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1. Introduction
This thesis is concerned with the area where the philosophy of science meets medical
informatics. It can be argued that during the past few decades there has been a
computational turn, in the field of medicine and philosophy. 1 Because of the
consequence of the increasing importance of computers and specific software
applications in the field of medicine, it has become interesting, from a philosopher’s
point of view, to study the basis for and the uses of this type of software in different
areas, and it’s consequent impact on the practice of medicine. Some of these software
applications are used to ‘merely’ convey information about patients, procedures or
medication, while others are used as expert systems to aid medical staff in classifying
and treating medical disorders.

In all such systems, we find more or less explicit references to medical practice:
information about a potential patient, diagnostic tools for doctors interpreting a
laboratory result or the prescription of a treatment for a disease. In the field of
informatics, this representation of the world – the set of codes or signs used to
describe something in medical practice – is called an ontology. In some cases it is also
referred to as a controlled vocabulary or terminology. For the purposes of this thesis,
however, I shall use the term ontology.

Several important aspects of these artefacts – of the ontologies – make them
interesting objects for philosophical investigation. The development of informatics in
the form of electronic healthcare records or databases has become an indispensable
part of medical practices. For such applications to be properly exploited, it is
necessary for them to be reusable or interoperable across different hospitals, regions,
and even countries. They need very solid foundations to enable reusability or
1

P. Brey and J.H. Søraker (2009): “Philosophy of Computing and Information Technology”. In A. Meijers and
S. O. Hansson, eds., Philosophy of Technology and Engineering Sciences. Vol IX in D. Gabbay, P. Thagard and
J. Woods, eds., Handbook of the Philosophy of Science. Amsterdam: Elsevier
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interoperability. Ontologies play key role in this because they form the basis of the
way in which different systems communicate with one another, and this has become
an important problem for both hospitals and administrative regions in Sweden and
in other countries.2 Much effort has been expended on research in this area during
the last couple of decades and one of the results is a demand for philosophical

analysis of the problematic areas to enable formulation of theories on how to
construct the stable foundations for the software to rely on.

Interoperability is essential when it comes to moving information from one system to
another, be it in the same hospital, between different hospitals, or even across
national borders. To be able to freely move information around, the different systems
need to have a similar (or even the same) ‘conceptualizations’ of the world described
by the software. Interoperability is also essential to ensure that systems are safe for
the patients. The smaller the differences between systems, the smaller are the risks of
misunderstanding a diagnosis and the kinds of treatment a patient has already
received. Such information is crucial for the clinical treatment of the patient. Also,
interoperability leads to financial savings: if the same ontology can be used and
reused in several systems the cost of producing the systems will be greatly reduced.

The interoperability of different biomedical information systems is also positive from
a public health perspective. If information in different systems (and even in different
places) is stored in a similar way, and can be assumed to denote the same parts of
reality, collecting such information and using it within public health research will be
greatly facilitated.

1.1 Brief examples
A number of examples will illustrate where the lack of interoperability and
reusability can create problems. The first example is a thought experiment, that
2
European Commission, DG Enterprise & Industry: 2008, ICT standards in the health sector: current situation
and prospects.
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demonstrates some of the difficulties in developing these kinds of information
systems. As a simplified example, it does not, of course fully emulate reality, I am
using it here to effectively illustrate a point, and do not believe that using a
simplified example reduces the validity of my argument.

The diagram below shows some of the instances that we considered when trying to
understand the uses and the roles of ontologies in medical informatics. The different
instances and any associated problems will be discussed in detail later; the aim of
this example is to illustrate the main question of this thesis.

1.1.1 First example
A physician makes an entry in an electronic healthcare record (EHR), in which the
laboratory analysis of a sample for a certain property is requested. The entry is
conveyed to the laboratory via some form of information system (IS, in the diagram
below), in which the EHR entry is translated into the structure and code of the IS.
This ensures that the laboratory staff will be able to read and understand the original
request made by the physician. After the results of the laboratory test have been
entered, the process is then reversed: the results pass through the IS, and back to the
EHR, so the physician can read and use the information to treat the patient.

4
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IS

Coded
lab result

IS

Electronic
healthcare
record

Electronic
healthcare
record

This process may appear very straightforward with no evident potential for
problems: the physician requests a sample to be analyzed and receives the results
after the analysis, all through a computerized information system. But there can be
problems at all interfaces between the different instances in this procedure, all of
which use conceptualizations of the world (or ontologies) of their own, and these have
to match, otherwise there are problems. The EHR has an ontology adapted for use by
the medical staff (doctors and nurses). The coded results from the laboratory use a
different ontology for pragmatic reasons. Between these two is the IS, which has to
accommodate both, and may also include administrative information not used by the
medical or laboratory staff. The different ontologies may entail using the same term
in different ways or only one instance using particular terms, or both, which can
result in miscommunication between the instances of the IS.

This example illustrates two main points. First, there are at least three different fields
of interest that need to be accommodated for a system to function properly as a
whole. Second, it is important that these fields communicate with one another
without losing or diminishing their own field of expertise. Efficient translatoin

5
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methods are required between the ontologies of different fields, or a common
ontology for all elements of a system has to be found.

The process happening here can be viewed in different ways. We may be dealing
with three different ontologies describing different parts of the world. We may,
however, be dealing with only one ontology, which is modified in different ways in
different areas. Another possibility is that one of the fields has the ‘primary
ontology’, and that the other fields have to be adapted to this more basic ontology. It
might also be possible that all three of these ontologies are ‘secondary’3 to a fourth
ontology, which encompasses them all. Which of these different interpretations we
choose for communication will greatly influence how we set out to solve the problem
of communicating in such a context.

What happens then if this communication in these sorts of processes fails? My
second example describes a much more complex situation where unclear guidelines
on the use of terminology and a different understanding of conceptualization caused
great problems in a real-life situation.

1.1.2 Second example
In 2005, the Swedish National Board of Health and Welfare (Socialstyrelsen) published
a report on mortality due to myocardial infarctions (MI) in Sweden, from 1987
through 2002.4 This and other reports5 6 showed that some hospitals seemed to have
much higher mortality due to MI than others. The media seized upon this, and
questioned heads of the hospitals concerned as to why their hospitals faired so much
worse. This created a great deal of worry amongst staff and patients at these

3
By ‟secondary‟, I mean that it might be considered to be a local ontology, in relation to what can be called a
global ontology or a reference ontology (see below).
4
Socialstyrelsens rapport, Hälsa och sjukdomar 2005:2, Myocardial Infarctions in Sweden 1987-2002.
5
Socialstyrelsen: 1997, ‟Socialstyrelsens Aktiva Uppföljning. Värdering av diagnoskvalitén för akut hjärtinfarkt
i tre svenska län 1995.‟ Artikelnr 1997-84-8.
6
Socialstyrelsen: 2000, ‟Värdering av diagnoskvaliteten för akut hjärtinfarkt i patientregistret 1987 och 1995‟
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hospitals.7 On further analysis, however, it emerged that some of the differences in
mortality may have been due to different interpretation of the classifications stated in
the ICD from the WHO.8 9 It was unclear whether or not the different hospitals had
been using the classification in the same way – it could be seen as a confusion of how
different doctors interpreted what the different classes in the classification actually
represented.

The brief examples given above highlights problems that can occur in one hospital or
one geographical region with limited scope. Even within one country, different
health care providers use different EHR systems , information systems or coding
systems

for

example.

If

we

look

at

reality,

there

are

many

different

conceptualizations in use, in different countries, regions and even within the same
hospital. Sweden, and many other countries, have set up projects to create national
standards for EHR systems, and there are also attempts to create a European
standard. The aims of all these efforts is to achieve the much sought-after
interoperability.

1.2 Aims
One of the aims of this thesis is to investigate and further develop the philosophical
foundations of the work being done on EHRs, with the emphasis on ontological
issues. This thesis aims to be able to answer the question of what the software
ontologies represent. What, if anything, outside the computer are these artefacts
referring to? I believe that a better understanding of the relationship, between
software ontology and the world outside is a prerequisite for understanding how
ontologies should be constructed. I also believe that this will make it possible to deal
with the problems of commensurability or lack of inter-communication between
different systems.
7

Örn, P.: 2004, ‟Oro bland patienterna efter granskning.‟ Läkartidningen 101:18, 1588.
Taube, A.: 1996, ‟Osäkra data om infarkt övertolkade.‟ Läkartidningen 93:50, 4620-4622.
9
Knutsson, P.: 1996, ‟Socialstyrelsen och hjärtinfarktdödligheten‟ Läkartidningen 93:49, 4525-4526.
8

7

7

1. Introduction

___________________________________________________________________________

A second, but equally important aim of this thesis is to attempt to clarify what would
be a good ontology. In the light of disputes and different approaches, I will describe
the different theories, and based on a philosophical analysis, will describe what
should be expected from a well-constructed ontology. This will take into account
such qualities as reusability, stability, revisability, and being in accordance with
scientific theories and relations to an outer reality. Some of these expectations, such
as stability and revisability, might seem to be in conflict with each other. However,
revisability means that it is crucial for an ontology to be able to keep up with the
scientific development, because science is not stable and does not stand still, and the
stability refers to the structure of the application – as will become clear later.

1.3 What to expect from this thesis
The beginning of the thesis will deal with the central terms of this problem: first and
foremost ‘ontology’ and how it is used in different ways in different contexts. I define
the way this term has been understood for the purpose of this thesis by critically
examine the way the term is used elsewhere. This analysis focuses on the computer
sciences where the notion of ‘ontologies’ has gained in importance over the past 20
years. Contrasting the use of ‘ontology’ in computer sciences with its use in the area
of philosophy will also help us understand what we are studying here, and what
philosophical theories might be useful in contributing to the aims of the thesis.

Historical overview of medical informatics and projects to standardize terminology,
will be presented. The introductory texts on nomenclature and the use of the term
‘ontology’ are followed by, an overview of how different standards of terminology
and ontology have been implemented, describing how medical informatics has
developed over the years, with a special focus on how EHRs have been developed
and used since computerized systems were established. The ICD and the General
Architecture for Languages, Encyclopaedias and Nomenclatures in medicine

8
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(GALEN) Project will be the starting point of this overview, since both can be seen as
predecessors of the work being done today.

The same section will also give an account of the works of Eugen Wüster and how
his theories have influenced the International Standardisation Organisation (ISO).
The main reason for including this is that the ISO standards have had a great
influence on EHRs and the associated work on terminologies and ontologies.
Examples will also be supplied from the ISO standards. The medical terminology
work in Systemized Nomenclature of Medicine – Clinical Terms (SNOMED-CT) will
be taken as an example and studied in detail. Some key features and problems with
existing terminologies will be highlighted in this chapter.

Two practical examples will be used to illustrate the description of theory behind
systems such as GALEN, SNOMED and ISO. One has already been touched upon,
the example of the statistical misrepresentation of the frequency of MI in hospitals in
Sweden. The other is an analysis of the different meanings and uses of the term
Urinary Tract Infection (UVI), in medical text books and medical practice.

To explore different ways of analyzing the problems outlined in the examples,
different philosophical approaches to the question of ontology and the ontological
status of sciences will be presented. The first approach for the analysis of the
‘ontology’ problems will based on critical realism of Karl Popper and his focus on
revisability and testability for scientific theories. This taken together with his analysis
of three realms of reality (or three ontological levels), provides tools to better
understand the structures and status of ontologies in medical informatics. The
analysis of Popper’s metaphysics will be complemented by the critical realism
approach described by Ilkka Niiniluoto. The critical realism approach of Roy Bhaskar
will also be discussed. Whereas Popper deals with sciences, Bhaskar applies a similar

9
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approach to different levels of ontology in the social sciences and the humanities.
Bhaskar also makes use of revisability in his approach to critical realism. Analysis of
Bhaskar’s theories will illustrate the possible relationships between different
ontologies and scientific theories, and also what an ontology as a whole refers to.

To better understand what the different individual entities or ‘concepts’ of an
ontology refer to, we need to look at some theories which deal with the ontological
status of ‘universals’. To achieve this, the immanent realism theories of David
Armstrong and Ingvar Johansson, will be examined in detail. Both Armstrong and
Johansson have an immanent realistic view on the existence of universals, and this
affects what both scientific theories and classifications (and, by extension ontologies)
refer to. Johansson’s theory of ‘determinates’ and ‘determinables’ will be applied to
the problems with the ontologies in medical informatics mentioned above.

While the philosophical theories mentioned so far all are realistic with regard to the
interpretation of scientific theories or the universals being referred to by the sciences,
there are others somewhat controversial approaches. These might be grouped under
the umbrella term ‘non-realistic theories of sciences’. Of course, there are many
different types of ‘non-realism’, and it is not possible to explore them all thoroughly
within the confines of such a thesis. Here I will deal with those that have been
reasonably defended and which are relevant to a discussion of the problems of
ontologies in medical informatics; in particular, those that display instrumentalism,
focusing on the usability rather than the truthlikeness of ontologies in the medical
informatics, and a language-orientated theory of how to understand such ontologies.

Instrumentalism will be represented by the theories of Willard Van Orman Quine
and

I

will

deal

with

his

theories

on

ontological

relativism

and

the

underdetermination of observations, since they can be seen as a version of
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pragmatism. Much of his work was concerned with the status of theories of science
and ontology, and he was one of the most influential philosophers of science during

the 20th Century. I will discuss his famous ‚to be is to the value of a variable‛-take on
what it means to make ontological claims. This paired with the holistic view of
scientific theories and the naturalism that he proposes will be used as a contrast to
the theories of Popper and other realists, but also to better illustrate how some of the
theoretical work in knowledge representation and artificial intelligence was
developed during the 20th Century, because Quine’s theories have been influential in
these fields.

The aim of this philosophical overview is to clarify different ways of interpreting
what ontologies refer to in the field of medical informatics. Taken together with the
theories of terminology already used in ISO and other standardization works, the
philosophical theories will give us tools to understand the role of these ontologies
both from the theoretical and philosophical point of view, but also from a practical
point of view, with the starting point in the existing work already discussed in the
thesis (e.g. SNOMED-CT).

Following this, a theory of how scientific theories as a whole, and the individual
concepts within a science relate to the world will facilitate establishing what is meant
by a good ontology. In chapters 5 and 6 of this thesis an analysis of the different criteria
and demands we place on ontologies, in order for them to be good ontologies. These
criteria and demands will be of different characters, some typically technical and
others more philosophical. Explaining how these criteria and demands should be
interpreted provides guidelines on what should be borne in mind when creating
ontologies. The analysis will also highlight how some of these criteria cause
problems. A recurrent problem is that some of the criteria are conflicting, which
means that one important outcome of this analysis is that the focus should be

11
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discussing the right balance between criteria during development of ontologies. The

formulation of precise guidelines on how to find this balance, however, goes beyond
the confines of this thesis, although some suggestions are made.

1.4 ‘Ontology’ in computer sciences
Philosophers must ask themselves the question of how the word ‘ontology’ has been
used in the context of the field of knowledge representation in general, and medical
informatics in particular – and how these uses differ from the traditional use of the
term ‘ontology’ in philosophy. Discussions of what the world is and why it is are as
old as philosophy. As in philosophy, the term ontology is not used consistently in the
information sciences. Quite the opposite, in fact: is it used and understood in many
different ways.

Some of the examples used here of how the term ‘ontology’ has been interpreted in
medical informatics actually deal with other terms such as ‘terminology’ or ‘medical
vocabularies’. This demands some explanation. The reason these texts, which
seemingly are not about ontology, are included in the study is because in a very
general sense they are about ontology. The terms or ‘concepts’ of a terminology are
treated in the same way as the entities or ‘concepts’ of an ontology in this context.
This will become clearer as we gain more insight into the ontologies of medical
informatics.

One of the first mentions of the term ‘ontology’ in a text on knowledge
representation or informatics was in an article by George H Mealy, ‚Another look at
data‛, where he briefly touched upon the questions that still remain to be solved. He
states that the information models that were created in the software applications
were ‚in some sense, held to be models‛10 of ‚the real world itself.‚11 He also notices
that the question that arises is ‚ontology, or the question of what exists.‛ And he
10
11

Mealy, George, H. (1967). „Another Look at Data.‟ Proceedings of the 1967 FJCC 31, p. 525
Ibid.
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highlights that the dispute between what he calls the Platonists and conceptualists
has been going on within philosophy, since the Middle Ages.

Unlike this philosophical approach to the term ontology, the way it should be
understood has been described very differently. Thomas R. Gruber writes 12 that the
word ‘ontology’ seems to generate a lot of controversy. He understands and uses the
term as a ‚specification of a conceptualization‛. 13 What this means is not easy to
understand, since to understand it we need to know what is meant by
‘conceptualization’. When Gruber uses this term he means: ‚an abstract, simplified
view of the world that we wish to represent for some purpose.‛14

Gruber’s use of ontology is very instrumental, when he states that in this context
‚what ‘exists’ is that which can be represented.‛ Also, we can see how he aligns his
thoughts with a language-oriented view of the meaning of ontology, since he states
that we can describe the ontology of a system by defining a set of representational
terms.

One of the key texts in this field is ‚Desiderata for Controlled Medical Vocabularies
in the Twenty-First Century‛15 by James J. Cimino, later referred to as ‚Cimino’s
Desiderata‛. Cimino gives us a technician’s view of what is important in a medical
informatics system’s if it is to be stable, interoperable, and, reusable. Even though the
term ontology does not occur in the text, there is an ontological aspect to this paper.
Cimino states that the purpose of a vocabulary, among other things, is to be able to
capture medical findings and represent medical knowledge.16 The latter aspects refer
to medical practice by end users of a software application – and, as such, they are

12

Gruber, http://www-ksl.stanford.edu/kst/what-is-an-ontology.html [2009-11-30]
Ibid.
14
Ibid.
15
Cimino, James, J. (1998). „Desiderata for Controlled Medical Vocabularies in the Twenty-First Century.‟
16
Ibid.
13
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highly ontological in their scope. But Cimino also states that aspects such as: concept
orientation, concept permanence, and multiple granularities must be taken into account. It
could be claimed that these are aspects that connect the vocabulary with ‘the outer
world’: they do not focus on terms and concepts alone – but do take into account the
referents of the terms.

Cimino seems to wear two different hats in his Desiderata: in the one guise, he talks
about the representation of medical knowledge, and in the other, about
terminological problems that are more language-oriented.

With a closer link to philosophical ideas and history, Nicola Guarino presents his
view of ontologies and the part they play in computer sciences. In several
publications over the last 20 years, he has proposed a ‘return to philosophy’ in this
discussion. In ‚Understanding, Building and Using Ontologies‛ Guarino give us an
account of what he considers is a good use of the term ‘ontology’, which he defines
as follows: ‚An ontology is an explicit, partial account of the intended models of a
logical language.‛17

More fruitful might be to study what he considers the term formal ontology means,
when he states that it can be intended as the theory of ‚a priori distinctions‛18 of the
entities of the world (objects, events, regions and so on) and the meta-level categories
used to model the world (concepts, properties, qualities and so on). As such the
formal ontology acts as a bridge between – or on a meta-level in respect to both – the
metaphysical studies of traditional philosophy and a more phenomenological
approach to the world’s constitution. It should be noted that the view of
philosophical ontology or metaphysics that Guarino uses is close to that of Quine

17
Guarino, N. (1997). „Understanding, Building and Using Ontologies‟ International Journal of HumanComputer Studies, p. 298.
18
Guarino, N. (1995). „Formal Ontology, Conceptual Analysis and Knowledge Representation.‟ p. 5
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and Strawson. This entails that the study of ontology is a study of the human
understanding, perception and description of the world. One could say that what
Guarino does is to promote a cognitively based view of ontology. In this view the
ontology is made up by the categories that account for a particular way of perceiving
and describing the world.

In Guarino’s view of the matter, ontology enters into the work of knowledge
representation via a schema of different levels of knowledge representation (KR)
languages. In this schema the different KR languages are classified according to the
kind of primitives are presented to the user. What Guarino does is to introduce the
notion of an ontological level, or a level of meaning in this schema. In this sense a KR
language of a domain, on the ontological level, is a language with primitives that are
constrained in meaning. They are constrained in such a way that their meanings are
made explicit and are constrained to the basic ontological categories used to describe
the domain. To make this possible, Guarino argues that the KR community needs to
adopt a more interdisciplinary perspective, and that disciplines such as philosophy
and linguistics can contribute to the practice of KR.

The view that ontology is a matter of language and should be based on cognitive
categories,19 seems to be a common point of view in articles on ontology in computer
sciences. Both McCray20 and Yu21 agree that this view has been very influential in
work on biomedical informatics and use examples from linguistics (such as Saussure
and Ogden) and neuropsychology. But there is another side to the story – one that is
more influenced by the categorical work of Aristotle, and sees the ontologies as
referential in a more realistic sense. This view is argued for by Barry Smith in several
publications.
19

Or even is supposed to be consisting of cognitive categories.
McCray, Alexa, T. (2006). ”Conceptualizing the world: Lessons from History”, Journal of Biomedical
Informatics.
21
Yu, Alexander, C. (2006). ”Methods in biomedical ontology”, Journal of Biomedical Informatics.
20
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Barry Smith’s view of what theories should guide us when we design ontologies and
terminologies is presented in the article ‛Towards a Coherent Terminology for
Principle-Based Ontologies‛ and other publications. The theories are presented in
such a way that they could be applied to any form of knowledge or information
representations, but the context that Smith and Ceusters are focusing on is the
context of biomedical practices. The theories are based on a realistic view of both the
world and scientific theories as representations of this world. As a way of explaining
their theories, Smith and Ceusters also refer to Popper’s ontological theory of three
realms. The division between physical reality (realm 1), cognitive reality (realm 2)
and formalised knowledge (realm 3) is very useful.

