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Abstract

We developed an ontology of Dutch tort law. In the developing process we had to overcome
the following problems: The users are laymen, no established vocabularies on the domain
exist and the legal domain relies heavily on common sense knowledge. Our goal was to make
an ontology where layman users could describe their cases (damage disputes) in layman
terms. The ontology, then “tranglates’ these case descriptionsinto legal expert terms used for
reasoning about the case. So, the ontology is based on two views:. an expert and alayman
view. In the end the ontology (after reasoning) should provide the users with the following
information: the partiesthat are liable, the grounds they are liable for and the corresponding
article numbers. We succeeded in making this ontology. This proves that ontol ogy-based
knowledge modelling in Dutch civil law isfeasible.
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1. Introduction

This thesis and the preceding internship were part of a bigger project: the BEST-project.
BEST is an acronym for Batna Establishment using Semantic web Technology.

1.1 Background

Thejudiciary isfaced with enormous case loads. A solution for this problem is ADR
(alternative dispute resolution). Theideais that cases are solved without a court decision. This
savesthejudiciary alot of time, money and effort. An example of ADR is mediation. An
impartial mediator triesto settle the case in away that both parties have the feeling they are
better off with the outcome of the mediation process than with a court decision. Advantages
of mediation are:

Unlike a court decision, where what one party gains the other loses. It can lead to a
win-win result.

It can strive to reduce the hostility between the parties, to fashion an agreement about
what tasks each party is willing to assume and to reach agreement on methods for
ensuring certain tasks have been carried out.

There are alot of benefits to avoiding a court decision: you don’t have to hire alawyer to
represent you, which of course costs money, it might take along time before there is a court
decision (in some cases years), the costs of going to court might very well exceed the amount
of money it pays off, a court decision is public information and trials may be emotionally
exhaustive.

In legal negotiation literature thereisaterm caled BATNA [1]. A BATNA isthe Best
Alternative To a Negotiated Agreement. The reason you negotiate with someone is to produce
better results than would otherwise occur. If you are unaware of what results you could obtain
if the negotiations are unsuccessful, you run the risk of:

1. Entering into an agreement that you would better be off rejecting; or
2. Reecting an agreement you would be better off entering into.

So, in mediation you would always like to know what your BATNA is, in other words what
would the court decision be (taking into account the disadvantages of going to trial mentioned
above). To establish arealistic BATNA isfor alayman impossible. Thisis where the BEST-
project comes into play; we want to help the laymen to establish aBATNA.

The legal domain we choseistort law. Tort law covers damage disputes. Given a case
description BEST will return: who can be held liable and on what grounds, the corresponding
article numbers, a small description of the corresponding articlesin layman terms and court
decisions of similar cases (jurisprudence).

We do this by employing ontologies and ontol ogy-based search and navigation, as has been
developedin[2].



1.2 Aim and Scope of thethesis
1.2.1 Target user group

The BEST-project aims to provide disputing parties with information about their position in
the negotiations, in a stage before they seek professional assistance, to assist them in the
dispute, get information about the legal possibilities to claim compensations, etcetera
Thetarget user group of the program will generally consist of laymen in thefield of law,
who want to get an insight into the legal aspects of their dispute.

1.2.2 Domain focus

The domain we will focus upon isthat of tort law. In civil law systems, the liability for
damages is amongst others related to the notion of atort, or unlawful act. For instance, if
someone clumsily parks his car, thereby damaging another already parked car, he commits a
tort against the owner of that car and has to compensate for the damages.

Article 6:162 BW reads, astranslated by [3]:

Art. 6:162 BW. 1. A person who commits an unlawful act toward another, which can be imputed to him,
must repair the damage, which the other person suffers as a conseguence thereof.

2. Except where thereis aground of justification, the following acts are deemed to be unlawful: the violation
of aright, an act or omission violating a statutory duty or arule of unwritten law pertaining to proper social
conduct.

3. An unlawful act can be imputed to its author if it results from his fault or from a cause for which heis
answerable according to law or common opinion.

The first section of art. 6:162 BW (art. 6:162.1 BW) gives four conditions for someone’ s duty
to repair certain damages:

1. Some person has committed an unlawful act against another person.
2. The act can be imputed to that person.

3. Some other person has suffered damages.

4. The unlawful act has caused these damages.

Art. 6:162.2 BW elaborates on the first condition, and gives the three forms of unlawful acts
in Dutch law:

1. A violation of aright.
2. An act or omission violating a statutory duty.
3. An act or omission violating arule of unwritten law pertaining to proper socia conduct.

Art. 6:162.3 BW mentions three cases in which an unlawful act can be imputed to its author:
1. The act results from its author’ s fault.
2. The act results from a cause for which he is answerable according to statutory law.

3. The act results from a cause for which he is answerable according to common opinion.

In the Netherlands, there are four more specific areas within tort law that have specia
significance because of their relatively frequent occurrence:



Liability in traffic (verkeersaansprakelijkheid, art. 185 WVW)
Liability of the employer for employees who get harmed in their working place

(werkgeversaansprakelijkheid voor schade geleden door een werknemer, art. 7:658
BW)

The other two specia typesthat fall under the general Article 6:162 BW:
Medical faults (medische fouten, art. 6:162 BW)
Offences of violence (geweldsdelicten, art. 6:162 BW)

A reason tort law isin principle suited for the BEST-project is that compared to other areas,
the rights that determine the positions of both parties can mainly be found in the statutes. In
contract law, for instance, parties will havein alarge number of cases agreed upon certain
arrangements that are not similar to arrangements that have been dealt with in other court
cases. In tort law the facts may differ, but the general legal concepts applicable to facts do not
vary, but can be found in statutes and case law. Both sources are electronically available.

123 Aim

To make the user ontology work basically two things have to be done:
An ontology has to be made, in which all possible case descriptionsin tort law can be
expressed plus it must be able when given one of these case descriptions to determine
(after reasoning) which party isliable, on what grounds a party is liable and the
corresponding article numbers.
A user-interface has to be made, where the user in layman terms can express a case
description.

1.2.4 Challenges
1.2.4.1 Personal challenges

To get agood idea of how knowledge acquisition works and how to model the resultsinto an
ontology, which can be used for reasoning about a (knowledge) domain.

1.2.4.2 Scientific challenges

Making an ontology of civil law can be quite difficult. Although law itself isvery well
structured, thereis alot of common sense knowledge needed to bridge the gap from an actual
situation to article numbers to jurisprudence. And although ontologies about law have been
made, they are of amore genera nature [e.g. 4, 5,6].

Thetarget user group is laymen, which means we must assume they have no established
knowledge about the domain. When dealing with a specialized user group you do not have
that problem and you do not have to explain everything or make the special construction we
made with an ontology with both an expert and layman view.

In some casesin order for the layman to make a correct case description there already must be
made ajudgement by an impartial expert. For instance, did a party take sufficient measures to
minimize the risks involved in the case?

These problems raise the following research questions:



How to deal with the problem that in some cases judgements must be made to get a
correct case description from the users, who are laymen?

Isit possible to turn a case description in layman’ s terms into avalid prediction of
what party is liable on what grounds and the corresponding article number?

Do we have to model more common sense knowledge than we can handle? Or is it
even impossible to model al the common sense knowledge needed for this
application?

Is ontology-based knowledge modelling in Dutch civil law feasible at al?

We will answer these questionsin section 7.4.

1.3 How toread thisthesis?

In the next chapter we will explain: what an ontology is, what the benefits are for using an
ontology, different type roles and uses of an ontology, what isin an ontology and criteriafor
making an ontology. Furthermore we will descibe a method of 7 steps to develop an ontology.
We then use these 7 steps as the outline for chapters 3, 4, 5 and 6. A more detailed decription
of this outline can be found in section 2.9. In chapter 7 we evaluate and answer the research
guestions.



2. Ontologies

2.1 Definition

The term ontology originated from Philosophy, where it means a description of the nature of
being (a“theory of existence”). In Al the most frequently quoted definition is *a specification
of aconceptualization” [7]. The main difference isin Philosophy, an ontology is a systematic
and exhaustive account of Existence, only driven by the task of making the ontology. When
making an Al-ontology you should always have a task in mind, which means you will have to
make choices and therefore restrictions of concepts you include in your ontology. You are
making a representation of the world, where it is better to leave out the concepts that are not
relevant for the task in mind. According to [8] atask neutral ontology intended to represent
the common sense needed by any application doesn’t exist, nor isit realistic it ever will exist.
[9] State that Gruber’ s definition, “an ontology is a specification of a conceptualization,” left
room for too many possible interpretations, and despite an attempt to clarify and formalize the
definition further by Guarino [10], new meanings of the term ‘ontology’ continued to
proliferate. Welty, Lehmann, Gruninger, and Uschold reported in 1999 on a wide spectrum of
information artifacts that had been at some time classified as ontologies [11]. The results of
their work are shown in Figure 1.

An ontology Is... a set of
a collection general
of logical
a catalog a glossary taxonomies constraints
a set of text a collection of
files a thesaurus frames

complexity

without automated
reasoning

with automated reasoning

Figurel: Spectrum of information artifacts

A catalog is nothing more than a numbered list of al relevant classes/concepts.

A dlightly more complex information system may provide simple natural language
texts and allow string matching.

Glossaries are indexed catal ogs with a natural language description of each
concept/class.

Thesauri are glossaries with a hierarchical structure.

Taxonomies are thesauri where the properties of more general classes/concepts are
inherited by the more specific classes/concepts.

Frame-based systems are taxonomies, which provide relations between objects and
restrictions on what and how classes/concepts of objects can be related to each other.
The most expressive and complex information system ontologies use the axioms of
full first order logic, higher order, or modal logic.
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All these types of information systems satisfy Gruber’ s definition, and al are
now common bedfellows under the rubric of ‘ontology.” In thesis, however we will only refer
to the most complex ontologies.

2.2 Upper, core and domain ontologies

There are three sorts of ontologies: upper, core and domain ontologies. Upper or sometimes
called top or foundational ontologies are the most general. There the least domain-specific,
they actually try to cover as big as adomain as possible. The ideais that lower-level
ontologies can be expressed in terms of an upper ontology. Some examples are Cyc
(http://www.opencyc.org/) with 60.000 assertions on 6.000 concepts that also take an explicit
common-sense stance, the Standard Upperlevel Ontology (SUO) (www.suo.ieee.org), which
works from premises in science use and DOL CE based upon human perception, cultural
imprints and social conventions. Often these upper ontologies are built with no specific task in
mind, they have amore epistemological nature. In alesser degree the same counts for core
ontologies.

A core ontology coversa‘field’ like medicine, law, and etcetera, which may consist of many
(sub)domains. Law, for instance, is carved up in domains like criminal law, environmental
law, civil law, private law, and etcetera. A core ontology tries to capture all concepts that are
relevant to al (sub)domains for the particular field of that core ontology. For examplein law
that would be concepts like ‘norm’, ’ contract’, ‘liability’, and etcetera. A core ontology has
several purposes[12]:

It enables re-use by allowing top down modelling of anew domain. Thisway the
core ontology will also get therole of alibrary, where eventualy all (sub)domains
will have their own place and the whole field is model led.

It facilitates knowledge acquisition, since all the core concepts are already know. If
you start modelling a new (sub)domain, you have a solid base to start from.

As abstract core concepts play a pivotal rolein reasoning, they may be a source for
constructing special inference services, as e.g. in spatial and temporal reasoning.
For instance, [4] developed aformalism and inference engine for reasoning with
(legal) norms, as part of alegal core ontology for law.

Domain ontologies contain the concepts of a specific domain of application. These ontologies
are built with atask in mind. It should be noted that these ontologies could be built even
without a connection with a higher-level ontology, like a core ontology or upper ontology.

2.3 Benefits

Why would someone want to devel op an ontology? According to [ 18] some of the reasons
are:

To share common under standing of the structure of information among people
or softwar e agents.

To enablereuse of domain knowledge. For example, models for many different
domains need to represent the notion of time. Why develop new ones over and over,
when you got access to a sufficient one that was build by somebody else.
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To make domain assumptions explicit. That way they are easier to change or to
learn by new users.

To separate domain knowledge from the operational knowledge. Thisway itis
easier to re-use knowledge.

To analyze domain knowledge.

2.4 What isin an ontology?

There are basically four building blocks in an ontology:
Classes (or sometimes called concepts)
Properties, which describe the features and attributes of the classes
Restrictions, which describe the value a property is allowed to have
Individuals, these are instances of a class with certain restrictions

An ontology consists of a hierarchical structure of classes. Each class represents a concept.
The class animals, for instance, represents all animals. The class herbivores is a subclass of
the class animals. And the class animalsis a superclass of the class herbivores. In Figure 2 we
can see the class hierarchy of animals and their food and habitat.

