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2962 distinct authors who contributed to the development of this research topic,
CORRESPONDENCE with an annual growth rate of 15,07%. This article provides a broad overview of
different perspectives on MCA-based research over time and will be of great
Nikos Koutsoupias assistance to those interested in this area of study.

University of Macedonia
156 Egnatia str, 54636 GR
nk@uom.gr

1. Introduction

Multiple Correspondence Analysis (MCA) is a multivariate exploratory technique used to assess associations
between multivariate categorical variables (Rozylowicz et al., 2017) and has a wide range of applications in fields
such as archaeology, environmental, health and medical sciences, social and behavioral sciences, and so on. The
use of MCA in humanities and social (MCAHS) research to explore data sets of categorical variables is well
established as a popular method to explore and visualize the relationships among categorical data (Beh &
Lombardo, 2019).

This paper examines the application of MCA to the literature in the humanities and social sciences as a tool
for detecting latent patterns in related categorical data. MCA is a dimensionality reduction factor technique
similar to the more popular principal component analysis (PCA), but it is specifically designed to deal with
nominal or ordinal categorical data, and it is well suited to the types of data we face when describing subject
(row) characteristics. MCA works specifically with categorical data, allocating scale values to the categories of
discrete variables and maximizes the variance of those scores to discover: (1) associations between variables, and
(2) individual proximity.

Although this will not be a thorough discussion of the numerous aspects of MCA, we will concentrate on the
important literature for the study of nominal categorical variables. For reviews of the technical, practical, and
historical issues related to MCA and related methods, the reader is encouraged to review the works of Tenenhaus
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and Young (1985), Gower (1990), Carlier and Kroonenberg (1996), Le Roux and Rouanet (2004), Greenacre and
Blasius (2006), Choulakian (2008), Hwang, Tomiuk and Takane (2009), Markos, Menexes, and Papadimitriou
(2009), Beh and Lombardo (2014, 2019), Kroonenberg (2014), Husson and Josse (2014) and Mori, Kuroda and
Makino (2016).

Furthermore, various researchers published literature reviews of MCA applications in general (Kamalja and
Khangar, 2017; Hjellbrekke, 2018) or within their scientific fields, including Archaeology (Macheridis, 2017),
Education (Van der Heijden et al., 1997), Epistemology (Alhuzali et al., 2022), International Relations (Martin-
Maze, 2018), Finance (Dungey, et al., 2018), Medicine (Meyer et al., 2004; Han et al., 2018), and Operational
Research (Pierreval, 1994).

To our knowledge, MCA has not yet been reviewed comprehensively as a Social Sciences, Humanities and
Arts research tool using bibliometric analysis.

A review of published research that is expanding exponentially (Linnenluecke et al., 2020) can provide
scientists and policymakers with a detailed picture of the research done up to a particular point in time, as well
as future perspectives (Mair et al., 2018). Nonetheless, systematic reviews of recent literature typically
necessitate a significant amount of time and effort, depending on the number of publications to be investigated
(Radhakrishnan et al., 2017). The process of synthesizing research evidence and discussing the state-of-the-art
relies heavily on literature reviews (Aria and Cuccurullo, 2017). The bibliometric approach introduces a
systematic and objective procedure that is transparent, trustworthy, and simple to replicate (Aria et al., 2020;
Diodato and Gellatly, 2013), usually on massive article sets (Donthu et al., 2021). Bibliometric analysis is a
systematic statistical analysis of scientific research that is most used to determine the top-cited articles in
journals, to assess trends and patterns in specific research fields, to identify the most commonly used research
topics or interests, and to map the structure of co-authorship, affiliations, co-citation networks (Shiau et al.,
2017), and cross-border collaboration (Xu et al., 2018).

