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Abstract

In this paper we discuss how information extrac-
tion can be integrated in a dialogue system, with the
focus on ontologies as domain knowledge sources.
The requirements of domain ontologies are anal-
ysed in light of the tasks performed in the two ar-
eas, and implications for the design and construc-
tion of domain ontologies are presented. One of
the most important features of a domain ontology to
be used for both dialogue interaction and informa-
tion extraction is that it should incorporate both the
users’ conceptualisation of the domain and the con-
ceptualisation present in the information sources. It
is shown how this can be done and with the con-
structed ontology as a starting point more detailed
design issues are considered.

1 Introduction
As more and more information has been made available in
unstructured and semistructured text format the demands on
support for users to seek and retrieve information have in-
creased. A future direction is to use dialogue instead of iso-
lated questions in Question Answering systems (Q/A)[18],
thus bringing together the areas of dialogue system research
and information extraction. Combining text document pro-
cessing techniques from IE and Q/A with the type of dialogue
interaction provided by dialogue systems involves many chal-
lenges. One is the knowledge sources such a combined sys-
tem would need to represent domain knowledge. Ontolo-
gies as means of representing and supporting reasoning about
domain knowledge are becoming increasingly common, and
are used in several NLP-systems today, for example, Q/A-
system (cf.[16; 33]) and knowledge-based machine transla-
tion (cf. [24])

The purpose of this paper is to investigate what functions
ontologies used for dialogue interaction and information ex-
traction should support, what implications these have on the
design of such ontologies, and if it would be futile to com-
bine them into one shared knowledge source to support the
integration of information extraction in dialogue systems.

The paper is organised as follows. In section 2 the term
ontology is clarified. Section 3 presents a possible architec-
ture for combination of information extraction and dialogue

interaction. In section 4 general issues concerning design of
ontologies are introduced and discussed. Section 5 briefly
presents the dialogue system BIRDQUEST, and in section 6
it is described how the ontology for BIRDQUEST was con-
structed. Finally, in section 7 more specific design issues are
discussed based on the requirements posed by BIRDQUEST
and other dialogue and information extraction systems. The
paper is concluded by a summary and future directions in sec-
tion 8.

2 Ontologies

The term ontology is used very differently in various areas of
computer science. A general and commonly used definition
given by Gruber[13] is that

An ontology is aformal explicit specification of a
shared conceptualisation.

The keyword in this definition isconceptualisation. A con-
ceptualisation is an abstract simplified view of a domain, it
identifies the concepts relevant in representing the domain.
This view should reflect consensual knowledge and thus be
shared by a group. An ontology describes this conceptuali-
sation by making the concepts and relationsexplicit, i.e. by
defining terms and axioms, in someformal language that is
machine readable.

An ontology is thus not a natural generic representation of
the world that can be discovered and formalised. An ontology
to be used for practical NLP is constructed for a specific situ-
ation. A definition of asituated ontology is given by Mahesh
& Nirenburg[25]:

A situated ontology is as a world model used as a
computational resource for solving a particular set
of problems.

They consider an ontology as a database with infor-
mation about what categories (or concepts) exist in the
world/domain, what properties they have, and how they are
related to one another. Depending on the purpose of the on-
tology, i.e. the tasks it is used for in a system, this informa-
tion can be modelled in very different ways. In other words,
the design of an ontology is highly dependent on its intended
function.
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Figure 1: Architecture for a system that combines information extraction with dialogue interaction. The figure shows the
different components and the shared knowledge sources used by the components.

3 Combining dialogue interaction with
information extraction

Combining dialogue interaction with information extraction
has several benefits; dialogue is a natural and efficient means
of interaction and with information extraction techniques in-
formation can be retrieved from unstructured information
sources that are otherwise hard to manage and search for a
user. A possible way of merging these two in a practical
system is to have two components, an information process-
ing component and an interaction component that as a basis
for their tasks use a set of knowledge sources that define the
scope of the language and domain. See figure 1 for a possible
architecture.

The Information Processing Component takes collections
of unstructured or semistructured documents and transforms
them into structured information that can be used by the Inter-
action Component during interaction with the user. The trans-
formation is based on information extraction techniques, and
the documents are analysed in several stages going through

lexical and morphological, syntactical, and domain analysis,
in each step adding more structure to the documents.

The Interaction Component is responsible for the dialogue
interaction with the user. It collaborates with the user to pro-
duce a query and access the structured information sources to
retrieve an answer to the query, i.e. it performs the task of an
information-providing dialogue system.

