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Abstract
Goal programmingmodels have been highly relevant for portfolio management and selection
due to their ability to handle multiple conflicting objectives simultaneously. These models
possess simple and effective and features that support the decision-making process by incor-
porating different types of risk. Using a bibliometric approach, we collected 155 articles
published from 1973 to 2022 from journals indexed in the Scopus database. Multiple soft-
ware platforms (RStudio, VOSviewer, and Excel) were employed to analyze the data and
depict themost active scientific actors in terms of countries, institutions, sources, and authors.
Our review revealed three different stages and an upward trajectory in the publication trend
starting from 2003 and found the predominant application of some Goal Programming mod-
els, such as the stochastic, fuzzy, and polynomial models. Moreover, we discovered that
Spain, the USA, and China were the top three contributors to the literature, indicating a
global interest in this area. The global relevance of goal programming is confirmed by the
top 20 authors and their collaboration networks. We observed the dialogue between different
disciplines, namely Decision Science andManagement/Finance. Our study contributes to the
body of knowledge in the intersection between goal programming and financial portfolios
by (1) identifying the most influential articles and authors on this topic and (2) mapping and
visualizing the trends in this field of research through network and cluster analysis.
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1 Introduction

Goal programming (GP) models have been used for many decades to attain balanced and
optimized solutions, as this framework enables the minimization of deviations from speci-
fied goals in the context of conflicting objectives. The satisfactory logic of GP models can
be applied in numerous fields such as economics, management, environmental studies, man-
ufacturing, and finance. GP has high relevance in Operational Research and Management,
and the GP technique is extensively used to solve the problems of decision making. Indeed,
both individual investors and organizations rely on portfolio selection and management tools
and models that can help gauge market risks and maximize returns successfully. This has
become even more relevant today as we are living in a period when we are being presented
with a variety of challenges such as the recent crises surrounding Covid-19, the Ukrainian
war, and China-Taiwan tension.

Portfolio selection and management play a crucial role in finance by helping investors
achieve their financial goals while managing risks. Diversification is the keyword and is a
concept that was introduced by Harry Markowitz in his seminal work “Portfolio Selection”
(1952). Since the 1950s, portfolio theory has been improved and extended in several direc-
tions. Due to the ability of GP to handle multiple conflicting objectives simultaneously, it
is relevant for portfolio management and selection. GP supports investors in including their
goals and preferences in their decision making: In other words, the financial decision maker
(FDM) can include various goals (maximizing returns, minimizing risks, achieving a cer-
tain level of diversification, and meeting specific constraints or preferences), assign relative
priorities to each objective, and find a feasible solution that balances these objectives.

This study introduces various GP model variants that have been applied to the multidi-
mensional financial portfolio selection problem and covers 60 years of research related to this
area. We perform a comprehensive literature review to explore the intersection of finance and
goal programming. Adopting a bibliometric approach, we collected 155 articles published
from 1973 to 2022 from journals indexed in the Scopus database. Our first contribution is the
inclusion of all papers published in the last five decades. We conducted several bibliometric
tests, including citation, co-citation, co-authorship, trend analysis, and keyword occurrences.
This bibliometric and systematic literature review offers a more comprehensive understand-
ing of the state of knowledge, with the aim of extending and/or completing some previous
papers related to GP and portfolio management, such as Lin and O’Leary (1993), Aouni
(2009, 2010), Azmi and Tamiz (2010), Aouni et al. (2014), and Colapinto et al (2019). The
methods chosen for this study are crucial to advancing our knowledge of financial portfolio
management. The bibliometric review offers insights into the quantitative aspects and trends
of the field, while the systematic review provides a qualitative synthesis of existing research,
aiding in future research planning. While we refer the reader to Aouni et al. (2014) for an
in-depth discussion of mathematical models, this study attempts to address these research
questions: (1) What are the theoretical roots of research and the main research trajectories
over the 5 decades? (2) What are the main themes within financial portfolio and GP articles?

The remainder of the paper proceeds as follows. In Sect. 2, we illustrate the general
formulation of portfolio selection and of multi-objective programming, and we introduce the
main GP variants. Section 3 presents the methodology employed in the study and the data
collection and analysis techniques used. Section 4 presents and discusses the findings of the
study. Section 5 concludes the paper.s
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2 FromMarkowitz to a hybrid goal programmingmodel

Markowitz (1952) proposed the first bi-criteria formulation for portfolio selection, where
two conflicting and incommensurable criteria were to be optimized simultaneously. Modern
portfolio theory provides a framework for portfolio selection by considering the trade-off
between risk and return and includes some compromises based on the FDM’s preferences:

Objective 1, the expected return of the portfolio: Max.
∑n

j�1 E j x j ,
Objective 2, the variance: Min.

∑n
j�1

∑n
k�1 x jσ jk xk ,

Subject to:

n∑

j�1

x j � 1, (1)

x ∈ F , (2)

where xj: the proportion to be invested in the stock (security) j, Ej: the expected return
of security j, σ jk : the covariance of the returns of securities j and k, F: the set of feasible
solutions.

In the model, we assume that the total investment amount has to be allocated (constraint
1) and has to satisfy certain diversification conditions (constraints 2). In order to manage the
investment risk, the FDMmay diversify the portfolio by investing in different securities. Both
constraints determine the efficient portfolios. Use of the Markowitz (1952) model allows the
FDM to obtain the portfolio that may best increase the FDM’s earnings while minimizing
the risk of financial losses as shown below:

Min.
n∑

i�1

n∑

j�1

xiσi j x j ,

Subject to:

n∑

i�1

Ei xi � E∗

n∑

i�1

xi � 1, x ∈ F ,

where E*: the target value of the return.
The solution will determine the efficient frontier of portfolios among which the FDMwill

decide, making a compromise between an acceptable level of risk and a desired return. This
formulation is known in the literature as the mean–variance model. As the portfolio selection
problem cannot be limited to only two attributes, Ferretti (1970) introduced objectives related
to shareholders and performance.

