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ABSTRACT

This paper is to investigate some general features of social tagging and folksonomies along with their advantages and
disadvantages, and to present an overview of a tag ontology that can be used to represent tagging data at a semantic level
using Semantic Web technologies. Several tag ontologies have been developed with a specific purpose and used in various
websites. However, in order to represent tagging data at semantic level existing tag ontologies need to be interlinked, since
individual tag ontology cannot represent overall features of tagging activities. After introducing conceptual overview of
tagging and folksonomies and tag ontologies, we will propose the combinational model for linking tag ontologies.

Keywords
Folksonomies, Semantic Web, Ontology, Tag Ontology.

INTRODUCTION

The idea of tagging is simple: people are tagging the content they create in public spaces with free-text keywords, and the
collection of many people’s keywords can serve as useful metadata when aggregated (Gruber, 2007). Based on this principle,
a growing number of tagging applications have begun to provide users with the ability to connect to other users via their own
keywords. Tagging plays an important role in the emergence and production of an incredible amount of distributed
information by communicating, collaborating, and sharing tagged resources amongst users. With this new phenomena,
classification on the Web is now changing in that online resources can easily be classified in many different categories
beyond the types we encounter in the physical world (Weinberger, 2005). The results of tagging are emerging as collective
semantics created through active user participation. The increasing interest in tagging leads to new challenges in order to
improve the findability of resources and connectivity between people. Although tagging is an evolving and “bottom-up”
approach based on users’ contributions, representing the social connectivity between the entities that make up tagging
activities has to be discovered and improved. For instance, detractors of tagging refer to a lack of precision and low
findability as major limitations which prevent the sharing of tagging data (Mathes, 2004). We believe that we can leverage
this new model of tagging content on the Socal Web by combining it with alternative but complementary technologies such
as the Semantic Web.

The objectives of this research are to 1) explore overall features of tagging and folksonomies, including definitions,
advantages and disadvantages, 2) propose a combinational model based on tag ontologies to make tagging data unambiguous
and to be shared tagging activities across heterogeneous sources. The contributions can be summarised: 1) identify the
differences between folksonomies and ontologies, 2) address the reasons that folksonomies can be represented by ontologies,
3) propose a combinational model by interlinking existing tag ontologies in order to represent tagging data at a semantic
model. In the following sections, we will begin by clarifying the various concepts and terminologies related to tagging, and
then we will discuss the distinct roles that are present in tagging processes.

SOCIAL TAGGING CONCEPTS
Definition

A tag is a metadata keyword or a labeled term associated with a resource such as a link, web page, picture, or blog post,
etc. Previously, research literature on tagging dealt primarily with online resources such as blog posts (Mathes, 2004;
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Merholz, 2004; Mejias, 2005; Kroski, 2005; Vander Wal, 2005). Tags are in general chosen by people (e.g. the content
creator or author, a consumer or reader, etc.), and are based on their understanding of a resource according to their own
perceived utility, where they are not chosen from existing controlled vocabularies or strict taxonomies (Mathes, 2004). The
idea of tags is that they reflect the end user’s thoughts or intentions by using informal personally preferred terms. While users
who create tags do not necessarily have to be experts, the terms as keywords, categories, or classifications for the resource
hold an intended meaning for the users (Golder and Huberman, 2006). Once tags are assigned to a resource, different users or
applications can use and share them in several ways. In this sense, tags can be seen as a simple way to allow users to interact
with a site or a service based on a richer experience and a sense of participation (Mathes, 2004; Kroski, 2005).
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Figure 1 Tagging model: People tag a specific resource (e.g. a photo) with term(s).

Tagging is the overall activity of contributing to a collection of tags by users. As shown Figure 1, tagging requires people
to participate in tagging activities for their own specific reasons and thus the entity of this process includes users, tags, and
resources as well as their relationships. In this perspective, the tagging process goes with an implicit agreement of sharing
tagging entities amongst users, rather than being just a process of sharing resources. A folksonomy is a type of distributed
classification system and is formed from a collection of keywords created by users. This can be defined as a social, shared
categorisation system influenced and consumed by or across users, reflecting varied perspectives in a collaborative and
decentralised way (Golder and Huberman, 2006; Marlow et al., 2006; Halpin and Shepherd, 2007). Thomas Vander Wal, the
person who coined the term, emphasises “user-generated classification, emerging through bottom-up consensus” (Vander
Wal, 2005). He asserts that a folksonomy, as a fusion of the words ‘folk’ and ‘taxonomy’, is composed of three important
components - the tags themselves, the resources that are being tagged, and the users that create these tags. A real large-scale
application of folksonomy usage appeared with Delicious in late 2003, and this was subsequently adopted by various other
social software sites.

