11 Towards a Model of Context for Case-Based Diagnostic Problem Solving Pinar �zt�rk and Agnar Aamodt Department of Informatics, Norwegian University of Science and Technology N-7055 Trondheim-Dragvoll, Norway Phone: +47 73598717 Fax: +47 73591733 E-mail: {pinar, agnar}@ifi.ntnu.no Abstract: This paper presents a model of context based on the roles and elements of variouscontext types. Two important roles of context are related to the notions of relevance andfocus. The former is important for the quality of the results reached by a problem solving orlearning task, while the latter is important for the performance efficiency of the task. Problemsolving can be viewed as search in a large problem space where search for different entities isinvoked at different stages. Context has a pruning effect on search, increasing proportionallyto the incompleteness of the information at hand. Depending on the type of memory structureto be searched for, different types of contexts assist the access to memory. We attempt to givean account of the various types of contexts that facilitate memory access and utilization fordifferent type of tasks. The criteria for distinguishing between several types of contextelements are presented, and a context ontology based on these criteria is suggested. We thenshow how this account is integrated with a case-based approach to clinical problem solving.1 Introduction A strong motivation for research on context is its important role in information processing. It isgenerally agreed that context facilitates the selective processing of information, whereasdisagreement exists as to what context actually is, and in what way it affects processes of problemsolving and learning. An earlier trend was to consider context as a wholistic phenomenon, and toreview the context effects on various processes in a uniform way. This entails referring to contextwithout making a distinction between various types of contexts. Yet, different types of contextelements have been observed to indicate significant difference in their effects on memory. Thus theissue of the role of context is closely related to the issue of the distinction among several types ofcontext elements. The work described in this paper is an attempt to clarify the elements of context relevant to aproblem situation, and the roles of these elements in constraining and guiding a reasoning process.Our general research agenda is to improve artificial intelligence methods for problem solving andlearning in open and weak-theory domains. An example of such a domain is medical diagnosis andtreatment. Since there exists no neat theory from which to deduce conclusions for these type ofdomains, we have to rely on abductive methods that combine several types of available knowledgein interpreting a problem situation, generating and evaluating hypotheses, building explanations tosupport or reject them, etc. For this type of domain and inferencing, we are exploring the combinedutilization of specific experiences in terms of past cases with a presumably extensive, multi-relational model of general domain knowledge [Aamodt 91]. The purpose of introducing context asan explicit notion is partly to better �ground� the knowledge model in the real world environment,i.e. to improve solution quality, and partly to more quickly focus on the right relations and concepttypes, i.e. to improve problem solving efficiency. Aterm often used in relation to context is�perspective�. Perspective, in our account, is the set of relevant aspects one takes into considerationwhen accomplishing a particular task. The use of context to identify appropriate perspectives, andthe use of perspective as a kind of filter or lens into a multi-task, multi-perspective knowledge base,is a core mechanism in our approach. In the next section we give an account of how we assess the role of context at a general level, i.e.in a task-independent way. This is followed in section 3 by an identification of possible contexttypes and elements, as suggested by cognitive science research. In section 4 we present a contextontology that makes explicit the different types of context elements relevant to problem solving andlearning. Section 5 discusses perspectives, while in section 6 a model of context related to medicaldiagnosis and treatment is presented. In section 7 we describe how this model may be used toconstrain and focus knowledge-intensive case-based problem solving and learning in this domain.The final section discusses the results and points out future research issues.2 The role of context - relevance and focus In attempting to make a theoretical account of context, we have noticed that a large number ofresearchers have studied context related to a specific area or a specific problem, isolated from other

