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1. Introduction  

n this article we address the issue of implicit assumptions in legal knowledge systems (LKBS). We 
illustrate that LKBSs have many underlying assumptions mostly arising during the design process. 
We divide these implicit assumptions over three categories: (1) assumptions about the user, (2) 
assumptions about the task, and (3) assumptions about the domain. Making assumptions in the 
design of a LKBS cannot be avoided but both the systems designer and the users of the LKBS should 
at least be aware of having made the assumptions. We deem a principled method for the 
development of LKBSs to be a prerequisite for adequate assumption handling. In this method, 
ontologies fulfil the role of explicit documents of the otherwise implicit assumptions.  

 The remainder of this article is structured as follows. Section 2 illustrates the different kinds of 
assumptions that are made during the design of a LKBS. Section 3 then briefly discusses a principled 
method for the design of LKBSs. Section 4 elaborates on ontologies, in which certain assumptions 
about the designed system can be documented. In section 5 we draw conclusions.  

 2. Implicit Assumptions in LKBS  

 Before any piece of system code is written knowledge engineers and system designer have made 
many assumptions about a variety of aspects of the future system. Some of these assumptions are 
explicitly documented but a vast number of assumptions usually remain implicit. Even for rather 
trivial matters, such as the choice of predicate names, several implicit assumptions are made. 
Suppose a system designer has used predicate right(X,Y). Without explanation this term may have 
many different interpretations. For instance, if we look up the term `right' in WordNet we find a total 
of 36 different meanings. Eight of these are interpretations of the term as a noun, four are 
interpretations of the term as a verb, fourteen are interpretations of the term as an adjective and the 
remaining ten are interpretations of the term as an adverb. It could be argued that, when used in a 
LKBS, some of these 36 different meanings can be ruled out given the context in which the term 
occurs (e.g., right as opposed to left). Also, it can be argued that some meanings can, for the purpose 
of a particular LKBS, be considered equal (e.g., right in conformance with justice or right in 
conformance with the law (1)). Although this might reduce the number of likely interpretations there 
may be still many possible interpretations left. It is, for instance, not clear from the context whether a 
distinction should be made between `right' according to social standards and `right' according to 
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legal standards.  

 It should be noted that the WordNet ontology is not tailored to the legal domain. If we consider the 
word right in a legal context, and, in relation to other terms, then the number of possible 
interpretations is even larger. Allen (1997), for instance, illustrates that with relative a simple legal 
language an infinite number of legal relations can be identified. The conclusion is that there is a risk 
in simply assuming that terms are interpreted in their correct sense. We cannot assume that the 
interpretation of the knowledge engineer is the same as the interpretation of the user who has to use 
the system.  

 Below, we look at some other examples of implicit assumptions. We divide the assumptions over 
three categories, namely implicit assumptions about the intended user (section 2.1), assumptions 
about the tasks (section 2.2), and assumptions about the domain (section 2.3).  

 2.1 Implicit Assumptions about the User  

 The first category of implicit assumptions concerns the user. Bench-Capon (1991, p.190) has 
illustrated that many LKBSs have been designed with a specific type of users in mind. In particular, 
he claimed that they are designed to be used by professionals who are able to bring both an 
understanding of the domain and some knowledge of computers to their interaction with the system. 
The professionals know what the system is designed to do as well as their limitations. They know, 
for instance, the correct interpretation of the input terms (as in the introduction of section 2), and, the 
kind of questions the system is able answer (rather than then the type of questions they want answers 
for). Bench-Capon argues that the implicit assumptions about the intended user have to be made 
explicit for successful applications.  

 2.2 Implicit Assumptions about the Task  

 A second category of implicit assumptions concerns assumptions about the task of the system. 
Knowledge specifications are tailored to the task they are made for. This constitutes a problem since 
it may impede the knowledge specification to be used for other task. The problem is known as the 
interaction problem (Bylander and Chandrasekaran, 1987), referring to the interaction between task 
(purpose) and the knowledge specification. The core of the problem is that the knowledge 
specification has task-related assumptions that are largely implicit. Visser (1995) lists four main 
reasons why knowledge specifications have implicit assumptions, all arising from the development 
process of a specification. Below, we discuss each of these categories in turn (for a more elaborate 
discussion we refer to Visser, 1995).  

