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Abstract

The Semantic Web initiative has enabled a
common infrastructure in knowledge represen-
tation for sharing knowledge of ontologies and
instances through languages such as Resource
Description Framework (RDF) and the Web
Ontology Language (OWL). In this paper we
present a framework for combining the shallow
levels of semantic description commonly used in
information extraction with the deeper seman-
tic structures available in such ontology repre-
sentation languages. In this approach named
entities are considered as instances of concepts
in a defined taxonomy, coreference relations as
identity pools containing named entities and
coreferring expressions, and events as predicate-
argument frames. The framework is being im-
plemented within the Open Ontology Forge
software for annotating media, currently text
and images, in Web pages and locally stored
document collections. We discuss the knowl-
edge framework, some features of the system,
and a road map for future development.

1 Introduction

Annotation of resources is a major requirement
of many academic and industrial projects but
so far few tools have been freely available which
combine creation of ontologies with the abil-
ity to populate them using annotations linked
to texts and images in Web-based documents.
In this paper we outline Open Ontology Forge
(OOF) , an ontology editor and multi-modal
content annotation tool. We discuss the knowl-
edge framework, the process model, some fea-
tures of the system, and summarize our experi-
ence so far through case studies on annotating
scientific texts in the molecular biology domain
and initial experiences of annotating images in
the cultural heritage domain.

Ontologies are rapidly emerging as ‘engi-
neering artifacts’ with standardized languages
such as Resource Description Framework (RDF)

(Lassila and Swick, 1999) and RDF Schema
(Brickley and Guha, 2000) that have been devel-
oped by the Semantic Web initiative (Berners-
Lee et al., 1999) led by the World Wide Web
Consortium (W3C). While ontologies allow for
improved knowledge sharing through a common
vocabulary and query language, the acquisition
and maintenance of that vocabulary is a key
issue due to the size and complexity of many
ontologies as well as the profile of the users who
do this task.

There are two key issues to consider here: the
first is the profile of users who perform the anno-
tations and the second is how to reduce the ef-
fort in making annotations. With regard to the
user profile we should consider that it is desir-
able that semantic annotation should become a
common activity with tools that are as intuitive
and easy to use as those which we now have on
our desktop such as Web design, image editing,
and word processing software. To accomplish
this we have to emphasize semantic markup
functions for ordinary users who are experts in
their domains but not necessarily familiar with
the concepts and techniques of knowledge engi-
neering. What we are aiming to achieve here
is to elicit a domain description from the user
within the environment of a familiar user inter-
face while embedding issues such as knowledge
acquisition methodology and formal representa-
tion seamlessly within the software process.

With regard to the need to reduce effort in
annotation we consider that information extrac-
tion (IE) has an important part to play. IE
systems are now well developed for capturing
low level semantics inside texts such as named
entities and coreference (identity) expressions.
IE however does not offer a sufficiently formal
framework for specifying relations between con-
cepts, assuming for example that named entities
are instances of a disjoint set of concepts with
no explicit relations. Without such formaliza-
tion it is difficult to consider the implications
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of concept class relations when applying named
entity outside the news domain. To look at this
another way, by making the deep semantics ex-
plicit we offer a way to sufficiently abstract IE
to make it portable between domains.

As a motivating example we consider infor-
mation access to research results contained in
scientific journals and papers. The recent pro-
liferation of scientific results available on the
Web means that scientists and other experts
now have far greater access than ever before
to the latest experimental results. While a few
of these results are collected and organized in
databases most remain in free text form. Ef-
ficient tools such as the commercial search en-
gines have been available for some years to help
in the document location task but we still do
not have effective tools to help in locating facts
inside documents. Such tools require a level of
understanding far beyond simple keyword spot-
ting and for this reason have taken longer to
develop. Access to information is therefore now
limited by the time the expert spends reading
the whole text to find the key result before it
can be judged for relevance and synthesized into
the expert’s understanding of his/her domain
of knowledge. By explicitly describing the con-
cepts and relations inside the scientific domain
and then annotating a few examples of texts we
expect that machine learning will enable new
instances to be found in unseen documents, al-
lowing computer software to have an intelligent
understanding of the contents, thereby aiding
the expert in locating the information he/she
requires.

The focus of this paper is on three topics:
firstly to summarize the OOF system which al-
lows ontologies and annotations to be created
cooperatively within a domain community; sec-
ondly to outline a metadata scheme for anno-
tations that can provide linkage between the
ontology and a text; and thirdly to present a
discussion of the process and user interface as-
pects of the software. We motivate our discus-
sion with examples taken from the domain of
functional molecular biology.

