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1 Introduction
In recent years the content of the Web has evolved from

being made up of interlinked Hypertext Markup Language
(HTML) pages to being full of multimedia content, services
and applications which are generated, classified, and evalu-
ated by their users.

The search, access, understanding, and use of such a large
amount of content can be made easier by the semantic ex-
pression of these resources, which requires metadata to be
defined to describe resources and be assigned to them. This is
what is known as the semantic annotation of Web resources.

The concept of “semantic annotation” could be described
as a kaleidoscope since it takes on different shapes depend-
ing on the perspective from which you view it [1]. To specify
the meaning, i.e. the semantics of words or documents and to
annotate them has been carried out in several ways, depend-
ing on the area of research. Consequently, there are also a
large number of terms coined in papers on this subject to re-
fer to this activity, sometimes without any apparent differ-
ence. In English, the language in which the majority of works
are published, the following terms are used: semantic anno-
tation, semantic markup, semantic tagging, or semantic la-
belling.

The different areas that deal with semantic annotation pro-
vide us with different points of view on the process. In the
field of computational linguistics, the purpose of annotation
is to identify and describe the meaning of texts by means of
tags that correspond to the different levels that contribute to
meaning (morphosyntactic, semantic, discursive, pragmatic,
for example). In the Semantic Web and in the Web 2.0, the
purpose of annotation is to be able to include information not
only about texts but also about any multimedia content that
might be available on the Web. While in the case of the Se-
mantic Web annotation is based on formal domain models
(called ontologies), in the case of the Web 2.0 annotation is
performed using descriptors (called tags).

All these views of annotation need to be taken into ac-
count in order to get the most out of Web content, from the
agility of the tagging used in the Web 2.0 to the formal se-
mantics of ontologies. A successful fusion of the Semantic
Web with the Web 2.0 (to form what has been dubbed the
Web 3.0) will give us the best of both worlds and integrate
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the tags of the Web 2.0 with the formal semantics of ontolo-
gies.

This document provides an overview of the different
approaches to annotation in the fields of the Semantic Web
and the Web 2.0, and the Web 3.0, and describes the trends
characterizing work going on at the moment in this area.

2 Annotation in the Semantic Web
In the informatics community the term semantic markup

was initially used to mean the description of the contents of
a Web page by adding a tag to certain elements of the text
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which in some way identifies its referent in the real world (in
this case, in computing terms, we use what are known as on-
tologies). In order to encode the meaning, markup languages
were used, such as in eXtensible Markup Language (XML)
[2], Resource Description Framework Schema (RDF(S)) [3]
or Ontology Web Language (OWL) [4].

According to Shea [5], there are two possible types of
markup of a Web page; presentation markup and semantic
markup. Presentation markup consists of labelling a Web
page with information about the formal characteristics of
the document using HTML, that is, how it should be dis-
played to a reader, with bold type, upper case, colours, etc.
Meanwhile semantic markup would include information
about the content of the Web page in question (document,
image, URL, etc.) and would be implemented XML or in
any other type of XML-based markup language.

The preparation for publication on the Semantic Web of
documents that use annotations to explain their content and
that are computer processable involves at least three phases:
(1) the choice of the language to be used, which must be one
of the XML-based languages developed for the Semantic Web
such as RDF, RDF(S) or OWL, among others; (2) the addi-
tion in that language of semantic commentaries or annota-
tions (metadata expressing meaning in Web documents or
pages) to resources to be published on the Semantic Web;
and (3) the reasoning with this semantic metadata. There must
be a common consensus as to the specification of this metadata
if it is to be of use and enable reasoning, so that it can be
shared by the various participant agents. Ontologies exist pre-
cisely to ensure this consensus of meaning. An ontology is
defined as a “formal and explicit specification of a shared
conceptualization” [6]. Informally we might say that an on-
tology is an agreed upon knowledge model in a certain do-
main, which provides a shared and controlled vocabulary
enabling communication between people and applications.

Ontologies were the backbone of document annotation in
early applications prior to the Semantic Web, such as the
SHOE project, the (KA)2 initiative, and the Planet-Onto
project. When the Semantic Web arrived on the scene, many
projects and applications centred on ontology-based annota-
tion, since the existence of annotated content is one of the
most important challenges facing the development of the Se-
mantic Web. Among these projects and applications we would
cite the European projects Esperonto1 and AceMedia2, the
European Network of Excellence SCHEMA3, or the US
project MindSwap4. All of them share the premise of provid-
ing tools and frameworks for annotating different types of
contents (HTML, databases, multimedia documents, etc.) with
different levels of detail. The state-of-the-art of semantic an-
notation has been analysed in [7] and [8]5.