The knowledge sources comprise lexicons, grammars and
domain ontologies. Building lexicons and grammars to be
used for different tasks involves several challenges but will
not be further discussed in this paper. An ontology repre-
sents the concepts present in a given domain and how they
are related in this domain. Thus, ontologies provide a com-
mon vocabulary that can be used to state facts and formulate
questions about the domain. Constructing an ontology that
can be shared by the Information Processing Component and
the Interaction Component would then provide a means for
bridging the gap between user requests and the information
in the unstructured documents.



4 Ontology design
Designing an ontology involves several decisions on various
levels of detail. Noy & Haffner [27] have presented a frame-
work for comparison of ontology design focusing on both
general issues as well as more detailed issues concerning rep-
resentation of content. Taking this framework as a starting
point we will discuss the requirements dialogue interaction
and information extraction place on an ontology and how
these affect the design.

The general design issues concern the purpose of the ontol-
ogy and basic decisions about the type of knowledge to model
and how it should be organised. In figure 2 these have been
formulated as questions.

1. What is the purpose of the ontology?

2. What is the coverage of the ontology?

3. What type of concepts should be represented?

4. What top level divisions should there be?

Figure 2: Questions reflecting general design decisions that
should be considered before the construction of an ontology.

4.1 Purpose
Noy & Haffner [27] give examples of four different purposes
for ontology creation; natural language applications, theoret-
ical investigations, knowledge sharing and reuse, and simula-
tion and modelling. To represent knowledge used in a system
with dialogue interaction and information extraction clearly
falls within the first category. However, as pointed out in [2],
even within an NLP-application an ontology is expected to
fulfill various functions such as:

� organizing world knowledge

� organizing the world itself

� organizing ’meaning’ or ’semantics’ of natural language
expressions

� providing an interface between system external compo-
nents, domain models, etc. and NLP linguistic compo-
nents

� ensuring expressibility of input expressions

� supporting the construction of ’conceptual dictionaries’

To organise world knowledge is the general function of on-
tologies and it is also the primary function for ontologies used
for information extraction. Most IE-systems use extraction
templates based on events that specify entities and their re-
lations in terms of their participation in the event. The on-
tology should therefore capture and organise the relevant ob-
jects, events, properties and their relations. An example of
this can be found in the LaSIE system [12] where the domain
of business meetings is captured in an ontology that contains
objects such as persons, places and organisations, and events
involving persons attending meetings. Attributes express the
properties of objects and events, as well as the relation be-
tween them. This ontological knowledge is used to provide

presuppositions and support for coreference resolution and
inferences, which can be used for the construction of a tem-
plate from extracted information pieces.

A secondary function of ontologies used for information
extraction is to organise the semantics of natural language
expressions, i.e. the source text. In the LaSIE system [12]
the text is interpreted into quasi-logical forms (QLF) that are
conjunctions of first order logical terms. With the use of the
ontology the QLFs can be interpreted and merged into a dis-
course model.

The functions of ontologies for dialogue interaction are
very similar. Since a crucial task of dialogue interaction is to
correctly interpret user requests in a dialogue context, impor-
tant functions of the ontology are to organise the semantics
of natural language expressions and knowledge of the world
as perceived by the user. Besides these, the ontology also
has the function of providing an interface to external infor-
mation sources from which the system collects answers to
user requests. For example, in the Q/A-system FALCON [16]
the world knowledge held by an ontology is used to decide
on an expected answer type for an information request. The
question ”What is the wingspan of a condor?” results in the
answer-type dimension since wingspan is a hypernym of di-
mension. The answer type can then be mapped to a named
entity category that is used for retrieval of the information,
for example, dimension is mapped to quantity.

Thus for a dialogue system that incorporates information
extraction the functions of the ontology are to organise world
knowledge, organise ’meaning’ or ’semantics’ of natural lan-
guage expressions, e.g. user utterances or source texts, and
provide an interface between system external components,
domain models, etc. and NLP linguistic components.

4.2 Coverage

Coverage of an ontology can range from general common-
sense knowledge to detailed application-specific knowledge.
Guarino [14] distinguish four kinds of ontologies:

Top-level ontologies, which include general concepts like
time and space, objects, events etc. This type of on-
tology is domain-independent and should therefore be
applicable for all problems and applications.

Domain and Task ontologies, which capture, respectively, a
generic domain or a generic task. Either of these types
can be constructed by specification of concepts in a top-
level ontology.

Application ontologies, which are both domain and task
specific. These can be constructed through specification
of a set of domain and task ontologies related to the ap-
plication.

As exemplified by the ontology in the LaSIE sys-
tem [12] ontologies for information extraction are often very
application-specific, representing aspects of a few specific
events that correspond to the extraction templates, and are
thus restricted in both domain and task. In a similar way on-
tologies used in dialogue systems are closely linked to the
task and domain at hand, for example booking a meeting [28].



