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ABSTRACT

Impulse buying behavior is common in online shopping, where consumers make unplanned purchases driven by
various psychological and environmental stimuli. Understanding this kind of behavior is essential, as it helps online
retailers streamline marketing campaigns, product recommendations, and the customer experience. This paper
examines how data mining methods can be used to forecast impulse buying behavior in online shopping. We examine
the available methods, including classification models, clustering, and association rule mining, and compare their
performance in predicting impulse purchases. Using consumer information, including browsing history,
demographics, and purchase history, we would suggest a hybrid data-mining model that combines decision-tree
classification and association-rule mining to enhance prediction accuracy. Our findings indicate that data mining has
substantial potential to improve the precision of impulse-buy forecasts, providing retailers with actionable
information to tailor their products and maximize sales. The paper will end by discussing the practical implications,
challenges and future of applying data mining in online retail strategies.
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INTRODUCTION

Impulse buying behavior can be defined as spontaneous
or unplanned buying behavior that is made without any
previous planning and is usually guided by psychological
or emotional factors or even by a situation. Within the
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purchases account for a considerable share of total sales
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online shopping, the retailers are now enjoying the
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discovering latent patterns that may forecast impulse
buying behavior.
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This paper examines how data mining methods, such
as classification models, clustering, and association
rule mining, can be applied to predict impulse buying
behavior, potentially offering valuable insights for
personalized marketing and sales strategies.

Research Questions

1. Which are the best data mining methods in
predicting impulse buying behavior in online
retail?

2. What can be done to combine consumer
browsing data, demographics, and previous
purchase history to enhance the prediction
accuracy?

3. What are the implications in the practical context
of data mining applications in impulse buying
prediction in online retail?

2. Literature Review

One of the key aspects to consider in online retailing
is impulse buying behavior.

The combination of psychological, technological,
situational, and promotional factors, along with
individual demographic characteristics, constitutes a
complex phenomenon that drives this behavior
(Kavita et al., 2025). An example is psychological
reasons like stress, boredom, personality, and hedonic
motivation which cause unplanned buying as a way of
releasing emotions or seeking pleasure (Kavita et al.,
2025). Moreover, such factors as convenience, the
design of the sites, presentation of the products, and
the price policy, such as time-limited promotions and
discounts, play a huge role in determining the chances
of impulse purchase in online shops (et al., 2024;
Rani and Catherine, 2023, p. 3). The increased pace
of e-commerce further underscores the importance of
understanding impulse buying behavior, as consumers
are more likely to be impulsive online (Jalo, 2019).
This can be explained by the brain's reward system, in
which dopamine is released when a purchase is
expected, reinforcing impulsive behavior
(TAMILRASI, 20253, 2025b).
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2.2 Data Mining Methods to Predict Consumer
Behavior

These techniques can be used to create advanced
predictive models that forecast consumer intent,
purchase sessions, and final purchase decisions in e-
commerce environments (Cirqueira et al., 2020, p.
119). These models play an essential role in
optimizing  marketing  approaches, inventory
management, and customizing recommendations,
hence, increasing the overall level of customer
satisfaction (Kaya and Saleem, 2023; Zhang et al.,
2024). Current developments in machine learning,
such as Bagging and Boosting classifiers, have further
enhanced the accuracy of predicting consumer
behaviors in online shopping contexts, especially in
adapting to changing market dynamics (Safara, 2020,
p. 1527). Moreover, group models such as Random
Forest have been shown to have greater predictive
power for online purchase behavior, with high
accuracy and ROC-AUC values in test assessments
(Jaiswal & Ramteke, 2025).

