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Abstract: Big Data has become one of the most popular topics, especially in the finance industry. In this paper, we explore the
significant role of big data in transforming the banking sector, where data has emerged as a critical asset. The advent of big
data analytics has set a paradigm shift in the operational interaction with bank customers and to make strategic decisions. First,
the paper illustrated a detailed exploration of the big data concept, focusing on its characteristics, such as volume, velocity, and
variety, and their impact on the banking sector. Then, the paper provides a detailed overview of the sources of big data in the
banking sector, including transaction records, customer engagements, social media interactions, and others that contribute to
the huge data environment of banking. Further, the paper explains how big data is utilized in banking with diverse applications,
such as improving risk management practices, personalizing customer services, detecting fraud, and boosting operational
efficiency. Finally, this paper presents some challenges of big data in the banking sector, including issues related to data privacy,
security, and others. Some case studies are discussed as practical examples of the real benefits banks have gained from adopting
big data analytics.
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1. Introduction

We live in the Age of Data, in which both public and private sector industries generate, store, and analyze big data to improve
their services [1]. Big data is massive amounts of information that are almost never analysed using conventional data processing
methods [2]. It has repercussions in the fields of commerce, medicine, economics, safety, agriculture, and traffic management
[3]. Businesses can revolutionise their operations and acquire a competitive advantage by analysing massive amounts of
unstructured data from various sources using big data analytics [4]. The full potential of big data investments has only been
realised by a limited minority of companies [5]. The financial sector, with to its vast consumer base and widespread use of
mobile and new technology, produces vast quantities of data that, if not handled correctly, might yield useless insights. When
it comes to overseeing and carrying out big data projects, this creates both possibilities and obstacles. A large portion of the raw
data used in banking is already sorted, cleansed, and verified for its origin, which greatly simplifies the process of business data
extraction (BD) from massive and frequently disorganised datasets [6].
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As shown in [7], the financial industry is driven by regulations, fraud detection, marketing analytics, customer security insight,
and explosive data expansion. These factors also play a role in the use of big data technology. Reforms in regulations,
improvements in operational efficiency, and increased profits for customers are the three main motivators for Big Data analytics,
as stated in [8]. The advent of "Big Data" has brought about a sea change in the way banks and other financial organisations
handle, analyse, and use massive volumes of data to inform strategy and decision-making. Big Data presents formidable
obstacles in the financial sector. Problems with data security and privacy, having to comply with regulations, dealing with a
variety of data sources, and finding qualified people to analyse and understand the data are all examples of these. The
information environment is enriched by transaction data as a result of banking activity. The banking industry has extensive
expertise in handling transaction records due to its reliance on data and information [6].

The use of big data analytics in the financial sector, and the financial market in particular, has increased within the last decade.
Experts in the financial sector see big data analytics as a game-changer that can revolutionise risk analysis, fight fraud, and
shift the paradigm of investing and trade from instantaneous to real-time settlement [9]. The financial sector has produced a
mountain of data as a result of its embrace of social media and internet-based strategies. Hence, big data approaches are
necessary for successful data analysis in decision-making. Further, by analysing financial records and data, anti-money
laundering, financial statement fraud, financial spamming, impersonation, and identity theft can be identified and handled
appropriately [10].

This paper is organized as follows: section 1 discusses related literature review and approaches that cover this common area,
section 2 presents a general view of common tools and technologies of big data in the banking sector like the Hadoop
framework, MapReduce model, and we conclude with the advantages and disadvantages of using big data in the banking sector.

2. Literature Review

In this section, we illustrated the existing literature, focusing on critical areas such as the big data revolution, its analytics, and
the significant role they play in the financial industry, big data applications in the banking sector, common tools and
technologies of big data in the banking sector, advantages of big data in the banking sector and challenges of big data in the
banking sector.

2.1. Big Data

Big Data is associated with the next frontier for innovation, competition, and productivity [11]. It is also considered a revolution
that will transform how we live, work, and think [12]. Big Data in finance refers to the massive volumes of structured and
unstructured data generated from various sources like transaction records, market data, customer profiles, and social media
interactions. This data is characterized by its enormous volume, high velocity, and diverse variety, which traditional data
processing software cannot handle efficiently.

