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Abstract: In the era of the Fourth Industrial Revolution (Industry 4.0 or 4IR), the digital world has a vast
amount of data, including internet of things (IoT) data, business data, health data, mobile data, urban data,
security data, and more. The data can be analyzed to derive valuable knowledge or insights, which can then
be utilized for intelligent decision-making in many application fields. In the field of data science, the
utilization of advanced analytics techniques such as machine learning modeling can yield actionable
insights and enhance understanding of data. This enables the automation and intelligence of the computing
process. This paper provides a thorough examination of "Data Science,”" encompassing a range of
sophisticated analytical techniques that can be utilized to improve the intelligence and functionality of an
application by making intelligent decisions in various situations. In addition, we analyze and condense ten
possible practical areas of application, such as business, healthcare, cybersecurity, urban and rural data
science, and others. This analysis is based on the consideration of data-driven intelligent computing and
decision-making. Therefore, we now emphasize the difficulties and possible areas of research that fall
within the scope of our study. This document seeks to provide a comprehensive resource on data science
and advanced analytics for researchers, decision-makers, and application developers. It specifically
focuses on data-driven solutions for real-world challenges..
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L. INTRODUCTION

In the current era of "data science and advanced analytics," nearly every aspect of our everyday lives is digitally
documented as data. The present digital landscape is abundant with several forms of data, including corporate data,
financial data, healthcare data, multimedia data, internet of things (IoT) data, cybersecurity data, social media data, and
more. The data can be categorized as organized, semi-structured, or unstructured, and its volume is always growing.
Data science is a discipline that aims to integrate statistics, data analysis, and their associated methodologies in order to
comprehend and examine real-world phenomena using data. Cao et al. define data science as the scientific study of
data, encompassing the creation of data products that can include discoveries, predictions, services, suggestions,
insights for decision-making, thoughts, models, paradigms, tools, or systems.

Data science is the discipline that involves the application of sophisticated analytical techniques and scientific
principles to extract valuable commercial insights from data. The primary focus of advanced analytics lies in the
anticipation of data utilization to identify trends and predict future occurrences. Basic analytics provides a general
overview of data, but advanced analytics goes beyond that by providing a more thorough comprehension of data and
assisting in the analysis of detailed and specific data, which is of particular importance to us. Data science encompasses
various types of analytics, including descriptive analytics, which focuses on explaining what happened; diagnostic
analytics, which aims to understand why it happened; predictive analytics, which forecasts future events; and
prescriptive analytics, which provides recommendations on what actions to take. These analytics methods are discussed
in more detail in the book "Advanced analytics methods and smart computing". Advancgd=analytics and decision-
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capabilities can have a substantial impact on the Fourth Industrial Revolution (Industry 4.0) by enabling smart
computing and automation through their ability to learn.

While the field of "data science" encompasses a wide range of topics, our primary focus is on extracting valuable
insights using sophisticated analytical techniques. These insights are then utilized to make intelligent judgments in
numerous practical domains. To do this, a range of sophisticated analytics techniques, including machine learning
modeling, natural language processing, sentiment analysis, neural networks, and deep learning analysis, can be
employed. These methods can offer profound insights into data, enabling the development of intelligent applications
driven by data. In our study, we consider regression analysis, classification, clustering analysis, association rules, time-
series analysis, sentiment analysis, behavioural patterns, anomaly detection, factor analysis, log analysis, and deep
learning, which is derived from artificial neural networks.
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The article "Advanced analytics methods and smart computing" provides a concise overview of these machine learning-
based advanced analytics methods. Therefore, it is crucial to comprehend the principles of the aforementioned
advanced analytics methodologies and their suitability for implementation in different real-world domains. In our
previous publication, Sarker et al., we explored the application of data science and machine learning modeling in the
field of cybersecurity. We highlighted the importance of these techniques in making informed decisions and delivering
intelligent security services based on data analysis. This paper provides a comprehensive overview of data science
application areas and real-world problems in ten potential domains. These domains include business data science,
health data science, IoT data science, behavioral data science, urban data science, and others. The discussion of these
domains is briefly presented in the section titled "Real-world application domains".

