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Findings: The integration of business analytics with customer behavior analysis in Industry 4.0
environments offers businesses a transformative opportunity to gain profound insights into
customer preferences, trends, and behaviors. Through the utilization of state-of-the-art
technologies and data-driven methodologies, organizations can attain unprecedented levels of
precision and detail in understanding customer behavior. Real-time data collection and analysis
facilitate agile responses to evolving market dynamics, enabling personalized customer
experiences across various channels. Additionally, advanced analytics tools such as predictive
modeling and sentiment analysis empower businesses to forecast future trends, address churn,
and enhance customer satisfaction. However, businesses may encounter challenges like data
quality issues, privacy concerns, and resource limitations. Overcoming these obstacles
necessitates a comprehensive approach, involving investments in data governance, talent
acquisition, and technology infrastructure. By surmounting these challenges, businesses can
harness the full potential of business analytics to drive strategic decisions, refine marketing
strategies, and elevate overall business performance within Industry 4.0 environments.
Originality/Value: Detailed analysis of all subjects related to the problems connected with the
usage of business analytics in the case of smart manufacturing.
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1. Introduction

At its core, customer behavior analysis in Industry 4.0 environments involves leveraging
cutting-edge technologies and data-driven approaches to gain actionable insights into customer
preferences, trends, and behaviors. By harnessing the power of business analytics, businesses
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can sift through vast volumes of customer data generated by interconnected devices, sensors,
social media platforms, and digital touchpoints.

One of the key benefits of employing business analytics in customer behavior analysis
within Industry 4.0 environments is the ability to achieve unprecedented levels of granularity
and precision in understanding customer behavior. Through advanced analytics techniques such
as predictive modeling, machine learning, and natural language processing, businesses can
uncover hidden patterns, correlations, and trends within their customer data. Moreover, Industry
4.0 technologies enable real-time data collection and analysis, allowing businesses to gain
insights into customer behavior instantaneously. This real-time visibility into customer
interactions empowers businesses to respond promptly to changing preferences, market
dynamics, and competitive pressures. By leveraging real-time analytics, businesses can
personalize customer experiences, optimize marketing campaigns, and drive customer
engagement in ways that were previously unimaginable.

Another significant advantage of integrating business analytics with Industry 4.0
environments is the ability to achieve seamless omni-channel customer experiences.
With customers interacting with businesses through a myriad of channels, including websites,
mobile apps, social media platforms, and physical stores, it is essential for businesses to have
a unified view of customer behavior across these channels. Business analytics enables
businesses to aggregate and analyze data from disparate sources, allowing for a holistic
understanding of the customer journey and facilitating personalized, omni-channel experiences
(Bakir, Dahlan, 2022).

The purpose of this publication is to present the applications of usage of business analytics
in customer behavior analysis.

2. The selected aspects of business analytics usage in customer behavior
analysis

Business analytics has emerged as a pivotal tool in deciphering and understanding customer
behavior, offering businesses invaluable insights into consumer preferences, tendencies,
and trends. Through the strategic application of data analysis techniques, businesses can unlock
a wealth of information that shapes marketing strategies, enhances customer experiences,
and drives revenue growth. One primary application of business analytics in customer behavior
analysis is customer segmentation. By leveraging demographic, psychographic,
and transactional data, businesses can categorize their customer base into distinct segments with
similar characteristics and behaviors (Akundi et al., 2022). This segmentation allows for
targeted marketing efforts, personalized communication, and tailored product offerings, thereby
maximizing customer engagement and satisfaction. Furthermore, business analytics enables
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businesses to delve deep into purchase patterns and trends. By analyzing historical transaction
data, businesses can identify correlations between product purchases, seasonal fluctuations,
and customer preferences. Such insights empower organizations to optimize inventory
management, pricing strategies, and product placements, ensuring that offerings resonate with
customer needs and preferences (Zeng et al., 2022; Pech, Vrchota, 2022).

Predictive analytics plays a crucial role in customer behavior analysis by forecasting future
trends and outcomes (Gajdzik, Wolniak, 2022; Gajdzik et al., 2023). Through sophisticated
modeling techniques, businesses can predict customer churn, anticipate future purchasing
behavior, and identify opportunities for cross-selling or upselling. Armed with this foresight,
organizations can proactively implement retention strategies, personalized marketing
campaigns, and targeted promotions to mitigate churn and maximize customer lifetime value
Ghibakholl et al., 2022).

