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Chapterr 4 

Conclusion n 

4.11 Introduction 

Thiss conclusive chapter is dedicated to an overview of the main results of this disserta-
tionn and to their evaluation according to the four quality assurance criteria proposed in 
thee introduction. We proceed as follows: 

1.. In section 4.2 the main line of argument of chapters 1,2, 3 is concisely drawn. 

2.. In section 4.3 an evaluation of our ontology is provided according to its correct-
ness,, transparency, parsimony and validity. 

3.. In section 4.4 further research objectives are envisaged. 

4.22 Main line of argument 

Chapterss 1, 2, 3 are dedicated to investigate the representation of causation f or auto-
maticmatic legal reasoning. The chapters' main purpose is the definition of an analytical 
modell  of the concepts (and the conceptual relations) used in legal reasoning when as-
sessingg causation in a case. Such a model could then be used as a basis for automatic 
legall  causal reasoning. A systematic and well founded treatment of these issues re-
quiress the adoption an interdisciplinary approach. 
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Interdisciplinaryy approaches 

Inn the last ten years interdisciplinary and comparative approaches have flourished in 
manyy fields of research. For instance, computer scientists - in particular those involved 
inn the development of intelligent programs - have found themselves in the position of 
beingg asked to develop ever more encyclopedic software. As a matter of fact, enlarging 
thee quantity of knowledge that a software contains, can enhance the software's perfor-
mancee as much as a hardware upgrade (e.g. using a faster processor). The main aim is 
too make knowledge (better) understandable to - or, rather, (more easily) computable by 
-- a digital computer. This is often done by means of so called ontologies (i.e. analyti-
call  knowledge structures). Ontologies come in different levels of abstraction, ranging 
fromm domain ontologies (least abstract) to upper ontologies (most abstract). The inter-
disciplinaryy character of an ontologist's job is very apparent when developing upper 
ontologies.. As a matter of fact upper ontologies are often used to enhance interop-
erability,, i.e. communication between pieces of software that are used in and over 
differentt (specialistic) fields. 
AA typical example of an interdisciplinary subject related to Computer Science is the 
fieldfield of AI and Law, which is the main reference field of this dissertation. In the last 
twentyy years or so, AI and Law has studied and proposed techniques for the storage 
andd the automatic use of legal knowledge and/or information. All AI and Law contri-
butionss have this in common: a drive for merging computer related theories with Law 
relatedd theories. 
Thee specific AI and Law context of our research is the Functional Ontology of Law 
[Valente,, 1995]. The primary aim of the contents of chapters 2 and 3 is to define FO-
Law'ss models for Causal and Responsibility Knowledge (see figure 1.1). 

Legall responsibility and causation 

Givenn the context explained above, our definitional effort starts by looking at the legal 
conceptt of responsibility. On the one hand, following [Hart and Honore, 1985], we 
proposee and adopt a definition of legal responsibility in terms of liability. On the other 
hand,, we propose to see the attribution of legal responsibility as based on three grounds: 
conduct,, fault, causation. It is - obviously - causation that immediately attracts our 
attentionn and that leads us to expand our overview on the legal theoretical literature 
onn problems of causation, with a focus on causation in fact. Legal Theory knows 
threee main families of approaches to causation: causal maximalism, causal minimalism 
andd Hart and Honoré's approach (definition 2.6). Hart and Honoré spell out the basic 
conceptuall  elements of common sense causation for legal purposes. This drive for an 
explicitexplicit account of the conceptual elements of causation makes their approach most 
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suitablee to our purposes. 

Philosophicall and AI analyses 

Fourr main types of causal relations underlie definition 2.6: physical causation, agent 
causation,, interpersonal causation and negative causation. Each of these relations has 
itss own peculiar problems, each needing its own peculiar solution. 

Physicall causation Philosophically speaking, physical causation puts the following 
fourr main questions: 

1.. What are the formal properties of the causal relation: is it a transitive and/or 
reflexivee and/or symmetric relation? 
Wee opt (definition 3.36) for characterizing physical causation as a transi-
tive,, irreflexive and asymmetric relation. Furthermore (definition 3.37), we 
characterizee agent causation by all the formal properties of physical causa-
tion,, except transitivity. 