 Selections: The first reason why knowledge specifications contain implicit task-related assumptions 
is that during the specification process selections are made. The domain that is modelled has features 
that are relevant and features that are not relevant for the task at hand. Features assumed relevant are 
specified, features assumed not relevant are not specified. The process of making such selections is 
largely implicit. Apart from relevancy there are pragmatic reasons to leave out some kinds of 
knowledge from a LKBS. Limited availability of resources, such as time, money, labour, may all 
cause fragments of knowledge to be left out to the system. Which knowledge can reasonably be left 
out, however, is determined by the envisaged task of the future system.  

 Simplifications: The second reason why knowledge specifications contain implicit task-related 
assumptions is that during the specification process simplifications are made. As with selections, 
making simplifications involves leaving out certain features of the knowledge being modelled. The 
simplification of a feature of an entity implies that the features are modelled, but as if they were less 
complex or less detailed than they are in reality. We assume that simplifying a feature can only be 
done after it has been selected for modelling. Simplifications are considered task-related assumptions 
for the same reason as selections: the simplifications allowed for a particular task may be inadequate 
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for other kinds of tasks. Two major categories of simplifications are granularity restrictions (viz. 
describing the knowledge at a generalised level), and restrictions in the dynamics of the system (e.g., 
assuming a problem case can be described as if it happens at a single point in time).  

 Structuring: The third reason why knowledge specifications contain implicit task-related 
assumptions is that during specification process, knowledge is structured in a task-specific way. One 
piece of knowledge can be structured in many different ways, but many knowledge specifications 
can be illustrated to be structured according to the problem-solving tasks that are to be supported. 
The structure of a knowledge specification hides assumptions and may prevent it from being reused 
for other problem-solving tasks. Knowledge specifications are often created by instantiating a set of 
predefined structures, such as frames and rules, that are thought to resemble the conceptual patterns 
of human problem solvers (Newell and Simon, 1972; Minsky, 1974). The instantiation of predefined 
structures involves the distribution of the domain knowledge over these structures. This can be done 
in multiple ways, depending on the role of the domain knowledge in the system (McDermott, 1988; 
Schreiber, 1992). Production rules, for instance, can be show to have a `direction of reasoning', as 
was shown convincingly in the MYCIN experiments. Frame formalisms, to a lesser extent have the 
same characteristic, the envisaged use of the system determines how the domain knowledge is 
modelled in the frame structures.  

 Compilations: The last and perhaps most important reason why knowledge specifications contain 
implicit task-related assumptions is that during the specification process different kinds of 
knowledge are compiled into the representation primitives (such as frames, production rules, 
predicates). Lenat and Guha (1990, p.17) refer to compilations of knowledge in what they call the 
'representation trap': "choosing a set of long, complex primitives (predicate names) that have a lot of 
knowledge compiled within them, and writing rules that are also tailored to the program's domain 
(omitting premises that needn't be worried about in that particular task)".  

 In the development of a specification different kinds of knowledge are used. The knowledge differs 
not only with respect to its nature (e.g., empirical, normative, heuristic, commonsense) but also with 
respect to the sources it is derived from (e.g., experts, text books, observations). Often, during the 
specification process these different kinds of knowledge are not specified separately but compiled 
into the representation primitives (Bench-Capon, 1987; Bench-Capon, 1989; Steels, 1990). These 
primitives therefore contain compilations of knowledge. Bench-Capon and Coenen (1982) discuss a 
knowledge analysis method from which we derive the following examples:  

