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Abstract

Constructingontologiesin educationatlesignis not really new. The specificationof ed-
ucationalgoalsis whatis callednow a daysan ontology. Although contenthasalwaysbeen
considereda crucial factor in education the emphasisn educationakesearchhasbeenon
form, asis also pointed out by [Mizogichi etal., 1997. Ontological engineeringfor con-
structingeducationasystemsnaylook like puttingthe sameold wine in new barrels but we
shouldbeawarethatthatthesenew barrelsmaygive a new flavour to this wine. As anexam-
ple we discussa coreontologyaboutlaw, usedin the developmentof educationabystems?
A coreontology mediatesa top ontology, that reflectsour commonsenseunderstandingf
theworld, andanontologythatdefineghe conceptandstructuresn adomain.A coreontol-
ogy tells uswhata domainis about. The coreontologydiscusseds FOLawv [Valente, 1995,
a functional ontology of law, asappliedin PROSA, a systemthat trains studentsto solve
problems(cases)n adminstratie law. A majorconclusionis thatemphasisasshiftedfrom
skill acquisitionto obtaininginsightandunderstandingAnaotherbenefitof this ‘ontological
view' is thattypesof knowledgedistinguishedn coreontologiescanmakeup cateyoriesthat
provide the similar decompositionastaskanalysesbut apparentlyin amore‘natural’ way.

1 Intr oduction

Constructingontologiesin educationabesignis not really new. In Bloom’s taxonomyof educa-
tional goals,the cateyory ‘content’ hasthe role to specifythe conceptdo be taughtin a course
[Bloom, 1957. However, this doesnot meanthatin educationatesearctihe specificatiorof con-
tent— andthe consequencethat follow from it for the design— have beenan importantissue.
Educationafresearcthasbeenconcernedatherwith methodsor ‘form’ [Mizogichi etal., 1997
thanwith contentandits structure.Methodsof instruction,trainingandevaluationhave beenthe
major topic of researchand whenever domainknowledgehasbeenin focus, it wasratherthe
methodof reasoningr problemsolvingratherthanthe structureof thedomainknowledgeandits
assumptionghathasbeenobjectof research.

Educationaldesignis not the only discipline (that shouldbe) concernedvith the description
of content,i.e. knowledgeandinformation. Cognitive sciencein general,but alsomoreapplied

LIt wasintendedto discussthreeontolgiesusedin educationakettings.Time andspacehasconstrainedisto leave
outthe presentatiorf ontologiesof ecologyandof informationsystems.



disciplineslike informationsciencesknowledgeengineeringandknowledgemanagementneet
oneanotherat the crossroad®f a new, emeging discipline called ontologicalengineering.Af-
ter describingwhatis in ontologicalengineeringwe will discussthe rolesthatthe specification
of variouskinds of ontologiesmay play in designingeducationakystems. We will exemplify
theserolesby drawing from experiencesn which explicit ontologieshave been(re)usedn three
domains:law, ecologyandinformationprocessing@pplicationgintelligenthelpsystems).

2 Ontology and ontological engineering

In thenew-borndisciplineof ontologicalengineeringheterm“ontologogy” hasanothemeaning
thanasoriginaly concevedin philosophy Wolff (1679— 1754)elaboratedn Leibniz’s system-
atizationandintroducedthe term ‘ontology’ to distinguishthe essentiafrom theincidental,the
real thing from its appearanceé Ontologicalengineerings hardly interestedn the questionof
existence(or its representationseee.g. [Hirst, 1991 for an exception),but it is concernedvith
the specificatiorof contentandstructureof knowledge.

The ‘engineering’denoteshe fact that thereis a focus on the constructionof methodsand
tools, in particularcomputationabnesfor all kinds of applicationareas. Therefore,mary (ap-
plied) disciplinesare involved in and supportedby ontological engineering: information (li-
brary) science,(computational)linguistics, corporateknowledge managementgdatabasetech-
nology (schemas)professionaterminologicalstandardizatior{e.g. medicine),and last but not
least: knowledgeengineering.In this paperwe will focuson the last, asthe constructionof (in-
telligent) educationakystemscan be viewed as a brancheof knowledgeengineering. Eachof
theseapplicationareasbring differentviews and requirementgo the ontology arena. Linguis-
tic ontologieslike WordNet[Miller, 1990 or SENSUS[Knight etal., 1995 containmorethan
50.000conceptdefinitionsthat canbe usede.g.for translation.At the otherextremearethe spe-
cialiseddomainontologies(re)usedn knowledgeengineeringase.g.depositecht the Ontolingua
sener[Gruberetal., 1994, WebontgDomingue& Motta, 1999. For knowledgeengineeringhe
definitionsof thetermsin anontologyaremuchmoredetailledthanfor linguistic or documenin-
dexing applications However, in all applicationghereis theassumptiorthatmoreabstracterms
shouldconstrairtheinterpretatiorof thesedefinitions. Termswhich re-occurin every domainand
arepartof our commonsenseunderstandingf theworld, like time, space causeetc.,are partof
atopontologye.g. [Hobbs,1999, [Sowa, 1995, [Guarino,1995 Guarino,1998. Theontologies
of law, ecologyandinformationprocessirsystemgshatwe presentiereareneithertop ontologies,
nor domainontologies but they areintermediatedbetweerthe completelygeneratop ontologies
andontologiesof legal, ecological,etc. domains.After [vanHeijstetal., 1997 who developeda
similar kind of ontologyfor medicaldomainswe call suchan ontologya core ontology. Before
presentingurcoreontologiesandtheirapplicationin designingeducationasystemswe will first
discusghenotionof ontologyin general.

