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Abstract— Recommender or recommendation systems are nowadays widely used. Recommendation system is a system which 

provides recommendations to users according to their tastes. Also it is a system that can guide the user in a personalized way. 

Recommender systems can be classified into: content based collaborative filtering and hybrid approach. There are number of data 

mining algorithms used in recommendation system. But each of it has its advantages and disadvantages.  In this paper a comparison 

between content based and collaborative filtering techniques and the advantages and disadvantages of the algorithms used in those 
techniques are discussed.  

Index Terms— Recommendation system, Content based approach, Collaborative filtering, Model based approach, Memory based 

approach 

________________________________________________________________________________________________________ 

I. INTRODUCTION  

Data mining is one of the most attractive interdisciplinary Data mining is one of the important research area in computer science 

nowadays. Data mining is the process of extracting useful information from large amount of data. It is of two types, directed data 

mining and undirected data mining. In directed data mining, a model is build based on the available data and then it will describe 

rest of the data. Whereas in undirected data mining some relationship is established among the variables.  

Recommendation systems are systems which provide recommendations to users according to their tastes and it guides the user 

in a personalized way. Also this system will predict the ‘rating’ or ‘preference’ that the user would give to an item. They are 

applied in variety of applications such as movies, books, music, products, restaurants etc. 

Recommendation systems must have sufficient amount of data in the systems for providing recommendations. Data collected 

can be implicit and explicit data. The main goal of collecting data is to know the preferences of the users, so that accurate 

recommendations will be obtained. When a user rates an item via some interface then it is explicit feedback. When a user buys an 

item, it means the user likes the item and when the user returns the item then it is implicit feedback.   

Recommendation system can be classified into content based approach, collaborative filtering approach and hybrid approach. 

Content based recommendation systems will recommend items based on the description of the items and profile of the user. 

Collaborative filtering recommendation system will recommend items based on the similarity between the users who have rated the 

same item before. Hybrid is a combination of content based and collaborative filtering approaches [5].  

Recommendation systems are used in many applications such as news recommendations, product recommendations, movie 

recommendations etc.  

The advantages of recommendation systems are:  

 Recommend items according to the users preference 

 Removal of unnecessary information 

 System is always up-to-date 

The disadvantages of recommendation systems are: 

 Need lots of data for giving accurate recommendations 

 Changing the preferences of the users 

 Performance and scalability problems in dealing large amount of data 

 Privacy is a problem 

Here in this paper, section 2 gives a brief history of recommendation systems, section 3 gives an overview of data mining 
algorithms used in recommendation systems, section 4 gives comparison between different techniques in content based and 

collaborative filtering approaches and section 5 gives the conclusion. 

II. BACKGROUND 

In early days recommendations was through word of mouth. As years passed by the amount of data grew, this results in 

recommendation systems. Usenet was the origin of recommendation system. It is a discussion system which is distributed 

worldwide. Usenet was newsgroups [6]. As the data increases it results in data overload. So because of this other solutions for data 

overload were developed. Tapestry is a recommendation system developed by Xerox in 1992. It coined the term “collaborative 

filtering” [6]. It was a manual collaborative filtering system. Large amount of emails and messages in newsgroup are handled by 

Tapestry. Then came Grouplens developed by John Riedl and Paul Resnick. It collected ratings from Usenet readers and used those 

ratings. It was an automated collaborative filtering system. It collects the human judgements known as rating for items and then the 

system will automatically collaborate with the users of similar interest. With such systems each user does not know about the 
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preferences of other users. Also such system does not want to know who the other users are or what items are present in the system 

in order to obtain recommendations. 

With the advent of www came new recommendation systems such as Ringo, Firefly, Alexa Internet, PHOAKS, YAHOO! etc. 

Ringo was developed by Patte Maes in 1994 and it was a music recommendation system. Firefly is for both music and movie 

recommendations, which was developed by group of engineers in 1995. In 1997 another recommender system PHOAKS was 

developed. This system will search in the Usenet group for URLs and then it will post the important URLs to the website, as it 

indicates the most popular sites [11]. 