22context studies. An important question is whether there may exist some aspects that are shared byseveral researchers or research communities that study context effects. Adistinction between theelements of the context and the roles of the context may help answering this question. Studies showthat the identification of context elements heavily depends on the type of task and domain in question.On the other hand, the role that context plays can be generalized over specific tasks and domains. Wewill therefore start out by assuming that the role of context does not show much variance acrossdomains or tasks, whereas the elements of a situation that play these role do. The notions of relevance and focus capture the essential aspects of context roles. Relevance refers tothe usefulness of a solution to a problem in a particular environment. In problem solving, there existessentially several lines along which to reason, and often, several alternative solutions to a problem.Context plays an important role in choosing the most relevant candidate. For example, recommendingan angioplasty in a hospital which lacks the necessary instruments will not be useful. At a moredetailed level, context is important for the generation and evaluation of explanations. People askingwhy an airplane crashed will not be satisfied with the answer, �because of gravity�, even though thisis not wrong. A possible acceptable answer should convey an anomaly that occurred, for example, inthe engine of the plane. General, principled knowledge (text book knowledge) does not changeacross its users or the situations in which it is used. However, the use of principled knowledge isrelative to the context in which it is applied. Relevance is, therefore, directly proportional to thequality of the solution produced for a problem. The other main role of context in problem solving and learning is its focusing ability. Focus isimportant, for ensuring efficiency of the problem solving process while maintaining relevance. Atany point, the attention of a person is focused on particular issues and aspects. Generally, people face a huge search space. Pruning of some parts from the search happens throughfocusing the attention only to particular regions of the memory, as early as possible. Context servesas a focusing mechanism through determination of goals, and epistemological and physical needs ofthe reasoner in order to accomplish the tasks that active goals evoke. In this work, we put a special emphasis on the influence of context on two important reasoningtasks: memory use and action planning. Memory is of crucial importance for intelligent behaviour. Itwas, in fact, memory studies that alerted some influential researchers to the importance of context[Tulving 73, Eich 80, Baddeley 82a-b, Thomson 88]. The retrieval process undergoing rememberingmay involve free-recall, cued recall or recognition, depending on the number of available cues and onhow specific these cues are. Memory is said to be context-dependent when context improves theretrieval process. The task of action planning involves interaction with the real world. For example,in a medical setting, the diagnosis process includes information gathering actions such as measuringblood pressure and taking X-rays. The process of action planning should consider the resourcesavailable, as well as the policy to be adopted in a particular situation.3 The elements of context - psychological studies Despite the fact that cognitive psychology has mainly concentrated on studying contextual effects fortasks such as verbal learning and face recognition, these studies can assist our investigation ofcontextual effects in problem solving. The initial studies of retrieval and the relationships between recall and recognition suggested contexteffects on retrieval, and context has been one of the primary mechanisms used in memory theories.[Anderson 73, Kintsch 74, Thomson 88]. The results of experiments, however, agreed on theexistence of context effects in retrieval but differed in their account of how context influenced recalland recognition. A number of verbal-learning researchers reported context effects in recall, but not in recognition.These studies arranged experiments where words were learned and tested either in the same ordifferent contexts. For example, learning happened on land and was tested under water [Godden 75],or learning and remembering was tested in one room versus another (see [Smith 86] for review). Theresults announced that the reinstatement of the context resulted in better recall but did not influencerecognition. Another type of experiment which has drawn considerable attention is state-dependentlearning. In these experiments, the internal state of subjects are induced by alcohol orpharmacological means. Results show that state-dependent learning is observed to some degree onrecall but not on recognition [see Eich 80]. One of the first attempts to distinguish between context types is due to Hewitt (referred to inTiberghien [86]). According to his distinction, context elements can be classified into intrinsic orextrinsic ones. The intrinsic context elements are connected to the target item, while extrinsic ones arenot actually part of the item in the memory. For example, the color of the wall of the room wheresubjects learned verbal targets is an extrinsic context element, while the color of the printed words

33read is an intrinsic context element. Hewitt’s extrinsic context elements are predicted to assist recall,but not recognition. However, the findings of another group of experiments on verbal learning contradicted theseresults, since they also detected context effects on recognition. For example, subjects were shownsentences containing a noun and adjective pair at learning time. At recognition time, they were askedto decide whether the nouns in the sentences were seen at learning time. Some of the nouns werepaired with the same adjectives as at the learning time, some were paired with different adjectives.The nouns paired with the same adjectives at learning time was better recognized. An example is thesentence� The CHIP DIP tastes delicious�. At retrieval time the recognition of CHIP in a sentencecontaining CHIP DIP (a kind of sauce) pair was superior to when the pair was SKINNY DIP (a way toswim). Other empirical findings that show context effects on recognition come from face recognition andeyewitness studies. In a number of studies, the face learning process is modified by instructions suchas �assess the honesty of the face� or �assess the relationship of that face with the one in thebackground�. Experiments showed that the changes in context such as face associations andinstructive cues resulted in decreased recognition accuracy, at test time. Theories have been developed to explain such a variety in the empirical findings. Tulving [Tulving73] suggested his encoding specificity theory based on a distinction between episodic and semanticmemories. The theory maintains that, �An encounter with a word results in the creation of a uniquetrace....� [Watkins 75], and implies that a subject does not learn, for example, words butexperiences. This principle, consequently, asserts that a better retrieval is conditioned on the closerresemblance between learning and retrieval situations, and thus makes clear the role of contextelements both in learning and retrieval. The emphasis is on two aspects: The existing retrieval cuesand the characteristics of the past encoded episodes. What improves the retrieval is the degree ofmatch between these two. The statement that,�Specific operations performed on what is perceiveddetermine what is stored, and what is stored determines what retrieval cues are effective in providingaccess to what is stored� is accommodated also by experiments reported in [Barclay 74]. Theyshowed how the word PIANO could be encoded differently when its different aspects areemphasized at the time of encoding. The subjects were given sentences such as �the man tuned thepiano�, or �the man lifted the piano�. The cues �something melodious� and �something heavy� areused at retrieval time. The recall of piano was higher when the cue was �something melodious� andthe learned sentence was �The man tuned the piano�, and similarly when the cue was �somethingheavy� and the sentence was �The man lifted the piano�. This implies that only specific aspects ofpiano was encoded each time, and the combination of the cue and the original encoding wasnecessary for the recall. Craik and Lockhart�s levels of processing hypothesis [Craik 72] explainshow the nature of the process affects encoding. It elaborates the encoding specificity theory in that itnotices that the depth of the process underlying learning determines what to encode. Realizing that Hewitt�s context taxonomy fails to account for some of the empirical findings, andbeing inspired by the above-mentioned two principles, Baddeley suggested a distinction betweeninteractive and independent context types. Baddeley�s formulation is based on the role of context inlearning, as well as in retrieval. He argued that interactive context �influences the memory tracedirectly by affecting the way in which the stimulus is encoded� [Baddeley 82], whereas independentcontext and stimulus are processed without interaction between them. Independent context bears apurely arbitrary relationship with the material learned. As such, it does not determine theinterpretation of the material. �The concept of interactive context places the emphasis on theprocessing carried out by the subject rather than on the characteristics of stimulus material� [Baddeley82]. Regarding the question of the relationship between recall and recognition, Baddeley favors a two-stage recall model where the candidates are accessed in the first stage. In the second stage, which herefers to as the recognition stage, the discrimination occurs [Baddeley 90]. Baddeley suggests thatonly interactive context elements affect the recognition stage while independent ones may also affectthe candidate generation stage of recall. This may serve as a plausible explanation for why someenvironmental features affect verbal learning and face recognition, while others do not.4 A model of context - a high-level ontology Our starting point for a context ontology is that problem solving is a deliberate process in which twobasic elements are the agent and the external situation in which the problem solving occurs. We donot study problem solving separate from the problem solver, as has traditionally been done in AI.The behaviour of an agent is shaped on the basis of two important factors: its own personalcharacteristic or state of mind, and the characteristics of the problem with which it is occupied. Our

