18,57–59,99,141,145].

Superiority of the fuzzy TOPSIS model over the
conventional TOPSIS method has been stated for
portfolio selection [39,55,64,73,78,100,104] and
bankruptcy prediction and credit risk assessment [52,
66,83,110,142,143,161]. For instance, both Joshi
and Kumar [73] and Mishra and Rani [104] found
that, when they compared the intuitionistic fuzzy
TOPSIS method with the simple TOPSIS model,
the return of each portfolio was higher with slightly
high risk involved in each portfolio. While the dis-
tance of each alternative from positiveand negative
ideal solutions in the former approach is based on
the Hausdorff metric, the latter uses a cosine simi-
larity measure.

6.2 Bibliometric analysis

Bibliometrics encompasses a set of mathematical
and statistical tools for the quantitative analysis of
scientific publications in order to better understand
the knowledge structure of a research field. By con-
ducting a bibliometric analysis, it is possible to iden-
tify the development and potential trends of a spe-
cific topic through the study of published papers in
a given discipline. Here we analyze six typical di-
mensions of bibliometrics to provide some insight
into the topic of interest for the present study:

D1 The subject categories to which the journals be-
long.

D2 The journals in which the articles have been pub-
lished.

D3 The distribution of publications across years.
D4 The application area covered by each article.
D5 The affiliation country of authors.
D6 The most cited articles.

The articles in our sample have been published
in a plethora of refereed international journals that
belong to relatively different fields, which stresses
the interdisciplinary nature of the topic here stud-
ied. Nonetheless, a majority of these journals can
be grouped into one of the following subject cate-
gories: (i) operations research and management sci-
ence (OR/MS), (ii) computer science and applied
mathematics (CS/AM), and (iii) applied economics
and applied finance (AE/AF). Figure 2 compares
the number of papers published in each of the three
subject categories just defined along with a fourth
group that gathers a few multidisciplinary journals
(dimension D1).

Fig. 2 Distribution of articles across subject categories.

The CS/AM subject category with 46 articles
corresponds to the most represented group, followed
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Table 2 Distribution of articles across journals (total cites and impact factor correspond to 2018).

Journal Papers Proportion Cum. Proportion Total Cites IF Quartile

Expert Systems with Applications 15 15.96 15.96 39,173 4.292 Q1
European Journal of Operational Research 8 8.51 24.47 48,466 3.806 Q1
Applied Soft Computing 6 6.38 30.85 19,765 4.873 Q1
Computers & Operations Research 5 5.31 36.16 12,444 3.002 Q1
Information Sciences 5 5.31 41.47 31,734 5.524 Q1
Journal of Multi-Criteria Decision Analysis 2 2.13 43.60 N/A N/A N/A
Management Decision 2 2.13 45.73 4,550 1.963 Q3
Operational Research 2 2.13 47.86 13,584 2.604 Q2
Omega 2 2.13 49.99 8,781 5.341 Q1
Knowledge-Based Systems 2 2.13 52.12 12,347 5.101 Q1
International Journal of Production Research 2 2.13 54.25 17,976 3.199 Q1
Neural Computing & Applications 2 2.13 56.38 8,160 4.664 Q1
Iranian Journal of Management Studies 2 2.13 58.51 N/A N/A N/A
Iranian Journal of Fuzzy Systems 2 2.13 60.64 586 1.496 Q1
Other journals (with only one paper each) 37 39.36 100 N/A N/A N/A

by the OR/MS category with a total of 36 papers,
the AE/EF category with only 9 articles, and the
fourth multidisciplinary group with 3 articles. This
reveals that the research communities in CS/M and
OR/MS are now the most interested in the develop-
ment and implementation of ranking-based MCDM
techniques for financial decision-making problems.
In fact, both these areas account for approximately
87% of the articles published in the period 2000–
2018. Paradoxically, the economics and finance com-
munities seem not to be so confident with the ap-
plication of MCDM methodologies, probably be-
cause they are far more concerned with analyzing
and evaluating the economic effects of financial is-
sues empirically [6], such as insolvency and losses
due to default. Nevertheless, the finding that most of
the studies have been published by journals whose
scope is mainly related to quantitative and compu-
tational issues might also be explained by the fact
that perhaps the financial analysts are still not com-
pletely aware of the real potential of the ranking-
based MCDM models to tackle this kind of decision-
making problems.