As the bi-criteria model proposed by Markowitz (1952) does not reflect the complexity
and multi-dimensionality of the decision-making process in the financial portfolio selection
problem, several multi-dimensional approaches have been proposed in the literature in order
to aggregate conflicting and incommensurables attributes, and GP is one of them (Aouni,
2009, 2010). For a complete literature review of the different multi-criteria procedures and
a description of their applications to financial portfolio selection and corporate performance
evaluation, refer to Zopounidis and Doumpos (2013).

Over the last five decades, the GP model has been widely applied to the portfolio man-
agement problem. GP, first introduced by Charnes et al. (1955) and Charnes and Cooper
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(1961), has witnessed an upsurge in the 2000s, thanks to the higher levels of computerized
automation of the solution and modeling process. The majority of multiple-criteria decision-
making papers used the GP and multi-objective programming models, and almost one-third
dealt with the portfolio selection problem (Azmi & Tamiz, 2010; Steuer & Na, 2003; Tamiz
& Jones, 1998).

The central idea is the determination of the aspiration levels of an objective function and
the minimization of any (positive or negative) deviations from these levels, as the GP model
is a distance function. Over the years, the different GP variants have become highly popular
within the field of multi-objective programming. Table 1 presents the main GP variants. For

Table 1 Formulations of GP models

GP model Objectives Constrains

Lexicographic GP Lex Min L �[
l1

(
δ−, δ+

)
, l2

(
δ−, δ+

)
, . . . , lq

(
δ−, δ+

)]
fi (x)+δ−

i −δ+i � gi (i � 1, 2, . . . , p),
∑n

j�1 x j � 1

x ∈ F

δ−
i , δ+i ≥ 0, (i � 1, 2, . . . , p).

Weighted GP Min Z
∑p

i�1

(
w+
i δ+i + w−

i δ−
i

)
fi (x)+δ−

i −δ+i � gi (i � 1, 2, . . . , p),
∑n

j�1 x j � 1,

x ∈ F ,

δ−
i , δ+i ≥ 0, (i � 1, 2, . . . , p).

Polynomial GP Min Z � [(d1)p1 + (d3)p3]
∑n

j�1 x j E j + d1 � E∗
∑n

j�1 x j
(
r j − E j

)3 + d3 � S∗,
∑n

j�1
∑n

k�1 x j xkσ jk � 1,
∑

j x j � 1,

x ∈ F ,

d1 and d3 ≥ 0

Stochastic GP Min. Z � ∑p
i�1

(
δ̃+i + δ̃−

i

) ∑n
j�1 ai j x j + δ̃−

i − δ̃+i � g̃i ,

(i � 1, 2, …, p)
x ∈ F ,

δ̃+i , δ̃−
i ≥ 0, (i � 1, 2, . . . , p),

g̃i ∈ N
(
μi ; σ 2

i

)

Fuzzy GP Max Z � λ
fi (x)
�i

+ δ−
i − δ+i � gi

�i
(for ∀i ∈ I ,

λ + δ−
i − δ+i ≤ 1 (for ∀i ∈ I ),

x ∈ F ; λ,

δ−
i and δ+i ≥ 0 (for ∀i ∈ I ),

Scenario based
GP

Max. Z
∑p

i�1

(
w+
i F

+
i

(
δ+i

)
+ w−

i F−
i

(
δ−
i

)) ∑n
j�1 ai j (ωs)x j + δ−

i − δ+i � μi (ωs)

(∀i ∈ I ), x ∈ F ,
∑

j x j � 1

0 ≤ δ−
i ≤ α−

iv , (i � 1, 2, . . . , p)
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more mathematical details, we refer the reader to previous reviews such as that of Aouni
et al. (2014).

The pre-emptive or lexicographic goal programming (LGP) model is based on the opti-
mization of the objectives according to their relative importance (level of priority) for the
FDM. The obtained values of the deviations of a higher level of priority will be introduced
as constraints within the mathematical programs related to the objectives placed in lower
levels of priority that, indeed, play a marginal role in the decision-making process. Lee
(1972) proposed the first LGP model for the portfolio selection problem, which considers
three objectives: (a) minimum dividends, (b) the growth of earnings, and (c) 50% dividend
pay-out ratio. This variant GP was widely applied in this field until the 1980s. Moreover, the
weighted GP (WGP) model allows the explicit consideration of different investment goals
and their relative importance through the use of weights and reflects the FDM’s preferences,
and it is based on their risk tolerance, return expectations, or other factors. One of the initial
applications of WGP to funds management can be found in Lee and Sevebeck (1971).

Arditti and Levy (1975) showed that return on assets is not normally distributed, and thus it
is crucial to incorporate skewness into an FDM’s decision-making process. In his polynomial
GP (PGP) model, Lai (1991) incorporated the FDM’s preferences regarding the skewness
and other objectives andmaintained that the PGPmodel is more efficient than the LGPmodel
because it offers the flexibility of incorporating preferences in terms of higher moments of the
probability distributions of the rates of return as well as a relative computational simplicity.

As the FDMhas to copewith uncertainty inmost financial contexts, the objective functions
and corresponding goals are, in general, random variables. From this perspective, Stochas-
tic Goal Programming (SGP) clearly allows the incorporation of uncertainty and risk into
the portfolio optimization process, making it suitable for handling the stochastic nature of
financial markets (Aouni et al. 2012).

An alternative way to include randomness is to consider the so-called scenario-based
GP models as introduced by Aouni and La Torre (2010) and Aouni et al. (2010) to analyze
portfolio optimizationmodels. The goal is to construct a portfolio thatmeets certain objectives
while considering various possible scenarios or future market states: all possible scenarios
� � {ω1, ω2, …, ωN} have associated probabilities p(ωs) � ps.