4 (Class Hierarchy

Hierarchy
B @ ftop
= animals
= carnivores
predatars
SCAVENGErs
hetbivores
ornnivores
eatth
& [£] food
= meat
dead anirals
Iiving animals
plants

b
Figure 2: The class hierarchy of animalsand their food and habitat.

Animals have the property that they eat. This property in detail can be seen in Figure 3.
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Figure 3: The property eat

The class animals has the property habitat with the restriction earth and the property eat with

the restriction food (see Figure 4).
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The subclass herbivores of the class animals inherits these properties, but the property eat is
more specified in the restriction, namely plants instead of food (see Figure 5).
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Figure5: The class herbivoreswith property in detail.

If we now define three individuals: cows instance of the class animals, grass instance of the
class plants and the Netherlands instance of the class earth. And we give cows the restrictions
eat grass and habitat the Netherlands. Then after reasoning cows is an inferred instance of
herbivores (see Figure 6).
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Figure6: Theindividual cows after reasoning

An ontology together with aset of individual instances of classes constitutes a knowledge
base. In redlity there is afine line where the ontology ends and the knowledge base begins.

So in practical terms, developing an ontology includes:
defining classes in the ontology,
arranging the classes in a taxonomic (subclass—superclass) hierarchy,
defining properties,
assign properties and their restrictions to the classes,
defining individuals.

2.5 Different types of ontologies
2.5.1 Ontologies, knowledge representations and knowledge bases

[14] State:

“A key source of confusion in ontologies discussions is the (lack of) distinction between
ontol ogies, knowledge representations and knowledge bases. A knowledge base is some
representation of terms (concepts, relations, etc.) in some formal language, usually logic. A
knowledge representation is a one such formal language. The term ontology is normally not
used for domain-independent knowledge representations (e.g., first-order logic), but instead
for specialized, domain-dependent formal languages.

In practice, [14] have found that some researchers develop ontologies that are knowledge
bases, while others use them as a knowledge representation or as afoundation for one. It can
be argued that both are interchangeable, that is, given an ontology in knowledge base form
(e.g., in Ontolingua[7] or KIF [15]) one could create a corresponding knowledge
representation by creating commands to define each of the classes of things defined in that
ontology. However, one key distinction is that an ontology as knowledge representation
formalism implies the existence of some sort of specialized inference mechanism or calculus,
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which is not necessarily the case with knowledge bases (although these assume some generic
reasoning mechanism e.g. first order logical reasoning).

Another related issueis that some claim that not all knowledge bases are ontologies, that
ontol ogies are somehow special kinds of knowledge bases or representations.”

2.5.2 Knowledge structure

Another important distinction to make about ontologies is how much structure they contain.
The more structured an entity is, thericher it is, and also the languages to describe them are
more complex and harder to compute. Vaente and Housel [16] define a knowledge structure
dimension (Figure 7).

Figure7. The knowledge structure dimension.

Below the knowledge structure dimension is described in more detail by [14]:”
- Knowledge in peopl€’ s heads isintrinsically non-formalizable — yet, many
organizations rely on this kind of knowledge and the support of tools to find out who
knows what where inside the organization.
Audio and video contain multiple “streams” of knowledge such as music voices, faces
and objects. Humans have a much easier time than machinesin interpreting and
indexing this kind of knowledge, but recent advances have been made to improve
automated management of this type of knowledge.
A raw text document is the formal equivalent of an audio track. Its complexity is
comparable to natural language, and it is hard for machines to process.

In contrast an HTML document with mark-up tags can display the texts' structure.
Patterns and regularities in the document structure can aid in interpreting the content.
For example, there are now tools that “wrap” structural patternsin HTML text into
semantic descriptions. This can allow, for example, to discover based on placement
inside a document that a certain HTML mark up contains the name of a country, or the
arrival time of aflight.

Sructured documents using formats like XML (or it’s ancestor, SGML) explicate the
semanticsimplicit in HTML mark-ups. For example, an XML document may contain
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atag such as <country name> USA </country name> that indicates that “USA”
should be understood as the name of a country.

The next kind of knowledge structureis* tuples’” of data, the essence of information
stored in databases. For example, databases may contain lists of relationships between
countries and their populations. Most databases are made for efficient storage and
retrieval of thiskind of information, but as aresult, they are usually unreadabl e by
human eyes. Recently, there has been atrend to use XML documents as areadable
form of databases. For example, a sequence of tags can contain a <population> tag
inside a <country> tag to indicate a relationship between the country and it’s

popul ation.

Categorized information has roughly the same level as structured information in
databases. Taxonomies are examples of categorized information. This kind of
knowledge is used extensively by directory sites such as Y ahoo to provide taxonomies
of concepts, ideas or subjects.

Formal knowledge is used here in the mathematical sense, meaning logica statements
such as theorems and equations. This kind of knowledge can be used in avery
rigorous way to make sure all semantics are explicit and rules are followed.”

The way this dimension is useful to analyze ontologies is to recognize that different
ontologies are more structured than others. Thisisimportant because there is a correlation
between the use of an ontology and the level of structure used to expressit, as well as between
the level of structure and the formalism used to express the ontology [14].

2.6 Their rolesand uses
[14] identified five main uses and roles for ontologies:”

Organize and structureinformation.

The basic role of ontologiesin this case isto organize and structure information in the
domain. Ontologies here are tools to describe things or phenomenain the domain of
interest. The ontology thus plays the role of vocabulary, answering two main
questions: (&) which terms can be used? (i.e., ontology as alexicon); and (b) which
(valid) sentences can be expressed (i.e. ontology as agrammar) say?

An example is Gangemi, Sagre and Tiscornia s Jur-Wordnet [17].

Reasoning and problem solving.

The basic role of ontologiesin this case isto represent the knowledge of the domain so
that an automated reasoner can represent the problems and generate solutions for these
problems. The ontology here works as the structure of the knowledge base.

An example is Boer, Hoekstraand Winkels' CLIME Ontology [18], that is the basis
for alega advice system for maritime law.

Semantic indexing and sear ch.

The basic role of ontologiesin this case isto represent the contents of documents or
other “soft” knowledge sources (picture, movies, etc.). The ontology here works as a
semantic index of information, which enables semantic search for content.

An example of this useisthe work of Benjaminset. a. [19], who created an
application to retrieve FAQ questions about legal procedures that included an

ontol ogy-based interface for query and retrieval.
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Semantic integration/inter operation.
The basic role of ontologiesin this case is to support applications to exchange

information electronically. The ontology here works as an interlingua that defines a
(narrow) vocabulary to be used to interchange information.

Understand a domain.
The basic role of ontologiesin this caseisto provide aview of what adomain is about
—to try to make sense of the variety of knowledge in that domain. The ontology here
works as amap that specifies what kinds of knowledge can be identified in the

domain.

All core ontologies have this role. Some notable examples are the Functional Ontology
of Law created by Valente and Breuker [20,21,22], Mommers' knowledge-based
model of law [23] and van Kralingen and Visser’s Frame Ontology [24,25].

Core ontologies may also focus on a subset of law, for example Lehman’s ontology of
legal causality [26].
Some of these core ontologies are also used or at |east designed for supporting
reasoning and problem solving. For Example, Valente's Functional Ontology of Law
was used as abasis for alegal problem solving in the ON-LINE architecture [22].”

Table 1 showsthe levels, types and roles of the legal ontologies mentioned in this section.

Ontology or Application L evel Type Role
Proj ect
Vaente and Genera Coreontology |Knowledgebase |Understand a
Breuker's architecturefor | (of law) in Ontolingua, domain,
Functional legal problem highly structured | reasoning and
Ontology of Law | solving problem solving
[20,21,22]
Mommers General language | Coreontology | Knowledgebase |Understand a
knowledge-based | for expressing (of law) in English, very |domain
model of law [23] | legal knowledge lightly structured
van Kralingen General language | Core ontology | Knowledge Understand a
and Visser's for expressing (of law) representation, domain
Frame Ontology |legal knowledge, moderately
[24,25] legal KBSs structured (also as

aknowledge base

in Ontolingua
Lehman, Breuker | Generally Coreontology |Knowledgebase |Understand a
and Brouwer’s expressing (of causationin |in English, very |domain
Lega Causation |causa legdl law) lightly structured
Ontology [26] knowledge
Benjamins et. Intelligent FAQ | Domain Knowledge base | Semantic
al.’sontologies of | system ontology (about |in Protége, indexing and
professional legal | (information FAQ) moderately Search
knowledge [20] |retrieva) for structured

judges
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Gangemi, Sagre | Extensionto the |Domain Lexical Organize and

and Tiscornias |legal domainof |ontology (of knowledge base in | structure

Jur-Wordnet [17]. | Wordnet legal terms) DOLCE (DAML), |information
lightly structured

Boer, Hoekstra | legal advice Domain Knowledge base | Reasoning and

and Winkels system for ontology (of in Protégé and problem solving

CLIME Ontology | maritime law maritimelaw) | RDF, moderately

[18] structured

Table 1. Thelevel, types and roles of the legal ontologies mentioned in this section

2.7 Criteriafor ontologies

Gruber [27] formulated five criteriathat should be satisfied by every ontology, [28]
summarized each of them:

1. Clarity, amodel (based on an ontology) should effectively communicate the intended
meaning of the knowledge it attempts to capture.

2. Coherency, the various parts of a conceptual model should work together when
representing knowledge.

3. Extendibility, an ontology should offer afoundation for arange of anticipated tasks,
and it should be crafted so that it is possible to extend the model.

4. Minimal encoding bias, representation choices should not be made purely for the
convenience of notation and implementation.

5. Ontological commitment, an ontology should make as few claims as possible about
the world being modelled.

In the evaluation we will discussif the BEST-ontology satisfies these criteria.

2.8 Developing an ontology in seven steps
According to [13] there are seven steps that have to be made in order to develop an ontology:

Step 1. Deter mine the domain and scope of the ontology
In doing so the following basic questions should be answered:
What is the domain that the ontology will cover?
For what we are going to use the ontology?
For what types of questions the information in the ontology should provide answers?
Who will use and maintain the ontology?

One of the ways to determine the scope of the ontology isto sketch alist of questionsthat a
knowledge base based on the ontology should be able to answer, competency questions
[29]. These questions will serve as the litmus test later: Does the ontology contain enough
information to answer these types of questions? Do the answers require a particular level of
detail or representation of a particular area? These competency questions are just a sketch and
do not need to be exhaustive.

In the ‘animals and their food and habitat’ domain, the following questions are possible
competency questions:
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Wheat kinds of animals eat meat?
Does a scavenger eat plants?
What' s the habitat of atiger?

Is acow an omnivore?

Step 2. Consider re-using existing ontologies

Re-using does not only mean re-using a compl ete ontology, we could aso re-use a part of it
and refine or extend it or use it as an inspiration.

There are libraries of reusable ontologies on the Web and in the literature [ 13]. For example,
we can use the Ontolingua ontology library
(http://www.ksl.stanford.edu/software/ontolingua/) or the DAML ontology library
(http://www.daml.org/ontol ogies/). There are a'so a number of publicly available commercial
ontologies (e.g., UNSPSC (www.unspsc.org), RosettaNet (www.rosettanet.org), DMOZ
(www.dmoz.org)).

For example, a knowledge base of plants may already exist. So, re-using can save alot of time
and effort. And if the re-used ontology worked well in its former application and has in same
task in the new application, you have the more insurance it will work

Step 3. Enumerate important termsin the ontology

Thisisbasically a brainstorm session, which should result in as many relevant terms you want
to use in the ontology as possible. Helpful questions are: What are the terms we would like to
talk about? What properties do those terms have? What would we like to say about those
terms?

The next two steps are the most important steps in the ontol ogy-design process.

Step 4. Define the classes and the class hierarchy

There are several possible approaches in developing a class hierarchy [30]:
A top-down development process starts with the definition of the most general
concepts in the domain and subsequent specialization of the concepts
A bottom-up development process starts with the definition of the most specific
classes, the leaves of the hierarchy, with subsequent grouping of these classes into
more general concepts.
A combination development process is a combination of the top-down and bottom-
up
approaches. We define the more salient concepts first and then generalize and
specialize them appropriately.

It does not really matter which approach is used, it depends on personal preference and the
domain.

First, we start defining the classes based on list we made in step 3. Each class should have an
independent existence.

Second, we organize the classes into a hierarchical taxonomy by asking if by being an
instance of one class, the object will necessarily (i.e., by definition) be an instance of some
other class.

If a class A isa superclass of class B, then every instance of B is also an instance of A
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In other words, the class B represents a concept that isa“kind of” A.

