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BIBLIOMETRIC ANALYSIS OF AGILE METHODS
AND ARTIFICIAL INTELLIGENCE

ABSTRACT: This study conducts a comprehensive bibliometric analysis to evaluate the
trends, impact, and global contributions of academic articles focusing on agile methodologies
and Artificial Intelligence (Al). For this, it used the Scopus’ database of articles, and
Bibliometrix, a Rstudio package to visualize data. Utilizing metrics such as “Total Citations”
and “TC per Year,” the study provides insights into the influence and significance of
individual papers in the field. The findings indicate a substantial increase in research
production, especially from countries like the United States, Italy, and India, demonstrating a
dynamic and evolving international academic landscape. Notably, emerging countries like
Pakistan have also become contributors in recent years. The study also identifies a shift in
research focus towards Al and agile methodologies, that could be justified with the recent
expansion of Industry 4.0 studies. Articles by key authors, such as Meinert E (2020) and
Hayat F (2019), have demonstrated considerable impact within a short time frame,
highlighting the rapidly evolving nature of the field. This study serves as a resource for
researchers, and industry professionals looking to understand the current state and future
directions of academic research in agile methodologies and Al

KEYWORDS: AGILE METHOD; ARTIFICIAL INTELLIGENCE; BIBLIOMETRIC
ANALYSIS; SIMPEP 2023; SIMPOSIO DE ENGENHARIA DE PRODUCAO.



1 Introduction

In recent years, the intersection of agile methodologies with artificial intelligence (Al)
has been causing profound transformations in the world of business and technology.
This phenomenon has been driven by the constant advancement of digital
technologies and the growing need to adapt to consumer demands in a highly

dynamic and competitive environment (Rocha et al., 2022).

Conventional approaches often prove insufficient for dealing with the complexity and
speed of changes that occur in this context. In response, agile methodologies, initially
developed in the field of software development, have emerged as an effective way to

address this intersection between agility and Al (Gongalves, 2022).

These agile methodologies have as their fundamental principle flexibility and
collaboration, allowing for agile adaptation to constantly evolving needs. They
emphasize interaction, active participation of stakeholders, and quick responsiveness
to changes, which leads to greater efficiency, productivity, and quality in the

integration of Al.

However, despite the growing interest and adoption of these approaches in Al
integration, there is still a gap when it comes to a comprehensive and systematic
understanding of this interdisciplinary field. Therefore, it is important to conduct a
bibliometric analysis, using the Scopus database as a reference, to examine existing
academic and professional studies. According to Dervis (2019) this type of analysis
allows to identify concepts related to the application of agile methodologies in

conjunction with Al.

The bibliometric analysis will enable the Identification of influential authors, prominent
institutions, and leading countries in this specific domain. Additionally, it will map the
temporal evolution of publications, highlight existing contributions, identify research

gaps, and outline possible future directions (Cella, 2017).

Upon completing this study, it is expected to offer a view on the integration of agile
methodologies with Al, providing insights for professionals, and academics involved
in this intersection of knowledge. It is believed that this analysis will significantly
contribute to an understanding of this interaction, driving the advancement of
knowledge and improving practices in this theme. This study will be divided into five

sections: the first section will present the introduction of the study, following it will be



presented the theoretical frameworks of the study. Next, the method used for the
study’s execution will be presented. In the fourth section, the results will be

presented, and finally, the last section will be dedicated to the conclusions.

2. Theoretical Framework

The application of agile methodologies in Al has been widely discussed and adopted
across various sectors. Initially developed for the area of software development,
these approaches are increasingly relevant for processes and outcomes in Al
projects. Paula (2013) has explored the fundamental principles of agile
methodologies, such as incremental delivery, iteration, and collaboration, highlighting

their adaptability to changes and efficiency in achieving goals.

The combination of agile methodologies with Al offers a dynamic and adaptable
approach. Authors like Leijnen et al. (2020) discuss the benefits of this union,
including the ability for quick responsiveness to variable demands, focus on
experimentation, continuous learning, and collaboration among multidisciplinary
teams. Their research shows the positive impact of agile methodologies on Al,
emphasizing improvements in delivery, quality, and stakeholder satisfaction.
Flexibility, adaptability, and innovation are some of the advantages of incorporating

agile practices.