Smith talks of ‘ontologies’ as being representational artefacts, and the basic entity of a
representational artifact is called a constituent unit. The mistake, according to Smith,
made in the ISO and SNOMED terminology systems, is to have the constituent unit
refer to cognitive entities (as they exist within the mind of some subjects) instead of
having them refer to entities in the world outside human cognition. He states that:
‚An ontology is a representational artifact whose representational units *<+ are
intended to designate universals in reality and the relations between them‛.22

The representational artefacts that Smith refers to are elements that manifests the
cognitive representations in the minds of their creators. This is not to be interpreted
as if the artifacts were referring to their creators’ cognitive apparatuses. On the
contrary, he means that ‚the constituent units of the representational artifacts
developed as tools for biomedical research refer to the very same units in reality *<+
to which the underlying cognitive representations on the part of the clinician refer‛. 23

22
23

Ceusters, W. & Smith, B.: „Towards a Coherent Terminology for Principle-Based Ontology‟, under review.
Ibid. p. 2.
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When using the term ’ontology’, it is important to bear in mind what we mean by
this term. To ensure comprehensibility and limit the meaning as much as possible,
for the purposes of this thesis, I have, adopted Barry Smith’s definition: ‚An
ontology is a representational artifact whose units are meant to be referring to
universals in reality and the relations holding between these.‛ This definition can be
supplemented by the fact that, to be useful to be said to as correctly as possible
represent and refer to reality, it must be in accordance with the best available
scientific theories.
Exactly what this definition tells us will be explained and elucidated during the
course of this thesis, but as a starting-point, we have to make do with this short
description of what an ontology is. In addition to this description is important to

clarify the difference between ‘ontology’ as a branch of philosophy and the different
uses in the context of medical informatics.
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2. Medical terminologies: an overview
This chapter examines the notion of terminology more closely. First an example of
ambiguity in medical terminologies and the problem of ‘concept formation’ and
ascribing different meanings to the same terms is presented. These problems are not
new and have been discussed by others in different contexts.24 The first example in
the Introduction used a hypothetical model of simple information transfer via an IS
in two directions. This chapter describes some examples of theories actually in use
for the construction of ontologies and terminologies. The focus is on the difficulties
that occur and the consequent practical and philosophical problems.

2.1 An example of conceptual confusion
The first example illustrates how difficult it can be to establish a clinical knowledge
base, and interpret medical theories and directives, when creating a terminology for
a standard. Liss, Aspevall, Forsum and Karlsson published a paper on the term
urinary tract infection (UTI)25 in which they showed that a concept used widely
within medical practice can be, and is described and defined in many different ways.

They point out that the definitions presented in medical textbooks fall into different
categories, such as statements which serves as defining criteria, others which are used
as recognising criteria, and others which function as characteristics. On top of this, a
statement can serve as a necessary or a sufficient condition, for the use of the term.
As the authors explain, a certain kind of statement is not limited to a particular
function, ‚although it may seem natural to express a defining criterion in
pathophysiological terms and a recognising criterion in terms of symptoms and
signs‛.26 But a statement regarding a certain symptom, might function as any of the
three categories. If, for example, the symptom is part of the disease entity, it might be
24
Rector, AL (2001), “A personal view of where I have been and where we might be going.” Artificial
Intelligence in Medicine 23:111-127.
25
Liss et al. “Terms used to describe urinary tract infections – the importance of conceptual clarification”
26
Ibid. p. 293.
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considered to be both a defining criterion and a characteristic. The analysis
conducted in the article aims to establish which of the above categories the
definitions of some central and peripheral concepts of UTI belong in different
medical texts. The three concepts analysed are bacteriuria, urinary tract infection and
urethral syndrome.

Bacteriuria (BU) is a key concept in the diagnosis and treatment of UTI, but it is not
clear whether it should be seen as a defining criterion, a recognising criterion or a
characteristic. Also it is unclear whether BU is to be seen as a part of the disease
entity of UTI or whether it is only a cause of UTI. These are not compatible, since if
BU is part of the UTI entity, then it cannot be the cause of UTI. This distinction
becomes important when we think about what we are treating when we are treating
BU: if BU is part of the UTI entity, we can safely say that we are treating the UTI
when treating BU, but if BU is the cause of UTI, we are ‘merely’ preventing UTI by
treating BU.

The term significant bacteriuria (SBU) is also used, which denotes the amount of
bacteria in bladder urine. How to understand SBU and standard criteria for
definition are controversial. Different suggestions are presented in the article, and the
dispute centers around what SBU, as an indicator, is significant for. To put it in other
terms: what should SBU be used for or to signal? The four suggestions presented in
the article are:

1. Bacteria in bladder urine
2. When a laboratory analysis is rational
3. Diagnosis of UTI
4. Treatment of UTI
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What is significant to one of these, can be significant to all of the others as well. But it
may be the case that what is significant to one of them might not be for the others. A
criterion adequate for #1 might not be adequate for #3 (this is the example given by
Liss et al.). The paper presents arguments for all of the individual alternatives and
arguments for more than one alternative.

When attention is turned to the relationship between BU and UTI, the different
possibilities and interpretations of how they are related are even clearer. In some of
the papers, BU is identified with UTI and in others it is proposed that BU is a part of
UTI. Other papers state that BU causes UTI, or that BU is considered to be an
indicator of UTI. No consistent relationship between BU and UTI emerges, just as
Liss et al point out. ‚Something can, of course, be both part of a disease and an
indicator of the disease *<+ But something cannot be part of a disease and at the
same time be the whole disease‛. And as stated earlier, something cannot be the
disease (or a part of it) and at the same time be a cause of the disease.

The third concept analysed in the article is urethral syndrome (US). Here too, we
encounter the problem of deciding whether US is a type of UTI or whether it is a set
of symptoms. It seems to be generally accepted that US does not include BU. ‚US is
presented as a syndrome consisting of dysuria and frequency or symptoms of UTI,
but examination of the urine shows an absence of a significant bacteriuria with a
conventional pathogen‛. If it is the case that BU is a part of UTI, then US cannot be
the same as UTI, even if they have several common symptoms. And the reverse is
also true: if it the case that BU is not a part of UTI, then US could be a form of UTI.
But this would mean that BU could no longer be considered a part of UTI.

The authors concludes that there are many ill-defined concepts in medicine, and that
this does not come as a surprise to them. They also suspect that UTI is not a uniquely
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troublesome concept. To come to terms with this, Liss et al point out the importance
of actually being aware of the problems when using defining concepts. When given a
definition, the nature of the definition must be clear: ir it a defining criterion, a
recognising criterion, or a characteristic?

What then, are the philosophical implications of these discrepancies identified by
Liss et al? There are at least two ways of answering this. First, one could say this is all
evidence of miscommunication, where different well-informed users use different
words to refer to the same things (in this case the disease entity urinary tract
infection). If this is the case, we could expect that analysis of the definitions and
descriptions of UTI in medical textbooks would clarify how the terms should be
used. Where the ‘misunderstanding’ lies would be obvious, and some terms would
be deemed redundant, while other terms would be kept and a common
nomenclature could be established.

Second, one could class this as a matter of ontology; in other words, which one of
these, if any, is the more correct way of describing the objects in the world. As shown
earlier, the different definitions used for UTI, BU, SBU and US are not coherent. The
discrepancies that exist are not accounted for by the fact that the users are ‘merely’
using different words for the same thing. If that were the case, it would be possible to
strictly analyse what is meant by significant bacteriuria or urethral syndrome, but it is
not – at least not from the examples given by Liss et al. This answer implies a
problem that lies outside the realm of language.

If we assume that the people who have written textbooks on medicine are wellinformed and do have an understanding of what urinary tract infection means, or at
least that they have a clear picture of what they are referring to when using the term,
then we must assume that the different authors of textbooks have different theories
of what the world looks like in this regard. This means, very briefly that they have
21
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different ontologies regarding UTI, BU and so on. To have different ontologies is not
simply to have different terms to describe the world, it is to have a different view of
what the world consists of and how these entities relate to each other.

The consequences of different medical practitioners or researchers having conflicting
views of the world are apparent in the study conducted by Liss et al. Such
ontological discrepancies may have effects that can be costly, and even dangerous to
the patient.

In a related article Aspevall, Karlsson and Forsum27 show that there are differences in
how medical practitioners record and describe UTI. The authors also show how
difficult it is to create a model of a concept, even one with relatively limited scope
such as UTI is (if compared, for example with the concept of infectious disease). This
model of a concept, could be called a domain ontology regarding UTI. Existing
terminologies such as MeSH, SNOMED or ICD-10 would be of little use in creating
these kinds of models, because they were not developed as model for diagnosing
diseases.

One of the aims of the model for diagnosis is to ‚function as an interface between the
knowledge domains of clinical microbiology and general practice when used in a
decision support system for urinary tract infections‛. 28 With that in mind, I would
like to remind the reader of the diagram in the Introduction showing how different
instances in a hospital need to be able to communicate. The question remains still,
what are we referring to in these conceptual schemes? But it becomes highlighted in
light of the studies of Aspevall et al. when they show us how problematic it can be to
use existing terminologies, when creating one of these ontologies.

27
Aspevall et al. ”Building a concept system to structure the contents of a decision support system – a grounded
theory study of concepts in the knowledge domain of urinary tract infection.”
28
Ibid. p. 125.
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2.2 Terminologies or ontologies?
One important part of any discussion regarding ontologies, is to make a clear
distinction between ontologies and terminologies. In the debate and in a lot of
research these two are used interchangeably, but for the purposes of this thesis it will
be helpful to highlight the differences and similarities. As stated in section 1.4 the
term ‘ontology’ in this thesis is used to mean:
An ontology is a representational artifact whose units are meant to be referring to universals in
reality and the relations holding between these. This representation should be accomplished by
being in accordance with the best scientific theories available.

This is not the only way the term is used, as we have seen. Sometimes the term is
used to cover ISs that do not deal with universals and the relationships between
them. Some of these ISs are terminologies, and as such deal with the use of
language,29 showing how language is used in a specific scientific (or other) field, and
how terms are related to each other in this area. This is not the same thing as an
ontology because there is an ontological difference between ‘terms in a language’ and
‘universals in reality’ and an ontology is concerned only with the latter.

In many of the examples of terminologies and ontologies described in this thesis, the
term ‘concept’ is used instead of the term ‘universal.’ This needs some attention
because the understanding of the terms ‘universals’ and ‘concepts’ has been
controversial. At least in Swedish these two terms overlap to some extent, since both
can be translated into the word ‘allmänbegrepp’, and may therefore cause confusion
in the analysis in this thesis. Part of the problem with the term ‘concept’ is that is not
clear whether or not a concept is a mental entity, a shared theoretical entity, or a
linguistic entity. Its ontological status is therefore still under debate.

29
Gómez-Pérez, A., Fernández-López, M. and Corcho, O.: 2004, Ontological Engineering. With examples from
the areas of Knowledge Management, e-Commerce and the Semantic Web, Springer: London.
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Ever since the mediaeval works of Abelard and William of Ockham, there has been a
debate on what a universal or a concept is and what their ontological status is. No
consensus has been reached and the discussion resurfaces again from time to time.
The aim of this thesis is not to terminate this almost thousand-year debate, so I will
avoid the problem by not using the term ‘concept’, but only ‘universal’. What I am
referring to with the term ‘universal’ is, in all relevant aspects the same way the term
is used by David Armstrong, and more about my reasons for doing this can be found
in chapter 4.

The term ‘concept’ will occur in this text, but only when dealing with terminologies
and theories that actually use the term themselves. This is necessary, in order to
understand the theories behind the work on terminologies, and every effort will be
made to make it clear when I use the term ‘concept’ as used by others, and when I
use the term ‘universal’ to express my own ideas.

2.3 Eugen Wüster – terminologies and language
An introduction to the work of Eugen Wüster and a brief presentation of the
semantic triangle will demonstrate the basis for the theories of terminologies. Both of
these had considerable influence on the work on terminologies during the 20 th
Century. The way these theories have been used in different terminologies – mainly
within the work of ISO – will also be described. How this can be contrasted to
ontologies will then be described, and this will further illustrate the difference
between terminologies and ontologies.

Wüster played a key role in the development of terminology science as a field of
research. He started out as an engineer making catalogues of tools and machine parts
for carpentry. His thesis was entitled Production of saw blades for wood cutting.
Historically speaking, the terminology work within the ISO started with his
classification of tools used in carpentry.
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Wüster concluded that terminological work forms the basis for successful scientific
practice and communication. His aim was to accomplish something which he
thought was lacking in the work of many engineers and researchers, namely a
systematically established system of terminology. The theory of terminology that
Wüster developed was based on his experience as an engineer and his work on
standardisation and national work on terminology. What started as the solution to a
practical need for standards in terminology for procedures, objects and
measurements in different fields of engineering, grew into a theory of how
terminologies work and how they should be constructed. But, as Teresa Cabré
Castellvi writes, Wüster’s ‚theoretical inferences were based on observation of this
limited section of technical languages‛.30

Wüster’s work was not restricted to terminology research and he was also active in
the related fields of classification and documentation.

What are the merits for this thesis of studying Wüster’s work? At least two factors
are important. First, Wüster had a great influence on the terminology work
conducted by ISO. He was one of the founders of, and the first chairman for
Technical Committee 37 in charge of terminological standards at ISO. Because he
was such a key person, his work still has a great influence on standardized
terminologies in general, and in the standards developed for medical informatics in
particular. Secondly, in the literature on terminologies in the field of medical
informatics, although references to the ISO-standards, and sometimes to the work of
Eugen Wüster can be found, there are rarely any specific references to his actual
theories. It is therefore worth spending some time on his original theories to enrich
our understanding of his terminological work and not just rely on secondary sources.
30
Cabré Castellví, M. T.: 2003, „Theories of terminology. Their description, prescription and explanation.‟
Terminology 9:2, 163-199, p. 167.
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What were his theories of terminology? What questions did they try to answer?
Wüster’s research covered a very wide area, but in this chapter, we will focus on the
terminological work and his theories regarding the terminological systems and their
basis. The relevant aspects of his theories for the subject matter of this chapter are
those on concepts, what they refer to, and how concepts are formed. But also we
need to try to look at his theories on how language as whole relates to the world
‘outside language’ and especially the terms in a terminology.

The terminological work done by Wüster is described as ‚an interdisciplinary field of
linguistics, logic, ontology, information sciences and subject fields‛.31 The
relationship between the field of general terminology and the specific terminologies
of a particular science is ‚approximately that of general linguistics and the theories of
the individual languages.‛32 As we can see, there is a connection between the general
theory of terminology by Eugen Wüster and many other fields of research, and not
least a connection with the work in the informatics field today, and to analytical
philosophy. The connection to analytical philosophy is shown through his references
to some famous philosophical work, for example by Rudolf Carnap and Peter F
Strawson. The philosophy mentioned here is both a philosophy of language and
science and a more traditional metaphysical or ontological approach to philosophical
investigations.

Before we go into details about Wüster’s theories on terminology, let us take a look at
his sources of inspiration and the theories he read and used as a basis for his own
work.

31

Felber, H.: 1980, „In Memory of Eugene Wüster.‟ International Journal of the Sociology of Language.
Volume 1980, Issue 23, Pages 7–14, p. 11.
32
Ibid.
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Historically, Eugen Wüster started his work on terminology in Vienna at a time
when there was a great deal of activity in the sphere of philosophy. The Vienna
Circle and their positivistic programme of philosophy of science had emerged, and
their influence is visible in Wüster’s work. He refers explicitly to Rudolf Carnap and
his Der Logische Aufbau Der Welt, and implicitly even more connections with the
language-orientated philosophy of the positivists may be found. A more recent
philosopher mentioned by Wüster is Peter F Strawson, with special references to his
Individuals. In addition to referring to pure philosophical literature, Wüster also cites
works in the linguistic tradition. This is, of course, not surprising, since we are aware
that the terminology research performed by Wüster was as much a linguistic as it
was a philosophical endeavour. For example, there is a connection to the theories of
de Saussure and his distinction between langue and parole, and Wüster drew
inspiration from these. We will return to this later when we take a closer look at the
models of terms and concepts developed by Wüster.

2.3.1 Contents of the theory
The central points of Wüster’s theory on terminology are presented by Wüster in his
publication Das Worten Der Welt, schaubildlich und terminologisch dargestellt.33 In this
text, Wüster discusses the concept of meaning and how concepts are formed. He also
presents ‚a highly original view of the interaction between concepts and linguistic
signs‛.34

He provides us with a basic understanding of the role played by terms and words.
According to Wüster they ‚are characterised by two essential relations. These are the
relations between ‘individuals’ and ‘concepts’ on the one hand, and those between
‘signs’ and ‘meaning’ on the other‛. Let us try to sum up these central relationships,
to see what kind of theory Wüster developed for terminology.
33
I will be using a translation, which was published under the title: “The Wording of the World presented
graphically and terminologically.” (2003). My references will be to this publication, not to the original text.
34
Sager, in a presentation of Wüster. (2003)
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The relationship between individuals or objects and concepts: this is a relationship
described as how we, as humans can be understood to create concepts from our
understanding of the objects of the world. The term individuals is to be understood
as any physical object, that exists. It is an ‚existence which is determined in time, that
belongs to the world of time‛. The individuals are remembered by us as visual
‘representations’ in our mental apparatus, and some of these representations are
more abstract than just a visual memory of an individual object. These are what
Wüster calls concepts. Such a concept representing an individual is called an
‘individual concept’.

Figure 2: Illustration of the process of concept-forming.

The other category of concepts is the category of ‘general concepts’, and these are
generated by a process of abstraction. We reach the understanding of general
concepts by generalisation from individual concepts, which are ‚interchangeably
alike‛. Through this process we start to treat a number of individual concepts we
think of as having something in common, as a general concept. This description of
the general concept can be interpreted in at least two ways: either we ‘reach the
understanding’ by discovering the general concepts, or we create our own general
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concept. If we take the first interpretation we are talking of a realistic approach to the
notion of concepts – realistic in the sense that the concepts are independent of us, and
we discover them and what they are alike. The other interpretation, however, results
in the opposite approach; if we create our own general concepts then there are no
independent concepts, and we have a constructivist theory on our hands. In the
following, I assume that Wüster’s theory of concept formation is a theory based on a
constructivist view, by which I mean that he claims that concepts are created by us as
individuals. My reason for doing this is that he repeatedly states that we form our
own individual concepts and discusses how these form the basis for how we
understand the general concepts.

According to this view, the world is inhabited by individual objects about which we
form concepts.35 In a subsequent step, we form abstractions from the individual
concepts in order to create general concepts. Wüster states that ‛From the different
individual concepts A1, A2 etc. we have arrived at a general concept A which can be
‘materialised’, e.g. embodied, through the given individuals a1, a2, etc‛.36

I interpret this as Wüster claiming that general concepts are mental abstractions of
individual objects. He says that the concept of ‘stars’ has as its extension all the stars
in the universe – and this view of ‘concepts’ is a description of how the human mind
works when it is describing and classifying the world. Here we can identify an
ambiguity. Wüster sometimes talks of concepts as being individual, mental entities,
and sometimes describes them as objective, and shared concepts. In the case of the
concept ‘stars’ having as its extension all stars, we are talking of the latter use of the
concept (concept as being objective) while in forming this general concept, Wüster
describes the process as a mental abstraction from an individual’s own personal

35
36

The relation seems to be one concept per object, relation 1:1
Eugen Wüster (1959). “The Wording of the World presented graphically and terminologically.” p. 271.
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‚Vorstellung‛37 (concept as being subjective). This interpretation also leads to the
somewhat puzzling idea that we form a concept for every object that we encounter
and that every individual object is represented by an individual concept. In this sense
a concept is the same thing as a mental representation, and has no aspect of carrying
objective knowledge. ‚Concepts are thought (=mental) objects. Their being is not
determined in time. They exist only in the heads of people‛.38

The mental object that is a concept is, therefore, derived from our experience of other
objects. Questions arise about how this is done. Earlier, we saw that Wüster claimed
that we form more general concepts by generalising from individual concepts which
are ‘interchangeably alike’. But what he means by that is never explained in detail.
We need a more detailed description of the term ‘interchangeably alike’ for his
meaning to be clear. Is this likeness something we perceive as being alike, or is it a
likeness between objects, independent of how we perceive them? If we adhere to the
lines of our earlier interpretation of Wüster’s theories, we should understand this
likeness as something we perceive as being alike. This means that the likeness is not a
relationship between two or more individual objects, but a relationship between our
Vorstellung of these objects, or to put it in Wüster’s words: a relationship between
concepts.

The concept-object relationship has a parallel relation, which is a linguistic relation,
namely the relation between sign and meaning. According to his theory, signs are
used to draw attention to an individual object. The sign works as a substitute object,
for the object referred to. As such, it is theoretically possible to exchange the sign
with the object, to communicate or to convey what you are trying to say. But we are
referring to something which is not an individual object, the sign is longer a real
substitute. The signs become necessary for any kind of communication regarding
37
38

Ibid.
Ibid.
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general concepts, for ‚it is impossible to point to concepts‛.39 The signs are arbitrarily
appointed and there is no ‘natural’ sign for any object or concept. So how do we
progress from the sign to the concept? We use meaning as a tool for this. ‚What is
designated by a sign is its ‘meaning’.‛40

To be able to convey information about an individual object, or just to be able to
identify it, it is necessary to be near it, or to use a fitting sign – a sign that all those in
the communication situation are aware of. Usually some form of written or verbal
term is used to convey meaning, or, in Wüster’s words: ‚a suitable general
concept‛.41

What meaning is, and how we achieve it, is not clear in Wüster’s texts. The term
seems to be used interchangeably with ‘concept’ on some occasions, but not on
others. He refers to several linguistic theories, some of which claim that the
relationship between sign and meaning is arbitrary, and others that claim that the
relationship is somehow a natural relationship between the appearance (such as
sound, looks) of the sign and the meaning it conveys. Wüster seems to take it for
granted that the relationship is arbitrary. However we understand it, it is clear from
reading Wüster that the meaning, sign and concept are all very closely connected
with each other. He states that without meaning any sign becomes just a string of
characters or a noise, and vice versa, and that without a sign (written, spoken or
otherwise) ‚a concept cannot exist‛.42

This leads us to the second of the abovementioned relationships proposed by Wüster,
namely the relationship between meaning and sign. But what kind of relationship is
this? Why and how is it related to the object–concept relationship?
39

Ibid. p. 276.
Ibid. p. 276.
41
Ibid. s. 275.
42
Ibid. p. 278.
40
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Wüster suggests that the sign for a concept is a concept in itself. He states that: ‚This
concept is related to another concept as its sign, e.g. a sound concept or a graphic
sign concept‛.43 This is inspired by de Saussure’s distinction between langue and
parole. Where the first can broadly be described as the meaning of a sign, the content
of the language, the parole is the individual expressions of signs. For example, ‘horse’,
‘horse’ and ‘horse’ are all different paroles expressing one and the same langue.44

The relationship between sign and meaning can be illustrated by the following fourpart model of how signs work.