For example, every herbivore is necessarily an animal. Therefore the herbivores classisa
subclass of the animals class. See Figure 8 for the class hierarchy of animals and their food
and habitat.

Figure8: The class hierarchy of animalsand their food and habitat.

Step 5. Define the properties of classes

Then it istime to define the properties the classes can have. Most of remaining terms of step 3
arelikely to be properties. For each property, we must determine which classit describes.

All subclasses of aclassinherit the properties of that class. For example, all the properties of
the class animals will be inherited by all subclasses of animals, including omnivores,
carnivores and herbivores.

A property should be attached at the most general class that can have that property.

Step 6. Definetherestrictions of the properties

In arestriction you fill in the value of a property. Properties can have different value types,
allowed values, number of the values (cardinality), and other features.

When defining a restriction, one has to keep in mind the following:

Cardinality

Cardinality defines how many values a property can have. It is possible to have single
cardinality (allowing at most one value) and multiple cardinality (allowing any number of
values). For example, habitat has a single cardinality, where as eat has a cardinality, which
allows two values (an omnivore eats both plants and meat).

Some systems allow specification of a minimum and maximum cardinality to describe the
number of slot values more precisely.

Property-value type
Describes the type of value a property has:
- String
Number (sometimes more specific value types of Float and Integer are used)
Boolean (true or false)
Enumerated isaset list of possible values
I nstance-type allows definition of relationships between individuals.
Class

Domain and range of a property
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The domain isthe class or classes that has/have the particular property and the range is the
possible values a property can have. Both have to be as tight as possible.

Step 7. Createinstances

Thelast step is creating individual instances of classesin the hierarchy. Defining an
individual instance of aclass requires (1) choosing a class, (2) creating an individual instance
of that class, and (3) filling in the restrictions. For example, we can create the individual
instances. cows of the class animals, grass of the class plants and the Netherlands of the class
earth. And we give cows the restrictions eat grass and habitat the Netherlands (see Figure 9)

Figure 9: Theindividual cowsin detail

A more elaborated description of these seven steps plus some common pitfalls of ontology
development can be found in [13].

2.9 Theoutlinefor chapters3,4,5and 6

In chapter 3 we will discus; Step 1: Domain and Scope. Besides the domain and scope we will
also describe the approach of the BEST-project.

In chapter 4 we will discus; Step 2: Consider re-using existing ontologies. We take alook at
several legal ontologies and decide if they or parts of them are appropriate for re-use.

In chapter 5 we will discus; Steps 3, 4 and 5.

Step 3. Enumerate important terms in the ontology. We basically describe the method we used
for knowledge acquisition and its outcome.

Step 4. Define the classes and the class hierarchy. We describe how we did it and explain
which language and editor we used.

Step 5. Define the properties of classes. We describe this process.

Furthermore, we will discuss the problems that occurred during these three steps.

In chapter 6 we will discus; Steps 6 and 7.
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Step 6. Define the restrictions of the properties. We describe this process.

Step 7. Create instances. We define all individual s/instances for every test case and anayze
the output of the ontology after reasoning. Furthermore, we give an example of how the
definitions in the ontology can make the classification happen.
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3. Step 1. Deter mine the domain and scope of the ontology

3.1 Deter mine the domain and scope of the ontology

In doing so the following basic questions should be answered:
1. What isthe domain that the ontology will cover?
2. For what we are going to use the ontology?
3. For what types of questions the information in the ontology should provide answers?
4. Who will use and maintain the ontology?

The answersfor BEST are:
1. asdiscussed in section 1.2.2 the domain is Dutch tort law.
2. Establishing liability and returning the grounds of liability and the corresponding
article numbers.
3. Seethe competency questions below.
4. Usearsare—asdiscussed in section 1.2.1- laymen in the field of law who have a
damage dispute. The ontology will be maintained by the project members of BEST.

One of the ways to determine the scope of the ontology is to sketch alist of questions that a
knowledge base based on the ontology should be able to answer, competency questions[29].
The competency questions of the BEST-ontology are:

Which part(y)(ies) can be held liable for the damage?

On what groundsis a party liable?

And what are the corresponding article numbers?

3.2 The BEST -project

A fundamental problem with the use of ontologies in this setting is the apparent mismatch
between the terminology used in legal documents and the terminology used by laymen to
describe their case. In order to be successful, methods for aligning these two worldsin an
intelligent retrieval system have to be provided. In the following section, an approach to
tackle this problem is described that will be implemented in the course of the project.

3.2.1 The approach of the BEST-project

The BEST approach to supporting BATNA establishment is based on a number of principles
that distinguishesit from other existing approachesto IT support for legal decision making.
The most basic principleisthat the project will provide supporting technology that prepar es
alegal judgement instead of trying to come up with such a judgement by itself. This
preparation will consist of

Supporting the user to describe a specific legal situation
Retrieving and ranking description of court decisions on similar cases

These functions will be implemented using a combination of statistical text retrieval methods
and knowledge-based techniques. In particular, theideais to ease the use of documents
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retrieval systems. Thiswill be achieved by providing technologica solutions for the two
aspects mentioned above, in particular:

An ontology-based interface for creating and classifying case descriptions
An analysis component for generating search terms based on the classification of the
case description

These components will be implemented and a prototype will be implemented that uses a
thesaurus-based document retrieval system using atest data set. Further, the use of the
components for enhancing existing search solutions for legal documents will be investigated.

3.2.1.1 Conceptual Architecture

The basic idea of the BEST approach isto de-couple the task of creating a meaningful and
compl ete description of the case at hand from the task of retrieving similar cases. The
rationale for this choice liesin the nature of the two sides to ontology use mentioned in the
last section. An ontology suited to provide the terminology for supporting laymen in
describing cases significantly differs from an ontology suited for providing the basis for
annotating legal documents. This difference not only liesin the different terminology used by
laymen and experts but also in the required representations. While an ontology for creating
structured case descriptions needs to provide the basis for describing complex configurations
of situations, the ontology for annotating legal documents will focus on the use of different
words for describing the same legal concept or situation. It is easy to see that these tasks
require conceptually different representations.

Besides the technical issues that rose above a de-coupling of the case description and the
document retrieval has several conceptual advantages:

Depending on the user group, there can be different ways of describing cases that
require different ontologies as a source if basic terms.

Depending on the avail able data sources, there can be different retrieval engines that
require different knowledge structures to determine relevant documents

The system will profit from using existing thesauri and annotations and provide added
value to these systems by enriching them with query formulation support in terms of
case descriptions.

Figure 10 shows a conceptual architecture that reflects the principle of de-coupling case
description and document retrieval that will be the basis for the work in the BEST project.
The architecture is centred on the notion of a case description. The case description explicates
relevant aspects of the case at hand using a structure and terms provided by a user ontology.
This ontology is mapped on a second conceptua structure that is used to annotate legal
documents. In afirst version of the system, this structure can be based on article numbers (this
isthe kind of annotations we can easily produce ourselves). In later stages it would be good to
use Collexis concept based retrieval technologies for this part.
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Figure 10: Proposed Conceptual Architecture of the BEST prototype

The main challenge of this approach isto determine the relevant aspects of the case at hand.
Theideaisto do this by combining different sources of information. The user ontol ogy
provides the general structure of a case description and a set of predefined terms that can be
used to fill the different slots of the description. Information about what slots have to be filled
could be derived from intermediate results of the retrieval system that provide hints of how to
further distinguish relevant from irrelevant cases. Finaly, the user is assumed to provide input
for the case description by selecting terms from the ontol ogy that best describe the current
case.

3.2.1.2 What do we need to support this approach?

Animplication of the above discussionsis that different ontologies have to be developed in
order to link the terminology of the user to the terminology of legal documents. In the
following, we briefly describe basic set of ontologies needed to support the approach.

3.2.1.2.1 User Ontology

A first ontology that needs to be developed is an ontology that provides basic terms and
relations for the creation of a case description by the user. This ontology has to be geared
towards the specific needs of the chosen user group. In particular it will look different for
experts and laymen. This ontology needs to cover relevant aspects of a case that are known to
the user. In the case of laymen, this ontology will not contain legal terminology but provides
common sense terminology for describing the situation that the user faces. Typical aspects are
people, organizations and objects involved in a situation as well as relations between them.
Typica relations are such that might establish a responsibility for other people or objects such
as ownership, employment, etc. Besides that it needs to distinguish between persons and
organizations with aspecial legal status (adults vs. children, private companies vs. public
bodies etc.). This ontology is supposed to be the basis for an automatic categorization of
persons and organizations according to potential responsibilities and therefore needs to be
rigorously axiomatized.
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The nature of this ontology can best be described in an example. We assume that the user
wants to describe the case of an accident at ariding school, where the user is the victim and
wants to judge the chances of claiming compensation in a court case. In this case the relevant
parties and objects are the victim, the riding school, possibly ateacher at the school and the
horse that cause the accident. The user ontology has to provide classes for describing the legal
status of these parties. The victim and the teacher are private persons, the riding school an
organization and employer and finally, in alegal context, the horseis regarded as an object.
Relevant relations between these parties are amongst others the employment relation between
the school and the teacher, the ownership relation between the school and the horse. The
corresponding situation is depicted in the figure below:

teacher:person employed school:organization

handles ownes

horse:object
Figure 11: Example of acase description

Besides providing the terms used in the description, the user ontology also defines different
possible forms of liability. The different partiesin a case description are then tested against
these forms of liability to determine possible grounds for a court case. For the example case,
we can determine that the teacher and the school could be held liablein principle. The
corresponding (simplified) definitions that could be used are:

liable® (person U organization) Udobject
liable-for-person © liable U $employs.person
liable-for-object © liable U $owns.object

These definitionstell us that the teacher as well as the school are instances of the classliable
and that the school is a'so amember of the classesliable for person and liable for object.
Other important aspects about damage disputes are the knowledge a party has about risks and
the measures taken by a party to avoid risks. These aspects should also be modelled in the
ontology.

Since | am alayman in the field of law myself, the first thing to do is knowledge acquisition. |
try to achieve that by: reading a recommended book about the unlawful act [31] and the
sections in Dutch law concerning tort law, doing athink aloud session with a Master student
inlaw and getting alot of help and advice from a PhD student of Law, who'smain task isto
analyze the domain of tort law. Together, we try to understand the domain of tort law as best
as possible. Then ahierarchical structure will be made of the domain of tort law. This
hierarchical structure will only contain article numbers. A domain in law seldom stands alone;
it will refer to definitions or articles of another domain of law. These also have to be modelled
in the hierarchical structure. Then we will use the hierarchical structure to build the legal or
expert’s part of the ontology.

For the common sense or layman’s part of the ontology a number of well-chosen case
descriptions will be extracted from www.rechtspraak.nl. These will give agood idea of how
to express a case in layman terms and the problems that arise in transforming them into
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legally valid statements, which can be used in reasoning. Furthermore, these case descriptions
will aso be used as test cases.

The resulting ontology will have two different viewpoints: the layman’s and the expert’s
viewpoint in the field of law. The layman will give a case description in terms that are
understandable from alayman’s viewpoint and the ontology will ‘translate’ that case
description into expert terms that can be used for the reasoning component. As can be seenin
the above riding school example.

Only when we have afull operational ontology, we can decide how to make an adequate user-
interface.

This thesis only describes this user- ontology.

3.2.1.2.2 Legal Thesauri

The second kind of knowledge structure needed is a thesaurus that contains terms that are
often found in legal documents. As such it hasto contain information about different possible
occurrences of alegal concept in the actual text of a court decision or at least support methods
for determining such occurrences (singular vs. plural, active vs. passive voice). Besides that,
theinclusion of semantic relations that determine the relation between synonyms, broader and
narrower terms etc are useful to support query relaxation and refinement. Different from the
user ontology, the definition of semantic relations will not be asrigorous asit hasto bein
axiomatized ontologies. On the contrary, the fact whether two terms should be regarded as
synonyms of not rather depends on their typical use in legal texts than on conceptua
principles (Holland and the Netherlands will often be regarded as synonyms in such structures
despite the fact that one is actually a geographic and organizational part of the other).

