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Abstract. Traditional wikis excel in collaborative work on emerging
content and structure. Semantic Wikis go further by allowing users to
expose knowledge in ways suitable for machine processing, e.g. using
Semantic Web technologies. The combination of ease of use, support
for work in progress and Semantic Web technologies makes Semantic
Wikis particularly interesting for knowledge-intensive work areas such as
project management and software development. While several Semantic
Wikis have been put to practical use, the concepts their users interact
with have been little discussed. This position paper explores this issue,
showing that the design of a conceptual model is not trivial and showing
the repercussions of each design choice. The issue is explored stressing
the social aspect of Semantic Wikis.
Key words: Semantic Wiki, Social Software, Semantic Web, Reasoning,
Querying
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Introduction

“Semantic Wiki” can refer either to Wikis enhanced with semantic technologies
(or, after [8] “Semantic data for Wikis”) or Wikis for ontology engineers (after
[8] “Wiki for semantic data”). This paper uses the term in the first sense even
though its contribution may be useful in both contexts.
Traditional Wikis are popular for managing personal and professional knowledge, primarily in the form of relatively simple hypertext, that is, Wiki pages and
the links between them. Several features of traditional Wikis have been the key
to their success: simplicity, openness and their thorough support for emerging
and changing content in collaborative environments. Typically, Wikis are easy
to use and allow anyone to make changes to the content. All Wiki content is
version-controlled, meaning that previous versions of Wiki pages are never lost
and changes can be tracked and reverted. Though many Wikis support advanced
concepts that are relevant to their administration such as access rights and page
and user groups, the basic concepts a regular users interacts with are limited to
pages, links, and possibly text structuring and formatting.
Content in traditional Wikis consists of natural language text (and possibly multimedia files) and is not directly accessible to automated semantic

processing. Therefore, knowledge in Wikis can be located only through simple user-generated structures (tables of contents, inter-page links) and simple
full text keyword search. More advanced functionalities that are highly desirable
in knowledge-intensive professional contexts such as querying, reasoning and semantic browsing are not possible. Semantic Wikis introduce capabilities into
Wikis for specifying knowledge not just in natural language but also in more
formal, machine-processable ways.
Most of the advanced technologies that Semantic Wikis employ were developed for use in a static environment with annotations and rules being crafted by
knowledge representation experts. This is in contraposition to the ever-changing,
dynamic character of Wikis where content and annotations are, for the most part,
created by regular users. In such an environment, inconsistencies and ambiguities can easily arise and the system should therefore be able to cope with them
and support users in their work.
While several Semantic Wikis have been put to practical use [1,7,17,16,5,12,21]
[14], each using their own conceptual model, there has been little explicit theoretical exploration on the possible choices for conceptual models and their consequences [20]. By conceptual model, we here understand the basic concepts or
buildings blocks that a user interacts with as well as how these building blocks
relate to each other1 . In a traditional Wiki, there are typically only few such
building blocks, the most basic ones being “page” and “link.” Semantic Wikis,
however, add new building blocks such as typed links, tags and RDF or OWL
annotations. The basic building blocks of a Semantic Wiki and how they relate
to each other has rarely been discussed in the literature, and one can assume
that many decisions in this regard have been without full consideration of the
design space.
In this article, we seek to draw attention to this issue, showing that the design of a concept model for a Semantic Wiki is a non-trivial issue and design
choices greatly influence how the user sees the system and what functionalities
the system can offer. We will show that there are several possibilities for approaching certain issues in a Semantic Wiki and that these have advantages and
disadvantages, as well as important consequences on how other issues can be
approached.

2

Content

This section outlines the representation of content in the Wiki. “Content” here
refers to text and multimedia which is used for sharing information, most frequently through the use of natural language, between the users of the Wiki,
and whose meaning is not directly accessible for automatic processing. Information Extraction techniques can be used to extract structured data from text or
speech, which enables computerised processing, but this introduces another level
of representation which is not considered “content” in this sense.
1

Since the term “concept” is overloaded, we refer instead to “building blocks” of a
conceptual model.