If the FDM can rely only on vague and imprecise goal values, the Fuzzy GP (FGP) model
can be applied: it is based on the fuzzy sets theory developed by Zadeh (1965) and Bellman
and Zadeh (1970).

To choose themost suitableGPmodel, the FDMhas to take into account different variables
related to the type of financial market, investor preferences, and the level of uncertainty that
need to be addressed in portfolio management. Moreover, the performance of the chosen
model might vary depending on the quality and availability of historical data. An overview
of the specific characteristics of each model is provided in Table 2.

To conclude, we point out that there are several minor variations, extensions, and combi-
nations of GP that have been used in financial portfolio management over the years. These
are briefly presented here in alphabetical order:

• Alternative linear programming (i.e. Konno & Yamazaki, 1991) represents a central con-
tribution with respect to the use of alternative measures of investment risk and procedures
for portfolio selection.

• Chance-constrained goal programming (CCGP) incorporates probabilistic constraints on
the goals or objectives, ensuring the fulfillment of goals with a certain probability, given
the stochastic nature of returns or other factors (i.e. Aouni et al., 2003). Boswarva and

123



Annals of Operations Research

Table 2 Advantages of portfolio management in financial markets

GP model Advantages for portfolio management Disadvantages for portfolio
management

FGP FGP is effective in handling uncertainty and
imprecise data, providing a more realistic
representation

It shows Computational Complexity,
especially when dealing with a large
number of assets and complex
market conditions

It incorporates vague/qualitative goals and
constraints, such as subjective criteria, in
portfolios

The incorporation of fuzzy sets
involves subjective judgments,
leading to potential biases based on
individual perspectives and choices

FGP is suitable for dynamic and evolving
financial environments

FGP models might be less
interpretable due to the inherent
vagueness and complexity

SGP SGP incorporates probabilistic elements,
allowing for a more accurate representation
of uncertain and risky financial markets

Its accuracy depends on the
availability of reliable historical
data and accurate estimation of
probability distributions

SGP provides robust solutions by considering
various possible scenarios that are crucial in
a dynamic and unpredictable market

Its effectiveness is contingent on the
appropriateness of the assumptions
made about the stochastic processes
governing market behavior

SGP often involves Monte Carlo simulations,
enabling the evaluation of portfolio
performance under different market
conditions, but the implementation of the
simulation can be computationally intensive,
impacting real-time decisions

PGP PGP allows for smooth adjustments in
portfolio allocations

PGP models may be prone to
overfitting if the degree of the
polynomial is too high, resulting in
a worse generalization

PGP offers a balanced optimization by
considering the polynomial terms

Its performance can be overly
sensitive to the choice of parameters

The polynomial structure enables continuous
adjustments to portfolio weights, crucial to
fit market dynamics

PGP models may struggle to capture
highly complex relationships in
financial data

Nonlinear GP Nonlinear GP can capture the real complex,
nonlinear relationships in financial data

Nonlinear GP models can be
computationally intensive and the
data requirement is high

Nonlinear GP is versatile and offers enhanced
flexibility in portfolio modeling

It is difficult to interpret and explain

Aouni (2012) extended the CCCPmodel to other probability distributions such as uniform,
triangular, and skew triangular distributions.

• Compromised Programming model: a fuzzy version has been developed by Ballestero and
Romero (1996).

• Fractional GP allows the FDM to assign different degrees of achievement to each goal,
indicating the relative importance of each objective. This variant handles imprecise or
fuzzy goals and preferences. (i.e. Canbolat & Güneri, 2008)
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• In the family of integer GP introduced by Harrington and Fischer (1980), we find mixed-
integer GP models (such as the stochastic-goal mixed-integer programming by Stoyan &
Kwon, 2011).

• Interactive GP models—whose main contributor is Spronk (1980, 1981).
• Interval Goal Programming deals with goals represented by intervals instead of pre-
cise values, accounting for the uncertainty or variability associated with goal values (i.e.
Akhavan-Tabatabaee & Soltani, 2016).

• MinMax GP model (Romero, 1991:5) that falls as much under the subject of Linear
Programming as GP.

• Non-linear GP model introduced by Stone and Reback (1975).

3 Bibliometric analysis: data collection and analysis techniques

Research on the GP model has gained significance and established itself as a major field. It
has sparked strong interest among numerous researchers and academic institutions world-
wide. The progress made in research on GPmodels is evident in the proliferation of academic
works and the formation of networks of researchers addressing these issues. Over the past
2 decades, research in this domain has accelerated, with several prestigious journals in oper-
ations research, finance, and computer science devoting special issues to this subject. To
obtain a comprehensive view and understanding of the evolution of this research field over
time, we have chosen to conduct a bibliometric and systematic study on this theme applied
to finance.

Bibliometric studies are considered a powerful field of information science that academi-
cally contributes to many research reviews by simplifying the task of exploring any research
area. Bibliometrics is a research field that employs quantitative methods to analyze large
volumes of bibliographic data with the aim of providing comprehensive insights into a col-
lection of documents (Donthu et al., 2021). Recently, Bibliometric methods have witnessed
a surge of interest from the social sciences (Zupic & Čater, 2015). They have been used to
map operations research and management science. Several bibliometric studies have been
published in operations research (Eto, 2002; Laengle et al., 2020; Merigó & Yang, 2017),
in management science (Hopp, 2004), in operations research and management science in
Asia (Chang & Hsieh, 2008) or Europe, in production and operations management (POM)
(Avkiran&Alpert, 2015;Merigó et al., 2019), in fuzzy sets theory in operations management
(Zanjirchi et al., 2019), and in robust portfolio optimization (Xidonas et al., 2020) and others.