2.1 A Notion of Ontology

It is impossibleto representhe world in its full richnessof detail. In orderto represent certain
phenomenoior a partof theworld (whichis calledadomain, it is necessaryo restricttheatten-

2[Kant, 1787, B.874] who wasinterestedn Leibniz work, learnedaboutLeibniz via Wolff (“the Leibniz/\Wolff
system”),andclassifiedontologyasoneof thefour component®f metaphysics.



tion to a smallnumberof conceptavhich aremeaningfulandsuficientto interprettheworld and
provide arepresentatioadequat¢o acertaintaskor goalathand.As aconsequence,centralpart
of knowledgerepresentationonsistof elaboratinga conceptualisationa setof abstracbbjects,
conceptandotherentitieswhich areassumedo exist in acertaindomain,aswell astherelations
thatmay hold betweenthem|[Geneseretl& Nilsson,1987. Thecommitmentsvhich areimplied
by thechoiceof onesetof conceptsnsteadof anotherto describea certainphenomenomarecalled
ontologicalcommitmentsA conceptualisatiothusalsocarriesa setof ontologicalcommitments.
Thesecommittmentscanbe madeexplicit by ‘importing’ or including the moreabstracbntolo-
giesthatreflecttheassumptionsr point-of-viewsthathave beenmade(taken)in conceptualizing
adomain.A coreontology, thereforereflectstheviews ontheworld takenby a particularfield or
discipline.®

In this way, top ontologiesalso play a crucial role in the constructionor selectionof a rep-
resentatiorformalismto expressknowledge. Elaboratingconceptualisationsgndthus selecting
ontologicalcommitmentsjs an essentiacomponenbf the task of representincknowledge,be-
causeconceptualisationselectwhich things are relevant to be representecénd which are not
[Davis etal., 1993. Representindgcnowledgeinvolvesboththe designof a knowledgerepresen-
tation languageandtheformulationof a specificsetof sentence thislanguagevhich describe
certainthingsin the world — suchsetof sentencess usually calleda knowledgebase Onto-
logical commitmentgrecedehe elaborationof boththe knowledgerepresentatiofanguageand
the knowledgebase:the distinction being that the representatiofanguageoffers a minimal set
wherethe consequencesf the commitmentsemege asorganizationandinferenceservices. A
goodexampleis Allen’sontologyof time [Allen, 1984.

A conceptualisatiors anabstracentity which is only implied in aknowledgerepresentation.
An ontologyis a specificationof a conceptualisatiofiGruber 1994. It comprisesa description
(e.g.throughdefinitiong of the conceptsobjects,relationsand so forth which makeup a con-
ceptualisation One of the basicrolesof anontologyis to enablethe study of conceptualisations
and ontologicalcommitmentsin their own right, i.e. dissociatedrom the knowledgerepresen-
tationsthey may yield. Anotherimportantrole is to supportknowledgesharingandreusability
[Nechesetal., 1991, Patil etal., 1992 Gruber 1994.

2.2 Rolesof Ontologiesin KE

Threekinds or levels of ontology canbe distinguishedin knowledgeengineering:top, coreand
domain.* Eachof theselevels hasits specificrolesor use. The differentpurpose®f (re)useof
ontologiesput differentrequirement®n ontologies. The qualitative demandsncreasewith the

30Onecanalsoseethis asa tautology wherea setof domainsthat hasa setof commonontologicalcommitments,
formsadiscipline.

4lvanHeijstetal., 1997, p 193] proposesfour levels: application, domain, generic, representation. We be-
lieve that thereis no real distinction betweenapplicationand domainontology The distinctionis made because
[vanHeijstetal., 1997 believe that an applicationontology fully matchesa knowledgebaseanda domainontology
may only have a partial matchwith the knowledgebaseof somedomainapplication.We do not hold sucha view and
amguethatreal applicationontologiesareimpossibleto construct(seealso[Motta etal., 199€). The genericontology
is the sameasa top ontology. However, the term ‘core’ is borroved from [vanHeijstetal., 1997 wherethey define
the categoriesthatindex a library of medicaldomainontologies:thesecateyoriesare genericfor medecine.We do
not distinguishbetweengenericandrepresentatiomntologiesbecausehey have the samenature. Whethera generic
(= top) ontology s the basisfor developinga KR formalismandrelatedinferenceservicesor not is in the useof an
ontology in the sameway asa domainontologymay beusedto constructa knowledgebase.



order presentedelaw, i.e. the needfor carefulandvalid analysisandin particularfor a formal
basebecomegreater(see[Guarino,1995 Guarino,1998 onthenotionof formal ontology).

Domain ontologies containthe conceptsof somedomainof application:

¢ Domainontologiesmay be usednot directly relatedto building knowledgesystems,
but asrepositoriedor (organizing)knowledgeandinformation. Theseontologiesmay
alsoindex distributedknowledgein organizationg'corporateknowledge’),orcontain
common,standardizederminologyin professionabr scientificcommunities.

e A secondrole, relatedto the previous oneis in knowledgeacquisitionwhereteams
havetowork togethemndanontologybecomescommonagreediponunderstanding
of thetermsin adomain thatcanbereadby teammemberswith differentbackground
knowledge[Grubet 1994.

e Ontologiesmakeexplicit to what conceptualizatiorof termsa particularknowledge
base(dbystem)is committed.In constructingaknowledgebaseonehasto makecom-
mitmentsarnyway, so makingthem explicit in an ontology enablesmore controlled
developmentandalsomaintenancef a KBS. An ontologyis morethana simpledoc-
umentatioror specificationlt hasastrongjustificationandquality assurrancéavour,
becausenontologysupportsconsistentiseof terms. For instancewhenthedomain
is aboutcarmaintenanceheterm“car” hasadifferentmeaningge.g. it isadevice,than
in thecontet of carsaleswhereacaris acommaodity This roleis thestandardnein
the context of knowledgeengineeringnethodology(seee.g.[Wielingaetal., 1993,
[vanHeijstetal., 1997)

e Themostoftencitedroleis in enablingreuseof knowledgefor building (new) applica-
tionsfor the samedomain.Althoughthepreviousrole is probablythe mostfrequently
usednowadaysin knowledgeengineeringthe major future benefitis to be expected
from consultingrepositorieqlibraries) of ontologiesaggrejatedfrom earlier experi-
encesor projects.The Ontolinguasener is anexample,but onemay alsothink about
acompany specificlibrary thatis organizedaroundthe typesof industrysened, etc.

Core ontologies containthecatayoriesthatdefinewhatafieldis about A field is somediscipline,
industryor areaof practicethatunifiesmary applicationdomainsase.g.(somesubfieldof)
medicine Jaw, engineeringetc. The catgoriesarenot somecommondenominatoof a set
of applicationdomains,but constrainwhatis relevantin thesedomains. As hypothesized
by [Valenteetal., 1999 (seealso[Valente,1999), core ontologieshave (1) a functional
characteand(2) reflectthe majorstructureof reasoningr agumentin afield.

