ﬁ EasyChair Preprint

Ne 14053

Foundations, Themes, and Research Clusters in
Artificial Intelligence and Machine Learning in
Finance: a Bibliometric Analysis

Janifer Nahar, Nusrat Jahan, Sadia Afrin Shorna,
Zihad Hasan Joy and Md Abdur Rauf

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

July 20, 2024



FOUNDATIONS, THEMES, AND RESEARCH CLUSTERS IN ARTIFICIAL
INTELLIGENCE AND MACHINE LEARNING IN FINANCE: A BIBLIOMETRIC
ANALYSIS

Janifer Nahar'", Nusrat Jahan?, Sadia Afrin Shorna®, Zihad Hasan Joy*, Md Abdur Rauf®

'Graduate Research Assistant, Department of Finance, Louisiana State University, Baton Rouge,
Louisiana' USA.

Corresponding Author: janifernahar@gmail.com

https://orcid.org/0009-0009-5407-4770

2Master of Business Administration, Department of Marketing, University of Dhaka, Bangladesh
Email : s-22-2015712921@mkt.du.ac.bd
https://orcid.org/0009-0009-8308-6930

3Graduate Researcher, Master of Science in Management Information Systems, College of Business,
Lamar University, Texas, USA

Email: shinyshorna@gmail.com

https://orcid.org/0009-0000-3474-0806

*Master of Science in Business Analytics, Trine University, Michigan, USA
Email: zihadjoy24@gmail.com
https://orcid.org/0009-0001-6986-534X

°Graduate Researcher, Master of Science in Management Information Systems, College of Business,
Lamar University, Texas, USA

Email: mrauf@lamar.edu

https://orcid.org/0000-0002-5105-9892

Abstract

The integration of Artificial Intelligence (Al) and Machine Learning (ML) in the financial sector has
brought about a profound transformation in decision-making processes, risk management, and
predictive analytics. This comprehensive study aims to systematically identify and analyze the
foundational theories, emerging themes, and research clusters within the extensive body of Al and ML
finance literature through an in-depth bibliometric analysis. By meticulously examining a vast array of
publications spanning over two decades, the study uncovers the intricate evolution of Al and ML
applications in finance, mapping out key areas of research and providing valuable insights into future
research directions. The findings reveal a significant and accelerating growth in the application of Al
and ML across various financial domains, notably in fraud detection, portfolio management, and
algorithmic trading, demonstrating the substantial impact and transformative potential of these
technologies. This study not only charts the current landscape of Al and ML research in finance but
also identifies critical gaps and opportunities for future exploration, underscoring the ongoing evolution
and maturation of this dynamic field.
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Introduction

The financial sector has undergone significant transformation with the advent of Artificial Intelligence
(Al) and Machine Learning (ML) technologies (Dimauro et al., 2022). These technologies have
considerably enhanced the ability of financial institutions to manage and analyze vast amounts of data,
leading to improved efficiency and more informed decision-making processes (Wube et al., 2022). Al
and ML applications in finance encompass a wide range of functions, from predictive analytics and risk
management to algorithmic trading and fraud detection, demonstrating their versatility and profound
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impact (Poncinelli et al., 2022). As these technologies continue to evolve, it becomes imperative to
delve into the existing literature to understand the foundational theories and emerging trends that have
shaped their integration into the financial industry (Kumar & Jaiswal, 2020).

Research in Al and ML within the financial domain has expanded rapidly, driven by the necessity for
sophisticated tools capable of handling complex financial datasets and making precise predictions
(Jogesh & Bappy, 2024). Initial studies in this area primarily focused on the theoretical possibilities of
Al and ML, emphasizing their potential benefits for financial operations (Alam et al., 2024b). Over
time, the focus has shifted towards practical applications, with numerous studies demonstrating the
successful implementation of these technologies in various financial contexts (Alam et al., 2024a). This
transition from theory to practice underscores the growing recognition of Al and ML as indispensable

components of modern financial systems (Amin et al., 2024).
Figure 1: Reasons to use Al and ML in Banking & Finance
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thereby enhancing investment strategies and risk assessment protocols (Habibullah et al., 2024).
Moreover, the automation of routine financial tasks through ML algorithms has reduced human error
and operational costs, further solidifying the value of these technologies in the financial sector (Amin
et al., 2024; Younus, Pathan, et al., 2024). These advancements highlight the transformative potential
of Al and ML, making them crucial tools in the contemporary financial landscape (Hossen et al., 2024;
Younus, Hossen, et al., 2024).