The literature highlights the challenges and best practices in implementing agile
methodologies in Al projects. Leijnen et al. (2020) emphasizes the creation of
multidisciplinary and self-managed teams, along with an organizational culture that
favors agility. Effective communication and techniques like Kanban and Scrum are

seen as crucial for success.

In summary, the literature on agile methodologies in Al addresses the importance,
characteristics, challenges, benefits, and impacts of these practices. This literature
review will form the basis for the proposed bibliometric analysis, helping to deepen

understanding and identify areas that are still underexplored in the field.

Bibliometrics is an area of study that uses quantitative methods to analyze and
measure scientific production, its dissemination, and impact. According to Devis

(2019), it is a discipline aimed at providing insights into the structure and



development of science, as well as aiding in strategic decision-making related to

research.

In 1934, Paul Otlet introduced the term “bibliometric” in “Traité de Documentation”
describing it as a subset of statistical bibliography focused on the measurement and
quantification of books. However, according to Vanti (2002), the popularization and
widespread adoption of the term are credited to Alan Pritchard in 1969. He defined
bibliometrics as studies focused on the quantification of written communication
processes. Pritchard played a significant role in replacing the term“statistical
bibliography” which had been in use since 1922 when Edward Wyndham Hulme first

mentioned it.

Garfield (1979), discussed the advantages and limitations of citation analysis as a
tool for assessing the quality and impact of research. Garfield (1979) emphasized
that citation analysis can provide valuable information about the recognition and
influence of a scientific work, but also warned about potential biases and limitations

of this approach.

Bibliometrics analysis continues to evolve, driven by increasing access to large
volumes of bibliographic data and the development of new analysis techniques.
Bibliometrics plays a crucial role in understanding scientific production, identifying
trends, and evaluating the influence and impact of research across various areas of

knowledge.

The aim of this study is to conduct a bibliometric analysis focused on the applications
of agile methodologies within the field of Al. As the need for rapid adaptation and
flexibility grows, agile methods such as Scrum, Kanban, and Lean have gained
prominence as effective strategies to accelerate the development and deployment of

Al solutions.

3. Method

To obtain a comprehensive understanding of the current state of the art, this study
will use bibliometric analysis. Through the review of scientific articles and other
relevant publications in the Scopus database, the goal is to identify the most notable
academic work that is being produced within the intersection of agile methodologies

and the use of artificial intelligence.



The methodology adopted for carrying out this bibliometric analysis consists of three

main stages: data collection, bibliometric analysis, and evaluation of results.

In the data collection stage, resources from the Scopus database were used to
search for articles related to agile methodologies applied in Al. Relevant keywords
were used, and inclusion criteria were established, such as the period of publication

and the language of the articles.

After data collection, a bibliometric analysis of the selected articles was conducted.
Bibliometric techniques were used to identify and analyze the number of articles
published over time, the main reference journals, the most productive authors, the

most frequent keywords, and the co-citation relationships among the studies.

This bibliometric analysis of agile methodologies in Al aims to contribute to the
understanding of current trends and gaps in the field. It will serve as a foundation for
academics and professionals while also guiding future research. The study is
particularly relevant for companies aiming to adapt to market demands and optimize

their Al strategies.
3.1. DATA COLLECTION

The data collection was conducted using the Scopus database, known for its
comprehensiveness and reliability in accessing scientific publications. Keywords

»nn

“agile method”, “artificial intelligence™ and their variations were used to identify
articles related to the theme of this study, searched within article abstracts, title and
key-words. The variations used were all the suffixes for “method”, which can be
indicated to Scopus search system using an asterisk on the end of the word
“‘method”. In this initial search, a total of 122 documents were found in the Scopus
database on September 3, 2023. Table 1 illustrates the variables that were entered

into the Scopus database. The table uses the same notation used on Scopus:

Table 1: Variables used to filter articles into Scopus

Variable Description

Keywords “Agile method*” AND “artificial intelligence”

Document type Article, Conference paper, Conference review, Review
Language English

Source: Generated by the author.



