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Abstract

Customer opinions, preferences, and decision-makers’ insights play a vital role in
marketing by influencing product development, strategy, and customer experience.
Computing with Words (CWW) offers an effective method for processing this quali-
tative information using linguistic terms instead of numerical values. This work
aims to explore the application of one of the most widely used methodologies in
CWW-—the 2-tuple linguistic model—in marketing. It employs a combination of
bibliometric analysis and a systematic literature review for a comprehensive analy-
sis. Articles published between 2000 and 2024 on the Web of Science database are
analyzed, incorporating Scopus’s Field-Weighted Citation Impact (FWCI) metrics
to assess the impact of individual studies and the average influence of research in
marketing-related areas. From an initial sample of 165 peer-reviewed articles, 90
were selected for analysis. The findings indicate that the 2-tuple linguistic model
is primarily applied to decision-making problems, with Multiple Attribute Group
Decision Making emerging as the most prominent theme due to its high centrality
and high density in the strategic diagram, as well as its strong connections to vari-
ous marketing-related areas. The 2-tuple linguistic model is widely applied in areas
such as supplier management and product development and innovation, with digital
transformation and consumer behavior representing potential directions for apply-
ing the model to address their respective marketing challenges. Using the FWCI,
this work also identifies marketing-related areas within decision-making themes
where the 2-tuple linguistic model is already applied but has limited influence,
revealing opportunities for development and future research.
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1 Introduction

Marketing is defined as "the management process responsible for identifying, antici-
pating and satisfying customer requirements profitably," a definition widely adopted
by the Chartered Institute of Marketing (2015), emphasizing its core functions:
understanding consumer needs, forecasting future demand, and creating products or
services that fulfill these needs while ensuring profitability. Marketing encompasses a
broad range of activities—from product development and advertising to distribution
and sales—aimed at attracting customers and encouraging them to choose a busi-
ness’s products or services. A careful consideration of multiple factors is essential
in marketing strategies, including consumer needs and preferences, components of
the marketing mix (product, price, place, and promotion), and ongoing competitive
analysis. This can enhance the effectiveness of marketing activities and align with
overarching business goals.

In the modern data-driven era, Marketing Analytics has emerged as a fundamental
discipline, defined as the systematic process of collecting, managing, analyzing, and
interpreting data to bridge customer psychology and managerial decision-making
(Basu et al., 2023). Moving beyond traditional descriptive reporting, it leverages
business intelligence to quantify complex market structures and risk exposures by
exploiting large volumes of quantitative data from Customer Relationship Manage-
ment (CRM) systems—such as sales records, marketing interactions, contact center
metrics—and financial performance indicators (Hye, 2025). However, decision-
makers face a persistent challenge: the inputs are inherently heterogeneous. They
must integrate this "hard" data with "soft" qualitative information (e.g., social media
reviews, expert panel judgments), which is often vague, subjective, and difficult to
process using standard statistical methods (Trung & Thanh, 2022).

This challenge is further intensified by increasingly complex consumer behav-
ior, the growth of omnichannel interactions, and rising expectations for personalized
experiences. As a result, marketers must move beyond purely quantitative metrics to
capture the nuanced and subjective perceptions that shape consumer decision-making
and guide product development and branding strategies (Lemon & Verhoef, 2016;
Rust, 2020). In practice, much of marketing data is expressed in linguistic terms
rather than precise numerical values. For example, customer feedback often includes
subjective descriptors such as "good," "satisfactory," or "terrible," which convey per-
sonal evaluations rather than measurable numbers. Consumer behavior is also fre-
quently described using likelihood-based expressions such as "likely," "unlikely," or
"very likely to purchase." Likewise, product or service ratings are commonly framed
in relative terms like "high," "low," or "average satisfaction." To effectively interpret
and act upon this qualitative information, such as opinions, preferences, and emo-
tional responses, there is a pressing need for methods that can process linguistic and
imprecise data in a structured and meaningful way.

To address this complexity, the paradigm of Computing with Words (CWW),
introduced by Zadeh (1996), offers a methodological solution. It enables the use of
words or linguistic variables instead of numbers for computing and reasoning, offer-
ing a more natural representation of human thought processes. It can also handle lin-
guistic information to model imprecise, vague, or qualitative concepts, allowing for
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decision-making (DM), inference, and control in situations where traditional quanti-
tative approaches may be inadequate or infeasible. Among CWW methodologies, the
2-tuple linguistic model developed by Herrera and Martinez (2000) stands out for its
ability to manage vague and uncertain information while minimizing information loss
and preserving interpretability. Owing to these properties, the model has experienced
substantial growth and wide applicability in decision analysis and marketing analyt-
ics, with numerous adaptations and extensions building on the original framework (Li
& Yu, 2022; Martinez & Herrera, 2012). Unlike other fuzzy approaches that may lose
information during translation, the 2-tuple model ensures that the linguistic nuances
of consumer feedback are computed without information loss (Martinez & Herrera,
2012; Petrescu & Krishen, 2024). This capability significantly advances Decision
Theory by offering a more granular approach to consensus reaching, and comple-
ments theoretical frameworks like Fuzzy Cognitive Mapping (Borrero-Dominguez &
Escobar-Rodriguez, 2023) by allowing for precise simulation of causal relationships
in uncertain environments. By feeding these processed variables into Multi-Criteria
Decision Making (MCDM) frameworks and Al algorithms, organizations can har-
monize conflicting criteria to generate robust, predictive, and prescriptive insights.
Figure 1 shows the conceptual framework of how CWW and MCDM are integrated
within the Marketing Analytics ecosystem to transform heterogeneous data into stra-
tegic decisions.