The most commonly used recommendation systems today are Amazon and TripAdvisor. Amazon is a recommendation system 

which will recommend items such as DVDs, food, toys etc. TripAdvisor is a travel recommendation system which will recommend 

the best hotels in different parts of the world.  

III. LITERATURE SURVEY 

Recommendation system is a system that will produce recommendations as output to users. It can be classified into two ways: 
content based approach and collaborative filtering approach. These two approaches can be further classified into memory based and 

model based approaches. 

In memory based approach, data is stored in memory. It operates on data which is the users, items and ratings. In model based 
approach, a model is build. That is, it is based on the ratings of the dataset that a model is build. Using that model and some 

information’s extracted from the dataset, recommendations can be done without using the entire dataset every time. 

Content Based Approaches 

Every item has its own description and each user will have a profile which has the user’s preferences [7]. In content based 

recommender system, items are described using keywords. Various candidate items are compared with items previously rated by 

the user and the best matching items are recommended. Content based approaches are classified into memory based and model 
based approaches. In memory based approaches, some of the techniques in content based methods are Term frequency-inverse 

document frequency and K- Nearest neighbor. Whereas in model based approaches, the technique is decision tree. 

 

Term frequency-inverse document frequency 
Data can be in structured or unstructured format. Structured data is represented in database that is, it consists of rows and 

columns. News articles are example for unstructured data. In such cases there is no attribute name with values for it. Using this 
method free texts are converted to structured representations. Here each word is treated as an attribute, with a value whose type is 

Boolean denotes whether the word is present in the article or with a value whose type is integer denotes the number of times the 

word is present in the article [7]. 

Term frequency is the number of times the term appears in the document. Inverse document frequency is the number of 

documents in a collection divided by the number of documents that contain the term. The term frequency-inverse document 

frequency (tf*idf) is a value which is associated with a term, which gives the importance or relevance of that term in the document. 

The tf*idf weights are computed for every term. The word with the highest weight is more frequent in the document and that is the 

most central topic. The disadvantages of this method are that words can be used in different context, but this method does not take 

this into account.     

 

 

The tf*idf weight, w(t,d), of a term t in a document d is a function of the frequency of term  in the document , the number 

of documents that contain the term  and the number of documents in the collection (N). 
      The advantage of this method is that it can convert unstructured data into structured data and the disadvantage is that it does not 

consider the context in which the term is used. 

 

K- Nearest Neighbor 
K-nearest neighbor algorithm is one of the simplest methods which stores textual descriptions of items in memory. Textual 

descriptions include explicitly or implicitly labeled items [7]. In this method a new unlabelled item is classified by comparing that 

item with all other items in memory using similarity function. Most commonly used similarity function is Euclidean distance 

metric. 

 

 
 

where d(A,B) is the Euclidean distance between user A and user B,  xA  is the rating of user x on item A,  yA  is the rating of user y 

on item A, zA is the rating of user z on item A.  

 

Consider the following example shown below in Table 1. The rows represent the names of hotels in a city and the columns 

represent the properties of those hotels and the last column gives whether he/she likes or dislikes that particular hotel. 
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Table 1 Nearest Neighbor For Content Based Approach 

Name Food Service Cost 
Like(L)/ 

Dislike (D) 

Horizon 5 4 4 L 

Sealord 4 3 3 L 

Pearl 1 4 4 D 

Blue Sky 5 4 4 L 

Hail 1 3 2 D 

Residency 4 5 5 L 

New 5 4 4 ? 

 

Here ’New’ is a hotel where we can predict whether the user likes/dislikes that particular hotel based on the similarity of 

likes/dislikes by the user on other hotels he has rated. Euclidean distance metric is used to compute the similarity between the data 

in nearest neighbor approach. The table 2 shows the calculations. 