While regular Wikis are restricted to content as data, Semantic Wikis add
further layers, namely data that can be used for human as well as automatic processing or data that is intended only for computers and not easily understandable
for humans. These two other types of data are discussed in the following two
sections.
Content Items. Content items constitute the primary unit of information in
the Wiki; a simple textual content item can be thought of as being similar to
a paragraph or section in a formatted text. Content items give structure to
Wiki content. A content item can directly contain only one type of content,
for example text or video. However, content items are also compositional to
enable the representation of complex composite content structure. Therefore,
content items can be nested, yielding complex content items. Content items
do not overlap and every content item has a URI and can be addressed and
accessed individually. As a consequence, there is no inherent distinction between
Wiki pages and content items, or rather, by default, all content items are Wiki
pages. If every (simple or complex) content item can only be embedded in one
other content item, the Wiki content consists of a set of finite trees. Root nodes,
that is, content items that do not have a parent node, then have a special status
in that they encompass all content that forms a cohesive unit. In this, they can
be seen as being alike to a Wiki page in a regular Wiki.
Having an explicit concept of content structure in a Wiki is desirable both
with respect to the semantic as well as the social nature of a Semantic Wiki as
the structural semantics of the content can be immediately used for querying
and reasoning as well as for facilitating collaboration and planning of content.
For example, queries could be used to automatically generate tables of contents
and the modular nature of content items facilitates collaboration and planning.
In addition, content items constitute a natural unit for assigning annotations for
content (see Section 3).
Allowing one content item to have several parents, that is, to be directly
contained in multiple other content items through transclusion [9], is a design
decision that adds functionality but also has side-effects, some of which may be
unwanted. Allowing transclusion means that content items can be easily reused
and shared, which is useful for example for schedules or contact data. If a copy of
the content item’s content is embedded, multiple occurrences of the content item
in the Wiki can not be traced as naturally or easily. On the other hand, updating
the content item or reverting it to an earlier version can lead to unintuitive and
undesired effects as the content item changes in all contexts it is embedded in.
The user editing the content item then needs to be aware of all the contexts in
which the content item is used and has to ensure that the change to the content
item is appropriate in all contexts. To facilitate this, information about embedding locations should be readily available to the users, but even then, the user is
burdened with deciding whether the change can be made, something which he
might not be willing or feel knowledgeable enough to do. When the transclusion
of content items is enabled, loops, which arise when a content item contains itself as a descendant, pose another problem. This is due to the fact the resulting

infinite recursion is problematic with respect to rendering the content item2 as
well as reasoning or querying over it. Since loops additionally appear to have
no straightforward meaningful interpretation in the Wiki context, transclusions
which would cause loops should generally be forbidden. In summary, allowing
both content items that can be multiply embedded as well as content items that
can only exist in one context combines the advantages of both strategies and
gives the users maximum flexibility.
Fragments. Fragments are small, continuous portions of text (or, potentially,
multimedia) that can be annotated with tags (see Section 3). While content
items allow the authors to create and organise their documents in a modular
and structured way, the idea behind fragments is that they constitute a means
for users to annotate and use them separately from the original structure as they
see fit and find useful. If content items are like chapters and sections in a book,
then fragments can be seen as passages that readers mark; they are linear and
in that transcend the structure of the document, spanning across paragraphs or
sections and different sections of the book might be marked depending on which
aspect or topics a reader is interested in.
Fragments should be maximally flexible in their placement, size and behaviour to allow for different groupings. Towards this goal, it is generally desirable that –unlike content items– fragments can overlap. The intersection between
two overlapping fragments then can be further processed or it can be ignored.
When two overlapping fragments f1 and f2 are tagged with ”a” and ”b” respectively, a third fragment that spans over the overlapped region and is tagged ”a,
b” could be derived automatically. Similarly, automatically taking the union of
identically tagged overlapping or bordering fragments might be intuitive and expected by the user. However, this automatic treatment of fragments is a complex
issue which might not always be appropriate or wanted.
On the other hand, fragments could be seen as co-existing but not interacting, meaning that the relationships between fragments are not automatically
computed and no tags are added. This view has the advantage of being simpler
and more flexible in that control of the fragments and their tags stays with the
user. It is also in tune with the philosophy that, unlike content items that always
only realise one structuring, fragments are individual in that different users can
group a text in many different ways and under many different aspects. Fragments can either be restricted to the content directly contained in one content
item, or it can span across content items. In the latter case, a rearrangement of
content items can lead to fragments that span over multiple content items which
no longer occur in successive order in the Wiki and, similarly, transclusion means
that content items may contain only part of a fragment with the other part being
absent (but present in some other content in which the content item is used).
Fragments could be deleted when the structure of content items no longer
supports them, this means that a user might find a fragment she created destroyed as a consequence of another user’s rearrangement of content items.
2

At least if we assume that all of the content item is to be rendered at once.