 BuildingStructureInSafeCondition and  
 CompliesWithWorkPlaceRegs  

Knowledge compilations are contained in specifications for two reasons. The first reason is its 
inevitability. During the development of a knowledge system one of the main problems is the 
knowledge acquisition: expert knowledge is characterised by inaccessibility and incompleteness. The 
problem is known as the knowledge acquisition bottleneck Kidd, 1987; Breuker and Wielinga, 
1987). Knowledge from domain experts often only is available in compiled form. In the legal 
domain, for instance, Bench-Capon remarks with respect to expert knowledge: "It is the marshalling 
of this diverse material into a form where he [PRSV: the legal expert] can apply it to a case that 
corresponds to the development of empirical associations in the diagnostic domains" (Bench-Capon, 
1989, p.39). If knowledge can only be obtained from an expert in compiled form, then knowledge 
compilations in specifications are inevitable. The second reason why specifications contain 
knowledge compilations is that it can be very efficient to use knowledge compilations (e.g., 
Dekneuvel, 1994). This holds in particular for shortcuts (viz. knowledge compilations that cut short 
frequently applied reasoning steps). The attractiveness of shortcuts in the legal domain has been 
stressed, for instance, by Johnson and Mead: "(...) shortcuts in the modelling of legislation are 
inviting and usually reliable in small systems. (...) the incorporation of each step in the legislative 
path appears pointless and extremely tedious to the rulebase developer" (Johnson and Mead, 1991). 
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Regardless of their inevitability and efficiency, knowledge compilations contain implicit 
assumptions. The assumptions are tacit and hence the knowledge compiled into the specification is 
no longer separately addressable (e.g., Clancey, 1985, p.292; Steels, 1990, p.34). This means that the 
knowledge compilation cannot be used for problem-solving tasks that need to have access to the 
fragments of knowledge underlying the compilation.  

 2.3 Implicit Assumptions about the Domain  

 The third category of implicit assumptions underlying knowledge specifications stems from the way 
the domain is conceptualised. Building a LKBS requires a conceptualisation of the domain, be it 
implicit or explicit. Such a conceptualisation consists of a set of concepts, their attributes and 
relations between these concepts and determines to a large extent what kind of knowledge can be 
represented. It has been illustrated that people conceptualise the legal domain in different ways, even 
if they make these conceptualisations for the same purpose (Visser and Winkels, 1997; Visser and 
Bench-Capon, 1998).  

 Sometimes, the discussion on whether certain aspects of the legal domain should be conceptualised 
is done in an explicit manner. Bench-Capon (1989), for instance, argues that for many LKBS one 
does not need to distinguish a legal modality, such as `ought' to or `permitted' (thus eliminating the 
need for deontic logics). The legal modality of a LKBS can be derived from the context the system is 
operating in.  

 The vast majority of assumptions on the domain conceptualisation, however, are hardly ever 
explicitly discussed. The assumptions are made during the process of creating the specification 
without much consideration. As an example we discuss two possible formalisations of a fragment of 
UK Social Security Law (see also: Bench-Capon and Visser, 1997). These laws state that 
`pensionable age' is attained at 65 in the case of a man and at 60 in the case of a woman. In a LKBS, 
which uses logic programming as its method, this might be represented as:  
   
 A1 pensionable_age(X) :- sex(X, male), age(X, A), A >= 65. 
 A2 pensionable_age(X) :- age(X, A), A >= 60. 

 Alternatively, this might represented as:  
   
 B1 pensionable_age(X) :- sex(X, male), age(X, A), A > 64. 
 B2 pensionable_age(X) :- sex(X, female), age(X, A), A > 59. 

 If we make the right assumptions these two representations of the concept are equivalent. But, of 
course, if these assumptions are violated, differences emerge.  
   

1. A1 and A2 supposes that anyone who fails sex(X, male) will be female. This embodies two 
assumptions: that the second argument of sex can only be either male or female, and that sex
(X, male) will fail only if X is female, not, for example, because, the sex of X is unknown.  

2. B1 and B2 rely on the assumption that A will be bound to an integer. If ages were recorded as 
reals to express part years of completed life, the comparisons in B1 and B2 would be incorrect. 

3. A1 and A2 rely on a particular execution strategy, which means that A2 will be reached only 
after A1 has failed. Thus, A2 contains the implicit condition that sex(X, male) fails.  

