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1. Introduction 23 

Industry 4.0, often referred to as the fourth industrial revolution, has ushered in a new era 24 

of manufacturing and business operations. It is characterized by the integration of digital 25 

technologies, the Internet of Things (IoT), artificial intelligence (AI), and automation into 26 

various industries. One of the key enablers of Industry 4.0 is business analytics, which plays  27 

a pivotal role in transforming data into actionable insights (Wolniak, 2016; Czerwińska-28 

Lubszczyk et al., 2022; Drozd, Wolniak, 2021; Gajdzik, Wolniak, 2021, 2022; Gębczyńska, 29 

Wolniak, 2018, 2023; Grabowska et al., 2019, 2020, 2021; Wolniak et al., 2023; Wolniak, 30 
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Grebski, 2023; Wolniak, Skotnicka-Zasadzień, 2023; Jonek-Kowalska, Wolniak, 2023).  1 

This article explores the significant usage of business analytics in Industry 4.0 and its impact 2 

on modern businesses. 3 

The purpose of this publication is to present how business analytics concepts can be used 4 

in Industry 4.0. 5 

2. Business analytics  6 

Business Analytics is the process of using data analysis and statistical methods to make 7 

informed, data-driven decisions within a business or organization. It involves the collection, 8 

processing, interpretation, and visualization of data to gain valuable insights that can be applied 9 

to improve various aspects of an organization's operations, strategy, and decision-making (Cam 10 

et al., 2021). 11 

Business analytics starts with the collection of data from various sources, including internal 12 

databases, external data providers, customer interactions, social media, sensors, and more.  13 

This data can be structured (e.g., databases, spreadsheets) or unstructured (e.g., text, images, 14 

videos). Raw data often contains errors, inconsistencies, and missing values. Data cleaning and 15 

preparation involve the process of cleaning, transforming, and structuring the data into a usable 16 

format for analysis. This step is critical for ensuring the accuracy and reliability of insights 17 

(Jonek-Kowalska, Wolniak, 2021, 2022; Jonek-Kowalska et al., 2022; Kordel, Wolniak, 2021, 18 

Orzeł, Wolniak, 2021, 2022, 2023; Rosak-Szyrocka et al., 2023; Gajdzik et al., 2023; 19 

Ponomarenko et al., 2016; Stawiarska et al., 2020, 2021; Stecuła, Wolniak, 2022; Olkiewicz  20 

et al., 2021). 21 

Once the data is cleaned and prepared, it undergoes various forms of analysis. This may 22 

include descriptive analysis to summarize and explore the data, predictive analysis to make 23 

forecasts or predictions, and prescriptive analysis to recommend actions based on the data 24 

(Scappini, 2016). Business analytics often employs a wide range of statistical techniques and 25 

tools to uncover patterns, trends, and correlations in the data. Common statistical methods 26 

include regression analysis, hypothesis testing, clustering, and classification (Charles et al., 27 

2023). 28 

In addition to traditional statistical methods, business analytics also makes use of machine 29 

learning algorithms and artificial intelligence (AI) to analyze data. These techniques can handle 30 

large datasets, identify complex patterns, and make real-time predictions. Data visualization is 31 

a crucial component of business analytics. It involves presenting data in graphical or visual 32 

formats such as charts, graphs, and dashboards. Visualization helps in conveying complex 33 

information in a comprehensible manner, aiding decision-makers in understanding data insights 34 

(Greasley, 2019). 35 
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Business analytics provides decision support by offering actionable insights and 1 

recommendations based on data analysis. These insights assist organizations in making 2 

informed decisions related to marketing strategies, product development, customer service, 3 

supply chain management, and more. Analytics is not a one-time process; it involves continuous 4 

monitoring and measurement of key performance indicators (KPIs). This allows organizations 5 

to assess the impact of decisions, track progress toward goals, and adapt strategies accordingly 6 

(Hurwitz et al., 2015). 7 

Business analytics is closely related to business intelligence, which involves the use of data 8 

and analytics tools to generate reports, dashboards, and visualizations for business users.  9 

BI tools enable non-technical personnel to access and understand data easily (Nourani, 2021). 10 

Business analytics plays a pivotal role in strategic planning. Organizations use data-driven 11 

insights to formulate long-term strategies, identify market opportunities, mitigate risks,  12 

and allocate resources effectively. Effective business analytics can provide a competitive 13 

advantage by enabling organizations to respond quickly to market changes, optimize 14 

operations, improve customer satisfaction, and innovate based on data-driven insights (Peter  15 

et al., 2023). 16 

3. Industry 4.0 17 

Industry 4.0 is a transformative concept that represents the fourth industrial revolution in 18 

manufacturing and business. It's a paradigm shift characterized by the integration of digital 19 

technologies, automation, data analytics, the Internet of Things (IoT), artificial intelligence 20 

