
INTRODUCTION

In e-commerce, recommending products on the basis of 
customer preferences is widely used. It provides information 
related to the users’ interest or their searching query. The 
information extracted from users’ preferences or the pattern 
of their previously searched query can be used for the relevant 
prediction for the customers (Tewari, Kumar & Barman, 
2014). However, it is not possible to think about every 
product to recommend to the customers in e-commerce, 
as there are a huge number of products available. So, the 
product recommender system is the effective strategy to 
recommend the product on the basis of customer likings 
(Felden & Chamoni, 2007). 

There are machine learning techniques to know the 
purchasing patterns of the customers and identify the 
problem to find the right customers to recommend products, 
and then analyse the market. Machine learning techniques 
are very useful and have a huge impact on identifying the 
behaviour of customers, to recommend the right product 
based on similarities between users and items simultaneously 
(Columbus, 2018). It requires the study of the characteristics 
of customer behaviour and their interests, and handle 
customers’ interactions data for enhancing business module. 
Therefore, it is important to evaluate the machine learning 
algorithms to develop recommender systems to recommend 

relevant products to the customers in e-commerce. There 
are numerous machine learning algorithms to recommend 
products, described in the literature (Kulkarni, 2012). Here 
our work has been presented as a survey of the literature 
that analyses the use of machine learning algorithms to 
recommend products in e-commerce. The paper concluded 
that deep learning and neural networks techniques, or deep 
neural network, are broadly used to predict the relevant 
products for recommendation to the customers.

BACKGROUND
Machine Learning

Machine learning is a subfield of AI (Artificial Intelligence) 
that enables machines to automatically learn and improve 
with experience, without being explicitly programmed 
(Columbus, 2018). That means, machine learning is the 
technique to analyse data and learn to predict results.

There are numerous machine learning algorithms suggested 
in literature, and they can be categorised based on the 
approaches applied to learn processes. There are three major 
categories: supervised, unsupervised, and reinforcement 
learning (Adebola & Bukola, 2019).

In supervised learning, we use data that has already been 
labelled to train the machine. This indicates that the data 
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has been tagged with the correct response. The machine is 
then given a new piece of data to evaluate and produce an 
outcome from the labelled data (Adebola & Bukola, 2019). 

The algorithm in unsupervised learning is not given pre-
assigned labels for the training data. That is, the algorithm is 
allowed to perform independently of anyone’s supervision, 
allowing the model to uncover hidden patterns to make 
predictions about the output (Adebola & Bukola, 2019). 

Reinforcement learning is the process of establishing a 
pattern of behaviour by using the hit-or-miss approach, as 
the only way to learn is through experience and then learning 
from experience. In this technique of learning, an agent 
interacts with the environment by performing actions and 
discovering errors or rewards; once trained, the agent is able 
to predict new data (Kulkarni, 2012).

Machine learning is divided into five phases: data collection, 
data preparation, training a model, testing the model, and 
improvement.

The first phase in the machine learning process is data 
collection, which varies depending on the project and data 
type. Then data preparation comprises removing duplicates, 
dealing with missing values, correcting errors, and converting 
data types, among other things. In training a model, we must 
train the datasets on some mathematical model to learn and 
develop predictions. After training a model, to ensure that 
the model is accurate, it must be validated in testing a model. 
If the results are not satisfactory, the model needs to be 
improved and retrained. Finally, a model’s accuracy can be 
improved by attempting a different method or modifying the 
algorithm’s parameters in the improvement phase (Marović 
et al., 2011).

Product Recommendations in E-Commerce

Recommending products in e-commerce is a particularly 
specific type of machine learning system. They are not some 
sort of all-purpose algorithm that can provide a solution to 
any given problem. However, systems that just recommend 
values for arbitrary tasks, which is what machine learning 
is all about, are not actually recommender systems. For 
example, suppose we are looking for a system that suggests 
prices for a home, based on its size, closeness to other homes, 
and other factors. That is a machine learning system, not a 
recommender system (Marović et al., 2011). 

So, a recommender system, in greater detail, is a system that 
analyses a user’s rating or preference for an item. As a result, 
a recommender system recommends items to people based 
on their previous behaviour and the behaviour of others 
(Marović et al., 2011). 