There is another point here, however. The form of representation used implies a commitment to a 
certain conceptualisation at a high level. In the particular example, a concept, pensionable age is 
defined, by giving a pair of sufficient conditions, which are intended to be taken together as 
supplying a necessary condition. The system is intended to be executed by deducing the applicability 
of the defined predicates from the applicability of certain more primitive predicates. We need 
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therefore to be aware of the different levels of assumptions.  

 3. Ontologies as Explicit Assumptions  

 The implicit assumptions underlying a knowledge specification make the LKBS hard to maintain 
and reuse. The system is tailored to a specific implicit context but it is not clear what exactly 
constitutes this context. Consequently, it is not clear whether a system can be used in a slightly 
different context. In an effort to make the implicit assumptions explicit, and therewith enhance the 
maintainability and reusability, we adopt ontologies. An ontology is defined as an explicit 
specification of a conceptualisation (Gruber, 1995) and can be used to document the implicit user, 
task, and domain assumptions. Below, we briefly review some existing work concerning the most 
important of these, namely, legal task and domain ontologies.  

 Legal Task Ontologies  

 A legal task ontology describes a task typical for the legal domain from a generic perspective. It 
thus identifies the information in the domain that is required to perform the task. The legal domain 
has seen few attempts to describe tasks that are tailored to this domain. Without attempting to be 
exhaustive we mention five examples. Visser and Van Kralingen (1991) have described a generic 
task model tailored to reasoning about definitions in statutes. Valente (1995) and Visser (1995) both 
have addressed the description of generic legal planning systems. Quast et al. (1996) have addressed 
generic task models for the interpretation of vague norms. Finally, Matthijssen (1996) defined a 
database (hyper)indexing mechanism that is based on the objection procedure in (Dutch) 
administrative law.  

 Legal Domain Ontologies  

 As with task ontologies, the legal domain has seen few attempts to describe domain ontologies. 
Recently, research in the field of AI and Law has shown a growing interest in this field. In July 1997 
the first workshop on this topic - LEGONT `97 - was held (Visser and Winkels, 1997). We here 
mention four legal ontologies that have gained some attention in the literature: (a) McCarty's LLD, 
(b) Stamper's NORMA, (c) Valente's functional ontology of law, and (d) Van Kralingen & Visser's 
frame-based ontology.  

 (a) McCarty's LLD  

 McCarty (1989) has proposed a language for legal discourse (lld). The basic components of lld are 
atomic formulae and rules. Together they allow the creation first-order expressions. Modalities, such 
as time and permissions, are stated as second-order expressions.  

Atomic formulae are merely predicate relations used to express factual assertions, such as 'O1 is the 
ownership of actor A having property P', and, 'company C has issued stocks S'. A distinction is made 
between count terms (to express tangible objects, such as houses, and persons) and mass terms (to 
express intangible objects, such as cash, and stock). Rules are formed by connecting atomic formulae 
with logical connectives. They have a left-hand side which is an atomic formula, and a right-hand 
side which is a compound expression. Modalities are stated as second-order expressions. Currently, 
the following modalities are supported: time, events and actions, and deontic expressions (McCarty, 
1989). To express temporal statements lld recognises states.  

 (b) Stamper's Norma Formalism  

 Stamper has criticised the use of traditional logics for the representation of (legal) knowledge 
because they suffer from some important semantic problems (Stamper, 1991). Briefly stated, 
traditional logics rely on symbolic representations that have only a very weak connection to the real-
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world concepts they intend to denote. Stamper argues that there is need to escape from the frame of 
reference within which the classical logic is created (Stamper, 1991, p.229). The main ontological 
concepts are (a) agents, (b) behavioural invariants, and (c) realisations.  