This work aims to provide a comprehensive analysis of the application of the 2-tuple
linguistic model within this marketing framework. By combining a systematic litera-
ture review and bibliometric analysis, this work contributes both breadth and depth
to understanding research trends, thematic developments, and knowledge gaps, while
identifying how this methodology bridges the gap between qualitative ambiguity and
quantitative rigor to address complex problems in supplier selection, product inno-
vation, and consumer behavior analysis. Since Scopus and Web of Science (WoS)
exhibit a high degree of overlapping content (Martin-Martin et al., 2021; Visser et
al., 2021), and WoS applies more selective journal coverage (Singh et al., 2021),
this work focuses on analyzing relevant articles from WoS published between 2000
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Fig. 1 Conceptual framework of CWW and MCDM integration in marketing analytics
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and 2024, while incorporating Scopus’s Field-Weighted Citation Impact (FWCI) to
evaluate both the impact of individual studies and the average influence of market-
ing-related research. FWCI is included in this work because it is a field-normalized
metric widely used to benchmark research impact fairly, regardless of differences in
entity size, age, disciplinary profile, and publication-type composition (Purkayastha
et al., 2019). Through a comprehensive analysis, the principal themes in which the
2-tuple linguistic model has been applied are used. The analysis also examines how
these themes specifically relate to marketing-related areas. Potential directions for
future research, as well as specific marketing-related areas where the 2-tuple linguis-
tic model can be further developed, are also highlighted.

The remainder of this work is organized as follows. Section 2 provides a brief
overview of concepts related to CWW and presents the fundamentals of the 2-tuple
linguistic model. Section 3 describes the methodology used to search for, identify,
select, and analyze studies on the application of the 2-tuple linguistic model in mar-
keting. Section 4 presents the results of this analysis. Finally, Sect. 5 concludes the
work, highlighting the implications for marketing analytics and potential directions
for applying the 2-tuple linguistic model in future research.

2 Theoretical framework

This section provides a brief overview of concepts related to CWW and presents the
fundamentals of the 2-tuple linguistic model.

2.1 Computing with words

In many DM problems, people often use linguistic information to express their opin-
ions or perspectives, although it is vague, uncertain, or imprecise. Conceptualized
by Zadeh (1996), CWW is a methodology in which words are used in place of num-
bers for computing and reasoning. This methodology aims to impart machines with
a capability so that they can process linguistic information seamlessly as humans do.
Linguistic information is subjective, as words can mean different things to different
people, requiring computational techniques with linguistic operators to solve prob-
lems in the CWW process.

The computational process of CWW involves three steps: translation, manipula-
tion, and retranslation (Yager, 1999), as shown in Fig. 2. The processes of translation
and retranslation play a crucial role in CWW (Yager, 2004). Translation converts

Manipulation

Linguistic — Linguistic
inguistic to cgati [ eric
Input z,\ e Aggruganor? of ‘NUITK,{’IL to Output
numeric data the numeric linguistic data
conversion data conversion

Fig. 2 Computational process of CWW, adapted from Yager (1999)
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linguistic inputs into a machine-readable format for computational processing, while
retranslation turns the results back into linguistic information that facilitates human
comprehension.

CWW serves as a computational foundation for addressing DM problems that
involve linguistic information, as it aligns closely with human reasoning, increases
the reliability and adaptability of traditional decision models, and helps resolve
uncertainties in DM processes that rely on linguistic inputs (Martinez et al., 2015).
CWW is based on the use of linguistic variables and fuzzy logic. A linguistic variable
is a variable whose values are words or phrases in a natural language (Zadeh, 1975).
Each linguistic variable can be assigned one or more linguistic terms, which are in
turn connected to numeric values through the mechanism of membership functions
(Ren et al., 2015). A linguistic variable is characterized by (X, T (X),U,G, M),
where X is the name of the linguistic variable, T' (X) is the set of linguistic terms
of X, U is the universe of discourse, G is a syntactic rule that generates the terms in
T (X), and M is a set of semantic rules that link each linguistic value in 7' (X) to a
fuzzy set. For example, when evaluating the "Restaurant Service," X is "Restaurant
Service," T (X) = {VeryPoor, Poor, Average, Good, VeryGood}, U represents
customer satisfaction scores or service quality ratings, G defines the syntactic rules
for generating terms like "Good" or "Very Good," and M maps these terms to fuzzy
sets that represent levels of service quality.

CWW has remained a field of interest for many researchers, with applications in
risk assessment (Liu et al., 2010; Tymchuk et al., 2017), medicine (Gupta & Muhuri,
2018; Jain et al., 2017), human—computer interface (Tamir et al., 2019), natural lan-
guage processing (Huseynova, 2020), autonomous unmanned intelligent systems
(Kargin & Petrenko, 2023), industrial applications (Kali et al., 2023), and transporta-
tion problems (Pratihar et al., 2023). Gupta and Andreu-Perez (2022) classify CWW
methodologies into five types based on how they model the semantics of linguistic
information. The first type uses type-1 fuzzy sets, including methodologies like the
Extension Principle-based CWW, Augmented Extension Principle-based CWW, and
Intuitionistic Fuzzy Sets-based CWW. The second type relies on ordinal term sets,
such as Symbolic Method-based CWW and Rough Sets-based CWW methodologies.
The third type combines type-1 fuzzy sets to model the semantics of linguistic infor-
mation with ordinal term sets to perform operations on the linguistic information,
and the classic example is the 2-tuple linguistic model. The fourth type uses inter-
val type-2 fuzzy sets for modeling the semantics of linguistic information and these
semantics are represented as interval type-2 membership functions, for example, Per-
ceptual Computing. Finally, the fifth type uses general type-2 fuzzy sets to model the
semantics of linguistic information, including methodologies such as Linear General
Type-2 Fuzzy Sets-based CWW and General Type-2 Fuzzy Sets-based CWW.

