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Abstract. In recent years, collaborative tagging is one of the main ingredient in many sites
that provide the user a way to tag bookmarks, photographs and other content. One type of these
kind of systems are the well-known social bookmarking sites. Social bookmarking has shown
great potential to gather a significant metadata for the web pages it is referring to. The user
generated metadata describes the content of the users’ bookmarks, despite having its
disadvantages, lately is seen as a “goldmine”. The use of all this advantages that the social
bookmarking uses, results in better social navigation. Application of Semantic web in this area
can add a completely new dimension to these applications. In this paper, give an analysis of
concepts of social bookmarking and tagging, the most popular social bookmarking systems,
including ones that incorporate semantics. We elaborate on their features, advantages and
disadvantages. Based on the analysis that we made and our experience in development of
application for social semantic bookmarking, we also present the benefits and problems that
may arise from the usage of the Semantic web technologies in the field of social bookmarking.
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1 Introduction

Because of the rapid explosion of resources on the Web, users started to need a way to
memorize those resources which are of particular interest to themselves. The process
by which Internet users are able to save their web artifacts is called bookmarking.
Web browsers offer means for users to bookmark the web resources they consider
relevant, and organize them in separate folders, tag them for easy navigation etc. The
main problem is that Internet users have become increasingly mobile in the last few
years, so their need has grown to the extent that their bookmarks need to be aligned

with user’s dynamics of movement, i.e. they need to be accessible for the user
regardless to whether she accesses it from the same computer or not, or furthermore,
regardless to the location of the computer at all. Therefore, different services for
storing bookmarks online have been developed. Using descriptive words to mark
content of any kind, such as bookmarks, documents etc. is a common way to organize
content, so that one can easily retrieve, navigate, filter, search and manipulate it later.
The recent popularity gaining by these types of systems has turned focus on itself,
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becoming a field of great interest. Even though the concept of assigned keywords is
not new, many document repositories and digital libraries provide metadata for their
collections of resources. However, the concept of collaboration is not present, as the
metadata is provided by an authority, meaning that the custom aspect is not present in
this kind of scenarios. In contrast, systems that incorporate collaborative tagging are
allowing their users to assign number of keywords, of their choosing. This kind of
systems, set the ground for creating semantic web ontologies (formal representation
of a set of concepts within a domain and the relationships between those concepts),
which are being the highlight of recent researches in this field.

Number of applications on the web use collaborative tagging as their feature. The
usual scenario they provide is the following: the user is allowed to publicly tag and
share different types of content, so they can not only browse their own content of
interest, but share it with other users, and additionally browse through the contents
shared by others. The aspect of personalization and social aspect wrapped in one
concept called collaborative tagging.

For example, Del.icio.us [1] is a social bookmarking web site allowing
collaborative tagging, which has the biggest piece of the pie, meaning that it retains
large number of the customers on this market, making it appropriate for research and
analysis which will produce generally accepted facts. In following sections, we will
analyze the concept of collaborative tagging systems from few points of view. We
will concentrate on general user behavior, types of tags provided by the system users,
the potential of these types of systems etc.

2 Existing Social Bookmarking Services

In this section, we will review some of the leading sites that incorporate social
bookmarking and tagging features: Del.icio.us [1], CiteULike [2], Connotea [3],
Diigo [4].

2.1 Delicious

Delicious is a social bookmarking service that allows users to tag, save, manage and
share web pages from a centralized source. Delicious is the leading application for
storing personal bookmarks, adding metadata such as tags, and 2 sharing it publicly
with other people. Delicious (formerly del.icio.us), being founded in 2003 by Josua
Schachter, today has 5 million users and 150 million bookmarks [5]. Although
without an obvious business model, delicious drew attention to major browser
extension developers, so that now such addons exist for Firefox, named Foxylicious
and Cocoalicious [6] for Mac OS X, accordingly. Delicious’s software is written in
mod_perl, HTML::Mason, and their data store is MySQL database [7]. Delicious
advantages lie in its icebreaker role on this market. Being among the first who
contributed to popularization of the social bookmarking concept, Delicious made a
suitable ground for becoming great investment by online giants, namely Yahoo.
However, Delicious has some weaknesses that competitive applications may take
advantage of. First of all, its social side is recessive — meaning interactions between
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its members are not very sophisticated. Of course, it should be kept in mind that
Delicious was primarily developed and intended to be online bookmark storage,
rather than social network with advanced interpersonal features.