3.1 Data collection

We collected our data from the Scopus database, as it is one of the largest academic
databases of peer-reviewed multidisciplinary research publications. According to the Scopus
Content Coverage Guide (https://www.elsevier.com/solutions/scopus/content), the database
comprises more than 90.6 million core records, with approximately 84million records dating
back to 1969 and over 6.5 million records to pre-1970. Additionally, Scopus continually adds
around 3 million new records each year. The database covers publications from more than
7000 publishers, including 26,591 peer-reviewed journals across various high-level subject
fields.

The search process was conducted in in May 2023, through a Boolean search by running
a query for the following keywords: (“Goal program*”) AND (“Financ*” OR “Financial
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Fig. 1 Selection of bibliometric techniques

Portfolio”). The asterisk (*) was included to account for the variations in the keywords. We
performed the search on the “title, abstract, and keywords” of the documents. In terms of the
inclusion and exclusion criteria, only articles and reviews were selected. This rationale for
this selection is the peer review process, which guarantees their scientific quality. We limited
our search to publications in English language only. We restricted the Scopus search process
to include papers up until the end of 2022, and a total of 252 publications matched the search
criteria. The authors independently andmanually reviewed the titles, abstracts, and keywords
of all selected documents to confirm their correspondence with the selection criteria and to
clean the data. In total, 155 publications were selected for further analyses. Figure 1 presents
the methodology used.

3.2 Bibliometric analysis

Bibliometric analysis encompasses two main categories of techniques: performance analysis
and bibliometric mapping (Noyons et al., 1999; Zupic & Čater, 2015). These methods are
employed to assess the performance of research entities and visually represent the biblio-
graphic landscape. Performance analysis involves the assessment and evaluation of various
indicators and metrics (Garfield, 1955) to measure the research productivity, impact, and
performance of scientific actors (authors, journals, affiliations, and countries). On the other
hand, bibliometric mapping employs visualizations and network analysis to explore the rela-
tionships between different bibliographic entities, such as authors, journals, or keywords.
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Table 3 Main information about
data Description Results

Timespan 1973: 2022

Number of journals 76

Number of papers 155

Number of references 4658

Number of authors 287

Single-authored docs 15

Co-authors per doc 2.48

International co-authorships % 20

The most commonly utilized techniques for scientific mapping include citation analysis, co-
citation analysis (Small, 1973), bibliographic coupling, and co-word analysis (Callon et al.,
1983). By combining these two categories of techniques, bibliometric analysis provides valu-
able insights into the quantitative aspects and structural dynamics of scholarly literature.

Bibliometric analysis has been perfected in recent years thanks to the development of
software that enables the analysis of bibliographic information (Cobo et al., 2011b). Among
the most popular software programs we can mention are, for example, VOSViewer (van Eck
& Waltman, 2010) and Bibliometrix by Rstudio (Aria & Cuccurullo, 2017), and there are
several others. Table 3 provides key information on the data extracted for this study: a total of
155 articles were examined, which provided a substantial sample size that enabled a robust
analysis and the potential for generalizability. We found that the first article was released in
1973 (see Fig. 2a), and thus our analysis reveals a 50-year timeframe, from 1973 to 2022.
The analysis encompassed 76 journals to ensure a diverse range of sources and enhance the
study’s validity and scope. The review of 4658 references indicated a thorough examination
of the existing literature and thus contributes to a comprehensive understanding of the field.
The involvement of 287 authors indicates the presence of a solid scholarly community in
the field, promoting knowledge exchange and the inclusion of diverse perspectives. The
average of 2.48 co-authors per article underscored the prevalence of collaborative research
practices within the field. Furthermore, the presence of approximately 20% international
co-authors highlighted the global nature of research efforts and the importance of cross-
border collaborations. Overall, these statistics laid a solid foundation for comprehending the
methodology, scope, and collaborative nature of the study.

4 Results

4.1 Descriptive and performance analyses

4.1.1 Scientific production

Scientific production on GP has grown significantly in recent years, especially since the
beginning of the twenty-first century. The number of publications increased after 2003 and
has witnessed tremendous growth in recent years. Considering a time horizon of 50 years, we
can see that research activity has increased significantly over the last two decades, resulting
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Fig. 2 a Evolution of 155 publications on goal programming model by year. b Cumulative frequency of 155
publications on goal programming model

in the publication of 109 papers, representing 70.32% of all publications during the study
period. The evolution of the number of articles per year can be attributed to several factors.

Figure 2 shows the number of articles published over the 1973–2022 period during which
we can identify three stages (initial, pre-expansion, and expansion) and a growing interest.
The construction of this field has been marked by significant events.

The concept of Goal Programming was introduced by Charles and Cooper in 1961. How-
ever, the initial research papers on GP models that were applied to finance emerged in the
early 1970s with notable contributions from Lee and Lerro (1973) in The Journal of Finance,
Callahan (1973) in Cost and Management, and Ignizio (1978) in the Journal of the Oper-
ational Research Society. Despite the recognition of GP by practitioners as an effective
approach for addressing real-world problems involving multiple and conflicting objectives,
academic production on the subject remained limited.

GP research gained momentum after 1989. It is worth highlighting that the first Interna-
tional Conference onMultiple Objective Programming andGoal Programming (MOPGP94),
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Table 4 General citation structure
in GP research in Scopus Number of citations Number of papers % of papers (%)

≥ 500 citations 1 paper 0.6

≥ 250 citations 3 papers 1.9

≥ 100 citations 9 papers 5.8

≥ 50 citations 9 papers 5.8

≥ 20 citations 39 papers 25.16

≥ 10 citations 33 papers 21.29

≤ 10 citations 61 papers 39.35

Total 155 papers

Own elaboration based on Scopus 2023

organized by Mehrdad Tamiz, was held in 1994 at the University of Portsmouth, United
Kingdom. This conference brought together researchers and practitioners from diverse fields
such as optimization, operational research, mathematical programming, and multi-criteria
decision making. It served as a pivotal event for fostering networks among researchers and
practitioners, and research during this period followed a sawtooth pattern of progress.