The final sample for this review is made up of
94 publications belonging to more than 40 differ-
ent journals. Table 2 summarizes the distribution
of articles by journal with the aim of discovering
the most active journals (dimension D2). Note that
journals with only one article each are grouped at
the end of the ranked list as a miscellaneous cat-
egory in order to avoid an overly long table. As
can be observed, even though Expert Systems with
Applications (the first one by a meaningful mar-
gin) and European Journal of Operational Research
are the journals with the largest number of articles
that comply with the predefined search criteria, a
great variety of peer-reviewed journals have pub-
lished papers addressing the application of ranking-

based MCDM methods to the financial management
problems here addressed. This finding is supported
by the fact that there are a total of nine journals with
two articles and 37 with only one publication each.
It has also to be remarked that a large majority of
these journals correspond to Q1 (first quartile) or
top-ranked journals of high visibility as indicated
by the total number of cites and the impact factor
(IF) in Journal Citation Reports 2018, which sug-
gests that many other researchers will probably read
the articles published in these scientific journals.

Fig. 3 Year-wise distribution of articles (cumulative).

One of the objectives of our bibliometric anal-
ysis is to study the evolution of the research on the
topic under consideration in order to determine to
what extent the interest is rising or falling (dimen-
sion D3). A straightforward method for this pur-
pose is to depict the year-wise distribution of pa-
pers. Figure 3 shows a meaningful upward trend
over the period here examined, which can be well
illustrated by analyzing the number of publications
per five-year period. As can be viewed, only 8 arti-
cles were published in the period 2000–2004, with a
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moderate increase in the number of publications be-
tween 2005 and 2009. The amount of articles grew
considerably in the periods 2010–2014 and 2015–
2018 with a total of 42 and 26 papers (note that the
period 2015–2018 summarizes only four years) re-
spectively, which represents about 72% of the whole
sample. This remarkable increase in the number of
publications appears to be polynomial or exponen-
tial, which allows to state that the use of ranking-
based MCDM techniques in business and financial
decision-making problems constitutes an increas-
ingly developing topic of interest for researchers
and practitioners.

Another question of widespread interest for the
bibliometric analysis is to study the relationship be-
tween the ranking-based MCDM methods and ap-
plication areas (dimension D4). Thus the clustered
bar chart in Figure 4 depicts how many articles have
used each model for each of the two application ar-
eas considered in this paper. As can be observed,
there does not exist any meaningful difference be-
tween portfolio management and bankruptcy pre-
diction and credit risk assessment (BP/CRA) regard-
ing the use of each technique. From a methodolog-
ical viewpoint, TOPSIS and VIKOR respectively
correspond to the models with the largest and the
lowest number of articles for both application areas
of finance. It is also interesting to note that the dis-
tribution of articles across the TOPSIS and ELEC-
TRE algorithms applied to portfolio management is
quite similar (14 and 12, respectively), while TOP-
SIS with a total of 33 publications is clearly the
dominant approach for bankruptcy and credit risk
prediction and assessment.

Fig. 4 Distribution of articles across ranking-based models
and application areas.

Regarding the affiliation country of authors (di-
mension D5), two scores that have already been used

in other surveys and reviews [135,166] are reported
in Table 3. The individual score for a country X

represents the number of articles with at least one
author from countryX , whereas the weighted score
counts up all authors of an article. Consider two ar-
ticles A (with four authors from country X) and B
(with two authors from country X and one author
from any other country), then the weighted score
for country X will be the sum of the ratio between
the number of authors of article A from country X
to the total number of authors for the article A plus
the ratio between the number of authors of articleB
from country X to the total number of authors for
the article B; in this example, the weighted score
for country X will be 4/4 + 2/3 = 1.00 + 0.66 =

1.66, and the individual score will be equal to 2
since both articles are co-authored by researchers
from country X .

The outcomes given in Table 3 show that a to-
tal of 26 countries are represented in our sample.
While China (clearly the leading country in arti-
cles addressing the topics of the present work), Iran,
Taiwan, Greece, Turkey, and Brazil have been the
most active countries in terms of both individual
and weighted authorship counts, nine countries have
contributed only one article each. These results sug-
gest that, for the period 2000–2018, the applica-
tion of the MCDM techniques here analyzed have
been especially popular in developing and newly
industrialized countries. Regarding the geographi-
cal area of the authors, the majority of publications
have been written by researchers from Asia (about
60%), followed by Europe with 38%, America with
18%, and Africa with only 1%.

