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Abstract—In this paper we present a system that generates
questions from an ontology to determine a crisis situation by
ordinary people using their mobile phone: the Situation Awareness Question Generator. To generate questions from an ontology
we propose a formalization based on Situation Theory and
several strategies to determine a situation as quickly as possible.
A suitable ontology should comply with human categorization
to enhance trustworthiness. We created three ontologies, i.e. a
pragmatic-based ontology, an expert-based ontology and a basiclevel ontology. Several experiments, published elsewhere, showed
that the basic-level ontology is most suitable.

I.

knowledge about consequences of speciﬁc facts and handle
such ﬂuidity and vagueness well. When something complex
such as a ﬂooding happens, it becomes the situation which
urges us to take proper action without knowing all details.
Being aware of such a situation means, according to Endsley
[2], one is aware of speciﬁc elements in an environment, has
a grasp of its meaning and how this constellation will evolve.
Within Situation Theory different types of situations are
being distinguished because of their role in the description of
the world. Communicating about a situation is done within
a speciﬁc situation, i.e. the utterance situation. The situation
which has the attention and is talked about is called the focal
situation. This is the situation which an utterance is about.
Often a reference to another situation is made when doing
an utterance. When referring to ‘a man seen before’ one is
referring to a resource situation, i.e. the situation in which one
has seen that man.

I NTRODUCTION

To mitigate the effects of a crisis it is important to gather
information as fast as possible. Ordinary people involved in
a crisis often have been neglected by emergency services as
a source of information. Nowadays they are more and more
regarded as the true ‘ﬁrst responders’ [6]. In this paper a framework is proposed, to gather trustworthy information about
a crisis situation from ordinary people. This framework has
been implemented as an application: the Situation Awareness
Question Generator (SAQG). SAQG automatically generates
questions from an ontology and uses the answers to determine
a situation. Because in this framework number, form and
content of questions is determined by the speciﬁc ontology in
use, several experiments have been conducted to characterize
the ontology which is most suitable for this task.

In Situation Theory the smallest entity of information is
called an infon which is formally described as a tuple of the
form:
<< R, a1 , ..., an , 0/1 >>
where R is a n-place relation, a1 , ..., an represent objects
appropriate for R and 0/1 refers to whether or not the infon
represents a fact in the real world.
To describe a real situation we most often also refer to a
location where and a time when something took place:

To formalize situations we used Situation Theory which
has a richer structure than related formalisms and thus is
much more ﬁne-grained [12]. Section II gives an overview of
Situation Theory. To map Situation Theory to OWL we used
Situation Theory Ontology [5] and revised it, creating Situation
Theory Ontology Revised (STOR) as shown in Section III.
Several strategies to generate question are presented in Section
IV. The architecture of SAQG is shown in Section V and how
we characterize a suitable ontology in Section VI. We end this
paper with a discussion and conclusion in respectively Section
VII and Section VIII1 .
II.

F loodGoeree Overf lakkee 1953 |=
<< f looded, street, Oude T onge,
F ebruary 1st 1953, 1 >>
where |= should be read as ’supports’ instead of the traditional
’makes true’. Situations are only a part of the world and in that
part of the world this infon is true. This infon refers to a street
which is ﬂooded in a place called Oude Tonge at February 1st,
1953 and is supported by the situation describing the ﬂooding
of a part of the Netherlands (Goeree Overﬂakkee) in 1953.

S ITUATION T HEORY

When infons have parameters, they are called parametric
infons. A parametric infon is not referring to an actual situation
but to possible situations, i.e. it is not clear which speciﬁc
referent is meant when a parameter is used in an infon. Infons
can have parameters of a given type. Parameters can be of the
basic types:

A situation is a limited part of the world in which various,
abstract or physical, entities stand in relation to each other.
Situations are ubiquitous in our world. We are always in
some situation or other. Despite the vagueness surrounding
situations, humans are good at recognizing a speciﬁc situation
when needed. We know what is important and what not, have
1 This

• T IM : the type of a temporal location. Refers to a speciﬁc
time or time frame. For example, 2.13 PM.
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• LOC: the type of a spatial location. Refers to a place such
as a city, region or something else which has a location.
For example, Utrecht in the Netherlands.
• IN D: the type of an individual. Refers to an object which
is individuated by someone. For example, the laptop
computer I am writing on, also known as ‘Boniface’.
• RELn : the type of an n-place relation. For example, observing, which is a two place relation: somebody observes
something.
• SIT : the type of a situation. For example a situation such
as F loodGoeree Overf lakkee 1953 . The type of situations
referred to, are already identiﬁed.
• IN F : the type of an infon. Refers to (sub-)types which
can be distinguished such as elementary infons, ‘parametric infons’ (infons with a parameter) and ‘compound
infons’ (a set of infons related by conjunction and disjunction operators).
• T Y P : the type of a type. Every type T is a subtype of
T Y P : << of − type, T, T Y P, 1 >>.
• P AR: the type of a parameter.
• P OL: the type of a polarity (0 and 1).

