VIVA-Tech International Journal for Research and Innovation Volume 1, Issue 8 (2025)
ISSN(Online): 2581-7280 PP 01-XX

 P™S  VIVA-TECH INTERNATIONAL JOURNAL
VIVA-TECH IJRI  FOR RESEARCH AND INNOVATION

ANNUAL RESEARCH JOURNAL

\J' ANNUAL RESEARCH JOURNAL
ISSN(ONLINE): 2581-7280

Big Data Analytics for Customer Behaviour Prediction: Tools,
Techniques, and Applications

Prof. Brijesh Joshi', Sagar Jadhav?

(MCA, Viva Institute of Technology/Mumbai University, India)
(MCA, Viva Institute of Technology/Mumbai University, India)

Abstract: Big Data Analytics has revolutionized the understanding of customer behaviour, enabling businesses
to predict and respond to customer needs effectively. This paper explores the tools, techniques, and applications
of Big Data Analytics for customer behaviour prediction, highlighting its evolution, purpose, challenges, and
future directions. By analyzing existing literature and discussing modern approaches, we provide a
comprehensive framework for leveraging Big Data to enhance decision-making and improve customer
satisfaction.
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I. Introduction:

The advent of Big Data has transformed industries, providing unprecedented insights into customer
behaviour. Businesses today collect vast amounts of structured and unstructured data from multiple sources,
including social media, transactional systems, and IoT devices. Predicting customer behavior using these
datasets allows companies to personalize experiences, optimize marketing strategies, and increase retention
rates. This paper delves into the evolution, tools, and techniques that have emerged to support customer
behaviour prediction, while addressing existing challenges and proposing future research directions.

Figure 1: A flowchart illustrating the data collection process from various sources like
IoT, social media, and transactional systems.
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The actual data is then further divided mainly into two types known as:

o Primary data
o Secondary data

Primary data:

The data which is Raw, original, and extracted directly from the official sources is known as primary data.
This type of data is collected directly by performing techniques such as questionnaires, interviews, and
surveys. The data collected must be according to the demand and requirements of the target audience on
which analysis is performed otherwise it would be a burden in the data processing. Few methods of
collecting primary data:

1. Interview method:

The data collected during this process is through interviewing the target audience by a person called
interviewer and the person who answers the interview is known as the interviewee. Some basic business or
product related questions are asked and noted down in the form of notes, audio, or video and this data is
stored for processing. These can be both structured and unstructured like personal interviews or formal
interviews through telephone, face to face, email, etc.

2. Survey method:

The survey method is the process of research where a list of relevant questions are asked and answers are
noted down in the form of text, audio, or video. The survey method can be obtained in both online and
offline mode like through website forms and email. Then that survey answers are stored for analyzing data.
Examples are online surveys or surveys through social media polls.

3. Observation method:

The observation method is a method of data collection in which the researcher keenly observes the
behaviour and practices of the target audience using some data collecting tool and stores the observed data
in the form of text, audio, video, or any raw formats. In this method, the data is collected directly by posting
a few questions on the participants. For example, observing a group of customers and their behaviour
towards the products. The data obtained will be sent for processing.

4. Experimental method:

The experimental method is the process of collecting data through performing experiments, research, and
investigation. The most frequently used experiment methods are CRD, RBD, LSD, FD.

o CRD- Completely Randomized design is a simple experimental design used in data analytics
which is based on randomization and replication. It is mostly used for comparing the experiments.

¢ RBD- Randomized Block Design is an experimental design in which the experiment is divided
into small units called blocks. Random experiments are performed on each of the blocks and results are
drawn using a technique known as analysis of variance (ANOVA). RBD was originated from the
agriculture sector.

e LSD - Latin Square Design is an experimental design that is similar to CRD and RBD blocks but
contains rows and columns. It is an arrangement of NxN squares with an equal amount of rows and
columns which contain letters that occurs only once in a row. Hence the differences can be easily found
with fewer errors in the experiment. Sudoku puzzle is an example of a Latin square design.

e FD- Factorial design is an experimental design where each experiment has two factors each with
possible values and on performing trail other combinational factors are derived.

www.viva-technology.org/New/IJRI



VIVA-Tech International Journal for Research and Innovation Volume 1, Issue 8 (2025)
ISSN(Online): 2581-7280 PP 01-XX

Secondary data:

Secondary data is the data which has already been collected and reused again for some valid purpose. This type
of data is previously recorded from primary data and it has two types of sources named internal source and
external source.

