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Abstract

Recommender systems are one of the most popular systems that help in personalization of ecommerce
sites and collaborative web sites. Tags are textual description given to resources by users and are
prevalent in most web 2.0 websites as they help in organization and retrieval of resources. In this paper
we present an overview of the way tags are used in recommender systems and also on the aspect of
recommendation of tags for items. This paper surveys the work done on two aspects of recommendations
based on tags (a) Recommending items to users and (b) Recommending tags for items. This paper also
discusses possible extensions that can improve recommendation capabilities using tags and make better
tags recommendation for items.

Index Terms: Tagommenders, Tag suggestion, Tags, Recommender Systems

1. Introduction

Recommender systems are technology-bagstems that provide personalizedommendations to users. In these
systems, opinions and actions of other users withilasi tastes are used to generate recommendations.
Recommender systems primarily use ratings data given by a user to different items present in the system to make
personalized recommendations. Recommender systemsudiiguetous feature in most ecommerce sites such as
Amazon.com, Ebay.com, Netflix.com, Last.fm etc. Recommtiggmdaystems popularity is not only because of their

ability to provide personalization features but also due to their impact in higher sales and profits. In[Chen, Wu et al.
2004] , it has been shown empirically on Amazon.com dataset that recommender systems indeed improved sales.
However, with increasing popularity of recommender systamecommerce sites they have become susceptible to
attacks by malicious users who try to influence the systems by inserting biased data into the system [Mobasher,
Burke et al. 2007]Recent research on trust aware recommendegraggiMassa and Avesani 2004; Golbeck 2006;
Massa and Avesani 2007] has shown that they are mbtest against shilling attacks and are more capable of
generating recommendations for new users in the sySteumst aware systems also have been shown to produce

recommendations which are better than or as accuratellaborative filtering basedecommender systems. Trust



aware systems are able to make maceurate recommendation compared to traditional systems as they use the
concept of trust propagation over a trnstwork. Because of these advantages traditional systems, trust aware

recommender systems are generating much research interest.

Traditional recommender systems help users in tackling the problem of information overload by recommending
products and services that will be of interest to them fitee vast universe of choices available. Popular ecommerce
sites like Amazon.com suggests products users may ldgedban their ratings, clicked items, and purchased items

[1]. Users of Digg.com receive news articles based on attiefes they find interestin@]. Netflix provides movie
recommendations based on movie ratings [3]. Because of the enormous use of recommender systems in practical
applications on the web, research interest in the area is immense.

Traditional recommender systems primarily use only ratioggecommending items but recent work has shown

that using tags data along with the ratings seemspmwe upon the traditional method of recommending. Tags are
widely used for informatiomrganization on the web. A cal tag is a piece of brief textual information given by

users explicitly to describe and group items, thus it implies users’ interests or preferences information. The social
tags in web 2.0 are becoming another important information source to profile users' interests and preferences for
making personalized recommendations. Tagging has emerged as a powerful tool that enables users to find, organize
and understand online entities. Numerous efforts have beda tmdvetter understand and exploit the use of tags and
their usage patterns.

Tagging offers users an alternate way to organize itemas&s create tags, they represent concepts meaningful to
them. Tags offer flexibility to the users in describing the item content and as a result provide personalized
information about the user to the recommender system that leads to improved recommendation quality. A model of
tagging system is shown in figurel. There are three \waysich tags play a role in recommender systems. First

tags information is used in addition to item rating and content information for recommending items to users,
secondly, algorithms are designed for recommending tags for items and finally tags information can be used to
recommend users.

In this paper, we present a comprehensive survey of different approaches used in solving the problem of
recommending items to users using tags and the problem of recommending tags for items. We first describe the

approaches used for tag based item recommendation in section 2 and in section 3 we survey the approaches used in



recommending tags for item. In section 4 we disevag in which existing capabilities of tag based recommender

systems can be extended.

Table. 1.Definition of popular terms used in tagommenders.

