
Extracting Viewpoints from Knowledge Bases�Liane AckerIBM Corporation11400 Burnet RoadAustin, Texas 78758acker@austin.ibm.com Bruce PorterDepartment of Computer SciencesUniversity of Texas at AustinAustin, Texas 78712porter@cs.utexas.eduAbstractViewpoints are coherent collections of facts thatdescribe a concept from a particular perspective.They are essential for a wide variety of tasks, suchas explanation generation and qualitative model-ing. We have identi�ed many types of viewpointsand developed a program, the View Retriever,for extracting them from knowledge bases, eithersingly or in combinations. The View Retrieverprovides a general solution to the central prob-lem in extracting viewpoints: determining whichfacts are relevant to requested viewpoints. Ourevaluation indicates that viewpoints extracted bythe View Retriever are comparable in coherenceto those people construct.1 IntroductionThe objective of this research is to develop computa-tional methods for extracting viewpoints from knowl-edge bases. Intuitively, a viewpoint is a coherent collec-tion of facts that describes a concept from a particularperspective. For example, three viewpoints of the con-cept \car" are: the viewpoint \car as-kind-of consumerdurable," which describes a car's price and longevity;the structural viewpoint, which describes a car's partsand their interconnections; and the viewpoint \car as-having metal composition," which includes facts, suchas a car's propensity to dent and rust, that are relatedto its composition.The need for viewpoints by knowledge-based pro-grams is widespread. For example, many explanation-generation systems require viewpoints to produce ex-planations that are complete and coherent (Suthers1991; McKeown 1988; Lester & Porter 1991; McCoy1989; Moore & Swartout 1988). Qualitative modelingsystems use viewpoints to increase e�ciency and to�Support for this research was provided by an IBMGraduate Fellowship to Liane Acker, a grant from the Na-tional Science Foundation (IRI-9120310), a contract fromthe Air Force O�ce of Scienti�c Research (F49620-93-1-0239), and donations from the Digital Equipment Corpo-ration. This work was conducted at the University of Texasat Austin.

make consistent modeling assumptions (e.g.,the modelfragments of (Falkenhainer & Forbus 1991), the viewsof (Forbus 1984), and the ontological perspectives of(Liu & Farley 1990).) Finally, KI (Murray & Porter1989), a learning program, uses viewpoints to constrainits search for the consequences of adding new informa-tion to a knowledge base.Conventional methods for accessing knowledge basesdo not provide direct access to viewpoints. Somemeth-ods extract individual facts, such as the �ller of a par-ticular frame-slot. Others extract collections of facts,such as all the slots and �llers of a particular frameor those satisfying a Prolog-like query. Indisputably,these access methods can be used to extract viewpointsthrough a sequence of invocations. However, they ig-nore the central problem in extracting viewpoints: de-termining which facts to include in a viewpoint. Theadvantage of our access methods is that they provide ageneral solution to this problem (as described in Sec-tion 2), and the viewpoints extracted by our methodsare comparable in coherence to those people construct(as described in Section 3).2 The View RetrieverOur methods for accessing viewpoints are implementedin a program called the View Retriever (a term �rstproposed by Suthers (Suthers 1988)). The input to thisprogram is a viewpoint speci�cation and the output isa collection of facts. The task of the View Retriever isto determine which facts constitute the speci�ed view-point and to request them from the knowledge base.Whether the knowledge base returns cached facts orcomputes them (using deduction, abduction, or induc-tion) is irrelevant to the View Retriever. Those factsthat the knowledge base cannot provide are not in-cluded in the viewpoint.The View Retriever is used currently with theBotany Knowledge Base, a large system of over 13,000frames and 160,000 cached facts, where a fact is a slot-�ller of a frame. However, it is designed to work for anyphysical domain and to be easily extended to work innon-physical domains, such as those involving abstractconcepts or mental processes.