Internal source:

These types of data can easily be found within the organization such as market record, a sales record,
transactions, customer data, accounting resources, etc. The cost and time consumption is less in obtaining
internal sources.

External source:

The data which can’t be found at internal organizations and can be gained through external third party resources
is external source data. The cost and time consumption is more because this contains a huge amount of data.
Examples of external sources are Government publications, news publications, Registrar General of India,
planning commission, international labour bureau, syndicate services, and other non-governmental publications.

Evolution of Big Data Analytics for Customer Behaviour Prediction:

1. Early Approaches: Initially, businesses relied on descriptive statistics and basic clustering techniques
to segment customers based on historical data.

2. Introduction of Data Warehousing: The 1990s saw the emergence of data warehouses, enabling more
efficient storage and analysis of large datasets.

3. Machine Learning Revolution: With advancements in computational power, machine learning
algorithms began transforming predictive analytics in the 2000s.

4. Big Data Ecosystem: The rise of Hadoop, Spark, and cloud computing platforms provided scalable
solutions for handling massive datasets.

5. Real-time Analytics: Today, businesses leverage real-time data streams and advanced Al models to
predict and respond to customer behaviour instantaneously.

Figure 2: A timeline showcasing key milestones in the evolution of Big Data Analytics.
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Understanding customer behaviour is critical for businesses aiming to maintain a competitive edge. Despite
advancements, many organizations struggle with integrating diverse datasets, ensuring data quality, and building
models that generalize across customer segments. This paper aims to:

e Identify key tools and techniques used in customer behaviour prediction.

e Highlight common challenges faced by businesses.

e Propose actionable strategies for overcoming these challenges.

Literature Review:

1. Data Sources: Studies emphasize the importance of integrating diverse data sources such as
clickstreams, purchase histories, and social media interactions.

2. Techniques: Research highlights machine learning methods such as decision trees, neural networks,
and ensemble models for behaviour prediction.

3. Applications: Big Data Analytics has been applied successfully in domains such as e-commerce,
healthcare, and financial services for predicting churn, identifying cross-sell opportunities, and

personalizing recommendations.

4. Challenges: Key challenges include data privacy concerns, algorithmic bias, and the need for
interpretability in Al models.

Figure 3: Comparative analysis of tools like Hadoop, Spark, TensorFlow, and others
used in Big Data Analytics.
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Discussion:

1. Tools and Technologies:

structured and
unstructured files.

handle huge databases.

o Hadoop and Spark for data processing.
o SQL and NoSQL databases for data storage.
o Machine learning frameworks like TensorFlow and PyTorch.

o  Visualization tools such as Tableau and Power BI.
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2. Techniques:
o Predictive models: Random Forests, Gradient Boosting Machines, and Neural Networks.
o Clustering algorithms for segmentation: K-Means and DBSCAN.
o Natural Language Processing (NLP) for text data analysis.
3. Applications:
o Personalized marketing campaigns based on user preferences.
o Dynamic pricing strategies in e-commerce.

o Fraud detection in financial transactions.

Figure 4: Infographic summarizing use cases in e-commerce, healthcare, and banking.
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Case Studies:
1. E-commerce:

o Companies like Amazon and eBay use Big Data Analytics to recommend products based on
user preferences and past behaviours.

o Real-time analysis of customer feedback for improved service delivery.
2. Healthcare:

o Predictive analytics to anticipate patient needs and improve care plans.

o Use of sentiment analysis from social media to gauge public health concerns.
3. Banking and Finance:

o Fraud detection through anomaly detection algorithms.

o Customer segmentation for targeted marketing campaigns.

Future Directions and Challenges:
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1. Future Directions:
o Enhancing model interpretability to improve trust in Al systems.
o Developing privacy-preserving techniques such as federated learning.
o Integrating quantum computing for faster data processing.

o Leveraging hybrid models combining traditional statistics and deep learning.

2. Challenges:
o Balancing data privacy with analytical needs.
o Addressing bias in data and algorithms to ensure fairness.
o  Scaling solutions for real-time decision-making.

o Overcoming limitations in data integration across platforms.

Figure 5: Roadmap indicating future advancements and challenges in Big Data
Analytics for customer behaviour prediction.
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Conclusion:

Big Data Analytics has become an indispensable tool for predicting customer behavior, driving both strategic
and operational decisions. By adopting advanced tools and techniques while addressing challenges, businesses
can unlock new opportunities and deliver superior customer experiences. Future research should focus on ethical
considerations, scalable architectures, and novel predictive methodologies to further advance the field.
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