CONTEXT NEEDS INCOOPERATIVE BUILDING OF EXPLANATIONS1Br�zillon P. J.LAFORIA, Box 169, University Paris 6, 4 place Jussieu, 75252 Paris Cedex 05, FrancePhone: +33 1 44 27 70 08 - Fax: +33 1 44 27 70 00 - E-mail: brezil@laforia.ibp.frAbstract:The aim of the paper is to fill in the gap between theory and practice in thegeneration of explanations by a system. One reason of this gap arises from the factthat a problem is often solved thanks to a cooperation between the user and thesystem, and both participants in the cooperation need explanations. Explanationsessentially depend on the context in which the user and the system interact andmust be considered as a cooperative process by itself. Such contextualizedexplanations are the result of a process and constitute a medium of communicationbetween the user and the system during the problem solving. We focus on theneed to make the notion of context explicit in the cooperative process ofexplaining. We analyze explanation and context in term of chunks of knowledge.Then we point out what the contribution of the context to explanation is. Anexample, which is drawn from a real application, introduces what the problem is.Keywords: explanation process, context, knowledge-based systems, human-computercooperationR�sum�:Ce papier propose une approche pour combler le foss� entre la th�orie et lapratique dans la g�n�ration d’explication par un syst�me. Une raison de cel’existence de ce foss� vient du fait qu’un probl�me est souvent r�solu gr�ce � unecoop�ration entre l’utilisateur et le syst�me, et les deux agents qui coop�rent ontbesoin d’explications. La g�n�ration d’explications d�pend essentiellement ducontextedans lequel l’utilisateur et le syst�me interagissent, et doit elle-m�me �treconsid�r�e comme un processus coop�ratif. De telles explications contextualis�essont le r�sultat d’un processus, et constituent un medium pour la communicationentre l’utilisateur et l syst�me lors d’une r�solution de probl�me. Nous nousconcentrons dans ce papier sur la n�cessit� de rendre explicite la notion decontexte dans le processus coop�ratif d’explication. Nous analysons les notionsd’explication et de contexte en termes de "chunks" de connaissances. Nousmontrons alors ce que l’explicitation du contexte apporte aux explications. Nousintroduisons le probl�me que nous traitons sur la base d’un exemple tir� d’uneapplication industrielle.Mots-cl�s: processus d’explication, contexte, syst�mes � base de connaissances, coop�rationhomme-machine

1 In Proc. of First European Conference on Cognitive Science in Industry, Luxembourg,September 1994

INTRODUCTIONA main line of research for introducing explanation capabilities in Knowledge-Based Systems (KBSs) supposes that explanations are used to transmitknowledge from the machine to a user and to improve learning ability of thelatter. The lack of consideration for the end-user during the KBS design leadsend-users to disregard these explanations. Conversely, there are KBSs that havebeen developed in an industrial context. These contain various types ofexplanation tailored for the needs of the user and the application, but do notexploit the true potential of explanation [Br�zillon, 1992]. There is a gapbetween theory and practice. One reason of this gap is that a problem generallyis solved in a cooperative manner by the user and the system. An explanation isthe result of successive transformations of a hypothesis that must be acceptedby both the user and the system. Such explanations essentially depend on thecontext in which the user and the system interact.The context of the user-system cooperation takes into account differentpieces of information such as [Maskery & Meads, 1992]: the history ofinteraction with the user; the transaction history; the characteristics of the user;the user’s intentions; the possible sources of ambiguity; the state of the system;the user’s profile and system access allowed by the security.Making explicit all these pieces of the context in a context enables one to:tailor explanations to the users’ needs; simplify correctly a complex informationfor the user; paraphrase; structure the explanation; manage counter-examples;guide the research and the focus of attention; resolve ambiguities; correctmisunderstanding; help learning; fill possible gaps; reduce cognitive load;develop a model of the "user-in-situation"; make sure that the participants’mental models match; and improve qualitative and quantitative performance ofthe explanation.In this paper, we claim that a system must produce context-sensitiveexplanations to enhance its intervention in its cooperation with a user. (We usein this paper some important results of [Karsenty & Brezillon, 1994].) A real-world example introduces the importance of the notion of context notion inexplanation in Section 1. We then expose what the role of explanation isaccording to the user’s viewpoint in Section 2. We give a representation of theexplanation process in Section 3. Section 4 presents the notion of context thatwe retain. Section 5 discusses the relationships between context andexplanation1. A REAL-WORLD EXAMPLEThe example is drawn from a real-world application [Bau & Br�zillon, 1992].Below, we describe the domain and the task of diagnosis in which theapplication has been developed. We after give some of the contexts andimplicit knowledge which exist. We also describe the two ways that have beenchosen to implement the notion of context in an implicit way in our system. Wealso give a presentation of the advantages of making that notion of contextexplicit.