2.. What is the ontological status of the relation of physical causation? 
Thee relation of physical causation may be defined as either: 

(a)) a logical relation (in terms of sufficiency, necessity, INUS or counter-
factuals); ; 

(b)) a probabilistic relation (in terms of conditional probabilities); 

(c)) a singularistic relation (in terms of the notion of change); 

(d)) as a functionalist relation (in terms of the notion of process and other 
scientificallyy well founded notions, e.g. energy, force, etc.). 

Thee approach that is most suitable to our purposes is a combination of 
singularismm and functionalism, because these two approaches are the most 
explicitt ones in defining the physical elements of physical causation. 

3.. What is the ontological difference between general and particular causal 
statements? ? 
Thiss question has mostly been answered in Philosophy in terms of gen-
erall  causal laws that are instantiated by actual causal relations. Following 
[Hulswit,, 1998], we instead define such difference in terms of two fun-
damentallyy different causal notions: causality, the possible causal relation 
(sectionn 3.3.1), and causation, the reified causal relation (definitions 3.35 
throughh 3.37). 
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4.. What is the ontological status of the causal relata? 
Theree are three main options here: objects, states of affairs and events. In 
accordancee with the adopted singularistic view, in Chapter 3 we opt for 
eventss as causal relata, even though other notions (e.g. object and process, 
whichh is the preferred functionalist option) also play an important role in 
ourr ontology (definitions 3.25 through 3.34). 

Forr what concerns AI, computational causal reasoning is usually classified along 
temporall  dimensions. AI-lik e models of causation are either dedicated to expla-
nationn or to prediction. In their turn, such reasoning tasks may be undertaken by 
meanss of purely symbolic techniques or by numerical ones or by a combination 
off  the two. Our ontology may be taken as a task independent (i.e. in principle, 
aptt to both explanation and prediction) symbolic account of causal relations. 

Agentt causation Philosophically speaking, agent causation puts the following two 
mainn questions: 

1.. What is the nature of action and agency? 
Twoo notions may play a role in answering this question: 

(a)) the actor's awareness of his own action; 

(b)) the actor's control of his own action (either by proximality or by try-
ing). . 

Wee cast both these notions in our definitions of mental entity, of its subtypes 
andd of the notion of act (definitions 3.29 through 3.34). 

2.. What is the explanation of an action? 
Thee main problem here is whether there is any truth in the folk psycholog-
icall  idea that mental states (e.g. intentions, believes, etc.) may be genuine 
causess of physical changes. For us this is not a problem, as our aim is to 
givee an account of common sense views on causal relations. Therefore, 
wee adopt the naive Davidsonian view on the role of mental entities in ac-
tionss (definition 3.37): mental entities do play a considerable causal role in 
actionss (by means of tryings). 

Forr what concerns AI , its contribution to the study of agent causation mainly is a 
methodologicall  one. Especially during the 90s, agent technology has dominated 
AII  research. The main effort has been on applying existing notions of agency to 
thee definition of computational models of agents. We make some implicit use of 
thiss material (section 3.3.1 and definitions 3.22 through 3.24). 
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Interpersonall and Negative causation Philosophical accounts of interpersonal cau-
sationn that stem from the analytical tradition are based on speech acts theory. 
Thiss provides us with the following view. Utterances are actions. The three ba-
sicc elements of an utterance are: locution (the grammatical sentence), illocution 
(thee statement by the speaker); perlocution (the effect on the hearer). Types of 
illocutionss and perlocutions may be causally related by one of the following rela-
tions:: physical, verbal and verbal-influential causation. We have sketched what 
combinationss of illocutionary and perlocutionary act types may amount to giving 
reasonss and to providing opportunities, in the sense of Definition 2.6. 
Onn the AI side, also for the interpersonal case, the discipline has mainly brought 
aa methodological contribution to this area of study. Two such contributions are 
thee agent communication languages Knowledge Query Manipulation Language 
(KQML)) and Foundation for Intelligent Physical Agents (FIPA-ACL). 
Lastt but not least, we have made an attempt at specifying which negative cases 
off  Definition 2.6 are truly relevant ones for (legal) causal reasoning, provided 
thatt physical causation can never be negative. 

Thee ontology 

Thee philosophical and AI analyses just summarized leave us with the task of defin-
ingg an ontology of causal concepts, according to singularist and functionalist criteria 
(definitionss 3.1 through 3.34). The ontology should make it possible: 

1.. to define physical causation as a transitive, irreflexive and asymmetric relation 
(ass we do in definition 3.36); 

2.. to define agent causation as an intransitive, irreflexive and asymmetric relation 
(ass we do definition 3.37); 

3.. to include in the ontology causal concepts for the definition of interpersonal and 
negativee causation. 