The phrase "big data" has exploded in popularity during the past few years. Big data is created and analysed by every corporate
or academic sector for different reasons. The three most common ways of describing large data are the "3 Vs": volume, velocity,
and variety [13]. According to Gartner, big data is defined as information assets with high volume, velocity, and variety that
require creative, cost-effective processing methods to improve insight and decision-making (Figure 1).
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Figure 1: Gartner’s Vector model
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Volume, velocity, variety, value, and veracity make up the 5 Vs model, which is Big Data [14]. Data processing in real time,
including gathering and analysis, is what we mean when we talk about velocity, whereas volume refers to handling large
amounts of data of any kind. Diversity encompasses all forms of data gathered from different sources, whether they be audio,
video, images, or location data (e.g., from Google Maps), traditional structured data (e.g., from webpages and text), or web log
files, social media, enterprise content, transactions, or data applications. To guarantee the legitimacy and security of a date, a
valid power of attorney is required (Figure 2).
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Figure 2: Big data’s components [14]

Over time, some other attributes have been included in the basic framework, such as integrity, Variability, Volatility, and Value:
The Seven V’s can be defined in [13] as:

e  Volume is the ever-increasing amount of data that is created. When it comes to big data, the sizes can quickly go into
the petabytes.

e The variety of data types in a dataset is reflected in its heterogeneity. Text, sensor data, audio, video, log files, etc. are
examples of the unstructured, semi-structured, and other types of data generated by modern businesses' use of
information and communication technologies (ICTs).

e The velocity of data is defined as the rate of data generation and the rate of processing, analysis, and action on that
data.

e The level of uncertainty associated with the majority of data sources is known as veracity. Big Data suggests dealing
with inaccurate and untrustworthy data using specialised tools and analytics.

e  Variability: Connecting, matching, cleansing, and transforming data acquired from many sources is very necessary
due to the complexity and diversity of the data generating process.

e Data storage and retention capacity is what we mean when we talk about volatility. Big data poses serious challenges
in terms of storage retention and data security due to the rapidly increasing data velocity and volume.

e  Value: When contrasted with the massive quantity of data produced, its inherent value is negligible. Large amounts of
such data, when processed and analysed, can greatly enhance this value.

The four main categories of data analytics have been specified in most of the published works on the topic [15]. Government
agencies can also make use of these categories when working with big data: descriptive, diagnostic, predictive, and prescriptive
analytics (Figure 3).

Questions ‘What happened? What should | do?
What is happening? Why should I do it?
Enablers Data mining
Text mining
‘Web mining
Machine learning

Outcomes Accurate projections

Figure 3: Types of Big Data Analytics [15]

Vol.1, No.3, 2023 149



There are four main general ways that businesses can take advantage of big data to give themselves a competitive edge in the
market [16]: enhanced operations, as BD may be employed to maximise real-time process optimization and asset usage for
long-term improvement, and to create net new revenue streams through expanded business ventures or the monetization of
process-generated data. In the short term, better service and customer experience; in the long term, products and services that
are better tailored to customers as individuals; and in the midst of all this, better innovation is possible because better products
and services elevate customer solutions, propelling them up the experience economy curve from products and services to
experiences and transformations. With the use of publicly available datasets or other open contest or challenge components, ad
hoc solvers can find the optimal solution that fulfils all criteria.

The fields of engineering and statistics should employ different definitions of "big data" when conducting research in finance
[17]. The three main features of big data in financial research are its quantity, dimensionality, and complexity. The primary goal
of researchers in these fields is to develop infrastructure that can collect, organise, store, and analyse data. In addition, they go
into the pros and cons of these traits and how they affect financial research.