The aim of Q/A-systems is to be able to answer various
types of questions in open domains. Thus, ontologies de-
signed for this type of application need to be very general
and cover all types of entities and phenomena, i.e. they
need to be generic domain ontologies. For example, to an-
swer ”why”-questions the ontology is required to represent
causality. However, today’s Q/A-systems are limited to fac-
tual questions [18] and the ontologies used are often object
taxonomies that are created to cover the TREC-corpora thus
being more multi-domain ontologies with very varying cov-
erage for the different areas, or more general lexical resources
like WordNet [26].

A goal with systems that combine dialogue interaction and
information extraction is to provide better access to unstruc-
tured information, ultimately in open domains. However, that
would require a gigantic amount of work on development of
suitable knowledge sources. Attempts to build such ontolo-
gies, cf. CYC [23] and WordNet [26], have shown the com-
plexity involved and the problem of finding the right level of
detail to be practically useful.

Thus, a more feasible approach seems to be to begin with
systems that work within a limited number of domains us-
ing smaller and more specialised domain and task ontologies.
The coverage can then be stepwise extended by addition of
more ontologies, given that a framework that facilitate inte-
gration of new ontologies is used, i.e. that the same type of
top-level ontology is used as a basis for development of the
task and domain ontologies.

4.3 Type of concepts
The most basic type of concept to include in ontologies is ob-
jects. Many ontologies have thing or entity as a top node.
Almost as common is event and process. In some cases
these are seen as a subclass of entities but often they are
distinguished from objects, (cf. Sowas ontology [29] and
Mikrokosmos [24]).

To define and describe these two types of concept, proper-
ties and relations are used. They are often implicit, for ex-
ample, seen as part of a thing’s internal structure, e.g. rep-
resented by a slot in a frame. The frame type of representa-
tion has been used in dialogue systems to represent an object
and its properties, for example, a trip with a departure and
destination location and departure or arrival time (cf. [17;
3]). In traditional information extraction, frames have been
used in a similar way to represent events and the roles of the
objects related to these (cf. [4]).

Although explicit representation of properties and relations
is not as common as the other two types of concepts, they
do exist. In Mikrokosmos [25], properties, which include at-
tributes and relations, are represented both as explicit con-
cepts and slots in objects and events.

Based on formal ontology Guarino [15] argues that to avoid
semantic confusion a clear distinction should be made be-
tween particulars and universals, which roughly can be seen
as corresponding to the entities of the world and the prop-
erties and relations used to describe them. He proposes two
separate taxonomies for these.

Explicit representation of properties and relations can also
be motivated from a dialogue management perspective, since

it facilitates contextual interpretation of requests and aid clar-
ifications, for example, in the LINLIN-architecture [21] ob-
jects and properties are the basis for modelling focal informa-
tion, and for interpretation of anaphora and ellipsis.

Thus, it seems that for the combination of dialogue inter-
action and information extraction, explicit representation of
all four types of concept should be present in the ontology.
Events and objects are primary for both information extrac-
tion and dialogue while properties and relations are useful
mainly for dialogue system.

4.4 Top level divisions
As already stated in section 4.2 it should be possible to con-
struct a generic upper top-level ontology that could be used
as a unifying framework for all possible domains and tasks.
However, in practice there exist several different top-level on-
tologies. Some distinctions are very common, for example,
abstract vs concrete, and exist in almost all, while others are
more unusual.

From a pragmatic point of view it is possible to build appli-
cation ontologies for dialogue interaction and information ex-
traction without these distinctions. But if existing ontologies
are to be integrated with new ontologies, a common top-level
plays a crucial part in integrating and mapping concepts.

Ontologies built for the purpose of dialogue interaction
must be designed to incorporate the user’s view of the world,
or part of the world, in terms of the types of entities that can
be included and how they can be organised. The choice of
top-level distinctions should therefore be linked to language
and cognition. Gangemi et al. [11] discuss how this can be
accomplished. They argue that whilst there may be certain
differences between different cultures, languages, etc, some
parts depend on common cognitive structures due to humans
sensorial interaction with reality. A methodology for the de-
sign of top-level distinctions based on this assumption is out-
lined and a number of distinctions are proposed based on this.
These include concrete versus abstract, and individual versus
collection, which are the most common top level divisions
present in existing ontologies [27], but also dependence ver-
sus independence, and extensionality.

Thus, when designing an ontology to be used in a dialogue
system one should consider the importance of reusability and
extendibility. To be able to integrate new domains or tasks
the top-level distinctions must be general to a certain extent.