Furthermore,, the consideration that causal relations cannot be said to be neither purely 
ontologicall  nor purely epistemological, translates in the general assumption that the 
representationn of causal knowledge cannot be limited to the ontological elements of 
causall  relations. Causal knowledge representation must be extended to the epistemo-
logicall  and the phenomenological elements of our knowledge. In other words, we have 
too adopt a cognitive (or, rather, phenomenological) stance on AI-lik e ontology. This is 
inn accordance with other upper ontologies, in particular DOLCE [Gangemi et al., 2002]. 
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Moreover,, we take a combinatorial view on the generation of the nodes of the ontology 
(ass in [Sowa, 2000]) and we focus on the description of physical entities (e.g. object, 
process)) and of their definition in terms of properties (represented as slots in Protégé-
2000,, as in SUMO, [Niles and Pease, 2001]). 
Thee combination of all the above requirements and assumptions results in an ontology 
withh the following structure: 

Noeticc root This represents the psychological counterpart of experience (i.e. percep-
tion,, learning and reasoning). Noesis comprises an epistemological branch (cate-
gory),, an ontological branch (entity) and a phenomenological branch (dimension, 
whichh relates categories). 

Epistemologicall branch This comprises nine main categories (on the one hand, space, 
matter,, energy, change, life, will ; on the other hand, quantity, quality, time), plus 
aa (sub-)category, called causality. This system of categories forms the back-
groundd on which our causal knowledge is formed. Furthermore, categories pro-
videe us with the necessary vocabulary for the definition of dimensions. Cat-
egoriess are related by the noetical relation 'experienced by means of', which 
referss to intellectual as well as perceptual experiences. 

Phenomenologicall branch This comprises eighteen dimensions defined in terms of 
thee adopted categories (volume, form, location, mass, material, state, work, 
energy-form,, power, sensitivity, instinct, age, intentionality, representational con-
tent,, enactment). Dimensions provide us with the necessary vocabulary for the 
modularr description of entities. 

Ontologicall branch This comprises a series of entities (physical entity, object, organ-
ism,, process, physical process, biological process, mental entity, thought, mental 
process),, a series of (example) typologies and a series of reified relations between 
thee entities (situation, event, causation, physical causation, agent causation). 

4.33 Evaluation 

Inn this section we provide an evaluation of the results, according to the four quality 
assurancee criteria indicated in the introduction. 

Correctness s 

Thee correctness of our proposal may be judged from two perspectives: a legal the-
oreticall  perspective (i.e. the proposal as an answer to questions in group 1, 2, 3 as 
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indicatedd in chapter 1) and a philosophical perspective (i.e. the proposal as an answer 
too questions in group 4 as indicated in chapter 1). 

Legall theoretical correctness One may ask whether our choice of definitions 2.1,2.2 
andd 2.6 are correct choices at all. In particular: 

1.. Is definition 2.1 's reduction of the concept of legal responsibility to the no-
tionn of liability correct? 
Wee think that the adopted arguments, summarized in the visibility metaphor, 
showw at least the admissibility of definition 2.1. In other words, even though 
wee have not proven the completeness of such definition (in the sense that, 
inn theory, cases may exist for which legal responsibility is independent of 
liability) ,, we have shown that definition 2.1 is correct, as all cases captured 
byy it involve the concept of legal responsibility (and of its attribution). 

2.. Is definition 2.2's approach to the grounds for legal responsibility attribu-
tionn correct? 
Alsoo in this case, we believe we have shown the admissibility of such defi-
nition,, by spelling out the typology of cases that stem from the combination 
off  the indicated grounds (i.e. conduct, fault, causation). Again we have 
nott proven the completeness of such grounds. The reader should keep in 
mind,, though, that it is difficult to pin down what such completeness could 
amountt to. As Hart and Honoré put it: "There are many grounds on which 
responsibilityy may be imposed, and others may be invented in the future." 
(p.xliv).. This allows us to conclude that definition 2.2 is correct. 

3.. Is definition 2.6's view of the notion of causation in fact correct? 
Thiss question should be answered in a comparative fashion. In comparison 
withh maximalist and minimalist approaches to causation in fact, Hart and 
Honoré'ss approaches is (more) correct. As we have tried to show, maxi-
malistt and minimalist approaches are not enough explicit, i.e. they leave to 
muchh space to interpretation. This greatly undermines their uniform appli-
cabilityy and, therefore, their overall correctness. On the contrary, definition 
2.66 explicitly mentions what types of relations between an agent and an 
eventt or between two agents amount to causal relations. 