(AI), and other advanced technologies into industrial processes and operations (Adel, 2022).  21 

Industry 4.0 relies heavily on the digitalization of physical assets and processes. Machines, 22 

sensors, and devices are interconnected through the IoT, creating a seamless flow of data.  23 

This connectivity enables real-time monitoring, control, and communication between various 24 

components of a manufacturing system (Cillo et al., 2022). Data is at the heart of Industry 4.0. 25 

Enormous volumes of data are generated from sensors, machines, and operations. This data is 26 

collected, processed, and analyzed to extract valuable insights. Businesses use this data to make 27 

informed decisions, optimize processes, and gain a competitive edge (Sułkowski, Wolniak, 28 

2015, 2016, 2018; Wolniak, Skotnicka-Zasadzień, 2008, 2010, 2014, 2018, 2019, 2022; 29 

Wolniak, 2011, 2013, 2014, 2016, 2017, 2018, 2019, 2020, 2021, 2022; Gajdzik, Wolniak, 30 

2023; Hys, Wolniak, 2018). 31 

Industry 4.0 introduces the concept of smart manufacturing, where machines and systems 32 

are not just automated but also intelligent. These smart systems can self-optimize, self-diagnose 33 

issues, and adapt to changing conditions (Di Marino et al., 2023). This results in increased 34 

efficiency, reduced downtime, and improved productivity. Industry 4.0 emphasizes the 35 
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collaboration between humans and machines. While automation plays a significant role, human 1 

workers are still essential for complex decision-making, creativity, and tasks that require 2 

emotional intelligence. Humans and machines work together synergistically to achieve better 3 

results (Wolniak, Sułkowski, 2015, 2016; Wolniak, Grebski, 2018; Wolniak et al., 2019, 2020; 4 

Wolniak, Habek, 2015, 2016; Wolniak, Skotnicka, 2011; Wolniak, Jonek-Kowalska, 2021; 5 

2022). 6 

Industry 4.0 enables mass customization, allowing products to be tailored to individual 7 

customer needs without sacrificing efficiency or cost-effectiveness. Production processes 8 

become more flexible and responsive to changing market demands (Ghibakholl et al., 2022). 9 

Traditional hierarchical decision-making structures are replaced by decentralized decision-10 

making in Industry 4.0. Intelligent systems at various levels of the production process can make 11 

autonomous decisions based on real-time data, reducing response times and increasing agility 12 

(Akundi et al., 2022). 13 

With increased connectivity, there's a growing emphasis on cybersecurity and data privacy. 14 

Protecting sensitive data and systems from cyber threats becomes paramount to maintain the 15 

integrity and security of operations. Industry 4.0 also promotes sustainability by optimizing 16 

resource usage and reducing waste. Data analytics can help identify areas for improvement in 17 

energy consumption, materials usage, and overall environmental impact (Olsen, 2023). 18 

Industry 4.0 has a global reach, with interconnected supply chains that can adapt to changing 19 

market dynamics. It allows for better coordination and efficiency across the entire supply chain 20 

network. Industry 4.0 is a dynamic and evolving concept. It encourages organizations to 21 

embrace a culture of continuous innovation, as new technologies and approaches are constantly 22 

emerging (Aslam et al., 2020). 23 

Industry 4.0 represents a fundamental shift in the way businesses and industries operate.  24 

It offers the promise of increased efficiency, competitiveness, and sustainability through the 25 

intelligent use of technology and data. As it continues to evolve, it will reshape various sectors, 26 

from manufacturing and logistics to healthcare and beyond, impacting the global economy and 27 

the way we live and work (Bakir, Dahlan, 2022). 28 

4. The usage of Business Analytics in Industry 4.0 29 

In Industry 4.0, data is generated at an unprecedented rate and from various sources, 30 

including sensors, machines, production lines, and customer interactions. Business analytics 31 

facilitates the collection and integration of this data, allowing organizations to gain a holistic 32 

view of their operations. Data can be gathered in real-time, providing decision-makers with  33 

up-to-the-minute information to make informed choices. 34 
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One of the standout applications of business analytics in Industry 4.0 is predictive 1 

maintenance. Through the analysis of historical data and the real-time monitoring of machinery 2 

and equipment, analytics models can predict when maintenance is required, thus preventing 3 

costly downtime and ensuring continuous production. This proactive approach enhances 4 

efficiency and reduces maintenance costs. 5 

Business analytics plays a vital role in optimizing supply chains in Industry 4.0.  6 