Sentiment analysis, another facet of business analytics, mines customer feedback, reviews,
and social media interactions to gauge consumer sentiment towards products or services
(Wolniak, Grebski, 2018; Wolniak et al., 2019, 2020; Wolniak, Habek, 2015, 2016; Wolniak,
Skotnicka, 2011; Wolniak, Jonek-Kowalska, 2021; 2022). By analyzing language patterns and
sentiment scores, businesses can identify areas of strength and weakness, address customer
concerns, and refine their offerings to better align with customer expectations (Scappini, 2016).
Recommendation systems powered by business analytics leverage machine learning algorithms
to deliver personalized product recommendations to customers (Sutkowski, Wolniak, 2015,
2016, 2018; Wolniak, Skotnicka-Zasadzien, 2008, 2010, 2014, 2018, 2019, 2022; Gajdzik,
Wolniak, 2023; Swarnakar et al., 2023). By analyzing past behavior, preferences,
and similarities with other customers, recommendation engines enhance the customer shopping
experience, increase conversion rates, and foster brand loyalty (Cillo et al., 2022).

Finally, business analytics facilitates the evaluation of campaign effectiveness by measuring
key performance indicators such as click-through rates, conversion rates, and return on
investment. By assessing the impact of marketing initiatives on customer behavior and sales
outcomes, businesses can optimize marketing spend, refine targeting strategies, and improve
overall marketing efficiency. Table 1 contains descriptions of how business analytics is used in
the case of customer behavior analysis.

Table 1.
The usage of business analytics in customer behavior analysis
Aspect of Customer Description of Usage of Business Analytics
Behavior Analysis
Customer Segmentation Business analytics is utilized to segment customers based on various attributes

such as demographics, purchasing behavior, and psychographics. Analytics tools
help in identifying distinct customer groups with similar characteristics, enabling
targeted marketing strategies and personalized offerings.
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Purchase Patterns Analysis

Business analytics examines historical transaction data to identify patterns in
customer purchases. This analysis helps in understanding which products or
services are frequently bought together, seasonal trends, and customer
preferences. By leveraging this insight, businesses can optimize their inventory,
pricing strategies, and product recommendations.

Churn Prediction

Through predictive analytics, businesses forecast the likelihood of customers
churning or discontinuing their relationship with the company. By analyzing
factors such as usage patterns, engagement metrics, and customer feedback,
businesses can proactively implement retention strategies to prevent churn, such
as personalized offers, loyalty programs, or improved customer service.

Customer Lifetime Value
(CLV) Analysis

Business analytics calculates the CLV of customers by estimating the net profit
attributed to the entire relationship with a customer. By analyzing past behavior
and spending patterns, businesses can predict future revenue potential from each
customer, guiding decisions related to customer acquisition, retention,
and resource allocation.

Sentiment Analysis

Utilizing text mining and natural language processing techniques, business
analytics extracts insights from customer feedback, reviews, and social media
conversations. Sentiment analysis helps in understanding customer perceptions,
opinions, and emotions towards products or services. By identifying sentiment
trends, businesses can address issues, improve products, and enhance customer
satisfaction.

Recommendation Systems

Business analytics powers recommendation engines that suggest relevant
products or services to customers based on their past behavior, preferences, and
similarities with other customers. By employing machine learning algorithms,
businesses can deliver personalized recommendations through various channels
such as websites, emails, or mobile apps, thereby increasing sales and enhancing
customer experience.

Campaign Effectiveness
Analysis

Business analytics evaluates the performance of marketing campaigns by
analyzing metrics such as click-through rates, conversion rates, and return on
investment (ROI). By measuring the impact of different campaigns on customer
behavior and sales, businesses can optimize marketing strategies, allocate
resources effectively, and improve overall marketing efficiency.

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

3. Software used in customer behavior analysis in Industry 4.0 conditions

Business analytics software plays a crucial role in understanding and analyzing customer
behavior, offering businesses valuable insights to drive strategic decision-making and enhance
customer experiences (Adel., 2022). These software applications leverage advanced analytics
techniques to process vast amounts of data, enabling businesses to uncover patterns, trends,