2 The ontology forge system

In this section we will outline a few details about
OOF including the meta-data scheme and pro-
cess model. The knowledge model is deliber-
ately rather conventional for purposes of com-
patibility and has several similarities to other
ontology editors such as Protege-2000 (Noy et

al., 2001) and OntoEdit (Sure et al., 2002).
An OOF ontology is centred around a frame-

based knowledge model consisting of classes,
properties (slots) and annotations. Classes are
related through subsumption in a simple tax-
onomy. Properties are a binary relation be-
tween a domain (a class) and a range (a value
data type). While properties are defined glob-
ally within OOF as part of the conceptualiza-
tion process they are not regarded as part of the
global name space for purposes of exporting the
knowledge base. In other words they are not
referrable independently of the class to which
they are attached.

What distinguishes OOF from many other
ontology editors is its ability to provide support
for content annotation. An annotation in OOF
is regarding as instance + linkage + tracking,
with linkage and tracking information automat-
ically calculated and maintained by OOF. An
annotation is regarded as belonging to a single
specified class and cannot have its type changed
directly (this must be done by redefining the
parent class). Annotations can be grouped
within what we call ‘coreference pools’ that de-
fine identity relations and refer to the same con-
cept.

It should be noted that instances in OOF
ontologies are not an abstract concept, but a
surface-level representation of the concept ap-
pearing in the document, in the form of texts or
images. Eventually we hope to handle various
other modes of content. Links relate document
annotations with classes in ontology, and track-
ing information relates annotations to source
documents. Links and tracking information are
providers of context in which the instance ap-
pears, and helps IE tasks that use machine
learning from contexts, and enables users to
judge the reliability of the annotation for the in-
stance by providing the information about who
made which annotation on which document,
when the annotation made, and if the author
is sure about the annotation.

2.1 Annotation meta-data

In this section we will focus on the specific char-
acteristics of our annotation scheme.

The root class in an Ontology Forge ontology
is the annotation. The user does not need to
be explicitly aware of this and all classes that
are defined in OOF will inherit the annotation
class properties from the parent so that when
instances are declared as annotations in a base
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Web document, the instance will have many of
the property values entered automatically by
OOF such as linkage information. Basically the
user is free to create any classes that help de-
fine knowledge in their domain and to let OOF
handle the maintenance of linkage information.

We briefly now describe the root annotation
class:

context This relates an Annotation to the re-
source to which the Annotation applies and
takes on an XPointer value.

ontology id Relates an Annotation to the on-
tology and class to which the annotation
applies.

conventional form The conventional form of
the annotation (if applicable) as described
in the PIA Annotation Guidelines.

identity id Used for creating coreference
chains between annotations where the
annotations have identity of reference.
From a linguistic perspective this basically
assumes a symmetric view of coreference
where all coreference occurrences are
considered to be equal.

constituents This is used to capture con-
stituency relations between annotations if
required.

orphan This property takes only Boolean val-
ues corresponding to ‘yes’ and ‘no’. After
the annotation is created, if it is later de-
tected that the annotation can no longer be
linked to its correct position in doc id, then
this value will be set to ‘yes’ indicating that
the linkage (in context) needs correcting.

author The name of the person, software or
organization most responsible for creating
the Annotation. It is defined by the Dublin
Core (dub, 1999) ‘creator’ element.

created The date and time on which the An-
notation was created. It is defined by the
Dublin Core ‘date’ element.

modified The date and time on which the An-
notation was modified. It is defined by the
Dublin Core ‘date’ element.

sure This property takes only Boolean values
corresponding to ‘yes I am sure’ and ‘no
I am not sure’ about the assignment of
this annotation. Used primarily in post-
annotation processing.

comment A comment that the annotator
wishes to add to this annotation, possibly
used to explain an unsure annotation. It
is defined by the Dublin Core ‘description’
element.

Currently the two representation formats
supported by OOF are RDF and in-line XML
for annotations only. The later is useful for
training IE applications using supervised ma-
chine learning that require labelled examples
but do not require the schema. In the future
we plan on extending this with OWL (Web On-
tology Language 1).

When exporting to RDF there are some con-
siderations with regard to data types. Due to
the lack of defined data types in RDF we make
use of several data types in the Dublin Core
name space for defining annotation property
values. In OOF we also allow users to use a
rich set of data type values using both Dublin
Core and also XML Schema name space for in-
tegers, floats etc. Users can also define their
own enumerated types using OOF.

A selected view of an annotation can be seen
in Figure 1 showing linkage into a Web docu-
ment and part of the ontology hierarchy. One
point to note is the implementation of corefer-
ence relations between JAK1 and this protein.
This helps to maximize information about this
object in the text.

2.2 Process model

The basic process model is outlined in Table 1
extrapolated from standard ontology engineer-
ing processes (e.g. see (Gómez-Pérez, 1998)).
This is informally summarized below

• planning - decide how to allocate project
resources, what tasks should be performed,
setting quality criteria

• knowledge acquisition - collect useful
sources of information that will be used in
the building stage

• building - structure domain knowledge,
merge existing sources of domain knowl-
edge, represent the domain knowledge, doc-
ument the knowledge and the construction
process

• evaluation - use the ontology and test it
according to the quality criteria

1http://www.w3.org/TR/owl-features/
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Figure 1: Overview of an annotation.