This work focuses on exploring one of the most widely used methodologies in
CWW, the 2-tuple linguistic model, with its fundamentals presented in Sect. 2.2.

2.2 The 2-tuple linguistic model

Among the many CWW methodologies, the 2-tuple linguistic model, developed by
Herrera and Martinez (2000), is widely used because it is easy to implement, captures
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linguistic information continuously within its domain to prevent information loss,
and maintains the interpretability of the results (Martinez et al., 2015; Mi et al., 2014;
Tai & Chen, 2009). The 2-tuple linguistic model preserves the computational process
of CWW (as shown in Fig. 1) and aims to address information loss during the fusion
of linguistic information (Herrera & Martinez, 2000). This model has been widely
used for managing linguistic information in DM problems and is the foundation for
various models in decision analysis (Martinez & Herrera, 2012). Many extensions of
the 2-tuple linguistic model enhance CWW processes in complex DM frameworks,
delivering satisfactory results in linguistic decision problems (Estrella et al., 2014).
The 2-tuple linguistic model, along with its extensions, has been applied to solve var-
ious problems, such as the evaluation of tourist services (Bueno et al., 2021; Cheng
et al., 2019), risk analysis (Wang et al., 2022), consumers’ brand selection (Giraldez-
Cru et al., 2023), customer relationship management (Shu et al., 2023a, 2025), hotel
segmentation (Shu et al., 2023b), and healthcare services (Serrano-Guerrero et al.,
2024).

The 2-tuple linguistic model represents linguistic information using a pair of lin-
guistic values called a 2-tuple value (s;, ), where s; € S is a linguistic term with
syntax and semantics, and o € [—0.5,0.5) is a numerical value representing the sym-
bolic translation. The definition of the 2-tuple linguistic model is as follows (Herrera
& Martinez, 2000).

Definition 1 Let S = {so, ..., 54} be a set of linguistic terms, whose cardinality is
g+ 1. 8 € [0, g] is a value that represents the result of a symbolic aggregation opera-
tion. The function A : [0, g] — (S) = Sx[—0.5,0.5) is used to convert S to 2-tuple
value (s;, «) as shown in Eq. (1):

A () = (s1,0) ,with{ o g D o) M

where round(-) is the rounding operation; s; has the nearest index label to £; and
a represents a numerical value of the symbolic translation (i.e., the difference of
information between a counting of information 3 assessed in the interval of granu-
larity [0, g] obtained after a symbolic aggregation operation and the closest value in
{0, ..., g} that indicates the index of the closest linguistic term in .S).

The linguistic terms set may comprise three, five, seven, or more terms. How-
ever, the more terms the set contains, the more challenging it becomes for
experts to use (Wang, 2009). A five-term set is commonly used in practice. For
example, the linguistic terms used by TripAdvisor to evaluate hotel criteria are
Terrible =T, Poor = P, Average = A, VeryGood = VG, Excellent = E .
Thus, S = {sp =T,s1 = P,s2s = A,s3 = VG, sy = E} is a set of five linguistic
terms used by TripAdvisor, as shown in Fig. 3.

The 2-tuple linguistic model can perform transformations between 2-tuple
values and numerical values. The function A is bijective; its inverse function
A~ (S) = Sx[-0.5,0.5) — [0, g] converts the 2-tuple value into its equivalent
numerical value as follows:
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T P A VG E T
. —p
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— E
0.25 0.5 0.75 1
Fig. 3 The linguistic term set S used on TripAdvisor (Shu et al., 2023b)
Al (sj,a)=i+a=4 )

Remark 1 The conversion of a linguistic term into a 2-tuple value consists of adding
a value 0 as symbolic translation, denoted as s; € S = (s;,0).

The comparison of 2-tuple values, the negation operator of a 2-tuple value applied to
handle inverse dimensions, and aggregation operators for 2-tuple linguistic comput-
ing are described as follows (Herrera-Viedma et al., 2004).

Definition 2 The comparison of linguistic information represented by 2-tuple val-
ues is performed according to an ordinary lexicographic order (Herrera & Martinez,
2000). Let (s;, 1) and (s, ag) be two 2-tuple values, the operator is generated to
compare their values as the following:

(1) IfI < J, (s1,aq) is smaller than (s, as).

(i) If I = J, when:

a. a1 = g, (s7,a1) and (s, ) represent the same information.
b. a1 < ag, (s1,aq) is smaller than(s s, az).

c. ay > g, (s1,q) is larger than (s, as).

(i) IfT > J, (sy, 1) is larger than (s, az).

Definition 3 The negation operator of a 2-tuple value is defined as follows:
neg((si;a)) =5 (9= A7 (s5,0)) = Ag = f) (€)

where g + 1 is the cardinality of S, S = {sg,..., 54}

The 2-tuple linguistic aggregation operator involves obtaining a value that sum-
marizes a set of 2-tuple linguistic values (Estrella et al., 2014). As the 2-tuple linguis-
tic model specifies the functions A and A~!, which convert numerical values into
2-tuple values and vice versa without any information loss, it is possible to extend
any numerical aggregation operator to handle 2-tuple values, such as the arithmetic
mean operator and the weighted average operator (Herrera-Viedma et al., 2004).
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3 Review methodology

This section details the methodology for searching, identifying, selecting, and ana-
lyzing studies on the application of the 2-tuple linguistic model in marketing, with an
overview of the process presented in Fig. 4.