and correlations within their customer base. By utilizing these insights, organizations can
segment customers based on various attributes, such as demographics, behaviors,
and preferences, allowing for targeted marketing efforts and personalized communication
(Jonek-Kowalska, Wolniak, 2021, 2022, 2023; Rosak-Szyrocka et al., 2023; Gajdzik et al.,
2023; Jonek-Kowalska et al., 2022; Kordel, Wolniak, 2021, Orzet, Ponomarenko et al., 2016;
Stawiarska et al., 2020, 2021; Stecuta, Wolniak, 2022; Olkiewicz et al., 2021). Moreover,
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predictive analytics capabilities enable businesses to forecast customer behavior, anticipate
churn, and identify opportunities for upselling or cross-selling. Real-time analytics
functionality provides businesses with up-to-date insights into customer interactions across
multiple channels, enabling prompt responses and tailored engagement strategies. Additionally,
advanced data visualization tools allow businesses to create interactive dashboards and reports,
facilitating the exploration and communication of insights derived from customer data.
By harnessing the power of business analytics software, organizations can gain a deeper
understanding of their customers, optimize marketing strategies, improve customer satisfaction,
and drive sustainable business growth (Du et al., 2023; Fjellstrom, Osarenkhoe, 2023; Castro
etal., 2014; Wang et al., 2023).

Table 2 highlighting examples of software and applications used in customer behavior
analysis, along with descriptions of their usage.

Table 2.
The usage of business analytics software in customer behavior analysis
Software/ I
Application Description Key Features
IBM Watson IBM Watson Analytics is o Advanced data visualization: Interactive
Analytics a cloud-based analytics dashboards and visualizations facilitate the

platform that offers advanced
analytics capabilities for
businesses. It allows users to
explore and analyze data
through intuitive
visualizations and predictive
analytics tools.

exploration of customer data and trends.

Predictive analytics: Enables businesses to forecast
customer behavior, identify patterns, and make
data-driven decisions.

Natural language processing (NLP): Allows users
to ask questions in natural language and receive
insights, making data analysis more accessible to
non-technical users.

Salesforce Einstein
Analytics

Salesforce Einstein Analytics
is an Al-powered analytics
platform integrated with
Salesforce CRM, designed to
provide actionable insights
and recommendations to
improve customer
experiences.

Integration with CRM data: Seamlessly integrates
with Salesforce CRM to analyze customer data,
including sales, service, and marketing
interactions.

Predictive analytics: Utilizes machine learning
algorithms to forecast customer behavior, predict
churn, and identify cross-selling opportunities.
Al-driven insights: Generates automated insights
and recommendations to guide sales and marketing
strategies, enhancing customer engagement and
retention.

Google Analytics

Google Analytics is a web
analytics service offered by
Google that tracks and reports
website traffic and user
interactions. While primarily
used for website analysis, it
also provides valuable insights
into customer behavior.

Website traffic analysis: Tracks customer
interactions on websites, including page views,
session durations, and conversion rates,

to understand user behavior and preferences.
E-commerce tracking: Provides insights into online
purchase behavior, including product performance,
transaction values, and shopping cart abandonment
rates.

Audience segmentation: Allows businesses to
segment website visitors based on demographics,
interests, and behaviors, enabling targeted
marketing and personalized content delivery.




636 R. Wolniak
Cont. table 2.

Tableau Tableau is a powerful data o Interactive dashboards: Enables users to visualize
visualization tool that allows and explore customer data through interactive
businesses to create interactive charts, graphs, and maps, facilitating deeper
and shareable dashboards for insights into customer behavior.
analyzing customer behavior. Data blending: Integrates data from multiple

sources, such as CRM systems, social media
platforms, and transactional databases, to provide
a comprehensive view of customer interactions.
Predictive analytics: Offers predictive modeling
capabilities to forecast customer behavior, identify
trends, and make data-driven decisions.

SAS Customer SAS Customer Intelligence is Customer segmentation: Utilizes advanced

Intelligence a comprehensive suite of analytics techniques to segment customers based
analytics solutions designed to on demographics, behaviors, and preferences,
help businesses understand enabling targeted marketing campaigns and
and engage with customers personalized communications.
effectively. Real-time analytics: Provides real-time insights

into customer interactions across multiple
channels, allowing businesses to respond promptly
to customer needs and preferences.

Campaign optimization: Optimizes marketing
campaigns by analyzing campaign performance,
identifying the most effective channels and
messages, and optimizing marketing spend to
maximize ROI.

Adobe Analytics Adobe Analytics is a web Omnichannel analytics: Tracks customer

analytics solution that
provides businesses with
insights into customer
interactions across digital
channels, including websites,
mobile apps, and social media
platforms.

interactions across multiple digital touchpoints,
allowing businesses to understand the customer
journey and identify opportunities for engagement
and conversion.