According to Vander Wal (2005), folksonomies are distinguished by two typologies: broad and narrow folksonomies. The
former refers to where many people are describing the same object with their tags in a system such as Delicious. In a tagging
space, everyone can tag an object according to their interests, even if the methods of tagging used among them is different.
Thus, the power law of tagging behaviours observes that most tags appear only once or rarely in a small groups or few users,
whereas a few popular tags are often used by many users (Quintarelli, 2005). Broad folksonomies, following a variety of
levels of user participation, are a way of investigating the benefit of the network effect and other trends in tagging. In contrast
to broad ones, narrow folksonomies mean that a small number of users will tag individual objects (e.g. as is the case with
Flickr).

At present, tagging on a large number of social software sites has become quite popular, and tagging in traditional web
sites (e.g. message boards) is being adopted at a steady pace. Some well-known implementations of folksonomies are
Delicious and Flickr. The former is a social bookmarking system where users tag and store web links, which they want to
find again in the future, while the latter is a photo-sharing web site where users upload and tag their own photos to aid
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retrieval by themselves and others. CiteULike', using a similar approach to Delicious, focuses on academic articles, and there
are number of multimedia sites that support tagging such as Last.fm” for music and YouTube® for videos. From an
information visualisation perspective, tag clouds are the most popular visual interface to represent multiple tags and for
navigating resources. Typically tags displayed in a tag cloud on most sites are differentiated by size, font or color depending
on how many times the tag has been used or how many resources have been assigned with that tag (Hayman, 2007).

Social Tagging and Its Terminologies

In any emerging field, a new phenomenon will have a corresponding set of new terms that describe it or are related to it,
and there are numerous definitions for the tagging phenomenon as a method of categorising information. The term
folksonomy is emerging as the dominant term: there is however a lack of clarity when talking about tagging and
folksonomies, as these terms are often used interchangeably to describe the same phenomenon. As well as folksonomy, some
of the other terms that have been proposed: ethnoclassification (Merholz, 2004), distributed classification (Mejias, 2005),
social classification (Smith, 2004), and communal categorisation (Shirky, 2005). Speller (2007) focuses on the social and
collective features of the tagging process itself as opposed to the taxonomic aspects.

The relationship between tagging and a folksonomy is not clear if a distinction between personal and social tagging is
made. Whereas tagging as a process is part of folksonomy creation, a collection of tagging instances on its own is not a
folksonomy. The result of aggregating tags or items from individual tagging instances will not be a folksonomy either. That
is, tagging is not only a way of representing concepts by cognitive association of individual users, but also a social and
democratic process to encourage social connections amongst users. Thus the benefits of tagging can be differentiated on both
the individual and the social perspective. The former point of view represents a very powerful personal organisation and
retrieval, because the tagging process in this case is primarily dependent on a user’s intentions. Users can assign many layers
of meaning to resources and can navigate the resources when they want to find one. Social perspective plays a significant role
to encourage implicit collaboration amongst users or to reflect a collective memory that represents shared knowledge. Thus,
the latter can be called social tagging.

Despite terminology debates, various terms tend to assume that a continuous social transformation, from individual to
collaborative tagging based on user participation, leads to unexpected emergent semantics and collective intelligence. As
Quintarelli (Quintarelli, 2005) points out, without a social distributed environment that allows for aggregation, tags are just
flat keywords. By combining a collection of tags with this transformation, folksonomies can emerge. Compared to the
tagging process, folksonomies tend to be dependent on a particular system. Based on the system, folksonomies have different
characteristics defining tagging entities and their relationships, and also may show different views and contexts of their
resources. Folksonomies can be defined by the following features:

e An aggregation of tags for multiple items between multiple users

e The users must be able to see and be influenced by other’s tags in the tagging process (i.e. creation and reuse of
tags).

e A combination of methods to support adding, managing, and sharing etc.