Two possibilities of realising fragments are the insertion of markers in the
text to label the beginning and end of an fragments (“intrusive”), or external
referencing of certain parts of a content items, using for example XQuery, XPath,
XPointer, or line numbers (“non-intrusive”). The latter has the advantage of
allowing to define and annotate fragments on external content items, while the
former means that fragments are less volatile and updates to the text do not
affect fragments as easily, for example when text is added before the fragment.
External Content Items. Linked websites that are located outside of the Wiki
are considered to be external content items. That means, they can be tagged
and they can contain non-intrusive fragments, but they are not considered to be
complex, that is, nested.

3

Semi-formal Annotations

One problem that frequently arises in the context of Semantic web applications is
that it is hard to motivate users to annotate content since they find the process
complicated and laborious. One solution is to provide means for creating less
formal annotations which are easier to use. As work progresses, these annotations
can be made increasingly more precise and can eventually be transformed into
formal knowledge. Tagging is one such kind of semi-formal annotation. Tags
normally consist only of keywords users associate with resources. Despite their
simplicity, there are many possibilities as to how exactly the tags should work
and be used [19]. Further, traditional keyword tagging can be extended in a
number of ways [2,23,18] such as structured tags, negative tagging, and rules
for tags [6]. Semantic links are another kind of semi-formal annotation. They
are anchored in content items or fragments and can point to content items or
fragments. Tags can be used on content items, fragments and possibly links as
a way to assign a type to a link.
The semiotic triangle. One question to ask when designing a system that includes
annotations is “What is annotated?” This question may have a quick, superficial
answer: “Any resource that the system allows to be annotated.” But what does
that mean precisely? Let us say that the resource is a Wiki page about an
elephant. Does a tag added to the page state a fact about the page itself (a
representation of an elephant in the Wiki system) or does it refer to the actual
elephant? This leads to a concept known as semiotic triangle [10], Peirce’s triad
[13] or de Saussure’s distinction between the signifier and the signified [15]. This
distinction is important because it has consequences on how the annotations are
interpreted. In [11], the authors let the users decide what exactly they want to
express by providing them with a syntax that allows the users to distinguish
between these two cases.
Although it may not be important for the user, for the system design, it
is essential to differentiate tags from tag associations (or “taggings”). Users
connect tags to resources which is reflected in the system by the creation of a

tag association, which, apart from the user, the tag and the tagged resource,
may involve additional information such as the time of the tagging event.
Structured tags. Ordinary flat tags are limited in their expressiveness. To overcome this limitation, different extensions of tagging are currently being proposed:
machine tags3 , sub-tags [2] as used in the website http://www.rawsugar.com/,
structured tags [2], etc. Most of the proposals are a variation of keyword:value
pairs, some extend it to full RDF triples [23]. Note that keyword:value pairs can
be seen as triples, too - the resource being annotated is the subject, the keyword
is the predicate and the value is the object of the triple. More complex schemes
which involve nesting of elements might be practical in some cases, e.g. “hotel(stars(3))” could express that the tagged resource is a three-star hotel. These
extensions develop the structure of the tag itself and a set of tags is interpreted
as a conjunction. It is conceivable to allow users to tag resources with a disjunction of tags or even with arbitrary formulae. This may be practical for some
applications but it has two drawbacks: 1) reasoning with disjunctive information
is difficult, 2) simplicity and intuitiveness would suffer.
Negative tags. So far, we have only addressed expressing positive information.
In a collaborative context, we may be interested in tracking disagreements which
presupposes some way to express negative information, such as negative tagging.
If the user is allowed to tag a resource with tag “t” he or she may want to tag it
with “not t” as a way to express disagreement or to simply state that the resource
is not “t” or does not have the property “t”. An example may be a medical doctor
tagging a patient’s card as “not lupus” to state that the patient definitely does
not have “lupus”. There are two ways to interpret negative tagging. It might
be seen as classical negation or it may be seen as a kind of voting to express
agreements and disagreements (see Section 5). Although a tag “not t” could be
seen as introducing classical negation into the system, it may in fact be only a
very weak form of negation because we can allow negating only pure tags, not
general formulae (or sets of tags), and the only way to interpret this kind of
negation would be by introducing a rule which says that from tag “t” and tag
“not t” a contradiction symbol shall be derived (for more about reasoning see
Section 6).
Tags as concepts. A hindrance in the transition from tags to more formal knowledge (e.g., RDF triples) is that tags are just keywords (i.e., strings). Often different keywords can be used to express the same abstract concept (e.g., keywords
in different languages, synonyms). Similarly, the same keyword might be used
to express different concepts (e.g., homonyms like “bank”). A possibility that
fits well in the Wiki context, is to separate concrete keywords and the abstract
concepts by using content items (which represent the abstract concepts) instead
of keywords for tagging. Keywords still play an important role, as they are what
is entered by the user, but the system will automatically resolve them to corresponding content items, possibly interactively asking for clarifications in the
3