44interpretation of the findings from experiments described in section 3 highlights two important factorswhich help to recognize context typing. One is the nature and demands of the process that takes placeduring learning and remembering, the other is the ground facts that happen to exist in a situation. We propose a distinction between internal and external context types in order to reflect these factors,where internal context relates to the former, and the external one reflects the latter factor. The keycriteria for this distinction is the deliberate activity of subject’s mind. The aspects regarding the agentis referred to as internal context. By this distinction, we emphasize the active role of the subject infulfillment of various tasks. The type of cognitive process behind the reasoning is partly decided bythe agent itself. The selection of the type of process can be imposed by giving instructions. This wasthe case in the experiments related to face recognition. The other alternative is that the subject himselfdecides how to process the material. This is particularly important in rather complex tasks such asproblem solving, where the agent essentially replaces instruction with his own choice of cognitivebehaviour. In our account, the agent’s decisions regarding encoding details are shaped by his goals,hypotheses, and expectations, i.e. the internal context. External context, in turn, has two distinct groups of elements: those related to the target and thoserelated to the environment. External context elements basically stay static during problem solving.That is, external context comprises the static facts in the problem solving situation. For example, in aclinical setting, the agent is the clinician (the reasoner), the target is the patient case, and theenvironment is the place where diagnosis and treatment occur. At the next level of specialization, theinternal and external contexts are divided into interactive and independent types - in agreement withBaddeley�s distinction. We also differentiate internal-context into interactive and independent, whileBaddeley concentrates on external context. That is, he identifies what external context elements areindependently or interactively encoded. The top-level ontology is shown in Figure 1. Here the twotypes of external context, target-related and environment-related, are modeled explicitly. Notice the difference between our criteria and Hewitt�s regarding the classification of contextelements. Our classification takes the agent (i.e. the reasoner) as the main criterion, while Hewitt�sdistinction is based on the target as criterion. Hence, in our work, the distinction between internal andexternal context is relative to the agent, while Hewitt�s distinction is relative to the target. Inattempting a mapping, our target-related context resembles Hewitt�s intrinsic context while ourenvironment-related one resembles his extrinsic context. Some examples may help to clarify the notion of context typing. First, the independent type: Inmedical settings, what the patient was wearing is of type target-related under external context,whereas the color of the examination room is of type environment-related. On the other hand,whether the clinician has short hair is of type �independent internal context�. Regarding interactivecontext, for diagnosis and therapy tasks, goals and predictions (hypotheses) of the clinician are oftype �internal-context�, while the pregnancy condition or previous diseases of the patient are target-related. The characteristics (i.e., the conditions and constraints) of the place where the patient-clinician encounter occurred are of type environmental-related contextual aspects. For example, it isimportant whether the place is a well-established hospital or an emergency tent in a forest.5 Perspectives - the importance of internal-interactive contexts Researchers from various communities studying areas such as the generation of explanations, usermodeling in communication, natural language processing, and human-computer interaction have allacknowledged the importance of perspective ([Suthers 91], [Mittal 93], [Pichert 77], [Lester 91]).For example, regarding text comprehension, Pichert and Anderson [Pichert 77] argue that �if, forwhatever reason, people take divergent perspectives on a text, the relative significance of textelements will change�. Apresumption underlying the notion of perspective is that concepts arerepresented as a set of features, and not all the features of an item become activated each time the itemis encoded. Each episode that contributes to the encoding of a concept refers only to a subset of thesefeatures. The task context in which a concept is presented determines that particular subset ofencoded features. The importance of taking into account the type of task to be accomplished hasrecently been recognized ([Barclay 74], [McCoy 89], [Edmondson 93], [Cahour 93]). Task demands determine which aspects of a concept will currently be interactively processed,including both non-contextual and contextual features and cues. A coherent set of aspects constitutes