Production

Photosynthesis

Substance

Substance

Oxygen

Glucose

Chloroplast

ATP

Carbon−Dioxide

Photosynthetic−Cell

producer

location

product

product
location

source
energy

raw
materials

Thing

Thing

Thing

energy
source

raw
materials

producer

WaterFigure 1: The viewpoint of \photosynthesis as-kind-ofproduction", as extracted from the Botany KnowledgeBase by the View Retriever.The way a user (or application program) speci�esa viewpoint and the way the View Retriever extractsit depends on the type of viewpoint. As-kind-of view-points describe concepts by relating them to more gen-eral concepts. Viewpoints constructed along basic di-mensions describe concepts using a cluster of their at-tributes, such as functional, structural, or perceptualattributes. As-having viewpoints include the facts per-tinent to a given attribute.As-kind-of ViewpointsAn as-kind-of viewpoint describes a concept in termsof a more general concept. For example, the view-point \photosynthesis as-kind-of production" consistsof those facts that explain how photosynthesis is a spe-cial case of production, such as its raw materials andproducts. Figure 1 shows a portion of this viewpoint.The speci�cation of an as-kind-of viewpoint is of theform:(hprimary concepti as-kind-of hreference concepti)where the primary concept is the one the viewpoint willbe taken of and the reference concept is a generaliza-tion of the primary concept (although not necessarilyan immediate generalization).The View Retriever extracts as-kind-of viewpointsby selecting relevant facts about the primary concept.A fact is a tuple of the form hslot; filleri; it is consid-ered relevant if some more general fact appears on theframe for the reference concept. The fact hslot0; filler0i

output
energy

form

Chloroplast

location

location

Energy−Transduction

energy
provider

output
energy

form

Energy

Energy

Light−Energy

Carbon−Bond−Energy

energy
form

input

input
energy

form

Photon

Photosynthesis

energy
provider

Thing

Thing

Figure 2: The viewpoint of \photosynthesis as-kind-ofenergy transduction", as extracted from the BotanyKnowledge Base by the View Retriever.is more general than hslot; filleri if any of the follow-ing conditions hold:1. slot = slot0 and filler0 is a generalization of filler.2. filler = filler0 and slot0 is a generalization of slot.3. slot0 is a generalization of slot and filler0 is a gen-eralization of filler.For example, the viewpoint shown in Figure 1 con-tains the fact that photosynthesis produces glucose,because it is known that production processes typi-cally produce some substance and glucose is a specialkind of substance. That is, hproduct;Glucosei appearson the Photosynthesis frame, hproduct; Substancei ap-pears on the Production frame, and Substance is ageneralization of Glucose. The resulting viewpoint in-cludes the links between facts about the primary con-cept and the more general facts about the referenceconcept (see Figure 1).The View Retriever excludes many facts about theprimary concept from the viewpoint. For example,although it is true that photosynthesis converts lightenergy into carbon bond energy, this fact is excludedbecause it is irrelevant to our concept of production(although it would be included in \photosynthesis as-kind-of energy transduction", as shown in Figure 2).Various explanation-generation systems extractknowledge structures similar to as-kind-of viewpoints.The TEXT system (McKeown 1985) uses a function(called the identi�cation rhetorical predicate) to dif-ferentiate a concept from a more general concept.TEXT determines what facts to include using a type ofknowledge called focus constraints: facts are selectedincrementally based on their connection with previ-ously selected facts, rather than a global coherence



criteria. Suthers's system uses a genus-and-di�erentiafunction similar to TEXT's identi�cation predicate(Suthers 1991). McKeown's ADVISOR system con-structs knowledge structures similar to as-kind-of view-points by restricting to prede�ned partitions of theknowledge base the superconcepts from which a con-cept can inherit slot �llers (McKeown 1988).Viewpoints Constructed Along BasicDimensionsIn addition to viewpoints that describe concepts interms of more general concepts, the View Retriever canextract viewpoints along basic dimensions, which aregeneral types of facts, such as facts about an object'sstructure, function, or appearance. (We have borrowedthe term fromMetaphors We Live By (Lako� & John-son 1980), a work that has signi�cantly in
uenced ourcharacterization of viewpoint types.) Below we de-scribe the basic dimensions used by the View Retriever.Basic dimensions for objects:� Structural, which includes the parts or substancesthat make up the object. It also includes the con-nections and spatial relations among them, what wecall interconnection relations. The structural dimen-sion also includes the relative sizes or number of theparts.� Perceptual, which includes information regardinghow humans perceive (see, hear, etc.) the object.This includes the shape, symmetry, size, color, andtemperature of the object.� Functional, which includes what the object \does"(the processes in which it is an actor). The func-tional dimension also includes properties suggestiveof some unspeci�ed process in which the object isinvolved, such as life span and metabolic rate.� Temporal, which includes the temporal parts of anobject (its stages or states). It also includes as in-terconnection relations the temporal ordering con-straints among the stages or states.Basic dimensions for processes:� Behavioral, which includes the types and roles ofthe actors in the process and the changes that theprocess e�ects upon them. Initial and �nal condi-tions of the process are included as well.� Procedural, which includes the steps (subevents)of the process and (as interconnection relations) anytemporal ordering constraints that exist among thesteps.Basic dimensions for both objects and processes:� Taxonomic, which includes the taxonomic break-down of a class of objects or processes into sub-classes. The taxonomic dimension also includes therelative sizes of the subclasses, the criteria for thebreakdown, and (as interconnection relations) infor-mation about which subclasses are disjoint.

