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INTRODUCTION

ontexi plays an important role in a number of domains where reasoning
cenes as in understanding, interpretation. diagnosis. etc. The reason is that
ning activities fleavily rely on a background {(or experience) that i
gernerally not made explicit and that gives a contextual dimension to knowledge,
O the Web in December 1996, AltaVista gave more than 710000 pages
aining the word context. when concept gives only 639000 references. A

definition of this word stays to be found. There are several formal
e fipitions of this concepl {references are given in Brézitlon, 1996) a st of
erences andior beliefs, an infinite and only partially known colection ol
mptions. a list of attributes. the product of an interpretation. possibie waorlds.
sssumptions under which a statement 18 rue of fatse. One faces the same
sruation at the programming tevel a collection of context schemas: a path i
wformation retrieval: stots in object-oriented languages: 4 special. butfer-like
data structure; a window  on the screen, buttons witjich are functional
customisable and shareabie; an interpreter which controls the system's activity:
the characteristics of the situation and the goais of the knowledge use: oF entities
{ihings or events) related in a certain way that permits to Hsten what is said and
what is not said, Context is often assimilated at a set of restrictions (e.g2., pre-
canditions} that lirnil access 10 parts of the applications.

The first works considering context explicitly are i Natural Language.
Researchers in this domain focus on the linguistic context, sometimes associated
with other types of COntexis as. semantic context, cognitive context. physical and
perceptual context, and social context (Bunt, 1997).

In Artificial Inteliigence. the lack of explicit represenfation of context i3 one
of the reasons of the failures of many Knowledge-Based Systems {(KBSs). For
instance, Brézillon & Pomerol (1996; 1997) point out that knowledge, which 18
acquired from human experts, has a high contextual component. This contextual
component is generally not acquired with the knowledge because knowtedge
engineers asked what experts' solution is. not how they reach it However,
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context has already been used by researchers in Al as de Kieer (1987}
MceDermott (1982) in XU/RCON, Laird and col. (1987) in SOAR:
{1975) for the partition of semantic networks, Guha {1991y in the CYC
Several theoretical approaches consider explicitly or not context, Conte
been modeled on the basis of the Situation Theory {Barewise and Perryi
Situation theory is a unified mathematical theory of meaning and inforn
content that is applied to specific arcas of language, computation and co
The theory provides a system of abstract objects that make it possible to de:
the meamng of both expressions and mental states in terms ol the informa
they carry about the external world. Surav and Akman (1995) approach ¢
as an amalgamation of grounding situation and the rules that govern the refat
within the context. They represent a context by a situation type that supporis-ti
types of infons: parameter free infons to state the facts and the usual bindini
Parametric infons (which corresponds to parametric conditionals) aim at capty
the if-then relations and axioms within the context. In Computer-Hun
Interaction, Nardi {1992) presents a study of context from a comparison _G_'
activity theory (Leont'ev. 1974}, the situation action models (Lave, 1988) ai
the distributed cognition (Flor & Hutchins. 1991), N

The hypothesis of our work is that making context explicit. acquir
knowledge incrementally and explaining in context must be considered
intrinsic aspects of any problem solving. as information seeking, in which::thf:
user has a crucial role to play. Since 1995, several scientilic events deal
specifically with context, and a number of works consider context exp]%_c’_}_ijy
from the modelling of domain knowledge 1o programming languages. The
modeling, representation and use of context appear to be the challenge of the
coming vyears, especiaily when we now face very complex problems, large

knowledge bases and multimedia.

We work on an application for the subway trafic control in case of inciden
As one operator said: "When an incident is announced, | first look at the contex
in which the incident occurs. | mean the position of the other trains on the line:
the period of the day, the avaitable means. ete.” Our goal is to design and ¢
develop an incident manager able to tackle the probiem of the context
representation to exploit it in incident seeking and incident comparison with an
oceurring incident. In the latter case, we have to compare different incidents in a’
same context, and a same incident in different contexts. We aim at support the
operator o select the best strategy. However, the syster will be used after for
other purposes as training or statistics.