Researches that have been conducted, leads to the conclusion that there is a natural
convergence of the tags on the Delicious website [8]. The main five cluster hubs of
tags revolve around the terms: travel, business, free time, sex, web design.
Nonetheless, these tags lack embedded semantics, so when observing Delicious as
tagging platform, its folksonomy faces the common ambiguity problems of tagging
(such as synonyms or false tags). Mathematical mechanisms have been developed to
calculate the interconnection between tags [5] but its implementation might not be
feasible in real world high-scaled applications.

2.2 CiteULike

CiteULike is a bookmarking tool for academics. The site includes features such as
importing references from desktops and including citations from scientific papers.
There are other useful features like finding out who else is reading or has read the
same paper. Currently CiteULike is sponsored by Springer [9] [10] and its newest
features include one-click extraction of bibliographic references, automated article
recommendations etc. CiteULike was developed in October 2004 as a postgraduate
research tool by Richard Cameron, but now it is the largest social network for
researches available on the Web. This website software was written in Tcl, Common
Lisp, Perl, Erlang, and it uses PostgresSQL as its data storage provider [7].
CiteULike’s greatest advantage lies in its highly refined targeted group and its
partnership with one of the biggest scientific publishers, Springer [11].

2.3 Connotea

Connotea [14], similarly like CiteULike is a web site for sharing references and links,
primarily for researchers and clinicians [12]. It also has a good social side for the
interaction among the researchers. At first glance, the purpose of Connotea is very
similar to the one of CiteULike.

Basically, Connotea supports great variety of file formats for importing, 5, whereas
CiteUlike supports only 2 (BibTex and RIS) [13]. On the other hand, Connotea does
not support reference lists, compared to CiteULike which supports various formats,
such as HTML, RTF, Plain Text, RSS and PDF. Connotea also supports more export
file formats rather than CiteULike. There have been discussions over the Internet and
lots of comparison lists to what reference management software should be used.
However it is worth noting the trend that some social bookmarking applications have
emerged into reference management software. Connotea is driven by mod_perl code
and stores its data in MySQL database.
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2.4 Diigo

Diigo [4] is a new research tool for social bookmarking and knowledge sharing. It has
an installable Diigo toolbar which enables users to perform the online bookmarking
and annotation of samples of text that one comes across surfing a website. One
innovative feature is the ability to highlight certain parts of the hypertext. Diigo also
thoroughly covers the aspects of sharing and collaboration in groups. Namely users
can create groups for sharing gathered resources upon certain topics. Tagging is also
supported for relevant resources, which can be used for topic based search feature.
Diigo is also capable of suggesting people with similar interests. One thing that is
increasingly annoying for the users, rather than helpful, is the sticky notes feature,
which places small sticky notes on every web page the user has opened. Upon hover
with the mouse on them, irrelevant information is extracted from diigo and displayed
above the sticky note. However, the groups for sharing resources are seemingly
sophisticated, with lots of features for notifying members of newly bookmarked
resources. Another great capability of Diigo is its integration with the firefox web
browser, due to which bookmarking can be performed upon right clicking anywhere
on the page. The bookmarking form also contains a snapshot feature, which enables
the user to capture a snapshot of the webpage, so other group collaborators can easily
see what the intention of the bookmarker was. There is another interesting feature
which captures a cached version of the webpage when it was bookmarked, so other
group members can clearly see how the web page looked like.

Diigo is one of the richest applications in terms of features, but it’s also its greatest
weakness. Namely some of the features are annoying, thus having so many features
makes less straightforward for usage. It also overnotifies group members about
bookmarking activities. Diigo’s business model at the time of writing is based on
Google Adsense [14].

To summarize, this application bears great potential into becoming an ultimate
knowledge sharing and collaboration platform.