We utilize bibliometrix (Aria and Cuccurullo, 2017) for this bibliometric review on about seven hundred
articles. Numerous researchers in Social Sciences, Humanities and the Arts sub-fields recently took advantage of
the capabilities of bibliometrix to review interdisciplinary literature (Ho et al, 2021; Tontodimamma et al., 2021)
and among others, in Culture (Youngblood and Lahti, 2018), Education (Agbo et al., 2021; Bond and Buntins,
2018; Bond et al., 2019; Guraya et al., 2021; Liu et al., 2020), Geography (Gibadullina, 2021; Latocha, 2020;
Rosas-Chavoya, 2022), Information Science (Bapte, 2021; Patel and Bhatt 2021, Pham-Duc et al., 2022), Political
Science and International Studies (Carammia, 2022; Jensen and Moses, 2021; Medie and Kang, 2018; Peez, 2022),
Psychology (Adler and Sarstedt, 2021; Altarturi et al., 2020), Sociology (Aria et al., 2020; Maretti et al., 2019) and
Transportation (Chen and Silva, 2021; Jing, 2021; Schneider and Bengler, 2020).

The purpose of this paper is to review and summarize the scientific production of MCA applications in Social
Sciences, Humanities and the Arts, using bibliometric techniques implemented with bibliometrix to analyze the
evolution and trend research [Objective 1, Obj1], the origin and evolution of scientific production (by countries
[Objz2], authors [Obj3], papers [Obj4], keywords[Objs5], and trends [Obj5]), and the classification and analysis of
the content of articles based on the keywords and themes [Obj6].

The remainder of the paper is organized as follows. We begin in Section 2 with a discussion of current areas
of concern around the bibliographic review methodological framework and proceed in Section 3 to present the
basic statistical results of the bibliometric analysis. Sections 4 and 5 provide results of trends analysis and
multivariate mapping of themes of MCA in Social Sciences, Humanities, and the Arts. Conclusions, Limitations

and a reference to Future Research are covered in Section 6.

2. Data and Methodology
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We searched the Scopus database for the “Multiple Correspondence Analysis” within Title, Author Keyword and
Abstract fields from 1983 to 2021. The goal was to find English-language journal research articles in Social
Sciences, Humanities and Arts related disciplines. The following is the search query, which was conducted on
October 16, 2022:

"multiple correspondence analysis" AND

(LIMIT-TO (SUBJAREA, "SOCI") OR LIMIT-TO (SUBJAREA, "ARTS")) AND
(LIMIT-TO (DOCTYPE, "ar")) AND

(LIMIT-TO (SRCTYPE, "j")) AND

(EXCLUDE (PUBYEAR, 2023) OR EXCLUDE (PUBYEAR, 2022))

The findings cover a total of 1208 SCOPUS-indexed journal articles since early access materials formally
published in 2022 are excluded from the list. The open-source bibliometrix package in R, (Aria and Cuccurullo,
2017) was used for bibliometric analysis. Biblioshiny, the package's web interface app, allows users to perform
analysis at four levels of analysis, namely sources, countries, authors, affiliations, and documents, as well as map
knowledge structures in conceptual, intellectual, and social terms.

3. Descriptive Results

Answering Obj1 of the present review, the average annual growth of scientific article production is 26.13%
overall. Figure 1 depicts the annual scientific MCA output.
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Figure 1: Annual scientific production

Table 1 summarizes the key statistics of publications on MCA within the specified period. The raw statistics
indicate that the documents were published by a total of 2962 distinct authors. Approximately 5.2% of these
documents were published by a single author, with the remainder written by multiple scholars.

Table 1
Descriptive statistics of research on ‘MCA’ in 1983-2021

Description Results
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MAIN INFORMATION ABOUT DATA

Timespan 1983:2021
Sources (Journals, Books, etc) 662
Documents 1208
Annual Growth Rate % 15,07
Document Average Age 6,32
Average citations per doc 15,74
DOCUMENT CONTENTS

Keywords Plus (ID) 2970
Author's Keywords (DE) 4070
AUTHORS

Authors 2962
Authors of single-authored docs 204
AUTHORS COLLABORATION

Single-authored docs 232
Co-Authors per Doc 2,91
International co-authorships % 24,01

(Source: Scopus)

Provided that articles with a large number of authors can skew the metrics, the statistic for co-authors per
document, 2.91 in this case, takes into consideration the number of times an author appears in the entire set of
documents.

Both measures indicate that, on average, about three authors were engaged in one publication on MCA
between 1983 and 2021, while the cross-boundary collaboration reaches a relatively high value of 24%.