Terms

Explanation

Folksonomy

The term folksonomy describes the taxonomy-like structures that emerge whg
communities of users collectively tag resources. A folksonomy is a syste
classification derived from the practice and the method of collaboratively creatir

managing tags to annotate and categorize content.

Tags

A 'tag' is a descriptive keyword or pleradten used to categorize a piece of cont
Tag is a metadata and it helps in describing an item and it allows it to be found

by browsing or searching.

Web 2.0

The term "Web 2.0" is commonly associated with web applications that fa

interactive information sharing , and colla@tion on the Web. A Web 2.0 site allows

its users to interact with each other as contributors to the website's content, in ¢
to websites where users are limited to pessive viewing of information that

provided to them.

Tag Cloud

A tag cloud or word cloud (or weighted list in visual design) is a visual depict

user-generated tags, or simply the word content of a site. Atag cloud is

2n large
m of

g and

ent.

again

Cilitate

ontrast

on of

a box

containing a list of tags with the most prioent or popular tags receiving a darker and

bigger font than less popular tags.

Tagging

Tagging is the process of assigning personal keywords (“tags”) to resources by users.

The related concept folksonomy is the set of labels that emerges from the tagging

process.




Fig. 1. Model for tagging systems [40].

Earlier approaches for prediction in trust aware system miadictions in trust-aware sigms utilizing all the trust
statements present in the data. The reason explained for the superiority of trust based recommendation over
traditional recommendation approach has been attribute@ tia¢h that there is higtorrelation between trust and

user similarity. In [Abdul-Rahman and Hailes 2000], it has been shown that user develop social connections with

people that have similar tastes. In [Ziegler and Lausen 2004] they have empirically shown correlation between trusoeen i






2.1 Collaborative filtering (CF) Based Tagommender Systems

Collaborative filtering (CF) based tagommenders are those systems which integrate tags information into standard
CF systems based on user based and item based algorithms. Tags information integrated into the CF systems can be
explicit tagging information or inferred tag preference infation. Most of the approachésat are categorized into

CF based tagommenders can be explained by the model given in [10]. Figure 2 illustrates the model. In [10] tag
preferences were inferred from tagarches, tag applications, tag quality, movie ratings and movie clicks.
Combining inferred tag preferences data and ratings dethrécommendations were generated. It was shown that

the accuracy of the recommender systeat thtegrates hybrid tags preferendesa (i.e. tag preference algorithm

that combining explicit and implicit preferences data) into CF based recommendation outperforms existing CF
algorithms. An approach to incorporate tagging information into a model based CF procedure has been proposed in
[11]. Tagging information is used to regularize the mdaotorization step in the freework proposed in [11]. The
proposed algorithm was evaluated on the movielens data set and shown to outperform CF algorithms. It is also
shown as a solution for the cold start problem i.e. thelgmlof recommending items to new users. Similarly, in

[12] it is shown that social tags information combined with CF based methods can help improve recommendations
made to cold start users. In [18]fusion mechanism is proposed teaptures the relations between the three
dimensions of users, items and tags by extending the existing user-item correlation matrix with tags data. It applies
an algorithm that fuses user based and item based Chilalypiso that the correlations between users, items and

tags can be captured simultaneously. [14] also develops a unified framework that tries to model the relationship
between the three dimensions users, items and tags. This proposed method results show significant improvement

over CF algorithms when evaluated over on real life data sets of Last.fm and BibSonomy.



Fig. 2.Model for Collaborative Filtering based tagommenders [10].

2.2 Profiling Based Tagommender Systems

Profiling based tagommender systems are anilgnbased on refining the profile ehch customer through tags data.

Profiling based tagommenders systems may use ratings data



provided by users. The recommendation process then exploits the profiles learned. An approach to integrate
content-based profiles representing long-term user intexébisags based user profiles acquired by capturing users
tagging data has been proposed in [19]. In [20], the approach uses the three-dimensional relationship between users,
items and tags as used in [13, 14] to profile users and generate most like-minded neighbors or similar items.

The are few more approaches used for recommending items to users based on tags data. In [21] it is shown that
hierarchal clustering of tags is an effective meangesferating recommendations in collaborative tagging systems.

