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Article history: The rapid development of e-commerce has significantly increased the

. volume of sales transactions and customer interaction data. This presents
Recglved July 10, 2024 an opportunity for businesses to leverage data mining techniques to extract
Revised July 12, 2024 valuable insights that support decision-making processes. One such
Acce_pted July 12, 2024 application is the development of product recommendation systems,
Publish November 30, 2024 which play a crucial role in enhancing customer satisfaction and driving
sales. This research focuses on utilizing sales transaction data to build a
product recommendation system using the Apriori algorithm, a well-
known method for association rule mining. The study begins with the
collection and preprocessing of transaction data from an e-commerce
platform. Through the application of the Apriori algorithm, frequent
itemsets are identified, and association rules are generated based on
specified support and confidence thresholds. These rules reveal
purchasing patterns and relationships between products that are frequently
bought together. The system then uses these patterns to recommend
relevant products to users, aiming to improve cross-selling opportunities
and personalize the shopping experience. The results demonstrate that the
Apriori-based recommendation model is effective in identifying
meaningful product combinations and can be implemented as a
lightweight, interpretable alternative to more complex machine learning
methods. Furthermore, the system helps e-commerce businesses optimize
inventory management and marketing strategies by understanding
customer buying behavior. This research concludes that the integration of
the Apriori algorithm into recommendation systems provides tangible
benefits for e-commerce platforms seeking data-driven personalization
solutions.
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1. INTRODUCTION

The development of information and communication technology has had a significant impact on various sectors
of life, one of which is the trade sector[1]. E-commerce or electronic commerce has now become one of the fastest-
growing business models in the digital era[2]. This phenomenon is closely related to the ease of internet access, changes
in consumer behavior, and the increasing use of digital devices in daily activities[3]. E-commerce offers various
conveniences for consumers, such as purchasing goods online without having to visit physical stores, digital payment
systems, and a wide range of products[4]. For business operators, e-commerce opens up significant opportunities to reach
a broader market, improve operational efficiency, and collect consumer data in real-time[5]. One of the challenges faced
by e-commerce practitioners is how to provide a personalized and relevant shopping experience for each user. In this
context, recommendation systems play an important role[6]. Recommendation systems are technologies used to provide
product suggestions or recommendations to users based on their preferences, behavior, or interaction history on the e-
commerce platform. This system has proven capable of increasing sales, enhancing customer loyalty, and helping
consumers find products they might need but were not previously aware of[7].

To build an effective recommendation system, an in-depth analysis of the available data is needed. One type of
data that is very important in the context of e-commerce is sales transaction data[8]. This data includes information about
which products are purchased by customers, when the purchases are made, and the purchasing patterns that occur between
products. Through the analysis of transaction data, e-commerce practitioners can identify products that are often bought
together, customer shopping patterns, and emerging market trends. In this research, the Apriori algorithm is used as the
main method to analyze sales data. The Apriori algorithm is one of the most popular algorithms in data mining,
particularly in the field of association rule mining[9]. The main objective of this algorithm is to find associative patterns
between items that frequently appear together in a transaction dataset. In other words, this algorithm can be used to
determine which products are likely to be purchased together by customers. The result of this algorithm consists of
frequent itemsets and association rules that can be utilized to build an association-based recommendation system[10].

The reason for choosing the Apriori algorithm in this research is because this algorithm has the advantage of result
interpretation that is easy to understand for non-technical business users. Additionally, this algorithm works efficiently
on datasets with a large number of transactions and is capable of capturing logical relationships between products in the
form of clear rules. Although there are various algorithms and other approaches in building recommendation systems,
such as collaborative filtering, content-based filtering, and more complex machine learning-based techniques, the Apriori-
based approach remains relevant and highly valuable, especially for needs that emphasize readability and transparency of
results[11]. This research aims to utilize the Apriori algorithm in processing sales transaction data to generate a relevant
product recommendation system on e-commerce platforms[12]. The focus of the research includes the process of
collecting and preprocessing transaction data, applying the Apriori algorithm with specific support and confidence
parameters, and analyzing the results in the form of discovered association rules. In addition, this research also evaluates
the effectiveness of the built recommendation system in the context of increasing the relevance of product suggestions
and the potential for sales growth[13].