There are varying degrees of formality with which docu-
ment annotation may be performed. Broadly speaking they
fall into three categories: annotation using vocabularies such
as Dublin Core (which broadly describe the document with-
out entering into details about its exact content), thesaurus-
based annotations and lists of terms (which describe the
content of documents by matching it against the terms con-

tained in those vocabularies), and ontology-based annota-
tions (which focus on the creation of instances of classes
and relationships of ontologies formally specified in a lan-
guage such as RDF Schema or OWL and which are there-
fore the more precise of the three types).

A detailed classification of the different types of annota-
tion that can be applied to Semantic Web pages may be found
in [9]. Meanwhile [10] includes a discussion on the degree
of formalization of the various types of annotation available.

2.1 Multimedia Annotation
The annotation of multimedia documents (images, au-

dio, video, etc.) is a field in which a great deal of work is still
being done. There are currently several major projects un-
derway in which one of the main aims is to provide tools
capable of performing these types of annotations, such as X-
Media6 [11], along with other older projects which have also
been working in this area, such as Acemedia7 [12], MUMIS8,
or Esperonto [13]. There is also an active group associated
with W3C that is working on providing recommendations9.

Some of the proposals are based on annotating texts
accompanying an image in a document, given that normally
such texts will relate to the image in question and may pro-
vide interesting information about that text. However, the
quality of this type of annotation does not provide enough
quality for multimedia tagging because the text does not
always give enough information about the attached files.

One of the main problems that needs addressing regard-
ing the annotation of multimedia files, especially in the case
of images and videos, is what is known as the semantic
gap. On the one hand, by using image analysis techniques
we can obtain a large number of descriptors for an image,
based on the characteristics of its pixels, and we can even
identify objects and their position with respect to the im-
age. However the next step, that of annotating specific ob-
jects within the image and, in particular, the relationship
between them (for example, “this photo concerns a child
on the beach”) is still a problem. This is precisely what
projects like AceMedia or X-Media are now focusing on.

2.2 Current Annotation Technology
In a very basic way ontology-based annotation tools al-

low ontologies to be populated with instances originating
from different types of resources. Given the heterogeneous
nature of these resources, these tools are also highly hetero-
geneous. Some cover the entire annotation lifecycle while
others cover just a part of it and, while a large proportion of

1 <http://www.esperonto.net/>.
2 <http://www.acemedia.org/>.
3 <http://www.schema-ist.org/>.
4 <http://www.mindswap.org/>.
5 A good URL with information about annotation projects and tools is
 <http://annotation.semanticweb.org/>.
6 <http://www.x-media-project.org/>.
7 <http://www.acemedia.org/>.
8 <http://lands.let.kun.nl/TSpublic/MUMIS/>.
9 <http://www.w3.org/TR/swbp-image-annotation/>.
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them work solely on text documents, some afford the possi-
bility of annotating text-based Web content and multimedia
resources.

Most annotation tools provide for either manual or semi-
automatic content annotation. The latter type use techniques
based on information extraction or automatic learning. Manual
annotation of documents is a costly task which can result in
large number of errors, as has been demonstrated in most of
the initiatives of the Semantic Web and those prior to the
Semantic Web. Therefore, the annotation effort should be
centred on automating this task, leaving the task of supervis-
ing the proposed annotations to the users. This means the
quality of automatic annotation should also improve and so
make the entire process more productive.

As well as dealing with the quality aspect of the annota-
tions generated, it is important for tagging tools to be able to
manage appropriately any inconsistencies that may arise in
data annotated in a distributed manner, the lifecycle of anno-
tations and of their related vocabularies (for example, the
management of the evolution of the vocabularies on which
the annotations are based), the existence of annotation man-
agement systems to take care of queries, storage, reasoning,
etc. All of these issues are currently being addressed.

2.3 Trends
A great deal of the research into the Semantic Web to-

day is directed at the annotation of multilingual data in or-
der to ensure that information searches retrieve the relevant
documents whatever language they are written in. Work is
also being done on the quality management of the annota-
tions generated since it is important for annotation tools to
be able to manage appropriately any inconsistencies.

Meanwhile, in the field of the semantic annotation of
multimedia documents there is still a great deal of work to
be done, and most research efforts are centred on the prob-
lem of the semantic gap, which could be defined as the prob-
lem of converting representations based on the analysis of
images and videos, from which various types of metrics are
obtained and in which different types of objects and their
position in the image or video can be identified, into se-
mantic representations in which it is stated that a particular
object is a table or a chair, and that that object has some
kind of a relationship with another object appearing in the
image or video (it is on top of it, someone is sitting on a
chair, etc.).