1.1 The domain and the diagnosis taskThe French national power system is composed of controlled systems (ExtraHigh Voltage substations) and control systems. Elements of the controlledsystem are lines and busbars that constitute a network. Elements of the controlsystem are controllers. A controller links a busbar to a line or another busbar. Itcontains pieces of equipment like protective relays that act in parallel and acircuit breaker. Note that it is the appearance of the fault in the controlledsystem that triggers the protective relay, and its elimination that stops it. Aprotective relay detects the appearance of a fault in the controlled system andautomatically sends a trip order to the circuit breaker after a delay. Actions ofthe equipment are associated with signals that are sent to a central printer fromwhich the operator diagnoses the events that occur.The diagnosis concerns the equipment in controllers that present amalfunctioning (e.g., the protective relay does not see the fault, or the circuitbreaker does not open). The diagnosis is threefold:(1) Determination of eventual malfunctioning of equipment;(2) Location of the fault in the controlled system;(3) Detection of incoherence between fault characteristics and equipmentfunctioning.1.2 Contexts in the applicationContext is not made explicit in this application. However, one can distinguishdifferent contexts that involve: The diagnosis, the fault, the task of thecontrolled system (i.e., transport of electricity), the task of the control system,etc. Each of these contexts is composed of different contexts. For instance,diagnosis context depends on the contexts of: equipment, controllers, busbars(the global behavior of controllers that are connected to a busbar is judged inthis context), and the substation.1.3 Implicit knowledgeThese contexts contain implicit knowledge such as:¥ Protective relays that only operate when the fault exists,¥ Protective relays see effectively the fault,¥ Transmission cables that correctly transmit signals from equipment to thecentral printer,¥ The operations occurring in adjacent substations,¥ The state of the overall network in which the controlled system is a node.1.4 Context managementThere are two versions of our expert system SEPT: an industrial one inKnowledge Craft, and a research one implemented as a rule-based system. Inthe former version, contexts are represented by pre- and post-conditions, andscreening clauses. In the latter version, contexts are represented by meta-rules that call rule packets in their action part when they are fired. We focus on therule-based version hereafter.A rule packet represents a set of conditions that are true in a given context.For instance, a rule packet describes the correct functioning of a circuit breaker.The system may check that rule packet for each controller in the substation. Themeta-rule that calls the rule packet, permits one to specify the context in whichthe system must check rules, i.e., specifies in which controller the circuitbreaker is, and the rules in the packet are fired for the circuit breaker of thisunique controller. Thus, a context is given here by a set of instances of thevariables.We also use the notion of interpretation with meta-rules. The notion ofinterpretation permits one to select actions to execute in rules. It is thus possibleto produce explanations at various levels of detail and abstraction. Now, theuser manages by themself the interpretation under which they wish to followthe reasoning in the system . Thus, the user acts on the context for obtaining thedesired explanation.1.5 Needs of contextAdvantages for making context explicit in our application are of paramountimportance:¥ Make clear the knowledge that is represented (e.g., puting off screeningclauses),¥ Select relevant pieces of knowledge according to the current context of thediagnosis,¥ Optimize diagnosis by making explicit the organization of the variouscontexts,¥ Analyze the behavior of equipment behavior at a given level or at differentlevels of detail and abstraction,¥ Ease the analysis of the signal flow and extract relevant information,¥ Extend the use of the expert system: (1) at different substations; (2) fortraining purposes; (3) for its integration with other KBSs at Electricit� deFrance.We take in this application an approach that is different than the classicalone, namely, the production of explanation from the system to the user. In ourapplication, that is the user that builds the explanation. The main reason is thatthe operator has a high level of expertise that is practical and different fromthose of the expert that has fed the expert system with more foundamentalknowledge.There is a clear need of an intermediary solution where the explanation isproduced as the result of a cooperation between the user and the system. Bothof them have complementary competence.2. THE EXPLANATION FOR A USERResearchers agree that the goal of an explanation is the transfer of knowledgefrom the system to the user. However, the finality of an explanation isfrequently underestimated. An explanation is a process that allows the user to assimilate a new piece of knowledge. The keystone of assimilation is explainingthe plausibility of new knowledge with respect to the knowledge that the useralready possesses. The explanation