Section 3.1 defines specific research objectives that align with the overarching
aim introduced in Sect. 1, ensuring the effective fulfillment of this work. Section 3.2
presents the selection of an appropriate database for the literature search and the
development of a comprehensive search strategy to identify relevant studies for anal-
ysis. Section 3.3 shows the establishment of explicit inclusion and exclusion criteria
to ensure the relevance and validity of the selected papers. These selected studies
then form the basis for the bibliometric analysis and systematic literature review
discussed in Sect. 3.4. Section 3.4 presents two complementary analyses to provide a
comprehensive understanding of the application of the 2-tuple linguistic model in the
field of marketing. A bibliometric analysis is conducted using SciMAT (Cobo et al.,
2012), focusing on keyword co-occurrence to identify thematic clusters. These are
visualized through a strategic diagram that outlines the thematic structure of the field
over the entire study period. Meanwhile, a systematic literature review is performed
through full-text content analysis of the selected papers. By integrating the results
from both methods, the study provides a comprehensive view of the research field.
The detailed analysis and interpretation of the findings are presented in Sect. 4.

Definition of Research Objectives

Literature Database Selection and Search Strategy

I
Information Collection

Establishment of Selection Criteria and Study Filtering
(PRISMA)

Analysis of the Selected Studies

Bibliometric Analysis Systematic Literature

(SciMAT) Review

v

Results Analysis and Interpretation

Fig. 4 Research methodology, adapted from Cobo et al. (2012) and (Page et al., 2020)
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3.1 Definition of research objectives

This step involves defining specific research objectives to ensure alignment with the
overarching aim outlined in Sect. 1: providing a comprehensive understanding of
how the 2-tuple linguistic model is applied in marketing through a combination of
systematic literature review and bibliometric analysis.

To achieve this comprehensive understanding, the following specific research
objectives (ROs) have been defined:

e ROI: To identify key research themes in the application of the 2-tuple linguistic
model in marketing and determine their importance through a strategic diagram
analysis.

o RO2: To determine the marketing-related areas where the 2-tuple linguistic mod-
el has been predominantly applied.

o RO3: To assess the research impact of the 2-tuple linguistic model in these areas,
measured by FWCIL.

e RO4: To identify emerging or underexplored marketing-related areas where the
2-tuple linguistic model could provide valuable contributions in the future.

3.2 Literature databases selection and search strategy

This step involves selecting an appropriate database for the literature search and
developing a comprehensive search strategy to identify relevant studies for the
analysis.

Commonly accessible data sources include WoS and Scopus. This work selected
WoS as the primary database because of its comprehensive coverage of high-quality,
peer-reviewed journals across a wide range of disciplines. Although Scopus is also
a valuable database, it has a high degree of overlap with WoS (Martin-Martin et
al., 2021; Visser et al., 2021), which would result in numerous duplicate records if
both databases were used for the same topic. To avoid unnecessary duplication of
records, WoS was used to ensure a more streamlined and focused literature search on
articles related to the application of the 2-tuple linguistic model in marketing between
2000 and 2024. Scopus was used solely to complement the article’s FWCI, a field-
normalized metric widely used to benchmark research impact fairly, regardless of
differences in entity size, age, disciplinary profile, or publication-type composition
(Purkayastha et al., 2019). It builds on the field-normalization approaches proposed
by Lundberg (2007) and Waltman et al. (2011) by accounting for differences across
document types, publication years, and research fields. FWCI applies harmonic rather
than arithmetic averaging to calculate the expected number of citations for publica-
tions assigned to multiple fields; the detailed calculation procedure can be consulted
in Purkayastha et al. (2019).

In accordance with the established objectives, a literature search was conducted at
the end of January 2025 using a Topic Search (TS) with the following terms: "2-tuple
linguistic model," "marketing," and their corresponding abbreviations (e.g., "2TL"
for "2-tuple linguistic model"), as well as related synonyms (e.g., "advertising,"
"branding," "commercialization," "merchandising," "sales," "product," "promotion"
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for "marketing"). In WoS, a TS retrieves records where the specified terms appear in
the Title, Abstract, or Author Keywords, providing a broader search than limiting it to
the title or author keywords alone. The query used in WoS combined these terms with
Boolean operators—OR for synonyms and abbreviations, AND for combining con-
cepts—to ensure comprehensive coverage, that is, (TS=("2-tuple linguistic model"
OR 2TL) AND TS =(marketing OR advertising OR branding OR commercialization
OR merchandising ...)), with the full query also including other relevant synonyms
and abbreviations related to marketing.

The publication period was limited to articles published from 2000 to 2024.
The preliminary search resulted in 165 papers. FWCI values for each article were
retrieved manually from Scopus after the articles were collected from WoS. Articles
were matched between WoS and Scopus using the Digital Object Identifier (DOI) to
ensure accurate correspondence. For articles indexed in WoS but not found in Sco-
pus, or for articles whose FWCI was not yet available in Scopus, the FWCI values
were recorded as “NA”.

3.3 Establishment of selection criteria and study filtering

Establishing explicit inclusion and exclusion criteria for selecting studies is impor-
tant. Figure 5 shows the process, adapted from the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) framework (Page et al., 2020),
used to identify relevant and valid papers based on the established inclusion and
exclusion criteria.

Duplicated articles that may appear for various reasons (e.g., corrections or differ-
ent versions) in WoS were removed. Conference papers were also excluded, as they

i s s s eesnsre o e e
§ X . | Records removed before screening: |
£ Records 'df’""ﬁed from: L o Duyplicate records removed (n =8) :
£ Web of Science (n =165) ! Records removed for being conference papers (n=19) |
e e e O e e T a5 P T I

Records screened by title : Records excluded: ‘*

and abstract " I

(n=138) | Not relevant to the research question and outcomes (n =32) j

s e S e e s S s e e e I

Articles assessed for | Articles excluded: !
eligibility > I

(n =106) : Not accessible in full paper (n =16) ‘,

Studies included in the
systematic review
(n =90)

3
E
!

Fig.5 Flow diagram of the study selection process, adapted from Page et al. (2020)
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are usually not considered peer-reviewed articles. Titles and abstracts were reviewed
to exclude irrelevant papers, such as those unrelated to the 2-tuple linguistic model or
marketing. Only journal articles with full papers available were included to ensure a
comprehensive understanding of the content, resulting in a final sample of 90 articles,
published between 2008 and 2024.

