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The world is experiencing explosive growth in numerous sectors such as
healthcare, engineering, scientific studies, business, social networking. This
growth is causing an immense surge in data generation too. And with the
emergence of technologies like internet of things (IoT), Mobile, and cloud
computing, the volume of data being produced is skyrocketing. However,
making sense of this colossal amount of data is a daunting challenge. Enter
big data computing, a new paradigm that blends large datasets with
advanced analytical techniques. Big data is characterized by the three V's:
Volume, velocity, and variety, and refers to massive datasets. By processing
this data, we can uncover new opportunities and gain valuable insights into
market trends. Traditional techniques are simply not equipped to handle the
scale of Big Data. The purpose of this article is to gather reviews of various
predictive analytics applications related to big data and the advantages of
using big data analytics across various decision-making domains.
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1. INTRODUCTION

Today’s digital world creates massive data—some easy to find (like weather or stock info), some
needing active collection (like social media). Data science helps reveal hidden insights. Despite progress, big
challenges remain. This study uses bibliometric methods to explore how big data and predictive analytics can
work across industries, offering four key contributions.

In today’s digital world, huge amounts of data are generated—some easily accessible like sports or
weather data, others like social media need collection. Data science helps uncover hidden insights. Despite
existing research, major challenges remain. This study uses bibliometric methods to explore cross-sector
integration of big data and predictive analytics, offering four key contributions:

a. Examine big data's fundamental principles and complexities, encompassing its core components, defining
characteristics, and the latest technological advancements that enable its existence.

b. Explore real-world examples of the successful implementation of big data predictive analysis in various
industries such as healthcare, finance, and marketing.

c. Deepen our understanding about potential challenges and suggest ways to overcome them.

We based this study entirely on existing materials like books, academic journals, and Google
Scholar articles. Our goal was to better understand the topic and provide useful insights for future research.
The paper walks through our approach in section 2 and introduces a fresh way to think about big data—the
'sunflower model' as shown in Figure 1—designed to reflect today’s tech reality.
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Figure 1. Utilizing the sunflower model as an analogy to explain the idea of big data [1]

2. METHOD

To ensure trustworthy sources, we combined two review approaches: systematic literature review
(SLR) and narrative review. We focused on topics like “big data,” “predictive analytics,” and related areas
such as analytics performance, knowledge management, and IoT. Our process involved thoroughly reviewing
relevant studies in a clear and structured way: i) Investigate various combinations of relevant keywords;
i) Identify and differentiate articles that contain pertinent keyword phrases in both the title and body of the
document; iii) Exclude articles that may contain relevant keywords but are not substantially related to the
field of big data or predictive analytics; and iv) Aggregate relevant research papers. Our pursuit for relevant
literature was extensive and exhaustive, encompassing a thorough exploration of several digital databases,
such as: ScienceDirect (https://www.sciencedirect.com/), ResearchGate (https://www.researchgate.net/), and
IEEEXDplore (https://iecexplore.ieee.org/). We carefully filtered the collected articles, removing any that were
not relevant—Iike editorials, book reviews, or introductory papers that did not focus on big data or predictive
analytics. We used the PRISMA framework, a well-known method for systematic reviews, to identify the
most suitable studies for our research. Figure 2 illustrates the PRISMA model in action.
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Figure 2. PRISMA model
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3. BIG DATA AND PREDICTIVE ANALYSIS —- CORE CONCEPTS
3.1. From data to big data

Data comes in two main types: structured (like census stats, financial records, or surveys) and
unstructured (like web content or XML files). Only about 5% of data is structured [2], while the rest is messy
and hard to process—what we now call big data. Big data is known for its 3Vs: volume, velocity, and
variety—first described by Laney in 2001 [3], [4]. Later, veracity and value were added to form the 5V
model [4], [5]. Some experts are now exploring ideas beyond the 5Vs [6]. The Bigs framework expands the
5Vs of big data by adding technology (intelligence, analytics, infrastructure) and socio-economic aspects
(service, value, market). It captures data scale, speed, diversity, trust, and highlights big data’s impact on
innovation and growth.