Thefunctionalperspectie maybe understandablby the fact thatfieldsaretypically fields
of practice,often concernedvith artifacts. As a consequenceaypesof knowledgecanbe
distinguisted by their roles. That theseroles may also reflectthe predominantstructure
of reasonings more speculatve, but may be conceved asthat domainknowledgeis a “a
modelof asystemin theworld”, andthatreasoningneansomeoperatioronthis simulated
systempr the constructiornf sucha system[Clancey, 1997. For instancejn medicinethe
major catgyeriesthat makeup the core ontology are diseasestestsandtherapiesandthe
variousdisciplinesthatmakeup our understandingf (disturbed)biological processeplay
therole of supportie explanation[vanHeijstetal., 1997. Similarly, in electro-mechanical



eningineeringthreemajortypesof knowledgecanbe distinguisked: structural(a configu-
ration of components)from which, giventhe behaioural or functionaldescriptionof the
componentsa behviouralaccounttanbederived,which canbetheinput for quantification
(mathematicamodelling)[Borst & Akkermans1997. Also the coreontologyof law, de-
velopedby [Valente, 1995, reflectsthe major structureof argumentin this field, aswill be
explainedin Section3.1.

As intermediatebetweertop anddomainontologiescoreontologieshave a double-faced
role:

1. Core ontologies are to be used for indexing libraries of domain ontologies.
[Valente& Breuker 1996 describaequirementsor acoreontologyto beableto play
thisrole.

2. Coreontologiesarethe ontologicalbasisfor constructingspecialrepresentatiotan-
guageandinferenceservicedor afield. A full understandin@andformalisation)of the
inferentialconsequencdsalculus)rom therelationshipdetweerthetermsthatmake
up theabstracttop” of acataeyoryis required[Davis etal., 1993, [Guarino,19935.

Top ontologies Therole of atop ontologyis thatit canmakeexplicit whatthe ontologicalcom-
mittmentsareof somedomainontology Themostrigourouswayto ‘import’ atop ontology
into a domainontology is whenthe domainontologyis expressedby top ontologies,i.e.
whenthetop ontologieshave beenoperationalize@sa representatioformalismanne in-
ferentialcalculus.Thisrole alsooccursfor coreontologies.A coreontologymay entailits
own, specialformalisms but mayalsomodifyor extendthe moregenericversionsof a top
ontology. For instance Jegal causalityis a modifiedview on the more genericnotionsof
physicalcausalityandintention(seethe next section).

2.3 Ontologiesin designingeducational systems

The overview of nature,typesandrolesof ontologiessuggeststhatin designingand building
educationalsystems,core ontologiesmay play a prominentrole. Top ontologiesreflect basic
commorsenseandarethereforenottypical candidate$or playingrolesin educationHowever, as
top ontologiesdescribeour commonsenseviews on theworld, they containtheingredientsof our
“naive” physics(e.g. causality) biology (e.g. autonomyagent) psychology(e.g. intention,belief)
andsociology(e.g. communication).Thesenave conceptiongnay interactwith the acquisition
of themorescientificversionsandelaborationgaughtat school. Also in the useof metaphorsn
teachingnew subjectmatter top ontologiesmay makeis morepreciselyavarewheremetaphors
mayfacilitateandwherethey maybreakdown. For instancethehydraulicmetaphofor electricity
doesnot explain the behaiour of coils (induction). Domainontologiesmay have animportant
role in reuseike in knowledgeengineeringn general. The contentof educatiomrmay be largely
constanin aculture,but the educationatontet in a context mayeasilyvary in requirementand
preferencegaboutdidacticmethods However, aswe will attemptto show in therestof this paper
we expecta moreimportantrole for coreontologiesthanfor top- and domainontologiesin the
designof educationabkystems.

Coreontologiesmayhave specificrolesfor educationatlesignaswill beillustratedin thenext
sections.



e By distinguishing the major cateyories of knowledgecore ontologiesallow a “divide &
conquer"approachin designingeducationasystemdor variousreasons:

— They may provide a top-dowvn knowledgeacquisitionframewnork. For instancejin a
medicaldomain(e.g. internalmedicine,bacterialinfections,etc.) the descriptionof
diseaseandof therapiegprovide the majordivision. Evenif the particulardomainis
only concernedvith one of thesetwo catayories,e.g. in suigery, the other category
providestherequiredcontet in whichthefirst operates.

— Thetypical “divide & conquer”principle appliedin knowledgeengineeringand ed-
ucationaldesignhasbeentask decomposition.However, task decompositionhave
a strongly arbitrary and idiomatic flavour. Evenif work on problemsolving meth-
ods (PSMs) hascreatedsomeunified and justified view on task decompositionsn
knowledge engineeringthe mappingto domainknowledgeis still in a fuzzy state,
while in practicalapplicationsdomainspecificterminologycomplicateghe mapping
to PSMs.As hypothesize@arlier acoreontologyprovidesafunctionalarticulationof
thedomainknowledge,andthis articulationmayvery well reflectthemajorreasoning
structurein afield. It thereforemay turn out to be more naturalandsimplerto start
from domainknowledgedistinctionsto arrive at a taskdecompositiorthanthe other
way around.So, insteadof constructindibrariesof PSMs,indexed by task-or prob-
lem types® onemay constructiibrariesconsistingof core ontologiesthat bottomout
in PSMsthatmayturntheinitial decompositioni well controlledtaskstructures.

— Thisapproachmay not only work for knowledgeacquisitionin specifyingintelligent
(educationalyystemsbut it alsoreflectstheway knowledgeandskills areacquiredn
educationaprocessedlt is well known thatinstructingmethodsgven systematiand
rationalones,haslittle effect on acquisitionrate. Studentshardly ever complainthat
they do notknow howto proceedbut to find their way in the knowledgeto apply; i.e.
the problemis to cometo gripswith contentratherthanmethod. In skill acquisition,
articulatetask structuresappearto be an emegent property of practicein problem
solving,ratherthandriversof effective practiceandlearning.

e Coreontologiesprovide the initial structureof domainknowledge. In this way they can
be usedto definethe interfacebetweena ‘knowledgelevel shell’ andits to-be-acquired
knowledgebase aswe will explainin detailin the EUROHELP examplebelow.