For the remainder of this paper, we will use the term Folksonomy to refer to a certain system enabling distributed
classification, whereas we will use the term Tagging to identify the activity of assigning a set of tags to a resource. A Tag
Cloud is an interface of displaying collection of tags or folksonomies, and not a folksonomy in itself. For instance, Delicious
allows users to organise their bookmarks at a personal level (i.e. tagging), and at the same time the aggregated tag behaviours
(i.e. folksonomy) is represented by the tag cloud as shown in Figure 2.

! http://citeulike.org
? http://lastfm.com

? http://youtube.com
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Tag Cloud: Popular
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Figure 2 Example of a tag cloud in Delicious

Characteristics of Tagging

The essence of tagging is the “voice of people” reflecting the “long tail” interests of individual users to categorise a
resource without cultural, social, or political bias (Kroski, 2005). Because they do not need to understand predetermined
terminologies and hierarchical structures in traditional classification schemes, the overall process of adding and consuming
tags is quick, simple, and straightforward. Moreover, tagging has a very small learning curve, since users can express the
direct information needs and desires they have with their vocabularies (Kroski, 2005). Tags are in accord with the user’s own
words, not imposed by a system (Neal, 2007), i.e. they reflect the user’s mental concepts. In tagging systems any type of
resource can fit into multiple categories, and these give us the chance to observe the resources via multi-faceted or multi-
dimensional features. For example, a photo on Flickr could have a collection of tags attached such as birthday, family, or
holiday. In this way tags are useful entry points to explore resources through faceted browsing by searching, filtering,
navigating, and exploring other user’s tags and tagged items.

Tagging is usually, done by people consuming resources in a social environment (Vander Wal, 2005). Although an
individual’s tags tend to be very subjective, individuals by nature have a spirit of sharing their tags on communities or public
spaces. Because everyone has a common goal of categorising their own information and also sharing it with others, tags
become social. In this way folksonomies, as the collective result of collaborative tagging, give us an opportunity to make
social connections based on tagging behaviours and patterns. Many tagging applications allow users to create networks with
other users that they have identified as interesting. This feature fosters the development of communities around similar
interests and viewpoints. Despite its low cognitive cost, its capability to match the user's real needs and language, and its
value in serendipitous browsing, tagging by nature has a number of important issues regarding tag quality. Amongst others
we mention intrinsic imprecision and lack of visualisation tools to enable users to navigate through the mass of tags
(Quintarelliet al., 2006). The simplicity and ease-of-use of tagging leads to problems concerning effective categorisation and
information retrieval. The major drawbacks of tags may be the lack of precision. Tags are not nomalised for synonymy,
morphology, and there can be many different manners of specifying the exact meaning such as capitalisation, singular vs.
plural, or the relationships between tags. Consequently, free indexing is often considered to be of poor quality. The problem
with visualisation is that flat tag clouds are not sufficient to provide a semantic, rich and multidimensional browsing
experience over large tagging spaces (Quintarelliet al., 2006). In such a structure, the most popular tags are usually displayed
through an alphabetically ordered list in which the font size increase with the tag’s relevance.

COMPARISONS BETWEEN FOLKSONOMIES AND FORMAL TAXONOMY

Categorisation and classification

The terms categorisation and classification are often confused and used interchangeably. There are obvious similarities
between them in that they are mechanisms for organising information or things into categories (Jacob, 2004; Mathes, 2004).
However, strictly speaking there is a subtle difference between them, and the distinction leads to meaningful differences for
using them within information environments (Jacob, 2004) and the design of these environments.
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A categorisation is a “synthesis of similarity” in the process of creating categories (Mathes, 2004), whereas a classification
is a systemic arrangement in groups or categories according to pre-defined criteria (Jacob, 2004). Categorisation is the
process of grouping entities by similarity - one of the most central and generic ideas of conceptualisation (Bailey, 1994). Any
kind of organisational scheme is a categorisation or classification: for example, sorting cars by size, documents by type, or
languages by country. Things are grouped together in both systems according to their similarities. However, a categorisation
does not impose an order between categories, whereas a classification defines an order between categories or classes and
describes their relations within a hierarchical structure. Thus membership in categorisation is non-binding. By contrast,
classes in classification are mutually exclusive and non-overlapping. In tagging systems the set of tags is flat, without any
ordering and with an overlap between multiple resources.