4. Analysis by Country, Author, Paper, and Keywords

This section presents a bibliometric study based on several performance indicators. This allows us to meet the
Objectives 2 to 5 of the present review ([Obj2-Objs]) .

Contributing countries in terms of productivity and impact

The publication of articles is an indicator that suggests a country's development in a certain research area (Xie
et al., 2020). In this study, 91 countries were identified as having undertaken MCAHS research between 1983 and
2021. Based on author appearances by country affiliations, the USA was the most prolific country with 377
publications, followed by Italy (342), France (274), Spain (264), UK (209), Portugal (159), Germany (142), Canada
(122), Brazil (111) and the Netherlands (101).

Table 2
Highest impact in total and average article citations by country
Country TC AC (Avg)
ITALY 3174 36,91
UNITED KINGDOM 2520 40,00
USA 1909 18,90
FRANCE 1345 17,24

SPAIN 845 12,43
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GERMANY 568 11,14
BELGIUM 552 39,43
CANADA 552 17,81
SWITZERLAND 552 21,23
NETHERLANDS 532 15,20

The analysis of the top ten countries on MCAHS publications is based on three indices: total times cited,
average article citations and number of articles (Table 2). Italy ranked first, with the greatest number of times
cited articles (3174), followed by the UK, USA, France, and Spain (2520, 1909, 1345 and 845 respectively). Most
productive scientists on MCAHS come from USA (377), Italy (342) and France (274) while the highest number
of citations on average originate from UK based researchers.

Contributing authors in terms of productivity and impact

Lotka's Law was used to calculate the authors' productivity distribution based on the frequency of articles
published on MCAHS. According to the results of Lotka’s Law, 2637 authors out of a total of 2962 authors
(89%) published one article in the field of MCAHS; 221 authors (7.5%) published two papers; 51 authors
(1.7%) published three papers; 25 authors (0.8%) published four papers, 13 authors (0.4%) published five
papers, and 21 authors published six or more articles.

Table 3

Top 10 authors by h-index, impact and production
Author NP h_index TC
DAS S 16 8 275
BLASIUS J 14 9 230
SAVAGE M 8 8 1184
ROSENLUND L 8 7 219
BUHLMANN 8 6 157
LE ROUX B 7 7 906
DUTTA A 7 6 119
FLEMMEN M 6 5 174
HJELLBREKKE ] 5 5 814
JARNESS V 5 5 137

Note: TC represents total citations. NP represents the
number of publications.

As shown in Table 3, the top authors of publication number were Das, S. (16), Blasius, J. (14), Savage, M. (8),
Rosenlund, L. (8), Buhlman, F. (8), Le Roux, B. (77), Dutta, A. (7), Flemmen, M. (6), Hjellbrekke, J. (5), and Jarness,
V. (5).

However, the authors' productivity in terms of publication number was not proportional to the impact they
gained regarding the citation number. Citation analysis of authors was performed to identify the most influential
or impactful authors in the study field (Table 3). The top ten authors out of 2962 received well over 100 citations
for their publications, according to the findings.

Savage, M. was named the most influential author in MCAHS sciences fields, with a total of 1184 citations.
Le Roux, B., followed Savage, M., with 906 citations and Hjellbrekke, V., who came in third with 814 citations.
It's worth noting that many authors collected more citations despite having fewer publications. For instance, the
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co-authors Aria M., and Cuccurullo, C., received 1939 citations from two pieces of work, indicating that their
papers had a significant impact in the MCAHS field of study.

Contributing papers in terms of impact

According to research, in addition to scientific productivity counts, the number of citations for a publication
serves as an indicator of its contribution and scholarly impact (Grant et al., 2000; Waheed et al., 2018). Citation
analysis was performed to investigate the most important documents in the field of MCAHS. It was seen that
1049 out of 1208 articles obtained more than one citation, implying that approximately 86,8% of documents
were cited more than once. The top ten most cited papers were identified as having more than 150 citations each
(Table 4).