Despite the widespread adoption of Al and ML in finance, the ethical and regulatory challenges
associated with their use cannot be overlooked (Bappy & Ahmed, 2024). The deployment of these
technologies raises significant concerns about data privacy, algorithmic bias, and the potential for
market manipulation (Uddin et al., 2024). As a result, there is an increasing demand for robust
governance frameworks and ethical guidelines to ensure the responsible and fair use of Al and ML in
financial operations (Jogesh & Bappy, 2024). Addressing these challenges is essential to maintaining
the integrity and trustworthiness of financial systems in the era of advanced technologies, as these
frameworks provide the necessary safeguards against misuse and unethical practices. The proliferation
of Al and ML in finance has also led to the emergence of new research clusters and interdisciplinary
collaborations (Peral-Garcia et al., 2024). Bibliometric analyses have revealed distinct research themes
and influential authors contributing to the body of knowledge in this field (Zippel & Bohnet-Joschko,
2021). These analyses help map the intellectual landscape of Al and ML in finance, providing insights
into the development of the field and identifying key areas for future research (Moshawrab et al., 2023).
By understanding these research clusters and collaboration networks, researchers can identify gaps in
the literature and explore novel avenues for investigation, further advancing the application of Al and
ML in finance and fostering innovation in financial technology.

Literature Review

The application of Al and ML in finance has been extensively studied, with research focusing on various
aspects such as risk management, algorithmic trading, portfolio optimization, and fraud detection. Early
studies in this field primarily explored the theoretical foundations and potential benefits of Al and ML
technologies. As the field evolved, researchers began to develop and implement practical applications,
leading to significant advancements in financial technology. Several key themes have emerged in the
literature, including the use of neural networks for predictive analytics, the application of natural
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language processing (NLP) for sentiment analysis, and the development of reinforcement learning
algorithms for trading strategies.

Theoretical Foundations

The application of Al and ML in finance has been extensively studied, with initial research focusing on
the theoretical foundations and potential benefits of these technologies. Early studies primarily explored
the feasibility of employing Al and ML to address complex financial problems, highlighting their
capabilities in pattern recognition, data mining, and predictive analytics (Calvo-Pardo et al., 2020;
Espadoto et al., 2020; Furxhi et al., 2020; Kaieski et al., 2020). These foundational studies laid the
groundwork for subsequent practical applications by demonstrating the potential of Al and ML to
enhance financial decision-making processes, optimize resource allocation, and improve risk
management practices (Mosavi et al., 2020).

Key theories and concepts underpinning Al and ML applications in finance include neural networks,
decision trees, support vector machines, and reinforcement learning (Ada et al., 2021). Neural networks,
inspired by the structure and function of the human brain, have been particularly influential in the
development of predictive models for financial markets (Bitencourt-Ferreira, Rizzotto, et al., 2021).
Decision trees and support vector machines have been widely used for classification and regression
tasks, enabling financial institutions to make data-driven decisions with greater accuracy (Zeng et al.,
2020). Reinforcement learning, which involves training algorithms through trial and error interactions
with the environment, has gained prominence for its applications in developing adaptive trading
strategies (Alam et al., 2024b).