3.2. Big data analytics

Big data analytics involves curating and analyzing large, complex data sets to discover patterns and
insights [7]. It helps organizations make better decisions by focusing on the most relevant data, driving
impactful outcomes. Table 1 compares conventional data analysis with big data analysis.

Table 1. Conventional data analytics vs big data analytics

Character Conventional approach Big data approach
Analysis method Hypothesis-based Machine learning
Primary goal Performance management and internal decision support data-driven products and business processes driver
Data type Structured and defined (formatted in columns & rows) Unstructured, semi structured
Volume 10’s of TB or less 100 terabytes to petabytes

3.3. Predictive analytics

Predictive analytics forecasts future outcomes and uncovers opportunities and risks using techniques
like data mining, modeling, and machine learning. It helps organizations gain a competitive edge across
industries [8]. Unlike other traditional BI methodologies that focus on analyzing past events to make sense of
the present, predictive analytics is future-facing and provides organizations with the ability to make proactive
decisions, gain valuable insights, and stay ahead of the competition as shown in Figure 3.
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Figure 3. Of all the business intelligence disciplines, prediction offers the greatest potential for delivering
business value but is also the most intricate to execute. Furthermore, each discipline builds upon the
preceding one, culminating in a comprehensive, additive approach to business intelligence, rather than an
exclusive one

4. TECHNICAL APPLICATIONS FOR THE BIG DATA PREDICTIVE ANALYTICS
ECOSYSTEM
The potential application areas of big data predictive analytics are vast and varied, ranging from
medical and financial industries to climate and agriculture. In the medical field, Al-based big data analytics
models can help to predict and diagnose diseases more accurately and efficiently. For instance, the use of big
data analytics can aid in predicting the onset of diseases and epidemics, as evidenced by the application of
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big data and artificial intelligence in epidemic surveillance and containment. In the finance sector, big data
predictive analytics can be employed for cryptocurrency portfolio allocation using hybrid and predictive big
data decision support systems. Additionally, big data analytics can aid in predicting climate factors, which
can help to inform agricultural disaster management strategies. Big data predictive analytics can also be
utilized in the fashion and apparel industry through social media user behavior analysis. Educational
institutions can leverage big data analytics to make informed predictions and applications for student success.
Finally, big data analytics has promising applications in power systems by optimizing energy consumption
and reducing costs.

4.1. Predictive analytics in medical big data

Big data research is vital in healthcare due to the massive data generated annually, now at
0.115 billion terabytes with 2 exabytes growth per year [9]. This enables large-scale population health
analysis to improve decision-making. One study analyzed 356,507 patients’ data from 1982-2010, revealing
consistent patterns useful for predictive modeling [10]. Wearable smartwatches collect physiological data
like pulse and oxygen levels, which are analyzed for medical diagnosis and warnings [11]. Big data and Al
have also played key roles in managing coronavirus disease (COVID-19) by providing insights and guiding
strategies [12]. Additionally, big data aids child and adolescent mental health research [13] and helps predict
health risks from pesticide exposure and air quality in China [14], [15].

4.2. Predictive analytics in educational big data

Big data is widely viewed as useful for aiding educational reforms at various levels of teaching
and administration, and even research management [16]. It is split into two types of analytical orientations:
one is data-based analysis which focuses on resources such as enrollment and curriculum data, while the
other is demand-based analysis which ties students to the educational quality indicators as illustrated in
Figure 4.
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Educational o Meani
ucational © eaning 3
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Figure 4. Data-based analysis orientation

Some researchers are increasingly focused on big data in the context of higher education and its
impact on the development, planning, efficiency of instruction, and the overall quality of learning. Important
tools such as learning analytics and educational data mining serve for forecasting, classification, and
clustering [17]. The MASTER tool, aimed at predicting students’ adaptation issues, has implemented
SMOTE and priority forest resource allocation techniques to streamline resource allocation [18]. Other
studies look at the role of big data in online education, especially during the COVID-19 pandemic, focusing
on the innovation and data-driven approaches to teaching [19].

4.3. Predictive analytics in social media big data

Social media platforms generate vast unstructured data valuable for predictive analysis [20], [21].
Studies use this data to improve marketing in fashion [22], predict healthcare outcomes [23], and forecast
tourism with machine learning [24]. The BD-SMAB model aids competitor analysis via social feedback [25],
while further research explores social media’s business and academic uses [26]-[28].