2.3 Mixed Methods in the prediction of impulse
buying

This is based on the strengths of individual
algorithms, and their weaknesses are mitigated to
achieve higher predictive performance (Bakirarar et
al., 2023). Such combination of various analytical
skills, which may include such methods as statistical
analysis, machine learning, clustering, and neural
networks, enables a more profound inference of the
hidden knowledge about the large datasets (Ahlawat
and Suri, 2016). Hybrid models can be especially
useful in more complex areas like financial
forecasting, where nonlinear, dynamic relationships
are typically not identified in traditional time-series
analysis (Sarimurrab & Khan, 2025). An example is
the integration of Autoregressive Integrated Moving
Average models and Artificial Neural Networks
which has been found to improve the forecasting
accuracy by mitigating the weaknesses of each of the
two models (Khashei and Hajirahimi, 2017, p. 21).
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Figure 2: Network Diagram of Predictive Model for
Impulse Buying Behavior, Source: Authors' own
conceptual illustration based on hybrid model design.

Figure 2 shows the flow of data in the predictive
model, where consumer behavior is analyzed to
categorize potential impulse buyers and identify
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products that are more frequently purchased, thereby
improving the model's predictive accuracy and
influence on future buying choices.

3. Methodology

3.1 Data Collection

The information applied in this research was gathered

in one of the popular online retailers of consumer

electronics. The data has a total of more than 1

million consumer transactions that are composed of:

e Browsing information: Pages viewed, time taken
on product pages, and clickstream information.

e Data on transactions: Purchase of products, their
quantities, and prices.

o Demographic information: Age, gender, and
location of consumers.

e Past purchase history: History of past purchases.

3.2 Data Preprocessing

Preprocessing was performed on the collected data to
exclude irrelevant or missing entries. Browsing data
and transaction data were merged into a single
dataset, and the consumer behavior pattern was
determined depending on the time spent on product
pages, clicks, and past purchases.

3.3 Model Development

A hybrid association rule mining model with a
decision tree classifier was created. A decision tree
tendency to buy audio cables.
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model was applied to categorize consumers based on
their likelihood of being impulse buyers, and
association rule mining was applied to identify
product relationships typically associated with
impulse buying.

3.4 Model Evaluation

Accuracy, precision, recall, and F1-score were used to
evaluate the model's performance. This was done
through cross-validation to ensure that the model can
generalize to unseen data.

4. Results and Discussion

4.1 Model Performance

The hybrid model outperformed traditional
classification models, achieving 87% accuracy in
predicting impulse buying behavior. The decision tree
classifier helped segregate consumers by behavior,
and the association rules provided valuable insight
into product combinations most likely to result in
impulse purchases. Association rule mining provides
insights into whether the relationship between two
variables is significant.

4.2 Product Association Insights

Complementary Product: When consumers bought
audio cables, there was a complementary association
with headphones indicating that consumers who
bought headphones had a higher

J

Mobile
Phones

Confidence Level [

= High (= 60%)
ﬁ]? —»  Medium (45% — 59%)

Earbuds ~»  Low (< 45%) ‘

Figure 4: Association of Complementary Products in Impulse Buying

This graph shows the complementary relationship
between products that are frequently bought together,
such as headphones and audio cables. These insights
can help retailers optimize product placement and

bundle promotions.

Urgency Triggers: The most frequent consumer who
was able to click on time limited promotions were far
more likely to purchase on impulse.
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Figure 3: Accuracy, Precision, Recall, and F1-Score
Comparison of Data Mining Models for Impulse
Buying Prediction, Source: Author’s own analysis
from the case study dataset.

This chart compares the performance of three models:
Decision Tree, Association Rule Mining, and the
Hybrid Model (combining both Decision Tree and
Association Rule Mining) across four key metrics:
accuracy, precision, recall, and F1-score. The Hybrid
Model consistently outperforms the individual models
in all metrics, demonstrating its superior predictive
ability.

5. Conclusion

Data mining methods, especially the hybrid method
that combines decision trees and association rule
mining, offer strong solutions for predicting impulse
buying behavior in online retail. With consumer data,
retailers will be able to optimize their marketing
efforts and generate more revenue by recommending
products to impulsive consumers and by providing
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