 An agent is an organism standing at the centre of reality. It gains knowledge, regulates, and modifies 
the world by means of actions. A behavioural invariant is a description (e.g., using verbs, nouns, or 
adjectives) of a `situation' whose features remain invariant. Here, a situation loosely denotes some 
knowledge of the world, such as an object (e.g., a cup, a piano) or a state of affairs (e.g., walking, 
paying). Agents realise situations by performing actions. The realisation of a situation - a realisation 
- is specified as the combination of (1) an agent and (2) a behavioural invariant, shortly written as Ax 
(the situation, denoted by behavioural invariant x, that is realised by agent A). An example of a 
realisation Ax is John walks.  

 (c) Valente's Functional Ontology of Law  

 Valente's ontology of law (1995) is based on a functional perspective of the legal system. The legal 
system is considered an instrument to change or influence society in specific directions, determined 
by social goals. Its main function is reacting to social behaviour. This main function can be 
decomposed into six primitive functions, each corresponding with a category of primitive legal 
knowledge in lfu. Accordingly, lfu distinguishes six categories of legal knowledge: (a) normative 
knowledge, (b) world knowledge, (c) responsibility knowledge, (d) reactive knowledge, (e) meta-
legal knowledge, and (f) creative knowledge.  

 Normative knowledge is characterised as knowledge that defines a standard of social behaviour. It 
prescribes behaviour of the people in society. The standard is defined by issuing individual norms, 
expressing what ought to be the case. World knowledge is legal knowledge that describes the world 
that is being regulated. It delineates the possible behaviour of (people, and institutions) in society, 
and thereby it provides a framework to define what behaviour ought (and ought not) to be 
performed. Responsibility knowledge is legal knowledge that either extends or restricts the 
responsibility of an agent for its behaviour. Reactive knowledge is legal knowledge that specifies 
which reaction should be taken (and how) if an agent violates a primary norm. Usually, this reaction 
is a sanction but it can be a reward as well. Meta-legal knowledge is legal knowledge about legal 
knowledge, or, legal knowledge that refers to other legal knowledge. It regulates the dynamics of the 
legal system, for instance, by prescribing how to make amendments and how to issue new primary 
norms) and it provides mechanisms to solve conflicts between instances of legal knowledge. Finally, 
creative knowledge is legal knowledge that allows the creation of previously non-existent legal 
entities. It usually is stated in imperative terms, designating an entity (e.g. a governmental 
committee, or, a contract between two parties) that previously did not exist to come into being from 
a certain point of time.  

 (d) Van Kralingen's and Visser's frame-based ontology  

 Van Kralingen (1995) and Visser (1995) have studied development techniques for legal knowledge 
systems. One of the ideas underlying their work is that robust (conceptual and formal) ontologies of 
the legal domain are necessities for reducing the task-dependency of legal knowledge specifications.  

The main ontological distinction in fbo concerns the legal ontology and the statute-specific ontology. 
The distinction is based on the observation that some parts of an ontology are reusable across 
different legal subdomains. The legal ontology divides legal knowledge over three distinct entities: 
norms, acts and concept descriptions. For each of these entities the ontology defines a frame 
structure that lists all attributes relevant for the entity. Norms are the general rules, standards and 
principles of behaviour that subjects of law are enjoined to comply with. Norms are defined by a 
norm identifier, a norm type, a promulgation, a scope, conditions of application, a norm subject, a 
legal modality, and an act identifier. Acts represent the dynamic aspects which effect changes in the 
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state of the world. There are events and processes. Events represent an instantaneous change between 
two states, while processes have duration. The second distinction is between institutional acts and 
physical acts. Acts are assumed to have an act identifier, a promulgation, a scope, an agent, a type, a 
modality of means, a modality of manner, temporal aspects, spatial aspects, circumstantial aspects, a 
cause, an aim, an intentionality, and a final state. Finally, concept descriptions deal with the 
meanings of the concepts found in the domain. Concept descriptions have a concept, a type, a 
priority, a promulgation, a scope, conditions, and instances. The statute-specific ontology consists of 
predicate relations that are used to complement the terminology for norms, acts and concept 
descriptions. It defines the vocabulary with which the knowledge base is constructed.  