Thefield has garnered increasing interest in the literature, particularly since 2005,when the
inaugural International Conference onMultidimensional Finance, Insurance, and Investment
(ICMFII) took place. This conference focused on the application of multi-criteria decision
aid tools in the finance and insurance sectors, further propelling research on GP models.

Research has grown steadily ever since. In the expansion stage, two distinct waves can
be observed, potentially driven by the emergence of artificial intelligence techniques such as
machine learning and data analytics. These techniques complement GP models by providing
more precise and relevant information for decision-making, contributing to the evolution of
the field.

Table 4 shows the overall citation structure of all the articles in our sample, obtained from
Scopus, classified according to citation thresholds. The percentage of articles in each category
is also shown. It isworth noting that only one article receivedmore than 500 citations,while 13
articles received more than 100 citations. It should also be noted that several works received
fewer than 20 citations, which can be attributed to the specialized nature of the research field.

4.1.2 Most relevant countries, journals, authors, articles, and institutions

Bibliometric citation analysis provides an overview of the most relevant elements: countries,
journals, articles, authors, and institutions.

• Most productive and influential countries and continents

A large majority of articles were published in Spain (22 articles), the United States (21),
China (13) and India (10). In terms of citations, the United States, Spain, China, Tunisia and
the United Kingdom are the five countries with the most cited publications in GP (Fig. 3). We
prefer not to include the Czech Republic in the top 5 list because although its total citations
total 626, these are due to a single paper by Inuiguchi and Ramı́k (2000) that introduced
fuzzy models.

The scientific production of a country is defined as the number of author appearances
by country of affiliation. This means that if in an article there are three authors working
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Fig. 3 Scientific production of countries. Source: Biblioshiny, based on the Scopus dataset

respectively in the USA, Spain, and Italy, then the count of appearances for each of these
three countries will be increased by 1. In other words each article is attributed to the countries
of all its co-authors and will therefore be counted as many times as there are authors (in the
example above, three times) (Table 5).

Notably, the publications come from researchers from 5 continents and 35 countries
(Table 6), spanning both developed and emerging regions, which highlights the global and
international nature of the field. Given the different sizes and populations between the coun-
tries, we believe it is better to consider the data at the continent level. Despite the prevalence
of publications from European and Asian countries, it is clear that the link between GP and
finance is a global topic of interest.

The collaboration links between the countries show that there are four different dense
networks with connections, and the most frequent collaborations in the research field are
between scholars fromdifferent continents. The fact that some of the authors had international
careers might be an explanation (Fig. 4).

• Top most productive and influential authors

A. Bilbao-Terol, affiliated with the University of Oviedo (Spain), has emerged as one of the
most prominent researchers in the field over the past three decades. With 11 publications and
646 citations, she holds a central position in the research on the topic and leads the female
team at the University of Oviedo. Her consistent contributions have profoundly influenced
the development of the field. B. Aouni (Qatar University) andM. Arenas-Parra (University of
Oviedo, Spain) follow closely, with 8 publications each, accumulating a total of 513 citations
for Aouni and 312 citations for Arenas-Parra. Other notable authors, such as E. Ballestero
and F. Ben Abdelaziz, have also made significant contributions.

It is worth noting that new influential researchers are emerging in the field. For instance,
La Torre, Cañal-Fernández, Colapinto, and Masmoudi joined this research stream in 2012.
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Table 5 Geographical distribution
of the papers. Source:
Biblioshiny, based on the Scopus
dataset

Rank Country Frequency* TC

1 Spain 71 919

2 USA 62 1103

3 China 32 593

4 Iran 28 92

5 India 26 171

6 United Kingdom 18 191

7 Tunisia 11 252

8 Canada 11 164

9 Greece 11 85

10 Turkey 10 49

11 Malaysia 10 15

12 France 7 32

13 Italy 7 7

14 Netherlands 6 28

15 Saudi Arabia 4 37

16 Bahrain 4 36

17 Nigeria 4 33

18 Germany 4 2

19 Czech Republic 3 626

20 Qatar 3 113

*Frequency: number of author appearances by country of affiliation

Table 6 Geographic origin of contributions. Source: Authors’ elaborations

Continent T. countries Number of contributions per
countries

T. contributors Percent

Europe 14 Spain (71); United Kingdom (18);
Greece (11); France (7); Italy
(7); Netherlands (6); Germany
(4); Czech Republic (3);
Belgium (3); Austria (2);
Croatia (2); Finland (1);
Switzerland (1); Ukraine (1)

137 37.43

Asia 15 China (32); Iran (28); India (26);
Turkey (10); Malaysia (10);
South Korea (8); Saudi Arabia
(4); Bahrain (4); Qatar (3); UAE
(3); Singapore (2); Kuwait (2);
Japan (2); Kazakhstan (1);
Thailand (1)

136 37.15

North America 2 USA (62); Canada (11) 73 19.94

Africa 2 Tunisia (11); Nigeria (4) 15 4.09

Oceania 2 New Zeland (3); Australia (2) 5 1.36

Total 35 366
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Fig. 4 Countries’ network collaboration. Source: Biblioshiny, based on the Scopus dataset. Countries network
collaboration (Network layout: automatic layout; Clustering Algorithm: Louvain; Number of nodes: 30 and
minimum number of edges: 1)

Furthermore, it is interesting to observe that the research community exhibits a balanced
representation in terms of gender and age. Figure 5 visually presents the publication output of
themain authors during the specified period, highlighting the high productivity of the Spanish
team from Oviedo between 2005 and 2015. Additionally, authors like Aouni, Ballestero,

Fig. 5 Top 20 Authors’ production over time. Source: Biblioshiny, based on the Scopus dataset
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Fig. 6 Authors’ collaboration network. Source: Biblioshiny, based on the Scopus dataset. Authors network
collaboration (Network layout: Star; Clustering Algorithm: Louvain; Number of nodes: 30 and minimum
number of edges: 2)

Ben Abdelaziz, and Tamiz have maintained their active engagement in the field for at least
2 decades (Fig. 6) (Table 7).