Formal classification: taxonomy and ontology

Taxonomy is the organisation of a particular set of information for a particular purpose in a hierarchical structure
(Gilchrist, 2003; Garshol, 2004). Taxonomies define exact names, known as faxa (singular taxon), for everything and show
which things are parts of other things: often called parent-child or broader-narrower relationships. One of the most widely
known taxonomies is the Dewey Decimal Classification (DDC), which is a method of categorizing books in a library by
subjects. The DDC was created by Melvil Dewey in 1876 and has since been extensively used in libraries (with modifications
and extensions). Taxonomies are often created to describe categories and subcategories of topics on the Web. For instance,
the Yahoo! Directory* or the DMOZ open directory’ are typical examples providing directories or categories of web
resources in a fixed hierarchical structure. An Ontology is a set of well-defined concepts describing a specific domain. The
term as a philosophical sense refers to a “systemic account of existence” (Gruber, 1995) and is “the study of the categories of
things” within a certain domain (Sowa, 1999). The term ontology in computer science was borrowed from artificial
intelligence, and ontologies have been closely linked with knowledge representation and logical inference techniques
(Garshol, 2004). Within this area, an ontology refers to “formal, explicit specifications of shared conceptualisations” at a
semantic level (Gruber, 1993). According to Sowa (Sowa, 1999), ontologies can be classified as terminological (e.g.
WordNet) ontologies that are not fully specified by axioms, and axiomatised ontologies (e.g. Cyc Upper ontology) (Fishcher,
1998).

Table 1 summarises the characteristics of categorisation, taxonomies, and ontologies. Taxonomies and ontologies have
similarities to eliminate ambiguity of terms and represent hierarchical structures. The distinction between ontologies and
taxonomies is sometimes vague. A very simple ontology without properties and constraints could be called a taxonomy.
However, ontologies have strict and formal rules for describing relationships among concepts and for defining properties.
That is, an ontology is a set of “formal explicit descriptions in a domain of discourse (i.e. classes)” and it specifies relation
types (taxonomic and hierarchical relations of classes) organised in a partial ordering (Fishcher, 1998 and Noy and
McGuinness, 2001). While in taxonomies simple properties can be attached, defining a chosen hierarchy, in general
ontologies have stronger expressivity than taxonomies. In addition to the expressivity of ontologies, different benefits can be
utilised from ontologies. Noy and McGuinness (2001) stated 5 reasons to use ontologies: 1) to share common understanding
of the structure of information among people or software agents, 2) to enable reuse of domain knowledge, 3) to make domain
assumptions explicit, 4) to separate domain knowledge from the operational knowledge, 5) to analyse domain knowledge.
According to Gruber (Gruber, 1993), ontologies are not limited to roles of taxonomic classification (ontology-as-specified
conceptualisation) and centrally controlled categorisation (a very specific methodology for agreeing on a conceptualisation).
He emphasises that ontologies are a way of knowledge exchange and reuse, differentiating them with taxonomies. For
example, ontology languages such as RDF and OWL provide a more precise description of domain knowledge and they also
facilitate machine-processable knowledge sharing and exchange.

* http://dir.yahoo.com

> http://www.dmoz.org
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Categorisation Taxonomy Ontology
Organisation of information X X X
Elimination of ambiguity X X
Synonym control X X
Hierarchical structure X X
Properties and axioms X
Sharing X X X

Table 1 Features of categorisation, taxonomy, and ontology

Contrasting folksonomy and formal classificatons

There are a number of debates currently on the advantages and disadvantages of both folksonomies and traditional
classifications such as taxonomies or ontologies (Mathes, 2004; Weinberger2005; Shirky, 2005). As shown in Table 2, the
folksonomy and classification systems can be placed at the two opposite ends of the classification spectrum. Folksonomies
are an emergent set of tags with a completely flat, non-hierarchical system. No parent-child relationships are directly
specified between these tags (Mathes, 2004; Weinberger, 2005; Golder and Huberman, 2006). Folksonomies are generally
unsystematic and are not constrained by a requirement for mutual exclusivity. Thus, assignment of tags is multi-faceted and
massively multidimensional in a tagged item (Vander Wal, 2005; Quintarelli, 2005). In contrast, formal classifications are
generally a hierarchical structure of well defined, mutually exclusive, and non-overlapping classes defined in a super-sub
relationship (Jacob, 2004).