Philosophicall correctness One may ask whether our philosophical choices of section 
2.44 through 2.5 and of definitions 3.1 through 3.37 are correct choices at all. In 
particular: : 

1.. Is section 2.4's restructuring of definition 2.6 in terms of physical, agent, 
interpersonall  and negative causation correct? 
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Fromm a strictly reductionist viewpoint this restructuring is not correct. One 
(i.e.. a reductionist) may (want to) think that there ultimately exist only one 
(ratherr then four) causal principle(s) regulating our Universe. On the other 
hand,, though, even the most stubborn reductionist must reckon with com-
plexityy (which is, by the way, also mirrored in the multiplicity of clauses 
off  definition 2.6). As a matter of fact reasoning becomes intractable, if one 
hass always to reduce the causal analysis of a case to physical causation 
only.. On the other hand, reasoning becomes utterly arbitrary (in the sense 
off  excessively teleological) if one has always to reduce the causal analysis 
off  a case to agent causation. For the sake of transparency, one has, there-
fore,, to keep intact the level of complexity of different types of entities and 
off  causal relations. 

2.. Is the choice, stemming from section 2.5, of adopting a mixture of singu-
laristicc and functionalists approach correct? 
Thiss question should be answered in a comparative fashion. Similarly to 
whatt we said for the legal-theoretical correctness of definition 2.6, singu-
larismm and functionalism are relatively more correct than logical and prob-
abilisticc approaches, in the sense that they are more explicit and more in 
contactt with modern scientific views on physical reality. 

3.. Is the choice, stemming from section 2.6, of adopting a view on agent cau-
sationn based on awareness and control (in terms of trying) correct? 
Wee believe that this choice is the most correct one relative to our previous 
choicee of singularistic-functionalist approach to physical causation. In par-
ticular,, the notion of trying provides the conceptually most smooth bridging 
betweenn the world of physical entities and the world of mental entities. 

4.. Is the choice, stemming from section 2.6, of adopting a causal view on 
reasonss explanation correct? 
Wee believe we have provided sufficient arguments in favor of the adoption 
off  the naive Davidsonian view on the role of mental entities in actions: 
accordingg to common sense, mental entities do play a considerable causal 
rolee in actions. 

5.. Is the choice, represented in definition 3.1 through 3.4, of taking a noetical 
stancee on causal knowledge correct? 
Thiss choice may be seen as a sort of concession to logical approaches to 
causation.. As we said, our overall approach to causal relations is singu-
laristicc and functionalistic, as these are the scientifically most correct and 
explicitt approaches. On the other hand, though, we still see some truth 
inn the idea that causal knowledge is, to some extent, a matter of what we 
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believee to be true or false (i.e. a matter of logic in a broad sense). More pre-
cisely,, causal knowledge is a matter of epistemology, which reflects on phe-
nomenologyy (i.e. on the way we experience things). The overall correct-
nesss of this noetical view may be doubtful, as it ontologically complicates 
things.. On the other hand, though, we believe it enhances transparency, as 
explainedd in the evaluation of transparency. 

6.. Are definitions 3.5 and 3.6 and the adopted categories correct? 
Thiss is difficult to tell. For most categories we have to argue by admissibil-
ityy or tradition. Which leaves us with a number of dubious cases: 

(a)) The adoption of categories lif e and wil l as categories of existence. One 
mayy legitimately ask whether a more correct way does not exist for 
generatingg this complex notions either in terms of simpler categories 
or,, at least, as subcategories of other adopted categories. 

(b)) The adoption of time ass a category of experience rather than as a cate-
goryy of existence. We have extensively argued in favor of such view on 
time.. Unfortunately, the extent of our arguments does not make them 
correct.. Furthermore, our view does not correspond with mainstream 
scientificc views of time (namely, views in Physics). This projects a 
longg shadow on our view. 

7.. Are definitions 3.7 and 3.24 correct? 
Mostt of the generated dimensions seem admissible, even though difficulties 
arisee when trying to justify some of them (especially those generated by 
meanss of the category time, e.g. location, state, enactment). Furthermore, 
ass far as the names of the dimensions are concerned, these may at times 
bee questionable. Some of the dimensions might be labeled with different 
names.. This, in principle, should not be a problem: what matters is the 
conceptuall  definition of dimensions in terms of categories. This should 
makee dimensions conceptually fairly independent from the names they are 
given. . 