3.4 Analysis of the selected studies

This step consists of two complementary approaches: a bibliometric analysis to iden-
tify thematic clusters based on the co-occurrence of keywords of selected papers (see
Sect. 3.3.1), and a systematic literature review featuring an in-depth full-text analysis
to extract content-driven perspectives (see Sect. 3.3.2).

3.4.1 Bibliometric analysis

Bibliometric analysis is a quantitative method that integrates mathematical and statis-
tical techniques. This work conducts a bibliometric analysis, focusing on construct-
ing strategic diagrams based on the co-occurrence of keywords from the articles
selected in the previous step. This helps identify the principal themes in which the
2-tuple linguistic model has been applied.

SciMAT (Cobo et al., 2012), a useful tool for science mapping analysis, is
employed to generate strategic diagrams. This tool maps the thematic structure of the
research field over the designated study period by identifying thematic clusters based
on the co-occurrence of keywords from the selected publications. These themes are
then visualized through a strategic diagram that highlights the importance of each
cluster in the co-occurrence analysis. In this work, keyword co-occurrence was nor-
malized using the equivalence index in SciMAT. Clustering was performed using
the simple centers algorithm with the default co-occurrence threshold defined in Sci-
MAT, a minimum cluster size of 3 keywords, and a maximum cluster size of 12 key-
words. Keywords were extracted from the author, source, and added terms, and then
filtered according to frequency criteria before analysis. The thematic evolution was
assessed using the inclusion index, while theme overlap was measured using the Jac-
card index. Figure 6 illustrates the strategic diagram, in which themes are positioned
according to their centrality and density, enabling the identification of four thematic
categories.

As shown in Fig. 6, the diagram is based on two measures: centrality and den-
sity. Centrality, represented on the x-axis, indicates the degree to which the different
themes—keyword clusters—are related to each other, while density, shown on the
y-axis, reflects the extent to which the themes are well developed (Mufioz-Leiva et
al., 2022). And the size of the nodes corresponds to the number of publications. The
strategic diagram is divided into four quadrants, each offering a different interpreta-
tion as follows (Cobo et al., 2012):

e Motor themes (quadrant I): these themes exhibit both high centrality and high

density, indicating they are well-developed and play a central role in the research
field.
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Fig.6 Strategic diagram (Cobo et al., Density
2012; Muifioz-Leiva et al., 2022)
THEME B
Highly developed | THEMEA
and Motor themes
isolated themes
THEME C
Il Centrality
1 {v
THEMEE
Emerging or Basic and
declining themes |transversal themes
THEME D

e Highly developed and isolated themes (quadrant II): these themes have high den-
sity but low centrality, indicating they are well-developed internally yet have lim-
ited connections to other themes, making them isolated.

e Emerging or declining themes (quadrant III): these themes show low centrality
and low density, indicating they are either emerging or declining in importance
within the field.

e Basic and transversal themes (quadrant IV): these themes have high centrality
but low density, suggesting they are important for connecting different areas of
research but are not yet well developed.

Based on the strategic diagram, the principal themes where the 2-tuple linguistic
model has been applied can be identified. The related results are shown and explained
in detail in Sect. 4.1.

3.4.2 Systematic literature review

A systematic literature review is a structured method involving the comprehensive
identification, evaluation, and synthesis of existing studies. As its name suggests, it
is a systematic procedure that includes the following stages: defining clear research
questions, conducting a thorough search across selected literature databases, estab-
lishing explicit inclusion and exclusion criteria, selecting relevant studies based on
predefined criteria, critically appraising the quality of the selected studies, extracting
key data, and synthesizing the findings to draw meaningful conclusions. This struc-
tured approach ensures transparency and provides a reliable overview of the avail-
able evidence on a given topic.

In this work, a systematic literature review is conducted by performing full-text
content analysis on the selected papers to uncover the specific application areas of the
2-tuple linguistic model in marketing. These areas include a wide range of market-
ing topics such as product development and innovation, pricing strategies, supplier
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evaluation and management, service quality assessment and improvement, customer
relationship management, brand management, and other critical aspects of marketing
operations and strategic DM. The related results are shown and explained in detail
in Sect. 4.2.

4 Results analysis and interpretation

This section presents the results of the bibliometric analysis (see Sect. 4.1) and sys-
tematic literature review (see Sect. 4.2) on studies related to the application of the
2-tuple linguistic model in marketing. To enhance the visualization of the analysis
results, this work integrates the outcomes of both methods into layered graphs (see
Sect. 4.3). Moreover, the importance of each application area within its respective
theme is evaluated using the FWCI indicator from Scopus, which serves as a more
normalized alternative to mere citation counts.

4.1 Bibliometric analysis

This section presents the results of the bibliometric analysis from the SciMAT report,
with a primary focus on the strategic diagram illustrating the quadrant to which
each theme belongs. Figure 7 presents the strategic diagram for the full study period
(2008-2024) without time slicing, comprising five thematic clusters.