This approach is shown to be more effective in geimgraecommendations in spare folksonomies as it removes
clusters that are not directly related user’s context. Similar to approach used in [19], [22] proposes an approach of

integrating users tags and expert developed item tempnogether to make personalized recommendations.

3  Survey of Tag Suggestion Approaches

Tags are applied by users to items for the purpose ohiaegan and retrieval of items. High quality relevant tags

also help in generating better recommendations. Mo#teofesponsibility of tagging lies with the user. Research

has shown that even though users realize the benefit of tagging, most people do not tag their resources [23]. It is
seen that [24] the perceived benefits of tagging are vaguely defined as a result the user is reluctant to give the
required effort. Tag suggestions algorithms help solvetbielem by suggesting tags that are relevant thus enabling

the user to effectively and efficiently attach tags with items. In [25] the motivations behind tagging and the role of
tag suggestion in the systems were studied. The study shattag suggestions has eglaimpact on users tagging
behavior as relevant tag suggestions can encourage tagging and provides ideas to users for other possible tags. How
social tagging can be enhanced by tags suggestion from a controlled vocabulary in described in [26]. The results
show the importance of tag suggestions for vocabulary and retrieval.

Tag co-occurrence is the most popular tag suggestion algorithm. [27,28, 29,30] are some approaches proposed to
extract co-occurring tags. In [28] tag-tag correlation network construction is proposed to find co-occurring tags,
graph mining approaches like spectral clustering [29] and k-way graph partitioning [30] has also been proposed. For

tag suggestion in blogs approaches like VSM, TF-IDF [31] and resource similarity [32] has been proposed. The
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algorithms have been proposed and implemented testdteqrhoto sharing sit Flickr.conhata set. In [34, 35] a

ranked list of tags is presented to the user based on his tagging activity and tagging activity of other users in the
systems. In [34] the proposed algorithm forms group-tagsxngtoups that are formetpic wise are associated

with tags by using cosine similarities both on the as& the group profiles and the item for which suggestions has

to be made. In [35] a hybrid algorithm is proposed by combining Naive-Bayes and tf-idf approaches. A tag co-
occurrence strategy is proposed in [36]. Tag co-occeerstatistics is first extracted, and then based on two tag
aggregation strategies and a promotion function tags are suggested to the user. While approaches explained earlier
primarily used the collective knowledge wders present in system i.e. the dmlative tagging activity of the users

to generate tag suggestions, [37,38] use geo tags i.eolocktia to generate tag suggestions for flickr datasets. In

[37] the proposed system spirit tagger suggests tag that esypier spirit of the location. Spirit tagger suggests tags

that are popular at that particulacé&tion. Geographically representative tags are discovered for locally prevalent
tags at a particular geographic location. Zonetag [38] uses information about users own tagging history, tagging
activity of other users in the flickr community at thattjzalar location to generate a prioritized suggested tag list.

To generate the final list several heuristics considering spstieial and temporal attriteg of the tags are applied.

Users social network data is used to suggest tags in [39]. Tagging information from four sources are used to make
tag suggestions, tags applied to all photos in the systemspplisd by the users, tags applied to photos of user’s
social contacts and tags applied to photos in the groups in which the user is a member. Experimentally they show

that relevant recommendations are possible through this approach.

4. Future Extensions & Conclusion

Introduction of tag template could be kept as future work, as these templates would minimize the task of the
users and would enhance an option for better tag collection and proper classification of tag clouds. Although the
focus of the analysis of tag selection methods revolves around three basic types of signals (implicit user behavior, a
user’'s own ratings, aggregate user ggjnp more complex techniques magpd to improved accuracy. Future work
could explore more sophisticated methods for estimatag preference. The exploration of more complex
algorithms, such as those based on nm&ckearning techniques are left, fasure research work. One would also

like to validate the techniques using other tagging applications, whether the design principles that is present
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generalize to other types of content such as images, articles and bookmarks can be taken as part of the future

thoughts. Further research may also show that rating
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