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Abstract. The web is increasingly used as an information source to gain new
knowledge but the management of found web pages can be a challenging task. Often
social tagging systems are used for resource management. Besides the obvious use of
tags – organizing a collection of web resources – they support functionalities like
sharing resources with other users and recommendation of further possibly relevant
web pages. This paper describes a novel application based on an extended tagging
concept that can improve resource management and recommendation. Adding semantic
information to tags and tagging fragments of web pages instead of whole web pages
enhance the possibilities of well-known tagging applications. Individual knowledge
networks are the basis of this tagging concept. A first prototype is developed as proof of
concept.
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1 Introduction
In this time of fast changing circumstances and new challenges in job and life it is
often necessary to learn continuously. It is not feasible anymore to learn for the whole
life in advance or attending many advanced trainings. Permanently changing tasks
require learning when it is needed. This form of “learning on demand” is a kind of
learning where the learning process is self-directed and resources are searched
autonomously. Increasingly, the web is the source for new information but the web
pages are seldom worked up for learning purposes. There is no teacher who structures
the learning process and provides relevant resources. Thus a big challenge is the
resource management.
Collaborative tagging systems are one possibility for this sort of knowledge
organization [1]. We developed an extended semantic tagging concept which is
explained and compared to popular tagging applications in the next section. Our
extension of the well-known tagging concept is based on individual knowledge networks as described in section 3 and has some benefits that are described in section 4
e.g. with regard to reflection of the learning process, collaboration, filtering and
recommendation. Furthermore we developed a prototype with basic functionalities
which is shown in section 5. This paper concludes with a summary and further steps.
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2 Concept of Extended Semantic Tagging
This section shows that collaborative tagging systems are useful to support
resource management. Based on evaluating existing applications we developed a
concept that enhances the well-known tagging concept towards an extended semantic
tagging where not only whole web pages can be tagged but also fragments of web
resources. These tags can be specified through a type and linked with other tags.
2.1 Related Systems
In collaborative tagging systems users can label resources with tags that make
sense to them to sort the web pages into their own personal resource organization. By
aggregating the tags of all users, folksonomies emerge that everyone can profit from.
Either the tags are predefined in a controlled vocabulary or they are arbitrary.
[2] provides an overview of the collaborative tagging phenomenon/applications and
discusses potentials and problems of uncontrolled vocabularies. Unlike organizing
web pages into browser bookmark folders or saving in folders on hard disks where
users have to decide which folder to choose, in tagging systems they can add more
than one keyword. For example, a web page about a comparison between the
programming languages Java and Python, could be tagged with the keywords “java”,
“python”, “comparison”, “interesting” and can later be easily found again using each
one of these tags, whereas in a hierarchical organization the user would have to decide
which folder to use.
In the following, four free collaborative tagging applications are described
representatively in regard to tagging features: Delicious1, Faviki2, Zigtag3 and
CiteULike4. They allow users to tag, save, manage and share web pages. CiteULike is
specialized in managing and discovering scholarly references. In tag clouds, tags are
visualized differently, e.g. in varying sizes based on frequency of use. They serve to
browse the own collection or the resources and tags of other users. To be up to date,
tags can be subscribed to via RSS feeds or so-called watch lists. If users save a
resource, most systems recommend tags, e.g. on the basis of a combination of tags of
the user and the folksonomy. In tagging applications it is often possible to build up
networks or groups with other users, in order to share bookmarks and to follow group
tagging activities. While saving web pages, the Delicious plug-in fills in the title of
the web page and text snippets in the page if something is marked. CiteULike offers
BibTeX import services for selected publishers while saving articles and users can
indicate the reading priority of articles. Faviki und Zigtag use semantic tags. In
Faviki, tags must correspond to Wikipedia concepts i.e. tags refer to Wikipedia5
pages. When tagging a page in Zigtag, users can define a meaning for their tags so
that the tags are more than just simple keywords. Semantic tagging can solve the
problems of synonyms and homonyms. Based on these tagging features we developed
a concept of extended semantic tagging.
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2.2 Extended Tagging of Web Page Fragments
Tagging is described in [3] as “a way of making sense of many discrete, varied
items according to their meaning”. Tags which are added to a resource have a
semantic meaning for the user who saves the resource – sometimes tags make only
sense for the individual depending on the personal situation. Users have diverse
motivations to tag. Thus tags can have different functions [4], e.g. expressing
opinions like “interesting” or “relevant”. Moreover they can be used for identifying
persons and topics like “java” or “python”. They can be used for goal management as
well, for example “writing a paper for UMAP09”. These different motivations and
functions show that users have a particular concept in mind while tagging, like shown
above it can be e.g. a topic. We propose to let users add this concept type while
tagging. Therefore we examined possible tag types which are relevant for personal
resource management and introduced an extendable type set that contains topic,
person, goal, event, location and miscellaneous. In section 5 we show with our
prototype that users can add the type easily with little effort.
Furthermore, users should be able to connect tags with tags in order to express
relatedness between them. For example, a user discussed an article of a web page with
an expert whom he met at a conference. Then the user could tag the article with this
person and the person with the name of the conference and he could label the relation
between the tags with e.g. “met at”. Probably the user will remember the person or the
conference later instead of the article title. Because a web page can contain different
articles with dissimilar topics, the user is interested in a particular fragment of the
page. Thus we propose to link tags to the fragment instead of the URL in contrast to
known tagging systems, where tags are bound only to URLs. Moreover, users should
not be forced to comply with a predefined typology or structure, but should be able to
add information to tags or resources that are considered relevant by them and to
decide themselves which and how much information, e.g. to add a deadline to a goal.