One interpretation of Wüster’s model is that the two lower fields are the part of
‘reality’ that exists outside of the human mind – the individual signs and the
individual objects. Individual concepts are ascribed to each sign or object, and the
individual concepts in turn are generalised into general concepts.

43

Ibid. s. 276.
In philosophical discussions this is something that lies quite close to the type-token relation. For more about
this, see the chapter on Armstrong.
44
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We can then draw the conclusion that terminology, according to Wüster, is a way of
describing and classifying how the concepts in a particular field are related to each
other, and how this is expressed in language. But we should bear in mind that for
Wüster, linguistic expression and concepts are intimately connected: the one cannot
exist without the other. What we can do is to state that the concepts of this theory,
however they are related to our language, are not found in the mind-independent
world. Wüster makes that very clear; the concepts exists only in the minds of
humans. So by describing how these are related, we are not describing how different
objects of the first world (to use Popper’s words, see below) entities are related, but
we are describing the way we have chosen to categorize our perceptions (our
Vorstellung) of these objects.

Sometimes there seems to be confusion as to what we are actually dealing with when
we use the term terminology. It could be seen as a confusion of categories; are the
basic entities of a terminology mental entities or linguistic entities, or are they
categories of the mind-independent world? There seems to be a conflation of these
levels in the writings of Eugen Wüster. This conflation might be because his
terminological work is based on theories from different fields, such as linguistics,
psychology and philosophy. Most of the time, Wüster used the term concept to refer
to mental entities, things that exist in the minds of humans. And, as such, they are
not entities of the mind-independent world. This is one of the most important
features of this theory, which shows how we can make the distinction between
terminologies and ontologies.

In his description of the term ‘concept’, Wüster tried to encapture how all three of
these fields used the term, even though they used it with quite different meanings.
This has led to a similar confusion in the use of his theories by his successors, as we
will see in the next chapter.
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2.3.2 After Wüster
What has the effect of the works of Wüster been then? As already mentioned, he
founded the technical committee responsible for terminological work, the TC-37, and
his theories have been very influential in the terminology work within the ISO. But
what was his real legacy? A key person in the passing on of Wüster’s theories has
been Helmut Felber. In a text on terminology, Felber45 comments on Wüster’s view of
concepts within terminology:
In the theory of terminology the realm of concepts is independent of the realm of terms. The
concepts represent elements of thinking. They are mental representations of material or
immaterial objects, qualities, relations etc. Terminology work has to start from concepts and not
from terms.46

This goes along with our interpretation of Wüster’s theories in the last chapter,
where we saw that the concepts of terminology are mental objects. It is clear from
Felber’s statement that concepts are the starting point for the theory of terminology,
not the terms or even language. Using concepts as starting point, when creating a
theory is referred to as having an onomasiological view of terminology.

According to Felber’s interpretation, concepts are ‘elements of thinking’ and ‘mental
representations’ i.e. abstractions of some aspect of reality. Concepts, therefore, are a
form of mental construction, or rather the process could be that we, as humans, after
experiencing ‚material or immaterial objects, qualities, relations etc.‛ make some
form of abstraction, to enable us to handle the experiences mentally. This is also
complies with our interpretation of Wüster.

However, Felber is not the only researcher who has proposed an interpretation of the
status and role of the concept in terminology. Teresa Cabré Castellvi has a contrary
view: ‚The key to this position lies, it appears, in the supposition that a concept is
45

I‟m referring to Helmut Felber‟s texts, since the original texts by Wüster are mostly in German. Felber is one
of the most frequent commentators on Wüster and his work on terminology.
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Felber, Helmut. ”International Standardization of Terminology: Theoretical and Methodological aspects.”
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universal, independent of cultural differences‛.47 This would mean that concepts do
not depend on the perception of an individual, or the mental representation
(Vorstellung) of any individual person. Castellvi’s interpretation is more similar to
Gottlob Frege’s definition of meaning, or the theories of Ogden and Richard,
presented in their triangle of meaning (see next section).

Castvelli’s interpretation does not seem to be consistent with Felber’s claim that: ‚In
reality concepts do not exist‛.48 This can be understood as a way of saying that
concepts do not exist in any reality outside the mind of a conscious being. But if this
is the case, how can concepts be the basis of terminology? How can the concepts, as
mental entities, be the foundations for a theory on terminology? If they are to be
useful in any way they cannot be entirely subjective mental constructions. Even
though they are created in the human mind, they cannot be entirely subjective if they
are supposed to be the basis of a theory of terminology, which is supposed to
describe scientific content. There seems to be an ambiguity with regard to the term
‘concept’ – one hand it is a subjective mental representation of objects and processes
as individuals encounter them; on the other hand, there is an objectivity claim of the
concept that they are universal and general in the sense that we can share them, and
construct standards, and controlled terminologies with them, and around them. This
confusion surrounding the term ‘concept’ is also a feature of Wüster’s works, and it
seems that the interpreters of Wüster have inherited this inclarity.

2.4 The triangle of meaning
In addition to the theories of Wüster, there is further famous theory of the signmeaning-object relationships. This is the triangular model of meaning and is usually
ascribed to the works of Ogdens and Richards, introduced in their book The Meaning
of Meaning (1923). This model has similarities with the theory of Sinn and Bedeutung
by Gottlob Frege, which was introduced in his Über Sinn und Bedeutung (1892). Both
47
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theories use a triangle model, with the angles representing ‘symbol’, ‘reference’ and
‘referent’. Wüster refers to a similar theory, ascribed to a linguist named Knobloch.
There is no mentioning of either Ogdens and Richards, or Frege, in Wüster’s account
for this model of semantics.

As we shall see later, the semantic triangle introduced by Ogden and Richards plays
a pivotal role in the theories used by the ISO. At least the model is used as a way of
explaining how we should understand the relationship between concepts of a
terminology and the on the one hand language, and on the other hand the relation
between concepts and the referents of language. The following model is proposed in
The Meaning of Meaning:49

Figure 2. The triangle of meaning, as proposed by Ogden and Richards.
The three angles of the triangle are ‘symbol’, ‘thought or reference’ and ‘referent’.
The symbol can be said to represent any kind of expression in language, spoken or
written, and as the figure states, stands for the referent. But this relationship is not so
straightforward, because, according to Ogden and Richards, the referent is derived
from the symbol via the ‘thought or reference’ which the language expresses. The
relationship between symbol and referent is arbitrary and there is no direct pathway

49
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from one to the other. To form a connection we have to pass through the top of the
triangle, via ‘thought or reference’.

According to Ogden and Richards there is a causal relationship between the symbol
and the thought, but the causality is psychosocial. We, as social beings, have been
taught to associate one symbol with a specific thought. As the diagram above shows,
they also claim that the relation between thought and referent also is a causal
relation, but if they mean this relation to be of a psychosocial nature as well is not
explicitly put in The Meaning of Meaning.
‚Between the Thought and the Referent there is also a relation; more or less direct (as when we
think about or attend to a coloured surface we see), or indirect (as when we ‘think of’ or ‘refer
to’ Napoleon), in which case there may be a very long chain of sign-situations intervening
between the act and its referent: word – historian – contemporary record – eye-witness –
referent (Napoleon).‛50

If, compared with the theory of terminology that Wüster proposed, there are a few
similarities in how the symbols of language are described. Both theories see them
as arbitrary signs, that have to be combined with some sort of content, thought or
concept, to be able to refer to anything in the world. But while Wüster focuses on
how we construct the concepts and how we can order them in systems and use
them for terminological purposes, Ogden and Richards are more focused on the
communicative role of language. Both theories are clearly theories of language,
though, and are trying to give us a better understanding of how we use concepts
or thoughts as a way of communicating what the signs are referring to.

2.5 Standards of terminology
The construction of terminologies and ontologies in the information sciences has
been based on different foundations and starting points. One of the best-known
theories on an international level, is that proposed by ISO. This theory is widely used
by information scientists and has been presented in several technical documents, for
example ISO 1087-1:2000 and ISO 704:2000. Its approach is in many ways similar to
50
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the theories of concept as a basis for terminology discussed above. We can see the
influence of Eugen Wüster’s terminology quite clearly here, but there are also
references to Ogden and Richard.

In a work in progress document Health Informatics – Criteria for the Categorisation and
Evaluation of Clinical Terminologies from ISO technical committee 215, which is a
comment on the international standard ISO/TS 17117:2002 (Health informatics -Controlled health terminology -- Structure and high-level indicators), we can see that
terminologies are considered to be the equivalent of ontologies or classifications. In
the same text, a brief definition of the concept as the basic unit of a terminology is
given as a ‚‘unit of knowledge created by a unique combination of characteristics‛ 51.

In the description of how to understand the meaning of the term concept within the
terminology work of ISO, there are at least two problems. Whether the problems
have arisen because of lack of clarity of expression or thought is hard to tell. In the
international standard on Terminology work – Principles and methods (ISO 704:2000), we
are given an explicit description of how concepts are defined and used in this field.
The theory presented is a version of the semantic theory of Ogden and Richards, and
their model of a semantic triangle. Just as in the theory of Ogden and Richards, this
theory contains three main notions in a triangular model – the three notions are
thought, symbol and referent. In this case, though, they are called concept, designation
and object. Also a fourth leg of the triangle is added (to make it look more like a
pyramid), namely the definition. In short the theory states that designations are
ascribed to concepts, which are abstractions of (groups of) objects. The definition is a
way of expressing what distinguishes one concept from another. This addition to the
triangle can be found in other texts on terminologies as well, for example in a
textbook on terminology: Terminologi som vetenskapsgren (German translation:
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Terminologie Unter der Lupe, translates as: Terminology as a field of science), by
Laurén, Myking and Picht.52

The first of the two problems is that of the regarding the nature of the concept, while
the nature of objects and designations is not as enigmatic. What is a concept? ISO
states that ‚objects *<+ are observed and conceptualized mentally‛,53 which can be
interpreted to mean that concepts are mental entities. At the same time, it is stated
that: ‚Concepts are not to be confused with abstract or imagined objects‛. What kind
of entities are concepts, then? What ontological status can we say that an entity like
this has? Is it both a mental entity and a non-mental entity? What else can it be, if it is
not mental?

The second problem arises in the practice of terminology according to ISO. What is
the starting point of the practice of terminology? What are the ‘objects of science’ in
this field? How are we to understand this when we receive contradictory answers to
these questions? ISO states that: ‚Terminological analysis shall begin with the objects
in question and the subject field contextualizing the objects in question‛. But this
statement is paired, in the same paragraph, with a statement which tells us: ‚Concept
formation plays a pivotal role in organizing human knowledge because it provides
the means for recognizing objects and for grouping them into meaningful units in a
particular field‛.

It is difficult to interpret these statements consistently. We are told that both the
concept and the object are the starting point, but at the same time concepts are
necessary for us to recognize the objects. But then again, concepts were
conceptualizations of objects. Does this not imply that objects precede concepts? The
notion of ‘terminological analysis’ and the fact that it should start with objects seem
52
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to be particularly problematic. What kind of terminology starts with objects?
Traditionally terminology has been the study of language, and its use within a
special or a scientific field.

To find the answer to this question, it is necessary to understand the relationship
between the sides of the semantic pyramid used to describe the theory. The
relationship between the three parts concept, designation and object has some
additional definitions: ‚Since a designation is not attributed to every individual
object, terminological analysis cannot begin unless the specific object in question
corresponds to a concept represented by means of a designation or a definition‛.54
When reading these texts from ISO on what part concepts play in terminology and in
the language of a special field, the impression is conveyed that science starts with the
concepts, and not with the objects of which they are conceptualizations.

But do these descriptions of concepts actually help us to understand what they are?
How can a unit of thought or of knowledge not be an abstract object? And if a
concept is formed by its characteristics, what separates it from its definition?
According to the texts quoted above, these should be different. But without a clear
view of what the concepts represents, how can we know what the terminology as a
whole represents?

Let us take another example. A textbook on how to create concept-based
terminologies Att mena och mäta samma sak (To mean and to measure the same thing,
author’s translation), states that concepts are ‚mental representations of one or more
occurrences in reality‛.55 This theory is based on the semantics of Ogden and
Richards presented in The Meaning of Meaning (1923), and their semantic triangle is

54

ISO 704:2000
Hedin, A., Lundmark, T. et al.: 2000, Att mena och mäta samma sak – en begreppsorienterad metod för
terminologiskt arbete. Lund: Studentlitteratur.
55

40

40

2. Medical terminologies: an overview

___________________________________________________________________________
referred to on several occasions. Since this is a model for semantics, it is a model of
how our language is used and how it is related to our mental capacities. It is mainly a
theory of language use, not a theory of ontology or metaphysics.

The part of the model that is of prime interests is the concept. This part of the triangle
is described as the mental representations that we use to progress from the sign to
the object referred to. At the same time, it is described as something that is not
simply subjective; it also has an objective quality. But how is a ‘concept’ defined?
What characteristics are ascribed to it? ‘Concepts’ as presented in the theories of
terminology are mental representations of things, processes and whatever else we
can find in our world56. This can be interpreted both as indicating that they are
entities that are referred to by the terms, and that they are the meanings of the
terms.57 But this statement alone contradicts the division of meaning and reference
that is the basis for Ogden and Richard’s triangle. Two alternatives are possible: 1)
the concept is to be understood as either the meaning of or the reference for the term;
2) we can interpret the statement as if the concept is both the meaning of and the
reference for the term. But neither of these interpretations is clearly stated in any of
the texts cited above.

One of the main question of this thesis is: what does an ontology represent? The
different interpretations above suggest that this question has more than one answer.
One is that an ontology refers to the mental representations of our concepts. A
further answer is that an ontology refers to real entities and events in the world
outside our brains. The absence of a clear answer lies in the lack of a single definition
for the term concept.
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Ogden and Richards’ theories, treat terminologies and ontologies as linguistic
entities, centered around the relationship between the term and the mental
representation (the understanding of the term). The semantics described in Ogden
and Richard’s triangle is a description of how language refers to the world – or
perhaps of how we use languages to refer to the world. It is not concerned with what
we refer to, assuming that there is actually anything in the world to refer to.

2.6 Conclusions
The creation of ontologies as defined in section 1.4 can be problematic to use these
theories if the theories of terminology developed be Eugen Wüster are used. My
interpretation of Wüster’s theories of terminology as being both onomasiological
(concept-based) and constructivist does not comply well with the notion that
ontologies are representational artifacts ‚whose units are meant to be referring to
universals in reality and the relations holding between these.‛ Whilst a terminology
describes the relationships between concepts, or relationships between linguistic
entities, such as the meaning of a term, an ontology should describe and represent
relationships between universals.58

Wüster’s constructivist definitions of terminology focus on our subjective perception
of objects, rather than focusing on representing the universals these objects
instantiate, independent of our mental apparatus. Whilst Wüster believes that we
create our own concepts, our approach to ontologies is that we discover how
universals are by studying their instantiation in reality. This is the work of sciences:
to investigate and describe the universals and the relationships between them, by
studying individuals instantiating these universals. And our ontologies should be in
accordance with the best available scientific theories, in order for them to be as good
representations as possible. If we were to use the theories of terminology there are no
guarantees that our ontology would comply with the best (or any) scientific theories.
58
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3. Kinds of ontologies
Now that we have shown that there is a difference between terminologies and
ontologies, we can turn our focus to ontologies. Ontologies are not homogenous, and
they can differ in different ways depending on their function.

Gómez-Pérez proposes the following list of ontology types:59
-

Knowledge representation (KR) ontologies

-

General or common ontologies

-

Top-level ontologies or upper ontologies

-

Domain ontologies

-

Task ontologies

-

Domain-task ontologies

-

Method ontologies

-

Application ontologies

Not all of these types of ontology can be found in the field of medical informatics,
and some are more relevant to our understanding than others. In this chapter I
describe examples of ontologies in use today, and attempt to categorize them
according to the above definitions, pointing out the difficulties associated with each.

If we start by looking at top-level ontologies, we find that they are described as
dealing with ‚very general concepts, and provide general notions under which all
root terms in existing ontologies should be linked‛. 60 These ontologies comprise
classifications of the most general aspects of reality. The idea is to make the
description of elements so general, that this type of ontology can be used as a basis
for any domain-specific ontology. It should be borne in mind that there are several
different top-level ontologies have been developed over the world, and this might be
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seen as a problem.61 In this group, for example are DOLCE, the CYCorp ontology and
the ontology presented in the Basic Formal Ontology (BFO) manual.

3.1 BFO
The BFO has been proposed as one of the possible bases for a top-level ontology for
medical informatics. This is not a medical terminology or even an ontology
specifically for the medical field. It is a formal ontology where the categories
included are so general that is should be possible to apply them to any field of
science or research. The author’s focus has been the field of medical informatics, so
for the purpose of this thesis it will be considered as being on the same level as other
attempts to create guidelines for constructing ontologies for medical informatics.

There are a few philosophical features of the BFO-manual62 that are interesting, and I
will try to make them justice here. The philosophical foundation of the BFO is an
immanent realism, and the intention to a part of creating an Organon for the
computer age. Organon was written by Aristotle, and include his view on logic and
science. Providing further details about this aspect of the BFO project goes beyond
the bounds of this thesis.

3.1.1 An important distinction
Before going into further detail, it is important to point out that the authors of the
BFO Manual make an important distinction which has not yet been dealt with in the
terminologically-based approaches to this field: the distinction between mention and
use. This distinction is very important and has been overlooked in earlier works –
and in examples are given from the Medical Subject Headings (Mesh), the National
Cancer Institute Thesaurus (NCIT) and the Unified Medical Language System
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(UMLS), all of which are used more or less in the creation of ontologies for medical
informatics.

The distinction between mention and use is as follows: to use a word or a sign (or in
this case a representational artifact as an ontology) to refer to things in reality, the
very things the word or sign or ontology is meant to represent is clearly a different
action from mentioning the same word or sign or ontology in a discussion about
them, with regard to what they mean or how they are constituted. We can use the
words ‚The Tower Bridge‛63 to refer to an object in reality, which is a bridge over the
River Thames in London. But this is very different from mentioning the words ‚The
Tower Bridge‛ in a sentence such as: ‚’The Tower Bridge’ is a set of words used in
the English language to refer to a structure over the River Thames in London, and
these words are made up of fourteen occurrences of letters‛.

Making this distinction is very important, because if there is confusion about the two
uses, there is no clear understanding of what is a discussion about the
representational artifact and its contents, and what is a direct reference to the entities
in reality that the ontology is designed to refer to. Another example is the periodic
table of elements, and the difference between talking about (mentioning) its
importance in the development of the history of science, and using the periodic table
to learn something about the reality of the elements it comprises.64

3.1.2 The importance of immanent realism
To understand the messages in the BFO Manual, it is important to understand what
the authors considers what constitutes an ontology and – as a consequence – what
the authors consider to be the basic features of reality. The immanent realism that the
BFO is based upon complies with the theories of David Armstrong or Ingvar
Johansson, for example, in the sense that they assume that the world that scientific
63
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research is meant to describe is a structured, ordered and regular world. And the
goal of scientific research is to describe these structures and regularities. It is also
assumed that there are universals, and that scientific research aims to discover and
describe these universals.

According to the BFO manual, not just any representational artifact qualifies as an
ontology. To be considered an ontology it has to have as its representational units
‚real universals and real relationships amongst such universals on the side of
reality‛.65 This means that a representational artifact representing the humanoids of
Tolkien’s Middle Earth would not be considered an ontology, since it neither refers to
real universals, nor to real relationships between these universals.

This leads us to a further key aspect of the understanding of ontologies presented in
the BFO Manual: universals.66 ‚Universals are that which is general or abstract in
reality‛ states the BFO Manual as part of the explanation of this key term. Universals
used in the sense of the BFO Manual are the structure and regularities that scientists
(and others) find in nature, and they are the things that different entities of the same
group, class or species have in common. Where particular entities are just that –
particular – universals are repeatable in the sense that they can be instantiated in
different objects in different places and at the same time. This means that they do not
exist at any particular place or at any particular time, as long as a particular entity
that instantiates them exists. A realism when it comes to universals is one way of
answering the question of how we can classify the world – what do the different
entities of a class have in common? And this impact on classification makes the
universals the main object of a scientific investigation, or as described in the BFO
Manual: ‚the goal of scientific research in any given domain is to discover the nature
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of the universals that are instantiated by entities in that domain, whether in biology,
chemistry, physics, or some other science‛.67

This theory of universals also states that all universals have a corresponding class,
but not all classes have a corresponding universal. The most archetypal example of a
universal-class relationship is the notion of zoological species, for example ‘cat’
which ‚will be designated by the term ‘cat’ and will contain all and only the
particular cats that exists in reality‛.68 According to the approach taken in the BFO
Manual, there are two kinds of classes which do not correspond to any universals.
The first ‚are classes designated by arbitrary general terms‛ like Nelson Goodman’s
concept of ‚grue‛. The second kind ‚are classes created by using a general term to
make reference to particulars existing at a specific time or in specific place‛.
Examples are all blue cars in Linköping or all academics over 45. These classes have
their place in different discourses and it can be necessary to talk about them in
different scientific circumstances, but it is also very important to realize that they do
not correspond to universals. And according to the BFO Manual, it is the universals
we are classifying in creating an ontology.