Thusfar we have assumedhat ontologiesreferto domainknowledge,i.e. the subjectmatter
in educationakystems.However, an ontologyis in thefirst placea terminology sowe canalso
makeontologiesabouteducationand educationakystemsthemseles. This is the ideabehind
[Mizogichi etal., 1997's “task ontology” for intelligent educationakystemg(IES). This ontol-
ogy, calledCLEPE,formsthe primary accesgo authoringtoolsfor IES. Although describedas
a ‘task ontology’ the major cataeyoriesreferto the completeeducationa(design)process:educa-
tional goals,learnerstate systemfunctionality andteachingmaterialknowledge;the latterrefers
to subjectmatter i.e. real‘content’. In fact, CLEPE canalsobe readasan instructionaldesign
theoryin amoreaxiomaticform, similarto e.g. componentlisplaytheory[Merrill, 19874, which
is alsoturnedin a an authoring(advice)system[Merrill, 19874. CLEPEhidesa theoryabout

SIt can be shown that the indexing of thesePSMs by problemtypesis not self-evident, if appropriateat all
[Breuker 1999



educationabdesign,andreflectsnot necessarihthe sharedunderstandingf the educationake-
searclcommunity evenif mary of theconceptspecifiedareundisputedHowever, theadvantage
of CLEPE s thatit is more axiomatizedand operationalizedhan most educationaimodelling
framevorksavailable,andin this respectCLEPEmaytriggera morefocussedliscussioron basic
distinctionsin educationakngineeringhanby publicationof researctpapersgtc. Field ontolo-
giesmay neitherbe undisputedasour examplefor law mayreveal), but they often describewell
establishedonsensus

3 Designingeducationalsystemsfor legaldomains

In this sectionwe will first explain acoreontologydevelopedfor law. Thisontology FOLaw, was
originally developedby [Valente, 1995 (seealso[Valenteetal., 1999). It is a goodillustration
of whatwe meanby coreontology After this explanation,we presentthe designof PROSA, a
systemthattrainsstudentsn administratve law [Muntjewerff & Groothuismink,1999.

3.1 A functional ontology of law: FOLaw

Theontologicalcommitmentgview) thathave leadto the coreontologyarethefollowing:

The legal systemasa system The legal systemis viewed as an entity with a certaininternal
structure pehaing in anervironment.

The legal systemasan artifact As the legal systemis an artifactit haspresupposedlnctions.
Althoughthelegal systermis nottheresultof some'grand’ design but emegedastheresult
of mary successielocal designdecisionsit definitelysenesa purpose:.controlover social
behaior. Thereforethe outputof thelegal systemis anintendedoutput.

The socialfunctions of the legal system The main function of the legal systemis to prescribe
andto reactto socialbehaior. In this sensethe legal systemcanbe regardedasa kind of
socialdevice The legal systemis a subsystenof the political-power system. It is semi-
independenin the sensehatit acceptgyoalsandconstraintsrom this governingsystem,
but furtherworksaccordingoits own ‘rules’. Notethatthisis notsomesociologicaltheory;
it ratherreflectsminimal commitmentsasto complywith commorsensesiews ontheroles
of thelegal system.

Functions of law are supported by legal sources Socialsystemsarein generadescribedy the
agentgqpeople,institutiong thatinteractwith oneanotherin semi-fixed patterns However,
this “agent” perspeciie is probablynot theright ontologyto describehelegal system.Al-
thoughmary fixedrolesof agentsn thelegal systenmcanbeeasilydescribedsuchasjudges,
prosecutorand lawyers,and may include suchmundaneypesas defendantspartiesand
civilians, theirrolesareonly of secondarymportancein relationto the rulesthatconstitute
the systemitself: thelaw. Thelaw is definedby its legal sources suchaslegislationand
precedentaw. Legal sourcesontainthe (codified)knowledgewhich specifieshow thele-
gal systemworks or shouldwork: notonly internally, but in particularin reactingto social
behaiourin asociety

5Domainsthatareexplicit objectof semi-automatisupportof learningarealmostalwayspartof aformal curricu-
lum andarethereforewell-established’.



Thesecommitmentsnay not look very surprising,but the outcomeis somavhatsurprisingas
it cutsaccrosdraditionalviewsin law andin sociologyon thelegal system.Law is traditionally
catayorized by the social subsystemsa particularlegal sourcerefersto, suchas crime (poenal
law), trade,family, property etc. However, sucha cateyorizationis not a cateyorizationof the
legal functionsbut of social systems(as definedby the politico-legal system). Neitherdo we
adopta sociologicalview in which the legal institutions andagentsarethe first classontological
citizens.Agentsandinstitutionshave secondaryoles.

Giventheview describedabore,anontologyof law canbebuilt by identifying thesefunctions
andusingthemto distinguishcateyoriesof legal knowledge. In thefollowing sectionsa number
of primary functionsof legal sourcesand correspondingatejoriesare proposedanddescribed:
normativeknowledgeworld knowledge responsibility knowledge reactiveknowledge creative
knowledgeandmeta-lgal knowledge

3.1.1 Normative Knowledge

Normative knowledgeis the mostcharacteristicateory of legal knowledge,to suchan extent
thatto mary authors'normative’ and‘legal’ are practically the samething. From an ontolog-
ical perspectie, however, it may be interestingto differentiatemore types of legal knowledge
andthusgive to normative knowledgea more specificstructure,contentandrole. Nevertheless,
therestrictedscopethatis adoptedor normative knowledgeretainsits importanceasthe central
knowledgetypein law.