process ends with the acceptance of theuser of the answer given by the system. This is a cooperative process where theanswer given by the system is progressively adapted by both participants. Notethat the user and the system must share goal(s) and knowledge.Active participation by the system in the cooperation can only be achieved ifthe system is equipped with a number of capabilities for: managing knowledgesources; producing and tailoring answers to the user; and acquiringinformation from the user and assimilating it in knowledge bases. Moreover,the user may need to take initiative in the explanation process by interruptingthe system for: pointing a part of the answer for which s/he has trouble;verifying a particular element in the knowledge base; asking furtherinformation; correcting a false element in the answer of the system; andproviding spontaneous information to enable the system to evaluate anyconflicts. Few systems now present such cooperative explanations, althoughexplanations constitute a medium of communication between the user and thesystem during the problem solving. This is the challenge of the new intelligentassistant systems [Boy, 1991a; Br�zillon, 1994].3. THE EXPLANATION PROCESS3.1 Chunks of knowledgeAs noted by Draper [Draper, 1988], the quality of an explanation essentiallydepends on the chunks of knowledge that are shared by the user and thesystem. Hereafter, we call CKs the chunks of knowledge that intervene duringthe explanation process. SK is the set of CKs that are under an explicitconsideration by both participants during the explanation process at a giventime.The aim of an explanation is to make progressively explicit the linksbetween the user’s knowledge and a particular CK, called hereafter CKo, withwhich the user has trouble. The user will assimilate CKo if he integrates it in aSK in which all links between CKs will be made explicit by both participants.Thus, explaining is a process in which the system and the user cooperate.3.2 An exampleI may say to a person: "I heard a lion in my office this morning." It will be self-explanatory for a knowledgeable person. If the person is surprised (the personhas some trouble with that CKo), I must develop my thought, saying: "I work ina university near a zoo that I can see from the window of my office. There arelions in that zoo. I often hear lions roar. It just was the case this morning." Here,CKo is introduced after various CKs are first presented.The former person knows these CKs (that I work in a university near a zoo,that I can see the zoo from my office and that there are lions in the zoo).However, I must make clear the CKs--the implicit knowledge--and share themwith the person for explaining my first statement.

CKs are introduced in the SK progressively, beginning with CKs that maybe accepted easily by the other. In the example, I begin with "I work in aUniversity," and then "there is a zoo near my University."3.3 Management of the CKsThe user may know or not CKo. Explaining a known CKo appears in twosituations:(1) The user does not know the link between CKo and the current SK,(2) The user cannot choose between several links between CKo and the SK.In these two cases, it is necessary to introduce new CKs in the SK.For explaining a new CKo, the system first establishes which CKs of thecurrent SK are relevant for CKo in the current context. Then, it determineswhich CKs are accepted by the user, makes clear to the user other CKs, andfinally points out links between the CKs and CKo.The system may introduce additional CKs to clarify some CKs in the SK.Then, it suggests links between shared CKs and CKo. The user may accept thatconstruction or not, and eventually introduce other CKs to reinforce the SKaccording to her/his point of view. The explanation process ends when thenew information is embedded in the shared SK.Once a part of the SK only contains CKs that are shared (i.e., CKs arestructured in a well-defined way), that SK may be compiled as a CK by bothparticipants that will refer to the CKs afterwards as implicit and sharedknowledge. Such a CK is similar to a pointer towards the subset of these CKs.Thus, the explanation process ends once the SK becomes a unique CK.However, there is a difference when one of the participants is a computersystem. For a human being, a SK only contains a compiled form of CKs, thesteps of its building generally are lost. A computer system may have the SK,i.e., a compiled version of CKs, original CKs, and the steps that have beenfollowed during interactions. Thus, a system may sometimes provideexplanation more easily than a human being.Another extension of this approach is a new insight of Grice’s maxims. Forinstance, "Say something new" may be translated to: Introduce CKs thatimprove the SK building over CKs that do not. Such translations would permitGrice’s maxims to be implemented easily.4. A VIEW OF THE NOTION OF CONTEXT4.1 Nature of contextThe SK under development constitutes a part of the context of the User-SystemInteraction (USI). The context also includes other types of knowledge: History,the system’s state, a user model, the problem solving and the situation in whichthe problem is solved. Each type of knowledge defines a context by itself (e.g., the context of the user). Context thus becomes an emergent challenge (e.g., see[Br�zillon, 1993]).The context changes dynamically when the USI evolves, and CKs are addedor removed from the SK during this evolution. Any participant (i.e., the user orthe system) may introduce a CK in the USI context, first to establish a link withCKo, and second to share that CK with the other participant.4.2 Role of the contextThe context is a way to organize knowledge dynamically in view to facilitatechanges in the SK at any time [Boy, 1991b; Dolmatova, 1991]. Making explicitthe USI context provides a mechanism that improves the efficiency of thecooperation between participants.Several models have been proposed for representing a context like thetraveling metaphor, the information theory and the conversation theory[Maskery & Meads, 1992]. For instance, a metaphor may provide informationon a new context. It provides the context in which analogies and comparisonsare made. It both limits and assists contextual understanding by sharingknowledge space between different situations and thus it may organize thewhole knowledge base.Making the USI context explicit also leads to a type of dynamic organizationof the knowledge base. A SK is built for giving a unique meaning to a CK, evenif the CK has several meanings. Thus, the meaning is tailored to the currentsituation in which the problem is solved and in a comprehensible way for theuser because the user intervenes in the explanation process.4.3 Importance of the contextWithout context, the system may use CKs inappropriately. Capturing andusing knowledge in context greatly simplifies knowledge acquisition becauseknowledge provided by experts is always in a specific context and is essentiallya justification of the expert’s judgment in that context. Each acquired piece ofknowledge is explained within the context of the other acquired pieces ofknowledge and integrated with explicit explanations, i.e., with links with otherCKs in the SK. Acquisition involves a CK and its links with the most relevantcharacteristics of the current situation in which its acquisition is needed, i.e., itscontext of use [Wick, 1989]. This leads to a better organization of the acquiredknowledge. Indeed, acquiring expertise involves developing a very systematicway of indexing information at the time of storage.Specifying context, the system assimilates the acquired knowledge in a waythat is well adapted to its knowledge and uses it directly. The process ofassimilating new knowledge into a rich body of existing knowledge is a type ofmachine learning. Context-sensitive learning leads the system to organizeknowledge bases according to clear criteria. Indeed, the system may acquire theway in which abstraction and generalization organize knowledge dynamically.There is not a single static knowledge organization. This is a weakness of theseprocesses of reasoning. Specifying context gives a solution to this problem.

4.4 Implementation of the contextVarious formalisms of representation deal with the notion of context.At a general level, a context is considered as a set of related propositions(descriptors) that describe a body of knowledge or a particular situation [Sowa,1992] or through pragmatic rules. Management of contexts may use amechanism of classification, a hierarchical organization [Maurer, 1992; Dieng &Giboin, 1991] or around descriptors already used.For instance, Maurer defines a context by the following statement [Maurer,1992]:

Contextname: LIGHT-BULBprecondition:(SWITCH= CLOSED) & (LIGHT = OUT)correction: �Change the light-bulb�In conceptual graphs, Sowa represents a context as a concept with one ormore conceptual graphs nested inside the referent field. He also introduces anexplicit representation of the context in his formalism [Sowa, 1992].In rule-based formalisms, a context is a stable system of rules [Maskery &Meads, 1992]. It also corresponds to: an organization of rules; a special buffer-like data structure [Barr & Feigenbaum81]; a rule packet; meta-rules that callrule packets [Br�zillon, 1992]. We also can find a notion of context at the rulelevel, mainly like screening clauses, and pre- and post-conditions.In object-oriented formalisms, the context is a set of links between objects orattributes. At a lower level, the context is represented by a slot that links aconcept with a state. This also may be a slot that despicts as a set of conditionsupon functional units and links to environment in which this scheme can beidentified.In information systems, the notion of context plays a central role. A contextmay be a list of keywords, a relation between descriptors and referents [Boy,1991a], or a pathway in electronic documents [Jansen, 1991].5. CONTEXT AND EXPLANATION5.1 Influence of context on the explanation processA part of the context is the SK that is relevant for the goal of the USI. Thus, theUSI context guides the explanation process.The dynamic aspect of context implies that it is not possible to plan inadvance the whole explanatory dialogue. That process reaches its goal when,after having exploiting all aspects of the shared context [Carenini & Moore,1993], the user assimilates the SK including a CKo with knowledge he alreadypossesses. Such contextualized explanation account for a CKo in terms offactors that are not just causally relevant, but important to the explainee’sfuture actions.