An ontology is not only a classification of universals, however. It is also a description
of the relationships between universals within an ontology, and also between
universals and particulars. There are of course a wide array of relationships between
universals, but there are some which are more prominent and more central to the
ontologies. First, the paradigmatic example of a relationship between universals is
the ‚is_a‛ relationship, as in a ‚human is_a mammal‛. This is the relationship which
is used to describe hierarchical structures. Also notable is that no particular stands in
a ‚is_a‛ relation to a universal.
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A further paradigmatic relationship – that between a universal and a particular – is
the relationship of ‚instantiating‛, as in ‚Aristotle instantiates human‛. All
particulars instantiates at least one universal, but not the reverse (no universals
instantiates any particulars). A more detailed description of the relationships
between universals and particulars, and between universals themselves will be given
later. The actual nature of a universal will be discussed in Chapter 4 (What does an
ontology represent?), as will the relationship between an individual and a universal.

3.2 Domain ontologies
Domain ontologies provide ‚vocabularies about concepts, within a domain and their
relationships, about the activities taking place in that domain, and about the theories
and elementary principles governing that domain.‛69 The entities of a domain
ontology are specifications of the entities of a top-level ontology. If, for example, a
top-level ontology contains the general notion of a physical object, the domain
ontology contains domain-specific objects and the relationships between these in a
domain ontology. Here we are concerned with the domain of biomedicine and
medical practices, and in this chapter I will present some examples of domain
ontologies for these domains. The examples are: GALEN, ICD and SNOMED CT.
Whether or not these can be seen as ontologies or not according to the definition used
Barry Smith and me could be debated, but ignoring this, it is evident that all three of
these examples do have ontological aspects and also make ontological claims about
what the medical reality is like.

3.3 The GALEN project
The pan-European GALEN project was launched in the mid-1990’s.70 Its aim was to
find solutions for some of the issues that had arisen during the development of
medical terminologies and their different applications. The mission statement of the
GALEN project stated that it would tackle the following five issues:
69
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– To reconcile diversity of needs for terminology with the requirement to share
information
– To avoid exponentially rising costs for harmonisation of variants
– To facilitate clinical applications
– To bridge the gap between the detail required for patient care and the
abstractions required for statistical, management, and research purposes.
– To provide multilingual systems which preserve the underlying meaning and
representation.71
The last of these issues is the closest to the investigations conducted and discussed in
this thesis. Since they were first conceived terminologies and ontologies have aimed
to preserve underlying meaning and representation. Of course problems soon
emerged. One of the obstacles described by the GALEN mission statement is the
problem that the number of concepts and relationships in ontologies grow too
rapidly, to the point of becoming unmanageable. GALEN also came across problems
when the concepts and the system that they occur in are difficult to separate, and
because of this are almost impossible to re-use in another setting or to translate into
another language. They developed what is called the GALEN Approach to tackle
these obstacles.

This approach consisted of shifting terminology development away from
‚enumerative

classifications

of

concepts

and

terms‛

and

turn

towards

‚compositional models of medical concepts‛; and away from ‚single structures of
concepts and terms‛ towards ‚language independent concept systems‛. This was
achieved by adopting a new approach to the distinction between terms and the
concepts they refer to, and also by capturing the general principles and knowledge
used in medical terminology in a formal model. If understood correctly this formal
model is then used as a kind of a tool box to generate the concepts needed. This

71
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meant that there was no need for the creators of the system to hard code the concepts
into the system – they could extract them from the tool box instead. The GALEN
Common Representation Language (GRAIL) was created to enable manipulation of
concepts within a concept system, and also the GALEN Common Reference Model
was created as the set of clinical terms that would serve as the basis for the tool box.

3.4 International Classification of Disease
The International Classification of Disease or the ICD is a classification system for
pathological condition issued by the World Health Organisation (WHO). Pioneer
work was done by Sauvages and the London Bills of Mortality, and it took its present
form in the late 1800’s. Compilation at that time was led by the French statistician
Jacques Bertillon (1851 – 1922), the chairman of a committee convened by the The
International Statistical Institute meeting in Vienna 1891, whose task it was to
produce a classification of causes of death. The Bertillon Classification of Causes of
Death as it was called was adopted by several countries and many cities throughout
the world. At a conference in 1899 it was decided that the classification should be
revised every 10 years, and for the sixth revision in 1946, the WHO convened a
commission to create a classification system entitled International Classification of
Diseases, Injuries, and Causes of Death. This was the birth of the ICD as we know it. The
current version is the ICD-10, or to give it its full name: International Statistical
Classification of Diseases and Related Health Problems – Tenth Revision. The ICD is used
to collect statistics on mortality and disease, to record diagnoses in health care
records and for epidemiological research and public health work for the evaluation
and assessment of trends in health and illnesses. It is the world’s most cited scientific
reference.72

In its structural terms it classifies diseases according to the body system, but it also
classifies other related aspects in medical practice, such as symptoms, abnormal
72
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findings, and causes of a disease. The ICD is not an ontology in the strict sense, but,
as it states, a classification. Nonetheless it does actually make ontological statements
and tells us something about what the domain of diseases is like. One example of the
ontological claims it makes are the external causes of the injuries and diseases, as
described under the categories V01-Y98 in the classification.73

In ontological terms, the ICD, however, does not actually provide distinctions on an
ontological level. In other words, the different entities classified in the ICD are not
given any specific ontological status. Symptoms, diseases and causes are all on the
same ontological level, even though it might be assumed that this type of
classification of medical and pathological terms would indicate that some are caused
by others, and that one group might ontologically precede another. We can also see
in the ICD 10 that there is a Not Elsewhere Classified-class (NEC-class), in R00-R99:
‚Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere
classified.‛ And it is difficult to say whether ICD classifies the actual diseases,
appearing in the world, or is a way of classifying findings or observations made by
clinicians.

3.5 SNOMED CT
SNOMED CT is the main contender to be the definitive medical terminology: It was
developed as a combination of the classification work of the College of American
Pathologists, called the SNOMED Reference Terminology, and the Clinical Terms
Versions 3 (CTV3, formerly called Read Codes) by the National Health Service (NHS)
in the United Kingdom. This merging was made in 2002, but the history of SNOMED
started in the mid 1960’s with the Systemized Nomenclature of Pathology (SNOP),
and has been developed over the years.

73

http://apps.who.int/classifications/apps/icd/icd10online/
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The purpose of SNOMED CT is to be used ‚to code, retrieve and analyze clinical
data‛.74 To supply the clinical information, that is asked for there have to be a
representation of clinical concepts, terms and relationships in the field of health care.
SNOMED CT aims to provide a standard for this clinical information, to improve
analysis. In this sense, it is meant to act as a foundation on which different healthcare
organisations can build their own instruments, whether is to analyse the results of
research, evaluate both cost and quality of care, or to design guidelines in clinical
treatment.75 The coding and classification work in SNOMED CT is based on different
principles, amongst which are clinical integrity and quality, usefulness for patient
safety, research and analysis.76 Spackman and Reynoso claim that the development of
SNOMED is based on ‚*<+ three fundamental criteria, abbreviated as ‘URU’. The
initials stand for understandability, reproducibility, and usefulness‛. 77 These three
criteria refer to how the users of the terminology understands the concepts it
contains.

3.5.1 Components of SNOMED CT
Against the backdrop of the intended applications of SNOMED CT, let us now take a
look at how the terminology is constructed, and what it contains. SNOMED CT has a
hierarchical structure with a set of top level concepts. These are the most general
concepts and are the supertypes of one ‘branch’ each in the hierarchy. This can be
seen as a top level ontology, for what the SNOMED CT should cover in the field of
medicine. All other concepts in the terminology are subtypes of one of these top
concepts and are found in of the hierarchies. The further ‘down’ in a hierarchy we
move, the more specialized the concepts become. Therefore, with SNOMED CT, the
conceptual granularity increase, the further down a branch we go.
74

SNOMED Clinical Terms User Guide, July 2008 Release. [Available at
http://www.ihtsdo.org/fileadmin/user_upload/Docs_01/Technical_Docs/SNOMED_CT_User_Guide_2
0080731.pdf]
75
Ibid.
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Spackman, K. & Reynoso, G. (2004). “Examining SNOMED from the Perspective of Formal Ontological
Principles: Some Preliminary Analysis and Observations”
77
Ibid.
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The top level concepts and subsequent branches of hierarchy are:
– Clinical finding
– Procedure
– Observable entity
– Body structure
– Organism
– Substance
– Pharmaceutical/biologic product
– Specimen
– Special concept
– Physical object
– Physical force
– Event
– Environments/geographical locations
– Social context
– Situation with explicit context
– Staging and scales
– Linkage concept
– Qualifier value
– Record artifact
All of these concepts actually stem from the same ‚root concept‛, called the
‘SNOMED CT Concept’, the basic entity of the terminology. This could be
interpreted to mean that all the above concepts have in common is the fact that they
all are concepts.78 And this leads to the interesting question of what it takes for
something to be a concept, or how we are to understand what this is – the fact that

78
Which would amount to the same thing as being part of the SNOMED CT terminology, so it could be seen as
a trivial statement.
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they all are concepts. The subconcepts are standing in an IS_A relationship with their
respective superconcepts.

The top-level concepts form a very heterogeneous group; it is not self-evident what
being a ‘substance’ has in common with being a ‘special concept’ – which in and by
itself seems to be a somewhat difficult concept to understand, at least as far as the
term ‘special concept’ is concerned. The definition of concept given in the User’s
Guide, states that it is ‚A clinical idea to which a unique ConceptID has been
assigned‛.79 Not a very satisfactory definition, but we can try to understand what a
‘concept’ is in SNOMED CT by looking at how they are used in these hierarchies.
Each concept is assigned a Fully Specified Name (FSN), in addition to being given a
ConceptID. This FSN is presented in what is called ‚a unique human-readable‛ form
– which can be interpreted as being a description of what the concept stands for,
presented in a natural language (e.g. English), but also unambiguously. One could
interpret this as if the FSN of a concept is the actual meaning of the concept, but this
is conjecture on my part, and not something that is actually stated in SNOMED CT.

3.5.2 Critique and problems
Some studies have been performed on the contents of SNOMED CT, and some of
these have covered subject matter similar to my research. Olivier Bodenreider et al
(2006) analysed the hierarchical structure of SNOMED CT from the perspective of
what they call ‚ontological principles‛.80 These principles are assumed to be
something that most or all agree upon as sound principles, and they make such
claims as:
1. Each class must have at least one parent
2. Non-leaf classes must have at least two children
3. Children should have exactly one parent
79

Ibid. p. B-1.
Bodenreider, O., Smith, B., Kumar, A. & Burgun, A.: 2007, „Investigating subsumption in SNOMED CT: An
exploration into large description logic-based biomedical terminologies‟ Artificial Intelligence in Medicine,
2007:39, p. 183.
80
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4. Each hierarchy must have a single root
5. Each child’s description must differ from its parent’s description
6. All roles of a parent class must either be inherited by each child or refined in
the child
7. Differences from child to parent should uniquely result in every case either
from refinement of the value of a common role or introduction of a new role
The study was basically a quantitative assessment of deviations from these principles
with some qualitative assessment of compliance to the principles. Principles 1 and 4
were adhered to, but there was obvious divergence from Principles 2 and 3. The
results were therefore inconclusive. The purpose of the study was not to find
weaknesses in SNOMED CT as a terminology, but to highlight problems which
might occur if SNOMED CT is applied without checking its quality.
There is some sharp criticism directed towards one of the central thoughts in the
SNOMED CT project, when the authors say that they do not accept what they find in
the terminology to be ‘concepts’, because concepts cannot stand in the relationships
that are found in the terminology (IS_A and PART_OF, are the examples given here).
What are examined are the ‘terms’ in the terminology, and the ‘classes’ they refer to
outside the terminology.81 This is only briefly mentioned, but it highlights what I
found to be one of the key issues when reading the SNOMED CT User’s Guide –
what do the concepts refer to?

Other studies on the robustness of the structure of SNOMED, have been conducted,
Barry Smith (2003) claims that there is a lack of ontological theory at the basis of the
construction of the terminology in SNOMED CT, and concludes:
Too many (medical) ontologies have been designed without keeping linguistic or ontological
constraints in mind. That systems designed without any true ontological background suffer
from problems hampering their use in advanced natural language understanding applications
does not come as a surprise.82

81
82

Ibid. p. 184.
Smith et al. (2003), “Ontology and Medical Terminology. Why Description Logic is not enough.“ p. 9
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Schulz and Cornet (2009) demonstrates that the ontological status of the concepts
in SNOMED CT can be understood in several ways.83 They describe at least three
different interpretations of what the concepts represent. The three interpretations
are:
1. SNOMED CT concepts are instantiated by objects that exist independently
of the clinical context.
2. SNOMED CT concepts are instantiated by representational artifacts as
contained in an electronic patient record.
3. SNOMED CT concepts are instantiated by patients or clinical situations.
They identify different examples of SNOMED CT concepts, which gives us
different ontological commitment. The first interpretation (1) is what they call the
standard interpretation from an ontological realist’s point of view, and this
presupposes that objects and processes are independent of our observations of
them. The second interpretation (2) is what they call the EHR interpretation, and
under this interpretation ‚it does not matter whether some thing really exists or
not‛. The only criterion is that it is mentioned in an electronic patient record. This
is expressed by the fact that concepts with qualifiers such as Planned, Denied or
Scheduled are found in the SNOMED CT. The example used by Schulz and Cornet
is the concept of Denied tonsillectomy, which is ‚a postcoordinated concept, refining
tonsillectomy by using the qualifier ‘priority’ with the value ‘denied’, in DL
notation: Tonsillectomy

⊓∃

Priority.Denied‛.84 and they claim that there are ~50,000

procedure concepts in SNOMED CT, which all can be given similar qualifiers. The
third interpretation (3), tells us that the concepts of SNOMED CT are instantiated
by the patients carrying them, rather than as objects or processes in themselves.
Schulz and Cornet calls this the ‘epidemiological interpretation’, and should be
understood as if the concept Tetralogy of Fallot should be read as ‚a patient with
tetralogy of fallot‛ and not as an entity in itself. According to the authors,
83
84

Schulz & Cornet, (2009). ”SNOMED CT‟s Ontological Commitment.”
Ibid.

56

56

3. Kinds of ontologies

___________________________________________________________________________
SNOMED CT concepts can be interpreted in three different ways, and it is not
clear when we should use which interpretation.

The developers of SNOMED CT are familiar with such criticism, and a process of
‘ontologization’ of SNOMED CT is taking place. Spackman and Reynoso have
described ontological principles which are being implemented in SNOMED CT. 85
The Work Plans for IHTSDO also show that attempts to resolve these ontological
problems with SNOMED CT are underway. For example, the 2008 Work Plan
states that there are plans for ‚improving SNOMED CT quality‛ by revising the
anatomy model and observable and investigation models.86 Such developments,
however, are not simple and are time-intensive, as SNOMED CT contains several
hundreds of thousands of concepts.

It is evident therefore that, despite being the main terminology in the world,
SNOMED CT is not without its problems. The main issues are the different ways
of interpreting the actual referents of the SNOMED CT concepts and
inconsistencies in ontological level with regard to the kinds of concepts found in
the group of top level concepts. To live up to its criteria of URU
(understandability,

reproducibility

and

usefulness)

SNOMED

CT

must

concentrate on addressing and solving these issues.

In reading about the different domain ontologies I have found an issue which I
think is representative for the problems that arises when you view the medical
terminologies from a philosophical point of view. This is the issue of ontological
commitment, or of ontological status of the entities making up an ontology. As

85
Spackman, K.A. and Reynoso, G.: 2004, „Examining SNOMED from the Perspective of Formal Ontological
Principles: Some Preliminary Analysis and Observations‟, KR-MED , Vol. 102CEUR-WS.org (2004) , p. 72-80.
86
IHTSDO 2008 Work Plan,
[http://www.ihtsdo.org/fileadmin/user_upload/Docs_01/Copenhagen_June_2008/IHTSDO_2008-WorkPlan.pdf]

57

57

3. Kinds of ontologies

___________________________________________________________________________
shown by the example of SNOMED CT, it is important for us to be certain of the
referents of our basic entities, or in the case of SNOMED CT, concepts. If this is not
dealt with, or remains ambiguous, the users of the ontology cannot be expected to
fully agree on, or understand what the software should be used for.

This kind of ambiguity is found in the theories of terminology. As we saw in
chapter 2, the referents for the concepts or terminologies are not clear. To avoid
ambiguities on an ontological level, therefore, we would probably be better
advised to use other theories as our foundation for ontologies. The subsequent
chapters will look at some philosophical accounts of ontological realism, which
will be useful in the understanding of what an ontology in medical informatics (or
any knowledge representation) actually can and should refer to.
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4. What does an ontology represent?
4.1 Reality: yes or no?
Some realistic ontological approaches accept a wide range of entities, categories or
qualities as real. The classic Platonist view of ideas or forms is realist and so are most
(all?) religious views. At the opposite side of the spectrum of realist ontologies, we
find a collection of theories called nominalism. Nominalism is realistic in that it takes
the individual objects in the physical world to be the object of our investigation, but
it opposes the view that there are any universals (see discussions about Armstrong,
Johansson and Smith); only particulars exist.87 According to nominalism, the
universals we use to describe the world are nothing more than linguistic constructs,
and mental generalizations – they have no counterpart in the world outside our
mental apparatus. Historically speaking the nominalism appeared during the Middle
Ages, with prominent names like Abelard and Ockham. Their theories grew out of
their critical attitude towards the categories of Aristotle, and the notion of universals
in re.

The discussion of the different realistic approaches to ontology will be raised again
later in this thesis, when it will focus on how they can be used to describe what the
artifacts in medical informatics refer to. At this point, however, I would like to
provide more detail on how the realistic approach to ontology is seen in other areas.

Trying to understand and categorise the mind-independent world – and what exists
in it – is one of the branches of philosophical ontology. It is ‚the science of what is, of
the kinds and structures of objects, properties, events and relations in every area of
reality‛.88 This quote by Barry Smith is a good example of how this form of ontology
is perceived. He calls it descriptive or realist ontology, and it is closely related to the
87
Most nominalists do, however accept the existence of at least one kind of abstract entities – the classes or sets
of set theory in mathematics. See Quine for this.
88
Smith, Barry. Ontology and Information Systems. p. 1.

59

59

4. What does an ontology represent?

___________________________________________________________________________
natural sciences in some respects. It resembles a scientific endeavour, like physics or
chemistry, because it is an ‚on-going process of exploration, hypothesis-formation,
testing and revision.‛89

4.1.1 Realism – Yes. But what kind?
I would like to propose a critical realistic view of science, scientific theories and
ontologies (as used in informatics) based on a division into three realms of reality in
the Popperian sense. This will be paired with the immanent realism of David
Armstrong and Ingvar Johansson, when considering metaphysical aspects. Roy
Bhaskar’s theories on ontology will also be taken into consideration to a certain
extent.

My reasons for proposing a realistic approach when creating ontologies in medical
informatics are based on an assumption of what medical practice and science are all
about. If we are to create ontologies and terminologies within medical informatics, it
is important that the theories and principles used in the creation of these artefacts
comply with the way medical practice and science actually work. My basic
assumption is that those involved in medicine and medical practise assume, as their
starting point, that what they deal with do actually exist; that bodies, organs, illness,
symptoms, treatments and so on are real entities of the world. By assuming this, we
exclude the idea that these practices are (simply) social constructs or linguistic
conventions. What we actually have to discover is what kind of entities medicine
deals with, and the different ontological statuses that these entities are assumed to
have. I think we can take it for granted that the theoretical entities of the theories of
medicine, such as different diseases and causes of illness, are real entities of the
world (a discussion of what theoretical entities are is given below in Section 4.1.4). By
this I mean that we must assume that when medical practitioners use theoretical
terms to describe a specific disease, they do assume that the term refers to something
89

Ibid. p. 2.
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in reality. Therefore, if we wish to develop the theories and principles behind
information systems in accordance with how medical practice and science is done,
the theories and principles have to be realistic.

There are many examples in medical practice that show that the entities dealt with
are considered to be categories of the world. If we look at the categorization in
microbiology and how the theories behind this practice are described, 90 we see that
the bacteria and their properties are not interpreted as social constructs and that the
categorization is not a matter of choice: the categories available are determined by
reality. This can also be said for anatomy. If we consider the Foundational Model of
Anatomy,91 we see that the anatomical description of man is considered to be just
that – a description the appearance of the human anatomy. It is not just an arbitrary
categorization of the world, and not an index of terms, it ‚represents anatomical
classes and anatomical relationships‛.92

The consequences of this realistic view of what the theoretical entities of medicine
denote is that a change in the scientific view of the world has effects on how the
medical practitioners view their area. If for example biological or chemical research
gives us new findings, and revises how we understand the entities of the world, it
will also change how medicine describes the world (or the part of the world it deals
with). This was evident in the development the field of bacteriology during the
second half of the 19th Century. In her thesis, From the Invisible to the Visible,93 Ulrika
Graninger shows how bacteriology gradually won acceptance in the medical
profession in Europe and Sweden in particular. Her study shows that it takes time
for changes in one area to gain acceptance in another area, but once the shift in the

90
Magee JT., 1998, „Taxonomy and Nomenclature of Bacteria.‟ Topley's and Wilson's Microbiology and
Microbial Infection. Vol. 2. Systematic Bacteriology
91
http://sig.biostr.washington.edu/projects/fm/FME/aboutFME.html
92
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Graninger, Ulrika, (1997). Från osynligt till synligt. Bakteriologins etablering i sekelskiftets svenska medicin.
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world view has been established it can change the way we understand and describe
the world. The emerging field of bacteriology gave medical practitioners new ways
of explaining causes of diseases, and new methods to prevent and cure illnesses.
Where different theories of miasma and balancing bodily fluids had once been used,
new ways of explaining and understanding the world of medicine gradually gained
acceptance and became the norm.