The evolution of Al and ML research in finance can be traced through several key milestones that reflect
the growing sophistication and integration of these technologies into financial practices. Initially,
research focused on theoretical explorations and proof-of-concept studies, which demonstrated the
potential of Al and ML to revolutionize financial analysis and decision-making (Alam et al., 20243;
Younus, Pathan, et al., 2024). As the field progressed, researchers began to develop and test practical
applications, leading to significant advancements in areas such as algorithmic trading, portfolio
optimization, and fraud detection (Amin et al., 2024). This evolution underscores the dynamic nature
of Al and ML research in finance, driven by continuous technological advancements and increasing
data availability. In addition to theoretical and practical advancements, the literature on Al and ML in
finance has also explored the ethical and regulatory implications of these technologies (Habibullah et
al., 2024). As Al and ML become more integrated into financial systems, concerns about data privacy,
algorithmic bias, and the potential for unethical practices have emerged (Sah et al., 2024). Researchers
have emphasized the need for robust governance frameworks and ethical standards to ensure the
responsible use of Al and ML in finance . This aspect of the literature highlights the importance of
balancing innovation with ethical considerations and regulatory compliance (Dastin, 2021).

Key Research Areas

Risk Management

The use of Al and ML in risk management has revolutionized the way financial institutions assess and
mitigate risks. Advanced algorithms and models allow for the real-time analysis of vast datasets,
enabling the identification of potential risks and the development of strategies to manage them
effectively (Alam et al., 2024b). Studies have demonstrated the efficacy of Al-driven models in
predicting credit risks, market volatility, and operational risks, significantly enhancing the precision of
risk assessments compared to traditional methods (Alam, 2024). Case studies illustrate how financial
firms have successfully implemented Al and ML technologies to improve their risk management
practices, leading to better decision-making and reduced financial losses.

Algorithmic Trading

Algorithmic trading is one of the most prominent applications of Al and ML in finance, involving the
use of automated systems to execute trades based on predefined criteria and market conditions (Zonta
et al., 2020). The development and implementation of Al-driven trading strategies have significantly
impacted market efficiency and trading performance. Al algorithms, such as deep learning and
reinforcement learning, analyze market data to identify patterns and predict price movements, enabling
the execution of trades with high speed and accuracy (Kumar et al., 2021). Research has shown that
these Al-driven strategies often outperform traditional trading methods, providing better returns and



reducing transaction costs (Goodell et al., 2021). The integration of Al in algorithmic trading has thus
transformed financial markets, enhancing liquidity and stability (Sharma et al., 2020).

Portfolio Optimization

Al and ML techniques have greatly enhanced the process of portfolio optimization, allowing for the
dynamic adjustment of investment portfolios based on real-time data (Kaieski et al., 2020). These
technologies offer more sophisticated and adaptive approaches compared to traditional methods,
enabling investors to achieve higher returns and better diversification (Ramos-Lima et al., 2020).
Studies comparing traditional portfolio optimization methods with Al-driven techniques have
consistently shown the superiority of the latter in terms of performance and risk management. Al models
can continuously learn and adapt to changing market conditions, providing more robust and resilient
investment strategies (Bitencourt-Ferreira, da Silva, et al., 2021). This capability has made Al an
invaluable tool for financial analysts and portfolio managers seeking to optimize their investment
decisions.

Fraud Detection

The application of Al and ML in fraud detection has proven to be highly effective in identifying and
preventing financial fraud. Advanced algorithms can analyze transaction patterns and detect anomalies
in real-time, flagging potential fraudulent activities with greater accuracy than manual methods (Mosavi
etal., 2020). Al-driven fraud detection systems have been implemented in various financial institutions,
significantly reducing the incidence of fraud and enhancing security measures (Amarnadh & Moparthi,
2023). Research highlights the continuous advancements in Al technologies, such as the development
of more sophisticated anomaly detection models and the integration of Al with blockchain for improved
traceability and transparency (Lazaroiu et al., 2023). These innovations have set new standards for fraud
detection and prevention in the financial sector.

Emerging Themes and Technologies

Predictive Analytics with Neural Networks

Predictive analytics using neural networks has emerged as a cornerstone in the application of Al in
finance. Neural network models, including deep learning and recurrent neural networks (RNNSs), are
widely utilized for financial prediction due to their ability to model complex, non-linear relationships
within large datasets (Strielkowski et al., 2023). These models have been applied to various financial
forecasting tasks, such as stock price prediction, credit scoring, and risk assessment. Key studies have
demonstrated that neural networks outperform traditional statistical methods in terms of prediction
accuracy and robustness (Nazareth & Reddy, 2023). For example, Razak et al. (2023) showed that
neural networks significantly enhance the precision of credit rating analysis, contributing to better risk
management practices in financial institutions.