The context helps the user and the system to focus on the minimal numberof relevant CKs at a time by making explicit the focus of attention of theexplanation.More generally, the context provides a way to develop explanationstrategies that are domain-specific, but are still quite domain-independent. Thispoint is important because the expert knowledge is factually and tacticallyorganized.Supplying a context to a system contributes to structure an importantproblem in explanation, namely the management of questions/answers. Aproposed solution aims at organizing either questions or answers in a typology[Gilbert, 1989]. Indeed, there is not a consensus on this topic. According to thecontext perspective, we note that context may enable to: support the user informulating and asking questions [Giboin & Amerg�, 1992]; organize user’squestions, making relationships among questions explicit [Moore & Swartout,1989]; determine the right meaning of a question in the current context[McKeown & Weida, 1988]; and facilitate the production of explanations ofdifferent types, at different levels of details and abstraction [Br�zillon, 1992].The user may navigate easily in the explanatory hyperspace and thus avoid the"lost-in-space" problem because the context will restrict the search space.We claim that accounting for context in explanation generation presents anumber of advantages such as [Karsenty & Br�zillon, 1994]: give the rightanswer to the user’s question; relieve the user of having to formulate precisequery; provide concise and pertinent information immediately; and anticipateusers’ need for information.5.2 Influence of the explanation process on contextConversely, the explanation process may be a mechanism for managing the USIcontext. The explanation process aims at the building of the SK in which anequivocal CK, CKo, may be assimilated by the user (i.e., the user may give ameaning to the CKo with respect to the SK). For instance, a spontaneousexplanation may complete an information that is introduced in the SK forreinforcing the USI context [Karsenty & Falzon, 1992].However, there is still much work to do in the study of the relationshipsbetween the explanation process and the context managementCONCLUSIONIn this paper, we deal with the explanation process according to the point ofview of the user-system interaction in the cooperative solving of a problem.This leads us to introduce a representation of that process, and discuss itsrelationships with context in this representation. Some implementationconsiderations of context are given, and an example drawn from a realapplication introduces the ideas that are presented in the paper.We mainly discuss in this paper the role of the context in explanation.However, other tasks also are concerned with context: knowledge acquisition,automatic learning and knowledge assimilation, etc. The context also involvesintelligent documentation, information retrieval, validation-verification, maintenance, all tasks that must be accomplished during the life cycle of a KBS.Some fields, like computational linguistics, already acknowledge theimportance of the notion of context [Paris, 1991]. In our opinion, this is also achallenge for developing large reusable and shared knowledge bases.However, few systems now deal with such capabilities even thoughexplanations may constitute a medium of communication between the userand the system during the problem solving.However, there are a number of questions that have not yet received a clearanswer. What are the elements of a context? We claim that context isknowledge. The SK in which a CK is embedded is knowledge. A CK finds ameaning in various SKs, i.e., various contexts, and may be relevant at differentSKs for explaining other CKs. One of our objectives is to clarify our position onthis point. We have also not discussed other aspects of context like timedependency. How could the temporal aspect of contextbe represented,reasoned