Similar changes to the introduction and establishing of bacteriology in medicine have
occurred before and will happen again. The 20th Century saw how genetics and a
deepening of the understanding of the role of DNA in nature changed the way both
experts and laymen classify and understand the world. It has changed the way we
understand relationships in the natural world and the classification of Linnaeus is no
longer considered the best way of describing how different species are related. It has
also changed our understanding of viruses and how the different species of bacteria
are actually related. All this new knowledge has changed medicine completely, and
it is obvious that we cannot represent the world in the same way in an ontology
before and after such a shift.

With these examples in mind, it might be wise for us to represent the world in the
same way as the practitioners in a particular field have. When trying to develop a
software application principally intended to capture the knowledge of medical
practitioners and handle information about medical practices and the practitioners
(doctors, nurses, patients etc.) we should stay as close as possible to the knowledge in
the medical profession. It would be hard to argue that a completely different
ontological approach would be appropriate when formulating guidelines for IT
solutions for medical care. If the EHRs or other systems are going to be useful, they
should mirror as much as possible the world view assumed in or implied by the
medical theories and practices they are aiming to describe and facilitate.
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The aim is to articulate a theory of reality which goes hand-in-.hand with my basic
assumption as to what medicine is about, as a consequence what the field of medical
informatics should set out to describe in ontologies. One reason to do so is the
absence of clarity in some of the current work in the field of medical informatics as
described in previous section. Formulating a theory of what should be described and
defining the entities to be described will help us to achieve greater clarity. And such
an approach will overcome some of the inherent difficulties at the same time. I will
discuss different realistic approaches to theories about the world, be they medical,
scientific or of other kinds.

4.1.2 Kinds of realism
To obtain a clearer view of realism with regards to scientific theories and how these
theories relate to ontology and metaphysics, I will make use of the work of Ilkka
Niiniluoto. This chapter will also consider the theories of philosophers such as David
Armstrong, Ingvar Johansson, Roy Bhaskar and Karl Popper. A further philosopher
important in this context is Barry Smith who has a large list of publication on his
extensive research in this area. His theories of an Aristotelian approach to the
categories of an ontology will also be dealt with and used in my discussion.

Ilkka Niiniluoto describes his metaphysical and ontological standpoint in his Critical
Scientific Realism and shows what distinguishes critical scientific realism from its
alternatives in a series of theses. His description gives us an excellent understanding
of what his view is, and what ontological claims we can make within this framework.
His ‘ladder’ of theses is as follows:94
(0)

94

At least part of reality is ontologically independent of human minds.

The theses are quoted from Niiniluoto, I.: 1999, Critical Scientific Realism, Oxford University Press. p. 10.
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(1)

Truth is a semantical relation between language and reality. Its meaning is
given by a modern (Tarskian) version of the correspondence theory, and its
best indicator is given by systematic enquiry using the methods of science.

(2)

The concepts of truth and falsity are in principle applicable to all linguistic
products of scientific enquiry, including observation reports, laws, and
theories. In particular, claims about the existence of theoretical entities have a
truth value.

(3)

Truth (together with some other epistemic utilities) is an essential aim of
science.

(4)

Truth is not easily accessible or recognizable, and even our best theories can
fail to be true. Nevertheless, it is possible to approach the truth, and to make
rational assessments of such cognitive progress.

(5)

The best explanation for the practical success of sciences is the assumption
that scientific theories in fact are approximately true or sufficiently close to the
truth in the relevant respects. Hence, it is rational to believe that the use of the
self-corrective methods of science in the long run has been, and will be,
progressive in the cognitive sense.

Each step functions as a separator, and the acceptance of all steps leads to the account
of critical scientific realism account that Niiniluoto upholds. Here I briefly summarise
the ontological views the different steps represent.

The first of the above (0) distinguishes an ontological realism from subjective
idealists, solipsists and phenomenalists, because none of these schools of thought
accept that any part of reality is independent of the human mind and its processes.
All three of these schools of thought claim, in their own way, that only a world
dependent on our experiences and minds exists.
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Thesis (1) distinguishes between semantic realists and pragmatists. The latter whish
to replace the realist concept of truth with an ‚epistemic surrogate (such as verified,
proved, coherent with our knowledge, warrantedly assertable, limit of enquiry,
consensus of the scientific community)‛.95 It also distinguishes between the semantic
realist and those who deny any kind of objective truth, such as the classical
positivists or logical empiricists.96 The latter demarcation is done in relation to
relativist and pragmatists, since these theories refer to truth as being relative to our
practices, and not something we discover. Thesis (1) thus eliminates a coherence
theory of truth from the scheme of things, since such a theory does not claim that the
truthmaker for our statements is to be found in the mind-independent world, but in
the theoretical body of theories. If a statement fits with the rest of our theories, then it
is a true statement according to the coherence theory of truth. Theories of radical
social constructivism would also be eliminated by the claim made in (0) and (1), since
social constructivism of this sort claims that our social interactions in one way or
another actually make up the world in which we live.

Thesis (2) distinguishes between those who accept a realistic account of theoretical
entities and descriptive empiricists and instrumentalists. Descriptive empiricists
regard theories as economical descriptions of the world to which we have only
observational access, and would claim that theoretical entities are useful instruments
in the description of the world. Also, instrumentalists deny that theoretical
statements have any truth value whatsoever. They are neither false nor true, but are
instruments because they are useful, and they can give us the results we want from
our scientific theories. And by denying the ontological status of theoretical entities or
being neutral to them, the instrumentalists do not have to concern themselves with
metaphysical questions.

95
96

Niinilouto (1999), p. 11.
Carnap, R.: 1950, „Empiricism, Semantics, and Ontology.‟ Revue Internationale de Philosophie 4 (1950).
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Thesis (3) draws a line between axiological realists and the axiological and methodological
non-realists The latter admit that theories do have a truth value, but argue that this
has no significance for the aims and methods of science. They usually claim that the
truths of theoretical statements is out of our reach, and replaces truth with something
like a successful prediction, simplicity or problem-solving ability. But exactly what
Niiniluoto means when he states ‚Truth (together with some other epistemic
utilities) is an essential aim of science.‛ is somewhat more difficult to understand. If
we omit the statement in the parentheses, we have a straightforward, easily
understood statement: truth is an essential aim of science. The statement in the
parenthesis implies that truth is an epistemic utility, whatever that means. One
interpretation of this would be that Niiniluoto is talking about how we practise
science – and one of the aims of practising science and scientific endeavour would
then be to develop ways of achieving truth or at least coming very close to the truth.
This would go hand-in-hand with theses (4) and (5) (see below). However, I am not
discussing the epistemic utilities of mankind or the concept of truth in this text, and
prefer to assume what Niiniluoto states under (1); that there is some sort of
correspondence theory of truth between language and reality, together with the
assumption made by Niiniluoto in (2) and (3), this lets us claim that we are actually
looking for a true way of describing reality when practising science. But truth has
more than one function in this way of understanding science: it is not only the aim of
science, it also regulates the way scientific methods can be developed. One of the
epistemic utilities Niiniluoto might be referring to in (3) could be the fact that
theories should be empirically falsifiable, since that is one of the ways in which we
can guarantee that a scientific project is moving towards truth.

But as thesis (4) claims, truth is not easily recognizable – and even our best theories
can be false. If we do not view truth as our regulative concept, guiding the way we
practise science, it would be difficult to claim that we are approaching truth. But (4)
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claims that the scientific theories of today give a more accurate description of the
world than their predecessors. (4) claims that it is possible not only to approach
truth, but also that it is possible to distinguish between different theories, and show
which is more true than the other, even if both are assumed not to be entirely true.
This will be discussed in the section below on verisimilitude and truthlikeness.

Taken together, (4) and (5) distinguish between critical realists and naïve realists, who
claim that certain truth is easily accessible, and sceptics who deny the possibility of
true knowledge or any progress towards truth. In accepting the two final theses, we
assume that our theories are wholly or partly correct in describing the objects of our
inquiry, and that we can decide whether one description is better than another.
Where (4) said that it is possible to approach truth, (5) claims that one way of doing
so is by evaluating the results of the theories by their ‘practical success’. This success
would be an argument for the fact that scientific theories are approximately true or at
least that they are true in some relevant aspects. And if our scientific methods have
given us these successful theories, they are likely to give us more and more
successful theories in the future. But whilst the naïve realist might claim that truth is
easily accessible, and that all successful theories are entirely true, a critical realist
(such as Niiniluoto) would be more careful and be content with the claims made in
(4) and (5).

4.1.3 Popper’s three realms
The metaphysical investigation in this thesis takes as its point of departure the three
realms of reality as presented by Karl Popper97. The first realm is the material world,
the world inhabited by physical things of all sizes, from the smallest (such as atoms
or protons), and the medium-sized (such as cars, goats or mountains) to the largest
(such as planets, planetary systems or galaxies). It may also be the realm of processes
(such as the evolution of species) and universals (such as properties or qualities).
97

Popper, Karl R.: 1972, Objective Knowledge. An Evolutionary Approach. London: Oxford University Press.
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The second realm in Popper’s view is the domain of consciousness inhabited by the
mental states and processes of individual minds, both human and animals (if the
animals have a central nervous system). In other words it is the world of the human
‘soul’ or ‘psyche’. It contains our subjective understandings, feelings and thoughts.

The third realm contains the product of human mental activities. The typical
inhabitants of realm 3 are theories, propositions and mathematical entities. But
unlike in the Platonist theory, for Popper, these entities are man made, not simply
discovered. Also, there are artefacts of the first realm for which an aspect of
themselves exist in the third realm, for example the intended use of a tool, the
content of a work of art or the conventions surrounding social institutions. ‚In brief,
World 3 is composed of all those abstract, cultural, and social entities which are
neither (merely) physical things and processes nor ‘in our heads’.‛98 The entities of
realm 3 are dependent on the activities of man, and human minds, but once they are
created they acquire a certain kind of autonomy. This partial autonomy means that it
is possible for us to study physics, for example, and to investigate and discover new
consequences of a theory. It is also enables us to understand the objectives of studies
in literature or the visual arts. This division of reality gives us a tool by which to
categorize and understand the different ontological statuses of entities described in
the field under study in this thesis, the field of biomedical informatics. It also gives us
a way of understanding different metaphysical theories by trying to understand how
they relate to this division. For example, an ontological materialist will accept the
existence of realm 1, and will claim that it is comes before realms 2 and 3
ontologically and chronologically. There is a causal interaction between the three
realms, but once something establishes itself in the third realm, it continues to exist
independently of what happens in the other two realms. This account of the three
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realms will help us to understand how scientific theories relate to the classes and
entities of the world.

In his theory, Popper makes a distinction between subjective and objective
knowledge. Subjective knowledge exists only in the second realm because it consists
of subjective beliefs. Objective knowledge, however, formulated, for example, as a
theoretical statement or a scientific theory, is something that goes beyond the
individual’s knowledge and hence takes its place in the third realm. This kind of
knowledge can be shared and can be accessed by anyone, and Popper admits that
this is similar in some respects to Frege’s notion of ‘objective contents of thoughts’.
This theory should not be interpreted as meaning that the knowledge in the third
realm is out of our reach– it is very important to Popper that we are able to revise
scientific theories and make progress in scientific enterprise. The knowledge in the
third realm is objective because it is accessible to all, not because it should be seen as
an absolute or unrevisable truth.

It is possible to apply Popper’s view of scientific theories concerning ontologies in
the sense of ontologies used in medical informatics. An ontology, just like a scientific
theory, would be an artefact of the theoretical level. Hence it would take its seat in
the third realm – the realm of objective propositional knowledge. The ontology could
either be seen as a product of a scientific theory, or as a prerequisiste for a scientific
theory. Either way, it would be a phenomenon belonging to the third realm. Two
questions arise here: 1) What is the relationship between an ontology and a scientific
theory? And; 2) What can we say that the knowledge represented in an ontology (or
other knowledge-representation artefact) refers to?

4.1.4 Theoretical realism in the three realms
Ontological realism is the foundation for this thesis, but an ontological realism
doesn’t really commit us to very much. It only commits to a statement similar to
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Level (0) of Niiniluoto, which says that some things exist independent of the human
mind. But this is not enough to serve as a basis for any real ontological theory,
because it does not take account of the existence of entities in realms 2 and 3. We
could accept the notion of (0), without accepting anything more than that individual
particulars exists. Meagre realism of this type would be more akin to nominalism.
However, if our kind of realism aims to mirror our assumption of realism within
medical practice, we need to have a theory which includes more than individual
particulars, for example properties and relationships.

We also need to know what we mean by saying that something is mind-independent.
It can be summarized like this: X is ontologically dependent on Y if X can only exist if
Y exists. For example, my thoughts and my experiences are ontologically dependent
on my mind, and presumably my mind is ontologically dependent on my brain. A
way of testing the independence of X on Y is to ask whether X would still exist in the
world if Y disappeared.

Nominalist philosophers would argue that only physical objects exists, and would
exclude things like processes and properties from the ontology. But since we are
assuming that Poppers 3-realms theory is acceptable, we need to be able to account
for abstract entities as well, and not only physical objects. I will propose a ‘nonreductionist materialism’ here, and therefore make my concept of existence a bit
wider than the eliminative or the reductive materialists do. I propose that we include
non-physical entities in our view of what exists in the world. Ontological realism
does not have to entail strict materialism or physicalism. For example, ontological
realism based on a theory of emergent materialism could still claim to be a realistic
theory, even without wanting to reduce all kinds of properties to physicalist
explanations. So, ontological realism does not say anything about the nature of mindindependent reality – only that it exists.
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During the history of science and philosophy there have been different suggestions
as to how to understand this, and these debates have revolved around different
topics, one of the more frequent of which has been the realist-nominalist debate. Both
‘realists’ and ‘nominalists’ have actually been realists in most cases, when it comes to
an everyday and common sense meaning of the term. They do believe in an actual
mind-independent reality and they are not sceptics or solipsists of any kind. The
status of universals (the typical example of a universal is a colour) is the subject of
dispute: do they exist or not? While realists claim that universals exist independently
of human activities, nominalists claim that universals are merely human
constructions. If we are to keep the discussion close to the distinction of Popper’s
three worlds, the question is where to place the universals in this scheme of things.
Before we can find a place for the universals, however, we have to have understand
what they are. What do we mean by universals? Realists and nominalists have made
different suggestions.

As we saw in Niiniluoto’s ladder (3), when it comes to scientific theories, a critical
realism does assume the existence of theoretical entities. In medical theory, such
theoretical entities could be a specific illness (e.g. diabetes), which would then be
assumed to exist and to do so mind-independently. This would mean that we can
find out things about diabetes and that our theory can be true or false regarding
diabetes because there is a correct answer. Our theory is about diabetes in general,
even if we cannot observe the universal diabetes – all we can see is individual
instantiations in people. Still, our statements about the theoretical entity diabetes can
be true or false. That is one of the consequences of a scientific realism.

4.2 Nominalism versus realism
Nominalism is a line of thought stemming from the Middle Ages when the debate
surrounding universals began. The debate was initially religious. how could the
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christian God could be three and one at the same time. It also dealt with the transsubstantiation of Christ in the sacraments and other topics. It didn’t take long before
the debate spread to other areas, and the old problem of ‘one-in-many’ was
resurrected. The question was whether or not universals were to be taken as real or
as mere linguistic constructs (names = nomen, nominalism). In brief: nominalism is
an approach that denies the existence of abstract entities in general and universals in
particular. Other approaches however, labelled realism or Platonism, assumed the
existence of abstract entities, meaning that they are not reducible to objects. The
nominalists claimed that classes, properties, numbers etc. are all reducible to
particulars.

One of the major elements of the universals debate is the question of ‘one-in-many’.
This is the question of how two distinct objects can share the one and the same
universal (e.g. both can be red). How can it be that two separate objects can both be
red? Are they sharing a universal in being red, or is the redness something we
ascribe to them, but which is not actually shared by the two objects? The debate on
whether or not universals exists or not, has often been concerned with whether two
objects can have the same property. It has been argued that either the property must
be wholly present or partially present in each of the objects with the property. If it is
partially present in each object; the universal loses its unity. If it is wholly present in
each object, how can it be in both. It could then only be concluded that universals can
be wholly present in several separate places at once.

With regard to what terms and language refer to, there is a great difference between
the nominalist and a realist point of view. Whereas the realist claims that (at least)
some general terms or predicates refer to real entities (universals), the nominalist
claims that these terms are to be understood as mere conventions and that the
notions of predicates or abstract entities are all constructs of the human mind. The
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nominalist considers the universals of Aristotle to be linguistic conventions, but not
universals in re. To be fair when we compare the nominalists with realists, we must
point out that there is no contradiction in being a realist with regard to some objects,
namely individuals, and being a nominalist for others at the same time. It is the
realist’s interpretation of abstract entities and universals that the nominalists oppose.
This view has some implications for how we understand scientific theories, of course.
When a scientist makes use of a general term in his or her theory to describe the
world – a nominalist would interpret that term very differently from a person who
interprets abstract entities as a realist. When what a theory refers to has to be
explained, the nominalist has a very different explanation from the realist.

4.3 Roy Bhaskar
Roy Bhaskar is known as a realist with regard to his view on ontology in the
philosophy of science. In A Realist Theory of Science he writes: ‚The answer to the
transcendental question ‘what must the world be like for science to be possible?’
deserves the name of ontology‛.99 One of his main arguments for a realistic approach
is that it becomes much more difficult to justify the scientific work if there is no
reality to discover. It would be difficult to defend the rationality of science if its main
purpose were to create models which are not actually models of anything. With the
rationality of science as a basis, Bhaskar argues for a realistic approach to the theories
of science, and against the different theoretical objections to it (he mentions
empiricism and idealism). One of the arguments for a realistic view of scientific
theories – and as a consequence ‘ontologies’ – is based on the intelligibility of science.
What would sciences be about if we did not see the scientific theories as descriptions
of reality?

According to Bhaskar, we can easily make a picture of the world without science, but
this would not change the way the world looks. The task of scientific theory is to
99
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describe something that Bhaskar calls the transitive and the intransitive objects of
knowledge. In brief,

the intransitive objects of knowledge are the entities and

processes of the world, while the transitive objects are the way we as humans
understand the world and our social situations. Transitive knowledge is just that:
transitive. While the world stays the same, our understanding of it changes all the
time, our knowledge of the world is tentative. Transitive knowledge is made up of
the theories and discourse from different scientific fields. And while different
sciences have different transitive objects, the intransitive objects that they are about
are the same.100

If we compare Bhaskar’s two-sided approach with the three realms of Karl Popper
we do see some similarities. First of all both distinguish between the physical world
and the mental world. Secondly, they both consider scientific knowledge as
something that is about the real world, which does not necessarily gives a correct
view of the world. Both theories contain the notion of tentativity of knowledge and
fallibility of scientific theories.

Bhaskar’s theories can also be seen as an argument against both a traditional
postivistic way of viewing science and more recent post-modern trends. His ontology
and philosophy of science does not start with the notion of experience, as it does in
the positivistic or the post-modern ways of viewing science. To assume that all that
exists is what we experience, or simply dismissing ontological question as the
positivists did, is to approaching the whole thing the wrong way, according to
Bhaskar. He argues that even if you only accept experiences as the only kind of
entities that exists and that are worthy of study, you have not dispensed with
ontology, you have just redefined it as only containing experiences.

100
Pather, S. & Remenyi, D.: 2004, „Some of the Philosophical Issues Underpinning Research in Information
Systems: From Positivism to Critical Realism.‟ Proceedings of SAICSIT 2004, 141-14. p. 144.
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He argues that it is a mistake to consider that the most important feature of the world
is that it can be experienced. It is not the clinical finding that creates the bodily
disorder, it is because of the existence of the disorder that the clinical finding can be
made. Bhaskar makes an analogy between the scientist and the detective. Both are
aware that there is something that we can describe – either the world or a crime
committed, but neither know at the outset exactly how it appears. There would be no
point in either of them conducting their research if a crime had not been committed
or a reality to explore did not exist.

There are two reasons why we should use this view of science in the study of
ontologies. First, the distinction between the transitive and intransitive dimensions of
knowledge is very important within information science, since there is a risk of
conflation or confusion between the objects of a terminology and the terminology
itself. Some confusion can be avoided by keeping different ontological levels apart. If
the theories on ontology made clear demarcations between the level of the ontology,
the level of physical reality and the conceptual level, it would be much easier to
understand what an ontology refers to.

The second important aspect of this theory of science is that it stresses the difference
between the world and our knowledge about it, i.e. the fallibility of science and the
tentativity of knowledge. If we accept the analogy between scientific theories and
ontologies, then we must also consider the fallibility of scientific theories when
constructing ontologies. It must be possible to revise ontologies as the scientific
theories they are based on develop and change as new discoveries are made. In all
aspects relevant to this thesis, Bhaskar and Niiniluoto have the same view on critical
realism when it comes to science. What makes Bhaskar interesting for my purposes is
that he explicitly deals with social sciences in a way that is unusual in philosophy of
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science. And at least some parts of the knowledge that needs to be represented in
ontologies is of a social nature.

4.4 Universals
A nominalist would claim that universals are not mind-independent entities, and can
therefore not exist in realm 1. Realm 3 could be a contender for holding the
universals, since this realm contains man-made entities, but the relative
independence of realm 3 makes it dubious to some nominalists, who would rather
class the universals as being inhabitants of realm 2; the realm of subjective
knowledge and perceptions. It can safely be said that no nominalists would assign
universals the status of being mind-independent inhabitants of realm 1, no matter
how they would define universal.

A realist would claim the opposite; that universals do exist in realm 1, and in some
cases in realm 3. If we are to understand universals from a realist’s point of view, we
cannot interpret them as being objects in subjective minds. Hence, they cannot be
inhabitants of realm 2. In this section, I give an immanent realist’s account of what
universals are and how they fit into the Popperian division of ontology into three
realms. In all relevant aspects, this view and the theory of universals used in this
thesis is the same as my view.