Table 4
Top papers by citation count

Author (1st) Year Title Total Citations TC per Year

Aria, M. 2017 Bibliometrix: An R-tool for comprehensive science 1839 306,50
mapping analysis. J. Inf 11.4: 959-975

Savage, M. 2013 A new model of social class? Findings from the 681 68,10
BBC’s Great British Class Survey experiment

Cohen, J. 1988 Set correlation and contingency tables 392 11,20

Chauvin, N. 2013 A new model of social class? Findings from the 318 31,80
BBC’s Great British Class Survey experiment

Philippot, P. 1993 Inducing and assessing differentiated emotion- 283 9,43
feeling states in the laboratory

Booysen, F. 2008 Using an asset index to assess trends in poverty in 203 13,53
seven Sub-Saharan African countries

Prieur, A. 2013 Updating cultural capital theory: A discussion 195 19,50
based on studies in Denmark and in Britain

Lieven, T. 2011 Who will buy electric cars? An empirical study in 184 15,33
Germany

Beauregard, E. 2007 A descriptive model of the hunting process of 179 11,19
serial sex offenders: A rational choice perspective

Dubois, G. 2019 It starts at home? Climate policies targeting 167 41,75

household consumption and behavioral decisions
are key to low-carbon futures

Apart from the paper that introduces the Bibliometrix package (Aria & Cuccurullo, 2017) which is the most
impactful publication in the examined dataset with 1839 citations, Savage’s et al. (2013) article entitled “A new
model of social class? Findings from the BBC’s Great British Class Survey experiment.” shows 681 citations and
Cohen’s (1988) research comes third with 392 citations.

Keyword frequencies and co-occurrence network

We examined both keyword frequency as well as keyword co-occurrences since keyword analysis, according to
Strozzi et al. (2017), and Song (2019), is important for determining latest research developments, trending topics
and scholars' interests in the field. Keywords plus was the approach of choice for this part of the study, since
research showed that it enhances the depth and breadth of a literature search (Garfield, 1990). This analysis is
necessary because publication keywords aid in quickly identifying the theme and focus of research. The
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wordcloud in Figure 8 depicts consistently used keywords+ in publications on MCAHS, and Table 5 contains the
top ten Keywords Plus in the examined data set.

Table 5
sustainable development TOp keywords (K + )
=-'=“~-;;;;,su,,,,mlndl aged’"""‘"""““' Words Articles
major clinical smnv“"‘“‘"’" ""“ fjuestionnaire
sustainability P akica female 140
mnressln’;s:rgf;:l's g Dratilg SUroPe china male 139
i '“' adolgscent  human 133
giiiig Adult a e
¥Isk assogssmnm cluster analysis adult 123
""‘é'u'f;:lélj'gia:s’g' “ m a nlgc!n!'!m‘!men correspondence analysis 98
nm-gmn tdecision making humans 90
multivariate Sll!.:lllﬂl:lll'l!lmm status
socueconamiclacurs article 83
muItInIe corresnnnllence analysis )
middle aged 80
Figure 2: K+ Wordcloud aged 61
young adult 45

Apart from the term "correspondence analysis," the rest of the frequently used words emerge from general Social
Studies and Humanities research fields strongly focusing on gender and age issues.

Callon et al. (1984) proposed co-word analysis as a content analysis technique. It is used to map the strength
of associations between textual information items (Wang et al., 2012). It entails a keyword co-occurrence analysis
in a specific body of literature. Co-occurrence analysis, a key component of association analysis in data mining,
is applied to cluster keywords with high relevance (Cheng et al., 2014). Each cluster can be thought of as a
research topic. Co-occurrence analysis is frequently employed to identify emerging and established research
themes, as well as to trace patterns (Deng et al., 2021; Leung et al., 2017; Ravikumar et al., 2015; De la Hoz-
Correa et al., 2018].

Keyword co-occurrence networks aid in the identification of important terms used in papers within a field
of study and provide insights into the domain's main research themes (Van Eck and Waltman, 2010). For the
purposes of network analysis, keywords or key terms and their co-occurrences in publications, were extracted
using the Keywords Plus approach (Garfield, 1990).