55 contextinternal-contextexternal-contextinteractive-internalindependent-internal contexttarget-relatedenvironment-relatedindependent-target context contextcontextcontextinteractive-targetcontextinteractive-contextindependent-contextenvironmentalenvironmental FIGURE 1. Context ontology emphasizing the active role of the reasonera perspective. For example, the feature weight of the piano is not activated with respect to a going-to-piano-concert event, but it is activated in other contexts, such as when the piano is to be moved. So,each type of task needs only a portion of the domain knowledge for its accomplishment. Our account of the relation between the notions of context and perspective establishes a chain thatstarts at the goal. The goal determines the task necessary for its achievement. Once selected, the taskthen contributes to imposition of the perspective. The internal interactive context element, goal isthus a primary factor for identification of perspective. The goal of moving a piano, for example,makes the feature �weight� relevant. It is commonly agreed that goals are of crucial importance forcontextualized problem solving and learning (e.g. [Ram 91], [Leake 93], [Bogdan 94]). Similarcontext elements that contribute to an appropriate perspective are the predictions, expectations andbackground of the reasoner. As a result, internal context has a role in determining which features, including both external contextand focal cues, that are relevant in a particular situation, and how relevant they are. In other words,internal interactive context determines the interactivity of external-context related features as well asnon-context ones. Regarding external context elements, this influence is particularly important fortasks in which available information is incomplete, that is, focal retrieval cues are not sufficient toaccess target concepts unambiguously. In such cases, the context cues may strongly influence thedegree of match between the present material and a past encoded material. Hence, internal interactivecontext is the main context type that imposes a perspective, which in turn determines thecharacteristics of both encoding and retrieval.6 Context in clinical problem solving Two tasks in which a clinician extensively uses context elements are generating hypotheses aboutthe cause of a failure, and planning actions. Hypothesis generation is often achieved by retrievingpast episodes where similar features have been experienced [Tulving 73, Schank 82]. This task isrelated to the context dependency of memory, which we have elaborated in earlier sections. The other task for which a clinician utilizes context elements is the planning of actions. Observedfrom a distance, the clinician asks the patient questions, makes measurements, orders tests,prescribes medicine, etc. These actions are not arbitrary but controlled by external constraints. Forexample, in case of deciding which of various therapeutic actions to prefer, the knowledgeconcerning which medicines have fewer side effects will play a role. Controlling and planning actionsutilizes other types of context elements than when generating hypothesis. For example, whether thepatient has been operated for a fault in heart septum would probably not affect the selection ofantibiotic to be used, but it is a rather relevant finding when generating diagnostic hypotheses. In diagnostic tasks, the target-related external context elements comprise enabling conditions for thedevelopment of a fault. Once established, the fault, in turn, leads to a set of consequences. In clinicalreasoning the patient�s personal information constitutes the enabling conditions while symptoms andsigns reflect the consequences. Thus, the distinction between context and non-context features in adiagnosis task is based on whether the features existed independent of and before the development ofthe disease. Figure 2 shows the relationship between external-context, disease, and the consequences of thedisease. The relationship between a disease and a focal-cue (i.e., consequence) is a �causes� relation;that is, a disease CAUSES a consequence. This means that consequences become true after thedevelopment of the disease. On the other hand, the relationship between context elements anddiseases are �predisposes� and �triggers�; a context-cue PREDISPOSES a disease or a context-cueTRIGGERS a disease. Predisposing and triggering context cues collectively constitute enablingfactors. For example, context cues such as age, sex, and earlier septum operation are predisposingfactors for the disease infective endocarditis, while a recent dental operation can be a triggering

66factor. This is similar to the distinction between your leaving the door of your apartment open(predisposing factor), and a thief passing by your apartment (triggering factor). Given our context model, we may enhance a domain model with an explicit representation ofcontext. Domain knowledge that comprises the knowledge of facts regarding a particular domain isrepresented as three distinct, but yet closely connected components:�core-domain�, �external-context-domain«, and �internal-context-domain�. Figure 3 shows these three types of knowledge as different planes. Core domain knowledgeconsists of the knowledge needed to be able to come to any solution independent of time constraintsand situation. The external-context-domain contains knowledge related to external-context elementsand usually consists of relevant aspects from several domains, while the internal-context-domainconsists of elements of internal context which operationalize the core-domain as well as external-domain knowledge. For example, in the medical context, biomedical knowledge is the core domain, while geographicaland sociological aspects relevant to clinical reasoning would comprise external- contextdomains.These two planes are linked by internal-context elements, i.e., goals, and current andrejected hypotheses of the clinician. development of diseasepredisposes triggers/

causesexternal-contextcuesagesexfamily-medic-historyhabitsprevious-diseasesnutrition-ccndrecent-operationsrecent-therapymedicine-in-userecent-travelsetc.focal cuessymptomssignslab-resultsetc.locationpolicyFIGURE 2: The Boundary between target-related context and non-context cues in medical domain Context related domains also have a vocabulary and an ontology that facilitate an explicitrepresentation of context-related concepts, and this, in turn, makes it possible to reason with andabout context. In most cases, real world problems necessitate problem solving under highly uncertainconditions and with incomplete information.Medical problem solving is an excellent example. An expert clinician always uses his past experiencewhen encountering a new case. In this reasoning model, the use of past experience happens primarilythrough the retrieval of similar cases from memory. At the start, the available non-context cues are not sufficient for the clinician to remember a pastcase. Therefore, clinicians use various context cues available in the situation. Throughout the wholeprocess of problem solving, he gathers more non-context cues that enable him to solve the problem.In addition, he uses additional cues, namely contextual ones that are already available.