3.2.1.2.3 The Structure of Law

Finally, we need some neutral knowledge structure that can be used to mediate between the
user ontology and the legal thesaurus. As both the user ontology and the thesaurus can be
exchanged to better suit a given application, this mediating structure needs to be as stable and
neutral as possible. A good candidate for such mediating knowledge is the structure of law
itself. The law is structured in terms of a hierarchy consisting of books, chapters, articles etc.
that classifies different legal situations. The figure below shows asmall part of the structure
of the Dutch law:
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liability

direct-liability indirect-liability
(6.3.1 BW) /\
liability for persons liability for objects
liability for employees liability for children liability for animals
(6:170 BW) (6:169 BW) (6:179 BW)

Figure 12: Snapshot of an ontology about the structure of law

In this structure, we find the parts of law that correspond to the different forms of liability that
have been determined by logical reasoning about the case description. We can find out, for
instance that the teacher could be held liable according to 6.3.1 BW and the school either with
respect to 6:170 BW in place of the teacher or with respect to 6:179 BW as owner of the
horse. These articles on the other hand can be used to link to legal documents as these
documents will contains references to these articles and will often contain terms that also
occur in the text of the articles.
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4. Step 2. Consider re-using existing ontologies

4.1 Re-use of existing legal ontologies

Therole of the BEST-ontology is reasoning and problem solving. So, if we take alook at
Table 1 of section 2.6, we see that the core-ontologies Mommers' knowledge-based model of
law [23], van Kralingen and Visser’ s Frame Ontology [24,25] and Lehman, Breuker and
Brouwer’s Legal Causation Ontology [26] have a different role; to understand a domain.
These ontologies are too theoretical and are more epistemic frameworks, therefore they are
not re-usable for our application. The Core Legal Ontology [32] isnot present in Table 1, but
according to [33] Core Legal Ontology or CLO organises juridical concepts and relation on
the basis of formal (meta) properties defined in the DOL CE foundational ontology [34]. There
is no match between the role of CLO and the role of BEST, we therefore discard CLO for re-
use.

There are two ontologies in Table 1 with the same role as the BEST-ontology: Vaente and
Breuker’s Functional Ontology of Law [20,21,22] and Boer, Hoekstra and Winkels CLIME
Ontology [18]. Since CLIME is adomain ontology with Vaente and Breuker’ s Functional
Ontology of Law [20,21,22] as core ontology and CLIME is a domain ontology of maritime
law, where as the BEST-ontology is an ontology of tort law, we will ignore CLIME and
concentrate on Valente and Breuker’s Functional Ontology of Law [20,21,22].

4.2 Ontologiesfor re-use: FOLaw
FOLaw is a core ontology, which served the following purposes:

Identifying the various types of knowledge in legal reasoning
Making an architecture for legal reasoning: ON-LINE

To organize and index libraries of domain ontologies
Support knowledge acquisition for new ontologies of law

FOLaw adopts a functional perspective, hence the name a Functional Ontology of Law. The
law is analyzed and interpreted through a functional point of view [35]. The legal systemis
seen as an entity that plays arole and has a certain function in the social behaviour of society,
it regulates socia behaviour. The intended meaning of FOLaw can be seen in Figure 13 [35].
The rounded boxes are functions. The solid arrows indicate functional dependencies. The
non-solid arrows indicate dependencies, which correspond to actual interactions with society.
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Figure 13: Functional roles of legal knowledgein the operation of the legal system.

The major types of knowledge in FOLaw are normative knowledge, world knowledge,
responsibility knowledge, reactive knowledge, creative knowledge and meta-legal knowledge
See Figure 14.

Figure 14: Primitive knowledge categoriesin the functional ontology of law
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Below, [36] briefly characterize the main primitive categories of legal knowledge
distinguished in FOLaw:”

Normative knowledge consists of all knowledge, which roleit isto specify which
behaviours in the world are to be allowed, and which disallowed. It comprises
basically norms that address behaviour directly. A formalization of this knowledge
category, including its classical deontic concepts, is proposed in [37].

World knowledge comprises the knowledge about the world, which is regul ated by the
law. The assumption is that the law contains amodel of the sub-part of the society,
which it intends to regulate [38]. This “world model” specifies which types of agents
and objects are considered, how these are related in terms of types/sub-types (i.e.
taxonomically), which behaviour may occur, etc. Thistype of knowledge is usually
recognized as aterminological one, because it is specified through the definition of
terms. Further, world knowledge comprises causal knowledge, which specifies which
behavioursis to be considered a cause of certain events or other behaviour. World
knowledge is the interface between purely common-sense knowledge and legal
knowledge, since some terms or causal connections specified in the law are assumed
to be interpreted in terms of other common-sense terms or connections.

Responsibility knowledge is the knowledge used to assign responsibility to agents
when aviolation of anorm occurs. It includes both limitations of responsibility (e.g.
limited liability of manufacturers) and the assignment of responsibility without clear
causal connection (e.g. parental responsibility for civil damages of their children).
Responsibility knowledge is built upon (but is distinct of) causal knowledge. [36] have
already sketched the formalization of this connection between causality and
responsibility in the law in [39].

Reactive knowledge specifies the reactions the legal system can or should take towards
an agent, which isresponsible for a certain situation. Thisis usually a punishment (as
in the penal code of many countries), but it also comprises rewards such as tax rebates.

Meta-legal knowledgeis legal knowledge about legal knowledge. It includes for
instance data about elements of legal knowledge (e.g. the enacting authority or issuing
date), knowledge about the solution of conflicts between norms, and knowledge about
the validity of legal knowledge.

Creative knowledge is a small knowledge category, which contains the laws, which
create new legal entities, e.g. an authority, department or a school.”

It seems that FOLaw provides al the ingredients needed to make an ontology that can be used
for legal reasoning. However, [40] state that even FOLaw is rather an epistemic framework,
but even more important for our application, the knowledge category “world knowledge’ was
underspecified. World knowledge means here: the common sense knowledge that we use in
describing events asin legal case descriptions. One of the main functions of the BEST-
ontology is the opportunity for the user to create a case description of their situation in
common sense terms. So, FOLaw does not appear to be a good candidate for re-use. However,
[40] made a core-ontology (LRI-core) to overcome the problems just mentioned with FOL aw.
Would LRI-core be a candidate for re-use?
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4.3 Ontologiesfor re-use: LRI-Core
The major principles from which LRI-core is constructed are the following [41]:”

Objects and processes are the primary entities of the physical world. In objects energy
and matter are distributed, so that objects participate in processes, while processes
transfer or transform energy. The participation of objects may change some of the
quantities or qualities (transformation) or may change position (transfer (movement,
emission, etc)), or their existence, both of the material nature and composition of
objects and the energy types and distribution in processes.

Mental entities behave largely analogous to physical objects. In fact, one may argue
that the mental world consists largely of metaphors of the physical world. A typical
mental object is‘concept’, and mental processes affect mental objects. This reflects
our folk psychology, which assumes e.g. that if one isinformed about some fact, this
fact is stored in memory. Whether this fact is believed or not is an epistemol ogical
issue. Facts of belief and knowledge are mental objects consisting of concepts.

Communication proceeds via physical objects (documents, sounds) and actions (talk,
reading), which represent mental objects (information).

The mental and the physical world overlap in concept of *agent’. It is ambiguous
because ‘agent’ is classified as both a physical object and a mental object.

Social organization and -processes (e.g. communication) are composed of roles that
are performed by agents that are identified as individual persons. The law associates
norms to roles. For instance, the traffic regulation provides norms for traffic
participants (or its subclasses, e.g. pedestrian or driver of amotor vehicle). However,
when it comes to solving legal cases, the responsibility iswith the individual who
performed arole.
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Figure 15: LRI-Corein Protege-2000

Time and space have aso an ambiguous status. Related to occurrences, they provide
positions of events and situations. However, as physical entities they provide the
gualities of extension (size, life-cycle) of objects and processes (field, duration).”

Therole of LRI-Core of as a super-structure for alegal domain ontology is presented in
Figure 16 for some of the major termsin criminal law.

The main intended use of LRI-core is supporting knowledge acquisition for (legal) domains.
LRI-core is more about making explicit the principles than about applied use in various the
projects. We did use LRI-core as inspiration for knowledge acquisition, but found the
proposed principles/concepts too abstract to include in the BEST-ontology. For example, the
physical, mental and social entities are too vague concepts that have no use for our
application.
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Figure 16: LRI-Coreasa super-structure of a legal domain

In summary, we conclude, we could not find an appropriate ontology for re-use.



5 ~Steps3,4and 5

5.1 Step 3. Enumerate important termsin the ontology

In order to come up with terms we had to conduct knowledge acquisition. Besides reading a
book about the unlawful act [31] and the sections in Dutch law concerning tort law and during
the whole project asking questions and having discussions with an analyst of the domain tort
law, | performed 2 think-al oud-protocols with an ‘expert’ (student in law) in the legal domain.
In these two sessions | presented the subject with various well-chosen cases created from my
imagination and the knowledge | had after reading the book on the unlawful act. The cases
were all elaborated descriptionsin which at least 2 parties were involved who had some kind
of damage dispute. | asked the subject to play the lawyer of one of the parties, he then had to
think aloud and handle the case, as he would normally do. All the resources he used, like ‘ het
Burgelijk Wetboek’ (Dutch book of law), were carefully noted. The whole sessions were
recorded on tape and afterwards anal ysed. The first session focussed on liability for animals,
the second on employer’ sliability for employees.

The result was more insight in how a case is solved and how the reasoning worksin tort law.
Furthermore we made, together with the subject, alist of important terms that were used by
the subject when thinking aloud (see Appendix A). Thislist gave us afirst impression of what
kind of concepts should bein the ontology. All other termsin the ontology were added while
building the ontol ogy.

The reason a think-aloud method is more fruitful than a normal interview is because the
subject is forced to solve a case as he would normally do explaining every step. And of course
if the think-alouds do not satisfy a normal interview can be conducted.

In the next section we decribe how to conduct a think-aloud session.

5.1.1 Think-aloud-method

The think aloud method consists of asking people to think aloud while solving a problem and
analysing the resulting verbal protocols. This method has applicationsin psychologica and
educational research on cognitive processes but also for the knowledge acquisition in the
context of building knowledge-based computer systems [42].

When performing athink aloud session with a subject, it isimportant that the subject is
comfortable, that he or sheis aware of the purpose of the session and that the resulting data
will be handled strictly confidential. For instance, you do not want the subject to be anxious
about making a mistake in the reasoning process, because he thinks his boss will see the data
of the session. So, it is aways important the subjects collaborate and solve the problem at
hand as would be done outside the environment of the think aloud session.

A session can start with the following instructions [42]:

‘I will give you a problem. Please keep talking out loud while solving the problem.’
Or

‘Please solve the following problems and while you do so, try to say everything that goes
through your mind.’

One should be strict in following these instructions, if for instance you would say: ‘tell me

what you think’, a subject may think you are asking for an opinion or evaluation of their
thoughts.
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Since thinking aloud is not a natural way of communicating it is sensible to do awarming up
round before starting with the real session. After practice most subjects can easily think aloud.
Although sometimes the warming up makes clear that a certain subject is not suitable for a
think aloud session at all.

An example of apracticetask is:

A father and a mother have the same age. The father istwice as old as his son. The combined
age of the whole family is 80 years. What is the age of each family member?

Y ou should continue practising with the subject and guide him to verbalises his thoughts
without interpreting them. When the subject is able to do that, it istime to start the real
session.

During the session the role of the experimenter is only to stimulate the subject when he stops
talking by saying: ‘keep talking'. There should be aslittle interference as possible.

A session is recorded on audio- or videotape and afterwards transcribed. Then it will be
analyzed. Reviewing the protocol with the subject can provide useful additional information.
S0, in order to get insight in how a certain subject solves a certain problem you can conduct a
think aloud session.

If you want to know more about the think aloud method we recommend you to read [42].

5.2 Step 4. Definethe classes and the class hierarchy

There are four main domains integrated in the user ontology:
Tort law (hierarchy of article numbers and grounds for liability (liability for actions of
achild or possession of an animal etcetera));
When modelling the domain of tort law into the ontology, we mainly copied the
structure of tort law asit is described in Dutch law to the ontology. The reason for this
isthat this structure already implies some consegquences with regards to legal aspects.
For instance, in Dutch tort law, there is a distinction made between direct liability and
indirect liability.

Direct liability covers cases in which a person himself commits an unlawful act
against another person. This unlawful act has been committed due to this persons own
fault. Thisis not the case when apersonis liable for cases covered by indirect liability.
Indirect liability is divided into liability for persons (like children or employees) and
liability for objects (like animals or faulty products). When someone has a child less
than fourteen years old, this person can be held liable for all damage that the child
causes, whether the parent could do something about it or not.

This means that when someone describes a certain case in a user interface, the user
ontology should be able to ‘recognize’ the various legally relevant aspects of this case.
When achild of 15 causes damage, under Dutch law it is harder to hold its parent
liable then when this child would have been 12 (in Figure 17 we can see the different
applicable article numbers).