To develop Situation Theory Ontology Revised (STOR) we
distinguish several types of ontologies: domain, generic and
representation ontologies [13]. The domain ontology expresses
conceptualizations speciﬁc for a particular domain. A generic
ontology contains concepts which are considered to be generic
across several domains. A representation ontology consists of
concepts which are the primitives for the formalization of the
concepts as described in the generic and domain ontologies.

Information in Situation Theory, is captured by the conﬁrmation or denial of the relation between infons and objects
or situations. When, for example, someone is determining an
object on ﬁre as a ship on ﬁre, this is information gathered
by our system. When this ship, after further questioning, is
determined as a cruise ship, this is also information deemed
valuable for determining the situation.
To generate information from relation or causality we need
constraints. Constraints are relations between types of situations which represent (natural) laws, conventions and other
kinds of regularities. When there is the fact of smoke somewhere, it is because of the constraint ‘ﬁre produces smoke’ that
we have a clue there is ﬁre. In Situation Theory different types
of constraints are distinguished. Nomic constraints are of the
kind which correspond to some natural law, e.g. ‘ﬁre produces
smoke’. Necessary constraints are reﬂexive about a situation
and tell more about the situation, e.g. ‘kissing means touching’.
Conventional constraints refer to social laws or rules, e.g. ‘the
ringing bell means class is over’.
III.

Fig. 1.

The representational part of STOR.

The basic types (see Section II) should be part of the
representation ontology. All the basic types are subconcepts
of the type TYP. In STO the concept Attribute primarily is
a superclass of the concepts Location and Time which are
used to represent respectively instances of location and time.
But it is also used as a superclass of other attributes such
as velocity. Attributes are, in our view, compound infons or
concepts of the type IND. For example, velocity is a compound
infon combining two infons referring both to the same instance
of IND but with a distinct pair of instances of LOC and TIM.
Thus ATTR is rejected as type in STOR and LOC and TIM
are basic types (as in Situation Theory). The same can be said
of the types DIM and VAL. In STO ATTR is also used to add
properties to a Situation while in STOR this is done by the
property hasAttributingInfon.

S ITUATION T HEORY O NTOLOGY R EVISED

Situation Theory is used by Kokar [5] to create an ontology
which goes under the name of Situation Theory Ontology
(STO). According to Kokar et. al. the two basic elements of
Situation Theory are objects and types. The construction of
STO is then based on the idea that an ontology of Situation
Theory should have two meta-levels representing objects, i.e.
things in the world and types which are abstractions. Furthermore, they interpret a class as a set of instances associated with
this class. The ﬁrst meta-level is representing objects which
all are subordinate to the class Object. An example of such
a subordinate concept is Individual. The second meta-level
is representing types such as IND and RELn as subordinate
concepts of the concept TYP. Instances of this class are classes
themselves, e.g. an instance of IND is the class Individual. In
STO each kind of object has two associated classes: a class
which is a set of instances of the given class and a class which
is an instance of a subtype of TYP.

Relation and Infon are concepts fundamental to Situation
Theory and are part of the representation ontology because
these concepts have a speciﬁc formal representation. The concept Infon is a superclass of ElementaryInfon, CompoundInfon
and ParametricInfon. The concept ParametricInfon is used for
the generation of questions: we ask for the actual anchoring of
a parameter, i.e. each parameter gives rise to a question. Instead
of Rule as in STO, we use the concept Constraint, as subclass
of Relation, with its subconcepts Nomic, Conventional and
Reﬂexive. In STOR the constraints are represented using the
type RELn, i.e. relation, to deﬁne a relation between situations.
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Situation is superordinate to domain-speciﬁc situations and as
such part of the generic ontology. The representational part of
the ontology is shown in Fig. 1

Fig. 2.

denote the situation of the user of a situation awareness system
which incorporates STO. An utterance in such a system is the
utterance of a user who wants to generate information and,
as such, queries the system. Such a user may be interested in
a speciﬁc location and retrieves all the infons related to that
location from the system. In STOR an UtteranceSituation is
the Situation in which information is provided. This difference
gives us the opportunity to annotate gathered information
with additional data. When, for example, someone reports
about a FocalSituation from a long distance, such information
should be used differently than a report from someone who is
nearby the same FocalSituation. The difference can be found
by determining the UtteranceSituation which is supported by
infons showing the location. Because we are working in the
domain of crisis management further information can also be
of interest such as the physical condition of the speaker and his
relation with the FocalSituation. The information provider is
represented in the system as a Person, i.e. a subtype of Object,
within a speciﬁc UtteranceSituation.