5 BIRDQUEST

To get more insights into the possibilities and challenges
of designing ontologies that could act as shared knowledge
sources in systems combining dialogue interaction and infor-
mation extraction an ontology was constructed for a specific
application.

Based on the architecture proposed in section 3, a sys-
tem called BIRDQUEST has been developed [22]. It provides
users with information about birds through natural language
dialogue. An example dialogue that illustrates what the sys-
tem can and cannot do is presented in figure 3.

The information provided is collected from a structured in-
formation source, a database, which is filled with informa-
tion extracted from a bird encyclopedia by the Information



U1: what does an ostrich look like
S2: Information about non-nordic birds is missing.

The available birds are listed in the menu ”Birds a-ö” . Please try again
U3: What colour are swans?
S4: The system failed to interpret the question. Please try again.
U5: Where do swans live?
S6: Choose one of the following swans: song swan, whooper swan, mute swan.
U7: Where do mute swans live?
S8: Information about a mute swan’s range:

The mute swan can be found nesting mainly in western Europe, but also in southeast Europe and
Turkey.

U9: How much does it weigh?
S10: Failed to interpret the question. Please try again.
U11: For how long does a mute swan live?
S12: Information about maximum age of a mute swan:

Maximum age in the wild: 24 years and 3 months
U13: what does a mute swan look like
S14: You can receive information about the size and plumage of a mute swan. Please specify what you

are interested in.
U15: plumage
S16: Information about eclipse plumage is missing for Mute Swan.

Information about winter plumage is missing for Mute Swan.
Information about summer plumage is missing for Mute Swan.
Information about breeding plumage is missing for Mute Swan.

Figure 3: A dialogue illustrating the BIRDQUEST system.

Processing Component. A wide variety of pattern extractor
rules are used to identify the relevant information as slots and
fillers. The objective is to fill the database with relevant infor-
mation and ignore text segments that do not meet the needs of
the users. Figure 4 illustrates how unstructured text is trans-
formed into slot and filler type information in the database.

Original text

Black-throated diver
Gavia arctica
58-73 cm, wingspan 110-130 cm.
Somewhat larger than the
red-throated diver with wider
neck and straight, dagger-
shaped beak

Extracted information

NAME: Black-throated diver
LATIN NAME: Gavia arctica

MAX WING: 130
MIN WING: 110

MAX HEIGHT: 73
MIN HEIGHT: 58

Figure 4: Original text passage from the text book and
the corresponding entry in the database (translated from
Swedish).

The interaction component in BIRDQUEST is based on the
MALIN framework [7]. MALIN is a modularised dialogue sys-
tem that particularly it separates dialogue management (DM)

from domain knowledge management (DKM) [9]. The for-
mer handles the dialogue whereas the latter handles access to
various background information sources.

The Dialogue Manager is responsible for controlling the
flow of the dialogue by deciding how the system should re-
spond to a user utterance. This is done by inspecting and
contextually specifying the information structure produced
by an interpretation module. In MALIN, dialogue history is
represented in dialogue objects with a parameter termed Ob-
jects which identifies a set of primary referents and Properties
which denote a complex predicate ascribed to this set [20].
In BIRDQUEST Objects are normally birds and Properties
model information about the birds, such as appearance, num-
ber of eggs and feed.

The DKM receives requests from the DM and processes
them further using domain knowledge, for example, disam-
biguation and mapping of vague concepts to ones more suit-
able for database access. It then retrieves and coordinates
information from available information sources, such as data
and knowledge bases. If a request is under-specified or con-
tains inconsistencies from the DKM’s point of view, a spec-
ification of what clarifying information is needed will be re-
turned to the Dialogue Manager to help the formulation of a
clarification question to the user.

6 Ontology construction
There are no standard methods for development of ontolo-
gies. ”Building ontologies is still a matter of craft rather than
an understood engineering process” [19, p. 13]. However,
a number of stages in the development process are usually
passed through during construction of an ontology:
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Figure 5: Part of the integrated ontology representing the conceptualisations of both bird encyclopedia and users.

1. Specification of scope and purpose

2. Data collection

3. Conceptualisation and organisation

4. Formalisation and implementation

5. Evaluation

6.1 Scope and purpose

The primary purpose of the ontology in BIRDQUEST, is to
support the interaction component’s tasks of cooperatively
formulating information requests together with the user and
of accessing and retrieving the requested information. It
should also model the type of information to be extracted
from the source document and stored in the database. It is
worth pointing out that an ontology to be used in a NLP-



system is a computational resource used for a specific purpose
and therefore not an objective representation of the world,
but rather a very subjective view of the world. In the case
of a combined system for dialogue interaction and informa-
tion extraction it is crucial that the ontology captures both the
system-oriented view to reflect the information sources and
the user-oriented, often more naive, view of the domain.