Gather information that enables financial institutions to offer a comprehensive picture of their clients' financial situation in real
time. Various data sources, including mobile, e-commerce, laptops, tablets, ATMs, and others, allow banks to anticipate clients'
requirements and offer solutions that empower them to make wise financial decisions [18] in Figure 4.
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Figure 4: Different sources of data for financial institutions [18]

Patwardhan [19] identifies offline and online channels and social banking activities as the main sources of Big Data for banks.
It discusses how banks can leverage these sources for insights into customer behavior and to optimize business operations.

The necessity for financial services businesses to gather, store, and analyse large amounts of data is driven by four key drivers,
as shown in [20]:

e The digitization and commoditization of monetary goods and services. The majority of the banks' services may be
accessed online by customers.

e Increased activity: Increased activity and entry into new markets have resulted from the convenience and low cost of
doing financial transactions using online vehicles.

e New data sources: New, difficult-to-digest data sources have emerged as a result of the digital revolution; examples
include information gleaned from social media, blogs, and derivative trading platforms. A more complete image of
people, families, businesses, and markets can be created by combining this data with personal financial activities and
histories.

e Increased regulations: Capital asset management solutions that are both predictable and integrated have been in high
demand due to government stress testing in recent years.

In this article "Factors Influencing the Use of Big Data Approaches in Banking" [19], Patwardhan outlined the following:

e The banking industry is becoming more homogeneous; having a solid information system will not give you an edge
over the competition but having strong analytics will.
e The cost of storing and analyzing data is falling.
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e Advanced analytics are necessary for critical applications like as detecting fraud and money laundering, keeping tabs
on sanctions and blacklists, improving account administration, and monitoring important financial indicators.

The finance sector derives Big Data from numerous sources. These include transactions, ATM operations, credit/debit card
usage, online banking, mobile banking apps, social media, market trends, economic indicators, and customer feedback. The
data encompasses various types, including numerical, textual, auditory, and even visual data, providing a comprehensive
financial landscape.

Ritchi et al., [21] begin with a global perspective on the rapid growth of data, especially during the COVID-19 pandemic, and
its implications for the banking sector. It discusses how big data is characterized by its volume, velocity, veracity, variety, and
value and its potential competitive advantages to financial institutions. In order to innovate business processes and make data-
driven decisions, the authors investigate how Indonesian banks see the use of big data as a strategic imperative. They talk about
how data security, consumer data analysis, fraud prevention, and credit risk management are just a few areas that could benefit
from big data in the banking industry.

3. Big Data Analytics

Combining "big data" with "analytics," the term "big data analytics" is defined in [22]. Big data describes extremely huge
databases, while analytics is the process of mining massive information for insights that can help with solving complicated
problems.

"Big data analytics" refers to a new breed of architectures and technologies that facilitate rapid data capture, discovery, and
analysis in order to economically mine massive amounts of diverse data [1]. There has been a lot of buzz in recent years about
how valuable big data analytics can be for guiding organisational decision-making. The financial industry can now tap into Big
Data's potential thanks to the rise of advanced analytics. Thanks to this technology, massive data collections may be easily
processed, analysed, and understood, yielding insights that were previously impossible to get.

Big data analytics tools have helped many different types of businesses and industries. In order to make informed decisions,
these fields produce massive amounts of data, necessitating big data analytics procedures. The healthcare, communications,
network optimization, retail, and financial sectors are among these areas of application. When applied to the financial sector,
big data analytics improves operational efficiency, identifies and prevents fraud, enhances the client experience, and leads to
better risk management. By having more complete and accurate information, financial institutions may better meet the demands
of their customers, anticipate market trends, and reduce risk.

Big Data Analytics (BDA) combines two aspects: Analytics for Big Data and Databases. Countless studies have shown that
BDA helps contemporary companies succeed financially [23]. With BDA, organisations may improve their decision-making
and boost their productivity by solving descriptive, predictive, and prescriptive analytics challenges with data [24]. Key Factors
for BDA Success identifies as a technological infrastructure in [25], Big Data skills, data quality, and top management support
as critical factors for the efficient use of BDA in banking. The study suggests that when implemented effectively, BDA can
significantly improve banking operations, particularly in areas like risk management, marketing, and customer relations. The
paper emphasizes the importance of aligning BDA with dynamic capabilities to benefit BDA fully.