The last question here analyzed refers to the most
cited articles (dimension D6), which may provide
an idea of the models and financial applications that
have awakened most interest in the last years. For
the top 10 cited articles of our sample, Table 4 re-
ports the total number of citations based on Web
of Science, the average citations per year (AC/Y),
the ranking-based MCDM model used and the spe-
cific application topic covered. The most cited pa-
per, with 203 citations and 33.83 citations per year
on average, applied TOPSIS and VIKOR to a credit
risk problem [82]. It is worth pointing out that TOP-
SIS with 6 papers appears to be the most widely
used model within the top 10 cited articles, followed
by PROMETHEE with 4 papers. Regarding the ap-
plication topics, the analysis of corporate perfor-
mance constitutes the most represented area of in-
terest among the papers with the largest number of
citations.
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Table 3 Distribution of articles across authors’ affiliation countries (the percentage is based on the total number of articles).

Country Individual Percentage Weighted Country Individual Percentage Weighted

China 21 22.34 20.50 USA 2 2.13 0.25
Iran 11 11.70 10.75 Portugal 2 2.13 1.25
Taiwan 10 10.64 10.00 Italy 2 2.13 2.00
Greece 8 8.51 7.33 Serbia 2 2.13 2.00
Turkey 8 8.51 8.00 Belgium 1 1.06 0.20
Brazil 8 8.51 6.75 Finland 1 1.06 0.50
Spain 6 6.38 4.03 Croatia 1 1.06 1.00
United Kingdom 5 5.32 2.79 Thailand 1 1.06 1.00
Mexico 4 4.26 3.80 Romania 1 1.06 1.00
France 3 3.19 2.67 Germany 1 1.06 1.00
Malaysia 3 3.19 1.18 Austria 1 1.06 1.00
India 3 3.19 3.00 Slovak Republic 1 1.06 1.00
Canada 3 3.19 1.83 Tunisia 1 1.06 0.67

Table 4 Top 10 articles in number of citations received.

Paper Citations AC/Y Model Application

[82] 203 33.83 TOPSIS, VIKOR Credit risk
[33] 195 17.73 TOPSIS Corporate performance
[1] 125 9.62 PROMETHEE Portfolio selection
[129] 122 11.09 TOPSIS Corporate performance
[142] 93 7.75 TOPSIS Corporate performance
[114] 75 8.33 TOPSIS, VIKOR, PROMETHEE Credit risk, bankruptcy
[153] 74 9.25 TOPSIS Corporate performance
[30] 65 4.06 PROMETHEE Credit risk
[90] 57 5.18 ELECTRE Bankruptcy
[140] 53 6.63 PROMETHEE Portfolio selection

7 Emerging challenges

In general, the MCDM techniques (and the ranking-
based models are not an exception) rest upon the
comparison of alternatives along each criterion. This
is the reason why they have been considered im-
practical or useless when the number of alternatives
is large, but there are very different opinions as to
what is a large number in this context. For instance,
Pereira and Duckstein [115] encounter difficulties
in the use of these techniques when dealing with
more than ten alternatives, while Joerin et al. [72]
put the threshold at a hundred alternatives. In fact,
most standard MCDM models have been designed
to handle small-sized data sets that comprise a re-
duced number of alternatives and criteria, but mod-
ern financial management systems have now to an-
alyze huge amounts of data before making any de-
cision. Although the big data phenomenon might
represent a critical problem for the value-based and
outranking relations approaches, they may also lead
to significant benefits such as better decisions and
improved performance. This question has already
been explored in areas such as portfolio selection,
credit scoring, and managerial accounting [20,112,
120] and therefore, it becomes a major challenge to
adapt and scale the current MCDM methodologies
towards emerging digital technologies that support
large-scale data processing and analysis [70,101].

To this end, for instance, the Hadoop system and
the Spark analytics engine appear to be two plau-
sible options to take into consideration for manag-
ing big data in financial decision-making problems
because they enable big data storage, read/write ac-
cess, database-like query, processing, and analysis.

Closely related to the big data challenge is the
processing of massive quantities of multimodal data
extracted from social media, which are rapidly in-
creasing and can be seen as a useful source of knowl-
edge and information exchange. Thus data posted
on sites such as WhatsApp, YouTube, Twitter, Face-
book and microblogs are now monitored to gather
relevant data and extract knowledge that can bring
maximum value to the customers and companies.
For example, social network services offer the po-
tential to identify and analyze financial market trends,
customer behaviors and trade interactions. However,
the contents generated by the users of these social
networks are usually unstructured and heterogeneous
data in the form of text, images, video or voice,
which makes very difficult to identify the relevant
information and model a ranking-based MCDM tech-
nique properly.