Folksonomy Formal classification

Background Web communities Metaphysics, Al, knowledge engineering

Structure Flat structure with clusters of entities Hierarchical structure of fixed
vocabularies

Formality None High

Creation Community users Domain experts

Ambiguity control None Control possible

Creation cost Low, created by users High, created by experts

Change Highly dynamic, changes constantly Rigid, often has to be recreated to
accommodate change

Usability No expertise required Requires proficiency in handling

Vocabulary Personal vocabulary Pre-defined or controlled vocabulary

Scalability Expansive Restrictive

Table 2 Comparison between folksonomy and taxonomy

The differences in terms of controlled vocabularies can be used to differentiate between them. Folksonomies offer
uncontrolled and personal vocabularies. It means that everyone can choose tags to appropriately describe items from an
individual standpoint, because of no global consistency to use a particular term. Folksonomies encourage users to describe
their mental concepts in a decentralised and collaborative way (Quintarelli, 2005), but there can be many different words for
the same thing. Thus, the meaning of or between tags has to be interpreted by analysing the relationships between users, tags,
and resources in a social context. By contrast, classifications are in general comprised of controlled or pre-defined
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vocabularies. The classification systems manage the use of synonyms, homonyms, lexical anomalies and so on. This is the
advantage for retrieval, navigation and interoperation of information on the Web. However, the main disadvantages of
controlled vocabularies are that they quickly become outdated and non-experts or less trained professionals are restricted to
use the classifications. As Shirky (Shirky, 2005) stated, few experts studying a particular domain can contribute to make
traditional classifications using a hierarchical taxonomy. Furthermore, it is important to note issues regarding the
development and the management of both systems. The cost of creating traditional classification schemes is high and it also
becomes expensive to manage and update them, whereas tagging systems provide a low alternative for categorising
information (Mathes, 2004; Quintarelli, 2005). However the overall cost of managing folksonomies might not be low because
the need to overcome the drawbacks discussed above comes at an additional costs. It is true that folksonomies provide the
capability to match the user’s way of thinking and organising information, but their full-fledged power is still challenged.

LIMITED SOCIALITY OF FOLKSONOMIES

The most important issue associated with tagging is how we can extract a meaningful experience from the users’ tagging
practices and how we can provide social environments to encourage social connections from folksonomies. There are many
challenges to achieving these goals.

As we discussed above, tags by nature have various limitations regarding semantics and structures. Even if social software
sites are controlled to be able to eliminate tag ambiguities, they are limited to handle the input, output, and matching of tag
phrases (Gruber, 2007). In addition to these inherent drawbacks, the exchange of tagging data is more difficult to achieve.
Tagging practices that users and communities create on one site or application are often locked into that particular site, and
cannot be reused in a different system or by a different user. As social software sites have rapidly increased, users who
participate in tagging activities in different locations encounter significant problems when they try to re-use a collection of
tags. The problems of current folksonomies are classified as follows:

e Individual perspective: they may build up a rich collection of tags on a certain site or application over time, but the
size and scope of this collection will depend on how regularly the site or application is being used. When beginning
to tag content on a new system, the user may have certain amount of reluctances to create new tags if they do not
expect to be using the system that much, and also they may not wish to recreate their existing tag information on
other sites (Kim et al., 2010).

e Community perspective: users are part of different communities and projects, and interact with the members of these
communities by sharing or exchanging tagging data between them (Kim et al., 2008a). The idea that tagging data
can be interoperated with other’s data is widely accepted (Gruber, 2008). In this setting, a new issue arises, i.e. the
reuse of the data across multiple communities. We have real challenges at different levels of interaction among the
communities (Tagcommons, 2007).

e Heterogeneous tag formats: Tagging systems do not have a uniform structure and no agreed-upon semantics to
share, exchange, and reuse tag metadata amongst users or communities (Kim et al., 2008a). Also, there is no
consistent method for reusing one's personal set of tags between either web-based systems, desktop applications, or
for transferring tags among different computing environments. Because of these reasons it is not easy to
meaningfully search, compare, or merge similar collective tagging data and it is also difficult to improve social
connections of people based on the tagging behaviours (Gruber, 2007; TagCommons, 2007).

e Heterogeneous environments: Regardless of the individual or community perspectives, tagging data can be produced
in several environments, like on the Desktop, on the Web, or even on the Mobile Web. Even so, we want be able to
reuse our set of tags independently of the environment. However, there is no consistent method for interoperation of
tagging data amongst different environments.