The generic part of STOR.

The generic ontology consists of concepts which are valid
for all the domains. All of these concepts have subclasses
which are speciﬁc for a domain and part of the domain
ontology. The generic ontology consists of the concept Situation, Object, Phenomenon, SpaceTime Object (with subclasses
Location and Time which represent the same concepts as in
Situation Theory). The concept Individual and its subclass RealIndividual is omitted from STO and in STOR represented as
instances of a concept which is more in line with representation
as designed with OWL.

The difference between Object and Phenomenon is that
the subclasses of Object are simple concepts such as Ship,
Building or RoadVehicle while the subclasses of Phenomenon
are complex concepts such as Sight or Weathertype. These
complex concepts are often more difﬁcult to determine than
subclasses of Object because they are more vague or even
subjective. Subclasses of the concepts Object and Phenomenon
are part of the domain ontology. Location and Time are part
of the generic ontology because in every domain speciﬁcations
of locations and categorization of time occur. The generic part
of STOR is shown in Fig. 2.
Concepts which are part of the domain ontology are
speciﬁc for a particular domain. A knowledge representation
of crisis management consists of CrisisSituation and concepts
representing objects that are part of the crisis. In Fig 3 several
examples of CrisisSituation are shown such as CarAccident
and Fire. A representation of a speciﬁc domain can be more
ﬁne grained when appropriate. Subclasses of Object are a representation of individuals being part of a Situation. Examples
of these representations are Streetobject, Building or Person.
Instances of these concepts refer to real objects or people
which somehow have a relation with the Situation we want
to determine.
In a domain ontology several categorizations for Location
and Time can be appropriate. For example, when we want
the location of a mobile phone user the GPS-coordinates are
appropriate and when we ask someone to tell us where he
is concepts such as near and subclasses of Landmark should
be part of the ontology. Subclasses of Time are also domainspeciﬁc and depending on what kind of categorization of time
is appropriate.
IV.

Fig. 3.

An example of the domain part of STOR.

S TRATEGIES TO G ENERATE Q UESTIONS

The use of ontologies for automatically generating questions about a crisis situation which are asked to a large number
of people requires that the number of questions is minimal, the
questions as informative as possible and easy to answer. To
shorten the time for determination of the situation a selection
and ordering of the most informative questions has to be made.
For the selection and ordering we use the informational and

We distinguish in STOR three types of Situation: FocalSituation, ResouceSituation and UtteranceSituation, as is done
in Situation Theory and STO. The UtteranceSituation is interpreted differently in STOR than in STO and in conformance
with Situation Theory. In STO an UtteranceSituation is used to
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truth value of possible answers, i.e. the amount of information
of an answer and whether these answers can be true or not, to
compute the best question at a given moment. The best series
of questions is the sequence of questions which renders the
most information with the least number of questions about a
particular situation.

of possible answers is restricted to two possible answers: ‘yes’
or ‘no’. The constellation necessary for this strategy consists
of situations which are described with infons of which the
polarity is unknown. The information gain is continuous and
the number of questions to ask and to determine the situation
is equivalent to the number of infons used to describe the
situation.

To ﬁnd the best series of questions we used Floridi’s Theory of Strongly Semantic Information which is based on truth
values and thereby precludes the Bar-Hillel-Carnap semantic
paradox in which a contradiction has more information content
than a true statement [3]. To compute the informativeness
of statements Floridi takes two factors into account: a) the
truth value of the statement and b) the degree of discrepancy
between the statement and the actual situation. With these two
factors Floridi distinguishes between falsehood and abstraction
in various degrees with respect to a particular situation. In our
strategies we use the distance between an abstract situation
and the actual situation. The degree of abstraction, i.e. degree of accuracy, gives a value to the informational entities
representing the amount of information of such an entity. The
most efﬁcient question is that question which, when answered,
reduces the discrepancy with the truthful description of the
situation the most. An answer to such a question should always
generate information whether it is a positive or negative answer
when asking a polar question or a speciﬁcation when asking a
multiple choice question. By asking for infons supported by a
situation we determine situations using several strategies based
on properties of the ontologies describing the domain.