After this initial search, inclusion criteria were established to select relevant articles,
including the selection of studies written in English and whether the publication was a
scientific article. Given that this is a recent topic, no time constraints were placed on
the publications. The abstract of each article was read, and evaluated if they had the
intention to link agile methodologies and Al or not. Those that were linking the
concepts were then selected for this study. As a result of this filtering, the dataset
was reduced from 122 to 114 articles, which serve as the corpus of this study and

form the basis upon which all subsequent bibliometric analyses will be conducted.

3.2. BIBLIOMETRIC ANALYSIS

The bibliometric analysis was conducted using R Studio software, utilizing the
Bibliometrix package, a tool that offers advanced functionalities for the analysis and
visualization of bibliometric data. The data collected from the Scopus database were

imported into the software, where various bibliometric techniques were applied.

Aria and Cuccurullo (2017) argue that R, being open-source software with robust
statistical features, serves as an ideal tool for scientific computing. Additionally, R is
not just software but an open-source ecosystem, offering a comprehensive suite of
statistical algorithms, mathematical functions, and visualization tools. This makes it
well-suited for bibliometric analysis. R is compatible with both Windows and Linux

operating systems and features a user-friendly graphical interface through rStudio.

Descriptive analyses were conducted to identify the number of articles published over
time, the main reference journals, the most productive authors, and the most frequent
keywords in the selected articles. In addition, co-citation analyses were performed to

identify the main connections and relationships between the studies analyzed.
3.3. RESULTS’ ANALYSIS

The results of the bibliometric analysis were evaluated and interpreted with the aim of
identifying trends in the field of agile methodologies in conjunction with the use of Al.
This information was used to support the theoretical foundation of the work and

provide empirical backing for the discussions and conclusions presented.

Bibliometrics serves as a tool to standardize and optimize the information retrieval

process in academic and scientific research. According to Café (2008), it
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incorporates a range of statistical and mathematical methods to analyze scientific
productivity, covering the evaluation of journals, authors, and even the way

information is represented.

This standardization facilitated by bibliometrics helps researchers focus on more
relevant and influential sources, contributing to the quality and accuracy of studies.
This is accomplished through the mapping of high-impact publications, the
identification of influential authors, and understanding research trends in a specific
field.

According to Silva et al. (2005), the aim is to use a series of procedures and
techniques to analyze text content based on units of analysis, which may include
technical terms and keywords, to identify their frequency in the text. Adapting this
concept to the context of agile methodology and Al, the research seeks to assess the
current state of developments and innovations in agile methods and Al. Within this
framework, the measurement of scientific productivity becomes a key element for
monitoring and advancing both algorithm development and the implementation of
agile practices. This then raises the central question of this study: what is the current

state of scientific production in agile methodology and Al?

4. RESULTS

In this chapter, the results of this research on the advancement of scientific
publications concerning the topics of artificial intelligence and agile methodology are

presented.

4.1 BIBLIOMETRIC ANALYSIS

In this section, the bibliographic portfolio and the results of the analysis of the

bibliographic portfolio will be presented.

4.1.1 Bibliographic portfolio

The articles that are the subject of this research were obtained through a search in
the Scopus database, as mentioned in the method section. After the subjective

evaluation, whether the article was related to the intersection of agile methodologies
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with the use of artificial intelligence or not, the result obtained on the filtering was of
114 articles, from the previous 122 articles filtered in total, using exclusively the filters

that were present on Scopus.
Colocar quantos artigos resultaram por tipo. Esta secdo € de resultados.

4.1.2 Annual Scientific Production

Image 1: Annual Scientific Production from the sample

Annual Scientific Production
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Source: Adapted from Bibliometrix.

The annual variation in the number of scientific publications from year 2002 to year
2023, with years like 2005, 2006, and 2008 having no publications, and years like
2018 and 2019 experiencing peaks of 14 and 15 publications respectively. Despite
these fluctuations, there is a general upward trend in the number of publications over
the period, indicating increased attention and resources being directed toward the

field in question.