By analyzing data related to demand forecasts, inventory levels, transportation, and supplier 7 

performance, organizations can make data-driven decisions to streamline their supply chain 8 

operations. This results in reduced lead times, lower carrying costs, and improved customer 9 

satisfaction (Javaid et al., 2020). 10 

Maintaining high-quality standards is essential in modern manufacturing. Business analytics 11 

can be employed to monitor the production process, detect defects or anomalies in real-time, 12 

and make immediate adjustments to maintain product quality. This level of precision ensures 13 

that defective products are minimized, reducing waste and rework. 14 

Inventory management is a critical aspect of Industry 4.0, where just-in-time production and 15 

reduced stock levels are key objectives. Business analytics helps organizations optimize their 16 

inventory by forecasting demand accurately and aligning procurement and production 17 

processes accordingly. This not only saves costs but also ensures that products are readily 18 

available when needed. 19 

Table 1.  20 
Table summarizing the key relationships between business analytics and Industry 4.0 21 

Aspect of Industry 4.0 Role of Business Analytics 

Data Collection and 

Integration 

Facilitates data collection and integration from various sources, enabling 

real-time data access and analysis. 

Predictive Maintenance 
Utilizes historical and real-time data to predict maintenance needs, 

minimizing downtime and increasing operational efficiency. 

Supply Chain Optimization 
Analyzes demand forecasts, inventory levels, and supplier data to optimize 

supply chain operations for cost savings and efficiency. 

Quality Control 
Monitors production processes in real-time, detecting defects and anomalies 

to ensure consistent product quality. 

Inventory Management 
Improves inventory management by accurately forecasting demand, aligning 

procurement and production processes, and reducing carrying costs. 

Personalized Customer 

Experiences 

Utilizes customer data and behavior analysis to offer personalized products 

and services, enhancing customer satisfaction and loyalty. 

Process Optimization 
Identifies inefficiencies and areas for improvement in operations, allowing 

for continuous process optimization. 

Cost Reduction and 

Profitability 

Enables data-driven decisions to identify cost-saving opportunities, allocate 

resources efficiently, and respond to market changes, ultimately improving 

profitability. 

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo 22 
et al., 2022; Ghibakholl et al., 2022, Javaid, Haleem, 2020, Javaid et al., 2020; Cam et al., 2021; Charles 23 
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023). 24 

  25 
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In Industry 4.0, businesses can harness the power of analytics to offer personalized customer 1 

experiences. By analyzing customer data and behavior, companies can tailor their products and 2 

services to individual preferences. This level of customization enhances customer satisfaction 3 

and loyalty (Javaid, Haleem, 2020). 4 

Table 2.  5 
Benefits of using business analytics in Industry 4.0. 6 

Benefits of Business Analytics in 

Industry 4.0 
Description 

Data-Driven Decision-Making Enables informed decisions based on real-time data insights. 

Operational Efficiency Optimizes processes, reduces waste, and improves productivity. 

Predictive Maintenance 
Prevents unplanned downtime, extends equipment life, and lowers 

maintenance costs. 

Supply Chain Optimization 
Enhances supply chain visibility, reduces lead times, and minimizes 

carrying costs. 

Quality Control Ensures consistent product quality, reducing defects and rework. 

Customization and 

Personalization 
Allows for mass customization and personalized customer experiences. 

Inventory Management 
Reduces excess inventory, minimizing storage costs while meeting 

demand. 

Cost Reduction Identifies cost-saving opportunities and reduces operational expenses. 

Improved Customer Satisfaction Enhances customer service, responsiveness, and overall satisfaction. 

Competitive Advantage 
Provides a competitive edge through better decision-making and 

efficiency. 

Sustainability Supports sustainability efforts by optimizing resource usage. 

Global Supply Chain 

Coordination 

Enables better coordination in global supply chains, reducing 

disruptions. 

Continuous Innovation 
Fosters a culture of innovation and adaptation to changing market 

conditions. 

Risk Mitigation Helps identify and mitigate risks through data analysis. 

Data Security and Compliance Ensures data security and compliance with data protection regulations. 

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo 7 
et al., 2022; Ghibakholl et al., 2022, Javaid, Haleem, 2020, Javaid et al., 2020; Cam et al., 2021; Charles 8 
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023). 9 

Business analytics enables continuous process optimization in Industry 4.0. Through the 10 

analysis of operational data, organizations can identify bottlenecks, inefficiencies, and areas for 11 

improvement. This data-driven approach empowers organizations to make changes that 12 

enhance productivity and reduce waste. 13 

In table 1 there is an analysis of relations between business analytics and Industry 4.0.  14 

These relationships showcase how business analytics is integral to Industry 4.0, driving data-15 

driven decision-making and optimizing various aspects of modern business operations. 16 

A table 2 summarizing the key benefits of using business analytics in Industry 4.0.  17 

These benefits demonstrate how business analytics in Industry 4.0 can drive improvements 18 

across various aspects of business operations, from efficiency and cost reduction to customer 19 

satisfaction and innovation. 20 

The table 3 summarizing some of the common problems and challenges associated with the 21 

usage of business analytics in Industry 4.0. These challenges highlight the complexity and 22 

multifaceted nature of implementing business analytics in the context of Industry 4.0. 23 
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Overcoming these issues requires careful planning, investment, and a commitment to data-1 

driven decision-making. 2 

Table 3.  3 
Common problems and challenges associated with the usage of business analytics  4 

in Industry 4.0. 5 

Challenges in Using Business 

Analytics in Industry 4.0 
Description 

Data Quality Issues 
Poor data quality, including inaccuracies, inconsistencies, and missing 

data, can lead to unreliable insights. 