On the other hand, most MCDM models require
to set many parameters for modeling the preferences
and weighting the criteria, whose values are typi-
cally provided by the decision-maker. However, this
information is, in general, difficult to acquire or to
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know in advance and therefore, it is mainly based
on the subjective judgment and experience of the
decision-maker. A possible alternative to circum-
vent this shortcoming is to make use of computa-
tional intelligence and mathematical programming
tools that could help the decision-maker to infer the
parameter values of the MCDM methods. For in-
stance, Doumpos et al. [27] proposed an evolution-
ary algorithm to simultaneous estimate all the pa-
rameters of ELECTRE Tri, in both the pessimistic
and the optimistic settings.

In addition, there is still much room for further
research in the combination of the ranking-based
methods with other operations research and ana-
lytic techniques, such as biologically inspired algo-
rithms, deep neural networks, classifier ensembles,
inductive logic programming, reinforcement learn-
ing and rough sets, among others. However, this
hybridization/integration of methodologies should
guarantee not only high accurate decisions but also
simple, user-friendly and easy-to-interpret results for
the decision-makers. As claimed by Zopounidis et
al. [166], interpretability of decisions and results is
often even more important than their quality; thereby,
sophisticated methods are not mostly used in prac-
tice because they can be too complex for financial
decision-makers to understand.

8 Conclusions

Decision-making is an element of utmost impor-
tance for all application areas of enterprises and or-
ganizations. This study has compiled and analyzed
a representative sample of peer-reviewed journal ar-
ticles published over the period 2000–2018 in the
context of ranking-based MCDM methods applied
to two relevant financial decision-making problems
in order to gain some insight into the current prac-
tice of this subfield of operations research and iden-
tify a set of challenges and opportunities that should
be taken into account in the future.

From a methodological point of view, the find-
ings indicate that the TOPSIS and ELECTRE mod-
els are the most popular MCDM techniques to un-
dertake the financial problems here addressed. It is
also worth remarking that the most represented sub-
ject category corresponds to computer science and
applied mathematics, followed by the operations re-
search and management science group, which high-
lights the strong interest of these research commu-
nities in applying the ranking-based methods to port-
folio selection, bankruptcy prediction and credit risk
assessment. On the other hand, the analysis of the

trend in the number of publications has revealed
that the amount of articles related to these models
has grown considerably since 2010.

Although our analysis has concentrated only on
four models of most interest to researchers and prac-
titioners, the large number of papers published since
2000 demonstrates the enormous potential of this
MCDM paradigm in the framework of various busi-
ness and financial applications. However, the multi-
attribute value and outranking relations approaches
present a series of drawbacks that make them ap-
pear to be less attractive to or impractical for nowa-
days problems, which are characterized by a vast
amount of data (big data) from multiple sources of
various formats and modalities (multimodal data).
Accordingly, we believe that adapting the current
techniques and developing new tools for use at larger
scales are two of the most pressing challenges that
should be investigated.

Apart from big data and multimodality, other
questions remain open for further research in this
area. For instance, a major problem of most ranking-
based MCDM methods is how to set appropriate
values for certain parameters, such as the criteria
weights and the concordance indices. Instead of re-
lying on subjective judgment and opinions of the
decision-maker, the use of objective methods de-
rived from computational intelligence and mathe-
matical programming could lead on to better deci-
sions and higher performance of the system.

Finally, the present study has perceived some-
what resistance of economics and finance commu-
nities to the application of the multi-attribute value-
based methods and outranking relations, perhaps be-
cause decision-makers and analysts find them diffi-
cult to use and prefer to rely on their intuition, ex-
perience and judgment. Often they argue that cur-
rent software solutions are a black-box for financial
analysis, where there is no customization or trans-
parency to understand the outcomes better. There-
fore, implementation of user-friendly and flexible
management systems could entail a higher accep-
tance level towards new technologies and tools.
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Appendix A – MCDM methods versus applica-
tion area
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64. İç, Y.T.: Development of a credit limit allocation model
for banks using an integrated fuzzy TOPSIS and linear
programming. Expert Syst. Appl. 39(5), 5309–5316
(2012)
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66. İç, Y.T., Yurdakul, M.: Development of a quick cred-
ibility scoring decision support system using fuzzy
TOPSIS. Expert Syst. Appl. 37(1), 567–574 (2010)

67. Ignatius, J., Hatami-Marbini, A., Rahman, A.,
Dhamotharan, L., Khoshnevis, P.: A fuzzy decision
support system for credit scoring. Neural Comput.
Appl. 29(10), 921–937 (2018)

68. Isac, C., Nita, D., Dura, C.: Optimizing franchising in-
vestment decision using ELECTRE and ROMPEDET
methods. IUP J. Manage. Econ. 8(1–2), 7–32 (2010)
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