 4. Ontologies in the Development of LKBSs  

 The ontologies described in the previous section can be used during the system design. In this 
section we briefly describe how the ontologies can be used in the design process. Our starting point 
is a system-development method that is tailored to the specification of LKBSs (Visser et al., 1997). 
The method is in essence the CommonKADS methodology for knowledge system design (Breuker 
and Van de Velde, 1994) extended with KANT to obtain domain specifications (Bench-Capon, 
1991; Bench-Capon and Coenen, 1992). The method distinguishes four design phases: (1) analysis 
phase, (2) conceptual modelling phase, (3) formal modelling phase, and (4) implementation phase.  

As in CommonKADS there is an informal and a formal expertise model - specified in phases 2 and 
3, respectively. Domain knowledge (specifying the static knowledge in the domain) is separated 
from control knowledge (specifying how the domain knowledge is applied to achieve a goal). 
Control knowledge consists of specifications of inferences (primitive reasoning steps), and tasks (a 
control structure over tasks and inferences) (2).  

 1. Analysis phase  

 Task identification: Identify the task(s) that have to be performed. This involves identifying 
potential (knowledge of) users and dividing the tasks between user and LKBS. The result of this step 
is description of the input, the output, and the problem-solving goals of the LKBS.  

 Domain identification: Identify the legal knowledge that is to be contained in the LKBS in terms of 
references to legal sources. Together, 1a and 1b, are meant to determine the competence of the 
LKBS.  

 2. Conceptual modelling phase  
   

 a. Method description (4) : Provide an informal description of how the system will perform 
the task by selecting an ontology of the task, or, indeed by creating one. 

 b. Domain ontology selection and adaptation: Select an appropriate legal ontology and tailor 
the ontology - if necessary - to support the tasks and methods described in the previous step. If 
there is no suitable domain ontology available it has to be developed.  

 c. Knowledge acquisition and modelling: Model the domain knowledge in accordance with 
the two ontologies. The result of this step is the conceptual domain specification. 

 3. Formal modelling phase  
   

 a. Determine boundaries of control and domain knowledge: Identify procedural knowledge 
embedded in the conceptual domain specification and decide whether to model this knowledge 
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in the expertise model as domain knowledge or as control knowledge. 

 b. Define control knowledge: Create a formal description of the tasks, identified in the steps 
1b and 2a. This description should specify the hierarchical decomposition of tasks, and the 
information that is passed between tasks in a formal language.  

 c. Create statute-specific ontology: This step is aimed at determining and defining the 
predicate relations that are used to express the domain knowledge in a formal language.  

 d. Formalise domain knowledge: Model the knowledge described in the informal conceptual 
domain model by bringing together the formal ontology and the statute-specific ontology. This 
step results in the formal domain specification.  

 e. Define inferences: Define the inferences (primitive tasks) that link the control knowledge 
and the domain specification. 

 4. Implementation phase  
   

 a. Select language and platform: Select an appropriate language and platform to implement 
the formal descriptions of the tasks and inferences, and the domain specification. 

 b. Implementation: Implement the formal model in the chosen language on the chosen 
platform. 

 5. Conclusion  

 Any LKBS is the result of a design process during which a variety of assumptions is made about the 
system. We have discussed some prototypical examples divided into three categories: user, task and 
domain assumptions. In the course of a design process the documentation of all design assumptions 
is usually not feasible, nor necessary for that matter. However, there is a potential hazard in not 
making the assumptions explicit. The set of assumptions makes up a context in which the system can 
successfully operate. If the system is taken out of this context, for instance, by providing it to 
different types of users, using it for different tasks, or applying it to slightly different legal domains, 
its adequacy has to be questioned. Otherwise stated, the system has a limited reusability.  

 To enhance the reusability of systems, or fragments of systems, system design has to be done using 
recognised design phases. System design methods such as the one discussed in section 3, can be used 
to identify in an early stage where and when assumptions are made. Moreover, they provide a 
systematic account of the assumptions that are made. In system reuse and maintenance such 
documentation proves beneficial. The use of ontologies in the design methods, such as domain and 
task ontologies, facilitates sharing sets of assumptions between different people, within and between 
different design projects.  
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