Thebasicconceptiorof normusedn theontologyis largely derivedfrom thelegal philosopher
[Kelsen,1991. A normexpressesnidealisation:whatoughtto be the case(or to happen).This
idealisationis expressedy referenceto a descriptionof the reality (the world) in which some
configurationsof factsandbehaiour are‘cut out’ (prohibited)to makeit anidealworld. Since
they expressanidealworld, normscanbe eitherobservedr violated A normis obsenedwhen
the behaiour in the real world doesnot conflict with its specificationin the ideal world, and
violated otherwise.To apply a norm meango verify or comparethe reality with the idealworld
definedin the norm, classifyingthe reality aseithercompliantor non-compliantwith the norm.
This classificationis the normativestatusof the behaiour with respecto the norm.

3.1.2 Meta-legal Knowledge

Legal sourcesaremadeup of individual norms. Thesenormsmay give conflictingnormatie sta-
tusesfor the samesituation. This is alreadyevident by the fact thatregulationsinvariably contain
exceptions. Meta-legal knowledgeprovidesthe rulkesby which theseconflictsareresolhed: in

generatheconflictsinherentin exceptionsareresolhedby lex specialisi.e. themorespecificnorm
shouldbeapplied.Anotherfunctionof meta-lgal knowledgeis to specifywhichlegalknowledge
is valid. Validity is a conceptwhich canbe usedboth for specifyingthe dynamicsof the legal
systemandits limits. A valid normis the onewhich belongsto thelegal systemandvice-versa.

3.1.3 World Knowledge

By its very nature,law dealswith behaiour in the world. Therefore,it mustcontainsomede-
scriptionof this behaiour. For instancejn orderto describehow the world should(oughtto) be,
primary normsmustdescribehow thingsareor canbe. This descriptionis not directly available



from thelegislation,but is usuallyimplicit. However, this type of knowledgeis distinctfrom (al-
beit connectedo) normative knowledge— thatis, primary normsdescribeanidealworld based
onthedescriptionof reality.

In additionto adoptthedistinctionof a cateyory of legalknowledgewhich describesheworld,
we proposehatthisknowledgeconstitutes structurednodel Thus,thetermlegal abstractmodel
or LAM is usedasa synorym for world knowledgewhenits model charactelis to be stressed.
Also, this term stresseshat this modelis a ‘double abstraction’:as discussedelow, the LAM
givesamorerestrictedneaningto commonsenseonceptavhich arealreadyabstract.

The LAM is aninterfacebetweenthe real world andthe legal world. Its role is to definea
model of the real world which is usedas a basisto expressnormative and other cateyories of
legal knowledge. It expressegshe legislatorsview on somedomain,e.g. crime, traffic, etc. This
view is necessarilyabstractand constrainedo legal functions. It is herewherecommonsense
accountf casesneetalegal interpretatioranda selectionof “legally relevantfacts”. Besidesan
identificationof relevantfacts,the law alsoneedso establishcausalaccountdbetweernthethese
factsin orderto establishwhich agentscanor cannotbe heldresponsibldor violationsof norms.
Theinitial attribution of causalaccountof eventsis in the LAM left to commonsensaeasoning.
However, thelaw itself may have additionalor morespecificviews onresponisibility(seebelaw).

3.1.4 Responsibility Knowledge

Responsibilityis morethansimple,physicalcausation.Two moreontologicalingredientsarere-

quired: intentionand belief. One may causee.g. physicalharm, but may not have intendedso,

or may have good reasondo belief that someaction shouldnot harm. In this sense responsi-
bility reasonings still in the realmof (deep)commonsense.But this causalconnectionis not

alwaysnecessarpr alwayssufiicient for establishingesponsibilityin a legal context. Therole

of legal responsibilityknowledgeis exactly to ‘interfere’ with this prima facie connectionbe-
tweencausingand being responsible. This interferenceis madeso that legal systems‘extend
responsibility[or] cutit off in wayswhich diverge from the simpler principlesof moral blame”

[Hart & Honore, 1985 pag.67]. Thismechanisnhasrathermpracticalmotives.Giventheinnumer

ableproblemsin establishingproving andreasoningwvith causalkconnectionsandthe attribution

of intentionandbelief to agents the assignmenbf legal responsibilitiesmay bypassthesecon-

nections,andgive reasons For instance oneof the reasonsmay be thata priori risksin actions
shouldput the burdenof proofto theagentwho took therisk. For instancejn mary legal systems
acardriver hasto proofthatshehasno responsibilitywhenshewasinvolvedin anaccidentwith

a pedestrianln otherwords,the pedestrians not requiredto presenta causalaccountaslong as
the cardriver cannotbe absohed.

3.1.5 ReactiveKnowledge

To reachthe conclusionthat a certainsituationis illegal (basedon normative knowledge),and
thatthereis someagentto blamefor it (responsibilityknowledge)would be probablyuselessf
thelegal systemcould not reacttowardsthis agent. Thatknowledgethat specifiesvhich reaction
shouldbe takenandhow is whatwe call reactiveknowledge Usually this reactionis a sanction,
but in somesituationsit maybeareward. Revardsaree.g. (financial)benefits pr rights,andthey
arecontingentuponno violationsof norms.



3.1.6 CreativeKnowledge

Law is createdoy somebootstrappingrocedurén which power becomedistributedover agents
andinstitutionsin the form of authorityandrights. This distributionis itself objectof law (consti-
tutionalandadministratvelaw) in which thecreationof legal agentds aspecialcase.Thistypeof
knowledgeappearstafirst glanceto be almostnggligible, but it hasin practicea very important
role. Thelegal systemmustregulateitself asjust anothersocialorganisation.Thereis animpor-
tantdifference though:thelaw candesignthe structureof the legal systemasanorganisationjn
muchthe sameway companiegiesigntheir structureby their internalregulations. The creative
knowledgeperformsthis function.

3.2 Full FOLaw: dependenciedbetweencategories

So far, a setof cateyoriesthat divide legal knowledgelike piecesof a puzzlewas presented.
Thesecatayoriesare distinguisted by their functionin the legal system,andtogetherrealizethe
main function of the legal system: socialcontrol. Figure 1 shavs how the functions/catgories
identifiedcomposdogethetthis mainfunction. Of coursejt is notmeanthatthereis aoneto one
correspondendaetweertheseabstracprocesseandtheactualsocialprocesseandproceduredn
alegal system.Insteadthey arefunctionaldependencieshich describehow the mainfunctionis
decomposeih sub-functionsvhich togethemperformit. In Figurel, theroundedboxesrepresent
functions(or, alternatvely, bodiesof knowledgewhich performthefunction),andthesolid arrons
indicatefunctionaldependencies.e. theinputsandoutputsof thesefunctions. Thedependencies
which correspondo actualinteractionswith the societyare indicatedin the figure in non-solid
arrons. The entitiesin the societyare specificsocialagents,e.g. the University of Amsterdam
(a school),JoostBreuker(a private person) the Ministery of Education(a governmentageng),
PhilipsBV (acompary), etc.