� Modulatory, which includes information abouthow one object or process a�ects other objectsor processes. This includes causal relationships(e.g.,causes, enables, prevents, facilitates) and qual-itative in
uences between quantities (e.g.,directly-a�ects, inversely-in
uences, correlated-with).The speci�cation for a viewpoint constructed alonga basic dimension simply names the primary conceptand the basic dimension desired:(hprimary concepti dimension hbasic dimensioni)The View Retriever constructs the viewpoint �rst byextracting facts about the primary concept that belongto the basic dimension, then by adding to the view-point any interconnection relations for the basic dimen-sion. For example, to construct a structural viewpointof a plant seed, the View Retriever �rst selects thoseslots and �llers from the Seed frame that belong tothe structural dimension, including hpart, Seed-Coati,hpart, Embryoi, and hpart, Endospermi. The ViewRetriever then selects interconnection relations amongthe selected parts (seed coat, embryo, and endosperm).For the structural dimension, interconnection relationsinclude connected-to, contains, surrounds, etc. Thus,the resulting viewpoint contains the information thatthe seed is made up of a seed coat containing an em-bryo and an endosperm.To construct viewpoints along basic dimensions, theView Retriever uses knowledge of which slots in theknowledge base are within each dimension. Based onour experience with the Botany Knowledge Base, thisknowledge is easily encoded because the distinctionsmade by the basic dimensions are re
ected in the toplevels of the slot hierarchy.Viewpoints created by the View Retriever along ba-sic dimensions are similar to perspectives as suggestedby Suthers (Suthers 1991) and as used by Romper(McCoy 1989). Unlike our basic dimensions, however,Romper's perspectives are domain-speci�c and includeonly facts about the primary concept; interconnectionrelations are omitted.As-Having ViewpointsAn as-having viewpoint contains all and only the in-formation about a concept that is relevant to somespeci�ed fact about the concept. Its speci�cation hasthe following form:(hprimary concepti as-having hslot, �lleri)To our knowledge, general methods do not exist forextracting as-having viewpoints. Therefore, unlike forthe other types of viewpoints, the View Retriever de-pends on a priori knowledge of relevance to select thefacts that constitute as-having viewpoints.To construct an as-having viewpoint, the View Re-triever �rst looks for a cached as-having viewpoint thatis based on the same fact (slot and �ller), or a moregeneral fact, as the requested viewpoint, but with a