• Top most productive and influential journals

Tables 8 and 9 present the ranking of the 10most productive and influential academic journals
that have published studies on GP in the Financial portfolio. The 155 articles on the topic
have appeared in 76 journals. The majority of publications (44.51%) are concentrated in
9 specific journals: European Journal of Operational Research, Journal of the Operational
Research Society, INFOR,Annals of Operations Research,Expert Systemswith Applications,
Journal of Banking andFinance,OMEGA,Decision Sciences, and International Transactions
in Operational Research. These journals have each published a minimum of four articles.
In contrast, other journals have had sporadic publications, with many of them contributing
only two articles. Furthermore, 52 journals have published just one paper on this topic. This
indicates that the research on GP in the financial portfolio is specialized and concentrated.
The most influential journals are derived from the ranking based on the number of papers
published by journal and on the total citations. We note the significant role of the European
Journal of Operational Research, which has published 12.25% of the articles in our database
and has the highest number of global and local citations.

Another interesting aspect to consider in this section is the analysis of the total number
of local citations (TLC). Once again, the European Journal of Operational Research stands
out as having the highest number of total local citations, with 313 TLC. It is followed by the
Journal of Finance, Management Sciences, and Fuzzy Sets and Systems, with 187, 156, and
132 citations, respectively. Following that, a second cluster of journals, including the Journal
of the Operational Research Society,Annals of Operations Research, Journal of Banking and
Finance, and OMEGA, show more than 50 citations each.

The most cited paper was published in the European Journal of Operational Research by
Arenas Parra, Bilbao Terol, and Rodrı́guez Urı́a (2001) entitled “A fuzzy goal programming
approach to portfolio selection.” This paper has 260 citations, which is a high number com-
pared to the average citation of our dataset publications (33.15%). The second most cited
paper is an article by Ben Abdelaziz et al. (2007) entitled “Multi-objective stochastic pro-
gramming for portfolio selection,” with 235 citations. The European Journal of Operational
Research appears to be the preferred outlet for this topic, followed by the Journal of Banking
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Table 7 Top most productive and influential authors. Source: Authors’ elaborations

Author Affiliation Country TP TC PY_start h_index

1 Bilbao-Terol A University of
Oviedo

Spain 11 646 2001 11

2 Aouni B Laurentian
University

Qatar
University

Canada and
Qatar

8 513 2005 6

2 Arenas-Parra M + -University
of Oviedo

Spain 8 312 2006 8

3 Ben Abdelaziz F + -Neoma
Business
School

University of
Tunis

Tunisia and
France

7 414 2005 7

3 Ballestero E Technical
University of
Valencia

Spain 7 234 1996 7

4 La Torre D University of
Milan

Hhalifa
University

Italy and
UAE

5 185 2012 4

5 Cañal-Fernández V University of
Oviedo

Spain 4 148 2012 4

6 Pérez-Gladish B University of
Oviedo

Spain 3 156 2006

6 Mehlawat Mk Delhi
University

India 3 141 2013 3

6 Colapinto C Ca’ Foscari
University of
Venice

Italy 3 140 2013 2

6 Pla-Santamaria D Universidad
Politècnica
de Valencia

Spain 3 79 2004 3

6 Tamiz M Kuwait
University

UK and
Turkey

3 71 2007 3

6 Zopounidis C Technical
University of
Crete

Greece and
France

3 57 2004 3

6 Masmoudi M University of
Bahrain

Tunisia and
Bahrain

3 33 2012 3

6 Spronk J Erasmus
University

Netherlands 3 28 1989 3

6 Garcia-Bernabeu A Universitat
Politécnica
de Valéncia

Spain 3 27 2010 2
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Table 7 (continued)

Author Affiliation Country TP TC PY_start h_index

6 Kajiji N University of
Rhode Island

USA 3 22 2002 3

7 Prakash Aj Florida
International
University

USA 2 392 1997 2

7 Wang S Chinese
Academy of
Sciences

China 2 157 2002 2

7 Zhu S Chinese
Academy of
Sciences

China 2 157 2002 2

and Finance: there are two communities interacting and talking to each other. Beyond the
development of increasingly sophisticated models capable of integrating uncertainty into the
decision-making process, applications are bringing the discussion table to life (Table 10).

4.2 Network analysis

Visualization has long been regarded as an important tool for comprehending complex and
massive bibliographic networks, ranging from paper co-citations to author keyword co-
occurrence to bibliographic coupling networks (Van Eck & Waltman, 2014). The network
analysis is extracted from VOS viewer software.

First, Fig. 7 shows the most important networks of bibliographic couplings within the GP
field. The nodes represent the authors, and the edges represent the bibliographic couplings.

Figure 7 identifies three well-defined clusters (i.e., the lines indicate concomitant citations
among the authors). The color coding is automatically generated byVOSViewer software, and
it distinguishes the different networks from one another. These three networks comprise the
top 10 productive and influential researchers of the past 2 decades, each having accumulated
at least 100 citations. The first cluster, represented in green, comprises Spanish researchers
affiliated with the Quantitative Economics Department at Oviedo University (Spain), includ-
ing Bilbao Terol A., Arenas Parra M., and Canal Fernandez V. The second network, depicted
by the blue cluster, also consists of Spanish researchers, but from La Universidad Politécnica
de Valencia (Spain), such as Ballestero E., Garcia-Bernabeu A., and Pl-santamaria D. The
third cluster represents an international network composed of Aouni B., La Torre D., and
Collapinto C. on one hand, and Ben Abdelaziz F. and Msmoudi M. on the other.