3 Collaborative Tagging Potential And Downsides

3.1 Vocabulary problem

The fact that this entire user generated information is publically available, especially
tags, leads to the conclusion that the users tagging practice can be influenced, creating
closed set of tags over some period of time. However, the fact that users tend to
misspell, leads to the biggest problem and 3 disadvantages represented by
collaborative tagging systems.

This observation is supported by the probability that two people will provide the
same tag for the same content is calculated to be less than 20% [15]. There are two
ways of looking at this issues that arise with the vocabulary problem.

The first point of view says that this is not such a problem when it comes to
personal bookmarking and sharing with friends. The second point of view states that
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when a user wants to take full advantage of collective aspect of social tagging by
searching through the shared content, the vocabulary problem is a problem indeed.
The fact is that the “selfish” users, which are not thinking about the public aspect that
they can involved in or are not aware that they can contribute to form a closed set of
tags referring to the shared content, are unlikely to select the same tags as other users.

These patterns of user’s tagging practice indicate enhanced findability on the
expense of moving towards closed, recognized tag set. These facts also lead towards
increased user experience with irrelevant information generated from searches they
conduct. The dilemma remains if the del.icio.us users practice social or selfish
tagging. Marlow et al. [16] points out that while some people use tags for the purpose
of organizing their own bookmarks, others intentionally choose to contribute to the
value of “conceptual clusters”, or call attention to the pages they bookmark, by
adhering to conventions. Golder & Huberman [17] report that over time the relative
frequencies of tags applied to a web page stabilize into a pattern such that the most
commonly used tags remain so and do not fall out of favor. They elaborate that this is
the case because users imitate each other, or because of the nature of the community
to tag the same content the same way or because of the relatively limiting content that
the web page provides. If the majority of del.icio.us users practice social tagging, than
the tag frequencies analysis would not generate the same conclusion[36]. In [15]
authors are trying to get facts, instead of making predictions, a research was
conducted taking in consideration 349 web pages, including the info provided for
them. All of this pages being analyzed were taken from del.icio.us, as one of the
biggest players on the market.

Therefore, the main goal of this analysis is to discover if the “vocabulary problem”
is really a problem. The results suggest that the del.icio.us users, which are very likely
to be similar with all the other users of other social bookmarking sites, tag selfishly.
This will only help the users individually, but the problem arises when users of this
kind of systems try to use the social side of the social bookmarking services, and then,
there will be some disappointing and irrelevant results they’ll be getting. Continuing
with this tagging practice, instead of benefiting the system by carefully considering
the existing set of metadata and providing “the right” tags for their bookmarks, so it
can form a open set of metadata, users might end up working against themselves. If
the users don’t start tagging so they benefit the entire system and its users, so it can
form a closed set of metadata, they end up working against themselves.

3.2 How does a tag refer to its content

Now we get to the issue that is the biggest problem in today’s social bookmarking
services and promises to be of great importance in future development of this kind of
systems. When we talk about tagging, we have to understand that tags are a way to
organize our content, and additionally add sense to it. The biggest power of the tags
provided, lies in the grouping and discovery of similar content.

Let's take a look into the kind of information the tag holds from user perspective.
The most common nature of the tags is the following: tags are usually provided in
form of nouns that refer to the topics covered in the content being bookmarked i.e.
what or who it is about, categorizing content, identify characteristics or assign self
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relevance. Users often provide tags related to the type of content being bookmarked
e.g. book, blog, gallery, article etc. The perception and the opinion of the user, as well
as the emotions provoked by the content, often have a big influence on the tags
selection process [17]. It's very likely to run in to tags like funny, scary, interesting,
inspirational etc.
One of the worst kind of tags that a user can provide are the self referencing tags (for
example tags starting with “my”’), emerging by some kind of user's relation with the
content. This being the worst tagging practice in today's social bookmarking systems,
does not provide any kind of information relative to the user, so he can more easily
understand the content being tagged or make an efficient search. A very usual tagging
practice indicates that the user bookmarking a content, often connects his tag selection
process with a certain tasks he is performing, leading to another personal and selfish
way of providing metadata in an unselfish environment.

If we carefully observe the kinds of tags we have mentioned above, we can come
to a conclusion that most of them are fully personal, leading towards the concept of a
selfish tagging, which doesn’t help the social side of things at all.