4.4. Predictive analytics in economic big data

Big data boosts resource allocation, production efficiency, and sustainable development, with Al,
cloud computing, IoT, and blockchain playing key roles [29]. The DHM-BDA model improves disaster
management via better prediction and risk reduction [30]. Big data also transforms digital economics and
guides macroeconomic strategies [31], while enhancing sales management through data-driven control and
predictive models to foster business growth [32].
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5.  OPEN CHALLENGES TO THE METAVERSE IMPLEMENTATION AT A LARGE SCALE

Big data predictive analysis can revolutionize healthcare, finance, education, and more by offering
better insights and predictions. However, challenges like data quality, privacy, and the need for skilled
experts must be addressed [33]. These challenges fall into three categories: ensuring valid data through
processing, aggregating diverse data sources, and overcoming data availability issues. Figure 5 summarizes
these challenges in big data predictive analysis.
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Figure 5. Difficulties encountered in the analysis of large datasets

5.1. Analyzing un-structured data

About 95% of big data is made up of unstructured data. Semi-structured data is a type of
unstructured data that does not follow strict formatting rules. A good example of semi-structured data is
XML, a language used to exchange data over the web. XML documents contain tags that can be read by
machines and are defined by the user. So to address the unstructured data is a big issue in big data predictive
analysis.

5.2. Maintaining data quality

The quality of the data used for analysis is crucial to the success of big data predictive analysis [34].
Inaccurate or incomplete data can lead to incorrect predictions and can ultimately impact business decisions.
It is important to ensure that the data is relevant, accurate, and reliable. Additionally, data cleaning and
preprocessing techniques should be employed to eliminate any irrelevant or incomplete data.

5.3. Data protection and privacy

Big data incorporates various types of data, including personal information, which may lead to
privacy concerns even when anonymized [35]. Therefore, privacy protection is necessary for organizations,
individuals, and governments, requiring a comprehensive framework [36]. It is crucial to involve the public
and other stakeholders in the conversation surrounding data security and privacy to address concerns and
avoid excessively restrictive regulations.

5.4. Data integration

One of the primary challenges in data integration is the issue of data heterogeneity, which refers to
the differences in data formats, structures, and semantics. The integration of such diverse data sources may
lead to data inconsistency, loss of information, and inaccuracies in analysis results. Therefore, data
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integration requires sophisticated tools and techniques, including data preprocessing, data mapping, and data
transformation. To address the challenges of data integration in big data analysis, several studies have
proposed different approaches and frameworks. For instance Hammad et al. [37] proposed a framework that
utilizes semantic technologies to integrate heterogeneous data from multiple sources.

5.5. Data salability

Scalability is a crucial challenge in big data predictive analysis. As the volume, velocity, and variety
of data increase, the computational resources needed to process and analyze it also increase. The traditional
computing resources may not be sufficient to handle the scale of data, which can lead to performance issues,
such as slow processing times, delays, and system crashes. Therefore, it is essential to design and implement
a scalable architecture that can handle the increasing data volume while maintaining optimal performance.

To address the scalability challenge in big data analytics, researchers and industry professionals are
exploring various techniques and technologies, such as distributed computing, cloud computing, and parallel
processing [38]. These techniques enable data processing and analysis to be performed simultaneously on
multiple machines, thereby significantly reducing processing time and improving system performance.
However, implementing these techniques requires careful consideration of the system's design, data
distribution, and processing algorithms.

6. CONCLUSION

The potential for utilizing big data predictive analysis in governance is extensive, encompassing a
range of applications from solving traffic problems to improving healthcare, managing supply chains,
protecting the environment, customizing education, and enhancing security. As technology continues to
evolve, governments have the opportunity to transform the way they operate, including citizens in decision-
making processes and improving overall efficiency. Predictive analysis can help public workers be more
effective with limited resources, but it should not replace intuition, local knowledge, and expertise. The most
effective use of this system is to complement existing practices. Predictive analysis can also help build trust
in change and encourage experimentation. However, there are challenges to be considered when
implementing big data in the public sector, and more research is needed to find solutions.
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