The fourth strategy we call ‘semantic strengthening’ and is
analogue to the third strategy but is further restricted by the
assumption that in practice certain situations are prohibited.
This strategy is used when some theoretically possible but in
practice impossible situations are involved because the infons
are not independent from each other. The information gain
for each question differs depending on whether an answer
implicates other infons. When an answer implicates another
infon the information gain is larger than when an answer does
not implicate another infon.
The ﬁfth strategy searches for the most detailed description
available in the ontology. In this constellation an ontology
represents knowledge of a speciﬁc domain in a hierarchy
of concepts which are related to each other by ‘is-a relations’. Superordinate concepts have subordinate concepts
which specify characteristics of the superordinate concepts. All
the questions are multiple-choice questions, i.e. the question
asks for a further speciﬁcation and the possible answers are
presented to choose from. The speciﬁc informational gain with
each question depends on the speciﬁc number of subordinate
concepts of each concept. In a more or less balanced ontology
the relative informational gain at the start of the series of
questions is the greatest because then the largest number of
otherwise possible situations is disregarded. This relative gain
diminishes with each question.

We developed several strategies because of differences in
the description of situations as represented in ontologies in the
domain. Situations are described using multiple infons which
may have relations with each other or not. When there are
relations, the properties of these relations inﬂuence the choice
of the speciﬁc strategy we can use.

V.

A RCHITECTURE OF SAQG

Our system consists of two sides: a server and a client
residing on a mobile phone. The server sends a domain
ontology to a client, matching it to STOR and uses the
ontology to produce questions. The answers to these questions
are preserved until a situation is determined. Then the answers
are send to the central server and possibly used for further
computation. In the model we propose such a server has a
repository of several domain ontologies.

The ﬁrst and most simple strategy is a strategy which asks
after each possible situation. This strategy is used when no
assumption about the description of the possible situations
is made. Such is the case when the possible situations are
described with different infons, i.e. the infons which are
supported by each situation do not relate to each other in any
way. With this strategy a representation of information gain
per question based on information value is low: each time a
question is asked, it will take less time to get to the right
description of the actual situation.

The reading, modeling and manipulation of the ontology
we use to generate questions is done with Jena. Jena offers a comprehensive API to create functions handling the
information stored in such an ontology [1], [4]. Before an
algorithm to generate questions is used, ﬁrst the ontology is
retrieved and transformed into a Triple DataBase (TDB) for
high performance. The TDB can be accessed in the same
manner as the access to an ontology represented by OWL is
done, using exactly the same queries, but the retrieval of data
is faster.

The second strategy assumes that all situations are described with the same set of independent parametric infons.
An infon is independent from another infon when there is no
relation between these infons, i.e. the accuracy of one infon has
no inﬂuence on the accuracy of another infon. For example,
the color of an object is independent of the shape of an object.
Using this strategy, the information gain per question will
depend on the number of possible answers, i.e. the number
of referents of the parameter which are mutual exclusive. The
second strategy is used when a situation consists of infons
which have multiple possible answers. The possible answers
are elements of the set of subordinate concepts of the attribute
which represents the parameter in the parametric infon.

VI.

S UITABLE O NTOLOGIES

To uncover the characteristics of an ontology suitable for
automatic question generation we constructed three different
ontologies [10]. A pragmatic-based ontology was constructed
from a vocabulary which the Amsterdam ﬁre department uses
to categorize calls for 112. An expert-based ontology was

A third strategy is to ask for the infons which are supported
by a situation, just as the second strategy, but now the number
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VIII.

constructed from two ontologies developed by knowledgeengineers and experts in the ﬁeld of art. A basic-level ontology
was constructed from concepts and their attributes retrieved
from ordinary people. Using the attributes we created an
ontology with an algorithm based on the basic-level theory
of Rosch [7].

To determine a crisis situation we developed the Situation
Awareness Question Generator that automatically generates
questions on a mobile phone which are asked to users of the
system. To create the Situation Awareness Question Generator
we used a ﬁne-grained formal theory about situations and
improved an existing ontology based on this theory, by making
it more compliant with knowledge engineering principles and
the formal theory. Several strategies, based on a theory of information, were developed to detect the most informative questions. Differentiating between how domain-speciﬁc knowledge
is captured in an ontology, we detected variation in accuracy of
information and time needed to gather information. Suitability
of an ontology depends on characteristics of the users of this
system.

We set up a framework to measure the suitability of
these three ontologies which evaluated the ontologies on four
aspects: a) the ontology must have a structure which is useful
for automatic question generation, b) the construction of the
ontology is efﬁcient, c) the ontology must be complete and
d) the ontology should be compliant with human categorization. For this framework we used several existing metrics such
as maximum path length, number of concepts, entropy and
the Ingve-Miller number. Also, we developed a new metric
called ‘semantic distance validation’. This metric compared
the distance of concepts in terms of path length with how
participants in an experiment evaluated this distance.
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