Kinds of damage (e.g. damaged objects, physical damage etcetera);

Basically there are two main categories to be identified in the damage domain: damage
concerned with objects (which isrelatively easy to establish) and damage concerned
with people. The Dutch law describes in detail the sorts of damage concerned with
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objects. Therefore we used the same structure as is described in Dutch law. For
damage concerned with people we used the same hierarchy that was used in the
‘ANWB smartengeldgids’ [43]. Damages concerned with people are divided into two
subclasses: damage caused by an injury (injury to body or psychologica damage) and
damage not caused by an injury (privacy, false imprisonment etc.). All possible
injuries of the first subclass are described. The domain of damages concerned with
people aone consists of 189 classes.

Entities subject to law (juristic person, natural person etc.);

The division we made between natural persons and juristic persons was also made on
grounds concerning legal implications. In the part where we discussed tort law, we
already saw that it makes a difference if someone is achild or an adult. In the same
way, it mattersif an entity subject to law is ajuristic person or a natural person (for
example, ajuristic person can never be an employee). Furthermore, in Dutch case law
it is decided that a public organization can never be regarded as a company. This
means that the possibilities to hold a public organization liable are more limited than
to hold a private organization liable.

An overview of the division between natural persons and juristic persons, grounds for
liability and the corresponding article numbersis given in Figure 17.

Figure 17: Partial class hierarchy of the user ontology.

Objectsin tort law (motor vehicles, animals, product etcetera).

For severa objects, Dutch tort law provides a specific article concerning liability for
damage caused with that object. In these different articles, different conditions apply
regarding the liability. Therefore, it isimportant to know whether the object that
caused the damage is an animal, a motor vehicle etcetera.

With these four domains the ontology can express a case description of a user, when the
corresponding individuals and their properties are defined: Who suffered what kind of
damage? Who or what caused the damage? What is the relationship of the different parties
with the damage (direct or indirect)?

After the automated reasoning the user ontology gives answers to the following questions:

Which parties can be held liable?
On what ground(s) can these parties be held liable?
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And what i/ are the corresponding article number(s)?

We defined these classes and the class hierarchy in the language OWL using the OilEd editor.
In the section 5.2.1 we will decribe the predecessors of OWL (HTML, XML, RDF) and OWL
itself. In section 5.2.2 we will discus some editors for OWL.

5.2.1 languages
5.2.1.1 Introduction

Everybody knows that the World Wide Web (WWW) or internet isarevolution in
information and communication technology. One of the reasons this was possible, was
because of the languages used to express the information on the web. These languages impose
a certain structure on the information, which is machine-readable. However, at the present, the
meaning of Web content is not machine-accessible. That isan aim for the future of the
internet; it will become the Semantic Web, where the meaning of information will play avery
important role. More structure and more complex languages will be needed to achieve this
goal. Also, there must come a shared understanding of domain to overcome the problem of
differencesin terminology. For instance, [44] state’’ one application’s zip code may be the
same as another application’s area code. Another problem is that two applications may use the
same term with different meanings. In university A, a course may refer to a degree (like
computer science), while in university B it may mean a single subject (CS 101).’

Ontologies can provide such a shared understanding of domain and can be expressed in the
more complex languages mentioned above.

In the next sections we will describe in short several languages, starting with the language,
which isthe least complex and provides the least structure (HTML) and ending with the
language, which is the most complex and provides the most structure and thus meaning or
semantics. For amore detailed description of these languages, ontologies and the semantic
web we recommend reading [44].

5.212HTML

HTML stands for hypertext markup language. As the name suggests it upgrades normal text.
It does so by tagging pieces of the text. At the moment HTML is the standard language in
which Web pages are written. Standards for the internet are set by the W3C (World Wide
Web Consortium).

An example of HTML taken from [44]:

<h2>Nonmonotonic Reasoning: Context-Dependent Reasoning</h2>
<I>by <b>V. Marek</b> and <b>M. Truszczynski</b></I><br>
Springer 1993<br>

ISBN 0387976892

This notation has some shortcomings and for that reason XML was devel oped.
These shortcomings of HTML are [44]:

Absence of explicit information: for instance if we take the example, then the machine

does not know who the authors of the book are by only looking at the way the HTML
is encoded.
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A HTML document does not contain structural information, that is, information about
pieces of the document and their rel ationships.

It must specify the formatting, while in the ideal caseit’s the content that counts not
theway it is presented. Content should be separated from formatting.

XML does not have these shortcomings.

5.2.1.3 XML

XML stands for extensible markup language. Let us take alook at the same example as above
thistimein XML:

<book>
<title>
Nonmonotonic Reasoning: Context-Dependent Reasoning
<ftitle>
<author>V. Marek</author>
<author>M. Truszczynski</author>
<publisher>Springer</publisher>
<year>1993</year>
<ISBN>0387976892</ISBN>
</book>

It is easy to seethat thisis an improvement to HTML with the semantic web application in
mind. Again tags may be nested, but in XML they always have to be closed. [44] State:”

In XML every piece of information is described and their relations are described in the
nesting structure.

XML allows the representation of information that is also machine-accessible.

XML separates content from formatting.

XML is ametalanguage for markup: it does not have afixed set of tags but allows
usersto define tags of their own.”

But even XML has some shortcomings for the semantic web applications. [44] State:”
XML does not provide any means of talking about the semantics (meaning) of data.
For example there is no intended meaning associated with the nesting of the tags.
Suppose we want to express the following fact:
David Billington is a lecturer of Discrete Mathematics.
There are various ways of representing thisfact in XML. Three possibilities are:
<course name="Discrete Mathematics™>

<lecturer>David Billington</lecturer>

</course>

<lecturer name="David Billington”>
<teaches>Discrete Mathematics</teaches>
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</lecturer>

<teachingOffering>
<lecturer>David Billington</lecturer>
<course>Discrete Mathematics</course>
</teachingOffering>

The semantic model of a particular domain cannot be represented in XML.” In other
words you can'’t create classes and/or subclasses, which can be used for semantically
analyzing an annotated document. For example:

<academicStaffMember>Grigoris Antoniou</academicStaffMember>
<professor>Michael Maher</professor>

Suppose we want to collect all academic staff members. A path expression in Xpath
might be

/lacademicStaffMember

Only Grigoris Antoniou is returned, although any human reader would know that
Michael Maher is an academic staff member aswell. If you could express somewhere
that professor is a subclass of academicStaffMember, this problem would not arise.

To overcome these shortcomings RDF was devel oped.
5.2.1.4 RDF

RDF stands for Resource Description Framework. RDF is not alanguage, it is a data-model.
In RDF it all comes down to an object-attribute-value triple, called a statement. An example
of astatement is:

David Billington is a lecturer of Discrete Mathematics.

RDF has asyntax in XML and therefore inherits all the benefits of XML. But it aso has more
to offer, because RDF is domain-independent - in that no assumptions about a particular
domain of use are made- the user can define their own terminology in a schema language
called RDF Schema (RDFS). RDF Schema defines the vocabulary used in RDF data models.
[43] State:” In RDFS we can define the vocabulary, specify which properties apply to which
kinds of objects and what values they can take, and describe the rel ationships between
objects.” For example we can write:

Professor is a subclass of academic staff member.

This solves the second shortcoming of XML mentioned in the previous section. RDFS makes
semantic information machine-accessible.
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5.21.50WL

OWL (Ontology Web Language) is alanguage proposed by the W3C consortium
(http://www.w3.0rg) to be used in the "semantic-web" environment for the

representation of ontologies. This language is based on the previous DAML+OIL

(Darpa Agent Markup Language [45]) language and it is defined using RDF (Resource
Description Framework [46]).

RDF itself istoo limited to satisfy the requirements of alanguage to carry the semantic web or
to model afull-scale ontology. [44] State:” RDF islimited to binary ground predicates, and
RDF Schemais (roughly) limited to a subclass hierarchy and property hierarchy, with domain
and range definitions of these properties.”

An important feature of an ontology is that you can reason about the knowledge that is
modelled. [44] State:” for ontological knowledge, we may reason about:

Class member ship. If xisaninstance of class C, and C is a subclass of D, then we
can infer that x is an instance of D.

Equivalence of classes. If class Ais equivalent to class B, and class B is equivalent to
class C, then Ais equivalent to C, too.

Consistency. Suppose we have declared x to be an instance of the class A and that Ais
asubclassof B C C, Aisasubclass of D, and B and D are digoint. Then we have an
inconsistency because A should be empty, but has the instance x. Thisisan indication
of an error in the ontology.

Classification. If we have declared that certain property-value pairs are a sufficient
condition for membership in aclass A, then if anindividual x satisfies such conditions,
we can conclude that x must be an instance of A.”

A helpful tool for reasoning is automated reasoning support. Now you do not have to do the
reasoning yourself, but let the computer do it. This way more reasoning can be done and also
you know for sureit is correct; logic can be very tricky. Automated reasoning support can:

check the consistency of the ontology and the knowledge

check for unintended rel ationships between classes

automatically classify instancesin classes

What does OWL have to offer, what cannot be modeled in RDF and RDFS? According to
[44] some features are:”

L ocal scope of properties. rdfs:range defines the range of a property say eats, for
all classes. Thusin RDF Schema we cannot declare range restrictions that apply to
some classes only. For example, we cannot say that cows eat only plants, while other
animals may eat meat, too.

Digointness of classes. Sometimes we wish to say that classes are digoint. For
example, male and female are digoint. But in RDF Schema we can only state
subclass relationships, e.g., female is a subclass of person.

Boolean combinations of classes. Sometimes we wish to build new classes by
combining other classes using union, intersection, and complement. For example, we
may wish to define the class person to be the digoint union of the classes male and
female. RDF Schema does not allow such definitions.
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Cardinality restrictions. Sometimes we wish to place restrictions on how many
distinct values a property may or must take. For example, we would like to say that a
person has exactly two parents, or that a courseis taught by at least one lecturer.
Again such restrictions are impossible to express in RDF Schema.

Special characteristics of properties. Sometimesit is useful to say that a property is
transitive (like “greater than”), unique (like “is mother of”), or the inverse of another
property (like “eats’ and “is eaten by”).

In the next section we will discuss some editors of OWL.
5.2.2 editors

In this section we will discuss our experiences with three different OWL editors:

OilEd [47], Protégé [48] and Swoop[49].

Most researchers work with Protége, but we had some significant difficulties with this editor:
sometimes when re-opening a previously saved, complete and working ontology, we got stuck
with apartial ontology, while no faults could be detected in the OWL-code. We were unable
to solve this problem.

For this reason we continued our work in Oil Ed.

OilEd vs Protégé:

- In Protégé the class hierarchy is always present in the main window and classes can
be directly manipulated. In Oiled you have to open a new window and when you
detect afault go back to main window before you can correct it.

Protégé has more plug-ins. For example, avery useful plug-in isthe graph widget;
here new individuals can be created by ‘drawing’ them. This way the knowledge
represented is much easier to understand.

In presenting the classes Protégé uses the class hierarchy, where as OilEd presents the
classesin alphabetical order. Both representations have advantages and
disadvantages.

Protégé has an undo button, OilEd not.

In Protégé you get awarning when you use the same name for two different things.
For example when an individual has the same name as a class. In OilEd you do not
get awarning for this, but when re-opening the document after saving, it will not
accept thefile.

Both have difficulties in modelling numbers. Defining avalue like <14 can only be
done with amodelling trick using cardinality.

In OilEd sometimes the data can get corrupted. For instance after re-opening afile the
filename becomes a prefix for property names (e.g. animals.daml.eat, where
animals.daml is the filename and eat a property name).

In OilEd when the range of a property is defined you would expect that when avalue
of that property is specified it should be in that range, thisis not the case.

In both editors, there is no option to see the OWL-code.

The last point is where Swoop comes into play. Although Swoop is not as well-organized as
OilEd or Protégé and is more difficult to understand, it does have the option to check the
actual OWL code of aclass, property and etcetera. So, we used Oiled as an editor and Swoop
as a debugger.
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The automated reasoner of OilEd is FaCT. FaCT (Fast Classification of Terminologies) isa
Description Logic (DL) classifier that can also be used for modal logic satisfiability testing
[50].

5.3 Step 5. Define the properties of classes

The properties came naturally to us, thinking about the requirements of the ontology.
A list of all 52 properties (in Dutch) is given in Appendix B. Some of them are:
is_ employer_of, has_age, damage is suffered by and etcetera.