With the presence of a recommendation system based on sales data analysis, e-commerce players can provide
product suggestions that are more accurate and aligned with consumer shopping patterns[14]. This will certainly
contribute to the improvement of user experience, customer loyalty, and the effectiveness of marketing strategies[15]. On
the other hand, this approach also opens up new opportunities in the development of data-driven sales strategies, such as
product bundling arrangements, product placement on the main page, and promotions for products that are strongly related
to each other.

This research is expected to provide a significant contribution both academically and practically. From an
academic perspective, this research strengthens the application of data mining theory in a real-world context, namely e-
commerce, while also enriching the reference for case studies on the use of the Apriori algorithm for recommendation
systems. Meanwhile, from a practical standpoint, the results of this research can serve as a guide or model for business
practitioners in developing their internal recommendation systems by utilizing already available data without requiring
expensive or complex technology. Thus, the use of the Apriori algorithm for sales data analysis can become an efficient,
accurate, and easily applicable strategic solution for various scales of e-commerce businesses.

2. RESEARCH METHODOLOGY

This research uses a quantitative approach with an exploratory method, aimed at analyzing sales transaction data
and building a product recommendation system based on the Apriori algorithm. This method was chosen because it is
suitable for uncovering hidden patterns in the data and finding association rules between items in the transaction dataset.
The research was conducted in stages through several phases as follows.

Figure 1. Research Flow
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2.1 Data Collection

The data used in this research consists of sales transaction data from an e-commerce platform. This data contains customer
transaction records that include transaction ID, product ID, transaction time, and customer information in an anonymous
manner. Data can be obtained from the relevant e-commerce backend system or by using public datasets as a simulation,
such as the Online Retail Dataset or Groceries Dataset. The minimum number of transaction data should be in the
hundreds of rows to ensure diversity and analytical strength.

2.2 Data Preprocessing

Before being applied to the Apriori algorithm, the collected transaction data needs to undergo a preprocessing process,
including:

a. Data cleaning: Removing duplicates, empty data, or invalid transactions.

b. Data transformation; Converting transaction data into a basket format suitable for associative analysis, where each
row represents a single transaction and contains a collection of products purchased together.

c. Data normalization: If necessary, standardize the format of product names or product IDs to avoid analysis errors.

2.3 Application of the Apriori Algorithm
After the data is ready, the analysis process is carried out using the Apriori algorithm with the following steps:

a. Determining the minimum support and confidence values to be used as algorithm parameters. These values are
adjusted based on the characteristics of the dataset, for example, support 0.05 (5%) and confidence 0.6 (60%).

b. Running the algorithm to obtain frequent itemsets, which are combinations of products that are often purchased
together.

c. Generating association rules, which are rules in the form of "If buying A, then likely also buying B."

d. Evaluating the rules formed based on lift values to determine the strength of the correlation between products.

2.4 Development of the Recommendation System

The results of the Apriori algorithm in the form of association rules are utilized to build a product recommendation
system. This system will recommend products to users based on the products they have seen or purchased. The basic
logic of the system is:

a. Ifthe user buys product A, the system will recommend product B, which has a strong association with A.
b. The system was developed in the form of a simple web-based prototype or Python script as a proof of concept.

2.5 System Evaluation

Evaluation is conducted to measure the quality of the recommendations produced by the system. This evaluation
includes:

a. Quantitative evaluation, which involves counting the number of valid and relevant rules based on lift, support, and
confidence values.

b. Qualitative evaluation, which involves manually testing the recommendation results by comparing them with
domain knowledge or simulated customer preferences.

c. User feedback (optional): if the research involves users, feedback related to the relevance of the product suggestions
that emerge can be collected.

2.6 Tools and Software
In this research, several devices and supporting libraries were used, including:

Python programming language

MLxtend or apyori library for implementing the Apriori algorithm
Microsoft Excel or Google Sheets for initial data exploration
Jupyter Notebook as a medium for development and visualization

cooe

3. RESULT AND DISCUSSION

After conducting the sales data analysis process using the Apriori algorithm, a number of frequent itemsets and association
rules were obtained, illustrating customer purchasing patterns on the e-commerce platform. This process was carried out
using a transaction dataset of 1,000 entries, which had undergone pre-processing and transformation into basket format.
The parameters used in the Apriori algorithm are a minimum support of 5% and a minimum confidence of 60%.