The paper is structured hereafier in the following way. Section 2 describes
the diversity of interpretations of the context notion, and the variety of
representations in Section 3. Section 4 presents a framework in which this
diversity makes sense and illustrates a context representation at the level of the

480

epregentation In a rea
Lapwledge representalion in @

- TION SEEKING
MODELLING CONTEXT IN INFORMATION SEEKING

Lworld application, and Section 5 concludes

. 4 more general discussion.
DIVERSITY OF INTERPRETATIONS OF CONTEX
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by an agent to be shared with the other, Context acts as a filter that defiy
given time. what knowledge picces must be taken into accout
knowledge) from those that are not necessary of already shared (3
knowledge). A context is considered as a structure, a frame of reférer
permits not to say all the things in a story. For example. "At his birthday
Patrick blew up the candles.” It is not said here there was a birthdas
because it is clear for everybody, Note that this frame of reference is supposa,
be shared effectively. .
Along the Enginecring viewpoint, McCarthy (1993) said that -for
Knowledge across contexts, one needs a process of (partial) decontextus
permitting one to abstract a picce of knowledge from contexis inte 4
general contexi that cover the initial contexts. Conversely, Edmondson
Meech (1993) suggest that the concept of “context” would be most -preferabi
understood as a process of contextualization. Context then may typica
viewed as the eavironment of communication that enables the intended meznin
to be ascribed by the recipient of the data, They give the example of a pilot
cockpit, facing hundreds of captors. Few data provided by captors
transformed by the pilot into information, accerding to the current context(
a flight in normal conditions). i
The gap between the Engineering and Cognitive Science viewpoints app
to be only superficial because the two sides of the gap do not address the ‘sam
types of context. Indeed, each viewpoint can bring something to. and benefi
the other viewpoiat. One is at the level of the knowledge representation and th
reasoning (e.g.. to focus the altention of the reasoner). The other is mor
concerned by the exchanges of information during human-machine interactio
The most interesting results from these observations are: B
{1 Context is semething surrounding an item {e.g., the task at hand:o
the interaction) and giving a meaning to this item, Context cannot be considesgd
out of its use. Giving a meaning to an item, context acts ther more on -l
relationships between items than on items themselves. Considered as a shared
knowledge space that is explored and exploited by participants in the interactic
context mcludes elements from the domain {e.g., instantiated objects -.and
constraints), the users (e.g., their goals), their environment {e.g.. organizational
knowledge), their interaction with a system (e.g., fransaction history), -
{2) There are different types of context with respect 1o what we consider

(knowledge, reasoning, interaction, and each agent in its socio-organizational
environment} and to the domain we are in. All these confexts are mterdependent.:
(3) There are different representations of the context depending
context is considered cither as knowledge or as a process of contextualization -
Context as knowledge implies that we must distinguish between contextualized -
knowtedge (the knowledge effectively used at a given time) and contextual
knowledge (the knowledge constraining  the  contextualized knowledge)
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the infection. are diplococcus-pneumoniae (.3) or e.coli (.23
The rule contains different types of knowledge (strategic knowledg.
knowledge. etc.). The clause 4 had been added to control the interaction
user. The clause acts as a sereening clause and implies that the use of ¢
restricted to the context of adults. Such knowledge does not intervene.di
the problem solving. just constrains it.
Ezhkova {1989) considers context as a semantic background and define
the basis of the concept of contextual system. A contextual system has W
of memory: a long-term memory (a primary database and a base of contes
a shori-term memory (intracontext knowledge processing and inter
knowledge processing). An algebra of contexts is proposed to.:
contraction. extension, immersion, coupling and intersection of con
Contexts are then stored or dyramically generated. Turner (1995) uses & st
approach for avtonomous underwater vehicles for which he uses ais
clementary contexts that are combined according to the problem at hand:
positions are a first step towards a compromise between the Engineerin
Cognitive Science viewpoints, .
On the one hand, context is the set of properties that are associated wiil
entity according to the enviromment in which the entity is. Context proy
humans with a much greater control over the knowledge. Context permit
define which knowledge should he considered, what are its conditions
activation and limits of validity and when to use it at a given time. One of
primary reason for introducing contexts is to simplify the construction and
exploitation of the knowledge base. Context is mainly considered as a Wi
cluster knowledge for search efficiency. for representing  counter-factugl:
hypothetical situations. for circumscribing the effects of particular action
particular situations, and for directing an agent's focus of attention to sal
features of a situation. Walther er af. (1992) use this approach in PROTEGE .1}
Their system associates each method with an ontology that defines the conte’t o
that method. All external interaction between the method and the world du ing
the method assembly are a mapping of knowledge between the method's conte
ontelogy and the ontologies of the methods with which it is inferacting. :
On the other hand, context is considered as a property of the interactio S
among agents, as opposed to context as a fixed property of a particular problem
ar application domain. Context can be thought of as a kind of expert system thit
woutld be expert in 'predicting’ what the user would likely want/need to do ne
because of its knowledge of what had happened to either that user or other users
with the same goals/needs. However, interaction and context constrain each
other: context activates behavior potential that in turn modifies the context of
interaction. :
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THE USE OF CONTEXT
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Context atf the interaction level