Secondly, to reveal the main thematic clusters of the GP research field, we built a co-
occurrence network based on the authors’ keywords of the selected documents. Figure 8
presents the main keywords of the GP field, taking into account a threshold of 3 occurrences
and 32more frequent co-occurrences.We identify 6 different clusters and each line represents
the relationship between 2 keywords (e.g., 2 keywords are considered as being co-cited when
they appear together in the same subsequent manuscript). The main keywords per cluster
(clockwise) are ‘goal programming’ (yellow cluster), ‘stochastic goal programming’ (red
cluster), ‘fuzzy goal programming’ (purple cluster), ‘fuzzy sets’ (azure cluster), ‘portfolio
analysis’ (green cluster)and ‘polynomial goal programming’ (blue cluster).
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Table 9 Top ten most influential journals by local global citation. Source: Authors’ elaborations

Rank Sources ABS FT50 TP TLC IF (2023) PY_start H_index

1 European Journal
of Operational
Research

4 19 313 6.39 1987 15

2 Journal of Finance 4* x 2 187 7.87 1973 2

3 Management
Science

4* x 1 156 6.172 2014 1

4 Fuzzy Sets and
Systems

– 1 132 4.462 2000 1

5 Journal of the
Operational
Research
Society

3 11 73 3.051 1988 8

6 Annals of
Operations
Research

3 7 56 4.82 2013 5

7 Journal of
Banking and
Finance

3 5 53 3.539 1979 5

8 OMEGA 3 5 51 8.673 1980 4

9 Decision Science 3 4 45 4.551 1978 4

10 Applied
Mathematics
and
Computation

– 3 45 4.551 2005 3

TLC total local citation, TGC total global citation, IF impact factor, Publication year start PY_start

Essentially, clusters formed around a specific GP variant (PGP, SGP and FGP), which
are those that have been dominating since the 2000s. Purple and azure clusters show the
relevance of this variant that offers a practical and effective approach to decision making
under uncertainty and subjectivity, especially in portfolio selection. Portfolio optimization
is a crucial challenge for the FDM as we can see from the yellow and blue clusters. We will
see similar findings in the content analysis by phase.

4.3 Content analysis

This sectionprovides a visual overviewof the development of the conceptual frameworkofGP
in finance. We performed a thematic map based on co-word network analysis and clustering
(Figs. 9, 10, 11 and 12) using the bibliometrix R-package. Each indicator of centrality refers
to the importance of a theme in the development of the entire research field analyzed, while
the density indicates the development of the themes (Cobo et al., 2011a, 2011b). The volume
of each sphere is proportional to the number of articles containing each keyword. Each figure
has four quadrants that capture different levels of centrality and density in each of the three
identified phases.

Figure 9 shows the evolution of themes over the years. We can observe that since the pre-
expansion phase, the attention has shifted to more complex models that are able to include
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Table 10 Top ten documents based on total local citations. Source: Authors’ elaborations

Rank Title article Author(s) Year Journal TLC TGC

1 A fuzzy goal
programming
approach to portfolio
selection

Arenas Parra M,
Bilbao-Tirol,
and Rodrı́guez
Urı́a

2001 European Journal
of Operational
Research

24 260

2 Multi-objective
stochastic
programming for
portfolio selection

Ben Abdelaziz F.,
Aouni B. and El
Fayedh Rimeh

2007 European Journal
of Operational
Research

20 235

3 Portfolio selection and
skewness: Evidence
from international
stock markets

Chunhachinda P,
Dandapani K,
Hamid S,
Prakash AJ

1997 Journal of Banking
& Finance

19 251

4 Optimizing the
portfolio selection
for mutual funds

Sang Ml and
Lerro AJ

1973 Journal of Finance 18 63

5 Portfolio selection
with skewness: A
multiple-objective
approach

Lai T-Y 1991 Review of
Quantitative
Finance and
Accounting

16 152

6 Selecting a portfolio
with skewness:
Recent evidence
from US, European,
and Latin American
equity markets

Prakash Aj 2003 Journal of Banking
& Finance

15 141

7 Skewness persistence
with optimal
portfolio selection

Sun Q 2003 Journal of Banking
& Finance

11 65

8 Portfolio Selection: A
Compromise
Programming
Solution

Ballestero E and
Romero C

1996 The Journal of the
Operational
Research Society

11 78

9 Multiple criteria
decision making
combined with
finance: A
categorized
bibliographic study

Steuer Re and Na
P

2003 European Journal
of Operational
Research

9 266

10 Fuzzy compromise
programming for
portfolio selection

Bilbao-Terol A,
Pérez-Gladish
B, Arenas Parra
M and
Rodrı́guez Urı́a

2006 Applied
Mathematics and
Computation

8 115

TLC total local citation, TGC total global citation
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Fig. 7 Bibliographic coupling of authors that publish in GP field. Source: VOS Viewer

Fig. 8 Co-occurrence of authors’ keywords. Source: VOS Viewer

uncertainty and unusual events. If the focus was on portfolio selection at the beginning,
looking at the process of choosing a diversified set of investments, in more recent years
researchers have concentrated on portfolio optimization involving applying mathematical
models and algorithms to determine the best allocation of assets within a portfolio based on
specific optimization criteria. Theymoved towards amore quantitative and rigorous approach
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Fig. 9 Thematic evolution of the domain over the study period (1973–2022). Source: Biblioshiny, based on the
Scopus dataset

Fig. 10 Thematic evolution of the field: first time slice (1973–1989). Source: Biblioshiny, based on the Scopus
dataset

that benefited from the increasing computing power. Additionally, we can identify on which
GP variants researchers are focusing, namely FGP, SGP, and PGP. Although these variants all
share a commonGP framework, they differ in their specific approaches. SGP addresses uncer-
tainty through probabilistic modeling, PGP incorporates polynomial functions to represent
deviations and preference structures, and FGP incorporates fuzzy logic to handle impreci-
sion and vagueness in decision making, allowing for the expression of linguistic goals and
preferences.