Here is an example of the association rules obtained:
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Table 1. Example of Association Rules Results

No Association Rules Support (%)  Confidence (%0) Lift

1 If you buy a Keyboard — Mouse 6.8 75.0 1.92

2 If you buy a laptop — Laptop bag 55 72.3 1.87

3 If you buy a printer — Ink 6.2 80.1 2.13

4 If you buy a Mouse — Mousepad 7.3 69.4 1.65

5 If you buy a smartphone — Casing 59 74.2 181
Explanation:

a. Support shows how often the combination of items appears in the overall transactions.
b. Confidence shows the probability of a consumer buying item B if they have already bought item A.
c. Lift describes the strength of the association between two items; a value above 1 indicates a positive correlation.

3.1 Analysis of Results

From the results above, it can be seen that there is a fairly strong purchasing pattern between products. For example:

a. Rule number 3, which states that if you buy a printer, you are very likely to also buy ink, has the highest confidence
at 80.1% and a lift of 2.13, indicating a very strong association. This aligns with business logic that customers who
buy printers usually need ink as a complement.

b. Rule number 1 and 5 also show a high correlation, where Keyboard and Mouse, as well as Smartphone and Casing,
are reasonable product pairs that are often purchased together.

This result is very useful in the development of product recommendation systems. For example, if a user adds a Printer
to their cart, the system can automatically recommend Ink as a relevant product. This recommendation not only enhances
user convenience but also opens up opportunities for additional purchases (cross-selling), thereby increasing revenue for
e-commerce operators.

Furthermore, the high lift values in most rules indicate that the associations between products in the dataset are quite

strong and can serve as a basis for marketing strategies, such as product bundling arrangements, combination discounts,
or targeted promotions.

3.2 Visualization of Association Rules (Optional)

If used in presentations or publications, these association results can also be visualized in the form of graphs or network
maps to show the relationships between products interactively. This visualization will make it easier for the business team
to understand the interconnections between items.

3.3 Discussion of Advantages and Disadvantages

a. Advantages of the Apriori method:
1 The results are easy to understand and interpret by non-technical users.
2 Suitable for initial data exploration before applying more complex methods.
3 Can be adjusted flexibly based on support and confidence parameters.
b. Shortcomings:
1 Ifthe dataset is very large, the computation process can take a lot of time and resources.
2 Not considering the order of time or the context of the transaction.
3 Itis necessary to set the correct threshold to avoid generating too many irrelevant rules..

3.4 Practical Implications
The results of this analysis can be directly utilized in the product recommendation system on e-commerce platforms. By
utilizing this association rule:

a. Product recommendations can be provided in real-time when customers add products to their cart.

b. Can be used for upselling and cross-selling.

c. Making it easier for product managers to create promotional packages or bundling discounts:

4. CONCLUSIONS

This research shows that the utilization of sales transaction data in e-commerce can serve as a strong foundation for
building an effective and relevant product recommendation system. By using the Apriori algorithm, purchasing patterns
that frequently occur among products can be identified in the form of association rules that are easy to understand and
apply. These rules can be used to provide automatic product recommendations to customers, which can ultimately enhance
user comfort, speed up the shopping process, and encourage additional purchases (cross-selling and upselling). The
analysis results show that several product pairs have high support and confidence levels, as well as lift values above 1,
indicating a strong correlation between those products. For example, the relationship between the purchase of printers
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and ink, or laptops and laptop bags, is a common pattern that can be utilized in recommendation systems to increase sales
opportunities. From a technical standpoint, the Apriori algorithm offers advantages in terms of result transparency and
flexibility in parameter settings. However, it is important to note that the use of this algorithm also has limitations,
especially when applied to very large or complex datasets. Therefore, in its implementation, it is necessary to consider
computational efficiency and periodic result validation. Overall, this research proves that sales data analysis using the
Apriori algorithm can provide strategic value in the development of data-driven recommendation systems on e-commerce
platforms. This approach can serve as an initial solution that is light, practical, and beneficial for business operators in
providing more personalized services to customers..
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