 

Table 2 Similarity Computation Using Euclidean Distance Metric 

d(new,horizon) 0 

d(new,sealord) 1.73 

d(new,pearl) 4.89 

d(new,blue sky) 0 

d(new,hail) 4.58 

d(new,residency) 1.732 

 

From table2 it can be seen that the similarity between  hotels ‘new’ and ‘horizon’ is 0, ‘new’ and ‘sealord’ is 1.73, ‘new’ and 

‘blue sky’ is 0 and ‘new’ and ‘residency’ is 1.732. Similarity between them are very close to each other and since the similarity of 

those hotels that are similar to new are liked by the users in the past, from this computation one can predict that the user likes the 

hotel ‘new’. 

The advantages of this method are simplicity and efficiency. The disadvantages are it is expensive to find the k nearest 

neighbors when the dataset is large and the performance depends on the number of attributes selected. 

 

Decision Tree 
Decision tree is a model based approach used in recommendation systems. With the extracted information of the dataset, a 

model is build using decision tree. It has several benefits such as efficiency and flexibility. Decision tree is a predictive model. 

Based on the input attributes, this model maps the input to predicted output. In decision tree, attributes are represented by the 

interior nodes. The set of values of the attributes are represented as arc from parent to child node. 

In the construction of decision tree, it always starts at the root node with training set. Item attribute at each node is chosen as the 

split attribute. To classify an item, we start at the root, and apply the predicate at the root to the item. If the predicate is true, go to 

the left child, and if it is false, go to the right child. Then repeat the same process at the node visited, until a leaf is reached. That 

leaf node classifies the item as liked or not [1].  

That is item attribute at each node is chosen as the split attribute. The input set is divided by the values and so each child node 

receives only a subset of the input set that matches the values of the attribute specified by the arc to child node. This process repeats 

recursively until there are no more split attributes [7]. 

The table 3 below shows the previous history of a user’s likes and dislikes to movies. Based on this information that is training 

data a model is build using the decision tree approach. From this model one can predict whether the user likes or dislikes the movie 

based on the content features of the movie. 

 

Table 3 Example For Building A Decision Tree 

Staring Genre Year 
Like(L)/ 

Dislike(D) 

Dileep Comedy 1998 L 

Mohanlal Action 2000 D 

Gopi Science Fiction 1989 D 

Gopi Action 2010 L 

Dileep Comedy 1988 L 

Dileep Science Fiction 2010 L 

Mohanlal Comedy 2011 D 

Mohanlal Action 1985 D 

Dileep Action 2005 L 
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Suppose if the test data has content features such as staring by Dileep, genre is science fiction and year is 2000. Based on the model 

in the Figure 1, it is clear that the user likes the movie. 

 

 
Fig. 1 Decision Tree of a user 

 

The advantages are fast at classifying data and it deals with both strings and number. The disadvantages are large number of 

trees is to be build for each user or for each item, rating of one item can only be predicted at a time and it is not used for 

unstructured data 

Collaborative filtering approaches 

Collaborative filtering approach is mostly used in recommendation systems. This approach will compare the behavior of one 

user with other users. Then at the next step the interest and preferences of the nearest neighbors to the current user is taken into 

consideration. In memory based approaches, some of the techniques in collaborative filtering methods are User-based nearest 

neighbor algorithm and Item-based nearest neighbor algorithm. Whereas in model based approaches, the technique is clustering. 

 

User-based Nearest Neighbor algorithm 
This algorithm will compare the similarity between the users based on the ratings provided by them and then generate 

predictions according to it. The steps are as follows [3]: 

1. Compute the similarity between current users and all other users using Pearson correlation coefficient. 

 

 
where, a, b – users, P -  total number of items, ra,p - rating of user a on item p, rb,p - rating of user b on item p, ra is the average 

rating of user a on all. 

2. Selection of K most similar users is done by taking similarity weights between users which is greater than a certain threshold. 