12



4 1.3 Most Relevant Sources

Image 2: Most relevant sources from the sample
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PROCEEDINGS - 2009 INTERNATIONAL CONFERENCE ON COM — A

PROCEEDINGS - 2015 INTERNATIONAL CONFERENCE ON COM —

2010 IEEE INTERNATIONAL CONFERENCE ON COMPUTATIONA —
N. of Documents

Source: Adapted from Bibliometrix.

The diversity of conferences and journals in the studied field is extensive, ranging
from general engineering to specific topics like petroleum engineering and healthcare
informatics. "Lecture Notes in Computer Science" stands out with the highest number
of publications (30 articles), while other sources have smaller contributions. This
source is in the 126 position out of 233 sources, when we compare it with other
computer science sources, using the CiteScore methodology, developed by Scopus.
The majority of the documents filtered were from the computer science field of study,

showing that this interdisciplinary intersection is still focused on its origins.

The variation in the number of articles per source suggests a growing field, but one
that has yet to clearly consolidate where the most influential research is being
published. This dispersion can be seen as positive due to the plurality of perspectives
it represents. The abstraction possible from this area exchange could also be

interpreted as a beneficial aspect of having this multidisciplinary production.
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4.1.4 Most Local Cited Sources

Image 3: Most relevant sources from the sample

Most Local Cited Sources

BECKK a

SCHWABER K @

FOWLER M

WILLIAMS L

BOEHM B ®

Cited Sources

COCKBURN A ®

MOENB

COHNM

DINGSOYRT

DYBAT

20
N. of Local Citations

Source: Adapted from Bibliometrix.

The graph illustrates the list of authors and their citations in a sample of articles,
helping to identify the most influential figures in the field. "Beck K" is the most cited
with 41 citations, followed by "Schwaber K" with 20. Several other authors are also
noteworthy, albeit with fewer citations. While the number of citations is not the only
indicator of an author's significance, it suggests that the works of frequently cited
authors like "Beck K" and "Schwaber K" are highly relevant in the field. “Beck K” is
more known as being the creator of “extreme programming”, a software development
methodology that eschews rigid formal specification for a collaborative and iterative

design process. “Schwaber K” was one of the Scrum methodology creators.

Additional studies into the works of these authors could provide insights into their
specific contributions and individual impact that they have into the intersection of
agile methodologies and the use of artificial intelligence. Researchers and
professionals may benefit from an exploration of these authors' work as they could
offer seminal ideas and frameworks that have shaped the current landscape of agile

methodologies within artificial intelligence.
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4.1.5 Sources’ Production over Time

Image 4: Sources’ production over time from the sample
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PROCEDIA COMPUTER SCIENCE

PROCEEDINGS - 2009 INTERNATIONAL CONFERENCE ON COMPUTATIONAL INTELLIGENCE AND SOFTWARE ENGINEERING, CISE 2009

PROCEEDINGS - 2015 INTERNATIONAL CONFERENCE ON COMPUTATIONAL SCIENCE AND COMPUTACIONAL INTELLIGENCE, CSCl 2015

PROCEEDINGS - 2019 INTERNATIONAL CONFERENCE ON COMPUTATIONAL SCIENCE AND COMPUTACIONAL INTELLIGENCE, CSCI 2017
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The dataset shows the production of articles in journals from year 2002 to year 2023,
highlighting the continuous increase in publications in "Lecture Notes in Computer
Science," which grew from 6 articles in 2002 to 30 in 2023. New conferences, such
as "Proceedings - 2017 International Conference on Computational Science and
Computational Intelligence, CSCI 2017," have also emerged, indicating expansion in
the field. Furthermore, some journals have increased their publications over time,

while others have maintained a steady presence.

The majority of the journals have fewer articles published annually compared to
"Lecture Notes in Computer Science," suggesting that it could be a primary
publication vehicle, or that the field has many specialized journals with smaller
volumes of publication. The overall landscape shows growth and diversification in

academic research in computer science and related areas.

4.1.6 Most Relevant Affiliations

Image 5: Most relevant affiliations from the sample

Most Relevant Affiliations

INNOPOLIS UNIVERSITY

UNIVERSITY OF LAHORE
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ALBALQA APPLIED UNIVERSITY

AMITY UNIVERSITY UTTAR PRADESH

CAIRO UNIVERSITY

FEDERAL UNIVERSITY OF SAO CARLOS

MONASH UNIVERSITY

4
Articles

Source: Adapted from Bibliometrix.