Segmentation and targeting: Enables businesses to
segment customers based on behavior,
demographics, and other attributes, and target them
with personalized content and offers.

Attribution modeling: Provides insights into the
effectiveness of marketing channels and
campaigns, helping businesses allocate resources
effectively and optimize marketing ROI.

Microsoft Power Bl

Microsoft Power Bl is a
business analytics tool that
allows businesses to visualize
and analyze data from various
sources, including databases,
spreadsheets, and cloud
services.

Data visualization: Offers a range of visualization
options, including charts, graphs, and maps, to help
businesses explore and communicate insights from
customer data effectively.

Natural language queries: Allows users to ask
questions in natural language and receive insights
from the data, making it easier for non-technical
users to analyze and understand customer behavior.
Integration with Microsoft products: Seamlessly
integrates with other Microsoft products, such as
Excel, SharePoint, and Dynamics 365, to provide

a unified analytics platform for businesses.

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo
et al., 2022; Ghibakholl et al., 2022, Javaid, Haleem, 2020, Javaid et al., 2020; Cam et al., 2021; Charles
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023).
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4. Advantages and problems of business analytics usage in customer
behavior analysis

Utilizing business analytics in customer behavior analysis offers a multitude of advantages
for businesses seeking to thrive in today's competitive landscape. By harnessing the power of
data-driven insights, organizations can gain a deeper understanding of their customers, optimize
their marketing strategies, and enhance overall business performance. One of the primary
advantages of leveraging business analytics in customer behavior analysis is the ability to
enhance customer segmentation. By analyzing vast amounts of customer data, businesses can
segment their customer base more accurately based on demographics, behaviors, preferences,
and purchasing patterns. This allows for targeted marketing efforts, personalized
communication, and tailored product offerings, ultimately leading to higher customer
engagement and satisfaction. Furthermore, business analytics enables data-driven decision-
making processes. Instead of relying on guesswork or intuition, businesses can make informed
decisions backed by empirical evidence and insights derived from customer behavior analysis.
This results in more effective strategies, better allocation of resources, and improved business
outcomes (Charles et al., 2023).

Predictive analytics capabilities offered by business analytics tools allow businesses to
forecast future trends and behaviors. By analyzing historical data and using sophisticated
algorithms, businesses can anticipate customer needs, predict churn, identify cross-selling
opportunities, and optimize pricing strategies. This proactive approach helps businesses stay
ahead of the competition and capitalize on emerging opportunities in the market. Moreover,
business analytics facilitates personalized marketing campaigns. By analyzing customer
behavior data, businesses can create targeted marketing campaigns tailored to the preferences
and interests of specific customer segments. This not only increases the effectiveness of
marketing efforts but also enhances customer engagement and loyalty.

Real-time insights provided by business analytics tools enable businesses to respond
promptly to changing market conditions and customer preferences. By monitoring customer
interactions in real-time, businesses can identify trends, detect anomalies, and take immediate
action to address issues or capitalize on opportunities. This agility gives businesses
a competitive edge in today's fast-paced business environment (Nourani, 2021).

The advantages of using business analytics in customer behavior analysis are manifold.
From enhanced customer segmentation and data-driven decision-making to predictive analytics
and personalized marketing campaigns, businesses can leverage analytics to gain a deeper
understanding of their customers, drive business growth, and maintain a competitive edge in
the market. Table 3 contains the advantages of using business analytics in customer behavior
analysis within Industry 4.0 conditions, along with descriptions for each advantage. This table
showcases how business analytics in smart manufacturing offer various advantages across



638 R. Wolniak

different facets of operations, ultimately driving efficiency, reducing costs, and enhancing
competitiveness (Greasley, 2019).

Table 3.
The advantages of using business analytics in customer behavior analysis
Advantage Description
Enhanced Customer | Business analytics allows for more accurate and detailed segmentation of customers
Segmentation based on demographics, behaviors, and preferences. This enables targeted marketing
efforts and personalized experiences.
Data-Driven By analyzing customer behavior data, businesses can make informed decisions backed
Decision Making by data rather than relying on assumptions or intuition. This leads to more effective

strategies and better outcomes.
Improved Customer | Business analytics helps in identifying churn patterns and predicting which customers

Retention are at risk of leaving. By implementing targeted retention strategies, businesses can
improve customer retention rates and loyalty.

Personalized With insights gained from customer behavior analysis, businesses can create

Marketing personalized marketing campaigns tailored to the preferences and interests of specific

Campaigns customer segments. This increases engagement and conversion rates.