We visualized keyword co-occurrence network as shown Figure 3. A total of 2970 keywords were extracted
from our list of 1208 MCAHS related publications. Only keywords that appeared more than 15 times were
considered for keyword analysis. This criterion was met by 50 keywords. The distance between circles in the
illustrated keyword network (Figure 3) provides information on the relatedness of keywords, and the size of the
nodes reflects the occurrence frequency of a keyword (Van Nunen et al., 2018). The frequency with which those
keywords appear together within the keyword network is indicated by node overlap (Rodrigues et al., 2014).
Furthermore, the keyword map shows how the keywords of MCAHS publications are grouped together.
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Figure 3: Keyword co-occurrence (n >15)

The keyword network appears to be divided into three distinct clusters, according to our analysis: cluster one
(purple color, left side of the network), cluster two (green color, top side), cluster three (blue color, right side).

The purple cluster (cluster 1) is the largest with 38 keywords. The most frequently used keywords here are
female, male, human, adult, humans, middle aged, aged, young adult, adolescent, questionnaire, child, major
clinical study, psychology, France, health status, risk factor, surveys and questionnaires, traffic accident and
accident prevention. According to this analysis, this cluster focuses on French publications based on gender and
age-related questionnaires in the context of MCAHS. Another significant finding from our analysis is that this
cluster has keywords of papers that conducted traffic accident research.

Cluster two (green) is the second largest cluster, with 16 keywords including: article, cluster analysis,
multiple correspondence analysis, risk assessment, education, Brazil, priority journal, social class, United
Kingdom, accidents, demography, controlled study, socioeconomic factors, Canada, health survey and human
experiment. This cluster relates mainly to research papers from UK, Canada and Brazil referring to risk
assessment, education, social class. This cluster has a considerable overlap with the network's first cluster and a
moderate degree of coherence.

The third cluster (blue color) includes six keywords and is situated close to the middle of the network. This
cluster has a low degree of coherence, and it overlaps to a large degree with cluster one. The keywords in this
cluster are correspondence analysis, Italy, perception, Europe, regression analysis and multivariate analysis. In
addition to Correspondence Analysis, papers in this word sub-graph mainly employed regression analysis ME
that refer to data from Italy and Europe.
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Figure 4: Trend topics

5. Trends and Thematic Analysis

This section provides trend and thematic analysis using co-word analysis, multiple correspondence analysis a k-
means clustering, thus meeting Obj5 and Obj6 of the present review.

Trends based on Keywords+

Following co-word analysis, we add to the present academic exploration by highlighting quantitative trends on
MCAHS. Figure 4 shows a graphical representation of the top 50 research trends over time. It has been discovered
that the most popular topics (as determined by their positions on the figure) relate to climate change and
sustainability. Initially, since 1986, MCAHS research seems to focus on parity and birth rate issues mainly in
southern Europe with a shift to health, social behavior and mental disease topics in Eurasia and Africa from 1999
to 2008. Next, for the period between 2009 and 2015, subjects like morbidity, smoking, behavior, agriculture,
family, education, health, and socioeconomic status in the European region seem to be main trends. The period
from 2016 to 2018 is marked greatly based on gender and age characteristics by studies that combine
Correspondence Analysis and Cluster Analysis. The most persistent terms over time (especially from 1986 to

2014) seem to relate to research on age and socioeconomic factors, as well as behavior and social behavior and
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primary health care, while the shortest research period was spent on African and Eurasia issues in 2008 and
2006 correspondingly.

Themes Analysis

A thematic map was created to further investigate article themes and examine how networks evolve (Fig. 5).
Topic clusters were created and plotted using centrality and density indices (Callon et al., 1991; Ding, 2001).

The map (Fig. 5) shows the strength of their internal (density) and external (centrallity) relationships. It is
divided into four quadrants: topics with high density and centrality (q1), topics with low density and high
centrality (q2), topics with high density and low centrality (q3), and topics with smaller values on both axes (q4)
(Grivel et al., 1995; Lopez-Fernandez, et al., 2016).