A cycle startswith a real world situation, which is interpretedin orderto generatean ab-
stractdescriptionof the casein thetermsthatthelegal sourceause.This abstractasedescription
is calleda legal situation, andthe knowledgeusedto producethis stepis the world knowledge
which forms the legal abstract model Then,the legal situationis analysedagainstthe norma-
tive knowledgeo verify whetherit violatesary norm, thusproducingwhatis calleda classified
situation(a situationclassifiedaseither‘allowed’ or ‘disallowed’). In anothempath,the situation
is analysediusingagainworld knowledgdbut hereparticularlyits causalcomponentjn orderto
find outwhich agentsn theworld (if ary) have causedhesituation.This informationis thenused
asinput to the responsibilityknowledgewhich determinesvhich agents(if ary) areto be held
responsibldor the situation. The resultsobtainedin thesetwo paths(the classifiedsituationand
theresponsibleagentsiarethenusedasinputsfor a functionthatdefinesa possibleegal reaction
usingreactiveknowledge Further outsidethis cycle, the law may alsocreatean abstractentity
(partof the legal system)usingcreativeknowledgethis entity is alsoaddedto the legal abstract
model Finally, meta-lgal knowledgeefersto all theseentities.

Anotherway to seethe interdependencieshown in Figure 1 is thatthey provide the connec-
tions betweerthe (sub)functiondrom a reasoningpoint of view. Thatis, legal reasoningcanbe
mademodular with eachfunction correspondindo a moduleandthe dependenciebetweernthe
modulesbeingprovided by the dependenciebetweerthe functions. Suchdependenciemustof
coursebe detailed.Moreover, the mainpathin the picturecanbe alsoseenasthe global structure
of legal amuments:startingfrom the ‘facts of the case’and going up to sentencingwith each
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Figurel: Functionalrolesof legal knowledgein the operationof thelegal system.

functionproviding the sourcefor agumentstepsin specificplaceswithin the globalagument.

Theschemeshowvnin Figurel canalsobe seemsthebasicstructureof legalaguments Each
catgyory correspondso a type of agumentthathasasantecedentthe inputsandasconclusions
the outputsof eachfunction, and as warrantsthe knowledge belongingto that cateyory. For
normatie knowledge for instancethe conclusioris whethera situationis allowedor disallowved,
andthe warrantsare normative knowledge. Moreover, the conclusionsin a legal agumentare
concatenateds shovn by the dependenciem the figure; for instance,an argumentinvolving
world knowledge(say concludingthat a certainpersonis considereda ‘minor’ accordingto a
certaindefinition) beingusedassubsidiaryfor anargumentinvolving normative knowledge(say
concludingthat a situationin which this personwasdriving a car is disalloved accordingto a
certainnorm). Legal reasoningcan be thus seenas the productionand analysisof aguments
involving oneor moreof thesecatayories.

Oursis nottheonly coreontologyfor law. [Visser 1995 and[vanKralingen, 1995 alsopro-
poseda coreontology Also, the work by McCarty on a “languagefor legal discourse”canbe
viewedasa coreontologyfor legal domaingMcCarty, 1989. Althoughtheontologiesarestruc-
turally very different, thereis an importantoverlap of catejories. The fact that competingon-
tologieshave beenproposedhasleadto a reflectve debatein the Al & Law community (see
e.g. [Visseretal., 1997, which alsomadeit obviousthatthis debatehasto be sharedwith legal

11




theoristsandlegal philosophers.

3.3 Divide and conquerfor educationaldesign

The coreontologyhasheenappliedin knowledgeacquisitionin a numberof legal domainsand
it andhasbeenthebasisfor alegal reasoningrototypesystemcalledON-LINE [Valente, 19935.
ON-LINE is alsothe basisfor a legal information sener architecture CLIME, which is tested
andto beusedin commerciabpplicationdWinkelsetal., 1998 Winkelsetal., 1999. Thearchi-
tectureof ON-LINE, respectiely CLIME follows the ontologyalmostliterally, i.e. it consistsof
reasoningnodulesfor eachcataeyory. The world knowledgeis handledby the LOOM classifier
[MacGregor, 1991], while for the normativereasoningnodulespecialinferencemechanismsvere
developedwhichhave amajoradvantageover (standardfleonticlogic thatthey correspondo nor-
mative commonsensei.e. do notgiveriseto bizarreparadoxs,andthatthey are(more)tractable.
The causality/responsibity moduleis the hardesnutto crack,andis still underinvestigatior]?].
For reactive andcreative knowledgevery simplereasoningnechanismsarerequired.

Herewe are mainly interestedn educationakpplications. In principle, ON-LINE/CLIME
could be re-usedas the legal problem solving componentof an IES. CLIME is capableof
solving legal cases,representedn terms of its world knowledge. Moreover, CLIME is ex-
tendedby explanationmodulesand by modulesthat allow oneto posequestionsabouta regu-
lation [Winkelsetal., 1999. CLIME is still underdevelopmentand constructinga training sys-
temfor solvinglegal casesouldnt wait for practicalreasonsTherefore AntoinetteMuntjewerff
decidedto useour legal core ontology as an analytictool for the designof a corventionaled-
ucationalsystem,called PROSA, 7 written in Authorware. PROSA coachesstudentsn solving
casesn Dutchadminstratie law (see/AWB, ] for anEnglishversionof thislaw). Thisregulation,
calledAWB, is mainly concernedvith procedureso appealto decisionshy authorities.However,
theseproceduregsheir conditionsandotherprescriptionsaredescribedy articlesthatdo notcon-
stitute a coherenttext; they have to be inferred, and, asusual,they areriddled with exceptions.
Thereforethereis no simplemappingbetweera caseathandandthetext of thelaw, andonehas
to go backandforth in orderto identify applicablearticles.