4.4.1 Immanent Realism: Armstrong and Johansson
Ingvar Johansson talks about the existence of universals in his article ‛Determinables
as Universals‛.101 Similar ideas have also been discussed by David Armstrong.102 This
realistic approach automatically has an effect on how one views ontological
questions at large, from a philosophical point of view, and also how reality is
described from the perspective of a particular science. One of the consequences is
that the qualities described within the scope of a specific science are not arbitrary, but

101
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Johansson, I.: 2000, „Determinables as Universals.‟ The Monist 1:2000, 101-121.
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possible parts of reality that can be discovered by practising scientific research.
Different qualities are not created by measuring or observing. Armstrong writes in
Universals. An Opinionated Introduction that one should adopt the idea of the existence
of relations and qualities.103 He argues that the alternatives to a realistic view of
qualities or universals lead us to unlikely consequences. The theories discussed by
Armstrong are amongst others, different forms of nominalism and a theory which he
calls the theory of ‚primitive natural classes‛.104

The confines of this thesis do not permit me to delve into the details of the debate on
realism or nominalism, which has been going on since the Middle Ages. The reader is
referred to the arguments of Armstrong in his Nominalism and Realism for further
discussion of this. Armstrong summarises as follows the difference between the way
in which the two standpoints handle the ‘one-in-many’ problem: ‚Nominalists deny
that there is any genuine or objective identity in things which are not identical.
Realists on the other hand, hold that the apparent situation is the real situation. There
genuinely is, or can be, something identical in things which are not identical. Besides
individuals, there are universals‛.105

There are different variants of nominalism, and Armstrong deals in most detail with
one variant he calls predicate nominalism. In short, this variant argues that ‚an object’s
possession of (say) the property, being white, is completely determined by the fact that
the predicate ‘white’ applies to this object‛.106 So, this is a way of handling the
properties as predicates – as linguistic entities. But, the flaw in this theory becomes
apparent, according to Armstrong, if we imagine a situation where the predicate
‘white’ does not exist. Can objects still be white? Instead, we should see that the
applicability of ‘white’ (the predicate) depends upon the whiteness (the property) of
103
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the object, and not that the whiteness of the object depends upon the applicability of
‘white’.

Armstrong argues that the universals are something shared by the two objects (or
any number of objects), but is still one and the same universal. It can be instantiated
an infinite number of times: it is ‘one-in-many’. Two red objects are both red because
they both instantiate the same universal ‘redness’. It is because they both have this
property that we can truthfully say that ‘they are the same’ in that respect. 107 But not
all properties (universals) are non-relational; some of them are relations between
particulars, like position or size. It is by holding these relational universals or
properties we can compare things by saying that ‘object a is smaller than object b’, for
example. I will expand on this under the discussion of the gap-argument for seeing
determinables as universals below.

There seems to be a difference between the particular objects and the universal(s)
instantiated in it. The fact that a universal is ‘in’ an object should not be interpreted
to mean that the universal is a separate entity from the particular which instantiates
it. The immanent realism proposed by Armstrong tells us that there is never a
universal without a particular, and there is never a particular without a universal.
There is no physical separation between universals and particulars.

In his theory of universals, Armstrong gives us a number of definitions that might
make it easier to understand what kind of entities these universals are. Formally, we
have two principles, the Principle of Instantiation and the Principle of the Rejection
of Bare Particulars, they are presented as: 108
(1) The Principle of Instantiation:
For each N-adic universal, U, there exist at least N particulars such that they U.
107
108
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(2) The Weak Principle of the Rejection of Bare Particulars:
For each particular, x, there exists at least one universal, U, such that x is U.
Or
(2’) The Strong Principle of the Rejection of Bare Particulars:
For each particular, x, there exists at least one non-relational property, P, such
that x is P.

This tells us that if we have one (universal or particular), we must have (at least one
of) the other. Whether we choose the weak or the strong interpretation of the
principle of the rejection of bare particulars has no particular bearing on the case I am
making in this thesis – the important thing is that universals are instantiated by
particulars. This will give us the basis for our ontological understanding of how to
describe the world. This way of describing the world will go hand-in-hand with my
assumption that medical theories are theories about real particulars and real
universals. This will allow us to make a realistic interpretation of diseases as
universals which are present in separate patients at the same time. The old ‘one-inmany’ problem needs a solution even in modern medicine.

Armstrong’s arguments lead us to an ontology of states of affairs, which can be
described as the ‘Fa’, or the instantiation, of a universal by a particular. A state of
affairs is best described as a particular possessing one or more properties, or two or
more related particulars. But what is meant by a ‚particular‛ in this description? If
we take them together with their properties, then they already are states of affairs, so
for the sake of this definition we have to see them as ‘thin’ entities without any
properties. This being said, we cannot expect to find any particulars in the ‘thin’
sense in the world, they are only an abstraction of reality. A world of ‘thin’
particulars only is a world of a nominalist, where ontologically independent
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universals are absent from reality. The realist world is a world of states of affairs, i.e.
a world of particulars instantiating universals.

If we use this view of states of affairs as the ontological basis of the world and apply
it to our previous reasoning about the three realms of reality we get the following
picture. Since realm 1 is constituted of states of affairs, and we aim to construct
ontologies that describe realm 1, we need to have an ontology of states of affairs. This
would mean that we cannot expect to find any bare particulars or any uninstantiated
universals in the world we are describing. In this process, we should be aware of
what we can expect to find – or not to find – in the first realm, since there is a
difference in ontological status between the three realms. This does not mean that we
can entirely exclude realm 2 and 3 from our ontologies, but rather that we need to be
aware of the ontological difference between them. It will be necessary to include
several entities from realm 2 and 3, in our ontologies, but it should be noted that
what is ontologically primary is the first realm.

At the beginning of this section, I mentioned the assumption that the theoretical
terms of medical theories refer to real entities in realm 1. In the light of Armstrong’s
reasoning, we can now say that the theoretical entities postulated by medical theories
are universals – universals instantiated by particulars. This would entail that when
medical practitioners are making use of a simple phrase like ‚patient N has diabetes
mellitus‛ it should be understood as a state of affairs in the Armstrongian sense,
where the phrase ‚diabetes mellitus‛ is referring to a real universal, instantiated in
patient N. A theoretical and seemingly abstract ontological and metaphysical
discussion of universals and particulars can have an impact on how IT-solutions for
medical practices are designed. If we want a theoretical approach that can mirror the
realistic assumption of medical practice, we need to have information systems that
can handle and distinguish between different ontological levels. We also need to be
able to make statements about patients, illnesses, therapies and other aspects of
80
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medicine as entities of realm 1 rather than purely linguistic or mental conceptual
schemes.

4.4.2 Determinables and the gap argument for universals
But how do we know what kind of properties there are? How can we say what we
need to be able to handle in our information systems? A realism of the kind outlined
above demands from us that we can make this distinction. The clarity and
demarcation of ontological levels and categories is of outmost importance in this
work. One way of thinking of kinds of properties is to consider the notion of
determinables, seeing them as universals. This is a view proposed by Ingvar
Johansson in his ‚Determinables as Universals‛.109 Let us try to understand this view.

Johansson assumes an immanent realism, which claims that universals exist. And
they exist independent of language and the mind. But they are not Platonic
universals, eternal and outside of our spatio-temporal world. This agrees with the
views of Armstrong

The determinate-determinable relation is a notion borrowed from W.E. Johnson,
amongst others, and is applicable to both universal concepts and universals in re. I
will handle the determinate-determinable relation as an ontological relation, rather
than a linguistic or mental relation. The idea is that there are properties that stand in
this determinate-determinable relation to each other, and this relation has two main
features: 1. If a particular has a determinate property, then it is necessary that it has a
determinable property. For example if something is blue, it necessarily has a colour,
or; if something is triangular, it necessarily has a shape. 2. If a particular has a
determinable property, it necessarily holds one of its determinate properties. For
example if something has a colour, it has a particular colour, or; if something must
have length, it has a particular length.
109
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4.4.3 The Gap
One line of argumentation that Johansson uses for the thesis of the existence of
ontological determinables on is the so-called ‘Gap Argument’. This arguments aims
to show that the universals that we claim exist are not mere social constructs or
arbitrarily construed categorizations. An approximation of the argument is: there are
relations of resemblance between the different determinates of the same
determinable. This can also be put as: ‚two different determinates of the same
determinable can always be continuously connected‛. If we take the lowest
determinates of any kind, say colours, there is a relation of resemblance, like a is more
like b than c. Relations of this kind makes it possible to order the different
determinates on a line. This is not possible to do with determinates of different
determinables. There seems to be a gap between them.

This can be exemplified by colours, we can continuously order all colours according
to saturation and brightness. The same could be done with volume (numerically):
one could relate any given volume to all other volumes, by ordering them according
to size. Two different determinates of the same determinable can always be
compared and ordered in this fashion. But how does one go about relating the
volume of an object to its colour? What is the relation between 8 cm3 and a shade of
green? There is a ‚necessary lack of resemblance‛ between different determinables.
Johansson explains it like this:
‘Lack of resemblance’ in the sense now spoken of, must not be conflated with ‘being very
dissimilar.’ Two shapes which are very dissimilar can nonetheless be continuously connected
by means of other determinates. Resemblance admits degrees, and being very dissimilar is
merely ‘long distance resemblance.’ Lack of resemblance is something else. All determinate
colors seem to differ from all determinate shapes in exactly the same way. The simplest
explanation of this lack of resemblance is that all color-determinates have something in
common, namely the ontological determinable of color. All the shape-determinates have
something in common, namely the ontological determinable of shape; and similarly for
volumes. The determinables, in turn, are simply different.

So, what is the use of this notion for us, in our understanding of universals and
particulars when it comes to creating an ontology for medical practice? Once
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again, it can help us to clarify the kind of entities we should include in our
ontologies and how these should be related to each other. Even if we think of the
universals as constructs, we cannot make these constructs in any arbitrary way.
The gap argument is one reason for this, since it shows that if universals should be
of any use, they have to follow some internal logical structure.

The gap argument can also help us to distinguish between different kinds of
properties and being clear on what kind of property a certain result should be
registered as. By keeping the different determinables separate, we make it more
difficult for category mistakes to appear in the works. And in making sure that we
know what is a determinate and what is the corresponding determinable we also
can make the information systems more clear and easily understood, since it helps
us to keep different ontological levels apart.

4.5 Ontology naturalized
When trying to understand how to represent medical theories and practice in
information science artefacts, it is important to understand he status of ontology in
relation to science, scientific theories and the progress of science. The universals
discovered by science and research are the building blocks of our ontology and our
world view, but the ontological endeavour is not to establish out what universals
exist or which particulars instantiate them. Ontology as a study is, in a sense, left to
the mercy of science. The categorizations used in terminologies and ontologies are
not arbitrarily chosen conceptual schemes, but rather categories of reality which we
discover. Barry Smith claims that we do not have any a priori insight into the essence
of being or reality, but we must discover reality, and the way this is done is by
science. In one sense, ontology can be understood as a revisable endeavour, since
science is subject to revision. But it is also a descriptive process, and in accordance
with (and a complement to) the scientific description of the world. As was noted
earlier, this description is based on critical realism, and it is important to underline
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that it is not a religious or mystical system of belief with entities out of reach of
human enterprises. It is realism, but it is not realism in a platonic or Leibnizian way.
It is rather an Aristotelian-like description of the categories that make up different
levels of reality. It is a realism made up of states of affairs (as noted above) on
different levels of reality, and these levels can be of science or social life for example.

According to Barry Smith an ontology has to be able to fulfill its descriptive purpose.
It needs to be able to answer question like: ‚What classes of entities are needed for a
complete description and explanation of all the on-goings in the universe?‛110 It is a
way of asking what it takes for a theory to be true. As a defender of a theory that says
that ‘all swans are white’, one would commit oneself to the existence of ‘swans’ and
something like ‘whiteness’. This means that when we make scientific explanations of
all the on-goings in the universe, we commit ourselves to an ontology including the
entities and properties used in the statements describing them.

One might distinguish between two kinds of ontological projects. The first I will call
formal or general ontology and it deals with general structures that are domainneutral. It deals with categorizations and aspects of reality or existence that are
common to all domains. The second I will call material or local ontologies, which deal
with the ontology of a specific domain or scientific field. These two kinds of ontology
are not mutually exclusive because they are necessary for each other and describe
different levels of reality. The entities or categories given by a local or material
ontology must follow the structure and the ‘rules’ of formal or general ontology. The
former is a specification of the latter. In the same vein, the formal ontology can be
seen as a generalisation of what is given by the local ontologies. One is not more
basic or more fundamental than the other; they only describe different levels of
abstraction in reality – but nonetheless the same reality. One of the aims of ontology
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is to describe the relations between the formal and the local ontologies, and to
describe the relations between different local ontologies.

An ontological project strives to describe different levels of abstraction or
aggregation of reality, but not every scientific project may do this. There is a
difference between ontology and reductionism.111 Whereas the reductionist strives to
explain every thing that exists via another more basic level, the type of ontology that
I propose doesn’t. In my vision of ontological projects, every level of aggregation
exist – and none of the levels ‘take priority’ or are ‘more basic’ than any of the other
levels. The adequatism of the BFO manual (see above) is a result of the nonreductionist approach. Different levels of aggregation do not have different priorities
and none is more important than the others. This can be seen as going against the
idea of some entities taking ontological priority over others (see earlier). But there is
a difference in handling these entities in an ontology (when used in the field of
informatics) and dealing with them metaphysically. For example, when creating an
ontology covering the field of social interactions in a medical situation, it is
important to cover all relevant aspects of the field, even though most of the entities
included in such an ontology are not ontologically independent. Metaphysically
speaking, they are derived from and dependent on other entities in reality, but that
does not make them less real or less important in an ontology.112

Reductionist science strives to explaining the world in one way, claiming that there is
one answer to the question of what there is. This would mean that we should be
looking for a top-level ontology consisting of one and only one entity, but what
would such an entity be? There seems to be at least two incommensurable ways of
describing the world; either as consisting of objects or consisting of processes. Which
of these two ways would be ‘correct’ and more fundamental? To allow for different
111
112
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descriptions of the same world is not necessarily to contradict oneself. To have
different ontologies for different domains is not something troublesome, and is often
necessary if the ontologies are to be useful. Having said this, it is important that the
different ways of describing the world do not contradict one another.

We need some sort of benchmark to test the ontological theories that we are thinking
of taking seriously. We also need some way of comparing two rival statements if we
are dealing with ontologies which claim to be about the real world. Both of these
requirements are more easily met if we restrict ourselves to using ontologies which
take scientific progress, or at least fallibilism into account.

With regard to the first requirement, how can we ‘test’ our ontologies to see whether
they are about the real world if we do not make use of scientific theories? It would
seem pointless and perhaps naïve to accept an ontological theory which claims to be
about the world but not to take into account the different theories which we rely on
in other situations. An ontology which fundamentally contradicts scientific
knowledge would appear to be basically unacceptable, since one of the lowest
demands we can have on our understanding of the world is that it is consistent and
non-contradictory. As far as the second requirement is concerned – and this is
something that is quite important – sciences gives us methods of deciding which
ontological statements are false. We cannot be certain that we will find a true
statement, but in the spirit of fallibilism we can at least use science as a benchmark as
to whether or not our ontological statements are possibly true. An ontological
statement that complies well with the current scientific theories should be given a
better chance of being true than a statement that does not, or even contradicts our
scientific theories. If we are to use our ontological categories as a basis for creating
computer software, which in some fashion is said to represent some aspect of the
world – then we would be best advised to make use of categories that form part of
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the scientific theories. If we failed to do so, the ontologies would be useless. A clear
objective here is to have a usable endproduct, and this aspect must not be
overlooked.

But the relationship with scientific research does not end here. The proposed
ontological enterprise should be tightly intertwined with scientific practice. But there
are differences between what ontologists are trying to accomplish and what scientists
do. According to Barry Smith, the main characteristics of ontology-making can be put
like this: ‚It is distinguished from the special sciences not only in its radical
generality, but also in its primary goal or focus: it seeks not predication or
explanation, but rather taxonomy‛.113

Whilst a scientific practice measures the world, an ontology tells us what there is that
can be measured. Philosophical ontology in the local or material sense aims to give
an account of what categories exist within a segment of reality, or a domain. These, in
turn, are the categories that science can set out to investigate, measure and describe.
Philosophical ontology in the formal or general sense aims to give an account of what
categories exist within all segments of reality, or what is common to all domains.
‚Sciences, by definition, can deal only with the objects that fall within their respective
domains. Ontology deals with transcategorical relations – including the relations
which holds between entities belonging to distinct domains of science *<+.‛. 114

4.6 Quine’s ontological theories
But the above deliberations are the only way of understanding the relations between
ontology, science and language. One school of thought totally denies the value of the
ontological questions. This empiricist tradition, later adopted by the positivists,
claims that metaphysics and ontology are uninteresting, and to spend one’s time on
these question is not proper philosophy or science. There is, however, also a less
113
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categorical denial of ontology, more agnostic in its approach. One way of avoiding
the metaphysical claims such as those by the critical realists described above can be
seen in the ontological relativity of Quine.

According to Quine, ontology not only refers to an objective reality ‘outside’ of
theory but also results from the statements in a theory that claim to be true. Quine
has a pragmatic attitude towards ontology: he claims that there is not one way of
describing the world, but many. But whilst a critical realist claims that what makes a
theory true or a statement in a theory true is a truthmaker outside ‘in the world’, so
to speak, Quine would not. His standpoint is that holism is central to whether or not a
statement or a part of a theory is to be considered true or correct. If a statement or a
theory fits into the web of beliefs of the scientific community, then it is to be treated
as a scientific and ‘true’ statement or theory. It is an internal evaluation that decides
whether or not a statement or theory is accepted – we have no benchmark
possibilities outside. It is the coherence within a system which is the truthmaker for
the statement or the theory. And since we cannot have anything outside a system of
theories, or as Quine puts it ‚our web of beliefs‛ that determines the truth of our
statements, there is no way of deciding which one of two competing theories is
better. Not even our observations will lead us to accept one web of beliefs over
another. This is due to what Quine calls underdetermination of scientific theories.

If we consider the ladder of theses (0) – (5) proposed by Niiniluoto above, we see that
Quine’s coherence theory for truth in statements would already be dismissed by
statement (1), which states a reference theory for truth. But Quine’s work contain
elements which would be useful as a tool for the development of an ontology in
medical informatics, even if we do not accept his agnostic or anti-realist approach to
metaphysics. Quine introduces a way of determining what a theory – or a statement
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derived from a theory – actually claims to exist in order for it to be true. The theory
(or the person proposing it) makes an ‚ontological commitment.‛

Quine has a pragmatic attitude towards ontology – he claims that it is never the case
that there is just one true way of describing the world. This could also be something
claimed by a philosopher with a realistic approach to the universals and theoretical
entities. The realist turns to the different sciences to see what they claim or take to
exist, and from this he can draw a conclusion of what kind of ontological
commitment a certain theory makes. You can, according to Quine, deduce from a
scientific theory what it needs to exist, by making a logical analysis of what must
exist for the statements of the theory to come out as true.115 ‚To be is to be a value of a
variable‛ is one famous statement that Quine uses to sum up this idea of an
ontological commitment. This can be interpreted as though he claims that what is
assumed to exist is something that can be quantified in standard predicate logic. In
other words, it is an entity to which we can ascribe any quality. If such an entity is
found in a scientific theory, that theory claims the existence of that entity. However,
this should probably not be interpreted as though Quine claims that we can create a
world through the use of our scientific theories or our language in general – one
should not confuse what we can talk about with what there is.

The notion of ontological commitment begins in an assumption about our language,
especially the language of science. Quine argues that it is possible to paraphrase all
statements of a scientific theory in such a way that they make claims of existence, and
that it is a logical consequence of:
‘The H5N1 virus is the cause of swine flu’

That
115
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‘There is something which is the H5N1 virus, and it has caused (and will continue to
cause) swine flu.’

And the theory of ontological commitment states that we can find out what kind of
entities a person or a theory commits itself to by elucidating what sentences of the
second kind the person or theory is prepared to accept as true.

In developing ontologies for the purpose of medical informatics, it is necessary to be
clear about what entities to include. One way of doing this is to try to analyze the
statements of the medical theories in a Quinean way, to try to elucidate what the
ontological commitments of a theory or part of it is. The are two reason for this:
I.

to have all the relevant entities in the ontology,

II.

not to include too many entities or entities not belonging to the theory in
the ontology.

This will be discussed further under the heading of criteria for ontologies, in chapter
5.

4.7 Verisimilitude, rationality and revisability of theories
The three last theses (3 – 5) of Niiniluoto’s ladder towards critical realism assume
that science strives towards giving a true account of reality. In (3) this is given as the
essential aim of science, and as such it also gives us a rational reason for why we
actually practice science.
(3)

Truth (together with some other epistemic utilities) is an essential aim of
science.

(4)

Truth is not easily accessible or recognizable, and even our best theories can
fail to be true. Nevertheless, it is possible to approach the truth, and to make
rational assessments of such cognitive progress.
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According to (4), truth is not easily accessible. Naïve realism would let us think that
our best theories always are true, and it would be obvious what theories are the best
ones. This is not the case, and as Niiniluoto points out: ‚even our best theories can
fail to be true‛. In spite of this problem, it is possible to compare different theories
and decide which one of two competing theories is closer to the truth than the other.

The notion of being ‚more true‛ or ‚closer to the truth‛ is a central notion in
Popperian thinking on verisimilitude and truthlikeness. This is not to be interpreted
as one theory being more likely to be true than another, nor does it refer to higher or
lower probability. It is the decision whether one theory is closer to a true account of
(part of) the world than another theory. The exact interpretation of Popper’s thoughts
on this has been very controversial, and it seems to be problematic to quantify the
notion of verisimilitude, so that two or more different theories can be compared. One
of the problems has been that quantifying the amount of true or false statements in a
theory seems to generate paradoxical results.

