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Abstract 

The rapid expansion of online retail platforms has resulted in information overload, where 

customers are exposed to a very large number of products, making it difficult to identify 

items aligned with individual preferences. Personalized recommendation systems address this 

challenge by analyzing user behavior and historical interactions to generate relevant product 

suggestions. This study proposes a simple and computationally efficient recommendation 

framework based on user-based collaborative filtering implemented using the k-Nearest 

Neighbors algorithm. The proposed approach is designed for small and medium-sized online 

retailers with limited technical resources and focuses on interpretability, low computational 

cost, and ease of deployment. The experimental analysis conducted on an e-commerce 

interaction dataset demonstrates that the proposed method significantly outperforms a 

popularity-based recommendation baseline in terms of Precision@K and Recall@K. The 

findings suggest that even simple machine learning techniques can enhance customer 

engagement and improve personalization quality in online retail environments, providing a 

practical and scalable solution for commerce-driven digital platforms. 

Keywords: Recommendation systems; E-commerce; Machine learning; Collaborative 
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1. Introduction 

Online retail platforms have transformed modern commerce by providing customers with 

convenient access to extensive product catalogs; however, this abundance of options often 

leads to decision fatigue and reduced user satisfaction due to the difficulty of discovering 

relevant products. Large-scale platforms such as Amazon and Flipkart have demonstrated that 

personalized recommendation systems are central to improving user experience, increasing 
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conversion rates, and enhancing customer retention through tailored product suggestions 

derived from historical user interactions. While advanced deep learning approaches have 

gained popularity in industrial-scale recommender systems, many small and medium online 

retailers face constraints related to limited datasets, restricted computational resources, and 

the lack of specialized technical expertise, which restricts the adoption of complex models. 

Consequently, there is a strong practical need for simple, interpretable, and cost-effective 

recommendation techniques that can deliver measurable commercial value without requiring 

extensive infrastructure. This study addresses this need by proposing and evaluating a basic 

machine learning–based recommendation framework that leverages collaborative filtering 

with k-Nearest Neighbors to provide personalized product recommendations in online retail 

settings. 

 

2. Objectives 

Early research on recommendation systems focused on memory-based collaborative filtering 

methods that compute similarity between users or items based on historical ratings or 

interactions, offering simplicity and interpretability. Content-based recommendation 

approaches rely on matching user preferences with product attributes and textual descriptions, 

while hybrid approaches combine collaborative and content-based methods to address 

limitations such as data sparsity and the cold-start problem. Although matrix factorization 

and deep learning methods have shown strong performance on large-scale datasets, their 

computational cost, complexity, and limited transparency pose challenges for smaller 

organizations. Recent studies emphasize that well-tuned simple models can achieve 

competitive performance in practical e-commerce environments, particularly when data 

quality is high and evaluation metrics are aligned with business objectives. This work builds 

upon these findings by focusing on a lightweight and interpretable approach that can be easily 

implemented in resource-constrained online retail systems. 

 

3. Problem Statement 

Small and medium online retailers often lack the infrastructure required to deploy complex 

recommendation systems, leading to reliance on non-personalized strategies such as 

popularity-based or manually curated recommendations, which fail to capture individual user 

preferences. The main challenges include limited computational resources, sparse user–item 

interaction data, the cold-start problem for new users and products, and the need for 

transparent recommendation logic that can be easily understood and maintained by 

GIS SCIENCE JOURNAL

VOLUME 13, ISSUE 04, 2026

ISSN NO : 1869-9391

PAGE NO:292



developers and business stakeholders. The objective of this study is to design and evaluate a 

simple machine learning–based recommendation system that improves personalization 

quality while remaining computationally efficient, interpretable, and suitable for real-world 

deployment in small-scale online retail platforms. 