It should be noted of course that this is not
a purely linear procedure but occurs within an
ontology life cycle. In particular the user actions
involved in building the ontology will have their
own cycles. For example training and test of
the IE system may involve re-annotation by the
user in order to improve the performance of the
IE system.

3 User interface and example

As shown in the screenshot of Figure 2, the
user in the right hand window has a full Web-
browser view of the Web page including images,
and in the left hand window can view the on-
tology (and coreference pools under ontological
classes when the coreference annotation mode
is selected). Class-subclass relations are visu-
alized in a tree in OOF. Coreference pools are
visualized as terminal nodes of the ontological
tree in OOF interface. Users can create the on-
tology in the fashion of extending the root class,
defining new class names under it.

For text annotation, the software has two
modes: the named entity annotation mode and
the coreference annotation mode. As shown in
Figure 3, when the named entity annotation
mode is selected, users can add the selected
part of the text in the right pane to an onto-
logical class by dragging and dropping the text
to the class. The texts annotated in this way
are highlighted with yellow box. This procedure
is semi-automatic: when a user captures an in-

Figure 2: Basic view of OOF showing the con-
ceptualization stage with taxonomy in the right
window, a text to be annotated in the left win-
dow.

Figure 3: Named entity (terminology) annota-
tion.

stance, OOF automatically searches for similar
instances and offers the user the chance to an-
notate these too, saving the user a lot of time
in duplicated work. Property values related to
linkage and tracking are automatically adjusted
for each new instance.
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# Development stage Substage User action in OOF
1 Planning
2 Knowledge acquisition browse Web pages
3 Building Conceptualization create taxonomy

Populate and link annotate terminology & images
define coreference pools
train IE∗
test IE∗

Represent export
4 Evaluate

Table 1: Basic process model in constructing and populating OOF ontologies. ∗ indicates that this
task is now being implemented.

Figure 4: Creation of a coreference pool.

In coreference annotation mode shown in Fig-
ure 4 annotators can create coreference pools,
sets of co-referential expressions, by drag-and-
dropping their members from the text window.
OOF checks consistency of properties among
the members of coreference pool.

For image annotation, OOF has a window for
selecting a part of image and editing properties
as in Figure 5. Users can select a part of im-
age by clipping it in basic shapes available in
Scalable Vector Graphics (SVG).

The selected part of image can be linked to
an ontological class or a coreference pool in the
same manner as texts as shown in Figure 6.

Figure 5: The image region specification win-
dow.

4 Related work

There were several starting points for our work.
Perhaps the most influential was the Annotea
project (Kahan et al., 2000) which provided
an annotation hosting service based on RDF
Schema. Annotations in Annotea can be con-
sidered as a kind of electronic ‘Post-it’ for Web
pages, i.e. a remark that relates to a URI. An-
notea has several features which our design has
used including: (a) use of XLink/XPointer link-
age from annotations to the place in the docu-
ment where a text occurs; (b) use of generic
RDF schema as the knowledge model enhanced
with types from Dublin Core.

However, there are several major differences
between our work and Annotea including our
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Figure 6: Annotating an image region and its
coreference with text through the coreference
pool.

focus on aiding annotation through the use of
information extraction, various levels of support
for cooperative development of annotations and
ontologies, the use of domain groups and ex-
plicit roles and access rights for members.

Also influential in our development has been
Protege-2000 (Noy et al., 2001) and other ontol-
ogy editors such as Ont-O-Mat (Handschuh et
al., 2001) which provide many of the same fea-
tures as OOF including ontology editing. While
Protege-2000 provides a rich environment for
creating ontologies it provides limited support
for large-scale instance capturing and collabo-
rative development. Ont-O-Mat and OntoEdit
from the University of Karlsruhe provide simi-
lar functionality to OOF but does not link in-
stances back to the text or have the built-in
design focus on collaborative development and
information extraction.

5 Conclusion and future plans

In this paper we have presented an annotation
scheme that links concepts in ontologies with
instances in texts using a system that conforms
to RDFS. There are many benefits of linking IE
to deep semantic descriptions including abstract
of knowledge and portability for IE, and au-
tomated instance capturing for Semantic Web.

OOF is available freely for download2.
OOF has been in use for over a year as part

of our annotation of scientific text collections in
the molecular biology domain capturing named
entities and coreference expressions. It is now
also being user tested for annotating images in
the cultural heritage domain.

Future work will focus on integrating IE into
the system through development of a standard
API so that other groups can plug-in their
automatic annotation models, enabling multi-
document annotation, improved methods for
visualizing and searching annotations and en-
hancing the terminology processing support.
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