In spite of these problems with the notion of verisimilitude, we can adopt the general
idea, that scientific endeavour progresses. As we can see in (5), critical realism
includes a reason to believe in the progression of science and also interprets this
progression of science as an indication of higher truthlikeness in terms of practical
success.
(5)

The best explanation for the practical success of sciences is the assumption
that scientific theories in fact are approximately true or sufficiently close to the
truth in the relevant respects. Hence, it is rational to believe that the use of the
self-corrective methods of science in the long run has been, and will be,
progressive in the cognitive sense.

The notion of truthlikeness can be illustrated by the following example (inspired by
Johansson and Lynøe). Compare the following statements:

91

91

4. What does an ontology represent?

___________________________________________________________________________
I.

In our planetary system there are nine planets, plus two asteroid
belts revolving around the sun.

II.

In our planetary system there are nine planets revolving around the
sun.

III.

In our planetary system there are four planets, revolving around the
sun.

If (I) is taken to be true, then we can say that (II) has a higher truthlikeness, and is
closer to the truth than (III) is. But to say that (I) is probably true and that (II) probably
has a high degree of truthlikeness is to say something different. It is not a matter of
probability to say that (I) rather than (III) is true; one of them (I) gives a better or
more accurate account of reality. It is more truthlike. It becomes possible to
determine which one of these three is most useful when we look at truthlikeness. In a
situation where we need to make predictions about our solar system we can easily
see that (II) is more useful and leads to more success than (III). Thus, a more truthlike
theory grants more practical success than a less truthlike theory.

The realist talk of truth and truthlikeness in statements assumes a correspondence
theory of truth. A correspondence theory of truth says that the truth of an assertion
(truthbearer) rests upon the relation (correspondence) between the assertion and the
facts in the world (truthmakers). Truthlikeness can help us to come to terms with the
fact that we do not think that scientific progress is just pieces of truths added to each
other. But with the idea of the fallibility of scientific theories, it might be problematic
to talk about the truth of science, or even to argue for one theory instead of another,
since ‘they are all false’. The notion of truthlikeness gives us a different answer,
which would be something along the lines of: no theories are absolutely true, but
most theories have some degree of truthlikeness, even if sometimes only to a very
low degree.
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The apparent succes of ‚the self-corrective methods of science‛ mentioned in (5)
above, gives us a rational reason to believe that the progress of science will go on,
and will be useful in the future as well. Among the self-corrective methods
Niiniluoto describes, we find the notion of fallibilism and the revisability of scientific
theories.

Fallibilism presupposes that the theories (albeit never really true) actually can tell us
something about reality. There is a connection between scientific theory and the part
of the world which it is meant to describe. ‚Fallibilism is the view that no empirical
knowledge, not even scientific knowledge, is absolutely certain or infallible, but in
contradistinction to epistemological scepticism it is affirmative and claims that it is
incredible to think that we have no knowledge at all‛.116 This view of having some
knowledge presupposes a world independent of the human mind and of what we
think of it – it presupposes an ‘ontological realism’ – since we need something to
have knowledge about. As such it has its basis in the theses (1 – 3) (above).

Ingvar Johansson presents his version of fallibilistic epistemological realism with the
help of a thesis and a proposal:


Thesis: Every conceptualization and theory almost certainly contains some
mismatch between theory and reality.



Proposal: Seek truth but expect to find truthlikeness.

As pointed out by Johansson, fallibilism is an epistemological rather than an
ontological standpoint. The mismatch between theory and reality comes from the
basic assumption that observations are always specific and scattered, whereas a
theory is always general and continuous. When we formulate scientific theories we
do so to enable us to generalize over universals, but we base these generalizations on
observations of particular instances at particular moments in time. This is a mismatch
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that we can never bridge, so to assume that even our best theories miss out on some
things is a matter of humility in face of the difficulties of generalization. The
fallibilism of scientific theories makes it necessary for us to be open to revision, in the
light of new findings through new improved observations.

And today, some theories seem to have a quite high degree of truthlikeness, since
there are technical inventions, medical therapies and similar things based on these
theories. Why can we claim that these theories have a high degree of truthlikeness?
Because the technical inventions seem to be functioning very well, and to claim that
the theories behind the invention of GPS do not have a high degree of truthlikeness,
or even that the theories in question are social fiction, would be very strange. The
idea that scientific theories gain in truthlikeness as a consequence of the fallibilistic
approach gives us a progressively better approximation of truth through the
evolution of science.

In the light of truthlikeness we can see that it is important that the progress of science
is to be expected and embedded in information systems in the field of medical
informatics. Being able to revise a terminology or ontology is necessary, because just
as in all other fields of research, change and progress is to be expected. The field of
medicine and medical practice is subject to sometimes rapid changes and the
introduction of new concepts and therapeutic methods. As such, it is even more
important to have EHRs which can facilitate this kind of change. If we do not take (4)
and (5) into account, we are in danger of thinking of our theories as perfect and, in
doing so, we succumb to naïve realism. We should not think that our best theories
are true, but we should think of them as truthlike, and, that being said, we should
always leave the possibility for improvement open – and as a consequence of the
critical realism proposed here we should also expect to be able to tell which theories
are more truthlike than others.
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4.8 False theories and fictions
Even though it is very important to stress that theories are not to be considered as
absolutely true – and indeed sometimes they are probably false – at the same time,
this does not mean that the theories have been invented. The distinction between false
and fictional is important for Johansson in his defense against social constructivism or
realism. In the tradition of epistemological scepticism, some theoreticists would
claim that since all theories are false (i.e. fallible), there is no certain knowledge about
the outer world, and all our theories are fictions. This would put the truth value or
ontological claim of theories of physics on the same level as the fairy tales of the
Brothers Grimm. Johansson claims that there is a very important difference to be
made which distinguishes between fiction and falsity.

One important thing to bear in mind is that a false theory, such as the phlogiston
theory, usually has some empirical findings speaking for and against it, whilst a
fictional piece of information, such as the colour of Sherlock Holmes’ eyes, does not.
In other words: a false empirical assertion lacks a truthmaker, and a fictional
assertion cannot possibly have one. Also, what makes a theory fallible is the
possibility of finding out that the theory is actually false – and this is what makes it
testable. A fictional theory is not testable: it is closed, so to speak. Closed in the sense
that we cannot even in theory understand how to test it. There are no ontological
claims made by the fictional theory, no claims about reality that tell us how and in
what way we can test them. A theory about the world can be false, and it also
contains – implicitly or explicitly – the ways in which it can be shown to be false. All
scientific theories – even false theories – should adhere to the falsifiability criterion,
which states that a scientific theory should be able to give an account of the kind of
empirical data that would make the theory in question false. This criterion is not
applicable to complete fiction.
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5. The criteria: a summary
There are different theories of what ontologies refer to, but there are also different
theoretical guidelines as to what a good ontology should be like. In order to be able
to give guidelines, I will summarise the different demands and criteria that already
exists.

Although these criteria differ widely, some are similar or at least overlap. They can
be grouped according to the purpose they serve in the creation of an ontology. In this
chapter, I will first distinguish between the different groups of criteria and examine
the purpose they serve as guidelines for ontologies. This will be followed by a
conceptual analysis of the most important criteria used in the guidelines to explain
how the debate around the development of ontologies in biomedical informatics
have evolved.

These criteria fall into two groups: those concerned with the overlaying goals of the
enterprise, and those concerned with reaching these goals. It will be useful to
describe how the criteria are structured because the main goals are those that should
harmonize with the philosophical ontological theories of how and what these
artefacts represent. Although I am focussing there on the philosophical criteria,
technical and instrumental goals are also very important. The connection to the
application of the ontologies is also important to take into consideration here.

Amongst the main goals derived from our philosophical discussion so far, I have
mentioned that an ontology has to be in line with scientific theories and that it needs to
be able to comply with the ontological standpoint of (immanent or other) realism. If we
consider the main goals of a more technical character, these include such criteria as
the need for an ontology to be interoperable and reusable, and that the units of an
ontology need some form of stability.
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But political and social aspects of ontologies also come into the picture. Amongst the
most important are quality of care and patient safety both actual demand placed on
information systems. One might say that there are external aspects which play roles
just as important as the philosophical or technical criteria in the ontologies of medical
informatics. Besides quality and safety, time and money are also important, as well
as decisions for political reasons. Time and money are aspects which govern all
production. The development sound ontologies for medical informatics can be very
time consuming and as a consequence, very expensive. And on top of this there are
all the internal political aspects of specific caregivers, be it a region, nation, or a
hospital where different people will have different needs and demands of an EHR or
information system. All of these aspects play important roles in the development in
the fields of medical informatics, but they are not within the scope of this thesis.

My reasons for excluding them are that I hope to be able to answer the questions in
this thesis by addressing only the philosophical and technical aspects of ontologies in
medical informatics. Hence the conceptual analysis of technical and philosophical
criteria will be the main focus of this chapter. This does not mean that I will
completely ignore the other aspects, but they will be dealt with less thoroughly.

To obtain a better picture of what criteria there are and how they interact, it is
necessary to see which criteria actually contribute to a ‘good’ ontology. Since some
criteria proposed in some theoretical texts might be shown not to contribute to any of
the goals I will propose for a good ontology, it will be useful to be able to tell which
of these actually are important. This will make it easier to ‘weed out’ less important
criteria. The final list should, of course, contain only items that actually are relevant
in the work to construct good ontologies. A vital point is that not all criteria put forth
in different theoretical texts are equally good or equally important, but they are
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equally interesting when trying to understand how the debate has been conducted
and how ontologies are constructed today. If we assume that all criteria are equally
important, it will be impossible to solve any problems involving trade-offs or
balancing between different criteria.

As pointed out earlier, the creation of guidelines for constructing ontologies or
terminologies in medical informatics is not new. In a programmatic paper from 1998,
Lorenzi and Greenes117 wrote about the needs for development of biomedical
informatics for the coming decade (and millennia). Their conclusions were drawn
from a discussion at an ACMI (American College of Medical Informatics) Fellows
symposium. Even though they established a 10-year plan for their goals, no actions
has yet been taken to tackle many of the requirements they considered necessary.
Their goals were, in their own words, ‚audacious‛, and contained objects such as a
virtual health care databank, a national health care knowledge base and a personal clinical
health record. In addition, they also tried to foresee what the difficulties of achieving
each goal would be, and what actions would be needed for them to be successfully
implemented. Some of the challenges and activities described were of a technical
nature, some were more theoretical (maybe even philosophical), whilst others were
social and political. As already stated, I will be focussing on philosophical and
technical guidelines in this analysis.

5.1 Technical criteria
As a starting point this analysis will use some central texts to enable us to understand
the nature of the technical demands on clinical terminologies or ontologies. In
particular the Desiderata for Controlled Vocabularies in the Twenty-First Century118 (from
now referred to as the Desiderata), and In Defense of the Desiderata119, by James J.
Cimino, is a good place to start. The first of these two articles was very influential
117
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and gave rise to much of the debate in this area. In these texts, Cimino gives voice to
the needs and wishes from a technician’s point of view as a constructor of medical
informatics applications. Standards and guidelines for controlled vocabularies,
terminologies or ontologies were also called for in several other texts at the same
time as the Desiderata. The paper by Lorenzi and Greenes mentioned earlier is one
example, and Lorenzi also wrote an editorial comment in JAMIA called ‚The
Cornerstones of Medical Informatics‛ (2000) where she stated that there would be
dramatic changes in the demands put on medical information systems over the
coming years, but ‚true re-engineering of the health care information management
infrastructure has hardly begun.‛120 The cornerstones she was talking about are:


Producing structures to represent data and knowledge so that complex
relationships can be visualized.



Developing methods for acquisition and presentation of data so that overload
can be avoided.



Managing change among people, process, and information technology so that
the use of information is optimized.



Integrating information from different sources to provide more than the sum
of the parts, and integrating information into work processes so that it can be
acted on when it can have the largest effect.

As we can see, these ‘cornerstones’ deal with very different problems, and some of
them fall outside the scope of this thesis, particularly the third, which is more of a
sociological or pedagogical problem than one a metaphysical or technical problem.
The other three cornerstones present different technical challenges, but vaguely
described, which unfortunately is quite common in the literature. One of the
purposes of my analysis of the technical criteria in this field is to get behind this
vagueness and give more clear and unambiguous accounts of the key criteria.
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In ‚Modelling Ontology Evaluation and Validation‛ Gangemi et al develop a tool for
evaluating ontologies from different aspects. They present three kinds of measures:
structural, functional and usability-profiling measures.121 The structural dimension of
ontologies focuses on syntax and formal semantics, ‚i.e., on ontologies represented as
graphs‛.122 This dimension is measured by looking at criteria such as depth, breadth,
tangledness and consistency. These measures are quantified by looking at the graphstructure of an ontology, where for example the depth is related to the cardinality of
paths in the graph of the ontology. The functional dimension of ontologies is related
to the intended use of the ontology and its parts, and is a measurement of how useful
it is in a specific context. This dimension is measured by five criteria; agreement, user
satisfaction, task, topic and modularity. Much of the functional dimension depends
on the users of the ontology and their view of what is represented in the ontology.
How well the content of an ontology matches or lives up to the expectations of its
users is problematic, and is what the authors call the matching problem.
The matching problem requires us to find ways of measuring the extent to which an ontology
mirrors a given expertise, competency, or task *<+ that includes not only a corpus of
documents, but also theories, practices and know-how123

The matching problem is, of course, difficult to handle, because many of the
entities involved are not readily available, and much of the theory or know-how
cannot be quantified. These kind of measuring methods are called ‘black-box’
criteria by the authors, since ‚expertise is by default in the cognitive ‘black box’ of
rational agents‛.124

The usability aspects of ontologies are measured by the factors recognition,
efficiency and interfacing. The factor recognition is composed of how wellinstructed the users of an ontology are and how well they can recognise what to
121
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use the ontology for, i.e. what objects, actions and options there are. Efficiency is
measured by studying how well the ontology is used. This can be problematic
because many organizations are compartmentalized, and an information resource
department of an organization must be aware of how effective the ontology is for
the organization as a whole, and not just consider its own needs. The interface
level is the process of matching the content of an ontology to a proper user
interface.

All these ways of evaluating ontologies have their merits. In the framework of this
analysis, however, we can see that the functionality and the structural aspects are
the most interesting ways of studying an ontology. In saying this, it must be borne
in mind that the usability of an ontology is, of course, of outmost importance, but
does not fall within the scope of this study. In the article, the authors give example
of the criteria for evaluation and how this should be quantified. One problem with
the study, however, is that it has no indications of how to weigh up the different
criteria against one another. We are shown that some principles are good from one
perspective and that others are good from another – but we are not given any tools
to decide which one of these principles is the most important. For example, the
principle ‘flexibility’ benefits the aspects of modularity, partitioning and contextboundedness, while the principle ‘compliance to expertise’ benefits the aspects of
precision, recall and accuracy. This is all very well, but it keeps us in the dark as to
which is the more important. Is it really just as important for an ontology to be
flexible as it is for to be in compliance with expertise? What should an engineer be
more concerned with? And which of these principles should take priority?

5.1.1 A hierarchy of criteria
The criteria applied to ontologies must be classified according to importance and
some must be regarded as key criteria. They are key criteria in the sense that they
will be a benchmark for the other criteria. To be taken seriously, a criterion it has to
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contribute in some ways to one or more of the key criteria. Cimino makes this
distinction himself in the Defense of the Desiderata. He proposes some ‚desirable
characteristics of controlled medical terminologies that address not the structural and
content issue of the original Desiderata, but their purpose‛.125 We can therefore
consider the Desiderata of Cimino or the criteria discussed in this text (or for that
matter in most other texts) as being purposes of the ontologies in question. What we
are talking about when we describe these criteria is what we want the ontology to be
able to be used for, so that we can call it a good ontology.

If we look at these key criteria, or principal goals for ontologies we find find that
some of them regularly recur in the literature. These are:
I. Stability
II. Interoperability
III. Reusability
Drawing demarcation lines between these three key criteria is not easy, because they
interact and overlap. But we can distinguish between them schematically to facilitate
discussion about them separately if we think of them like this: stability is concerned
with the internal relations of one information system over time, while interoperability
is concerned with the relations between two or more information systems at one
point in time, and reusability is concerned with the relations of one or several
system(s) at different points in time.

It is important to note that any aspect that is too time specific or too close to any
technical solution in particular cannot be included in the key criteria. This is because
the guidelines have to be kept as general as possible to retain validity over time, and
cannot therefore contain references to any particular software problems or solutions.
Political and economic factors in the enviroment of the key criteria also influence
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technical guidelines, but this does not apply to their philosophical counterpart. To
enable the criteria to be applied in different situations, it is important to formulate
some general goals and purposes for the criteria used in this thesis. First, I will
elucidate the three main criteria, and then discuss how they interact – and may
conflict – with other criteria. Conflicts of interest are dealt with in the next chapter.

5.1.2 Stability
Stability as a requirement for an ontology may seem redundant. But it is very
important to define exactly what is meant by the term stability and what different
kinds of stability there are. And even if it is a seemingly straightforward concept,
there are at least a few distinctions we can make to better understand how it is used.
The opposite to stability – volatility – is, of course, completely undesired. If for no
other reason, an information system must be stable and reliable to ensure patient
safety. Stability also lengthens the lifespan of an information system. Stability,
therefore, is both a economical and technical requirement, and a stable system is
likely to be more practical and better from the economic point of view: economic, in
the sense that it costs a lot to make new information systems, or when radical
changes are necessary; technical, in the sense that engineers creating information
systems needs the stability in order to be able to actually create useful systems.

In their 1998 paper, Lorenzi and Greene talk about the audacious goals of medical
informatics, and a virtual health care databank is proposed as well as a national (US)
healthcare knowledge base. Both of these goals demand a certain amount of stability,
so that they can be used by many different clients, in many different settings, and
over a long period. They state that: ‚A primary informatics challenge will be to
provide an infrastructure that facilitates *<+clinical data, images, reminders, possible
actions, decision aids, educational materials, etc‛.126
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This demand for an infrastructure can be interpreted as a request for a stable means
of dealing with the content that the information system needs to handle. But we are
actually dealing with two kinds of stability here, and it is very important to make the
distinction clear, to ensure that we understand what kind of stability is desirable and
possible to achieve in information systems.

First, what might be called a structural stability is required. This kind of stability can
be explained by examples given by Lorenzi and Greene. For example, their
requirement for a stable infrastructure is a typical requirement for structural stability.
Cimino’s Desiderata proposes the following with regard to structural stability: the
nonsemantic concept identifier. He suggests that every entry in an information system
be given a code so that it remains recognizable over time and is not lost in the
vagueness of natural language descriptions. First and foremost, however, structural
stability is a matter for software engineers, and this is evident from the literature,
since many theoretical papers of a more technical nature describes this kind of
stability. Gangemi et al suggested a method of evaluating how well structured an
ontology is, in what they called a ‘structural measurement’.127 By studying the depth,
breadth and tangledness of an ontology for example, we obtain a measurement that
shows whether the ontology in question is well-structured or not. These kinds of
structural measurements highlight important aspects of evaluating the stability of
ontologies.

It is of great importance to have systems with a stable infrastructure, but my focus
will be on a different kind of stability, namely stability of content.

Stability of content can be construed as the same as Cimino means by concept
permanence. By this, he means that once a concept is created in the information
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system, it cannot be changed. In the nomenclature used by Cimino, concept
permanence means that all concepts in a terminology must keep their meaning over
time: ‚the meaning of a concept, once created, is inviolate‛. 128 This means that new
concepts can be introduced, but the existing concepts cannot be changed or removed.
The reason for this is that if we change the meaning of a concept, we would not be
able to handle older entries in the system where (apparently) the same concept has
been used, but at that time actually referred to something else. All concepts entered
into the system must keep their ascribed sign, code or term, to avoid any confusion.

Cimino’s view of stability as concept permanence is not limited to his Desiderata.
Barry Smith and Werner Ceusters also take this view. It is a straightforward
requirement: we have to be able to rely on the fact that when we encounter a symbol
or a term in an information system it always represents the same thing. It is very
important to distinguish between stability in structure and stability in content when
talking about stability, since they are two very different things. And possibly even
more important: they are ensured by different groups of people. Engineers and soft
ware programmers ensure structural stability, but content stability is the
responsibility of the domain experts, whoever they might be. There is the risk of
conflating these two kinds of stability, and that is something which can make
communication problematic.

Stable conceptualization or stable descriptions of the universals represented in an
ontology are a necessary prerequisite for the fulfilment of almost any task. Absence
of stability would make any kind of communication very difficult indeed. The
content of a terminology or ontology should be created and supervised by the
specialists in the field that the ontology is describing. In the areas of scientific
research and medical practice, however, different specialists may have different
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conceptualizations of individual items of the content of the area of expertise as a
whole. The potential for disagreement and the constant evolution in all areas of
science and medicine mean that ensuring stability – as difficult as this might be – is
of paramount importance.

One of the principles that Gangemi et al proposed regarding functional
measurements has a bearing on this discussion: agreement. Agreement is measured
by evaluating how well the elements of an ontology concur with the opinion of
experts in the field. To quantify this agreement is difficult, since it is what Gangemi
et al calls ‘black-box’ measuring. As was shown by Graninger, changes in theories
and medical practices are often controversial, and it takes time before new findings
in research are incorporated into the mainstream medical practices. It is very
important to understand how stability interacts with constantly evolving scientific
theories and ensures that experts must be involved in the development of ontologies
if they are to have stable bases with regard to content.

5.1.3 Interoperability
The second major technical criterion we need to address when discussing ontologies
is interoperability. This can loosely be described as the possibility of different
information systems to interact with one another. Because most of the world uses
different information systems based on different ontologies, it is imperative that
these systems can interact. Systems are based on different ontologies because they
are used for different purposes. It would be unrealistic to expect that one system
should include everything, and it is therefore reasonable to assume that different
systems should be compatible on many different levels. Interoperability, just as
stability, can be seen from several different aspects. One could talk of interoperability
on a horizontal or a vertical axis. Horizontal in the sense that the interoperability is
something necessary between different systems on the same ontological level (or
level of granularity, see below), and vertical in the sense of a relation between

106

106

5. The criteria: a summary

___________________________________________________________________________
systems on different levels, and also between different levels of the same system. The
latter two kinds of interoperability are what Anita Burgun 129 means when she talks of
the relations between reference ontologies and local ontologies.