5.4 problemsthat occurred during the building of the user-ontology

A big problem we encountered was that in some cases in order for the layman to make a
correct case description there aready must be made ajudgement by an impartial expert about
certain relevant aspects of the case. This judgement is the answer to one of the following
guestions: Did the particular party take sufficient measures to minimize the risksinvolved in
the case? Was the particular party aware of the risksinvolved in acase? Is the object involved
in the case defective? Beside the fact that |layman often do not have the expertise to answer
one of these questions, there also biased. A layman, who has suffered damage, will aways
state that the other party didn’t sufficiently minimize the dangers. And of course the other
party will deny this. This meansthat it is unfeasible to leave those kinds of judgments up to
the layman user. Our solution to thisis to aways make the judgment in favour of the party
that suffered the damage and give awarning that the liability only applies when the certain
judgement is the case.

One mgjor challenge in the whole project was to bridge the gap between the layman’s view
and the legal conception. For instance, it may come as a surprise to alayman that animals are
considered to be objectsin the law. If the ontology only consisted of the expert view alayman
would get into trouble, but since our ontology is based on both the expert and layman’s view,
alayman can talk about animals and the ontology will automatically classify the animals as
objects. As mentioned in section 5.2, we started building the ontology from the structures of
law itself. Then we went on explaining and working out every detail in corresponding classes
and properties.

The lower you get in the hierarchy the closer you come to layman terms. To our surprise the
gap was not as big as we thought, in some cases a small explanation in the interface is needed.
For example, the difference between a subordinate and an employee. There isroom for
improvement in the ontology, for example the class motor_vehicle could be further divided in
car, motorbike and etcetera. Since laymen would rather say car then motor vehicle.

Another problem was using numbers in the ontology. The age of a child can have important
consequencesin the law. Basically there are three categories. younger than 14 years, 14 or 15
years and older than 15. In the first category the parent is always liable when the child caused
damage. Thisisin alesser degree the case in the second category. Children in the last
category can be held liable themselves, when causing damage. To make the distinction
between these three categories we implemented the property child_has age. Assigning values
to this property lead to some problems. We could not use ‘operators' like< or £. You can
imagineit is possible to sum up al numbers smaller than 14, but all numbers above 15 isalot
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more work. Thisis not the ideal situation, so we used atrick. We defined the class year. year
becomes the range of the property child_has _age. Whenever the property isused in a
restriction we change the type cardinality of the property. The cardinality type allows the
operators <, = and >. The number of the cardinality can correspond with the number we want
to use to express the age-limits. For instance, if we want to express younger than 14 years, we
define the restriction: child_has_age year with cardinality < 13, where < means maximal
cardinality (see Figure 18 and 19).

Figure 18: Therestriction for the classchild_younger_than_14 years.

Figure 19: Therestriction in detail.

Unfortunately, we discovered that this trick did not work after all: the ontology changed the
maximal cardinality operator into the minimal cardinality operator, after saving. Thisis
caused by the OilEd editor. The developers of OilEd warn that their editor can have
drawbacks of this kind. So to overcome the number problem, we did sum up al the
possibilities, because this was still managable. If you sum up 0 to 13 for the first category and



14 and 15 for the second, using the ‘=" cardinality operator, you know all the other numbers
belong to the third category. Still, thisis not the ideal way to model knowledge with numbers.
In Figure 20 and 21 we present the solution with the = cardinality operator.

Figure 20: Therestriction for theclasschild_is or_14 or_15 years.

Figure21: Therestriction in detail.

Ontologiesin OWL assume an open world assumption. If no evidence or counter-evidence is
found about a statement, the ontology will draw no further conclusions about that statement.
In aclosed world assumption if a statement cannot be proved it is false. The open world
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assumption for us meant that when defining an individual that was a possible liable party it
should explicitly be made an instance of the class (not plaintiff). Since the plaintiff is always
an instance of plaintiff, it is clear to the ontology that it is dealing with an instance of the class
plaintiff, but if there isno explicit evidence for (not plaintiff) it will never reach the
conclusion not plaintiff. The condition not plaintiff is needed to ensure that the plaintiff self
cannot be held liable.

55 Theresult

We made an ontology that meets all the requirements, that is it can answer the competency
guestions set out in section 3.1. A user can express a case description in layman’s terms and
the ontology will return the liable parties, the grounds for liability and the corresponding
article numbers. The ontology is completely modeled in OWL and currently contains about
300 classes most of which are actually defined in terms of logical axioms and 50 relations
covering the most important aspects of the area of law introduced in section 5.2 as well

as common sense terms for describing cases. The ontology is available at
http://www.bestpr oj ect.nl/ontology/BEST .daml.

In the next chapter we will present all test cases to demonstrate how the ontology works.
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6. Steps6and?

6.1 Intoduction
Step 6. Definetherestrictions of the properties

Once again these were all natura choices, although we encountered some problems when the
value of a property was a number. This problem among othersis discussed more elaboratein
section 5.4.

Step 7. Createinstances

Creating instances in the BEST-ontology is actually expressing case descriptionsin layman
terms. In section 6.2 is described how we defined the individual s/instances for all test cases.

6.2 Examples of reasoning with thetest cases

We extracted a number of well-chosen case descriptions from www.rechtspraak.nl. In this
section for each test case we will first present the case, then show the possible liabilities their
grounds and article numbers for that case based on the law, then we will show how to express
these test cases in the ontology and finally the output of the ontology after automated
reasoning with these test cases. If the ontology does what we want it to do, the possible
liabilities their grounds and article numbers for each case based on the law should be the same
as the output of the ontology.

CASE 1 Theriding school

A woman, who is an experienced horserider, fell during a riding lesson after the horse
without a clear indication started to rear. The horse landed on her and the woman was
seriously injured. The woman signed a contract with the riding school, stating that the riding
school cannot be held liable for any injuries. The woman would like to get a compensation for
her injuries. Isthis possible?

According to tort law, both the riding school and the instructor present at the lesson can be
held liable. The riding school can be held liable for the possession of the animal 6:179 BW,
which caused the damage (the horse), for their subordinate 6:170 BW (the instructor), for
committing an unlawful act 6:162 BW (this could be the case if the school knew of the risks
involved and/or did not take enough measures to minimize the risks (for example, the
particular horseis known to rear unexpectedly)) and for the possession of a defective object
6:173 BW (animals are seen as objects in law and when there is something wrong with an
animal, it could be a defective object). The instructor can be held liable for committing an
unlawful act 6:162 BW (this could be the case if the instructor knew of the risksinvolved
and/or did not take enough measures to minimize the risks (for example, the particular horse
is known to rear unexpectedly)). Then there must be taking into account that the woman
signed a contract with the riding school, stating that the riding school cannot be held liable for
any injuries. If thisisalegally valid contract the woman may not get a compensation from the
riding school and depending from what is in the contract maybe not even from the instructor.
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In Table 2 can be seen how we expressed this case in terms of creating which individuals with
what kind of restrictions.

. Restriction(s)
Individuals Instance of Property individual filler
Has damage Broken leg
Woman Plaintiff Has contract_with Riding_school
Handles Horse
Horse Animals Causes directly Broken leg
Broken leg Physical _damage - -
o Juristic_persons Owns Horse
Riding_school
(Not plaintiff) Employs Instructor
Instructor Employ(.ee. Handles . Horse
(Not plaintiff) Conducts service to | Woman

Table 2: Expressing the riding school case.

Every party that is not the plaintiff must also be an instance of (not plaintiff). Thisis because
of the open world assumption the ontology assumes. If not explicitly is found that an
individua is not a plaintiff, the ontology does not infer that the individual is not a plaintiff.
Some of the properties in the table are the inverse of another property. For example, if the
riding_school owns horse, than the following restriction implicitly is aso valid: horse
is_owned_by riding_school. The same goes for all the other cases set out below.

These individuals are the premises of the logical reasoning that follows. After this automated
reasoning the ontology has classified the liable parties, the grounds for liability and relevant
article numbers. In Figure 22 we present the screen in Oiled when the riding school is selected
after reasoning. The ontology isin Dutch, but in Table 3 we will present all resultsin English.

48



Figure 22: The screen in OilEd after reasoning with the riding school case when theriding school is
selected.

In Figure 22 we see that there are anumber of individuals, we did not use in Table 2. These
were needed to define another part of the ontology and can be ignored for now. Furthermore
after each term there is a#-symbol with a number, these tell us something about the
namespaces of the terms; these can also be ignored for the purpose we are trying to explain
now.

In this case the riding school is held liable for the possession of an animal (horse) and for their
subordinate (instructor). The corresponding article numbers are respectively 6:179 BW and
6:170 BW. Notice that article 6:162 BW is also returned with every form of liability. Thisis
to overcome the problem we have mentioned before about the possibility that a certain party
was fully aware of the risksinvolved in a case and/or did not take sufficient measures to
prevent the risks. If one of the two conditions is the case a party possibly committed an
unlawful act and can be held liable for the damage, according to article number 6:162 BW. It
isup to an impartial expert to decide on these conditions, because a biased party will always
decide in their on favour. Therefore the ontology will always return 6:162 BW in favour of
the plaintiff with awarning, that one of the conditions should be satisfied.

To get acorrect decision on 6:173 BW, liability for possession of a defective object, there
also should be an impartia judgement of an expert for the same reasons mentioned above.
Again the ontology returns an answer in favour of the party that suffered the damage with a
warning that the object indeed must be defective.

In Table 3 every liable party is presented with the corresponding grounds and article numbers,
as can be seen in the output of the ontology.

Aswe can seein Table 3 the liability ‘ possession of a defective object’ is missing for the
riding school. Thisis adrawback of the interface of OilEd. OilEd only shows the must
specific inferred instances. Possession of an animal is a subclass of possession of a defective
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object, that iswhy OilEd only shows possession of an animal. Later on in the BEST-project
thisinterface problem will be fixed.

Knowing this and looking at Table 3, we can conclude that both the law and the ontology
reach the same conclusions about this case.

Party Groundsfor liability Article numbers
Possession of an animal 6:179 BW
Riding school Their subordinate 6:170 BW
Unlawful act 6:162 BW
Instructor Unlawful act 6:162 BW

Table 3: The output of the ontology in the riding school case.

Although, the fact that the woman and the riding school had a contract is modelled, it was not
used in determining the liability. However, it istaking in consideration later on in the BEST-
project in the search for jurisprudence.

Note the importance of the results of reasoning by the ontology for alayman. On his own he
may only sue the instructor, not knowing that the riding school can aso be held liable on three
accounts.

CASE 2 Thepallet gun

A 15-year-old boy fetches a pallet gun out of his father’s garage. He knows the safety of the
gun does not work. Unexpectedly the gun fires and one of the boy’ s friends gets injured. Can
somebody be held liable for the caused damage? And if so, who?

According to tort law, both the boy and his father can be held liable. The boy can be held
liable for committing an unlawful act 6:162 BW (the boy knew the safety did not work, but
still decided to take hisfather’s gun. Therefore, he knew of the risksinvolved in this
situation). The father can be held liable for committing an unlawful act 6:162 BW (the father
knew of the risks involved with the gun and did not take enough measures to minimize the
risks (for example, he could have put the gun in a safer place, out of the reach of hissun)), for
his child of 14 or 15 years 6:169 BW lid 2 (since parents are liable for the damage caused by
their children of an age of 14 or 15 years) and for possession of a defective object 6:173 BW
(the safety of the gun did not work, therefore the gun is a defective object).

In Table 4 can be seen how we expressed this case in terms of creating which individuals with
what kind of restrictions.

Restriction(s)
incividuais instance of Property Individual-filler
(Not plaintiff)
Boy (Has_age 15 years) Handles gun
Gun Object Causes_directly Shot_wound
Shot_wound Physica damage - -
Father Parent Owns Gun
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(Not plaintiff) Is parent_of Boy
. - Is friend of Boy
Friend Plaintff Has damage Shot_wound

Table 4: Expressing the pallet gun case.

In Figure 23 we present the screen in Oiled when the father is selected after reasoning.

Figure 23: Thescreen in OilEd after reasoning with the pallet gun case when the father is selected.

In Table 5 every liable party is presented with the corresponding grounds and article numbers,
as can be seen in the output of the ontology. Looking at Table 5, we can conclude that both

the law and the ontology reach the same conclusions about this case.

Party Groundsfor liability Article numbers
Possession qf adefective 6:173 BW
Father — object .
For hischild of 14 or 15 yrs 6:169 BW lid 2
Unlawful act 6:162 BW
Boy Unlawful act 6:162 BW

Table 5: Theoutput of the ontology in the pallet gun case.

Again the fact that the plaintiff and the boy were friends is modelled, although the reasoning

does not make use of this fact when determining the liability. Thisfact may play arolein
whether thereisliability or the amount of compensation. So, this fact will be used when
searching for jurisprudence.
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We can see here that the father did not take enough measures to prevent the risks involved
with the gun; he should have placed the gun in a safe place out of the reach of his sun. So,
6:162 BW definitely can be applied in this case. The boy knew of the risks involved with the
gun (because the safety did not work). So, he too committed an unlawful act.