3 Annotation in the Web 2.0
Whereas just a few years ago Web content used to be

generated only by the creators of the websites, we have now
moved on to a more open and social Internet in which users
are no longer mere consumers of information but are also
its creators. This new stage, known as the Web 2.010, brought
with it a variety of applications such as wikis, blogs, social
networks and websites for sharing bookmarks, photos, vid-
eos or music. All this new range of applications spawned
new content for which the traditional methods of annota-
tion and information retrieval were no longer sufficient. This

situation gave rise to annotation through the assignment of
keywords to resources, which can then later be retrieved by
using those keywords. These keywords are known as tags
and the process of assigning tags is called tagging.

Having tagged Web content makes it possible to clas-
sify it, adapt it, and relate it to other content. Any user can
tag Web content by assigning whatever and as many tags as
they like, which is easier and more flexible than fitting the
information into pre-established folders or categories. A
collection of tags generated by the collaborative annotation
of resources is known as a folksonomy. The most common
way of visualizing folksonomy tags is by means of tag
clouds, in which the most recent and most used tags are
represented in different size fonts; the larger the font the
greater the frequency of use.

Collaborative annotation has been a success because it
does not require users to have any special skills to do it.
Users are in no way limited as to the tags they can assign.
However, this freedom of use and the lack of any explicit
relationships between tags can give rise to problems in the
information retrieval process. For example, due to the use
of polysemous tags a user may retrieve information that is
of no interest to him or her. Or, due to morphological varia-
tions of a word or the use of synonyms or compound words,
the user may not find the required information. For this rea-
son, these days folksonomies are considered to be better
suited for exploring information with a view to finding new
content than for searching for information per se.

Another problem is that websites using collaborative
tagging do not follow any standard either for the storage or
for the publication of folksonomies. This means that these
sites are at present islands where users have to create a set
of tags with which to annotate their photos and another sepa-
rate one with which to annotate their blogs, despite the fact
that in all probability there is a relationship between the
photos they have uploaded and the blog that they are writ-
ing, as in the case of a description of a trip with its respec-
tive photos. One of the challenges facing the Web 2.0 today
is to allow the exchange of folksonomy information between
different social networks.

3.1 Tagging Methods
Tagging may be analysed from many dimensions, such

as those identified in [14] which refer to the type of annota-
tion support provided by a collaborative tagging applica-
tion, to the aggregation model used, and to who is perform-
ing the annotation.

Tagging support. This factor identifies three catego-
ries: a) blind tagging, when the user does not see the tags that
other users have assigned to the same resource; b) viewable
tagging, when the user sees the tags that others have assigned;
and c) suggestive tagging, when the tags are suggested on the
basis of existing tags from the same user or tags assigned to

10 <http://www.oreillynet.com/pub/a/oreilly/tim/news/2005/09/30/
what-is-web-20.html>.
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the same resource by other users, among other possibilities.
Aggregation model. This system may or may not al-

low the same tag to be assigned to a single resource by differ-
ent users on multiple occasions, depending on the type of
model. On the one hand there is the bag-model which allows
duplicate tags, as in the case of Delicious, and in the other the
set-model which does not allow duplicate tags, as in Flickr.

Tagging rights. There are various types of tagging
rights depending on who tags the resource: only the owner
of the resource (self-tagging); someone who has been given
implicit (due to being a member of a social network) or ex-
plicit permission to tag (permission-based tagging); or any
user can tag anything (free-for-all tagging).

Some systems do not request tags via a conventional user
interface but instead require tags to be included as special
elements of code that are then processed automatically. For
example, if a Technorati user wants the tags associated with
a post to be incorporated into that post, he or she only has to
write the annotations in XML within the code of the input
following a format specified by Technorati. Thus, when
Technorati encounters the post, it will analyse it and, if it
finds tags within the code, it will upload it into its system
and make it available to users.

3.2 Tag Recommendation
Collaborative annotation systems generally include some

type of recommendation mechanism to help users find the
most appropriate tags with which to annotate a resource.
Tagging a resource with a good set of tags helps the search
and retrieval of information. A specific tag helps identify a
specific resource easily but may be less useful for other us-
ers trying to find new objects. Conversely, a generic tag is
useful for discovering new resources but is not so effective
in retrieving specific resources. Tag recommendation is also
important because it helps establish the vocabulary used
within a given folksonomy.