Anyway, if tags from personal nature do exist i.e. the once only the tagger himself
can take benefit from, as shown above, it doesn’t mean that they are used by the
majority of social bookmarking users, but knowing that a significant number of users
tag this way, we can consider this as a downside in current social bookmarking
services.

Now, let’s take a look on the bright site of this issue. What we are about to state
here really, is the potential of the information referring to how the tag describes its
content.

Having a clue of how the user interprets his tags for a given bookmark i.e. know
the background of the tags is great potential for user activity research, in means of the
exploring and determining users practice and habits. But think of the possibilities that
arise if the collaborative tagging systems had this kind of information available to use.
Imagine the search optimization tools that can be developed based on this information
only. The use of all this information about the tags would result in precise and correct
results offered by the search engine. This is a new and enhanced way of looking at the
concept of tags, and maybe a little over the top, because it’s almost impossible to
retrieve this type of information from the current format the user provides when
tagging his content.

4 Collaboration and resource sharing systems

Because of the specifics of the human nature, the next type of collaboration and
resource sharing systems subtly suggest users to prefer tags already used by other
users for the same bookmarked resource, leading into more common vocabularies. It
is evident that people need better organization rather than relating bookmarked web
resources with free text tags. Therefore, every recently developed web application for
resource sharing supports autocomplete feature when user is typing the name of the
tag she wants to use. The autocomplete usually scans the tags other people used for
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the same resource or the whole tag database of the system, channeling tagger’s
thoughts towards tags already used by other community members. But this is not
enough, as tags may have different meanings in different contexts, the folksonomies
themselves are not enough for creating knowledge-driven communities.

Braun, Zacharias and Happel [19] point out that among the problems with
traditional tagging approach, one can mention: synonyms, multilinguism,
polysemy(tags with similar meanings), homonymy(tags with totally different
meanings), or mismatch in the level of abstraction(some users prefer narrower, others
prefer broader point of view on the same resources). Most of bookmarking/tagging
tools described lack the capability to explain what the tag means and how is the tag
related to the resource. Semantic Web technologies can aid improving the quality of
search for resources through folksonomies, by embedding semantics within each tag.

5 Existing social semantic bookmarking systems

Storing information within tags is time-consuming and requires highly-skilled
knowledge engineers, whereas ordinary users refuse to put extra effort in providing
metadata in the bookmarking process, without being able to see immediate benefits of
it. But despite these obstacles, things began to move to semantically powered
communities [20] aiming to migrate from folksonomies to organic ontologies [21].
Among these online systems, that aid information retrieval, knowledge organization,
member collaboration and resource sharing, can be mentioned: Faviki [22], Fuzzy
[23], Soboleo [24] and GroupMe [25]. This kind of systems are called social semantic
bookmarking systems, and the only difference between them and the traditional
systems mentioned before, is the key ingredient “semantics”.

5.1 Faviki

Not long ago, Faviki [22] was presented like a new social bookmarking service on the
web. Faviki simply inherits the concept of social bookmarking, but additionally has a
way of retrieving an information describing the tag the user wants to attach to his
bookmark. Faviki has a way of suggesting tags to the user when he is about to
bookmark his web page of interest. Having the information about the web page the
user has intent of bookmarking, Faviki submits its content to Zemanta [26],
Wikipedia [27] and Wordnet [28] to identify and retrieve tags [29], which could be of
interest to the user. Afterwards, the system presents the tags to the user, who can
select some of the suggested tags or he can type his own. However, the one of the
issues in the whole concept of Faviki, is the following: when the user types in his
tags, it’s possible that his input will be rejected. This is pretty annoying for the users,
especially when no explanation is provided why they were rejected. The reason that
the Faviki tagging tool acts this way, is because Faviki operates over the closed and
limited set of concepts provided in Wikipedia. So when a user tries to insert a tag
whose definition is not present in the Wikipedia database, the tag is rejected, with no
explanation at all. This is the sacrifice that Faviki has to make, in order to form
ontology over a closed set of keywords. The good side of Faviki, semantics i.e. every
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tag has a meaning attached to it. However, Faviki has a good starting point in the
upcoming inevitable “web of meaning”.