external-ctx-domain internal-ctx-domainhypothesesexpectationscomplaintscore-domainsignssymptomslab-resultsgoalsconcepts related toenabling conditions andlocation FIGURE 3. Domain knowledge augmented with context elements As shown in figure 1, external context is grouped into target-related (i.e. patient contextinformation) and environment-related information. In medical setting, patient-personal-informationincludes age, sex, occupation, economical conditions, earlier diseases, earlier operations, recentoperations, family medical history, patient’s emotions, concerns, level of intelligence, level ofconsciousness, ability to communicate, allergies, and habits. On the other hand, environmental information includes that related to equipment/tool availability,utilities/policies, time constraints, and other external constraints (e.g., spare beds). All elements ofthe external-context are the ground facts present in the situation. These are assumed to be static.Internal context, on the contrary, is more dynamic, and is usually changed by the reasoner duringproblem solving. It includes the goals of the reasoner, current predictions (hypotheses), failed

77predictions (e.g., ruled out hypotheses), and expectations (consequences of hypotheses, expectedresults from actions, etc.)7 Context in explanation-driven case-based reasoning Our research group is pursuing methods for knowledge-intensive, explanation-driven case-basedreasoning within open and weak-theory domains (e.g. [Grimnes-96]). The context research reportedhere is done within the scope of - and to a large extent motivated by - this approach. The knowledgemodel in the Creek system [Aamodt 94a] is a dense semantic network, where each node (concept)and each link (relation) in the network is explicitly defined in its own frame. Aconcept may be ageneral concept, a case, or a heuristic rule. It may describe domain objects as well as problem solvingmethods and strategies. The case-based method of Creek relies heavily on an extensive body ofgeneral domain knowledge in its problem understanding, similarity assessment, case adaptation, andlearning. Cases, as well as general domain knowledge and information, are captured in a frame-basedrepresentation language implemented in Lisp [Aamodt 94b]. The underlying case-based interpreter in Creek contains a three-step abductive process of 1)activating relevant parts of the semantic network, 2) explaining derived consequences and newinformation within the activated knowledge structure, and 3) focusing towards a conclusion thatconforms with the task goal. This �activate-explain-focus� cycle is a general mechanism that has beenspecialized for each of the four major reasoning tasks of the CBR cycle, as illustrated in Figure 4.The extensive, explanation-driven manner of utilizing general domain knowledge in the CBRsuggests distinguishes Creek from most other CBR systems.

Retrieve Reuse Revise

ActivateExplainFocusActivateExplainFocusActivateExplainFocus

ActivateExplainFocusRetain FIGURE 4. The CBR process and explanation engine A Creek system has the potential to learn from every problem solving experience, either by storingthe problem just solved as a new case, or by updating indexes. A new case is also created after aproblem has been solved from rules or from the deeper knowledge model alone. The user is assumedto actively take part in both the problem solving and learning processes, e.g. by assessing hypothesesthat the system cannot confirm or reject itself, supplying missing information, etc. In our clinical diagnostic problem solving model, two types of cases are considered: referred to asexplanation cases and plan cases. The first is the encoding of the explanation that connects therelevant features to the disease. The second is the encoding of a plan that includes a sequence ofdiagnosis and therapy actions, such as defining an examination protocol, selecting the way toperform a particular test, recommending a treatment, etc. A part of diagnostic task structure isillustrated, related to an example run of the prototype implementation. The upper part of the figureshows the task hierarchy linked to some example cases used in the example run below. To achieve adiagnostic goal, two subtasks must be invoked: Generating a diagnostic hypothesis, and evaluatingthe hypothesis. As shown, cases of type explanation-case are used for hypothesis generation. Theycontain solutions that are regarded as diagnostic hypotheses. Plan cases are used in the evaluationstep.Generation of hypotheses: The task of generating hypothesis involves retrieving a set of candidatecases from the case base, followed by selecting the best one. This case is then evaluated. The inputsto the task of generating candidate cases are the current goal, the new case, and the case base fromwhich the candidate cases will be generated. The output is a set of candidate cases. The secondsubtask of hypothesis generation, selection of the best case, takes as input the set of candidates, thenew-case, the general domain knowledge base, and knowledge related to the task. The output is themost similar case to the new case. In psychological terms, this type of retrieval is a �cued recall�. Weadopt the two-stage recall model (see the last part of section 3) where the first stage generatescandidates, and the second selects the best candidate. The second stage can be viewed as recognition. For candidate generation, all the cases having at least one relevant feature that also exists

88Selection ofthe best case case#113case#114case#113case#10case#146Explanation case basecase#146case#113case#114Plan case base

newcase knowledge onthe current taskcurrent goal

generaldomainknowledge base

Generation of candidate casesNEW-CASE has-sex female has-age 30-years-old has-occupation unemployed has-prev-disease aortic-valve-disease has-recent-therapy acupunctur has-findings low-bp sweating has-location well-established-hospitalDIAGNOSE &TREAT TREAT DIAGNOSE GENERATE

GENERATEPLAN EVALUATE case#130has-type: plan-casegathers-info: high-fever fatique has-location : well-established-hospitalcontrol-schema: action-21 action-36 action-90 action55case#113HYPOTHESESEVALUATEHYPOTHESIS. . . . .EXCERPT FROM OUTPUT:Starting Problem Solving. . GOAL: g-diagnoseStarting the task Generate Hypotheses..Starting the task Generation of Candidate Cases..Candidate cases are: case#146, case#113, case#114Starting the task Selection of the best case... . . . .Evaluation of case#113:Hypothesis is Endocarditis. . . .Attemting to �nd path from DENTAL-SURGERY to AORTIC-VALVE-DISEASEAttempting to �nd path from DENTAL-SURGERY to ACUPUNCTURAttempting to �nd path from CALCIFIC-AORTIC-STENOSIS to ACUPUNCTURAttemting to �nd path fromFARMER to UNEMPLOYEDAttemping to �nd path from 22-YEARS-OLD to 30-YEARS-OLD. . . . The result of Similarity Match between the new case and case#113:((#S(Expl-struct :SLOT (HAS-AGE) :FROM 22-YEARS-OLD to 30-YEARS-OLD :METHOD. . (22-YEARS-OLD INSTANCE-OF ADULT HAS-INSTANCE 30-YEARS-OLD)((#S(Expl-struct :SLOT ( HAS-RECENT-SURGERY HAS-RECENT-THERAPY HAS-PREV-DISEASE HAS-HABIT) :FROM DENTAL-SURGERY :TOACUPUNCTUR :METHOD (DENTAL-SURGERY