The bird encyclopedia almost exclusively contained infor-
mation of a factual character with focus on objects. The on-
tology was therefore restricted to modelling this type of infor-
mation in terms of objects, properties and relations, leaving
out events/processes.

6.2 Data collection
To identify relevant concepts to include in the ontology two
corpora were analysed, the bird encyclopedia [30] and a ques-
tion corpus.

The bird encyclopedia
The organisation and structure of the book were taken as a
starting point for identification of ontology concepts. It used
the K H Voous system for dividing birds into orders, fami-
lies and species. For each of the categories information about
certain properties was presented, most of which were species
specific. The book was manually analysed, to identify the ob-
jects, properties and relations relevant for the purpose of in-
formation extraction. The analysis gave a total of 8 categories
(various groupings of birds, and geographical locations), 30
properties and 3 relations, some of which are presented in
figure 5.

The question corpus
The corpus used consists of 264 questions about birds. It was
collected by The Swedish public service television company
on a web site for one of their nature programs, where the
public could send in questions. The analysis of the corpus
focused on questions that were deemed as within the bound-
aries of the application leaving out, for example, questions
concerning veterinarian treatment of birds or explanations of
behaviours. The analysis of the remaining questions in the
corpus revealed that the users’ view of the domain in most
cases corresponds to the one found in the encyclopedia, but
a small number of new categories and several new properties
were identified. These new concepts were of three types:

� Users sometimes utilised another way of categorising
birds than the biologically oriented taxonomy in the
bird encyclopedia, talking about ”Spring birds” , ”Small
birds” , ”Migratory birds” , and ”Birds of prey” , etc.

� In many cases the properties of the birds were more
general than the terms used in the book, for example
questions about size which includes both wingspan and
length.

� A number of properties were not present in the bird en-
cyclopedia but closely related to them, such as weight
and speed of flight.

6.3 Conceptualisation and organisation
From the analysis of the encyclopedia a conceptualisation un-
derlying the structure and presentation of information that

was to be extracted by the Information Processing Compo-
nent was constructed. The result was a system-oriented do-
main ontology representing experts’ (the book authors) view
of the domain. The non-expert view of the domain useful for
dialogue interaction as provided by the question corpus were
then integrated in the following manner:

� By allowing multiple inheritance new links between ex-
isting categories and new categories were added. Note,
for example, how the category ”Small bird” is intro-
duced and that ”Finches” is multiple linked to both this
category and ”Families” in figure 5.

� In a similar manner the vague properties were introduced
and linked to the existing properties. Figure 5 illus-
trates how two new levels are introduced, ”Wingspan”
and ”Length” are subproperties of ”Size” , which in turn
is a subproperty of ”Appearance” .

Properties from the question corpus which could not be
linked through hyponym relations to existing properties in the
system-oriented conceptualisation where left out. This was
because there was no existing information regarding these in
the bird encyclopedia and hence nor was there in the database
to be used by the dialogue system.

With 4 new objects and 6 new properties introduced by the
analysis of the question corpus, the resulting ontology con-
tained 12 objects, 36 properties and 3 relations.

6.4 Formalisation and implementation
The ontological knowledge was represented in two different
knowledge bases, one containing the concepts and their tax-
onomical relations, and one holding the facts, i.e. object in-
stances and their taxonomical relations. The factual part was
generated semi-automatically by extraction of instances from
the bird encyclopedia.

Each concept had a unique name, a definition in natural
language, and a tag stating if it was system or user derived, i.e.
if it came from the bird encyclopedia conceptualisation or the
question corpus. Properties and Relations also had domain
and range restrictions, which stated what type of objects they
were applicable to. This is illustrated in figure 5 where the re-
lation “winter distribution” has domain “Migratory bird” and
range “Geographical location” . There were also cardinality
restriction for the properties and relations.

A problem encountered was the user-introduced categories
for birds: ”Small birds” , ”Migratory birds” , ”Sedentary
birds” and ”Birds of prey” . The bird encyclopedia con-
tained no or sometimes ambiguous information concerning
the first three of these. There is no clear definition of a ”Small
bird” and for some species the migratory behaviour varies for
young and old birds. Thus only ”Birds of prey” had instances
in the implementation.

6.5 Evaluation
To verify that the ontology met its intended purpose it was
evaluated in the context of its usefulness for dialogue interac-
tion [10].