BeforedesigningPROSA several empirical studieswere undertakeron how studentssolved
typical casesn administratvelaw. Administrativelaw is consideredo bearelatively difficult area
of law (for our studentghereis anunlikely high failure ratefor examinationgapproaching 0%);
the examinationconsistof solvinga numberof cases).The generakonclusionwasthatstudents
arenot ableto analysea casesystematically This is to a large extentdueto the factthatit takes
alongtime to acquireinsightin the mappingbetweerthe textual organizationof the law andthe
conceptuastructurethatcannotbe acquiredby simpleexplanation® Anotherimportantproblem
is theidentificationof termsof thelaw in the case.Law is notevorthy for its vagueterms,but an
extra problemfor studentds thatthe world the law refersis too abstract.For instancethe term
“administrative authority”in the AWB (1.1. art. 1) is definedas“an authorityof (a) alegal person,
which hasbeenestablishedinderpublic law, or (b) anotherpersonor body corporatewhich is
investedwith ary public authority”. Thefirst partof the definitionrefersto public law in general
(andthatis aworld by itself), but thatis notthe majorproblem:themajorproblemis in thesecond
partwhich is a catch-allto capturealso“non-legal” persons.In thesekind of problemsonemay

"PROSA standgfor: PROblemSolving of casesn Adminstratie law
81t is possibleto representhe backbonef thislaw asakind of decisiortree but therearesomary hairy sideissues,
thatit providesa dangerousvemgeneralization.
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easilyrecognizehatthey areconcernedvith the mappingof the commonsensecasedescriptions
to thelegalterminologyi.e. the LAM.

Theinitial diagnosisappeargo be thatthe studentsdo not acquiresufficient insightinto the
major conceptuastructure— the proceduresndtheir dependencies, andinto theworld of civil
administration However, thestandaradoursereallyemphasizethesdssues.Theproblemappears
to beratherin the mappingsbetweencasesand‘theory’, which is alsoa typical problemin e.g.
solving physicsproblem,wherestudentften fail because¢hey do not takesufficiently carethat
theinterpretatiorof the problemsituation(case)is complete.Novice physicsstudentsnappartial
situationdescriptiongo (mathematicalronstraintsvithout carefulcheckingwhethertheassump-
tionsaresatisfied:a kind of “jumping to conclusions” Moreover, their lack of overvien doesnot
allow themto mentallykeeptrack of sufficient covering of the problemsituation. Similar obser
vationsweremadeaboutour law students.Thereforejn the designof PROSA a majoremphasis
was on the mappingbetweenthe LAM, i.e. the world knowledgeimplied by the AWB should
be explicitely mappedontothe casedescriptionin sucha concretefashionthatit alsoshouldact
asan external memorythat markswhich propositionsofthe casehave beencoveredby the law,
andwhich have not: the latter may meanthatthe propositionis not relevantin legal termsor has
beenoverlooked. This is accomplishedy a spatialdesignof the userinterfacein PROSA (see

Figure2).

Iegal rules

construct legal solulion

legal case

ICEITERAL ADMINIETEATIVE LAW ACT

Fection 1:1

1. A dminisitative authosty means:

k&) e authotity of 2 legal peteon whick hae
[beatt eatablished under public lawr, a2

Kl avvobher pevzon cr bady carp ovate which s
e ested with any pubilic authority,

[. The folowing suthotities, pergore o
[bodies ate ol deatnad to b eh admeaitative
aatharbr

k= the legislature,

b0 the upper and lower bowgee ancd the joint
gepaiot of Fatliamett;

Kot mdependent mthonties sstablished by
|4t of Perliament and charged with the
administration of justics;,

d) the Counctl of SBtabe and dte divatona;

ddea el N Ebanadid

5 Ie thiz aey orderin the meatting ofthe
Cratipral Admdrdateaters Lews A et?

welect legal rule select Baril

Jegal salubian

[T

i

The eitry coutiedl of Ameterdam decices in
aletbar dabed Jamsary 13, 1795 to clase ol
swHunng p ool moAmsterdam on
Sundaya,

|G

hmﬂlss b [proaucie]

[azzesale]

[regai case o

[¥

support Pl que stion
procegs
prodnat

CagE

etricince

= —
traralats - -

Figure2: Userinterfaceof PROSA
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The left window containsthe legal rules,i.e. the ‘theory’ that shouldbe appliedto the case
descriptionin theright window. The middle window is wherethe studentconstructshis solution
by associatingelecteduleswith selectedacts;the specificproblemposedo thestudenis put at
thetop of thiswindow. The constructiorof a solutionis accomplishedby associatinghe factsof
thecasewith theapplicablerules. This mappingproceduras in thefirst placeguidedby theterms
(concepts)n the AWB andthosein the case. Soin Figure 2 the “city council of Amsterdam”
hasmadea decision(“order”) but a preconditionfor furtheranalysisis whetherthis councilis an
“administrative authority”. If so,the city councilcanbe associatedvith adminstratve authority,
etc. Thestudents work spaceallows him to keeptrack of his local decisionsmade,andasthere
is no prescribednethodor orderto the way he mapsrulesto facts, the studentmay work both
‘theory’ or ‘case’ driven. Therefore,in the endthe studentis capableto wrap up the evidence
andcometo a conclusion. As the associationganbe evaluated(“assess-bton”) by the student
by askingPROSA sothatthe setcanbe prunedfrom wrongassociationsMoreover, thereis also
completenesshecking.A typical problemfor studentsf law (andlegal practionersn generaP)
is that the normative consequencemay contradictone another and that thesecontradictions-
exceptions— have to beresolhed: herePROSA helpsin providing anovervien andknows behind
the screenaboutthe solutions. However, the AWB hasonly a few articlesthat play a normative
role, andthereareonly few exceptions:the RAWB is atypical ‘definitorial’ law. Thereforewe
have little experienceyet how PROSA may help studentdo cometo grips with the problemsof
this cateyory of knowledge.