Basically, it analyses customer data on each user’s likes and 
dislikes (cookies allow for multi-visit tracking), then provides 
suggestions based on that user’s browsing behaviour. The 
concept is that if we like something, we will probably like 
something similar. For instance, suppose we were looking 
for some electronic gadgets and continually liked them, the 
filtering algorithm would take that information and start 
suggesting similar items based on our preferences (Wei et 
al., 2008).

Another filtering strategy incorporates data from customers 
who have purchased comparable products, and then 
combines that knowledge to produce suggestions. This 
filtering method has the advantage of being able to make 
complicated recommendations on items like music or movies 
without having to understand what they are. This filtering 
strategy is based on the idea that customers will prefer 
recommendations that are based on previous purchases 
(Wei et al., 2008). Here is an an illustration: If customer A 
enjoys a particular line of items that customer B enjoys as 
well (assuming they share similar interests), the filtering 
technique will assume that customer A will enjoy similar 
products purchased by customer B and vice-versa.

The type of recommendation strategy given is completely 
dependent on the product category. High-value products, 
such as electronics, profit from display advertisements that 
encourage visitors to spend more time on the website during 
their decision-making process (Wei et al., 2008).

If we go to amazon.com, we will notice a number of widgets 
that recommend purchases based on other things we have 
looked at or engaged with in the past, as well as information 
from all of Amazon’s other customers. So, a recommender 
system is attempting to make suggestions to us.

It is not necessary for the items to be physical. It could also 
be content. It could be in the form of music or videos. So, if 
we go to Netflix, they are recommending movies to us based 
on our previous browsing history and the online activity of 
others (Marović et al., 2011). 

Customers appreciate shopping experiences that allow them 
to come across inspiring and surprising bargains without 
having to search through every category and product page. 
There is a recommendation engine that assists us with this on 
the online stores, by continuously finding and presenting the 
most valuable products (Marović et al., 2011). 

SYSTEMATIC REVIEW

The decision to choose machine learning algorithms from 
several different ones, to be utilised by the researchers to 
develop a system of recommending products in e-commerce 
has a significant impact on the explanation, the data that 
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will be required from users and suggestion items, and 
performance constrains. The large number of algorithm 
modifications and combinations in literature makes this a 
difficult decision.

Since the subject of machine learning research is always 
evolving, fresh studies must be conducted to identify new 
open challenges and trends, as well as to further improve 
the field’s knowledge base. So, we decided to conduct a 
systematic review to assess the evolution of a system to 
recommend products in e-commerce with machine learning 
algorithms and draw conclusions. The objective of this 
review is to identify the machine learning algorithms used to 
recommend products and find out the suitable one to provide 
the best and relevant results.

For this, the following study has been made and presented 
with an explanation.

Recommender systems try to anticipate users’ interests 
and suggest items that are likely to be of interest to them. 
By installing recommender systems on their websites, 
e-commerce enterprises are utilising the power of data and 
improving sales (Felden & Chamoni, 2007). 

The first recommender system, Tapestry, was developed in 
1992, and employed collaborative filtering to refer to the 
recommendation (Felden & Chamoni, 2007). 

Recommender systems are classified as collaborative, 
content-based, or hybrid filtering, based on the information 
provided for recommendation  (Canny, 2002). Recommender 
systems that use collaborative filtering take user data into 
account while making product recommendations. The 
recommender system can identify a user, share the same 
product, and then suggest products bought by similar users by 
accessing user profiles in an online store. By accessing user 
data such as age, gender, location, and product purchased, 
the recommender system can detect the user, share the same 
product, and then recommend the product purchased by 
similar users (Tewari, Kumar & Barman, 2014).

The research is aimed at recommender systems that use 
machine learning methods and have been implemented 
and tested with real or simulated data. As machine learning 
models human learning by allowing computers to recognise 
knowledge from the actual world and enhance performance 
on specific tasks using that knowledge, machine learning 
algorithms are commonly employed in recommending 
products in e-commerce and businesses (Kulkarni, 2012).

Machine learning algorithms are also implemented in movie 
ratings prediction to recommend movies to the relevant 
users on Netflix, Amazon Prime Video, or other OTT (Over-
the-Top) platforms. For this, the commonly used algorithms 
are Naïve Bayes and K-Mean Clustering.