di�erent primary concept. For example, to extract theviewpoint:(Squirrel as-having hagent-in, Seed-Dispersali)the View Retriever �rst looks in the knowledge basefor a related, cached viewpoint such as one of the fol-lowing:1. (Animal as-having hagent-in, Seed-Dispersali)2. (Bird as-having hagent-in, Seed-Dispersali)3. (Animal as-having hagent-in, Transportationi)If a related viewpoint is found, the View Retrieveruses it to determine which facts should be included inthe new viewpoint. It does this by �nding for eachfact of the cached viewpoint a corresponding fact thatis true of the primary concept of the new viewpoint.If the primary concept of the cached viewpoint is ageneralization of the primary concept of the new view-point, then �nding corresponding facts between thetwo consists of �nding facts about the primary conceptof the new viewpoint that are specializations of facts inthe cached viewpoint. If the primary concepts of thetwo viewpoints are siblings, then �nding correspond-ing facts between the two is more di�cult. It requires�nding pairs of facts that share a common abstraction.If a related, cached viewpoint cannot be found in theknowledge base, then the View Retriever constructs as-having viewpoints by collecting all the facts about theprimary concept that are implied by the speci�ed fact,using all the inference rules and mechanisms availablein the knowledge base. This method assumes (some-times incorrectly) that any fact implied by some otherfact is relevant to it. However, it has the advantagethat it does not require viewpoints to be cached in theknowledge base.Ideally, as-having viewpoints would be extracted us-ing a theory of relevance to determine what facts arerelevant. As a �rst step toward such a theory, severalresearchers have analyzed texts to determine the var-ious ways that one fact may be relevant to another(Mann & Thompson 1987; Hobbs 1985). However,these theories are as yet descriptive rather than pre-scriptive, so the View Retriever cannot use them di-rectly.Composite ViewpointsIn addition to extracting individual viewpoints as de-scribed above, the View Retriever can combine them toform composite viewpoints. This involves more thansimply concatenating the contents of two individualviewpoints; it involves putting them into correspon-dence with one another and removing the portions thatdo not correspond. Despite the apparent utility of com-posite viewpoints, we know of no other general meth-ods for extracting them from knowledge bases.The speci�cation for a composite viewpoint has thefollowing form:(composite hviewpoint1i hviewpoint2i hrelationi)
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CoherenceSource Mean �(1) Textbook Viewpoints 4.23 0.56(2) View Retriever's Viewpoints 3.76 0.74(3) Degraded Viewpoints 2.86 0.94(4) Random Collections of Facts 2.62 0.86Table 1: Ten judges rated the coherence of sets of factsfrom four sources (1=incoherent; 5=coherent). A sta-tistical analysis using the T-test with 0.95 level of con-�dence shows no signi�cant di�erence in coherence be-tween sources (1) and (2) or between sources (3) and(4). There is a signi�cant di�erence between all otherpairs.textbook passages) was translated manually into \sim-ple English" to normalize presentation style. The view-points included about equal numbers of as-kind-of ,basic dimension, and composite viewpoints; as-havingviewpoints were omitted from this study because theyoften use cached viewpoints.Ten subjects (senior undergraduates and graduatestudents from the Botany and Biology Departments ofthe University of Texas at Austin) judged the coher-ence of several passages from each source. The subjectswere asked to use a scale of 1 to 5, to assign a passagea score of \1" if it seemed no more coherent than arandomly selected group of facts on the subject, andto assign a passage a score of \5" if it was as coherentas a passage of comparable length on the subject froma good textbook.Table 1 summarizes the subjects' responses. Statis-tical analysis (using a T-test with 0.95 level of con�-dence) yields the following results:� The mean coherence of viewpoints from textbooksdid not di�er signi�cantly from the mean coherenceof viewpoints extracted by the View Retriever.� The mean coherence of extracted viewpoints did dif-fer signi�cantly from the mean coherence of randomcollections of facts drawn from the same frame.A further study gives additional evidence that theView Retriever extracts coherent viewpoints. Alongwith passages from the three sources described above,the subjects were given passages from a fourth source:viewpoints extracted by the View Retriever and then\degraded" by replacing some of their facts with ran-domly selected facts on the same topic. Twenty-eightsuch degraded viewpoints were constructed, each withbetween one and seven facts replaced. Of the twenty-eight, each subject received six. Table 1 shows themean coherence score of the degraded viewpoints. Sta-tistical analysis shows a signi�cant di�erence in themean coherence of \pure" viewpoints and degradedviewpoints.A �nal study adds more evidence that passages varyin coherence based on their source and that view-



points extracted by the View Retriever are consistentlyjudged to be coherent. A two-way analysis of variance,computed by Paul Cohen1, determined that there wasno signi�cant interaction e�ect between:� the variance in coherence scores assigned by di�erentjudges, and� the variance in coherence scores for passages fromdi�erent sources (e.g.,textbooks, the View Re-triever).Thus, although judges varied in their harshness, theylargely agreed on relative orderings.3 DiscussionViewpoints are coherent collections of facts that de-scribe a concept from a particular perspective. Theyare essential for a wide variety of tasks, such as expla-nation generation and qualitative modeling. We haveidenti�ed several types of viewpoints and developeda program, the View Retriever, for extracting themfrom knowledge bases, either singly or in combination.Our evaluation of the View Retriever indicates that itsviewpoints are comparable in coherence to those con-structed by people.The View Retriever has several known limitations,some of which we are addressing. First, viewpointspeci�cations use the names of frames and slots inthe knowledge base. Therefore, users of the View Re-triever must have extensive knowledge of the conceptand slot hierarchies in order to use the View Retriever.To address this limitation, we are developing meth-ods whereby users can specify frames and slots de-scriptively rather than by name. Second, our textbookanalysis reveals that most explanations consist of sev-eral viewpoints used in concert. Although the ViewRetriever can extract composite viewpoints, we havenot yet identi�ed which combinations are commonlyused. A third limitation is that the View Retrieverignores knowledge about the a priori importance offacts. Therefore, it cannot extract viewpoints of aconcept in the order of their importance, a potentiallyuseful ability.The View Retriever will be evaluated more exten-sively when it supports our tutoring system for plantanatomy and physiology. It will be the primarymethod used by the tutor to access the Botany Knowl-edge Base to build qualitative models and generate ex-planations. We are currently building this tutoringsystem, and we have found that knowledge base ac-cess at the level of viewpoints (as opposed to the levelof individual facts or frames) greatly simpli�es systemdesign and implementation.1Computer Science Department, University of Mas-sachusetts at Amherst
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