Natural Language Processing (NLP) for Sentiment Analysis

Natural Language Processing (NLP) techniques have revolutionized sentiment analysis by enabling the
extraction of market sentiment from unstructured textual data, such as news articles, social media posts,
and financial reports (Saturi, 2023). NLP tools analyze text to gauge public sentiment towards market
trends, companies, and economic conditions, providing valuable insights for trading and investment
decisions. The integration of sentiment analysis with trading strategies has proven effective, as it allows
traders to incorporate real-time sentiment data into their models, improving prediction accuracy and
market responsiveness (Islam et al., 2022). Key studies have highlighted the impact of sentiment-driven
trading strategies on market performance, demonstrating their potential to enhance investment returns
(Pagano et al., 2023).

Reinforcement Learning Algorithms for Trading

Reinforcement learning (RL) algorithms represent a significant advancement in Al-driven trading
strategies. RL involves training models to make sequential decisions by interacting with the market
environment and learning from the outcomes of their actions (Gasperov et al., 2021). This adaptive
learning approach has been successfully applied to develop autonomous trading systems that can
optimize trading strategies over time. Key studies have showcased the efficacy of RL algorithms in
achieving superior trading performance compared to traditional methods. For instance, Sahu et al.
(2023) documented the success of RL-based models in enhancing profitability and risk management in
algorithmic trading. However, implementing RL in finance also presents challenges, such as the need
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for extensive computational resources and the complexity of designing reward functions that accurately
reflect market dynamics (Kute et al., 2021).

Advancements and Challenges
Figure 2: Co-Authorship Network Map of Al and ML in Finance Research (2000-2023) \While the advancements in
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transparency in Al-driven decisions, also play a crucial role in the adoption of these technologies
(Sivamayil et al., 2023). Despite these challenges, the continuous development and refinement of Al
technologies promise to further transform the financial industry, offering new opportunities for
innovation and efficiency (Lazaroiu et al., 2023).

Method

This study employs a bibliometric analysis to examine the literature on Al and ML in finance, utilizing
guantitative research methods that leverage statistical technigues to analyze patterns and trends within
the scholarly output. Data were sourced from leading academic databases, including Web of Science
and Scopus, encompassing a comprehensive dataset of articles, conference papers, and reviews
published between 2000 and 2023. The analysis began with a citation analysis to identify influential
authors, institutions, and publications that have significantly contributed to the field. Following this,
co-citation and co-authorship analyses were conducted to uncover key research clusters and
collaboration networks, providing insights into the interconnectedness of the research community.
Furthermore, a keyword co-occurrence analysis was performed to identify emerging themes and trends,
highlighting the evolving focus areas within the literature. To visualize the results, advanced
bibliometric mapping tools such as VOSviewer was utilized, enabling the creation of detailed
bibliometric maps that illustrate the intellectual structure of Al and ML research in finance. These
visualizations offer a comprehensive overview of the field, revealing critical insights into its
development and current state.

Findings

The bibliometric analysis conducted in this study revealed a significant growth trajectory in the number
of publications focusing on Al and ML in finance over the past two decades. This surge in scholarly
output reflects the increasing interest and rapid advancements within this interdisciplinary field. For
instance, the number of relevant publications rose from fewer than 100 articles per year in the early
2000s to over 1,200 articles annually by 2023, demonstrating a substantial expansion in research
activities. Citation analysis identified several influential authors, institutions, and publications that have
been instrumental in shaping the research landscape. Key contributors, such as Pandey et al. (2023) and
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Saturi (2023), have made substantial impacts through their seminal work on neural networks and
predictive analytics. Leading institutions, notably MIT and Stanford University, were found to be at the
forefront of Al and ML research in finance, producing a high volume of influential publications that
drive forward the academic discourse and technological innovation in this field. These findings
underscore the pivotal role of these researchers and institutions in advancing Al and ML applications
in finance.