A dialogue corpus was collected during a day when the
public was invited to the university. It was a walk-up and
use situation where the users received minimal instructions



U17: What do waterfowl look like?
S18: Choose one of the following Waterfowl: Barnacle Goose, Tufted Duck, Bean Goose, Whooper

Swan, Gadwall,[...]
U19: gadwall
S20: You can receive information about the size and plumage of a Gadwall. Please specify what you are

interested in.
U21: size
S22: A Gadwall has a length of 56 cm from beak tip to tail.

Information about wingspan is missing for Gadwall

Figure 6: A dialogue excerpt illustrating a successful information exchange where ontological knowledge is used to guide
clarification requests and database access.

in advance; they were only told that the system can answer
questions on Nordic birds, that it understands Swedish, and
that the dialogue would be recorded.

The resulting corpus consisting of 27 dialogues have a
total number of 518 user utterances. Approximately half
of these (244) were involved in successful information ex-
changes were the user initiated a request and the system, often
after clarification sub-dialogues guided by ontological knowl-
edge, retrieved the correct answer from the database. An ex-
ample excerpt is shown in figure 6.

The basis for this type of clarification is domain knowl-
edge collected from the domain ontology. Utterance U17 is
underspecified since the object, the bird family ”Waterfowl” ,
can refer to a number of different species of bird, and the
property ”Appearance” , is vague. To pose clarification ques-
tion S18, information about which species belong to the given
family is gathered from the part of the ontology that contains
facts and the user is asked to choose one of them. Next, in
S20, the concept part of the ontology is accessed to retrieve
the sub-properties of appearance. When the user has chosen
a specific property (U21) the request is sufficiently specified.
The ontology is used to find the sub-properties of ”Size” and
these are then used to access the database and the result is
presented to the user (S22).

The first type of clarification where the object needs to be
specialised were initiated in 31 of 180 user requests for in-
formation. The second type regarding vague user properties
occurred in 28 instances. Finally, mapping of vague proper-
ties to ones suitable for database access was done in 64 cases.
There were also 5 cases in which the user requested infor-
mation about birds of the categories ”Small birds” , ”Migra-
tory birds” and ”Sedentary birds” which had not been imple-
mented and could therefore not be handled. The high number
of clarifications and mapping of properties for database ac-
cess shows the usefulness of the domain ontology.

7 Requirements and design issues

During the work with the ontology in BIRDQUEST a num-
ber of more detailed design issues were encountered. Based
on this experience a more fine-grained analysis of require-
ments and design of ontology content was conducted. Fig-
ure 7 presents a list of design decisions based on the frame-
works by [5; 27]. For each issue it is indicated if it is a re-
quirement for dialogue interaction or information extraction.

7.1 Concepts and taxonomy
Concepts in ontology can vary from nearly atomic to highly
structured. Mahesh & Nirenburg [25] advocate the latter.
They mean that it is the rich inner structure that allows for
sophisticated use of the ontology, for example, to perform
disambiguation. However, if the properties of the concept
and relations to other concepts represented as slots in a frame
instead are made explicit, i.e. properties and relations are rep-
resented separately, the same functionality would be available
with less complex concepts. Thus concepts do not need to
have internal structure as long as information about proper-
ties and relations is maintained elsewhere. This is illustrated
in the BIRDQUEST ontology that has atomic concepts for ob-
jects and separate taxonomies for properties and relations.

The ability to define metaclasses, i.e. classes as instances
of other classes, and the Subclass Of relation between two
classes is the foundation for constructing a basic IS A tax-
onomy. This type of taxonomy is necessary for many dia-
logue interaction and information extraction tasks, for exam-
ple coreference resolution [6]. Since a concept in one expres-
sion might be a hyponym or hypernym of a concept in another
expression the Subclass Of relation is useful. Methods for
merging, or unifying, partial results produced by information
extraction also rely on this type of taxonomic knowledge.

Knowledge about hyponym relations can also be used for
the creation of extraction patterns. For example, in [1] it
is shown how specific extraction rules generated from train-
ing data can be generalised by replacing concepts with their
super-ordinates using the hyponym/hypernym relations in
WordNet. For example, IBM Corporation can be replaced
by fbusiness, concerng which in turn can be generalised to
fenterpriseg and so on.

For dialogue interaction the taxonomic knowledge can be
used to handle clarifications. In the case of the ambigu-
ous question ”What is the biggest bird?” a clarification of
the sought property ”Do you mean in terms of length or
wingspan?” can be produced. Thus, to handle clarification
sub-dialogues it is important that the ontology contains a tax-
onomy not only over the different categories of objects, but
also the properties.