CASE 3 Thebalustrade

Before entering a party a man falls down a slope, which didn’t have a balustrade.
Furthermor e the staff turned off the lights during a conga and forgot to put them back on. The
man is injured and wants to hold the owner of the building liable. Is this possible?

According to tort law, both the owner of the building and the staff can be held liable. The staff
can be held liable for committing an unlawful act 6:162 BW (The staff could have known that
adark slope without a balustrade could |ead to dangerous situations. They should not have
turned the lights off or at least have put them back on. The staff could have known the risks
and did not take enough measures to minimize the risks). The owner of the building can be
held liable for committing an unlawful act 6:162 BW (he could have known the risks involved
in this case: a slope without a balustrade can be dangerous), for his subordinate 6:170 BW (the
staff, who turned of the lights, causing the injury) and for possession of a defective object
6:173 BW (a slope without a balustrade can be considered to be a defective object).

In Table 6 can be seen how we expressed this case in terms of creating which individuals with
what kind of restrictions.

. Restriction(s)
Individuals Instance of Property Individual-filler
Man Plaintiff Has damage Broken arm
Slope Object Causes directly Broken arm
Broken arm Physica damage - -
o (Not plaintiff) Owns Slope
Owner_of _building
Natural _person Employs Staff
Employee
Staff (Not plaintif) Handles Slope

Table 6: Expressing the balustrade case.

The defective slope (it had no balustrade) directly caused the damage. The staff handles the
slope. This may sound strange, but they influenced or manipulated the slope by making it dark
by turning out the lights.

In Figure 24 we present the screen in Oiled when the owner of the building is selected after
reasoning.
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Figure 24: The screen in OilEd after reasoning with the balustrade case when the owner of the building is
selected.

In Table 7 every liable party is presented with the corresponding grounds and article numbers,
as can be seen in the output of the ontology. Looking at Table 7, we can conclude that both
the law and the ontology reach the same conclusions about this case.

Party Grounds for liability Article numbers
Possession c_)f adefective 6:173 BW
Owner_of building . 0bj ect.
- = His subordinate 6:170 BW
Unlawful act 6:162 BW
Staff Unlawful act 6:162 BW

Table 7: The output of the ontology in the balustrade case.

Notice that upfront the plaintiff only wanted to hold the owner of building liable, but after
using the BEST-ontology he sees that he can also hold the staff liable.

CASE 4 The busses

On the 3" of February 1998 four busses of two different companies are involved in a chain
collision. There was suspected that there was only glazed frost on the part road were the
collision took place, because everywhere else on the road it was not slippery.

So, probably on that part of the road there was not or was not sufficiently gritted. On what
grounds can the municipality be held liable for damage caused by the chain collision?
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According to tort law, both the municipality and the gritters can be held liable. The gritters
can be held liable for committing an unlawful act 6:162 BW (The gritters knew that glazed
frost on the road can lead to accidents. In fact, it is their job to make sure the road is properly
gritted. They failed in doing so, committing an unlawful act, because they knew of the risks
involved and did not take enough measures to minimize the risks). The municipality can be
held liable for committing an unlawful act 6:162 BW (thisis the case when they knew of the
dangers and did not take enough measures to minimize the risks. Perhaps in this case they
should have send out more gritters), for its subordinates 6: 170 BW (the gritters) and for
possession of a defective object 6:173 BW (the road, which was not properly gritted).

In Table 8 can be seen how we expressed this case in terms of creating which individuals with
what kind of restrictions.

. Restriction(s)
Individuals Instance of Property individua filler
Bus " ,
companies Plaintiff Has damage Object_damage
Road Object Causes _directly Object_damage
Object_damage Damage on_object - -
L (Not plaintiff) Owns Road
Municipality — :
Juristic_person Employs Gritters
. Employee
Gritters (Not plaintiff) Handles Road

Table 8: Expressing the busses case.

In Figure 25 we present the screen in Oiled when the municipality is selected after reasoning.



Figure 25: The screen in OilEd after reasoning with the busses case when the municipality is selected.

In Table 9 every liable party is presented with the corresponding grounds and article numbers,
as can be seen in the output of the ontology. Looking at Table 9, we can conclude that both
the law and the ontology reach the same conclusions about this case.

Party Groundsfor liability Article numbers
Possession qf adefective 6:173 BW
Municipality _object
Their subordinates 6:170 BW
Unlawful act 6:162 BW
Gritters Unlawful act 6:162 BW

Table 9: The output of the ontology in the busses case.

CASE 5 Thecyclist

A male cyclist falls down because of a dippery plate, which is placed due to construction
work. Before falling he past several signs warning for the slippery plate and the ongoing
construction. The man would like to hold several partiesliable for his damage: the
construction workers at the scene, the district water board as assigner of the construction
work and the municipality as director of the road. Who can be held liable?

According to tort law, the municipality, the district water board, the contractor and the
construction workers can al be held liable. The construction workers can be held liable for
committing an unlawful act 6:162 BW (the construction workers knew of the risks involved
and perhaps could have done more to minimize the risks, like verbally warn the cyclist or put
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the signs at more strategic positions). The municipality can be held liable for committing an
unlawful act 6:162 BW (thisis the case when they knew of the dangers and did not take
enough measures to minimize the risks. Perhapsin this case they should have closed the
whole road) and for possession of a defective object 6:173 BW (the road). The contractor can
be held liable for committing an unlawful act 6:162 BW (the users of the road were perhaps
not sufficiently warned, so not enough measures were taken to minimize the risks) and for his
subordinates 6:170 BW (the construction workers). The district water board can be held liable
for committing an unlawful act 6:162 BW (thisis the case when they knew of the dangers and
did not take enough measures to minimize the risks. Perhaps in this case they should have
pushed the municipality more to close the whole road) and for its non-subordinate 6:171 BW
(the contractor).

In Table 10 can be seen how we expressed this case in terms of creating which individuals
with what kind of restrictions.

. Restriction(s)
incividuials instance of Property individual-filler
Cyclist Plaintiff Has damage Knees
Road Object Causes directly Knees
Knees Physical_damage - -
Municipality Ul R ) Owns Road
Juristic_person
. (Not plaintiff) .
District_water_board — Has non_subordinate Contractor
Juristic_person
(Not plaintiff) :
Contractor Non_subordingte Employs Construction_workers
. Employee
Construction_workers (Not plaintiff) Handles Road

Table 10: Expressing the cyclist case.
Since the plate was part of the road, we changed it into the road.

In Figure 26 we present the screen in Oiled when the district water board is selected after
reasoning
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Figure 26: The screen in OilEd after reasoning with the cyclist case when the district water board is
selected.

In Table 11 every liable party is presented with the corresponding grounds and article
numbers, as can be seen in the output of the ontology. Looking at Table 11, we can conclude
that both the law and the ontology reach the same conclusions about this case.

Party Grounds for liability Article numbers
- Its non subordinate 6:171 BW
District_water_board Unlawful act 6:162 BW
Contractor His subordinates 6:170 BW
Unlawful act 6:162 BW

Possession of adefective )

Municipality object 6:173BW
Unlawful act 6:162 BW
Construction_workers Unlawful act 6:162 BW

Table 11: The output of the ontology in the cyclist case.

CASE 6 Thedrugstore

A woman, working at a drugstore, trips over a drawer of a medicine cabin, which was not
closed. Normally those drawer s are self-closing. However, a colleague had the open drawer
locked, so it would stay open. The woman had a severe injury. Can her damage be
compensated? And if so, on what grounds?
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According to tort law, both the drugstore and the colleague can be held liable. The colleague
can be held liable for committing an unlawful act 6:162 BW (the colleague knew that open
drawers in the drugstore are dangerous. None the less, the colleague | eft the drawer in an open
position). The drugstore can be held liable for committing an unlawful act 6:162 BW (thisis
the case when the drugstore management knew of the dangers and did not take enough
measures to minimize the risks. Perhaps in this case they should have given better instructions
to their employees why the drawers are self-closing), for its employee 7:658 BW (the woman
herself. This article applies to employers who provide their employees with an unsafe work
environment), for its subordinate 6:170 BW (the colleague) and for possession of a defective
object 6:173 BW (the drawer).

In Table 12 can be seen how we expressed this case in terms of creating which individuals
with what kind of restrictions.

. Restriction(s)
Individuals Instance of Property individual-filler
Woman Plaintiff Has damage Leg
Has colleague Colleague
Drawer Object Causes directly Leg
Leg Physical damage - -
(Not plaintiff) Owns Drawer
Drugstore o | Woman
Juristic_person Employs Colleague
Employee
Colleague (Not plaintif) Handles Drawer

Table 12: Expressing the drugstor e case.

In Figure 28 we present the screen in Oiled when the drugstore is selected after reasoning.
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Figure 28: The screen in OilEd after reasoning with the drugstor e case when the drugstoreis selected.

In Table 13 every liable party is presented with the corresponding grounds and article
numbers, as can be seen in the output of the ontology. Looking at Table 13, we can conclude
that both the law and the ontology reach the same conclusions about this case.

Party Groundsfor liability Article numbers
For employees 7:658 BW
Possession of a defective
Drugstore object 6:173BW
Its subordinate 6:170 BW
Unlawful act 6:162 BW
Colleague Unlawful act 6:162 BW

Table 13: The output of the ontology in the drugstor e case.

Again the fact that the plaintiff and the colleague were colleagues is modelled, although the
reasoning does not make use of this fact when determining the liability. Thisfact may play a
role in whether thereisliability or the amount of compensation. So, this fact will be used
when searching for jurisprudence.

In this case the ontology will return 6:173 BW, liability for possession of a defective object,
to the user. As mentioned before this article, aswell as 6:162 BW, will always come with a
warning that a certain condition must be satisfied. In the case of 6:173 BW this means that the
object must be indeed defective. In this case (the drugstore) one could easily argue that the
object (the drawer) worked perfectly. Only the intervention of the colleague with the drawer
made it to cause the damage. So, one could argue that 6:173 BW may not be reasonable in
this case.
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CASE 7 Thevolunteer

A woman works as a volunteer at a home for lost dogs. On the cages there are often sign that
say: “ Warning, dog bites’ . One day she, while romping with a German Sheppard, she gets
bitten. The consequence is a pain syndrome on the whole right flank of her body. Can
anybody be held liable for this damage?

According to tort law, the home can be held liable for committing an unlawful act 6:162 BW
(thisis the case when the home knew of the dangers and did not take enough measures to
minimize the risks. Perhaps in this case the home should have put a muzzle on this particular
dangerous dog), for possession of an animal 6:179 BW, that caused the damage (the dog) and
for its employee 7:658 BW (the woman herself, for getting injured in the unsafe work
environment provided by her employer).

In Table 14 can be seen how we expressed this case in terms of creating which individuals
with what kind of restrictions.

. Restriction(s)
Individuals Instance of f— \ndividualfiller
Womnan Plaintiff Has damage Pain_syndrome
Is volunteer of Home
Dog Animals Causes _directly Pain_syndrome
Pain_syndrome Physical damage - -
(Not plaintiff)
Home - Owns Dog
Juristic_person

Table 14: Expressing the volunteer case.

In Figure 29 we present the screen in Oiled when the home is selected after reasoning.
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Figure 29: The screen in OilEd after reasoning with the volunteer case when the homeis selected.

In Table 15 every liable party is presented with the corresponding grounds and article
numbers, as can be seen in the output of the ontology. Looking at Table 15, we can conclude
that both the law and the ontology reach the same conclusions about this case.

Party Groundsfor liability Article numbers
For employees 7:658 BW
Home Possession of an animal 6:179 BW
Unlawful act 6:162 BW

Table 15: The output of the ontology in the volunteer case.

Note that avolunteer legally is the same as an employee. Again thisis one of the advantages
of the two views of the ontology (the layman’s and expert’ s view).

6.3 Definitionsin the ontology that make the classification happen

One may ask how does the ontology reach these classifications, yielding the output of liable
parties, the grounds they are liable for and the corresponding article numbers. Below we will
explain in a bottom-up fashion how the classification in the ontology works for article 6:179
BW (liability for the possession of an animal that caused the damage).

If wetake alook at Figure 30 -which is unfortunately in Dutch, but we will do our best to
explain it in English- we see that the class 6:179 BW and 6:162 BW has no restriction. It does
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have a superclass possession of an animal (bezit dier). In the right top corner we seethat it is
categorized as SameClassAs, which means that as soon as the particular classis classified all
the superclasses are aso classified. Because the superclasses are more general.