As shown in Fig. 7, alongside the cluster "Multiple Attribute Decision Making
(MADM)", "Multiple Attribute Group Decision Making (MAGDM)" also emerges
as a motor theme due to its high centrality and density. These themes play a central
role in the research field, being both internally cohesive and extensively connected
with the rest of the domain. MAGDM is closely related to MADM, as it extends the
analytical structure of MADM to contexts involving multiple decision-makers by
integrating multi-attribute evaluation with the collaborative processes characteristic
of Group Decision Making (GDM). The prominence of MAGDM can be attributed
to the growing emphasis on collective decision-making in marketing and manage-
ment, where preferences from multiple stakeholders, experts, or consumers must be
aggregated under uncertainty. This trend aligns with the rise of participatory deci-
sion-making environments, consensus-reaching models, and group-based evaluation
mechanisms applied in areas such as supplier management and customer experience
management.

Interestingly, within the articles analyzed, "GDM" itself is classified as a basic
and transversal theme, marked by high centrality but low density. This indicates that,
although the theme "GDM" plays a key role in connecting various research areas
(e.g., with "M ADM"), it remains underdeveloped in terms of internal cohesion and
conceptual maturity. Its lower density suggests that it functions more as a set of foun-
dational concepts.

Moreover, the theme "MCDM" is classified as highly developed but isolated, char-
acterized by high density and low centrality. This suggests that, despite its broader
scope compared to MADM, within the articles analyzed in this work, MCDM is well-
developed internally but has less extensive connections to other themes.
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Fig.7 Strategic diagram for the period from 2008 to 2024

The fifth theme, "Supplier Selection", is categorized as an emerging or declining
theme due to its low centrality and low density. This suggests that, based on the ana-
lyzed literature, it has fewer connections to the core of the research field and a less
consolidated internal development. However, it may still represent an emerging topic
with potential for future growth. Unlike the other four themes, "Supplier Selection"
is better understood as an application area, as it focuses on the practical implementa-
tion of DM methods rather than contributing to the development of core theoretical
frameworks.

Notably, a closer examination of the SciMAT reports for each theme reveals that
some articles are associated with more than one cluster. This overlap underscores
the need for a deeper understanding of the relationships among MCDM, MADM,
MAGDM, and GDM—all of which solve DM problems. Clarifying how these frame-
works differ and interrelate is essential for accurately assigning each article to its
most appropriate thematic cluster. A brief explanation of the relationships among
these concepts is provided below (see also Fig. 8):
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Fig. 8 Relationship of DM themes

e MCDM: a discipline that deals with decisions involving the choice of the best
alternative from several potential candidates, subject to several criteria or attrib-
utes that may be concrete or vague (Uzun et al., 2021). It includes both individual
and group DM settings and serves as the foundational field for more specific
approaches.

e MADM: a type of MCDM that is applied to solve problems involving discrete
decision variables and limited DM schemes (Feng et al., 2022).

e GDM: a process of making decisions within a group setting, utilizing a larger
pool of expertise and viewpoints to reach conclusions (Hogg, 2001). It involves
considering various perspectives and potential biases that may impact the final
decision, and it may or may not involve multiple criteria.

e MAGDM: an intersection of MADM and GDM, where a group of decision-mak-
ers evaluates alternatives based on multiple attributes.

e Multi-Criteria Group Decision Making (MCGDM): an intersection of MCDM
and GDM, where a group of decision-makers evaluates alternatives based on
multiple criteria. It represents a broader category than MAGDM, as it integrates
the full range of MCDM techniques within group settings, potentially encom-
passing both attribute-based (discrete) and criteria-based (continuous or hybrid)
approaches. Although this type is not shown in Fig. 7, articles that fall under both
MCDM and GDM simultaneously should be considered part of this category.

Based on the previous explanation of different DM themes, if an article falls under
two or more cluster themes simultaneously, it will be reassigned to a more specific
theme. For instance, an article categorized under both MCDM and GDM will be
reclassified as MCGDM,; if it belongs to both MADM and GDM, it will be assigned
to MAGDM, and so on. The updated themes for each article can be found in Sect. 4.3.
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4.2 Systematic literature review

This section presents the results of the systematic literature review, which comple-
ments the findings of the bibliometric analysis by offering deeper insights into the
specific application areas of the 2-tuple linguistic model in marketing. Table 1 pres-

Table 1 Marketing-related areas and associated articles

Areas related to
marketing

Article IDs [References]

Blockchain
Brand Management

Business Intelligence

Business performance
evaluation

Consumer Behavior

Corporate financial
management

Corporate Social Re-
sponsibility assessment

Customer Experience
Management

Customer segmentation
Digital Marketing

Digital Transformation
E-commerce
Internal Marketing

Knowledge
Management

Lean Management

Product Development
and Innovation

Resource management
and Investment

Risk management

Service Quality
Supplier management

Sustainable Marketing

77 (Khan & Ahmad, 2023)

12 (Cid-Lopez et al., 2015a); 13 (Cid-Lopez et al., 2015b); 19 (Li et al.,
2017); 20 (Carrasco et al., 2017); 34 (Zhang et al., 2019); 47 (Giraldez-Cru et
al., 2021); 61 (Zhang et al., 2023); 64 (Li, 2023); 65 (Sun et al., 2023)

62 (Chen, 2023a); 63 (Akram et al., 2023a)
53 (Liu, 2022)

38 (Giraldez-Cru et al., 2020); 44 (Mandal et al., 2021); 59 (Forghani et al.,
2023); 69 (Giraldez-Cru et al., 2023)

76 (Mu, 2024)
8 (Costa & Menichini, 2013)

41 (Bueno et al., 2021); 57 (Marin Diaz & Carrasco Gonzalez, 2023); 58
(Naz et al., 2023a)

42 (Martinez et al., 2021); 48 (Marin Diaz et al., 2021); 51 (Shu et al., 2023b)
10 (Mi et al., 2014); 49 (Forghani et al., 2022); 52 (Naz et al., 2023b); 67
(Marin Diaz et al., 2023); 72 (Shu et al., 2024); 89 (Wu et al., 2024)