ZoneTag [15] is a mobile application for the capture and
annotation of photos uploaded to Flickr. This application
recommends tags taking into account the context of the
photo. The context for ZoneTag comprises location and time.
Recommended tags are grouped into three categories ac-
cording to their origin: (1) local tags, created by users, by
members of their social network, or by others in their present
location, (2) recent tags (those used by the user in the last
twenty-four hours) and (3) all tags. ZoneTag also incorpo-
rates tags from other sources such as places and events based
on physical location.

Flickr has a Choose your tags option that displays any
tags used by the user to annotate photos in alphabetical or-
der. In order to provide Flickr with a more sophisticated tag
recommendation system, [16] presented an approach based
on tag co-occurrence. The system generates a list of candi-
date tags that co-occur with the tags that the user assigned
initially, whereupon these tags are grouped together and
ranked.

Machine learning and collaborative filtering have also been
used for recommending tags. In [17] machine learning and

natural language processing techniques were used to find
pages previously tagged by users that were similar to the
page to be tagged in order to suggest tags for similar pages.
Collaborative filtering has also been used for tag recommen-
dation. [18] proposes adapting the tripartite structure of
folksonomies to a two-dimensional space and so be able to
use traditional collaborative filtering techniques.

3.3 Trends
Web 2.0 applications have recently started to generate

functionalities that make it possible to reduce the ambigu-
ity of tags and give structure to the information encoding
tags. In order to reduce the ambiguity of tags that may have
more than one meaning, Delicious allows users to assign a
description to each tag. It is also possible to create groups
of tags with a view to organizing them.

Meanwhile Flickr users are starting to use what are known
as machine tags like “flora:tree=coniferous”,
“medium:paint=oil” and “flickr:user=straup”. These tags con-
sist of a namespace followed by a predicate and a value. The
namespace defines the class or category to which the tag be-
longs and the predicate is a property of the namespace to which
a value is assigned. Machine tags can be queried; for example
if you want to retrieve all photos which have a title, you use an
expression like “machine_tags” => “*:title=”.

4 Annotation in the Web 3.0
In the Web 3.0 combinations of Semantic Web and Web

2.0 annotation techniques are used so as to minimize the
problems of the Web 2.0, such as ambiguity and the lack of
explicit relationships between the tags forming part of a
folksonomy. As well as providing portability to Web 2.0
data, Semantic Web technologies can improve the annota-
tion process by providing tags more in keeping with the
domain and the content of the resources through the use of
ontologies that model knowledge of the domain in ques-
tion. Finally, formalizing the tagging information by using
Semantic Web languages allows that information to be pro-
cessed automatically and be available to semantic search
engines like Swoogle and Watson.

Semantic Web languages such as RDF are useful be-
cause they facilitate the sharing and automatic processing
of information, two features that the Web 2.0 currently lacks.
Ontologies also enable the semantics of the tags making up
folksonomies to be made explicit and formal, which helps
improve information retrieval processes. Similarly, ontolo-
gies make it possible to add semantic information from us-
ers or resource description to current collaborative filter-
ing processes, which makes recommendations more accu-
rate.

In [19] it is stated that tag ontologies are useful because
they help:

Increase the sophistication of knowledge represen-
tation. A tag ontology can robustly represent entities and
relationships that shape tagging activities. It could make
the knowledge structure of tagging data explicit and facili-
tate the linking of tagging data on the Web.
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Facilitate knowledge exchange. Ontologies enable
knowledge exchange among different users and applications
by providing reusable constructs. Thus, a tag ontology can
be shared and used for separate tagging activities on differ-
ent platforms.

Make information machine processable. Ontologies
and Semantic Web technologies in general expose human
knowledge to machines in order to perform automatic data
linking and integration of tagging data.

4.1 Ontologies for Collaborative Tagging
A number of models for representing, identifying and

formalizing a conceptualization of the tagging activity at a
semantic level have been proposed recently. In this section
we describe the most important ontologies for modelling
collaborative, decentralized, and spontaneous tagging.

TagOntology [20] is a tagging ontology that includes
concepts for modelling the resource to be tagged, the tag
used, and who is doing the tagging. It also includes the con-
cept of polarity whereby it rates the annotation either posi-
tively or negatively. Newman’s Tag Ontology11 has a simi-
lar structure to the ontology presented by Gruber. In par-
ticular Newman’s ontology defines the tagger as a FOAF
agent.