Optimal Resource By understanding customer preferences and behaviors, businesses can allocate

Allocation resources more effectively, whether it's marketing budgets, product development
efforts, or customer service initiatives. This ensures maximum return on investment
(ROI).

Enhanced Customer | Analyzing customer behavior helps businesses identify pain points, preferences,

Experience and opportunities to enhance the overall customer experience. By addressing these
areas, businesses can improve satisfaction and loyalty.

Competitive Businesses that leverage business analytics to analyze customer behavior gain

Advantage a competitive edge by understanding market trends, customer preferences,

and emerging opportunities better than their competitors.

Real-Time Insights | Business analytics provides real-time insights into customer interactions and behaviors,
allowing businesses to respond promptly to changing market conditions, customer
needs, and competitive threats.

Increased Revenue | Ultimately, the insights gained from customer behavior analysis lead to increased
Generation revenue generation through improved targeting, higher conversion rates, increased
customer lifetime value, and better overall business performance.

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

Table 4 contains the problems of using business analytics in customer behavior analysis
within Industry 4.0 conditions, along with descriptions for each advantage. These problems
highlight some of the key challenges that businesses may encounter when using business
analytics for customer behavior analysis. Overcoming these challenges requires a holistic
approach, including addressing data quality issues, investing in talent and technology,
and ensuring alignment with strategic objectives.

Table 4.
The problems of using business analytics in customer behavior analysis
Problem Description
Data Quality Issues One of the primary challenges in using business analytics for customer behavior

analysis is poor data quality. Inaccurate or incomplete data can lead to erroneous
insights and flawed decision-making processes.

Data Integration Businesses often struggle with integrating data from various sources such as CRM
Challenges systems, social media platforms, and transactional databases. Incompatible data
formats and structures can hinder the analysis process.
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Cont. table 4.
Privacy and With the increasing focus on data privacy regulations such as GDPR and CCPA,
Compliance Concerns | businesses must ensure that they handle customer data ethically and comply with
relevant regulations. This can limit the scope of data available for analysis.

Complexity of Business analytics tools often come with a steep learning curve and require
Analytics Tools specialized skills to use effectively. This can pose a challenge for businesses
lacking in-house expertise or resources to implement and manage these tools.
Interpretation and While business analytics can provide valuable insights into customer behavior,
Actionability interpreting these insights and translating them into actionable strategies can be

challenging. Businesses may struggle with prioritizing initiatives and implementing
changes based on analytics findings.

Lack of Alignment Another common problem is the disconnect between analytics initiatives and

with Business Goals broader business goals. Without clear alignment with strategic objectives, analytics
efforts may fail to deliver meaningful outcomes or drive tangible business results.

Overreliance on Business analytics often relies on historical data to analyze customer behavior and

Historical Data make predictions. However, relying solely on past data may not accurately capture
changing market dynamics or emerging trends, leading to suboptimal decision-
making.

Resource Constraints Implementing and maintaining business analytics solutions requires significant

investment in terms of time, money, and resources. Small and medium-sized
businesses may face challenges in allocating sufficient resources to support

analytics initiatives.

Technology Rapid advancements in technology can outpace businesses' ability to adopt and
Limitations leverage the latest analytics tools and techniques. Legacy systems and outdated
infrastructure may limit the capabilities of business analytics solutions.

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

5. Conclusion

The integration of business analytics with customer behavior analysis in Industry 4.0
environments presents a transformative opportunity for businesses to gain deeper insights into
customer preferences, trends, and behaviors. By leveraging cutting-edge technologies and data-
driven approaches, businesses can achieve unprecedented levels of granularity and precision in
understanding customer behavior. Real-time data collection and analysis enable businesses to
respond promptly to changing market dynamics and deliver personalized experiences across
multiple channels. Moreover, advanced analytics techniques such as predictive modeling and
sentiment analysis empower organizations to anticipate future trends, mitigate churn,
and enhance customer satisfaction.

Despite the numerous advantages offered by business analytics in customer behavior
analysis, businesses may encounter challenges such as data quality issues, privacy concerns,
and resource constraints. Addressing these challenges requires a holistic approach, including
investment in data governance, talent development, and technology infrastructure.
By overcoming these obstacles, businesses can unlock the full potential of business analytics
to drive strategic decision-making, optimize marketing strategies, and improve overall business
performance in Industry 4.0 environments.
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