 

2. Literature Review (with in-text citations) 

The development of recommendation systems has received extensive research attention due 

to their strong commercial relevance in online retail environments, where personalization 

directly influences user engagement, satisfaction, and sales performance [1,2]. Early studies 

primarily focused on memory-based collaborative filtering methods, which generate 

recommendations by computing similarity between users or items based on historical 

interaction data such as ratings and purchase histories [3,4]. These approaches remain popular 

in practice due to their simplicity and interpretability, making them suitable for small-scale 

commercial deployments with limited computational resources [5]. However, collaborative 

filtering methods are affected by data sparsity and scalability challenges, as user–item 

interaction matrices in real-world e-commerce systems are typically sparse and continuously 

expanding [6]. 

To address the limitations of memory-based approaches, model-based techniques such as 

matrix factorization were introduced to capture latent user and item preferences in a lower-

dimensional feature space, demonstrating improved performance on large-scale and sparse 

datasets [7,8]. Although these methods improve recommendation accuracy, their 

computational cost and reduced interpretability can limit their practical adoption in small and 

medium online retail platforms that require transparent and easily maintainable systems [9]. 

Content-based recommendation techniques have also been widely explored as a solution to 

the cold-start problem for new users and products by leveraging item metadata and user 

profile information [10]. However, content-based approaches often suffer from over-

specialization, where users are repeatedly recommended items similar to those previously 

interacted with, thereby limiting diversity and exploration [11]. 

Hybrid recommendation systems combining collaborative filtering and content-based 

approaches have been proposed to mitigate individual method limitations and have shown 

improvements in recommendation relevance and user satisfaction in commercial settings 

[12]. More recently, deep learning–based recommender systems have demonstrated state-of-

the-art performance by modeling complex user–item relationships and sequential interaction 

patterns; however, their deployment in real-world small-scale retail environments remains 
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constrained by high computational requirements, limited explainability, and concerns related 

to transparency and data privacy compliance [2,9]. Consequently, several studies emphasize 

the continued relevance of simple and interpretable machine learning techniques for practical 

recommendation system deployment, particularly in resource-constrained commercial 

environments where ease of implementation and system transparency are critical alongside 

predictive performance [5,12]. The present study aligns with this research direction by 

focusing on a simple k-Nearest Neighbors–based collaborative filtering framework that 

balances recommendation accuracy, interpretability, and computational efficiency for online 

retail applications. 

 

4. Methodology 

4.1 Dataset and Preprocessing 

The dataset used in this study consists of anonymized user–item interaction records, 

including user identifiers, product identifiers, product categories, and implicit feedback 

derived from user actions such as views or purchases. Data preprocessing involves removing 

incomplete records, normalizing interaction values to ensure comparability across users, and 

splitting the dataset into training and testing subsets using an 80:20 ratio to enable objective 

evaluation. 

4.2 Recommendation Model 

The proposed system employs user-based collaborative filtering implemented using the k-

Nearest Neighbors algorithm. Similarity between users is computed based on their historical 

interactions with products, and recommendations are generated by identifying products 

preferred by similar users that the target user has not yet interacted with. The value of k is 

selected empirically to balance recommendation relevance and computational efficiency. 

4.3 Evaluation Metrics 

The performance of the recommendation system is evaluated using Precision@K and 

Recall@K, which measure the relevance of the top-K recommended items and the system’s 

ability to retrieve relevant items from the candidate set, respectively. A popularity-based 

recommendation method is used as a baseline for comparative analysis. 

 

5. System Architecture 

Figure 1. Overall methodology of the proposed recommendation system. 
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Figure 1 illustrates the end-to-end workflow of the 

proposed system, from raw interaction data to 

personalized recommendations. 

 

6. Results and Analysis 

Table 1. Performance comparison of 

recommendation methods. 

Method Precision@5 Recall@5 

Popularity-Based 

Baseline 
0.18 0.14 

k-NN Collaborative 

Filtering 
0.26 0.22 

The performance evaluation of the proposed 

recommendation system was conducted by 

comparing the k-Nearest Neighbors–based 

collaborative filtering model with a popularity-

based baseline approach, as presented in Table 1. 