Four alternative solutions that lead to high performance of elements surrounding big data analytics are identified in [26]; each
solution represents a cluster of firms that share common configurations of elements, or antecedents, that is linked to high levels
of performance, they also show that big data analytics is more than just investments in technology, collection of vast amounts
of data, they provide valuable insights into the complex relationship between big data analytics capabilities and firm
performance, particularly in the context of Greek firms by emphasizes the role of contextual factors and resource configurations
in leveraging big data analytics for performance gains.

Mikalef et al., [27] provide valuable insights into the strategic importance of big data analytics in enhancing competitive
performance, highlighting the crucial role of dynamic and operational capabilities as mediators in this process; they defined
BDAC as the firm’s ability to deploy technology and talent to generate insights from data. They propose that while big data is
necessary, it’s insufficient to drive competitive performance gains. The impact of BDAC on competitive performance is indirect
and mediated by changes in the firm’s organizational capabilities.

It analyses the impact of scalability, data size, and resource availability on big data analytics in [28], which focuses solely on
the software and hardware platforms utilised in big data analytics. On the other hand, it omitted information on cutting-edge
big data analytics software and technologies, which are essential for efficient company decision-making.

When a researcher looked into the text of a Wall Street Journal column called "Abreast of the Market" to predict market returns,
it was the first application of big data in the financial sector [29]. Figure 5 shows the internal drivers of BD analytics in banking,
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which include operational efficiency, internal risks, and growth of internal data, while the external drivers include market
dynamics, regulations, and the expansion of external data.

External | Regulations Better overall transparency, growing velocity for liquidity
estimation

Market forces | 360-degree customer view, competitive intelligence
External risks | Insights require top-grade analytics

Growth of Potentially useful sources of social information
external data

Internal | Operational Standard commoditized services to be run in a near-optimal mode
efficiency
Internal risks | Demand for predictability, detection of rogue traders
Growth of Growth of the numbers and variety of devices used in banking
internal data transactions

Figure 5: Drivers of Big Data approaches in banking [6]

Gupta et al., [30] discuss the necessity of big data analytics in modern industries, particularly in banking, for improving service
quality and customer experience; it explores how big data analytics aids in various banking operations like monitoring money
movements, detecting threats, and improving decision-making processes and addresses the growing trend of online banking
and the increased risks of fraud, highlighting the role of big data in mitigating these risks.

4. Big Data in The Finance and Banking Sector

The financial sector, including banking, gains significantly from leveraging big data; big data technology helps financial
institutions maximize data value, gain competitive advantages, reduce costs, and minimize risks in real-time [31]. When it
comes to processing or analysing this data, the banking and financial sectors are among the most intricate and delicate industries
in the world. Not only that, but traditional database management systems and systems architectures are struggling to keep up
with the ever-increasing amounts of data, which is making performance issues even worse [ 18].

Financial institutions are no different from any other type of business when it comes to seeing the potential value in big data.
With no tangible goods to provide, financial services organisations rely heavily on data as an asset. Big Data Analytics (BDA)
offers a unique and promising approach to this problem [32]. The information operations of banks have characteristics that
mirror their demands for accuracy, data security, and risk management [33]. As a result of industry peculiarities, banks need
affordable, easily-managed large data handling solutions that deliver high business value.

Implementation of big data in the Indonesian banking sector is examined in [21]; the authors use a deductive, descriptive
method with in-depth interviews of experts in banking and adjacent sectors to assess the maturity of big data implementation
in three major banks and two complementary companies. They assess implementation through the B-DAD (Big — Data
Analytics and Decision) Framework, which comprises four phases: intelligence, design, choice, and implementation. The
framework assesses elements like data architecture, analytics, decision-making, and operational integration of big data.
Indonesian banks face challenges in fully integrating big data into their operations. While they have begun implementing big
data, there is a need for a stronger data-driven vision and management to drive decision-making across the firms. The study
recommends that banks enhance their human resources with skills in big data analytics. Additionally, having a clear vision and
support from top management is crucial for effectively implementing big data.