This paper provides a comprehensive overview of "Data Science," which involves using advanced analytics methods to
extract valuable insights from data and make data-driven decisions. The focus is on the importance of machine learning
modeling in enhancing the intelligence and capabilities of applications. The primary focus of this work is to
comprehend the modeling of data science, elucidating diverse analytical techniques for a solution-oriented approach
and their suitability in distinct real-world applications discussed previously. The main objective of this work is to serve
as a fundamental guide or reference for those in academia and industry who are interested in studying, researching, and
developing automated and intelligent applications or systems using smart computing and decision making in the field of
data science.

1.1 Paper's primary contributions can be summarized as follows:
Our study aims to establish the boundaries of data-driven smart computing and decision-making in real-world
scenarios. We also provide a concise analysis of the notion of data science modeling, which involves the transformation

science modeling and its potential to offer intelligent services in real-world situations.
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* The aim is to present a thorough understanding of data science, which encompasses sophisticated analytics techniques
that may be utilized to improve the intelligence and functionality of an application.

* The objective is to examine the suitability and importance of machine learning-based analytics techniques in different
practical domains. In addition, we provide a concise overview of ten possible practical domains, ranging from
commercial to individual applications in our everyday existence, where the utilization of sophisticated data analysis
techniques combined with machine learning algorithms can be employed to attain the desired results.

* The purpose of our study is to emphasize and provide a concise overview of the difficulties and possible areas
of research that fall within its scope.

The subsequent sections of the paper are structured as follows. The following section presents the context and previous
research, and establishes the boundaries of our investigation. This section introduces the principles of data science
modeling for constructing a data-centric application. Subsequently, provide a concise analysis and elucidation of many
sophisticated analytics techniques and intelligent computing. The next section provides a discussion and summary of
different practical domains where the application of concepts can be observed in real-world scenarios. Subsequently,
we emphasize and succinctly outline various research concerns and possible avenues for future exploration. Lastly, the
concluding part wraps up this paper.

II. CONTEXT AND RELEVANT RESEARCH
2.1 Glossary of Data Terminology and Definitions
In the sector, there are several important terminology that are closely interconnected and can be easily misunderstood.
These phrases include data analysis, data mining, data analytics, big data, data science, advanced analytics, machine
learning, and deep learning. In the following, we will provide definitions for these categories and distinguish them from
the phrase "Data Science" based on our objective.
Data analysis is the act of processing data using traditional ideas, technologies, and techniques such as statistical,
empirical, or logical methods. The goal is to extract valuable information and apply it to actual situations. Data
analytics encompasses the ideas, methods, instruments, and processes used to gain a thorough knowledge and
investigation of actionable insights from data. The primary focus of this process is the statistical and mathematical
examination of the data. "Data mining" is a widely used term in the past ten years that is synonymous with other terms
such as extracting knowledge from data, knowledge discovery, knowledge extraction, data analysis, data archaeology,
and data dredging.
Han et al. (2021) argue that a more suitable name for the concept should have been "knowledge mining from data".
Data mining is the systematic extraction of valuable patterns and knowledge from vast quantities of data. Possible data
sources encompass databases, data centers, the Internet or Web, other data repositories, or data that is dynamically
streamed across the system. The term "big data" is now popular and has the potential to revolutionize statistical and
data analysis methods due to its distinct characteristics of being vast, high dimensional, heterogeneous, complicated,
unstructured, incomplete, noisy, and erroneous. Mobile devices, social networks, the Internet of Things, multimedia,
and various other emerging applications are sources of big data. Big data is comprehended and characterized using
various distinctive attributes, namely volume, velocity, variety, veracity, and value (together known as the 5Vs), as well
as complexity.
Basic analytics offers a concise overview of data, whereas "Advanced Analytics" goes beyond that by providing a more
profound comprehension of data and facilitating the analysis of detailed information. Advanced analytics refers to the
process of autonomously or semi-autonomously analyzing data or material using sophisticated tools and methodologies
to uncover profound insights, make predictions, or produce suggestions. This goes beyond the scope of traditional
business intelligence or analytics. "Machine learning", a subdivision of artificial intelligence (AI), is a prominent
methodology employed in sophisticated analytics that can automate the construction of analytical models. This focuses
on the concept that systems have the ability to acquire knowledge from data, identify patterns, and make decisions, with
limited human intervention. "Deep Learning" is a branch of machine learning that focuses on algorithms that are
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Data science is a comprehensive term that includes advanced data analytics, data mining, machine learning, deep
learning modeling, and other related disciplines such as statistics. Its purpose is to extract insights or valuable
knowledge from datasets and convert them into actionable business strategies. Cao et al. provided a disciplinary
definition of data science as a new interdisciplinary field that integrates statistics, informatics, computing,
communication, management, and sociology. Its purpose is to analyze data and its various environments, including
domains and contextual aspects such as organizational and social factors. The goal is to convert data into insights and
decisions by employing a data-to-knowledge-to-wisdom approach and methodology. The article "Understanding data
science modeling" provides a practical overview of the process of data science modeling. It begins by addressing
business problems and then explores how data products can be used to help data scientists analyze and solve real-world
problems within the field of data science and analytics.