taskinformation/knowledgetask decompositiondata/knowledge flowPLAN INSTANCE-OF BACTERIEMIAE-PROVOKING-FACTOR HAS-INSTANCE ACUPUNCTUR) Attempting to �nd path f from DRUG-ABUSE to UNEMPLOYED((#S(Expl-struct :SLOT ( HAS-RECENT-SURGERY HAS-RECENT-THERAPY HAS-PREV-DISEASE HAS-HABIT) :FROM DRUG-ABUSE :TO UNEMPLOYED :METHOD (DRUG-ABUSE CAUSES IMMUNOSUPRESSION CAUSED-BY MALNUTRITION CAUSED-BY BAD-ECON-SI T ASSOCIATED-WITH UNEMPLOYED ) . . . . . . . . .case#130case#5case#112

has-type: explanation-casehas-sex: femalehas-age :22-year-oldhas-prev-disease: calcific-aortic-stenosishas-recent-surgery: dental-surgeryhas-habit: drug-abusehas-findings : low-bp high-fever fatique high-sedimentation vegetationhas-solution: endocarditis

FIGURE 5: Diagnosis tasks, case structure, and excerpt from example runin the new case are initially activated. The cases for which the total activation strength (combining allfeatures) exceeds a threshold value are selected as candidates.The selection of the best case is basedon the similarity judgment of candidate cases. Similarity can be exposed directly or indirectly. Directmatch occurs when two cases have identical slot-value pairs, e.g, both cases having has-sex:female.Indirect match happens when a path between slot values of the two cases is found in the generaldomain knowledge. For example, the information has-occupation:unemployed in the new case has-habit:drug-abuse in case#113 are found indirectly to weakly match, as explained by the path �DRUG-ABUSE CAUSES IMMUNOSUPRESSION CAUSED-BY MALNUTRITION CAUSED-BY BAD-ECON-SIT ASSOCIATED-WITH UNEMPLOYED�. This is illustrated by the explanation structure at thebottom of the figure. This explanation is relevant in the context of the hypothesis endocarditis,established earlier in the example run. The existence of such paths contribute to the similarity of twocases. The strength of this similarity depends on the strength of the relations connecting the conceptson the path, as well as the length of the path. So, the indirect matching process involves a search in

99the general domain knowledge that investigates whether apparently dissimilar features could besimilar through a finer grained matching process. The decision of how extensive this process shouldbe influences efficiency. The task knowledge, together with the generated hypotheses, set up a context which helps toidentify the portions of the general domain knowledge that are relevant for search. As shown in thebeginning of the example run, the explanation cases case#113, case#146, case#114 are candidatecases. The process of selecting the best case involves thoroughly matching each of these cases withthe new case. During the evaluation of case#113, the values of the slots has-recent-surgery, has-previous-disease, has-recent-therapy and has-habit are identified by the task to constitute ameaningful partition in the domain knowledge in order to carry out similarity match. For example, anattempt to match has-recent-surgery:dental-surgery in case#113 and has-recent-therapy:acupuncturein the new case is allowed while matching has-age:22-years-old in case#113 and has-recent-therapy:acupuncture in the new one is prohibited by the task knowledge. The first explanationstructure near the bottom of the figure shows that has-age can only match has-age relation while theother two structures illustrating explanations matching relations has-recent-surgery, has-recent-therapy, has-prev-disease and has-habit. That is, the task knowledge does not specify a partitionhaving the slot combination has-age and has-recent-surgery as a legal one. The local context thatdefines the legal slots for matching are listed in the :slot part of the explanation structures. Thehypothesis, that is the solution of case#113, in this example is endocarditis. In the general domainmodel (not shown) endocarditis is associated with being adult or elderly. The patients of both new-case and case#113 have been inferred to be adults during similarity matching. This indicates thatthese two cases are similar regarding age, in the context of endocarditis. This may not be so incontexts of other diseases. Therefore, when matching similarity of cases, a relevant region in generaldomain knowledge is identified as having concepts and relations circumscribed by a hypothesis and apartition which is specified by the task. Evaluation of hypotheses: The solution of the best case is now the hypothesis which will beevaluated. Atypical characteristic of new cases in a medical setting is that they contain incompleteinformation. Therefore, an information-gathering process begins, in order to determine whetherother consequences of the hypothesis (the disease) are also present in the new situation. The retrievedcase guides the information-gathering process. The goal is now to collect data on the findings onwhich the retrieved case has information while the new one does not. The task of evaluatinghypotheses invokes two subtasks: Generate plan task, and evaluate plan task. Generation of plansoccurs by retrieving past plans from the case base. The process of plan evaluation involves executingthe retrieved plan. A plan is indexed with the �information goals�, i.e, features to be gathered. Thesefeatures refer to the consequences expected to be present if the hypothesis (the disease) is correct. Forexample, assume that the retrieved explanation case has solution endocarditis (current hypothesis)which is expected to cause low blood pressure, and that the new case lacks information about bloodpressure. One of the information goals becomes � blood pressure �, and a plan to gather thisinformation, among others, will be retrieved. Aplan case also includes the set of actions to take inorder to gather such information. Another part of plan indices consists of external context elementsthat may influence the action selection. For example �location� captures information about theavailable resources in the environment. When the location is a �well-established hospital�, in order tomanage bleeding, two alternative actions, �blood transfusion� or �use packed red blood cells�, areboth possible. In a village, on the other hand, packed red blood cell may not be available. Thus, for auseful plan retrieval, plans are indexed by location, among other external context elements. Anexample plan case is shown as case#130. Notice that in plan case retrieval as well as explanation case retrieval, we utilize interactive externalcontext elements only, and not independent ones, despite that findings from empirical studies incognitive science agreed on independent context assistance when generating candidate episodes(cases). The reason is that the important point in clinical problem solving is not to remember completepatient cases, including information of type independent patient context such as skin color. It isessential to remember a patient showing similar signs and symptoms related to the same enablingconditions. Furthermore, this type of context (e.g., independent-target-context) information willgenerally be different in new and past cases. Consequently, taking these context elements intoconsideration would mean deliberately decreasing the retrieval performance. Knowing this and beingable to decide which context elements should effect the retrieval (people may not have this possibilityas this may partly be an unconscious decision), we prefer to ignore context elements that willnegatively impact the retrieval performance. Therefore, for example, independent-target-context isignored.