• Time Slice 1: 1973–1989 (initial stage)

The articles in this first time slice (initial phase) were mainly focused on introducing and
conceptualizing how GP models can cope with financial issues (mostly for portfolio selec-
tion), and with uncertainty and multiple objectives. As shown also in Fig. 10, banking and
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Fig. 11 Thematic evolution of the field: second time slice (1990–2012). Source: Biblioshiny, based on the
Scopus dataset

Fig. 12 Thematic evolution of the field: third time slice (2013–2022). Source: Biblioshiny, based on the Scopus
dataset

goal programming are, in fact, the only two themes: these papers form an intellectual base
focused on the different applications of GP models that used a deterministic approach.

• Time Slice 2: 1990–2012 (Pre-expansion stage)

With the increasing popularity of GPmodels on finance, several articles deal with specific GP
variants and compare them to identify advantages and disadvantages according to objectives
and preferences. In Fig. 11, we observe that basic and transversal themes (lower-right quad-
rant) are GP and SGP. Clusters in this quadrant differ widely from each other (low density)
and are linked by numerous keywords (low centrality). The stochastic approach can also be
found as a Niche Theme (upper-left quadrant), along with polynomial GP: these papers are
specialized in character. Themotor themes (upper-right quadrant) capture themes with strong
centrality and high density: many papers deal with applications and cases to illustrate the
benefits of using various GP models to support decision making. Themes in the lower-left
quadrant are both weakly developed (low density) andmarginal (low centrality). Theymainly
represent either emerging themes (leading to new trends or fields) or disappearing themes:
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in this case, compromise programming fades away in favor of hybrid and more complex
models.

Given the above, the most influential article in this group was published by Inuiguchi and
Ramík (2000), who reviewed some fuzzy linear programming methods and techniques and
then compared them to stochastic programming ones.

• Time Slice 3: 2013–2022 (Expansion stage)

With the increasing popularity of GPmodels on finance, several articles deal with specific GP
variants and compare them to identify advantages and disadvantages according to objectives
and preferences. In Fig. 11, we observe that basic and transversal themes (lower-right quad-
rant) are GP and SGP. Clusters in this quadrant differ widely from each other (low density)
and are linked by numerous keywords (low centrality). The stochastic approach can also be
found as a Niche Theme (upper-left quadrant), along with polynomial GP: these papers are
specialized in character. Themotor themes (upper-right quadrant) capture themes with strong
centrality and high density: many papers deal with applications and cases to illustrate the
benefits of using various GP models to support decision making. Themes in the lower-left
quadrant are both weakly developed (low density) andmarginal (low centrality). Theymainly
represent either emerging themes (leading to new trends or fields) or disappearing themes:
in this case, compromise programming fades away in favor of hybrid and more complex
models.

In the last time slice, several articles recognized that GP has changed dramatically and
that uncertainty is the main challenge to address. Different and sophisticated variants are
popular and several hybrid or combined models are proposed. The motor themes (upper-
right quadrant) capture this diversity and the predominance of FGP, over PGP and SGP that
are niche themes in thismoremature phase. Since the 2010s researchers have been combining
social responsibility and GP, leading FDMs to balance various objectives while considering
the broader societal implications of their decisions. This approach helps ensure that the
decision-making process incorporates ethical considerations, long-term perspectives, and the
well-being of different stakeholders. These two trends are evident inBilbao-Terol et al. (2016)
as they recognize the difficulty involved in determining a precise preference between the
conflicting objectives and address this throughGP using fuzzy hierarchies (GPFH)modeling.
Indeed, they modified the LGP approach whereby the relative importance relations among
the criteria are modeled by fuzzy relations. Staňková and Zapletal (2016) also focused on the
application of the linear GP priority method together with fuzzy analytic hierarchy process
to support managers in Corporate Social Responsibility assessment.

5 Conclusions and future research directions

This study aimed to illustrate developments in the application of GP models to financial
portfolio issues and deepen the knowledge base by identifying the main research trajectories
and themes in addition to identifying future research agendas. Overall, the research on GP
models in the financial portfolio domain has experienced significant growth and development,
spurred by key events, conferences, and the integration of complementary techniques. Over
the past two decades, the research field has grown considerably in terms of thematic diversity
and new perspectives. The extensive use of GP models confirms that it is a pragmatic and
flexible method for addressing complex problems that involve several conflicting objectives
as well as many variables and constraints.
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In particular, our content analysis was performed to provide amore comprehensive picture
of the different themes addressed by scholars over a 50-year span and to identify promising
themes for future studies. Researchers are moving towards mixed, hybrid, and complex
models that are able to capture uncertainty and the different criteria, including those related
to sustainability: in most real-life cases, the best modeling approach should include several
and complementary variants. Focusing on papers in the last 5 years, we can observe a new
buzz word, deep learning, as a result of the aim of integrating Artificial Intelligence (AI)
in GP models to allow for more robust, adaptive, and intelligent decision-making systems.
The application of AI, machine learning, deep learning, and fuzzy logic in financial portfolio
management can better fit with complex, uncertain, and dynamic environments exposed to
exogenous events and crises.

This paper is not without its limitations. Indeed, future research might include a more
detailed identification of the different criteria in the various models so that we can support a
more informed decision-making process and the development ofmore realistic and applicable
optimization models.
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