III. LITERATURE REVIEW
Within the region, the researchers have examined multiple papers pertaining to data science and its importance. The
authors discuss the emerging discipline of data science and its significance in the broader knowledge landscape. They
also highlight some challenges that distinguish data science and informatics difficulties from traditional techniques in
information sciences.
Donoho et al. provide a comprehensive overview of 50 years of data science, which includes an analysis of data science
in mass media and a discussion on the similarities and differences between data science and statistics. The authors
introduce and define the theory-guided data science (TGDS) approach and provide a classification of research themes
within TGDS. Cao et al. provide an extensive examination and instructional guide on the essential elements of data
science, encompassing the shift from data analysis to data science, the concepts behind data science, and the discipline
and proficiency required for data education.
In addition, the authors incorporate a data science study that seeks to offer an accurate portrayal of the use of statistical
characteristics and associated data science techniques in the field of bioimage informatics. The authors of the report
analyze the main data science algorithms used by central banks and demonstrate the increasing popularity of these
algorithms over time. This paper adds to the development of a research direction on the significance of data science in
central banking. The authors present a comprehensive and instructional guide on the data-driven design of intelligent
wireless networks. The authors present a comprehensive exploration of computational optimum transport, specifically
focusing on its application to data science. The authors introduce data science as theoretical advances in information
systems through the use of text analytics.
In contrast to the aforementioned recent studies, our focus in this paper is on the understanding of data science, which
encompasses advanced analytics methodologies, machine learning models, real-world application domains, and
prospective research possibilities within the scope of our study. This paper discusses advanced analytics methods that
utilize machine learning techniques. These methods can be employed to improve the capabilities of an application by
enabling data-driven intelligent decision making and automation in the final data product or systems.
In summary, data science modeling can effectively facilitate the implementation of modifications and enhancements in
business procedures. The intriguing aspect of the data science approach involves acquiring a more profound
comprehension of the business challenge that needs to be resolved. Without that, the process of collecting accurate data
and extracting the most valuable information from it for decision-making would become far more challenging. Data
scientists are primarily responsible for analyzing and manipulating data to discover insights that assist organizations in
making unbiased judgments and resolving intricate issues.

IV. CONCLUSION
This paper provides a thorough examination of data science, encompassing a range of advanced analytical techniques
that can be utilized to augment the intelligence and functionality of an application. We have also depicted the present
popularity of data science and machine learning-driven advanced analytical modeling, and also distinguished these
from the pertinent words employed in the field, in order to establish the significance of this paper. This study focuses on
the comprehensive analysis of data science modeling, including the different processing
meaningful insights from data for a specific business challenge and the resulting data prgefuctsskhexgfore, in alignment
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with our objective, we have provided a concise overview of the importance of various data modules in a data-driven
business solution within the context of the data science process. In addition, we have compiled a comprehensive
overview of modern analytical techniques and their corresponding results, as well as machine learning models, which
are essential for addressing the related business challenges. The main contribution of this study is the explanation of
various advanced analytical methods and how they can be applied in real-world data-driven applications such as
business, healthcare, cybersecurity, urban and rural data science. The study focuses on the use of data-driven smart
computing and decision making in these areas.

In conclusion, we have identified and examined the difficulties encountered during our study, along with potential areas
for further investigation and future paths to explore. The issues revealed present significant research prospects in the
sector, which can be investigated with effective solutions to enhance the data-driven model and systems. In summary,
our study on advanced analytical solutions utilizing data science and machine learning methods has yielded promising
results. It can serve as a valuable reference for future research and practical applications in the field of data science,
benefiting both academic and industry professionals.
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