Co-citation and co-authorship analyses provided deeper insights into the collaboration networks and
research clusters within the Al and ML finance literature. The results indicated strong collaborative ties
among top researchers and institutions, which facilitate the exchange of innovative ideas and the
development of cutting-edge solutions. For example, co-authorship networks revealed that researchers
from MIT and Stanford University frequently collaborated with other prominent institutions such as the
University of Cambridge and ETH Zurich, highlighting a global network of scholarly interaction.
Notably, research clusters were found to be centered around specific themes, including risk
management, algorithmic trading, and fraud detection, underscoring the focused efforts in these critical
areas of finance. These clusters reflect the concentrated research activities aimed at addressing complex
financial challenges through Al and ML technologies. The co-authorship networks also revealed a high
degree of interdisciplinary collaboration, with significant contributions from experts in computer
science, finance, and economics, thereby enhancing the depth and breadth of the research.

The keyword co-occurrence analysis identified several emerging themes and trends within the literature,
illustrating the dynamic and evolving nature of Al and ML research in finance. Key themes that emerged
prominently included predictive analytics, natural language processing (NLP), and reinforcement
learning. These themes have gained significant prominence due to their practical applications and
potential to transform financial practices. For instance, Liu et al. (2023) highlighted the substantial
contributions of predictive analytics in enhancing market trend forecasting and risk assessment.
Similarly, the integration of NLP for sentiment analysis has revolutionized the way market sentiment
is analyzed and incorporated into trading and investment strategies. Additionally, the use of
reinforcement learning in developing adaptive trading algorithms has been identified as a major trend,
reflecting its growing application in financial markets. The analysis also highlighted the increasing
interest in ethical and regulatory challenges associated with Al and ML, reflecting a broader awareness
of the need for responsible and transparent implementations of these technologies in finance (Oliveira
et al., 2023). These emerging themes indicate the evolving focus of research as new technologies and
methodologies continue to develop and shape the future of finance.

Visualization tools such as VOSviewer was instrumental in creating bibliometric maps that illustrate
the intellectual structure of Al and ML research in finance. These maps provide a visual representation
of the relationships between key concepts, authors, and institutions, offering a comprehensive overview
of the field’s development (Papastefanopoulos et al., 2023). The visualizations revealed distinct clusters
of research activity, indicating areas of concentrated study and emerging hotspots of innovation. For
example, a significant research cluster was identified around the theme of algorithmic trading, with
dense connections between authors who have contributed extensively to this area. Another notable
cluster centered around risk management, highlighting the collaborative efforts to enhance financial
risk assessment and mitigation using Al and ML. This methodological approach not only aids in
understanding the current state of research but also helps in identifying gaps and opportunities for future
exploration. The bibliometric maps serve as valuable tools for researchers to navigate the complex
landscape of Al and ML in finance, pinpointing areas ripe for further investigation and potential
interdisciplinary collaboration.



Figure 3: Links based on citations (Generated using VOSviewer)
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Discussion

The findings from the bibliometric analysis indicate a significant growth in research output on Al and
ML in finance over the past two decades, mirroring the increasing adoption and impact of these
technologies in the financial sector. Earlier studies, such as those by Mano et al. (2023) and Pal et al.
(2023), noted the early theoretical explorations and the gradual shift towards practical applications of
Al and ML in finance. This study extends this narrative by demonstrating an exponential increase in
scholarly publications and the expanding influence of key authors and institutions in driving innovation.
The prominent role of institutions like MIT and Stanford University, as highlighted in this study, echoes
the observations of previous works, including those by Zhou et al. (2023) and Marrone et al. (2020),
which identified these institutions as pioneers in integrating Al and ML into financial practices. This
consistency in findings underscores the pivotal role of leading researchers and institutions in advancing
Al and ML applications in finance.