8.. Are definitions 3.25 and 3.32 correct? 
Wee believe that those definitions capture the most salient aspects of the 
entitiess we describe. The notions of organism and thought are, though, 
liablee to better specifications. 

9.. Finally, are definitions 3.35 and 3.37 and the adopted categories correct? 
Consideredd as framework definitions, 3.35 and 3.37 are correct, as they 
containn the most important elements for (singularistic and functionalistic) 
assessmentss of causation. Single clauses of the definition, though, do need 
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somee tuning, depending on the domain of application. 

Transparency y 

Thee transparency of our proposal may be judged by comparing it to similar propos-
alss in upper ontology. We believe that the overall structure of our ontology makes it 
transparent,, in the sense that by this structure we achieved a higher control on terminol-
ogyy than other upper ontologies. By distinguishing between three types of terms (i.e. 
categories,, dimensions, entities) we have achieved more clarity about the level of gen-
eralityy of the adopted terms. The standard example we gave is the distinction between 
thee decreasing level of generality of the terms matter (a category), mass (a dimension) 
andd object (an entity), which belong to the same semantical area. This classification 
reflectss also on the status of the causal relation. For instance, while causality pertains 
too matter (i.e. to dependence between categories), causation pertains to objects (i.e. to 
thee relation between entities). The drawback of having more control on terminology, is 
thee rigidity of the overall structure. This is quite apparent for the dimensions defined in 
termss of time. On the one hand, deciding to put time among the categories of existence 
orr among the categories of experience makes things explicit (i.e. one knows what view 
onn time is adopted). On the other hand though, once the decision has been made, one 
cannott avoid the consequences of such choice: all the dimensions that stem from the 
combinationn of the adopted categories of existence and of experience must be defined, 
noo matter how counterintuitive they might seem. 
Anotherr factor of transparency of our ontology is its extensibility. New entities may 
easilyy be described by dimensions defined in terms of categories that are not among the 
adoptedd ones. In a way, it all boils down to adding new categories. For instance, if one 
wantss to configure the ontology in such a way that it contains the notion of color, he 
mightt do it by adding the notion of light among the categories of existence, and then 
derivee all the dimensions that could be used to describe colors as entities or as attributes 
off  objects. 

Parsimony y 

Ass far as parsimony is concerned, we believe we have not scored that high. In building 
thee ontology we often have "betrayed" the principle of Ockham's razor. This is evident, 
forr instance, in the choice of adopting change, lif e and will as categories of existence. 
Onn the other hand, though, the lack of parsimony of our ontology may very well be seen 
ass reflecting a more general lack of parsimony, which inherently characterizes common 
sensee knowledge. It is mostly due to this consideration that we have made choices that 
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increasinglyy jeopardized the parsimony of the proposed knowledge structure. 

Validity y 

Finally,, the hardest criterion to meet is validity, in the sense of the empirically correct 
correspondencee between the contents of the proposed ontology and real-life (legal) 
causall  interpretation. Unfortunately, we cannot express ourselves on this matter be-
causee the concrete correspondence, required by validity, should be empirically tested 
byy experiments that, in order to be properly defined and run, would probably require 
anotherr dissertation. Such experiments could, for instance, be aimed at testing the 
cognitivee validity of the proposed structure: these would be cognitive-psychological 
experiments.. On the other hand, other experiments could be aimed at testing the legal 
(theoretical)) validity of the proposed structure. Such experiments could try to establish 
whetherr real-life legal causal analysis, as based on of the grounds for the attribution of 
responsibilityy proposed in definition 2.2, can be mapped on the proposed structure. 

4.44 Further research objectives 

Thee most immediate research objectives concern the expansion of the ontology. Such 
expansionexpansion should concentrate on a better specification of the dimensions stemming 
fromm the categories lif e and will , on interpersonal causation and on negative causation. 
Figuree 4.1 contains a first approximation of the representation of the material discussed 
inn section 2.7, which should be used it defined communication in interpersonal causa-
tion.. Moreover and finally, it would be interesting to research the representation of neg-
ativee causation by means of axioms (schemas) or constraints defined over the classes 
involvedd in the definition of agent and interpersonal causation. 
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