Naïve Bayes: It is based on the Bayes theorem and leverages 
prior data knowledge. It calculates the classification 
probability to enable in resolving the model’s uncertainty 
(Marović et al., 2011). For example, if,

Input: users X, movies m, rating r, number of movies to be 
recommended (μ).

Output: Recommended movies R.

K-Mean Clustering: The items are distributed into k clusters 
based on their similarity in this approach. Euclidean distance 
is used to determine how near they are. Each cluster has a 
centroid, which is the average of all the objects. Moving 
objects towards the centroid updates the centroid. It 
continues until the saturation point is reached, leading to a 
reduction in computing complexity (Marović et al., 2011).  
For example, if,

Input: users X, movies m, rating r, number of movies to be 
recommended μ, value of k.

Output: Recommended movie R.

Besides the above algorithms, deep neural network can also 
be used to predict products for recommendations. Deep 
neural network is basically deep learning with the neural 
network of AI (Artificial Intelligence) (Kim & Ahn, 2009).  
Deep learning is a sort of machine learning that is inspired 
by the human brain’s structure. This structure is known as an 
artificial neural network in deep learning (Bai et al., 2017). 

Deep learning and artificial neural networks can be applied 
in recommender systems. Deep learning allows the neural 
network to pick out features without the need for human 
involvement; however, this independence comes at the cost 
of a significantly larger amount of data with which to train 
our system (Bai et al., 2017). 

REVIEW RESULTS

The goal of this survey was to find information about machine 
learning algorithms implemented to recommend products in 
e-commerce. We analysed the data after reading literature 
on this subject, and observed that recommender systems are 
classified as collaborative, content-based, or hybrid filtering, 
based on the information provided for recommendation. 
Initially, collaborative filtering was employed to refer to the 
recommendations that takes user data into account while 
making product recommendations.

It has been observed that the algorithms Naïve Bayes 
and K-Mean Clustering are widely used in implementing 
movie ratings prediction to recommend movies or other 
entertainment shows to the relevant users on OTT (Over-
the-Top) platforms (Eichinger, 2006).
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Movies are the most popular domain, with numerous 
publications. The ease of access to data in the movie domain 
is one reason for this result. To recommend products, 
Bayesian techniques are more commonly employed as the 
algorithm. The reduced complexity of Bayesian calculations, 
we believe, is responsible for this finding. The usage of 
decision trees as the second most common strategy for 
machine learning algorithms in recommender systems may 
be validated by the same explanation. Both Bayesian and 
decision tree techniques use similar computations and have 
gained popularity in recent years (Fullerton, 2013). 

Deep neural networks are also popular, and their application 
in image recognition and self-driving cars and categorisation 
appears promising (Bai et al., 2017). Although neural 
network approaches have been identified in a number of 
articles, there is still much more work to be done in terms of 
applying these algorithms to recommend products to users. 
One explanation for the limited adoption of neural networks 
in the recommender systems sector is that researchers are 
still trying to figure out why some neural networks make 
specific decisions. This method’s understanding is currently 
being researched.

While reading the papers for this systematic review, we 
noticed that some of them used mathematical or statistical 
methods to describe the machine learning algorithms. 
Calculations, such as the least squares, cosine measure, 
and Pearson correlation are examples of mathematical or 
statistical approaches (Lucas, Segrera & Moreno, 2012). 
Since machine learning algorithms employ them to build 
parameters that assist in recommendation, they were included 
individually. As the machine learning research field has its 
origins in these fields, it is predicted that a large number of 
papers would describe a mathematical or statistical method.

CONCLUSION

We gathered roughly 21 publications for this review. After 
we finished reading all of the research articles, we concluded 
the following. The collaborative and content-based filtering 
are commonly used techniques in recommending products in 
e-commerce. K-Mean is one of the simplest machine learning 
algorithms used in the recommender system with Naïve 
Bayes. However, in most cases, Bayesian or a decision tree 
techniques are used due to their popularity; the simplicity 
in calculations and implementation contribute to the result. 
Additionally, because the machine learning area has its roots 
in mathematics and statistics, most of the techniques contain 
a mathematical or statistical representation of algorithms.
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