60 (Marin Diaz & Galdén Salvador, 2023)

73 (Mao, 2024); 74 (Yang et al., 2024a); 75 (Xu, 2024)

3 (Fan et al., 2009a); 18 (Bao et al., 2017)

2 (Fan et al., 2009b); 4 (Tai & Chen, 2009)

15 (Wu et al., 2016)

5 (Wang, 2009); 7 (Li, 2012); 9 (Wang, 2013); 16 (Wang et al., 2016); 21
(Liu et al., 2017); 23 (Liu et al., 2018); 24 (Cid-Lopez et al., 2018); 25 (Mi et
al., 2018); 27 (Dursun & Arslan, 2018); 29 (Setti et al., 2019); 36 (Yuan et al.,
2020); 54 (Geng et al., 2023); 55 (Chen et al., 2023); 68 (Zhong et al., 2023);
78 (Alamoodi et al., 2024); 86 (Zhang et al., 2024); 90 (Yang et al., 2024b)
35 (Wang et al., 2019a); 50 (Wang, 2021)

14 (Xing & Xing, 2016); 45 (Choudhary et al., 2021); 81 (Naz et al., 2024);
85 (Chang et al., 2024)

70 (Akram et al., 2023b)

1 (Wang, 2008); 6 (Dhouib & Elloumi, 2011); 11 (Crispim et al., 2015); 17
(Santos et al., 2017); 22 (Wan et al., 2017); 26 (Deng et al., 2018); 28 (Cheng
et al., 2019); 30 (Sohaib et al., 2019); 31 (Wang et al., 2019b); 32 (Wei et al.,
2019); 33 (Wang et al., 2019c¢); 37 (Wen et al., 2020); 39 (Wei et al., 2020);
40 (Zhang et al., 2020); 43 (Lizarelli et al., 2021); 56 (Chen, 2023b); 66
(Chung et al., 2023); 71 (Biyiikozkan et al., 2023); 82 (Alballa et al., 2024);
84 (Galdon Salvador & Marin Diaz, 2024); 87 (Ahmad et al., 2024)

46 (Fan et al., 2021); 79 (Chen et al., 2024); 80 (Naz et al., 2023c); 83 (Ali et
al., 2024); 88 (Mao et al., 2024)
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ents the marketing-related areas identified in this work through a systematic literature
review of 90 articles, along with their corresponding article IDs.

As shown in Table 1, "Supplier management" and "Product Development and
Innovation" are two prominent marketing-related areas where the 2-tuple linguistic
model has been widely applied. Many studies have used this model to support sup-
plier selection and evaluation processes, as well as to optimize supply chain manage-
ment. "Supplier Selection," previously identified as an emerging or declining theme
in the bibliometric analysis, can, through the systematic literature review, be better
understood as an application area that forms part of supplier management. Regarding
product development and innovation, the 2-tuple linguistic model has been employed
to assist in idea evaluation, project selection, and DM under uncertainty, helping
organizations prioritize initiatives and allocate resources more effectively. These
applications demonstrate the model’s utility in various contexts of marketing.

4.3 Integrated findings

This section presents the combined results of the systematic literature review and
bibliometric analysis. Figure 9 shows a layered network graph that integrates three
types of information:

e thematic layers (large colored circles): are derived from the bibliometric analysis,
with different colors used to distinguish them. For example, "Other" represents
themes not directly related to DM methodologies identified through the biblio-
metric analysis (see also Fig. 8).

e marketing-related areas layers (medium-sized orange circles): are identified
through the systematic literature review (e.g., "Supplier management," "Product
Development and Innovation," "Digital Marketing," "Brand Management"; see
also Table 1). The size of each orange node reflects the number of articles associ-
ated with that application area.

e article layer (small numbered nodes): display article IDs (see also Table 1) and
indicate the number of articles linked to each application area within the corre-
sponding theme.

As shown in Fig. 9, MAGDM, one of the high-density clusters identified in Fig. 7,
emerges as the most dominant theme. It exhibits strong connections to several mar-
keting-related areas, including "Supplier management," "Product Development and
Innovation," "Customer Experience Management," and "Risk Management". For
instance, the connection between MAGDM and Customer Experience Manage-
ment research reflects the growing use of group-based preference modeling to cap-
ture heterogeneous consumer perceptions. From a theoretical perspective, MAGDM
provides a structured framework for incorporating multiple criteria and stakeholder
perspectives, with significant implications for consumer behavior modeling, service
design, and strategic marketing decision-making. Methodologically, the integration
of 2-tuple linguistic models within MAGDM further enhances its utility by improv-
ing the aggregation of heterogeneous preferences, capturing nuanced perceptions
of product attributes, and supporting scenario-based decision-making, ultimately
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Fig. 9 Layered network graph of the combined results

enabling firms to develop more tailored offerings and refine marketing strategies
under uncertainty.

MCDM also plays an important role, being linked to areas like "Digital Market-
ing," "Corporate Social Responsibility assessment," and "Customer segmentation,"
highlighting and underscoring innovation opportunities in marketing strategy, data-
driven decision-making, and personalized customer experiences. Figure 10 presents
a focused zoom on the MAGDM and MCDM themes to highlight their links with
different marketing application areas. Moreover, GDM, MCGDM, and MADM
exhibit fewer but still noticeable connections to marketing-related areas. In contrast,
the "Other" theme has only a single connection, linking "Supplier management" to
paper ID 11.

This work also investigates the importance of each application area within its
respective themes, as it is evaluated using the FWCI indicator from Scopus, which
serves as a more normalized alternative to mere citation counts. Figure 11 is a bubble
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Fig. 11 FWCI average of each marketing-related area within each theme

chart where each point represents the FWCI indicator for each marketing-related area
within each theme. The size of each bubble reflects the average FWCI for the papers
related to that area, with larger bubbles indicating higher FWCI values.