At the interaction level, context mu 5
knowledge with ¢ o st be made explicit to permit the shary
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1" is my private context and "private context 27 s
person. The shared and interaction contexts
The interaction context contains pieces of knowledge in the
smcus of attention at a given moment. This begins by my first utierance " heard
. lion roar in my office this morning.” These pieces have to be structured (i.e..
explained) by both of us by establishing a tink between the utterance and our
respective background. Once we agree--i.e.. 1 provide needed pieces of
wqowledge refated to my first utterance, the whole pieces are jntegrated in an
accepted knowledgs strugture--the knowledge structure belongs to the shared
context. Thus, the shared context contains all pieces of knowiedge that have
meen discussed and accepted by us. Note that the shared context also contains
more geaeral knowledge (¢.g., the window was opened because the weather was

fine).

Say that "private context
the private context of the other

Context at the knowiedge—represeutation fevel

given step of a

Mne can consider three types of knowledge with respect 1o &
problem

problem solving: (1) pieces of knowiedge that are directly used for the
solving. (2} knowledge pieces that are not directly used in the probiem solving
but constrained it, and (3) knowledge pieces that hiave nothing to do with the
problem-solving step- we called respectively these three types of knowledge:
contexivalized knowledge, contextual  knowledge and external {(or inert}
knowiedge.

Contextualtized knowledge is knowledge that is explicitly considered at a
given siep of a problem solving, when contextual knowledge intervenes
implicitly by only constraining problem solving. For gxample, operators that
ensure the monitoring of the distribution of water 8 Paric had noted that there
was a peak in the water consumption late each evening. The peak was
reproducible every day but not predictable because not exactly at the same time.
Afier an inquiry, they discovered that people use water for domestic needs {drink
a glass of water, wash dishes, pour water on flowers, go to the toilets. etc.}
during the advertisements introduced in the TV movie. The introduction of
advertisements in the movie depends on the organization of the movie scenario.
Guch a knowledge {the time &t which appear the advertisements at the TV) has a
contexiual nature for the water distributior. Contextual knowledge constrains a
given step of the problem solving withow intervening in it explicitly (water
distribution is not dependent of advertisemenis).

This is a definition of context at one problem-solving step- Al the following
step, the nature of knowledge pieces changes: @ piece of contextual knowledge
may become either contextuatized knowledge of inert knowledge. Conversely, a
piece of contextualized knowledge may become either contextual knowledge or
inert knowledge. (Other properties of the definition are presented in the next
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Gopping i a wunnel” is another piece of contextual knowiedge that is far from
the same step, However both of them make this siep necessary. Such a kind of
sieance permits us to order pieces of contextual knowledge in layers arpund a

ep ike skins of an onion. We call this the onton metaphor. Layers of contextual
wwledge are represented by stippled circles i Figure 3. Tichener (cited in

dansen, 1995)) also introduces the notion of a situation surrounding the
“proanism as one of the roots of context. Tichener's definition implies that context

is not part of the actual chunk of knowledge hyt forms a layer, or a set of layers,

around the knowledge.