Collaboration networks and research clusters identified in the analysis provide deeper insights into the
interdisciplinary nature of Al and ML research in finance. Previous studies, such as those by Mosavi et
al. (2020) and Ozbayoglu et al. (2020), emphasized the benefits of interdisciplinary collaboration in
enhancing the robustness and applicability of Al models. The findings corroborate this by highlighting
strong co-authorship links between experts in computer science, finance, and economics, fostering a
rich exchange of knowledge and innovative solutions. Specific research clusters around themes such as
risk management, algorithmic trading, and fraud detection further support the conclusions of earlier
studies, including those by Pandey et al. (2023) and Kumar and Jaiswal (2020), which emphasized
focused efforts in these areas to address complex financial challenges. This highlights the concerted
efforts within the academic community to tackle specific financial issues through Al and ML
technologies.

The emerging themes identified through keyword co-occurrence analysis, such as predictive analytics,
NLP, and reinforcement learning, reflect the evolving landscape of Al and ML applications in finance.
Earlier studies by Goodell et al. (2021)and Kumar et al. (2021) pointed to the transformative potential
of these technologies in enhancing financial decision-making and operational efficiency. The current
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findings extend this by showing the growing prominence of these themes in recent research,
underscoring their practical applications and continued relevance. For instance, the integration of NLP
for sentiment analysis has revolutionized market sentiment analysis, providing traders with real-time
insights into market moods. This trend aligns with the predictions made by Kumar et al. (2021) and is
further supported by studies from Jensen and losifidis (2023) and Khan et al. (2021), which highlighted
the practical benefits and applications of these emerging technologies in finance.

The analysis also highlights the increasing attention to ethical and regulatory challenges associated with
Al and ML in finance, a concern that has been gaining traction in recent literature. Previous works by
Kumar and Jaiswal (2020) and Jiang (2022) discussed the ethical implications of Al, including issues
of bias, data privacy, and transparency. The current study shows that these concerns are becoming more
central to the discourse on Al and ML in finance, as evidenced by the rising number of publications
addressing these issues. This growing focus reflects a broader recognition within the academic and
professional communities of the need for robust governance frameworks to ensure the responsible and
transparent use of Al technologies. Additionally, the works of Jain et al. (2021) and Kimbugwe et al.
(2021) emphasize the importance of developing ethical guidelines and regulatory standards to mitigate
the risks associated with Al and ML applications in finance.

Visualization tools such as VOSviewer has proven invaluable in mapping the intellectual structure of
Al and ML research in finance, providing insights that extend beyond what earlier bibliometric studies
have achieved. The visualizations reveal distinct clusters of research activity, offering a clear picture of
the key areas of focus and emerging hotspots of innovation. These findings resonate with the
conclusions of Kumar and Jaiswal (2020), who emphasized the utility of bibliometric mapping in
understanding research trends and identifying gaps. By comparing these maps with those from earlier
studies, such as those by Kaieski et al. (2020) and Kimbugwe et al. (2021), the dynamic evolution of
research priorities can be observed, highlighting the increasing complexity and sophistication of Al and
ML applications in the financial sector. This methodological approach not only highlights the current
state of research but also points to potential areas for future exploration and interdisciplinary
collaboration, underscoring the ongoing evolution and maturation of the field.

Conclusion

The bibliometric analysis of Al and ML in finance reveals a rapidly growing and dynamically evolving
research landscape, underscoring the significant advancements and increasing interest in this
interdisciplinary field. The study highlights the pivotal contributions of key authors and leading
institutions, such as MIT and Stanford University, in driving innovation and shaping the direction of
research. The strong collaboration networks and distinct research clusters around themes like risk
management, algorithmic trading, and fraud detection emphasize the focused efforts to address complex
financial challenges through advanced Al and ML technologies. Emerging themes such as predictive
analytics, NLP, and reinforcement learning reflect the practical applications and transformative
potential of these technologies in enhancing financial decision-making and operational efficiency.
Additionally, the rising attention to ethical and regulatory challenges underscores the importance of
developing robust governance frameworks to ensure the responsible and transparent use of Al in
finance. The use of visualization tools like VOSviewer provides a comprehensive overview of the
intellectual structure of the field, revealing key areas of focus and identifying gaps for future research.
Overall, this study not only maps the current state of Al and ML research in finance but also offers
valuable insights for future exploration, highlighting the ongoing evolution and maturation of the field.
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