5.2 Soboleo

Soboleo is a social bookmarking tool that allows concepts that the bookmarks are
tagged with to be interlinked and described [19]. It provides AJAX driven
bookmarklet for tagging the bookmark and has autocomplete feature. Soboleo offers
users ways to edit the ontology itself, allowing them to state that the term “spaghetti”
is same as “pasta”, drastically improving the semantic search (browsing) through the
repository.

The downside of Soboleo is that it requires users to know the concept of
ontologies, thus endangers the consistency of the knowledge base by allowing
inexperienced users to manipulate the information gathered.

5.3 Fuzzzy

Fuzzy [23] is a bookmark management system that offers users 22 predefined link
types for tagging content. Users can also vote for each bookmark, increasing its
relevance for that bookmark. In addition, users are allowed to manually choose
related tags for a given tag and also to provide wider description about each tag.
Fuzzzy introduces the term folktology (as a mesh from folksonomy and
ontology)[30]. Fuzzzy uses contextual relevance measurement of semantic distance,
similar to the Miller and Charles experiment [31]. Researches over Fuzzy showed that
users refuse or avoid annotating content semantically without experiencing immediate
results [32], or moreover, they rarely vote for a particular tag as important.

5.4 GroupMe

GroupMe [25] is a semantic application that uses RDF storage to further explain the
relationships between tags and the so called groups, which purpose is to aggregate
relevant content and share among collaborators on similar topics. GroupMe has an
casier approach for management of annotated resources, but all the work of
bookmarking and sharing resources has to be done automatically. GroupMe has
plenty of space for expanding its semantic features, possibly through semantically
powered suggestions about people who might be interested in joining the groups and
resources from external sources, such as Freebase [32] or DbPedia [33]. GroupMe is
developed by the Semantic Web Group in Hannover, Germany.

5.5 Faveeo
Faveeo.com [37] is a social news aggregator, personalized recommendations system

that relies on semantic tagging. This application allows users to import their news
stories from digg.com [38] and analyzes their content by their tags. Based on the tags
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it attaches, the system recommends relevant content to the reader. It also tracks what
stories readers click on, so that they are taken in consideration as well when finding
other content for the user. Faveeo also incorporates voting, which leverages Digg API
and actually enhances Digg’s functionalities with recommendations.

The tagging functionality is powered by OpenCalais [39], a Thomson-Reuters web
service that semantically annotates raw text with tags accompanied with their
contextual meanings. Faveeo uses the tags which are in context of people, companies
and products, and it builds tag clouds for each of these meanings.

In order to retrieve trending topics, Faveeo also tracks twitter updates (referred to
as tweets) which mention people, companies or products and displays them alongside
with the recommended news stories.

In the time of writing this paper, Faveeo.com is still in beta test and still has to
prove its usability level.

5.6 Facebook

Facebook recently turned into social bookmarking website, by presenting its new
OpenGraph Protocol [40] Integration. The new “Like” button allows users to save a
webpage they like and then retrieve it later from their profile. Moreover, all friends
receive notification that a certain person “likes” a given webpage. Being the most
popular social network, Facebook goes even further: it tells a visitor which of her
friends also like the same webpage prior to bookmarking it, so it subtly suggests that
the visitor does the same. The social bookmarking feature is not primarily
implemented for advanced browsing through bookmarks, since there is no way to
query all of your friends’ bookmarks, or query by tag or any convenient way to search
through them. However, on individual level Facebook is very precise on what the
bookmarks (likes) are about. It now categorizes them on each profile page into
categories like: Movies, Sports Teams, Actor, Athlete, University etc with high
accuracy. This is because now Facebook allows webmasters to deploy RDFa [41], a
semantic web standard to express context of web pages by embedding extra <meta>
tags containing additional information in the HTML. Having this in consideration,
Facebook, now gives webmasters incentives to semantically annotate web pages,
since new social relevance ranking algorithms could emerge and secondly, this is a
suitable ground for semantic advertising to develop. With these meta-data embedded
into webpages, Facebook will build the largest knowledgebase of user interests,
individually and in groups. This means that Facebook could wire-up a graph of
interests based on the social bookmarking activities of its users.