Phan and Tran [25] discuss the usage of Big Data in risk management, including areas like fraud detection, customer behavior
analysis, and compliance with regulatory requirements. Hasan et al., [34] introduce the influence of intelligent, data-driven
technology systems in banking, emphasizing the transformative impact of data and new technologies on business strategies and
management. It discusses how big data assists in building advanced risk management systems and detecting cybersecurity
threats, how big data helps in detecting banking fraud more accurately and efficiently, provides a comprehensive view of
customers, aiding in segmentation and targeted marketing, and the role of big data in enhancing decision-making quality in
banks.

Hadoop and MapReduce, two powerful big data technologies, were suggested for use in a system architecture in [18]. An
improved and more precise method for detecting fraud is the goal of the suggested concept. This involves incorporating the
Hadoop framework into the existing system design and utilising MapReduce algorithms to directly affect the frequency of
performance and information delivery. Preventing or detecting fraudulent claims is the primary goal, and it can be achieved by
checking the database for each online transaction that matches a fraud rule set by the bank's risk department. According to their
findings, there is a significant gap between all international fraud systems providers, and the current best solution for detecting
fraud in the banking domain system is an optimised response during the treatment of transactions in real-time, as well as
optimised research in terms of technologies and models of analysis.
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Pérez-Martin et al., [35] argued that banks should use big data analytics to gauge customer creditworthiness. In addition, they
imply that database administration is critical for the automated assessment of credit standing in a fair amount of time. In order
to comply with regulatory standards and classify risk groupings, banking firms now use big data approaches.

Big data is becoming more relevant for risk analysis in financial sector firms, according to the authors of [35]. They argue that
behaviour scorecards and improved model quality are two ways in which big data improves risk management. Additionally,
compared to more conventional methods, big data aids in the rapid interpretation of risk analysis results.

Here are three groups of areas that are directly related to big data in the financial sector: first, the implications of big data for
financial markets and company growth; second, the implications of big data for internet finance and value creation in internet
credit-service companies; and third, the use of big data in financial management, risk management, analysis, and applications.
Hasan et al., [9] provided examples of some of these areas.

The case study in [36] shows how a Taiwanese commercial bank adopted big data analytics in Customer Relationship
Management (CRM) and discusses the customer clustering analysis, a primary CRM model in banking, and the challenges in
handling large datasets. It comprehensively examines the application and impact of big data analytics in banking. It highlights
how big data can be integrated into banking operations, the challenges faced in its implementation, and the importance of
technical and non-technical factors for successful application. The case study from a Taiwanese bank offers practical insights
into how big data analytics can be used effectively for customer relationship management and personalized service delivery.
The paper contributes significantly to understanding the complex dynamics of big data analytics in the banking sector, balancing
theoretical frameworks with practical applications.

HDFC and ICICI banks are cited as early adopters of BD in India [37], using it to enhance revenue and customer insights. The
paper discusses the potential of BD in various banking operations and the necessity for banks to invest in new technologies and
analytics; it notes the necessity for Indian banks to adopt BD to improve productivity, customer satisfaction, and overall
profitability.

Big data's process Figure 6 shows how the banking and financial industry can benefit from analytics and data management in
the form of data storage and databases to house the enormous volumes of data produced by different sources. Analytic pipelines
then process this data to gain insights that are both more intelligent and less expensive.

Sources of big Data in Finance
and Banking Sector

Internal Resources

BD Analytics -
1-Fraud Detection
1-Data from branches

2-Analyts Reports

3-ATMs
4-Bank call centers
5- Records of

clients' historical
transactions

6- Internet/Mobile
banking services

External Sources

1- Regulatory bodies
data

2- Trading data

3- Financial data

4- Reports about
competitors

5- Alerts (tweets, blogs,
messaging feeds)

6) S]ocial media data

Vol.1, No.3, 2023

Data
Management

Improves Outcomes

Smarter and

cost-effective
Decisions

Figure 6: The Big Data System in Financial and Banking Industry

153

and Prevention

2-Customer
Segmentation

3- risk management

4- Credit Risk
Management

5- Optimization of
Business Processes

6- Examine
customer feedback.