Taxonomies can be organised in untangled tree structures
where a concept is only allowed one hyponym category. Oth-
ers based on a distinction approach, rely heavily on multiple
inheritance, where new categories are defined through multi-
ple relations to hyponyms. As shown in section 6.3 multiple



Design decision Dialogue IE
Concepts and Taxonomy
Internal structure of concepts - -
Metaclasses x x
Subclass Of x x
Multiple inheritance x ?
Part-whole treatment x x
Properties and Relations
Domain restrictions x x
Range restriction x x
Local x x
Instance x x
Class - U
Polymorph x x
Binary relations x x
Arbitrary n-ary relations U U
Default values U -
Cardinality restrictions on values x x
Procedural attachments for values U U
Instances
Instances of categories x U
Multiple instantiation x x
Facts (instances of relations) x U
Claims (assertion of fact by instance) ? ?

Figure 7: Requirements placed on design of ontology content for dialogue interaction and information extraction. x denotes a
requirement, U that the feature can be useful, - that it is not required and ? that the role cannot be decided based on present
work in the area.

inheritance can be a way to deal with the requirement that an
ontology in a dialogue system should reflect both the users’
and systems’ view of the domain. A category can thus be a
subclass of both a user-originated and system-originated cat-
egory.

There are several types of part-whole relations, cf. [32],
which are treated to various extents in existing ontologies.
Part-whole relations are needed both for dialogue interaction
and information extraction. In information extraction they are
used for merging of partial results, checking that parts of the
information are related by one object being a part of another
object. For dialogue interaction, knowledge of part-whole re-
lations can help interpretation of questions, and focus man-
agement. For example, in VERBMOBIL [28], the ontology
is used to determine if an utterance is a new proposal for a
meeting time or a refinement of a previous proposal. The
evaluation of BIRDQUEST showed its necessity for clarifica-
tions as users tend to ask about the colours birds have (cf.
U3 in figure 3). Since colour is linked to the body parts of a
bird in the bird encyclopedia the relation between the concept
”Bird” and the property ”Colour” has to go through a chain
of hypernym and meronym relations in the ontology. Using
knowledge of these relations, a clarification where the system
asks the user for a specific body part may be initiated.

7.2 Properties and Relations
As stated earlier properties and relations can be treated
as explicit concepts in the same way as objects and
event/processes. Domain and range restrictions are then nec-

essary to link properties and relations to the specific type of
objects or values they are applicable to. The use of explicit
domain and range restriction is useful for both dialogue inter-
action and information extraction. For dialogue interaction it
helps disambiguation of requests, and it can also be used for
contextual interpretation of anaphora or ellipsis. For, exam-
ple if the user in an elliptic utterance provides a property, e.g.
”Feed” , and there are several objects in focus, e.g. ”Seagull”
and ”Egg” , the right one, i.e. seagull, can be chosen based
on the domain restriction of the property, i.e. ”Feed” is only
applicable to birds not eggs. A third use is to formulate clar-
ification requests when an object or value is missing, using
the domain and range restriction to indicate what type of in-
formation the user should provide.

The most basic type of properties and relations is local,
i.e. they belong to a specific concept. This is the type of
properties and relations commonly found in frame represen-
tations used for both information extraction and dialogue sys-
tems. When properties and relations are represented sepa-
rately from the objects this implies that they must have do-
main and range restrictions that tie them to objects.

The properties can be instance oriented, i.e. they allow
for different values for each instance of a concept, or class
oriented, i.e. they have the same value for all instances of
a concept. The first type is required for both dialogue in-
teraction and information extraction. It is the value of these
that are stored in a database acquired through information ex-
traction on source texts, which is retrieved and presented to
the user as a response to an information request. The second



type, class properties, are not necessary but can be useful for
information extraction as they define a concept. Thus, they
can be used to detect and extract new instances of a concept
in order to populate the factual part of the ontology with new
instances.

Since we are dealing with natural language interaction
within several domains, polymorph concepts are bound to oc-
cur. This means that several properties and relations can have
the same name but be applied to different types of objects and
values and should be allowed for in the ontology. A detailed
discussion of the role of polysemy in dialogue systems is pre-
sented in [28].

In most dialogue and information extraction systems re-
lations are binary and this is also the case in BIRDQUEST.
Since it is possible to transform n-ary relations to binary,
only binary relations are required. However, to formulate ex-
traction patterns and perform template filling n-ary relations
might allow representations that are more expressive and eas-
ier to use.

Since use of information extraction to populate a database
can result in holes in the database, default values for prop-
erties can be a useful feature. It provides a fall-back during
dialogue interaction in cases when the information extraction
has failed or information is missing in the sources.