10108 Summary and Conclusion Most existing computational systems assume a single world that results in a decontextualizedknowledge base. On the other hand, systems that attempt to take contextual effects into account oftendo so implicitly and arbitrarily. For example, in some rule based systems, context related knowledgeis spread into rules, without any explicit way of reasoning with it. The existence of context in suchsystems (of which MYCIN was an early and simple example), is occasional rather than deliberate.So, in the reasoning process such context knowledge has no distinct role. Because of the nature of the clinical diagnostic task, the retrieval cues do not sufficiently restrict theretrieval. This resembles the problem with ambiguous words. Selecting the relevant meaning of aword needs contextual assistance. It is the context that determines which interpretation is the relevantone. Similarly, given a limited set of features that may be observed in the existence of more than onedisease, any context element that can help in narrowing the number of possible interpretations wouldbe of crucial help. Future knowledge-based systems need to become more flexible. The flexibility of a system can beensured by explicitly representing various situations in which the system may apply, and allowing forpartial matching of new problems to those situations. What is necessary for a flexible system? Twoimportant factors are the capability to represent diverse circumstances in which a behaviour mayemerge, and the ability to effectively utilize such knowledge. Context knowledge is utilized inchoosing between alternative lines of reasoning. In this way, context serve a means for pruning thesearch in the problem space. In summary:•It guides the search process in the solution space by imposing pragmatic biases, such asapplicability. This is mainly achieved by use of external context. External context imposesconstraints for choosing a method, a specific line of reasoning, which in turn leads to a morerelevant and qualitatively better solution.•It guides the process of finding a plausible solution. That is, it reduces the search for a plausiblesolution by applying a more dynamic and guided search. This is achieved mainly by the internalcontext. Internal context imposes perspective via the problem solving goal, which in turn leads toa more focused and efficient reasoning process.The aim of the research reported here is to investigate how context can be taken into account inproblem solving and learning, specifically diagnosis and treatment. In that sense, we share similarconcerns with researchers who are interested in the � practical� aspects of context related toknowledge modeling and reasoning (e.g., [Abu-Hakima 95],and [Turner 94]). We feel, on the otherhand, that studying the more theoretical and psychological aspects of the context is helpful inachieving this goal. The way we utilize contextual knowledge differs from [Abu-Hakima 95], asthey are inspired from McCarthy�s axioms when defining context. Turner adopts a schema-basedapproach where contextual knowledge is represented in form of schemas. Our approach differsfrom Turner�s work primarily in that we use cases instead of schemas to capture episodic contextualknowledge. Maintaining unique episodes as cases, instead of generalizing them to schemas, does notabstract away details that may be useful for the problem solving process. Since it is left to theproblem solving process to decide what to reuse of a past experience, and make the necessarygeneralizations on the basis of the actual problem situations instead of a predicted one, flexibility isgained. The emphasis on problem solving goal as the major context determining factor is important, as isalso described by other researchers. Ram and Hunter [Ram 91] emphasize the importance of�knowledge goals� that capture the reasoner�s specific desires to acquire or infer information. Leakeand Ram [Leake 93] supports the view that goals have a focusing effect on learning, and influenceswhat to learn from an experience. So far, we have concentrated on the problem solving aspects ratherthan learning aspects. Knowledge goals corresponds to what we refer as internal context. Theinfluence of a goal in our model can be summarized as follows: The goal determines the task, whichin turn specifies useful slot partitions. The slot partitions (subsets of relations), together with thecurrent hypothesis, imposes a perspective on the domain knowledge. Work currently in progress include context effects on case learning, specializing the modelingframework for the medical domain, and extending the experimental prototype.9 References[Aamodt 91] Aamodt, A., A knowledge-intensive, integrated approach to problem solving and sustainedlearning, Ph.D (Dr.Ing.) dissertation, University of Trondheim, Norwegian Institute of Technology,Department of Computer Science, May 1991. University Microfilms PUB 92-08460, 1992.