BaseduponMerrill' s ComponenDisplay Theory[Merrill, 19878, the screernconsistsof two
horizontallayers. The upperlayerrepresentshe “primary representations’i,e. they presenthe
instructionmaterialin a directway. The bottomlayer providesthe educationakupport(instruc-
tions,guidancefeed-backhints,suggestionsgtc.) for the primarylayer.

AlthoughPROSA doesnot have explicit knowledgeaboutthedomain,its constructiorbehind
the screenss baseduponFOLav. The AWB hasbeenanalysedn termsof the ontologyandthis
hasleadbothto a(n uneven) distribution of the contentof the AWB over the variouscatejories,
andto afurtherdetaillingof FOLaw. All casesn PROSA (currentlyabout40) have beenin similar
terms.

e Theconceptgterms)that mapontotermsin the AWB, i.e. the definition knowledgesub-
division of the ‘world’ knowledge(legal abstractmodel,LAM). As statedabove, they are
notevorthytroublesomen the AWB.

e The AWB is a typical procedurallaw in thatit prescribegproceduresand conditionsfor
appeal However, thiskind of knowledgewasnotreally foreseerin conceptualizing-OLawv
[Valente, 1995 andleadto longdiscussionsisto whethertheseproceduresvherenormative
—they areprescriptions- or rather'definitions’. We optedfor thelatter, for variousreasons:
the mostimportantbeingthatthereareno normative consequencest onedoesnotfollow
the procedurene doesnot violate a norm, but simply doesnot fit the definition. This
is analogougo having or trying to obtainattributesthat makeonea specifickind of legal
agent. For instance,if onefits the termsof the British Nationality Act, one can obtain
the statusof British citizen (with its rights and duties),but for the law it only meansthat
thereis mappingbetweerthe definition andthe case(agent)[Seigot, 1985. Notethatthis
analogicakeasonings alsotypical legal reasoning An extra porblemis thatthe AWB —as

“We have foundthatthisis alsoa seriousproblemevenfor the draftersof legal regulations/denHaan 1996
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all laws do—leavesimplicit whatthedependenciearebetweerthevariousproceduresthey
have to bementallyreconstructedvhenapplyingthelaw to a case.Thesedependencieare
notmadeexplicit to thestudent:thisis partof thecursoryeducationput the solutionsto the
casehave beenwired accordingo thesedependencies?

o Responsibilityandnormative knowledgeare presenin the AWB, but they do not giverise
to the complicationsonemay easilyfind in otherdomainsof law.

PROSA is currently underevaluation. A large scaleperformancesvaluationis plannedfor
August1999.An informal studywith sevenstudentdiasshovn thatPROSAs interfaces remark-
ably easyto handleby the students.The mostsurprisingcommentfrom mostof the studentds
that“they alwaysworkedthe way PROSA suggestshemto do”, while we know from the empir
ical studiesthatthatis exactly what the studentsdo notdo. In otherword, PROSA givesa very
‘natural’ look andfeel to the studentsbothin contentandin its operation.

4 Conclusions

The conclusiongo be dravn hereareonly partially substantiatedby whatis presentedhere:the
reasornis thatthis articleis not completelyfinished.It wasforeseerthattwo othercoreontologies
andtheir consequence®r designingeducationabr help systemswvould be discussedHowever,
time andplanningforebid us at the momentto includeour experiencesn two otherfields: infor-
mationprocessingystemsandecology We hopeto makeup for this omissionin anext articleon
this subject.

Firstof all we shouldacknavledgethefactthattheontologicalengineerindn constructinged-
ucationalsystemss notthe new revolutionarythingin Al & Education.lt is ratherare-appraisal
of contentissuesin specifyingeducationakystems.This basicknowledgeacquisitionhasbeen
performedin the building ary educationakystemwith an explicit representatiorf its subject
matter but the problemis that this work hashardly ever beenexplicitely reported. Ontologi-
cal engineeringat leastprovidesthe meansandtools to communicatehe resultsif not alsothe
experiences.

A secondessonwe have drawvn from reflectingon our own work in ontology anddomain
representatioffior educationakystemss that the ccontentroad may provide a far more natural
way of dividing and conqueringin the problemsolving thana PSM (problemsolving method)
perspectie. In methodologiedor knowledge engineering- CommonKADSbeing one of the
typical examples— the default route has beenvia task analysiswhich mapsonto PSMs, etc
[Breuker& VandeVelde,1994. However it appearghat a functional view on the knowledge
appliedin a domainof practiceprovidesa decompositiorwhich is much easierto explain and
handle,evenif the cateyoriesandtheir dependenciesiay easilymaponto acquiredviews on the
taskdecompositionase.g. in medicine.

Specifyingontologies-if donetheright way—is morethanputtinganumberof termsin some
isahierarchy It meansn thefirst placea carefuldefinition of whattermsmeanin the context of
use: it is akind of semanticanalysis. Thereis more: it is not only the meaningof terms— and
theirmajorrelationships- but it alsoincludesa specificatiorof the point of view takenfor its use,

101t is not impossibleto provide this kind of decisiontree aswell to the students. However, astherewasno full
consensusmongthe legal experts,andbecausehe role of PROSA shouldremainpure applicationtraining we have
not (yet) installedsucha support.
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i.e. it shouldinclude a specificationof its commitments. Of course,commitmentsmay regress
deep,too deepinto top ontologies,but at leastsomejustification of point of view is required:
the leastcommitmentbeing top nodetermsin ontologies. However, for educationaburposes
thesecommitmentareveryimportant,because¢hey mayreflectbothassumegbrior knowledgeof
studentsandakind of stancewhatthe domainis about. The commitmentdor FOLawv described
in Section3.1areagoodexampleof whatis meantandcaneasilypartof explicit instruction.

Finally, the recognitionthat ontologicalengineeringmay have a properplacein designing
educationasystemsnayhave alsoasasideeffectamorecontentrientedview ontheeducational
process.Ontologies- in particularto andcoreones— show usvery explicitely what power there
is in the ideasthat constituteour beliefs aboutthe physicaland socialworld. Accordingto us,
theseideashave far more mileagethan method. At least,a new emphasion contentaspectsn
educatiommaygiveriseto reappraisabf acquiringinsightvs acquiringskill, andof understanding
andexplanationover solutionsto problems.
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