http://tech.groups.yahoo.com/group/yws-flickr/message/2736

case of ambiguities. In systems supporting semantic browsing over tags, there is
also a natural need to have (partly automatically generated) content items for
tags, e.g., to provide a list of all content items being tagged with a particular
tag.
Using content items as tags also solves some further issues beyond synonyms
and homonyms. Unlike keywords, content items have a URI that can be used
when transforming information of semi-formal tags into formal RDF models
(e.g., by the use of rules). Even more importantly, content items also offer a
place for describing tags further. This encompasses both natural-language explanations for humans on the meaning and intended use of the tag as well as
machine-readable descriptions, e.g., by means of tagging a tag’s content item
(see also tag hierarchies further down).
Links. Links are primarily used for navigation but can also be considered a kind
of annotation. With respect to annotation, links can be seen as a way to specify
some kind of relation between the two linked resources. For an untyped link, this
relation may default to the “is related to” relation. Typed links express a specific
relation between two resources. Link type is a new concept in the usage model
which could be unified with the rest of the system by letting the user specify
the type by tagging the link. Advantages of this approach are the intuitiveness
of tagging and the social, work-in-progress aspect of the environment which
allows the users to converge on a precise meaning of the link only as their work
progresses (e.g. by discussing the link type on the page of the tag). Disadvantages
are unclear meaning of a link with multiple tags and possible user interface issues.
A question that arises with links with multiple tags is how they are interpreted
for reasoning, querying, and translation to formal knowledge (e.g. RDF). For
this consider a link between resources R1 and R2 with tags A and B. Can it
be distinguished from two links between resources R1 and R2 , one with tag
A, the other one with tag B? Treating multiple tags as multiple links, i.e. not
distinguishing the two situations, is simpler for translation to RDF because then
each link maps directly to one triple where tags correspond to properties. If on
the other hand they are to be distinguished, a new property has to be introduced
to express that the link is tagged with both A and B.
Tags vs links. When tags as concepts are supported, simple flat tags on content
items can be seen as a kind of link between the tagged resource and the concept
of a tag represented by the content item describing its meaning (see above).
Similarly, structured tags, such as keyword-value pairs, can be seen as expressing
a relation (or a link), with its type given by the keyword, between the tagged
resource and another resource, given by the value. In a Wiki supporting semantic
browsing over such tags, the question may then arise of what differentiates a link
from tags and structured tags. From a technical point of view there may not be
a strict differentiation after all, flat tags can be seen as specialised links between
a taggable resource and the content item describing the concept of the tag, as
a link is then a general way of expressing a relation. The difference usually is
in the way they are presented and used. Tags are usually represented separately

from a content item, e.g. in a special area of the page, while links are represented
with anchors inside the content item. Further, tags make a statement about a
single content item, e.g. give it a type, whereas purpose of links is to express an
association between two content items. Finally, while links can be tagged, one
cannot link to or from another link.
Tag Hierarchies. Tag hierarchies constitute a step in the transition from informal
to formal annotation. They are useful for example for reasoning and querying
since they enable the processing of tag relationships. Tag hierarchies could be
created through “tagging tags”, that is, tagging a tag’s content item to indicate
an “is-a” relation.
Semi-formal annotations described in this section provide a means to transform knowledge from human-only content described in Section 2 to machineprocessable information described in the next section. Semi-formal annotations
seem to be an important feature of social software because they provide a lowbarrier entry point for user participation on enrichment of content with metadata which are machine processable. Users can use gradually more expressive
and formal methods of annotation as they become familiar with the system.
First, they only create and edit content. Then they can begin using flat tags to
annotate content and later perhaps start using structured tags. Advanced users
or system administrators can further enhance the metadata enrichment efforts
by specifying rules for semi-formal annotations, see Section 6.
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Formal Knowledge Representation