1111[Aamodt 94a] Aamodt, A., Explanation-driven case-based reasoning, In S. Wess, K. Althoff, M. Richter(eds.): Topics in Case-based reasoning. Springer Verlag, 1994. pp 274-288.[Aamodt 94b]Aamodt, A., A Knowledge Representation System for Integration of General and Case-Specific Knowledge. Proceedings from IEEE TAI-94, International Conference on Tools with ArtificialIntelligence. New Orleans, November 5-12, 1994.pp 836-839.[Abu-Hakima 95] Abu-Hakima, S. and Brezillon, P., Principles for the application of context indiagnostic problem solving, in Working notes of the IJCAI-95 workshop on �Modelling context inknowledge representation and reasoning�, eds. Brezillon, P. and Abu-Hakima, S. , 1995[Anderson 73] Anderson, J. R. and Bower, G. H. , Human associative memory, Winston, 1973[Baddeley 82a] Baddeley, A., Depth of processing, context, and face recognition , in Canadian Journalof psychology, 1982, Vol. 36, No. 2, pp. 148-164.[Baddeley 82b]Baddeley, A., Domains of recollection , in Psychological Review, 1982, Vol. 86, no.6,pp.708-729.[Baddeley90] Baddeley, A. Human memory, Lawrence Erlbaum , 1990[Barclay 74] Barclay, J.R., et.al., Comprehension and semantic flexibilty, in Journal of Verbal learningand verbal behaviour, vol 13, pp 471-481, 1974.[Bogdan 94] Bogdan, R. J., Grounds for Cognition: How goal-guided behaviour shapes the mind,Lawrence Erlbaum associates, 1994.[Brezillon 93] Brezillon, P. , Proceedings of the IJCAI-93 Workshop on �Using knowledge in itsContext�, Laforia[Cahour 93] Cahour, B. and Karsenty, L., Context of dialogue: A cognitive point of view, in [Brezillon93] , pp 20-29[Craik72] Craik, F. I. M. and Lockhart, R. S. , Levels of Processing: A framework for memory research,in Journal of verbal learning and verbal behaviour,1972, Vol.11, pp.671-684.[Dalton93] Dalton, P., The role of stimulus familiarity in context-dependent recognition, in Memoryand Cognition, 1993, Vol. 21 (2), pp. 223-234.[Edmondson 93] Edmonson, W. H., and Meech, J. F., A model for Human-Computer Interaction, in[Brezillon 93], pp. 31-38.[Eich 80] Eich, J. E., The cue-dependent nature of state-dependent retrieval, in Memory & Cognition,1980, Vol.8, pp. 157-173.[Godden 75] Godden, D.R. and Baddeley, A. D., Context dependent memory in two naturalenvironments: On land and underwater. , in British Journal of psychology, 1975, Vol. 66, pp. 325-331.[Grimnes 96] Grimnes, M., Aamodt, A., A two layer case-based reasoning architecture formedical image understanding, in Proccedings of EWCBR, 1996[Kintsch 74] Kintsch, W. The represenation of meaning in memory, Lawrence and Erlbaum, 1974[Leake 93] Leake, D. and Ashwin R., Goal-driven learning: Fundamental Issues and Symposium report,in AI Magazine, winter, 1993.[Lester 91] Lester, J. C., Porter, B. W., Generating Context-sensitive explanations in interactiveknowledge-based systems, AI 91-60 , University of Texas.[McCoy 89] McCoy, K. F., Generating context-sensitive responses to object-related misconceptions, inAI Journal , vol 41, pp 157-195, 1989.[Mittal 93] Mittal, V. O., and Paris, C. L., Context: Identfying its elements from the communicationpoint of view, in [Brezillon 93], p 87-97.[Pichert 77] Pichert, J. W., & Anderson, R. C., Taking different Perspectives on a story, in Journalof Educational Psychology, 1977, Vol.69, No. 4, 309-315.[Ram 91] Ram, A. and Hunter, L., A goal based approach to intelligent Information retrieval, in Machine Learning: Proceedings of the 8. International Conference, 1991, pp 265-269[Schank 82] Schank, Dynamic memory: A theory of learning in computers and people. CambridgeUniv. Press.. [Suthers 91] Suthers, D. D., A task-apropriate hybrid architecture for explanation, in ComputationalIntelligence, vol.7,1991.[Tiberghian 86] Tiberghian, G. Context and cognition: Introduction, in Cahiers de psychologiecognitive. European bulletin of cognitive psychology, 1986, Vol.6, No. 2, pp. 105-119.[Thomson 88] Thomson, D. M. and Davies, G. M. Memory in context: Context in memory, Wiley, 1988.[Tulving 73] Tulving, E. and Thompson, D. M., Encoding specificity and retrieval processes inepisodic memory., in Psychological Review, 1973 , Vol. 80, pp. 353-370. [Turner 94] Turner, R., Adaptive reasoning for real-world problems, Lawrence Erlbau associates, 1994[Watkins 75] Watkins, M. J., and Tulving, E., Episodic memory: When recognition fails, in Journal ofexperimental psychology:General, 1975, vol. 104., No.1, 5-29.