A thematic or strategic map with different clusters or themes is represented on it, where centrality
denotes the significance of the theme in the overall research field and density denotes the measure of the theme's
development (Cobo et al., 2011). The field's thematic map parameters are the keywords plus terms with a word
count of 169. Each colored circle represents a network cluster, and the name is the word with the highest
occurrence value in that cluster. The circle size is proportional to the number of cluster word occurrences. The
position of these circles in the Bibliometrix package is determined by their centrality and density (Callon et al.
1983); the four quadrants are as follows: The upper-left quadrant contains greatly developed but disconnected
themes with strong internal interconnections but no outward connectivity; and hence, their significance is
limited. The lower-left quadrant contains themes with low density and centrality that are either evolving or
declining and thus underdeveloped. The motor themes with the highest density and centrality are represented in
the upper-right quadrant, and they are linked to topics associated with other strongly connected concepts. These
themes are well-developed and important for the advancement of a field of research. The primary and transversal
themes in the lower-right quadrant are crucial for study but have not been fully developed.
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Figure 5: Theme mapping

The thematic terms in the first quadrant (upper right), with high internal and external associations, are
considered mainstream topics in the analyzed set of articles on MCAHS. Themes related to humans, risk

assessment and accidents are located in this quadrant.
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In contrast, research topics in the fourth quadrant (lower right), which have low density and centrality
values, are underdeveloped or emerging themes that need to be developed further. The main topics in this group
is multiple correspondence analysis and cluster analysis. We find basic and transversal topics in the second
quadrant (upper left), which has a low density and a high centrality. Consequently, this group covers general
tourism and methodology topics. Finally, there are articles about specialized topics such as sustainability and
poverty in quadrant three, which has a high density but a low centrality. Important issues in MCAHS research
that need more development appear between third and fourth quadrants (questionnaire surveys, European
Union, and innovation).

The conceptual structure map produced by multiple correspondence analysis and k-means clustering
analysis puts the keywords (+) together while taking their homogeneity within the network into account. Figure
6 depicts the distribution of the most popular terms in two clusters, along with the corresponding most cited
papers. The blue cluster on the left brings together keywords such as sustainability, education, demography,
decision making, socioeconomics, and accidents. Highly cited articles in this cluster mainly refer to general health
issues (Veenstra, 2007) and issues related to AIDS (Cavalcante, et al., 2013) and gerontology (Liotta, et al., 2017;
Lucchetti, 2008; Moreno, 2016) in China, Brazil and Europe.

el he! pajor.glinical.study
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1 /’ . . human.experiment

child questionnaire
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adult

Dim 2 (6.31%)

multiple.corres
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statistical.model
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Figure 6: Conceptual map and most cited papers (tot. inertia 93%)

The red cluster (right side) on the other hand, contains themes such as age, male, female, child, psychology,
traffic accident and risk factor, while the most cited articles relate to accident analysis (Jalayer et al., 2018;
Mansfield et al., 2018; Palat et al., 2019; Zhu et al., 2018) and education (Doméjean et al., 2015).

6. Conclusion, Limitations and Future Research
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This study has provided a review of the MCAHS literature spanning nearly four decades. The productivity ratio
(e.g., total publication) and relevance (e.g., total citations, h-index) of authors, journals, and nations were
assessed using several bibliometric indicators. The co-occurrence of keywords and thematic mapping of the
scopus papers within the field under examination supplemented the results of the performance analysis. These
analyses were carried out using R’s Bibliometrix package (Aria and Cuccurullo, 2017), and allowed for the
presentation of the conceptual and intellectual structures of the study field. It was demonstrated that while
experts' interest in the issue has grown, it remains divided. Furthermore, despite having a small number of
published publications, some experts are quite important in the field. Future investigations and systematization
efforts should be encouraged in this regard. Thematically, mainstream topics seem to include health and accident
analysis, while issues that need more development include questionnaire survey, European Union, and
innovation. In terms of conceptual structure, and even though highly cited papers in both clusters come from
health studies, two distinct topic clusters were found by keyword co-occurrence analysis: (i) sustainability,
demography and education; and (ii) gender and age studies.

The purpose of this study is to reinforce the epistemology of bibliometric and structured network studies on
MCAHS. This study's findings supplement the previous subjective, critical and reflective assessments of the
literature on MCAHS This review article, like all research reviews, has limitations. First, the dataset was collected
using Scopus search services to obtain high quality results. This, however, reduced the number of papers that
could be analyzed. Second, when comparing various publications or authors, some indications might lead to
discrepancies. As a result, each bibliometric parameter, such as the h-index, should be interpreted in conjunction
with the others. Each of these constraints, in turn, creates opportunity for future study for researchers and
practitioners interested in the growth of such promising future areas of research.
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