While tagging is an evolving, bottom-up approach based on user's contributions, socialising the results of tagging have yet
to improve in a manner that supports discovery, and sharing of tagging data. With the use of tagging systems increasing
daily, these problems will become critical. Combining alternatives technologies such as the Semantic Web offers the
possibility to address these limitations and enhance tag sharing capabilities.

BENEFITS OF SEMANTIC WEB TECHNOLOGIES

Semantic Web technologies in general allow us to expose human knowledge to machines in order to performing automatic
data linking and data integration. In particular, ontologies as an enabling technology for the Semantic Web enable knowledge
exchange among different users and applications by providing reusable constructs. That is, these technologies can improve
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current tagging environments, not only by representing semantically tagging data, but also by allowing users to share and
exchange the data across sites, services, or applications.

In this section, we will discuss why folksonomies need to adopt Semantic Web technologies and what kinds of benefits
folksonomies can obtain from them. We will concentrate on the representation of tagging data using Semantic Web
technologies because: 1) semantically-enhanced representations of tagging data using ontologies contributes toward provide
standard forms for describing tagging entities (i.e. users, tags, and resources) including their relationships, 2) it can establish
links amongst the entities including for expected and unexpected reuse of information.

Augmenting data structure with semantics

Semantic Web technologies can add structured values into tagging data and also can augment the data with semantics
representing some of the entities and their relationships (Gruber, 2008). Tags have a high level of ambiguity when it comes to
their meaning, due to various types of spellings and no synonym control etc. Ontological representation can allow a set of
tags to define their meaning underlying their context including users, locations, and usage patterns. From a slightly different
standpoint, Gruber (2007) and Spivack (2005) emphasise the need for folksonomies and ontologies to work together, aiming
to identify and formalize a conceptualisation of tagging data at a semantic level. Typical social tagging systems do not
provide explicit links amongst the entities, nor do they expose their data in a standard form. These approaches can be realised
as a standardised metadata schema - called Tag Ontologies - representing both the structures and semantics of tagging data
within some domains of interests. Furthermore, this type of ontology does not just define a meaning of a certain tag, but can
also robustly represent the relationships among the entities that shape tagging activities, explicitly stating the knowledge
structure of tagging data.

Enabling data sharing and exchange

As more users contribute to social software applications, they may want to be able to reuse their data across different
platforms. A basic principle of social tagging is sharable features. Once a user assigns a set of tags to a resource, there is an
assumption that tagging entities and their relationships are shared in a particular platform and the tags become a medium for
building social relationships among users. Presently, the shared knowledge structure of tagging is locked into a site or an
application and is scattered across the sites where users participated. These make a barrier to fully exploit the sociality of
tagging and to provide explicit and implicit interactions on the Web.

Several challenges have to be addressed to solve these issues: tagging data needs to be described with richer semantic
representations and the methods like open APIs have to be offered to share and aggregate the data. These are basic
requirements for the goal realising sharable features of social tagging systems. Semantic Web technologies offer a good
balance in this process with standarisations for describing and querying information (e.g. RDF and SPARQL, respectively).
For instance, tags, users and their relationships in tag ontologies are expressed and in both machine and human
understandable representations and at the same time accessed by both agents. These technologies provide effective ways not
only to integrate tagging data across different platforms with richer semantic representations, but also to share the data among
other users or communities.

Tag ontologies, supporting Linked Data principles (Berners-Lee, 2006), can publish semantic tag metadata and make it
easy to interlink, discover and consume the data on the Semantic Web. To weave a web of scattered tags based on conceptual
schemes describing them, tag ontologies could be viewed good practices not only for identifying tags in formal semantics but
for building shared tag knowledge graphs. The Linked Data is a term used to describe a method of exposing, sharing, and
connecting data on the Web (Bizer et al., 2008). Linked Data can enhance an opportunity to make resources interconnected
on the Web, and be reused in unexpected ways. Berners-Lee (Berners-Lee, 2006) outlined four principles of Linked Data:

e use URISs to identify things as resources;
e use HTTP URIs for locating and dereferencing these resources;
¢ provide useful RDF information about the resource when its URI is dereferenced;

e include RDF statements that linked to related URIs so that they can discover related things.