Our context modelling along the onion metaphor reveals several interesting
& o o

reguHs:

{1} A step takes a meaning in a given context. Contextual knowledge
does not intervene directly at this step but canstrains it. For the siep "Stop at the
mext station,” the contextual knowledge "Fasy help” is not the reason for
stopping the train ai the station. However, it infervenes in its realization.

{2y Pieces of contextual knowledge may be partially ordered. If we
consider the step "Stop @ the next station,” we observe that some knowledge
nieces of its context {e.g., "Easy help™) are closer to the siep than other (€.2., "Do
2ot touch an injured raveler") because the constraints applied on the step are
more direct. This permits 0 establish a kind of distance between contextual
knowledge pieces with respect to the contextualized knowledge,

{3 Contextual knowledge itsell takes a meaning in a context, The piece
of contextuai knowledge wprocedures” of the step "Stop at the next station” has
its own context with elements a8 "Past experience” and "3o not touch an injured
iraveler.” Recursively, one can link knowledge pieces together by layers. This
result is a concrete example of McCarthy's claims {1993) about the definition of
a context in an outer context and the infinite dimension of context.

4 Pieces of contextual knowledge relate incidents together, With an
assoctation between a pumber of contextual-knowledge pieces. it appears that
there is a relationship between a given incident and others. Figure 3 shows how
such a relationship is established between "Stop at the next station” and other
incidents as "Signal light probiem” through contextual knowledge. Establishing
quch an incident nel accounis for the occwrrence in real-ife conditions of
combinations of incidents that seem apparentiy not related {e.g.. "Hl traveler in a
rain" and "Signal Hght problem™). Commaon contextual components (oF pieces
of knowledge) of two contexts are highlighted by dotted, bold arrows in the

Figure.
PISCUSSION

Context plays an important role in human-machine interaction, and making it
explicit permits 10 generate relevant explanation, acquire knowledge
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incrementally in its use context, Jearn in a context-sensitive way. This pg
make effective a kind of “cognitive coupling” between the human-ind
machine. :
Context is always relative to another outer context in a recursive wa
consequence, context cannot be fully modeled and represented, although
often assimilates the context of something at a set of restrictions {e.
conditions) that limit access to parts of this something. We also need to po
context at the level of the knowledge and its representation, at the level::
reasoning mechanism, or at the level of the human-machine interaction. AN th
types of contexts are interdependent. For example, the way in which &
defines s request (concerning the interaction context) depends o
conceptual schema of the interrogated database (part of the context at the
of the knowledge representation). :
From our study, context is considered as a structure. a frame of referénc
shared knowledge space. a process of contextualization, etc. Whatever the néty
of context, one must speak about context with respect 1o its use with somethis
{interaction context, task context, etc.). The first thing to de is to explore
refationships berween context and knowledge, A piece of knowledge ma
contextual or contextualized according to the step of the problem solving whg
we are. Contextualized knowledge {ie., operational knowledge) is knowle
that is explicitly considered in the problem solving. Context appears ‘as;
dynamic extension of knowledge and must be considered at the level of the
knowledge. :
Aamodt (1993) proposes a situation-specific knowledge acquisition that
captures a collection of previously solved cases, and combined with generalised
domam knowledge in the form of a densely connected semantic networ
Another alternative is to modify the knowledge modeling approaches of
knowledge acquisition by adding any technique supporting specification change
(Menzies, 1996). In the two cases, the key idea is rapid, incremental knowledge
acquisition in the context of use. This supposes that a systern may lear
continuously by updating its knowledge base after each new problem has bee
solved. However, the acquisition of knowledge in context is still a challenge.
Knowledge elaboration is also made complex because contextual krowledge:
is often under a highly compiled expression. As guoted by Clancey {1991}, even
whiat we take to be a highly stabie behavior, such as reciting a phone number, is
highly contextual. You establish this context by sitting in front of & phone, Such
a situated knowledge is not acquired with the classical tools prior its use. In’
Clancey's example, one generally develops automatisms that authorize to deal.
the phone number without formulating it. For instance, one only "sees" the
sequence of physical positions that the finger must have on the phone keyboard.
It is rather difficult to acquire such a knowledge that may be expressed in a
representation formalism not known by the machine. This situation is ciose to
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