3 Individual Knowledge Networks as Basis
Knowledge networks are a good technical basis to realize the concept described in
the last section. A knowledge network – also called semantic network – is defined in
[5] as “a graphical notation for representing knowledge in patterns of interconnected
nodes and arcs”. We use the concept knowledge networks in this paper to avoid
association with formal ontologies. As demanded, each user can configure his
knowledge network individually. There are no experts upfront who model the
semantic networks. Each user builds up his individual semantic network gradually
through tagging resources and adding information. Web page fragments and tags are
nodes in the knowledge network and the action of tagging connects the nodes.
Relations between tags can have properties as well, e.g. the relation between two
goals can have the label “is sub-goal of”. Besides managing nodes and relations,
knowledge networks can be searched semantically; this means that the knowledge
network can use the relations between nodes to answer the search query (see figure 1
right for a more detailed example). The whole concept of our knowledge networks
and their usage in learning scenarios is described in [6].

4 Benefits
The extended tagging concept based on individual knowledge networks has some
benefits e.g. regarding to reflection, collaboration, filtering and recommendation.
Reflection. Tagging with goals can serve as a simple task management. Users can
structure their search and learning process if they specify tags as goals. Users can
observe their search progress based on the web resources they have saved and identify
knowledge gaps. Thus, a visualization of resources connected to goals can support the
reflection of the self-directed learning process.
Collaboration. Users can integrate subsets of other knowledge networks in their
own network, so they don’t have to switch between the view of the own collection
and the whole network – as it is often the case in tagging applications. The integration
could be supported with the aid of (semi-)automatic merging algorithms. For
example, if a user merges a topic tag with the topic tag of someone else he can be
informed if the other user adds new resources. This subscription mechanism is
comparable to RSS feeds or watch lists.
Filtering and Recommendation. Often tags fit only to particular contents and
recommendation algorithms can provide more precise results if the algorithms work
on fragments instead of comparing URLs or whole pages. Folksonomies are
increasingly used to suggest further relevant web resources. As described in section 2
tags can have different functions. Recommending could be refined if tag types (like
the topic type) are included in the algorithms. Similarity matching algorithms on
schema and structure level (like graph matching algorithms) could profit from this
additional information. Tag types which make only sense to single individuals like
“interesting” could be left out. Semantic searches enhance the possibilities of full-text
searches because it can search along relations, e.g. a resource can be found with a
location tag – even if the resource doesn’t contain the location. While navigating
through the knowledge networks it can be helpful to filter particular tag types because
filtering reduces the amount of displayed data.

5 Implementation
We implemented an application with basic functionalities of extended tagging as a
proof-of-concept. Our prototype system is composed of three parts: a platform for
managing the knowledge networks, a client and a web service that handles the access
between them. The client is embedded as a plug-in into the sidebar of the web
browser Firefox6 because mostly a web browser is used to search for information in
the web. Users can save the current opened web resource in their knowledge network
via button or drag and drop. The URL, the title and marked fragments of the web
resource are extracted and a screenshot is saved automatically. The client offers a
dialog with different input fields – one for each tag type. The users have only to
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choose the respective text field to specify a tag with a type. By tagging, the according
nodes (i.e. tags, tag types and resources) in the knowledge network are linked. Tags
are arbitrary and are created automatically, if they haven’t existed yet. The tag types
are individually extendable; this means that the users can configure a tag type with
new properties and thereby new input fields are created in the dialog form.
The sidebar (see figure 1 left) presents additional information when a new web
page is opened in the browser, e.g. the user is notified that the web page has already
been saved in the own knowledge network or in the network of someone else. In
addition, further web resources are recommended that can be relevant for the current
search process. Thumbnails of saved resources in the bottom part of the sidebar
visualize the current research management progress so that the users can reflect their
search process.

Fig. 1. (left) Screenshot of the sidebar. (right) Screenshot of the Net Navigator showing a
subset of a knowledge network. A connection between two resources is inferred over the
relations between two conferences covering the same topic.

We use K-Infinity7 for storing, managing and searching the knowledge networks.
This platform has a Knowledge Portal with special features. For example, the users
can graphically browse the knowledge network in the Net Navigator, where tag types
are marked with different icons. In figure 1 (right), the connection between two
resources (page icon) inferred over relations between two conferences (calendar icon)
covering the same topic (bulb icon) is shown.

6 Conclusion
This paper introduces a novel extended collaborative tagging concept based on
individual knowledge networks where semantic information can be added easily to
tagged web pages or fragments of web pages while specifying a type to a tag, linking
tags with tags and the possibility to extend tags if needed. This concept enhances the
possibilities of collaborative tagging systems with regard to resource management,
and despite of its simplicity it can have effects on reflection of learning processes,
collaboration, filtering and recommendation. The prototype shows that this extended
semantic tagging concept is not only a theoretic construct and the simplicity of its
usage will be evaluated soon in a user study. Further steps are improvements of the
prototype, for example implementing buddy lists in order to realize different access
and visibility permissions in the knowledge network.
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