Resources on Linked Data have specific links as URI to identify the resources and have representation (RDF, RDFa, or
Microformats etc), which can be machine-processable. With combining the Semantic Web and Linked Data, isolated tagging
data can be easily made mobile and integrated across different applications and can be accessible and re-used by both
machines and human. The semantic structure of social tagging could also combine automatic inferences with the expertise of
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users by integrating the validation these inferences within the natural use of the system. This approach is a good start for the
sharing and exchange of separate tagging activities on different platforms.

TAGGING ON THE SEMANTIC WEB

Semantic Web technologies can provide a common conceptualisation of tagging activities not only for representing as
standarised languages but also for describing the enormous diversity in social perspectives on a semantic level. Tag Ontology
is to describe the relationships between an agent, an arbitrary resource, and one or multiple tags (Kim et al., 2008b). In
particular, the TagCommons project proposed functional requirements for tag ontologies that aim to clarify the core concepts
and related information. There are some efforts for developing tag ontologies, and core concept for these ontologies is
Tagging that is the act of associating tags with an object or item. This concept is usually comprised of following concepts: 1)
tag: a keyword or phrase that is recognizable by people and computers, 2) resource: a thing to be tagged (identifiable by a
URI), 3) tagger: someone or thing doing the tagging, such as the user of an application. In other words, tag ontology is to
explicitly represent these objects and the relationships between them. In this sense, the discussed limitations such tag
ambiguities and sharing can be solved. So far, although there has been developed several tag ontologies, one model cannot be
covered overall features of tagging activities. Thus, in this section we introduce some existing ontologies in brief and then we
propose a combination of those ontologies that aims to describe collection of tagging activities across heterogeneous sources.

Figure 3 shows the combination amongst existing tag ontologies. Newman’s model describes relationships between three
core concepts (Tagger, Tagging, and Tag) to represent a tagging activity (Newman et al., 2005). For example, the tagger
‘Alice’ assigns the tag ‘apple’ into the resource ‘Videos#id’ on the date “2010-04-25°. However, since the tag ‘apple’ does not
have a specific meaning — fruit or company, we need to describe the relationship between the tag and its meaning. In MOAT,
the Meaning class which aims to allow the meaning of tags to make unambiguous, represents user-provided meanings for
tags (Passant and Laublet, 2009). In addition, tags have their own occurrences that are an important factor to identify how the
tags used, and these features are based on collecting whole usages of certain tags. The SCOT (Social semantic Cloud of Tags)
represents collective tagging activities and provides the most appropriate representations for folksonomies (e.g. tag space,
community, frequencies, tag co-occurrence, etc.) (Kim et al., 2010). For example, the TagCloud class cannot only contain
tags that occurred in a source, but also can represent user groups who participated in tagging activities. The property
scot:hasUsergroup links the TagCloud class to Usergroup class of SIOC. Using this approach tagging entities can be
semantically represented and shared across different sites or sources.
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Figure 3 The combination amongst SCOT, Tag Ontology, and MOAT. Rounded rectangles refer to classes in tag ontologies and arrows
refer to properties.

CONCLUSION

A wide variety of sites provide tagging features on many different types of resources and they also offer folksonomies which
are popular as a collective way of categorising the resources. Nevertheless the concepts associating with social tagging are
not well-defined. In this paper, we aimed to provide comprehensive overview of tagging and folksonomies by contrasting
folksonomies and formal classifications, and then discussed the limitations of tagging such as ambiguities, sharing and
exchanging tagging data. In the first half of this paper the relevant concepts are discussed with some of issues and challenges
for improving current tagging systems. In particular, to achieve social ecology of tagging data we emphasise the consistent
representation of tagging data, combined with Semantic Web technologies. Tag ontologies aim to describe tagging activities
at a semantic level. By using tag ontologies it is possible to represent tagging data with appropriate semantics, and
simultaneously to reuse and exchange the data across different sites. Several tag ontologies have been used in various
websites. Since certain tag ontology cannot semantically represent overall tagging activities, there needs to interlink amongst
those ontologies. The proposed approach in this paper offer improved opportunities for representing folksonomies with
explicit tag meaning and the relationships of tagging entities. In the future, we will try not only to extend this approach into
other RDF vocabularies but also to find out how this approach can be used in current tagging systems or folksonomies.
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