with, and dealt with?We think that the generation of contextualized explanations is a newchallenge for whose time has arrived.AcknowledgmentsThis work is partially supported by a contract LAFORIA-EDF-Airial andanother contract between LAFORIA and CEA Marcoule. Ideas have benifitedof the work made in the COOP Group of the PRC-IA.REFERENCESBarr A. and E.A. Feigenbaum (eds.), "The Handbook of Artificial Intelligence",William Kaufmann, Inc., 1981, Vol. 1, Chap III: Representation of Knowledge.Bau D.Y. and P. Br�zillon, "Model-based diagnosis of power-station controlsystems", IEEE Expert, February 1992, pp. 36-44.Boy G., "Intelligent Assistant System", Academic Press, London, 1991, SeriesKnowledge-Based Systems, N� 6.Boy G., "Indexing hypertext documents in Context", Hypertext’91, San Antonio,Texas, USA, December 1991.Br�zillon P., "Architectural and contextual factors in explanation construction",Proc. of the ECAI’92 Workshop on Improving the use of Knowledge-BasedSystems with Explanations", Research Report 92/21, Laforia, University Paris 6,F-75252 Paris Cedex 05, France, June 1992.Br�zillon P., Proc. of the IJCAI-93 Workshop on "Using Knowledge in itscontext", Research Report 93/13, LAFORIA, Case 169, University Paris 6, F-75252 Paris Cedex 05, France, April 1993.Br�zillon P., "Design of an intelligent assistant system", Proc. of theInternational Conference on Expert Systems for Development, Bangkok,Thailand, March 1994.Carenini G. and J.D. Moore, "Generating explanations in context",International Workshop on Intelligent User Interfaces, Orlando, Florida,January 1993.

Dieng R. and A. Giboin, "Expert system explanations: the gap betweenresearch and industry", Proceedings of the IJCAI-91 Workshop on ExplanationGeneration for Knowledge-Based Systems, Sidney, Australia, August, 19911.Dolmatova L.M., "Intellectual system of knowledge-based design for highpressure experimental mounting", Proc. of 1-st Moscow International HCI’91Workshop, August 1991, pp. 249-259".Draper S.W., "What’s going in everyday explanation?", In: Analyzing EverydayExplanation, C. Antaki ed., Sage, 1988.Giboin A. and C. Amerg�, "Task/activity models as frameworks foridentifying user’s explanatory needs", Proc. of the ECAI-92 Wokshop on"Improving the Use of Knowledge-Based Systems with Explanations", ResearchReport 92/21, LAFORIA, June 1992, pp. 3-12.Gilbert N., "Explanation and dialogue", The Knowledge Engineering Review,1989, 3, pp. 235-247.Jansen B., "Formal and narrative knowledge representation for explanationsand justifications in knowledge-based systems", Technical Report TR-FD-91-02,CSIRO, Division of Information Technology, Sidney, Australia, May 1991.Karsenty L. and P. Falzon, "Spontaneous explanations: a way to negociateconcpts", Proc. of the ECAI-92 Wokshop on "Improving the Use of Knowledge-Based Systems with Explanations", Research Report 92/21, LAFORIA , June1992, pp. 115-124.Karsenty L. and P. Br�zillon, "Cooperative problem solving and explanations",Journal of Expert Systems With Applications, 1994 (To appear).Maskery H. and J. Meads, "Context: In the eyes of users and in computersystems", SIGCHI Bulletin, April 1992, 24(2): 12-21.Maurer F., "Knowledge base maintenance and consistency checking inMOLKE/HyDi", EKAW’92, Lecture Notes in Artificial Intelligence, SpringerVerlag, N�599, 1992, pp. 337-352.McKeown K.R. & R.A.Weida, "Highlighting user related advice", AAAI’88,Workshop on Explanation, 1988, pp. 38-43.Moore J.D. and W.R. Swartout, "A reactive approach to explanation", Proc. ofthe 11th IJCAI, Detroit, MI, August 1989, Vol. 2, pp. 1504-1510.Paris C.L., "The role of the user’s domain knowledge in generation", TheComputational Intelligence Journal, 1991.Sowa J.F., "Representing and reasoning about contexts", AAAI’92 SpringSymposium on Propositional Knowledge Representation, Stanford, CA, March1992, pp. 133-142.Wick M.R., "The 1988 AAAI Workshop on explanation", AI Magazine, Fall1989, pp. 22-26.