The dataset shows the diversity and global distribution of academic institutions and
research centers contributing to a specific area of study, such as technology or
computer science. Innopolis University and the University of Lahore lead with 8
articles each, suggesting strong research activity at these institutions. Innopolis

University is considered the seventeenth best university in its country, Russia,
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according to the ranking system of the Round Ranking website. The University of
Lahore is considered the best in its country, Pakistan, using the same evaluation
system. Both are ranked 674th and 611th, respectively, on a global rank, according to
the same website. The ranking evaluates four dimensions of universities: Teaching,

Research, International Diversity, and Financial Sustainability.

There are also several institutions with fewer publications, which could be seen as
emerging or growing in the field. The overall picture points to a dynamic and

internationally collaborative field of study.

4 1.7 Affiliations’ Production over Time

Image 6: Affiliations’ production over time from the sample

Affiliations' Production over Time
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Y.S.R. ENGINEERING COLLEGE OF Y.V.U

Source: Adapted from Bibliometrix.

The dataset reveals a global diversity of institutions contributing to a specific area of
study. Innopolis University and the University of Lahore are the most productive with
eight articles each, indicating strong research centers. Other institutions follow with
fewer articles but still maintain a presence in the field. The contribution from various
institutions around the world, each with a varying number of articles, highlights the
dynamic and global nature of the field of study. The dataset also includes many
institutions that have contributed minimally, indicating that the field is broad, but the

contribution varies in scale.
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4.1.8 Country Production over Time

Image 7: Country production over time from the sample
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Source: Adapted from Bibliometrix.

The dataset shows varying trajectories in the production of academic articles among
countries over time. The United States has been on an upward trajectory since 2002,
while Italy, which started from a lower baseline, has seen an increase recently. India,
Pakistan, and Australia began producing articles later but have shown growth,

indicating an increasing focus on research.

However, countries with high article production like India and the United States show
less diversity in collaborations, in contrast to countries like Chile and France, which
have a higher "MCP_Ratio," indicating more interdisciplinary or international
collaboration. The “MCP_Ratio” refers to the abbreviation of Multiple Country
Production, which indicates how many countries were involved in the elaboration of a

specific study.

These varying trends and discrepancies in collaboration could be topics for further
in-depth investigations, as well as which specific part of the use of agile

methodologies is converging with the use of artificial intelligence.

Folletto et al. (2014) indicates that keeping track of the country's production over time
can highlight opportunities for international partnerships and the potential for

knowledge sharing, which can lead to scientific breakthroughs and innovation.
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4.1.9 Most Global Cited Documents

Image 8: Most global cited documents from the sample
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The dataset on the most-cited articles reveals thematic diversity and impact within
the academic community, with citation counts ranging from 25 to 43. Metrics such as
"TC per Year" highlight that articles by Hayat F (2019) and Hithnawi A. (2015) have
had significant impact in comparison to other works in their fields. Both of those
works were from the computer science field, with Hayat F.’s study being mostly
related to the use of Agile Methodology (Scrum) on Software Project Management,
and Hithnawi A’s study talking more about hardware specifications and

programming, with the use of Al models.

4.1.10 Most Relevant Keywords

Image 9: Most relevant words from the sample
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Source: Adapted from Bibliometrix.

The graph illustrates that "artificial intelligence" is the most prevalent theme, with 93
occurrences. Other strong themes include "agile" and its variants, as well as terms
related to software design and computer science. Less frequent terms include

"scrum," "extreme programming," and emerging technologies like "big data" and
"internet of things." Additionally, there is a presence of terms related to education,
showing a focus on both technological development and pedagogy. The dataset
illustrates a diverse research landscape, particularly in areas like software

engineering, artificial intelligence, and education.
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4.1.11 Key-Words’ Frequency over Time

Image 10: Words’ frequency over time from the sample
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The mention of the term "Atrtificial Intelligence" has increased from 6 in 2002 to 93 in
2023, indicating its growing importance in research and development. "Agile
Methodologies" have also seen an increase, though more moderate, from 3 mentions
in 2002 to 44 in 2023. Terms like "Software Design" and "Software Engineering" have
grown gradually, while mentions of "Computers" and "Computer Science" have
remained stable, suggesting a focus on sub-domains like Al. "Project Management"
and specific terms related to agile have also shown steady growth. In summary, there
is a growing focus on artificial intelligence and agile methodologies, but the
importance of computer science and software engineering remains stable, according

to the study's perspective.