3. Prediction is then calculated as follows: 

 

 
 

where pred(a,p) is the prediction of user a on item p, sim(a,b) is the similarity of users a and b, rb is the average rating of user b 

on all items, N is the total number of users. 

4. Items with highest rating are recommended. 

The advantages are no content analysis, quality improves and serendipity. The disadvantages are new user problem, new item 

problem and lack of scalability. [8] 

 

   Item-based Nearest Neighbor algorithm 
This algorithm will compare the items the target user has rated in the past with the target item and then K most similar items are 

selected. Then next the predictions are done according to it. The steps are as follows [10, 2]: 

1. Compute the similarity between target items with all other items the user has rated in the past. 

 

 

        
 

where sim(a,b) is the similarity between the items a and b, ru,a is the rating of user u on item a, ru,b is the rating of user u on item 

b, U is the users who have rated both the items i and j. 

2. K most similar items are selected. 
3. Prediction is then calculated as follows:  
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 where pred(u,p) is the prediction of user u on item p, sim(i,p) is the similarity of items i and p, ru,i is the rating of user u on 

item i. 

 

The advantages are no content analysis, quality improves and serendipity and the disadvantages are new item problem, cold start 

problem and sparsity. 

 

Clustering Neighborhood approach 
In clustering technique, clusters are created in such a way that each cluster will have group of users who have similar tastes and 

preferences. The collection of objects within the same cluster will have same features than the objects in different clusters. The 

clustering neighborhood algorithm is as follows [9]: 

1. Clustering algorithm divides the user-item database A into p partitions, that is A1, A2, A3……Ap. 

2. Then the neighborhood of the active user u is the users in the cluster in which the active user belongs. If u belongs Ai     

then the entire partition A is used as the neighborhood. 

3. Then that particular cluster in which the active user belongs is selected. Then prediction is calculated using basic 

collaborative filtering technique. 

 

          
where ra,i denotes the correlation between the active user Ca and its neighbor Ci who have rated the product Pj,  denotes 

the average of customer Ca and  denotes the rating given by the customer Ci on the product Pj. 

 

The advantages are it solves the scalability, sparsity problem to an extent and also improves the prediction performance. 

The disadvantages are tradeoff between performance and scalability and also it has an expensive model building [8]. 

IV. COMPARISON BETWEEN CONTENT BASED AND COLLABORATIVE FILTERING TECHNIQUES 

  Content based recommendation system will recommend items based on the similarity between the items the user has rated in 
the past. Collaborative filtering recommendation system will recommend items based on the similarity between users. Table 4 

below gives the advantages and disadvantages [5]. 

 

Table 4 Advantages And Disadvantages 
 

Content based 

techniques 

Collaborative 

filtering techniques 

New  user problem Yes Yes 

New item problem No Yes 

Sparsity No Yes 

User independence Yes No 

Scalability No No 

 

 

 New user problem: Addition of a new user will cause problem for accurate recommendation because, the system should 

first learn about the user preferences. 

 New item problem: Addition of a new item will cause problem for accurate recommendation because that item will not 

have been rated by users before. 

 Sparsity: This is a problem in collaborative filtering recommendation system because there will be some items rated high 

but by only few number of users. In that case recommendations will be poor. 

 User independence: In collaborative filtering recommendation systems, the recommendations are done based on the 

similarity between users. So collaborative filtering recommendation systems depend on users whereas content based 

recommendation system is independent of users. 

V. CONCLUSION 

Recommender or recommendation systems are a system which provides recommendations to users according to their tastes. 

Also it is a system that can guide the user in a personalized way. It has been applied to variety of applications. Collaborative 
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filtering techniques are most commonly used. Even though recommendations are obtained, it does not consider the sentiment of the 

reviews. In future work more accurate recommendation can be done by doing sentimental analysis using NLP techniques on the 

reviews of items. Also instead of finding similarity between users based on their ratings, similarity can be found by considering the 

similarity between the text reviews. In this way more accurate recommendations can be obtained. 
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