As shown in Fig. 11, in both MADM and GDM themes, the marketing-related
area "Supplier management" has higher average FWCI scores, suggesting a well-
established or mature research cluster. In contrast, areas such as "Digital Marketing"
(FWCI=0.4 in GDM) and "Brand Management" (FWCI=0.26 in MADM, although
FWCI=3.75 in GDM) have average FWCI scores below 1 (i.e., less than the average
for similar publications), indicating less developed or emerging areas within these
themes. Within the MAGDM theme, "Knowledge Management" (FWCI=6.11) and
"Business Intelligence" (FWCI=4.26) show notably high FWCI scores, reflecting
mature and highly impactful research. Conversely, "Corporate Financial Manage-
ment" has an FWCI of 0, suggesting this area lacks sufficient citation data, suggesting
minimal research influence or visibility in the field.

In the MCDM theme, "Corporate Social Responsibility assessment" (FWCI=7.28)
and "Digital Marketing" (FWCI=4.31) exhibit higher citation impact, whereas "Risk
Management" shows a lower score (FWCI=0.18). For the MCGDM theme, "Knowl-
edge Management" (FWCI=6.53) and "Supplier Management" (FWCI=4.3) stand
out with higher average FWCI scores, indicating well-established areas. Especially
compared to the other four DM themes (i.e., excluding the "Other" theme), MCGDM
is the only theme where all marketing-related areas have an average FWCI score
above 1, reflecting a consistently mature research cluster with strong impact.

Finally, the "Other" theme includes only the area of "Supplier management," with
publications in this area cited 22% more than the average for similar works. However,
when considered alongside Fig. 9, it can be concluded that despite having an FWCI
greater than 1, this theme should be viewed more as an application area of marketing
rather than as a standalone theme, as it does not have strong connections with other
areas, especially when compared to more interconnected themes like MAGDM or
MCDM.
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5 Conclusions

This work provides a comprehensive understanding of how the 2-tuple linguistic
model is applied in marketing by combining bibliometric analysis and a systematic
literature review. This comprehensive analysis helps to identify themes that may
be overlooked by bibliometric analysis alone due to keyword limitations or index-
ing inconsistencies. Furthermore, it bridges the marketing-related areas identified
through the systematic literature review with those revealed by bibliometric analy-
sis at the article level. This enhances analytical rigor by leveraging complementary
strengths: bibliometric analysis quantitatively examines large volumes of scholarly
publications to uncover trends and research themes, while the systematic review
allows for a detailed examination of each article to verify and refine thematic clas-
sifications. Another contribution of this work is the use of the FWCI indicator as a
normalized alternative to raw citation counts, allowing for more accurate compari-
sons of research impact in the field.

This work starts with a concise overview of the main CWW concepts and explains
the basics and practical uses of the 2-tuple linguistic model. It then analyzes articles
published between 2000 and 2024 from the WoS database (90 out of 165 publica-
tions) and incorporates Scopus-derived FWCI metrics to evaluate both the impact of
individual articles and the average influence of research in marketing-related areas.
The results of the bibliometric analysis, generated using SciMAT, focus primarily
on the strategic diagram to identify the main themes in which the 2-tuple linguistic
model has been applied. The findings show that the principal themes in which the
2-tuple linguistic model is applied are largely related to DM problems (e.g., MADM,
MAGDM, MCDM, etc.). Among these, MAGDM stands out as the most prominent
theme, not only because it is classified as a motor theme, but also due to its strong
connections with various marketing-related areas.

According to the systematic literature review, the most prominent marketing-
related areas where the 2-tuple linguistic model has been widely applied are "Supplier
management" and "Product Development and Innovation". In terms of the impor-
tance of each application area within its respective theme, measured by the average
FWCI score of each marketing-related area, MCGDM stands out as the only DM
theme where all associated areas have an average FWCI score above 1, indicating a
consistently strong research impact. High-impact marketing-related areas—identi-
fied by an average FWCI score of 4 or higher, include "Supplier management," "Dig-
ital Marketing," "Business Intelligence," "Product Development and Innovation,"
"Knowledge Management," and "Corporate Social Responsibility assessment." This
demonstrates the well-established application of the 2-tuple linguistic model in these
areas, along with a high level of research impact in marketing. Deepening the applica-
tion of the 2-tuple linguistic model in these areas can further enhance DM processes
in marketing contexts. A prime example is supplier management, where the 2-tuple
linguistic model’s integration with MADM or GDM methods has demonstrated a
strong impact and practical utility in handling the linguistic information provided by
decision makers, such as experts. On the other hand, lower-impact marketing-related
areas (e.g., Digital Transformation, Consumer Behavior, etc.) may represent potential
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opportunities where the 2-tuple linguistic model could be applied to solve various
DM problems in marketing.

To sum up, the objectives of this work have been successfully achieved. The
insights presented highlight the current applications of the 2-tuple linguistic model in
marketing and point to valuable opportunities for expanding its use across the field.
However, several limitations should be acknowledged. This work relies primarily
on WoS, which may introduce database bias, as WoS selectively indexes journals
and may underrepresent certain fields or regions. We included only full-text jour-
nal articles, excluding conference papers and other publication types, which may
limit the scope of our analysis. Moreover, the FWCI retrieved from Scopus has some
constraints. FWCI is calculated only for publications indexed in Scopus, so articles
not included in Scopus are excluded. It can also be strongly influenced by outlier
publications, which may skew the interpretation of impact metrics. These limitations
could be addressed in future work by using multiple databases, including additional
publication types, or exploring more metrics less sensitive to outliers, providing a
more comprehensive view of the field.
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