The SCOT12 Social Semantic Cloud of Tags ontology
adds information to the tags including their frequency, fre-
quency of co-occurrence with other tags, and tag equiva-
lence information. It also features the TagCloud concept for
defining sets of tags.

The MOAT13 ontology is the only one that enables the
meaning of tags to be defined. Meaning is defined by as-
signing URIs of Semantic Web resources (such as the URIs
of DBPedia or GeoNames).

Finally, in [21] the possibility of formalizing the anno-
tation process by using SKOS14 was evaluated. SKOS is a
useful vocabulary for representing knowledge representa-
tion systems such as thesauri or simple taxonomies. How-
ever, modelling folksonomies using SKOS presents a num-
ber of difficulties. Modelling folksonomy tags using a
skos:Concept is not semantically correct because the class
skos:Concept should refer to an abstract idea or notion;
that is, a formally well-defined concept with an agreed
upon meaning for all its users. This class makes it pos-
sible to state that a resource is conceptual. A folksonomy
symbol, however, falls short of being conceptual because
each user assigns one or more meanings to it.

There is a proposal aimed at solving this problem of
modelling lexical properties in SKOS that ensures compat-
ibility with OWL-DL. It consists of extending SKOS so that
it has the possibility of defining lexical tags for a
skos:Concept or a resource. The class skos:Label is added
(plus its corresponding properties skos:prefLabelResource,
skos:altLabelResource, skos:hiddenLabelResource) which
can then be used as a link between the concept and its tag. A
new property, skos:labelRelation, is also added to express
relationships between tags so it is possible to specialize in
order to define particular relationships.

11 <http://www.holygoat.co.uk/projects/tags/>.
12 <http://scot-project.org/>.
13 <http://moat-project.org/>.
14 <http://www.w3.org/2004/02/skos/>.

4.2 Trends
Current and future research into Web 3.0 issues is fo-

cusing on, among other issues,  problems arising as a result
of the lack of explicit semantics in folksonomies. A number
of approaches have been presented that seek to identify the
semantics hidden within the set of tags in a folksonomy
automatically and then to formalize this information using
ontologies. These approaches use statistical or data mining
techniques to find groups of tags, or linguistic and knowl-
edge management techniques when the aim is to explicitly
and formally identify the meaning of each tag. The first re-
sults obtained from this line of research have thrown up
new problems, such as that presented by the joint evolution
of the folksonomy and the ontology resulting from the se-
mantic identification process, and also the reverse problem;
i.e. if the resulting ontology changes independently, how
would that affect the folksonomy.

5 Conclusions
As this article shows, research in the field of the Seman-

tic Web is focused on the annotation of multimedia data
(texts, images, audio, video, etc.) so as to provide informa-
tion about different multimedia content in an integrated
manner, and on multilingual tagging to enable information
searches to retrieve relevant documents regardless of the
language in which they were written.

Meanwhile, research in the field of the Web 2.0 is fo-
cused on integrating data from different social networks by
identifying the relationships between folksonomies, in or-
der to enable integrated access to data via various applica-
tions, and on the annotation of tags in order to provide them
with meaning and to be able to process them automatically.

However, there are still a great many unsolved prob-
lems in the field that need to be addressed to a greater or
lesser extent. One of these problems is due to the integra-
tion of data from diverse sources. In an open Web environ-
ment this integration will give rise to inconsistencies and
incomplete information that will need to be managed, both
at a data level and at a data model level (ontologies or
folksonomies).

Meanwhile, the growth of multimedia information on the
Web requires solutions that enable information to be repre-
sented in different multimedia documents (for example, audio
or video) and allow different types of multimedia content to be
related with one another (for example, images and videos in a
document with their text). These issues are partially addressed
in the Semantic Web and the Web 2.0, but a general solution to
the problem will require a hybrid approach.

Another important situation concerns tag lifecycle man-
agement (evolution of annotations, change management,
different versions of annotations and data, etc.) which in
many cases is related to where those tags and the tagged
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data first originated.
It should also be borne in mind that the research areas

dealt with in this document are very dynamic and new tech-
nological advances are to be expected. Annotation tools can
currently be divided into tools intended for expert users that
are not usable by the general public, and domain specific
tools that are hard to integrate with other tools.

In the future we can expect to see today’s manual or semi-
automatic annotation tools give way to automatic annota-
tion tools in which the role of the user is reduced to super-
vising and evaluating tag quality. We can also expect the
annotation tools of the future to be partially or fully inte-
grated with general use tools and systems, such as personal
communication tools (chats, instant messaging, e-mail, etc.),
desktop tools, office automation tools, etc.
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