Figure 30: Theclass6:179 BW en 6:162 BW

If we take alook at Figure 31 we see that the class possession of an animal has the restriction:
it must own an animal and that animal must have caused the damage suffered by the plaintiff
directly.
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Figure 31: The classbezit dier

Furthermore this class has the superclass liability for possession (aansprakelijk_voor_bezit).
In Figure 32 we see the definition of the class liability for possession. Itsrestrictionis: it must
own an object and that object must have caused the damage suffered by the plaintiff directly.
Notice that in this restriction animal is replaced by object, the higher we get in the hierarchy
the more general the concepts and restrictions become. Furthermore, it becomes clear when
looking at Figure 32, that the class liability for possession is a subclass of or has a superclass
named defendant liable for an object (gedaagde aansprakelijk voor een object).
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Figure 32: The classaansprakelijk voor bezit

In Figure 34 we see the definition of the class defendant liable for an object. Itsrestriction is:
it must have a connection with an object and that object must have caused the damage
suffered by the plaintiff directly. Notice that in thisrestriction ‘own’ is changed into ‘have a
connection with’. Again, the higher we get in the hierarchy the more general the concepts and
restrictions become. In the right part of Figure 33 we see the subproperties of ‘ has connection
with’. Ownsis one of them and they are all connections between defendants and
objects/persons that cause damage.

Figure 33: Usage of the property heeft connectie

The class defendant liable for an object also has a superclass, named defendant liable for an
object or a person. Again this classis more general than its subclass, which only dealt with
liability for objects.



Figure 34: Theclass

In Figure 35 we see that the class defendant liable for an object or a person has no restriction,
but does have two superclasses. Thefirst one is actually an expression of two ‘restrictions'.
Respectively for objects and persons. The one for objects is basically the same as we saw
before. The one for personsis: must have a connection with ground for liability (reden
aanklacht). The second superclassis ground for liability. Again, the higher we get the more
general the concepts become.

In Figure 36 we see that the class ground for liability has no restriction, but does have two
superclasses. The first oneis actually an expression of a number of ‘restrictions’. The second
superclass is the expression not plaintiff (not elser). The second superclass was put in,
because otherwise it could happen that the plaintiff self could have a ground for liability based
on the definitions given so far. The class ground for liability is the must general classin
determining liability, all grounds for liabilities are nested in this class. This can be explained
if wetake acloser look at the expression of itsfirst ‘superclass Figure 37.
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Figure 35: The class gedaagde aansprakelijk voor zaak/per soon

Figure 36: The classreden aanklacht
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Figure 37: The expression editor

If the individual that must be classified is not the plaintiff and one of the conditions of figure
37 hold, than thereis aground for liability for that individual. Let us walk through the
conditions described in Figure 37 and name the corresponding liabilities or article numbers:

1. Theindividual is not an object (zaak) and causes directly (veroorzaakt direct) the
damage (schade). 6:162 BW and liability for a person.

2. Theindividual commitsan unlawful act to (pleegt onrechtmatige daad jegens) the
plaintiff (eiser). 6:194 BW, 6:194aBW, 6:196b BW, 6:196c BW.

3. Theindividual has a connection with (heeft connectie) ground for liability (reden
aanklacht). 6:162 BW and liability for a person.

4. Theindividual handles (verricht handeling met) an object (zaak), which directly
causes (veroorzaakt direct) the damage (schade). 6:162 BW

5. Theindividual omitsto handle (laat na om) an object (zaak), which directly causes
(veroorzaakt direct) the damage (schade). 6:162 BW

6. Theindividua has a human resource (heeft hulppersoon) who is the plaintiff (eiser).
6:162 BW and 7:658 BW. Note: human resource is a collective noun for non-
subordinates and subordinates.

7. Theindividua has a connection with (heeft connectie) the entity that causes directly
(veroorzaakt direct) the damage (schade). 6:162 BW and liability for an object

Classification for other article numbersis donein the same way.

67



7. Evaluation

7.1 Fulfilment of mission statement

In this section we will answer the question: did we fulfil the mission statements? Or in other
words: did our approach succeed?

As section 6.2 proved all the test cases were classified correctly, that iswith a case description
in layman’s terms the ontology was able to return (after reasoning) the liable parties, the
grounds for liability and the corresponding article numbers.

In the process of making the ontology we did not diverge from the course set out in section
3.2.1.2.1. Therefore, we conclude that our approach succeeded.

The use of OWL has some advantages (i.e. the reasoning) but also disadvantages, because
users need to be supported with an adequate interface. Unfortunately, there was no time | eft
during my internship to start working on the user interface.

7.2 Additional achievements

However not operational yet, in the case of physical damage (psychological damage included)
the ontology can even attach a minimum and maximum of the amount of money compensated
in the case of aredl tria. This aso depends on how the damage was caused (e.g. abuse,
accident and etcetera). Our source of information for these compensation categories was the
ANWB smartengeldgids [43].

7.3 Futurework

First of al an adequate interface should be made, where the laymen can express their casesin
layman’s terms. Two options are: a questionnaire, which leads to a case description, or a
graphical interface, where every entity can be connected with other entities with an arrow,
which represent the relationship between the entities (all entities and all arrows together form
the case-description).

As soon as there is an operational user-interface, the system should be tested with real users
(laymen). Then if the remaining part of the BEST-project is successfully finished the
application can go on-line for everybody to be used.

Maybe other parts of law are suited as well for the construction — strictly a domain ontology
with alayman’s and expert’s view- we used.

7.4 Conclusions

Our main aim was: to make an ontology, in which al possible case descriptionsin tort law
can be expressed plus it must be able when given one of these case descriptions to determine
(after reasoning) which party is liable, on what grounds a party is liable and the corresponding
article numbers.

We succeeded in making that ontology, which also satisfies the five criteria of Gruber [27]:
The application effectively communicates the intended meaning of the knowledge it attempts
to capture (Clarity). The various parts of the ontology work together when representing
knowledge (Coherency). The ontology offers afoundation for arange of anticipated tasks,
and it is possible to extend the model (extendibility). No representation choices were made
purely for the convenience of notation and implementation (Minimal Encoding Bias). The
ontology makes as few claims as possible about the world being modelled (Ontol ogical
Commitment).
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What is unique in our ontology is that, by our knowledge, none of our predecessors combined
an expert’ s and layman’ s view into an ontology of law. The mapping between these two
views is what makes the ontology work. The idea of an expert’s and layman’s view isthe
main contribution of this ontology.

In section 1.2.4.2 we proposed 4 explicit research questions:

1.

2.

3.

4.

How to deal with the problem that in some cases judgements must be made to get a
correct case description from the users, who are laymen?

Isit possible to turn a case description in layman’ s terms into avalid prediction of
what party is liable on what grounds and the corresponding article number?

Do we have to model more common sense knowledge than we can handle? Or is it
even impossible to model all the common sense knowledge needed for this
application?

Is ontology-based knowledge modelling in Dutch civil law feasible at al?

The answers to these questions are:

1.

The problem is that in some casesin order for the layman to make a correct case
description there already must be made ajudgement by an impartial expert about
certain relevant aspects of the case. This judgement is the answer to one of the
following questions: Did the particular party take sufficient measures to minimize the
risksinvolved in the case? Was the particular party aware of therisksinvolved in a
case? Isthe object involved in the case defective? Beside the fact that laymen often do
not have the expertise to answer one of these questions, there also biased. A layman,
who has suffered damage, will always state that the other party didn’t sufficiently
minimize the dangers. And of course the other party will deny this. This means that it
isunfeasible to leave those kinds of judgments up to the layman user. Our solution to
thisisto always make the judgment in favour of the party that suffered the damage
and give awarning that the liability only applies when that certain judgement is
actually the case.

Section 6.2 provesit is possible. In that section we give some examples of reasoning
with the test cases. After a case description in layman’ s terms was expressed in the
ontology, the ontology (after reasoning) returned a valid prediction of what party is
liable on what grounds and the corresponding article number.

Upfront this problem of common sense knowledge was overrated. The ontology works
adequately asit is, but could even be extended with more common sense knowledge.
For exampl e the class motor_vehicle could be further divided in car, motorbike and
etcetera. Since laymen would rather say ‘car’ then ‘motor vehicle'.

In section 6.2 we proved it is feasible to model ontology-based knowledge in Dutch
tort law, which isapart of civil law. This means that other domainsin Dutch civil law
may be suitable as well for ontology-based knowledge modelling. We may even go a
step further: maybe the whole Dutch law is suitable for ontol ogy-based knowledge
modelling.
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Appendix A

Relevant terms that came up in the two think aloud sessions (liability for animals and
employer’sliability for employees).

The bold ter ms came up in both sessions indicating more importance.

The terms marked with an X seemed more relevant to the experimenter and subject than the
unmarked terms.

- (eigen) energie
7:658, 6:162, 6:179
aangerichte schade
Advocaat

afdeling (van wetboek)

- Arbed, werkzaamheden

- Arbeidsgehandicapt

- arrest

- artikd, artikelnummer

- Baas

- begrafenis

- begrafeniskosten

- Behandeling

- Behandelkosten X

- Betalen

- bewust

- Carriere

- Casus

- Causdliteit X

- clam X

- Controle, controleren

- Derden

- Diententgevolge

- dier

- Directe schade

- dood X

- Echtscheiding

- eigenrisico

- @s X

- Ernst

- Factoren

- Feit

- Fout maken

- Gederfde inkomsten X

- Gedraging

- ged

- Geledeverlies, gederfde winst X

- Gevaarlijk

- Gevaarzetting X

- Geval

XXX X XX

X
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Hoge Raad

Hoofdelijke aansprakelijkheid
in zijn macht hebben
Inkomsten
jurisprudentie
Kelderluikcriteria

kind

Kosten

leed

Leven

lichamelijk, geestelijk letsal
Maatregelen

M aatschappij

M edebezitter

moeder

Moeite

Omstandigheden
Omvang van schade
Ondergeschikte
Onrechtmatige daad
Onvoldoende maatregelen
oorzaak

Opdracht

overlijden

Personeel

Plicht

Rechtsvordering
rechtvaardig
Rechtvaardigingsgrond
Reddlijk, redelijkerwijs
Reden

Regels
risicoaansprakelijkheid
Risicoaanvaarding
schade verhaen
Schadevergoeding
Scheidingsprocedure
schuld

Schuldeiser
Schuldenaar

Situatie, gebeurtenis
Smartengeld

Te kort schieten

Ten val komen

Tijd

Uitoefening werkzaamheden
vader

Verantwoordelijk
Verdienen

Vergoeding
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Vermogensschade
Verplichting

Verwachte inkomsten
Verwachting
verzekering(smaatschappij)
Volledige, gematige schadever goeding
Voorkomen
Voorzorgsmaatregel en
Vorderen

Vrouw, echtgenoot, echtgenote
Werkgeversaansprakelijkheid
Werknemer, werkgever

wet

wetboek, burgerlijk wetboek
Wettelijke opdracht

Wettelijke verplichting
Zeggenschap
Ziekenhuisopname

Zorgplicht
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Appendix B

All 52 properties in the ontology in Dutch and in alphabetic order.

Aangeklaagd op grond van

Bezit
Handelt_onzorgvuldig_in_elektronisch_rechtsverkeer_jegens
Handelt_onzorgvuldig_in_diensten-informatie-maatschappij_jegens
Heeft_connectie

Heeft_contract_met

Heeft_een relatie met

Heeft _hulppersoon
Heeft_niet-ondergeschikte onder_zich
Heeft_ondergeschikte_onder_zich
Heeft schade

Is bevriend_met

Is bezit van

Is collega van

Is een

Is_exploitant_van

Is familie van

Is _houder_van

Is kind_van

Is_niet-ondergeschikte van

Is _ondergeschikte van

Is ouder _van

Is studiegenoot_van

Is teamgenoot_van

Is vertegenwoordiger_van

Is werkgever_van

Is werknemer_van

Klaagt_aan

Krijgt_dienst_verleend van
Laat_na_om

Leeftijd_kind

Letsel veroorzaakt_door
Maakt_misleidende_reclame_jegens
Maakt_negatieve reclame ten nadele van
Maakt_vergelijkende reclame jegens
Maximale_vergoeding
Minimale_vergoeding
Pleegt_onrechtmatige daad jegens
Produceert

Relatie aard vh_letsel

Relatie aard vh niet_letsel

Relatie |etselcategorie

Schade wordt_direct_veroorzaakt door
Schade is geleden _door
Verleent_dienst_aan
Veroorzaakt_direct
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Verricht_handeling_met
Wordt_aangeklaagd door
Wordt_geéxploiteerd door
Wordt_gehouden_door
Wordt_geproduceerd_door
Wordt_vertegenwoordigd door
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