Currently, the most common format for semantic data is RDF. RDF data are
easily processable by machines but not easily interpretable by Wiki users. They
can use semi-formal annotations which can then be represented directly in RDF
or be later transformed to formal annotations that use vocabularies with welldefined meanings. This transformation can be supported by rules or by methods
that automatically extract folksonomies from sets of tags. In this approach,
ontologies could naturally emerge based on on-demand basis as a formalisation
of semi-formal annotations of Wiki content. Semi-formal annotations such as flat
tags, structured tags and links can be easily translated into RDF triples, meaning
that RDF is a suitable choice for the representation of all annotations. It may
be the case for the low-level implementation of the system but it is not desirable
to let the user write or read raw RDF data. It is usually obvious how to use a
tag but it is not obvious how to write an RDF triple. Therefore the user should
be rather exposed to higher-level, intuitive concepts such as tag, structured tag
and link which can then be automatically translated into RDF. For practical
applications, support of RDF is important also because of interoperability with
current semantic web applications and linked data [4,3]. A social Semantic Wiki
should therefore support at least import and export of RDF data.
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Social Content Management

To facilitate social collaboration and leverage the social aspects of the Semantic
Wiki, several options and aspects have to be considered.
Groups. User groups can be used among other things for personalisation of wiki
content, for querying and reasoning and to attribute wiki data to a group. Tags
are an easy way to group things which is used in the wiki, so it would be an
obvious choice to form user groups by tagging users’ content items. Every tag
that is used on at least one (or possibly two) user’s content item then constitutes
a group. One possible drawback of this approach is that this proliferation of
groups might be demanding in processing when special mechanisms for treating
groups are established.
The social weight of tags. If several users tag one item with the same tag, it
is natural to aggregate these tag assignments to give a clearer view of all the
tags assigned. Tags then can be seen to have weights depending on how often
they were assigned. On the other hand, other users might not agree with the
assignment of a certain tag to a content item, adding a negative component to
the tags’ weight. The overall social weight of a tag can then be calculated for
example by weighting the number of positive assignments versus the sum of both
positive and disagreeing assignment, or by assigning a value to both actions and
calculating the total. The social weight of a tag then summarizes the users’ views
on the appropriateness of a specific tag assignment and thus provides a valuable
measure that can be used in reasoning and querying. Moreover, reinforcing or
disagreeing about tag assignments constitutes a low-barrier activity in the wiki,
making it easy for beginning users to participate.
Agreement or disagreement could also be expressed with respect to a content
item itself, for example through a specific set of tags which are reserved for this
use.
Access Rights. Users, user groups and rules for reasoning could be used to handle
access rights in the wiki, but this is a complex issue which requires further
investigation. Questions that arise include who owns the rules and what are the
access rights on rules and who can assign the tags that restrict the access. Static
rules would not be suited for rights managements in all environments. For them
to function well, the organization and roles in the wiki have to be relatively
stable, which may be the case in professional applications. In other areas, such
as the development of open source software, such rules may not be desired or
the social organization might not be static enough for rules to be adequate.

6

Reasoning

Reasoning is enabled by the formal and semi-formal annotations in Semantic
Wikis. Wiki content can change frequently, disagreements are common and inconsistencies and ambiguities can easily arise. This is not only unavoidable but