Data Privacy and Security 
Concerns about data privacy, cyber threats, and compliance with data 

protection regulations can be significant. 

Complexity of Data Sources 
Managing and integrating data from diverse sources, including IoT 

devices, can be complex and challenging. 

Skill Shortages 
A shortage of skilled data analysts, data scientists, and IT professionals 

with analytics expertise can hinder progress. 

Data Silos 
Data may be fragmented and stored in isolated systems, making it difficult 

to access and analyze holistically. 

Cost of Implementation 
Implementing analytics solutions and infrastructure can be costly, 

particularly for small and medium-sized enterprises (SMEs). 

Resistance to Change 
Organizational resistance to adopting data-driven decision-making culture 

can impede progress. 

Lack of Clear Objectives 
Without well-defined objectives and goals, businesses may struggle to 

derive meaningful insights from analytics. 

Interoperability Issues 
Compatibility and integration challenges between different systems and 

technologies can arise. 

Data Overload 
The sheer volume of data generated in Industry 4.0 can lead to information 

overload, making it hard to extract meaningful insights. 

Ethical Concerns 
Ethical considerations related to the use of data, AI, and automation, such 

as bias in algorithms, may arise. 

Maintaining Analytics Models 
Models and algorithms require continuous maintenance and updates to 

remain effective. 

Limited Understanding of 

Analytics 

Decision-makers and employees may have limited understanding of how 

to interpret and use analytics insights. 

Vendor Lock-In 
Depending heavily on specific analytics vendors may result in vendor 

lock-in and limited flexibility. 

Scalability Challenges 
Scaling analytics solutions to meet growing data demands and business 

needs can be complex. 

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo 6 
et al., 2022; Ghibakholl et al., 2022, Javaid, Haleem, 2020, Javaid et al., 2020; Cam et al., 2021; Charles 7 
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023). 8 

5. Conclusion 9 

This paper has explored two pivotal concepts that are reshaping the landscape of modern 10 

business and industry: Business Analytics and Industry 4.0. Business Analytics, as discussed in 11 

Section 2, is the process of harnessing the power of data analysis and statistical methods to 12 

drive informed, data-driven decisions within organizations. It encompasses various stages,  13 
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from data collection and cleaning to analysis and visualization, and is a cornerstone for 1 

achieving efficiency, competitiveness, and innovation. 2 

On the other hand, Industry 4.0, as detailed in Section 3, represents the fourth industrial 3 

revolution characterized by the integration of cutting-edge technologies, such as IoT, AI,  4 

and automation, into industrial processes. It introduces the concept of smart manufacturing, 5 

emphasizes human-machine collaboration, and champions sustainability, driving businesses 6 

toward a more connected, efficient, and adaptable future. The next section underscores the 7 

synergy between Business Analytics and Industry 4.0, highlighting how data-driven decision-8 

making powered by analytics plays a vital role in the success of Industry 4.0. Whether it's 9 

predictive maintenance to minimize downtime, supply chain optimization for cost savings,  10 

or quality control for consistent product excellence, Business Analytics is the catalyst that 11 

enables organizations to harness the full potential of Industry 4.0. 12 

Furthermore, we have outlined the significant benefits of this symbiotic relationship, 13 

including data-driven decision-making, improved efficiency, enhanced customer experiences, 14 

and competitive advantage. However, it is crucial to acknowledge the challenges posed by data 15 

quality, security, and skill shortages, as presented in Section 5. 16 

As organizations navigate the complex terrain of Industry 4.0 and continue to leverage 17 

Business Analytics, they must tread carefully, addressing these challenges while embracing the 18 

transformative opportunities. In this era of digitalization and data-driven insights, the ability to 19 

adapt, innovate, and make informed decisions will be the defining factors that separate 20 

successful organizations from the rest. 21 

Summing up Business Analytics and Industry 4.0 represent a dynamic synergy that has the 22 

potential to revolutionize industries, drive sustainability, and elevate businesses to new heights. 23 

To fully realize these possibilities, organizations must invest in data strategies, talent 24 

development, and an organizational culture that embraces data-driven decision-making.  25 

The journey ahead is both challenging and promising, and those who navigate it adeptly will 26 

shape the future of industry and business in profound ways. 27 
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