The popularity-based method recommends 

products that are most frequently purchased or 

viewed across the platform, without considering 

individual user preferences, and therefore serves as 

a reasonable non-personalized benchmark for evaluation. The results clearly indicate that the 

proposed collaborative filtering approach achieves superior performance across both 

Precision@5 and Recall@5 metrics, highlighting the effectiveness of personalization even 

when implemented using simple machine learning techniques. Specifically, the k-NN model 

records a Precision@5 value of 0.26 compared to 0.18 for the baseline method, 

demonstrating that a higher proportion of the recommended items are relevant to users when 

personalized recommendations are applied. This improvement reflects the ability of the 

collaborative filtering model to capture similarities in user behavior and leverage historical 

interaction patterns to generate more accurate recommendations. 

In addition to improved precision, the proposed model also achieves a higher Recall@5 value 

of 0.22 compared to 0.14 for the popularity-based approach, indicating that the system is able 

to retrieve a larger proportion of items that are relevant to individual users. Higher recall is 
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particularly important in online retail environments, as it reflects broader coverage of user 

interests and reduces the likelihood that relevant products are overlooked by the 

recommendation engine. The simultaneous improvement in both precision and recall 

demonstrates that the k-NN–based collaborative filtering model strikes an effective balance 

between recommendation relevance and coverage, which is essential for delivering 

meaningful personalization in e-commerce platforms. These results suggest that even without 

complex deep learning architectures, simple similarity-based methods can provide substantial 

performance gains when compared to non-personalized recommendation strategies. 

From a commercial and managerial perspective, the observed performance improvements 

have direct implications for online retail operations. Higher precision in the top-K 

recommendations is closely associated with increased click-through rates, as users are more 

likely to engage with recommended products that align with their preferences. This increased 

engagement can translate into higher conversion rates and improved average order value, 

contributing positively to overall revenue generation. Similarly, improved recall ensures that 

a wider range of relevant products is exposed to users, supporting product discovery and 

reducing the dominance of only a few popular items. This balanced exposure benefits both 

customers and retailers by promoting catalog utilization and enhancing customer satisfaction 

through diverse yet relevant recommendations. 

Another important advantage of the k-Nearest Neighbors–based collaborative filtering 

approach is its interpretability and transparency, which are critical considerations in real-

world commercial applications. Unlike complex black-box models, the recommendation 

logic in k-NN systems can be easily explained in terms of user similarity and shared 

preferences, allowing business stakeholders, system administrators, and auditors to 

understand and validate the recommendation outcomes. This transparency supports trust in 

automated decision-making systems and simplifies system maintenance and tuning over time. 

Overall, the results and analysis demonstrate that simple machine learning-based 

recommendation systems can deliver meaningful improvements in personalization 

performance while remaining computationally efficient, interpretable, and suitable for 

deployment in small and medium online retail platforms. 

 

7. Findings 

The findings of this study highlight the practical value of simple machine learning techniques 

for personalization in online retail environments. The proposed approach can be deployed on 

standard computing infrastructure without specialized hardware, making it suitable for small 
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and medium enterprises. However, the method may face scalability challenges as the number 

of users and products grows, and performance may degrade for new users and products due to 

the cold-start problem. Incorporating basic content-based features derived from product 

metadata can mitigate these limitations without substantially increasing computational 

complexity. Ethical considerations related to data privacy and responsible use of user 

interaction data should be carefully addressed to ensure compliance with data protection 

regulations and to maintain user trust. 

 

8. Conclusion and Future Work 

This study presented a simple and interpretable machine learning–based recommendation 

framework for online retail using user-based collaborative filtering with k-Nearest Neighbors. 

The experimental evaluation demonstrated that the proposed method outperforms a non-

personalized baseline in terms of recommendation relevance, thereby improving 

personalization quality and supporting commercial objectives such as increased engagement 

and sales. Future work will explore the integration of lightweight content-based features to 

address cold-start limitations, as well as incremental learning strategies to support real-time 

personalization in dynamic retail environments. 
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