even desirable in a creative environment and reasoning should be able to cope
with it and support users in their work-in-progress. Reasoning that has these
properties was sketched previously in [6]. As indicated in previous sections, it
is also desirable that social software supports a rule language for annotations
that would help users to further annotate content. A rule might for example express that a tag “elephant” induces an implicit “mammal” tag. Another example
might be a rule expressing that a tag “bug report” without a corresponding tag
“processed” induces an implicit “todo” tag.
The second example of a rule presupposes that the rule language includes
negation as failure. This choice of negation seems to be appropriate for a Wiki.
A Wiki is, in a way, a world of its own. For example, if there is a page describing a meeting with a list of tasks to be done then it is safe to assume that the
list is complete, i.e. there are no other tasks for this meeting other than the
ones listed on the page. Also, if a meeting is not tagged as “all-hands” then
it is safe to assume that it is not an all-hands meeting. Therefore negation as
failure seems to be the negation of choice for a Semantic Wiki. On the other
hand, negative tagging, as discussed in Section 3, expresses negative information explicitly. Therefore the user could express not only positive and negative
information but also refer to missing positive and missing negative information.
The problem of combining classical negation with negation as failure is a field of
its own and it cannot be expected that a regular user would understand it. On
the other hand, recall that, in our approach, negative tags can be just positive
tags with a negative marker that is interpreted only using a rule “from tag t
and tag not t derive a contradiction symbol ”. This results only in a very weak
form of negation that should not be too difficult to combine with negation as
failure in an intuitive way. The derivation of a contradiction symbol rather than
a contradiction enables paraconsistent reasoning, see [6] for details. The reasoning approach sketched in [6] has also a social aspect in that it allows to track
different inconsistencies to their origin and thus can provide users with useful
information about the cause of each inconsistency which may be a result of a
disagreement within a group of people or simply a mistake.
It may be interesting and beneficial for users to see how a specific group of
users tagged a resource or to compute the ratio of the number of people agreeing
and disagreeing with an item. Therefore the rule language should include aggregation and be sufficiently expressive to allow referring to tags by different users
associated to different content items.
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Querying

A query language for a Semantic Wiki should enable users to select, access and
reuse data while leveraging the Wiki’s properties to improve retrieval, ranking
and the “mashing-up”/embedding of existing data. Traditional Wikis frequently
use full text search, while several query languages have been proposed for semantic web data, specifically XML and RDF [22]. Full text search is simple but
not powerful. Semantic web query languages on the other hand, are too compli-

cated for casual users, although some efforts to enable keyword-based querying
of RDF and XML. Furthermore, relatively little research has been made in the
area of combining querying of textual data and annotations.
However, in the Semantic Wiki, all conceptual building blocks, for example
content items and their structure, tags and tag hierarchies should be amenable to
querying and it should be possible to combine selection criteria for several data
sources in one query, for example expressed as label:keyword terms where the
label specifies a datasource (text, tags) or property (bold, author, time added)
and the keyword is a string.
Further, the query language needs to be versatile and user-friendly, meaning
that users should be able to enter just a keyword and get meaningful results,
while more experienced users should be able to specify complex queries. The
transition between the two needs to be smooth and flexible. A suitable query
language for a Semantic Wiki should allow for aggregation and construction of
results to create views in the form of content items composed of Wiki data.
Similarly, queries embedded in content items may be used to always display
up-to-date query results that change as the Wiki content does.
Finally, the ranking of results could utilise properties specific to the Semantic
Wiki like tag weights, edit frequency, the number of hits or the author’s expertise
or equity value to improve ranking results.

8

Conclusion

In this article, we explored the conceptual bulding blocks of Semantic Wikis and
outlined choices that have to be made when designing a Wiki with advanced
functionalities. There are many options and details we could not discuss here
for space reasons. One vital question we had to omit is how the two kinds of
data – content and annotations– are to be handled with respect to versioning,
such as whether content and annotations should be versioned together or separately. We also did not discuss a complex method of measuring social weight of
tags and content items called community equity. Community equity is employed
by Sun Microsystems, a partner in the KiWi project, in their internal portal
SunSpace and is used to encourage user participation by showing them the importance of their contributions to the community (i.e. community equity). This
paper focused on two of the advanced wiki functionalities, namely reasoning and
querying. There are other advanced functionalities such as personalisation and
information extraction which affect the design decisions as well. For example
fragments are an important concept for annotation by means of information extraction and rules and groups play an important role in personalisation. Also,
many Semantic Wikis have already been implemented and it would be worthwhile survey the design decisions that were made in these existing systems; to
the best of the authors’ knowledge no such survey exists yet4 .
4

Although recently, there has been a related effort to create a “Semantic Wiki Feature
Matrix”, see http://semanticweb.org/wiki/Semantic Wiki State Of The Art
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