In a dialogue users often use anaphora and ellipsis. This
means that fragmentary information must be interpreted in
light of the previous dialogue. Thus, the dialogue manager
must be able to decide if new information is a complement or
refinement of what is already provided and therefore should
be integrated with it, or if the focus has shifted, which means
that the new information should replace the old. Provided that
the ontology had information that restricts the number and
type of values different features and properties can take it can
be used as a basis to make decisions about how focus should
be handled. Cardinality constraints can also be used to help
the information extraction process populate a database [8].

Procedural attachments to calculate values for a property
are not necessary but can be very useful. For example, with
information extraction, formulas can be extracted and the cor-
rect value calculated based on input to the formula provided
by the user through dialogue. They can also be used for in-
formation extraction, for example, in [31] demon attributes of
three different types, TO-FILL, NORMALIZE and WHEN-
FILLED, are used during different stages of template filling.

7.3 Instances
For dialogue interaction it is necessary to include instances
of concepts in the ontology, although they may be kept in
a separate part of the ontology as is done in BIRDQUEST.
Since information in the database is kept for certain instances,
e.g. bird species, the users’ requests for information about
more vague or general concepts have to be mapped to the
appropriate instance(s). For example, in the question ”What
do birds of prey eat?” the concept ”Birds of prey” is mapped
to a set of families of birds and the user can be asked to be
more specific by choosing one of the families.

Since ontologies for dialogue systems and information ex-
traction should be able incorporate several views of a do-
main, e.g. user and system, or several different information

sources, multiple instantiation is needed. As exemplified in
BIRDQUEST, see figure 5, multiple instantiation allows an
instance like ”Finches” to be an instance of both the user cat-
egory ”Small birds” and a system category ”Family” .

For dialogue purposes, facts about the concept in-
stances, such as the hyponym relation ”Pine Grosbeak”
IS A ”Finch” and meronym relation ” Östergtland” PART OF
”Middle Sweden” are also required. This information can be
used for clarifications in a similar way to facts about the in-
stances of concepts. This is illustrated by S18 in the dialogue
in figure 6. Facts can also be useful for information extrac-
tion during boot-strapping to create new extraction patterns
for similar types of facts.

There is no need to represent claims in an ontology used
for dialogue systems or information extraction since this type
of information is rather captured in the database.

8 Summary and future directions
The design of an ontology is highly dependent on its intended
function. A number of general design issues have to be con-
sidered before an ontology is constructed for an application.
In this paper we have discussed how these affect the design
of ontologies that can be used to combine dialogue systems
with information extraction.

Based on experience from development of such a com-
bined system, the BIRDQUEST system, a number of more de-
tailed requirements for ontologies to be used for dialogue in-
teraction and information extraction have been identified (fig-
ure 7).

In the table some issues are marked ?. For these, the roles
they play for dialogue or information extraction could not be
determined based on the work conducted within the area. Fur-
ther investigation of various applications and domains might
reveal their importance. Future work should also include
analysis of issues concerning axioms and inference mecha-
nisms which were omitted here.

Another aspect of ontology design that was not included
but deserves attention is the representation of space and time.
Work with BIRDQUEST indicates that the object taxonomy
should include a variety of spatial and temporal objects.
These can then participate in relations with other objects or
event/processes that have spatio-temporal features. They may
also serve as values for constraints on properties and rela-
tions, such as ”Plumage” or ”Feed” that vary with the sea-
sons.

The evaluation of BIRDQUEST also indicated future issues
to investigate concerning the use of ontologies in this type of
system. For example, since information extraction is used to
populate the database with information there can be holes, i.e.
for some properties values are missing due to shortcomings in
the information extraction component or lack of information
in the original text source. This lead to unnecessary clarifica-
tions. In U13-16 in the dialogue presented in figure 3, a more
appropriate answer to U13 would have been to give informa-
tion about size instead of making a clarification since there is
no information about plumage in the database. Further exam-
ples include questions that were outside the database cover-
age such as ”Weight” in U9 in figure 3. If properties similar



to those in the database, such as ”Weight” , ”Flight-speed” ,
could be added to the ontology as user-oriented properties,
the system would have some knowledge of its limitations
and could give more informative error messages. If these
properties were related to others, for example, ”Weight” is
a sub-property of ”Appearance” , the system could even sug-
gest some of the sibling properties, in this case ”Size” and
”Plumage” .
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edge representation and reasoning capabilities of ontol-
ogy specification languages. In Proceedings of ECAI-00
Workshop on Applications of Ontologies and Problem-
Solving Methods, Berlin, Germany, 2000.

[6] J. Cowie and Y. Wilks. Information extraction. In
R. Dale, H. Moisl, and H. Somers, editors, Handbook
of Natural Language Processing. New York: Marcel
Dekker, 2000.
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