Based on the data generated, there is a substantial increase in the production of
academic articles over the past few decades in countries like the United States, Italy,
and India. The growth in countries such as Pakistan is particularly interesting, as they
have started to contribute more significantly to article production in recent years. This
data shows a dynamic international landscape in terms of academic research, with
some countries displaying robust research infrastructure and others entering the

scene more recently.

The advanced level of academic articles been produced recently could also be
justified by the expansion of Industry 4.0 studies been published, specially the ones
linking both agile methodologies and artificial intelligence to the core necessities of
this new concept, like a study published in 2016, by Professor Andrew Ng, from
Stanford University, stating that artificial intelligence (Al) is the new electricity (Lynch,
2017).

Regarding the impact of these articles, metrics like "Total Citations" and "TC per
Year" offer valuable insights into the influence of individual articles. More recent
papers from authors like Meinert E (2020) and Hayat F (2019) stand out, indicating

that they have had an impact in a short period of time.

Furthermore, according to Folletto et al. (2014), keeping track of a subject’s
bibliometric data, such as a country’s production over time, can highlight
opportunities for international partnerships and the potential for knowledge sharing,

which can lead to scientific breakthroughs and innovation.
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5. Conclusions

The elaborated study has relevance in today's rapidly evolving technological
landscape. The data reveals growth in publications, particularly in emerging domains
like Al, indicating a shift in research focus and priorities. The study also identifies key
contributors, both in terms of authors and countries, thus providing insights into the

global and collaborative nature of this research field, as stated by (Gongalves, 2022).

The analyzed data indicates a rise in academic publications from countries like the
U.S., ltaly, and India, with recent contributions from countries like Pakistan. This
growth is part of a dynamic international research landscape, further propelled by the
expansion of Industry 4.0 studies that link agile methodologies and artificial
intelligence. Impact metrics such as "Total Citations" and "TC per Year" highlight that
more recent articles, specifically those by Meinert E (2020) and Hayat F (2019), have

had a considerable influence in a relatively short span of time.

Concerning research themes, there is an increase in focus on areas like artificial
intelligence and agile methodologies. This is observed not just in article counts but
also in the frequency of keywords used in these articles. "Artificial Intelligence"
dominates the field, while terms like "Agile Methodologies" also show growth,

reflecting changes in the technology field and research priorities.

Lastly, the data suggest that although there is a stable core around topics like
computer science and software engineering, there is a clear inclination towards
emerging sub-domains. The importance of project management and agile
manufacturing systems is also highlighted, indicating that these areas are gaining

recognition.

In summary, we are seeing a rapidly evolving academic world, with shifts in research
focus, increasing diversification of contributing countries, and a rise in the influence

of articles in specific areas.

This study contributes to the academic literature by enabling researchers to identify
current research trends, map collaborative networks and identify the main
authors/affiliations in this intersection of agile methods and artificial intelligence.
Through the examination of publication patterns, author collaborations, and citation
metrics, bibliometrics empowers scholars to make informed decisions about their

research focus and forge valuable collaborations.
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While Scopus is one of the most comprehensive academic databases available, it
does not include every journal, conference proceeding, or research outlet. As a
result, this study could potentially miss valuable insights and data. For future studies,
it would be valuable to explore the underlying factors driving the geographic and
thematic trends observed in the dataset. Additionally, an evaluation of the quality and
real-world application of research, beyond citation metrics, could offer a more
comprehensive view of a paper's impact. Furthermore, the study of tools, concepts,
practices, challenges, benefits, impacts between the intersection of both areas could

lead to a deepen understanding of how this combination is evolving.
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