4.1. Common Tools and Technologies of Big Data in the Banking Sector

Various tools and technologies for handling big data are detailed, including Hadoop, YARN, MapReduce, Spark, HBase, Hive,
and Kafka, illustrated in [38]. Many organizations that collect, process, and analyze big data turn to NoSQL databases and
Hadoop and its companion tools, including YARN, MapReduce, Spark, HBase, Hive, and Kafka.

5. Advantages of Big Data in the Banking Sector

Several benefits of big data in banking are illustrated in [38], including fraud detection, customer segmentation, risk
management, studying the Indian economy, and using past data for future predictions. BD offers several advantages to both
banks and their customers [39]. The advantages of BD in terms of functional and business areas are as follows:

e  Fraud Detection and Prevention
e Customer Segmentation
e  Past Data and Future Predictions

The advantages outlined in [40] include improved risk management, enhanced customer insights and analytics, better fraud
detection, algorithmic trading and forecasting, predictive analytics, sentiment analytics, and customer profiling and
segmentation. Cockcroft and Russell [41] discuss the transformative impact of Big Data in banking, highlighting opportunities
like improved customer service, risk management, and decision-making. Srivastava et al., [37] list several advantages of BD
in banking, such as fraud detection and prevention, customer segmentation, risk management, studying the Indian economy,
and understanding customer profitability. They also stress the potential of BD for future predictions and pattern analysis. Banks
applying big data analytics reportedly have a significant advantage in [31] as:

e  Marketing: Enhancing decision-making in marketing strategies to increase profitability.
e  Fraud Detection: Utilizing big data for real-time analytics to detect and prevent financial crimes.
e Credit Risk Management: Analyzing customer behavior, credit reports, spending habits, etc., to assess credit risks.

5.1. Challenges of Big Data in Banking Sector

In [38], the author discusses the challenges in implementing big data analytics, such as the scarcity of internal analytics skills
and the high cost of hiring experienced data scientists. In [25], there are some challenges in implementing big data strategies,
such as data management, technology infrastructure, and skill shortages.

Ethical Issues Arising from Big Data in Banking Institutions are presented in [39] as:

Privacy and Consent: Addresses concerns about data privacy and customers’ need for informed consent.

Security Problem: Discuss the challenges in protecting data from cyber-attacks and breaches.

Commercial Usage of Customer Data: Highlights the ethical concerns regarding the commercial use of customer data.
Unfairness: Covers how Big Data could aggravate social inequalities, especially in loan and insurance services.

Data Cleaning, Analysis, and Presentation: Talks about the biases that can be introduced during data processing and
the importance of ethical data analysis and presentation.

Adopting Big Data in banking is complex, involving changes in IT ecosystems and challenges like privacy, security, storage,
processing, and technical architecture [40]. Key challenges include handling privacy and security regulations, managing large
and varied datasets, and needing skilled data scientists.

6. Conclusion

This paper explores the transformative impact of big data in the banking industry. The paper highlights how big data,
characterized by its volume, velocity, variety, and veracity, has reshaped banking operations. It discusses the diverse sources of
big data in banking, such as transaction records, customer engagements, and social media interactions, contributing to an
expansive data ecosystem. The utilization of big data in banking is multifaceted, significantly improving risk management
practices, personalizing customer services, detecting fraud, and boosting operational efficiency. The paper also sheds light on
the challenges of big data adoption, including concerns related to data privacy, security, and the complexities of managing vast
data sources. Moreover, the paper includes practical case studies demonstrating the real benefits banks have gained from
adopting big data analytics. It underscores the strategic decisions big data influences, driving banks towards more efficient,
customer-centric, and innovative approaches. Overall, this paper provides a comprehensive understanding of the role of big
data in banking. It illustrates substantial benefits and outlines challenges, offering a well-rounded perspective. The insights
from this paper are invaluable for stakeholders in the banking sector seeking to navigate the evolving landscape of big data and
leverage its potential for enhanced decision-making, risk management, and customer engagement.
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