Although this is the first gigantic company to publicly adopt semantic web
technology, it’s implementation is flawed in terms of the Semantic Web realization:
Facebook does not provide a way to uniquely identify and disambiguate things — if
two things have the same names, they are considered the same by Facebook. Second
drawback is that only one object can be defined per webpage[42].

However, Facebook breathes new air in the Semantic Web community, providing
motivation to further develop social bookmarking applications that are backed up by
semantics in the background.
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6 Ontology for Sharing Tags Across Platforms: Meaning-Of-A-
Tag

It is now evident that tagging platforms are going in direction of embedding semantics
and according to one the goals of the Semantic Web, it is supposed to provide means
to integrate heterogeneous systems. Tagging activities are going through the same
phase. Currently a lot of effort is put to tag resources around the Web: people put tags
on blog entries, tweets, video and photo sharing sites, social bookmarking sites etc.
But there is no way to reuse these tags across platforms.

In order to overcome this issue, an ontology for describing meaning of tags has
been developed [43]. The ontology is called Meaning-Of-A-Tag (MOAT). This
ontology provides a framework to describe both local and global meanings of tags
towards given resources, tagged by given users. As Passant and Laublet [44][46]
denote, this ontology could bridge the gap between the Linked Open Data [45] cloud
and the individual systems that contain tags. The MOAT proposes building tag
servers: computers that will store tags with their meanings from different systems and
provide a SPARQL interface to query tags. Over time, these endpoints are supposed
to provide a way to reuse tags created by different platforms, users and meanings
[43][46].

7  General impact of integrating semantic web technologies in
social bookmarking and tagging environments

Based on the analysis above, a prototype application for social interest sharing has
been developed. The semantically powered application would ultimately allow users
not only to bookmark resources they find want, but also to propose other bookmarks,
people and topics that could be relevant to the users. The application tracks users’
bookmarking habits, analyzes the context of the contents and aggregates them into
topics with meaning, represented by tags that are used to recommend other content.
The development is based on the parole “data will find people, not vice versa
anymore”. Preliminary results show that on individual level, users’ interests can be
mapped into a graph, which in turn can be used to propose more sophisticated
resource recommendation engines. Because content is tagged with contextual
meaning, topic groups can now by themselves choose what content is relevant and
should be shared and moreover, who else would be interested to join the group.

The development of this application, has lead us to conclusions that usage of
Semantic Web Technologies can have several advantages:

e Solve disambiguates between tags and related problems, such as synonyms
and tags in different languages, but with same meaning

e More sophisticated information retrieval; Because the resources are
semantically annotated, applications can easily identify relevant content and
display it to the users
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e Systems that utilize Semantic Web can be interconnected and aligned with
lots of other resources described in external ontologies and provide greater
value to the users

But usage of Semantic Web technologies has some drawbacks like

e High Cost — applications that utilize semantic technologies inevitably cost
more than ordinary applications

e Increased Upfront Investments — comes from the fact that further effort is
necessary to formalize the knowledge of given domain

e Increased Delay and Reduced performances — because of the means of
searching through the RDF/OWL (Resource Description Framework [34]
and Web Ontology Language, respectively)[35] graphs is slower than
traditional SQL(Structured Query Language)[36].

7 Conclusion

This paper outlines the social bookmarking services and their shift towards
collaboration platforms and semantically fueled applications for interconnecting and
sharing metadata. The overview concentrates on the features these systems provide
for their users and their shortcomings respectively. Most of the available services
offer online storage of bookmarks and resource categorization by tags. The main
problems these systems are facing can be summarized as defining vocabulary, context
disambiguation, bookmark-tag relation discovery and reusing existing vocabularies
among different systems. To overcome these issues, collaboration systems begin to
incorporate context-based tags with various approaches for annotation of resources. In
general, despite the effort put in developing ontologies, RDF triple-stores, query and
rule languages etc., the semantic platforms are facing problems with the unwillingness
of people to manually annotate web resources. Possible solutions to these problems
range from giving webmasters immediate visible value for embedding metadata or
development of web services for automatic semantic annotation through usage of
natural language processing algorithms. While neither of them flawless, these
approaches lead to the conclusion that global social platforms for knowledge sharing
are the future of today’s bookmarking and tagging services.
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