An example of the horizontal aspect of interoperability is two medical informatics
systems working on the same ontological level – that is dealing with entities on the
same level of granularity. One example would be one system dealing with
cardiology, while another deals with renal disorders. Both systems are dealing with
entities on the same level (organs), but have different scopes or subject fields, and on
some occasions still have the need to be able to communicate since there are
interactions between the cardiological and the renal systems in the body. Different
from this are two ontologies on different ontological levels. For example an ontology
covering the renal system and another dealing with the entire human physiology.
These two system’s needs also have to be able to interoperate, there is overlap
because the more general system entirely comprises the more specific system. This is
an example of the relation between a reference ontology and a local ontology.

Gangemi et al proposed a way of measuring the functional dimension of an ontology
which includes an aspect they called topic. This aspect partly refers to defining what
‚the boundaries of the knowledge domain addressed by an ontology‛ are. To
identify the boundaries of a knowledge domain and to see how these relate to other
knowledge domains would be a useful way of understanding the relations between a
local ontology and a reference ontology, or between different local ontologies.

Most texts on information systems criteria are focused on one particular system, and
the notion of interoperability becomes more of a meta-criterion, since it is most often
dealt with theoretically in texts like this thesis. Some of the papers on interoperability
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explore the possibilities of making translations of existing ontologies. This is a sign
that there is a need for a theoretical discussion of the need to create ontologies that
are interoperable from their inception. Anita Burgun talks of the relationships
between domain reference ontologies and local ontologies in her ‚Desiderata for
domain reference ontologies in biomedicine‛ (2007). She notes that it is important for
ontologies to be able to handle ‚heterogeneity of information.‛ This is a kind of
interoperability which stems from a notion of having a hierarchy of ontologies,
where the local ontologies are more specific versions of domain reference ontologies.
This distinction will be discussed in more detail under the heading of philosophical
criteria on ontologies, and specifically granularity and the adequatism as presented in
the BFO.

Cimino was, of course already aware of the need for interoperability in his Desiderata,
and he talks of a need for ‚Multiple Consistent Views‛, by which he means that it is
necessary for any system to be able to represent different views as well as being
suitable for different purposes. Lorenzi also mentions the need for interoperability in
The Cornerstones of Medical Informatics, under the name ‚integrating information‛.
Examples in practice of consistent views with slight variations in the way they are
actually described are abundant, since most experts within in a field have somewhat
different ideas of how to best describe or conceptualize something. In Gangemi et al,
in the discussion on agreement, we can see that it is important to have tools to
measure this kind of agreement or lack of agreement. The example of urinary tract
infection presented in section 2.1 shows us that the exact same term can have
different connotations for different practitioners.

As with ‚stability‛, ‚interoperability‛ can refer to different things. Technical
interoperability is, of course, required, where different software solutions must be
able to interact, but just as in the case of stability, there is also a need for
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interoperability in content. But what does it interoperability of content mean as far as
two or more ontologies are concerned? There appear to be two ways of describing
the problems of interoperability when it comes to content. First, it could be seen as
the fact that two information systems use the same terms without actually referring
to the same entities with these terms; second, it could be seen as two different
information systems which actually use different terms but refer to the same entities
with these terms. This distinction is difficult to explain clearly, since the difference
between a term and a concept is not evident in many information systems, and this
has been a problem in many studies conducted to assess interoperability. It is
important to be able to distinguish between terms and concepts, and as stated in
earlier sections, it is a recurrent problem with ontologies in the literature, as well as
in standardization of medical informatics. In linguistics this distinction has been
known for a very long time, and was exemplified earlier by the triangle of meaning
as presented by Ogden and Richards in their The Meaning of Meaning.

Many studies have been published on the mapping of concepts between different
systems; what they have actually investigated is the mapping of terms between
systems.130 This kind of ‘on the surface’ interoperability might actually be hiding
differences and difficulties in interoperability when it comes to conceptual
interoperability. One way of coming to term with this is to make sure that there is a
distinction between using and mentioning, and this is something that I will return to
later.

When considering the ‘mapping-of-terms’ studies, the reader might well wonder
what the benefits of the findings of such studies are. Even if they showed a high
degree131 of mapping of terms, what does that tell us about the relations between the
130
Hamm, Knoop, Schwarz, Block and Davis (2007). “Harmonizing Clinical Terminologies: Driving
Interoperability in Healtcare.”
131
How to quantify „high degree‟ is not something I will go into here, but I will be content with stating that there
probably is a certain percentage that would qualify as a high degree of mapping of terms.
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different systems? At the most it will tells us that we can use the same terms when
creating files or entering information into the user interfaces of the different systems.
But such an analysis cannot tell us whether or not the systems will deal with our
entries in the same manner, or whether the terms in the different systems represent
the same concepts or refer to the same universals. The latter really must be the most
important thing, when it comes to electronic healthcare records or expert systems
dealing with actual patients in actual clinical situations. The practicality of any
reusability between any two systems must reasonably be based on the fact that both
systems handle the same concepts and refer to the same entities. If not, we are not
talking of reusability but rather some form of homonymity, or just similar
appearance.

The mapping of terms is only an investigation on the surface, so to speak. It can only
tell us whether two systems are using the same terms, codes or symbols, but it will
not tell us if the two systems are ascribing the same meaning or reference to these
terms. Some of the terms might actually be mapped in a more profound way, and not
only on the surface, but that would make it even more difficult to realize when the
two systems are interoperable and when not. We might get false-positive results
mixed with real-positive results, since we cannot tell on what level the compared
systems are actually being mapped. Say that we have two systems, A and B, in both
systems we can find the terms ‘s’ and ‘t’ or sA and tA and sB and tB. Both terms sA
and sB are synonymous and completely interchangeable, but tA and tB are only
apparently the same, in some respect they are defined differently, and refer to
different parts of the world outside the system. If we want to compare these two
systems to find out if the two conceptualizations are interoperable, we will get into
trouble if we only look at the surface. Although this comparison will show that the
systems are interoperable, they in fact only look the same. Simply looking for
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homonyms will not help us understand whether or not two systems refer to the same
entities in the world, or if they say the same thing about the world.

Thus, when talking of interoperability, we must be referring to interoperability on
the level of reference to universals. There are some problems associated with creating
information systems that are interoperable on the conceptual level, since it can mean
that such an interoperability demands that entirely new systems needs to be created.
The reason for this is that making two systems interoperable might require great
revisions to one of or both systems, so great that creating a new system might be the
best solution. But this is usually not economically feasible, so if interoperability is the
aim it has to be achieved in some other way. Attempts have been made to establish
ways of creating common platforms and translating information from one system to
another.

In her 2005 paper, Anita Burgun stresses the importance of managing heterogeneity.132
By this, she means that we need to have mechanisms and methods for translation
between (domain) local ontologies and (general) reference ontologies. But such
mechanisms are just as necessary between different domain ontologies and even
between competing ontologies covering the same domain. So, in order for us to have
interoperability or to create interoperability, the possibility for translation or
commensurability has to be present. The problem here is that to realise this type of
interoperability, we probably have to create a new (general) reference ontology,
which in some way can handle all the domain ontologies in question. But whether
this is possible is an empirical question and is not something that can be deduced
from a conceptual analysis like this. All that can be noted here is that, if we want to
be able to communicate between different local ontologies, there needs to be some
common platform of reference. If two different local ontologies do not have such a
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common platform communication is not possible and will be reduced to the
superficial act of just mapping terms.

There is a difference between having two or more systems that actually refer to the
same thing i.e. actually use the same reference ontology, and having two or more
systems that are commensurable. If we want to enable the use of common reference
ontologies, a minimum demand for interoperability could be that the systems are just
that, commensurable. This term could be understood to mean that at least part of
what can be said in the language of one of the systems can be translated into the
language of the other. It does not imply that they say the same thing about the entities
referred to by the respective systems. Quine discusses the incommensurability of
ontologies. That implies that it is impossible to create a tool for translating between
different ontologies. Since each ontology in Quine’s view is seen as a closed, coherent
system, there is no way of finding a common platform of reference, when we try to
compare or translate between two ontologies. To compare two ontologies in a
situation where we need to find out which one is the better one, the ontologies must
be commensurable. It is necessary to be able to compare statements and
consequences of the two ontologies, since that is our only way of actually comparing
them. As was discussed in section 4.1.2, we saw that the critical realism of Niiniluoto
and Popper includes the notion of being able to compare theories, so that it is
possible for us to judge which theory (and in consequence, ontology) is better.

5.1.4 Reusability
The criteria reusability is similar to interoperability. Whilst interoperability aims to
facilitate communication and sharing of technical and conceptual platforms between
different systems, reusability is more focused on the chronological aspect of usage of
the ontology. To take reusability into account when creating the ontological basis for
an information system is to create it in such a way that the same conceptual scheme
or conceptualization of the world can be used in another system or in a future
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version of the same system. As pointed out earlier, reusability refers to a relation
between one or more system(s) at different time. It could be the same system, which,
of course, needs to be able to reuse its own ontology to function in the future. But it
could also be the case that a constructor of a system might want to be able to reuse a
part of or the entire ontology of an information system to create their own system.
There might be several reasons for this, but one reason might be to save money. On
several occasions, Anita Burgun and Barry Smith mention the idea of having
reference ontologies to which different local ontologies should be adapted. In this
case, using the same reference ontology as a foundation, would enable reuse of a
system and its parts in new and different contexts.

The time aspect of reusability in design is not only related to interoperability, but
also to the notion of stability. As will be discussed later, these different criteria might
ultimately compete with one another, and it might be necessary to find a balance
between them. As a principle, however, reusability is desirable not only for reasons
of safety and philosophical consistency, it also has an financial implications which
are very significant to the political aspects of EHRs. As with many of these principles
and criteria, it is not easy to state whether it is a technical or philosophical, or even
political criterion, but reusability should basically enable technical reuse of the same
knowledge representation.

To be able to reuse parts of or entire conceptual schemes in future versions or new
information systems is not only saves time, but also money, because the design of a
conceptual scheme is very time-consuming and labour intensive. There are also good
reasons for ensuring interoperability and stability if using the same reference
ontology to create different systems.
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If we consider some of the examples given earlier in this thesis of different attempts
to create ontologies for the field medical informatics, we see that the notion of
reusability has been important on several occasions. The work being done on
SNOMED CT today is based on several different terminological standards,
developed in different settings and even different countries. There have been some
difficulties since not all aspects of the terminologies have been reusable in a proper
way. SNOMED is said to act as a foundation on which different health care
organisations can build their own instruments, whether it is to analyse the results of
research, evaluate both cost and quality of care, or to design guidelines for clinical
treatment.133 This implies that it has to be reusable over and over again, in different
contexts and at different times. Another example of reusability is the work on ICD: it
would not be possible to rebuild the entire classification between every edition, and
many parts needs to be reused.

But just as SNOMED CT is a combination and remodelling of other, older systems, it
itself is also used and reused in other circumstances. The terminology created in
SNOMED is being used as a basis for, amongst other things, the work on archetypes
in the openEHR organisation. In this case SNOMED the concepts are used as the
content for the archetypes, and as such they are (part of) the things that the
archetypes are modelled around.

Also, other work is being done to ‘map’ the content of LOINC or the C-NPU codes to
the content of SNOMED. All these are example of how important it is to have
systems which are based on reusable ontologies. By mapping codes and content
between different systems it is possible to establish which parts can be reused. The
mapping shows the parts that are compatible with systems, and which can therefore
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SNOMED Clinical Terms User Guide, July 2008 International release.
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be be reused in a new context. In their ontology evaluation, Gangemi et al refer to
modularity as a way of dividing the ontology into building blocks as a measure of
‚fitness to an existing repository of reusable components‛.134

James Cimino’s expressed a requirement for for concept permanence in his Desiderata,
which is also a kind of guarantee for reusability of clinical terminologies. For parts of
an ontology to be reused in a new ontology for the purposes of knowledge
representation, there have to be a standard for how the knowledge is represented.
Such standards are both technical as well as a matter of how the content of the
ontology is structured. Engineers and domain experts share the responsibility for
ensuring reusability.

5.2 Philosophical demands
5.2.1 Realism revisited
In the earlier chapters of this thesis, I have discussed which philosophical approach
to the understanding of the referents for ontologies would be the best. After
reviewing what ontologies are meant to do, and the theories that they are used to
represent, I settled on the view that it would be best to adopt an immanent realism
approach along the lines of David Armstrong or Ingvar Johansson. This view of what
ontologies are would entail that what is represented in medical informatics are
universals. But my discussion also included some theories of Karl Popper and Roy
Bhaskar, and their views on critical realism, with different ontological levels or realms
of reality. It is in the light of these considerations that I will now try to formulate
some guidelines about what to consider when creating ontologies and terminologies
in medical informatics.

In the previous chapter, I referred to a ladder of theses by Ilkka Niiniluoto, which
sums up well what I mean by critical realism. Each step of the ladder or each thesis
134
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eliminates different kinds of anti-realism and alternative realistic approaches. This
philosophical approach assumes that there is a real world, and that science strives to
describe this real world. A key point to be made here is that it is possible to have
knowledge about the real world, however difficult it might be to distinguish what is
the truth about reality. But one point is very important: there are correct and
incorrect ways of describing the world. Scientific theories relate to the world using a
correspondence theory of truth. The task of science and scientists is to systematically
investigate and try to describe what the real world is like. The world that scientific
research is meant to describe is a structured, ordered and regular world. And the
goal of scientific research is to describe these structures and regularities. Critical
realism also includes an idea of the progress of science, and that we are getting closer
and closer to a true account of reality. As Niiniluoto puts it: ‚The best explanation for
the practical success of science is the assumption that scientific theories in fact are
approximately true or sufficiently close to the truth in the relevant respects‛. 135

Immanent realism also assumes that there are universals instantiated by individuals,
and the inquiry of science aims to discover and describe these universals. This means
that an ontology should be a representational artefact which acts as a description of
the world, based upon the latest findings by the scientific community.

But not any representational artefact can be an ontology. To be considered an
ontology it has to fulfil the claim that what it represents are ‚real universals and real
relationships amongst such universals on the side of reality‛.136 An ontology should
be a representational artefact making an ontological commitment, and should not
only describe universals and relations, but should also hold these to be a true (or at
least truthlike) description of reality. When such a representational artefact does just
that, make a claim about how reality is constituted, it can be taken as a serious
135
136

Niiniluoto (1999) p. 10.
Spear, A.: 2006, Ontology for the Twenty First Century: An Introduction with Recommendations. p. 16.

116

116

5. The criteria: a summary

___________________________________________________________________________
candidate for being an ontology. But just as we saw with scientific theories, this does
not mean that it is easy to see which ontologies are better than others, or which ones
are true and false. It only draws a dividing line between possibly true and the
fictuous ontologies.

The reason we can make this distinction is that something that makes a claim about
the nature of reality makes an ontological commitment, and something that is
fictuous does not. This is where we can draw the line between what is considered an
ontology and what is not: the ontological claim it makes. If a representational artefact
of some kind does not make a claim about what exists in reality, it is not an ontology,
it is a fiction. This means that a representational artefact representing the humanoids
of Tolkien’s Middle Earth, would not be considered an ontology. It does not claim to
refer to real universals. It makes no ontological commitment. This connection to real
universals also means that we cannot take the standpoint of seeing ontologies as
something we are free to create in any way, shape or form as we like. If the ontology
is to be a good ontology, it should have as its basis what we discover in the world
through scientific research or any other systematic investigation of reality. And since
science is falsifiable, reality sets the boundary for what we can include in an
ontology.

Ontologies are descriptions, and as such are secondary to the world they describe. If
we are talking with Popper, we could say that what exists in the first realm of reality
has precedence over what we create in the third realm. As noted in the discussion of
critical realism in the last chapter, there is a dependence relation between the
different realms, insofar as the first realm is ontologically independent of realms two
and three. It should be noted that even though they are ontologically dependent,
they can still have a causal effect the first realm. The ideas and theories that make up
the second and third realm can affect the happenings in the first realm.
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5.2.2 Universals
Another central part of our understanding of ontologies is the existence of universals.
‚Universals are that which is general or abstract in reality‛ states the BFO manual as
part of the explanation of this key term. As we have seen earlier this is something
that lies quite close to the description given by Armstrong and Johansson. In the
previous chapter there was a short description of Armstrong’s view of the kind of
entities that universals are. In his metaphysical theory, universals are always
instantiated in particulars: this is what he means by immanent realism. Universals in
this account are described as states of affairs and, as such, they are always
instantiated and cannot be thought of as existing if not instantiated – a state of affair
is a particular which instantiates a universal; it is a relationship between two or more
particulars.

Universals are the structures and regularities scientists (and others) find in nature,
and they are what different entities of the same group, class or species have in
common. As stated in the BFO manual: ‚The goal of scientific research in any given
domain is to discover the nature of the universals that are instantiated by entities in
that domain, whether in biology, chemistry, physics, or some other science‛.137 Since
the universals are what most sciences study and describe, we must consider
universals to be interesting in ontologies as well, since ontologies are meant to mirror
what science says about the world. There are branches of science that deal with
individuals as their main object of research, out of necessity. For example, geology or
astronomy are sciences which have only one object to study, since there is only one
earth, and only one universe to study. But one could argue that even though these
sciences only have one object of research, their goal is still to be able to make general
conclusions about the structures and regularities of these objects. In the case of
geology for example, if we are to find another planet and are able to study the
geology of that planet, we could use our geological knowledge of our planet as a
137
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starting point. Even though some scientists are forced to study only one individual
object, the studies are still conducted in the same manner as if there were a plethora
of individuals. This is because the sciences are general in their nature, and what they
describe in nature are the regularities – even if there is only one object to study.

Since science describe the world in terms of structures and regularities, we should
not include individual instances of classes or phenomena in the scientific
descriptions of the world of medicine. And from that it follows that we should not
include individuals in ontologies either.

One of the tasks when creating an ontology for the medical field is to have very good
understanding of medical reality, and what classes and phenomena correspond to
real universals and not just accidental generalisations. Since there is a difference, a
distinction is necessary. The kind of classes referring to universal could be
characterised by the archetypical real class – the zoological species ‘cat’ for example
which will be designated by the term ‘cat’ and will contain all and only the particular
cats that exists in reality. But some classes do not have a corresponding universal.
Two examples are given in the BFO manual. The first ‚are classes designated by
arbitrary general terms‛ like Nelson Goodman’s concept of ‚grue‛. The second kind
‚are classes created by using a general term to make reference to particulars existing
at a specific time or in specific place‛. Examples might be all blue cars in Linköping
or all academics over 45. These classes have their place in different discourses and it
may be necessary to talk about them in different scientific circumstances, but it is also
very important to realize that they do not correspond to universals. And only the
classes which actually correspond to universals should be included in our ontologies.
If we look at the articles of Johansson we see the notion of determinable and how
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different kinds of comparable qualities can make up the basis for how we understand
the kind of universals there are.138

5.2.3 Revisability
A consequence of adopting the Popperian view of science, is that provision must be
made for keeping up with scientific research and development. Scientific endeavour
is not complete; it is subject to constant change and the theories believed to be solid
truths today will at some point be rendered out-dated or obsolete. The fallibilism of
critical realism is due entirely to the fact that no theories can be proved to be true.
Some theories are more corroborated than others, and these are more truth-like, but
are not entirely true. We must be prepared to change our theories at any time if
evidence tells us to. No statement about reality is set in stone. This is a consequence
of viewing scientific endeavour as an open-ended process, where there is no definite
end.

This means that ontologies will also change. An ontology that reflects only historical
entities that has not been adapted or cannot adapt to inevitable changes in science
would be useless. Revisability of an ontology means that both slight and more farreaching changes must be able to be made, without rebuilding it from scratch. Farreaching changes past a certain point would mean that it has to be considered an
entirely new ontology. But minor changes in how we represent the entities in an
ontology must be possible to make, when our understanding of the world so
demands.

The idea of revisability is supported by the basic assumption of ontologies as
containing classes which in their turn represents universals. But as our
understanding of the world changes, this description of the world must change. An
ontology which does not allow for revision will soon be very difficult to use, since it
138
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will refer to entities and relations which are no longer interesting for the end-user of
the information system. The criterion of revisability is not only a philosophical
requirement. It is a basic feature necessary so that ontologies can be used over long
periods.139 The main question is when changes in a theory should lead to changes in
an ontology describing the same section of the world. If we look at the example given
by Graninger140 in the field of bacteriology, we see that it is difficult to pinpoint the
actual time when a given theory is so widely accepted that it can be considered to be
the main theory in a field. When did the medical explanations for disease shift from
miasma to bacteria? The research in a scientific field changes gradually, while the
changes in an ontology by nature has to changed at one specific time. The on-going
process that is science should be mirrored in the ontologies of medical informatics,
but since science and practices both are changing and fleeting by their nature, it is
problematic to say what the knowledge to represent is.

Ontologies should represent the best available scientific theory and practice. There
are difficulties associated with this; how do we know when the best is available since
controversy often prevails. This is what is called the matching problem by Gangemi et
al.141 The problem consists of the difficulties for the engineers to match the
knowledge represented in an ontology, with the conceptualization of the medical
expertise at any given time.

5.2.4 Local and global ontologies
Creating an ontology that covers everything in a vast and complex area such as
medicine and healthcare would not only be an impossible endeavour – the result
would probably be a product that was not very useful. To create ontologies which
are usable and easy to handle, it is necessary to create local ontologies. They are local
in the sense that they only refer to only one specific area of interest. This means that
139
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there will be several different ontologies within the medical field covered by the
umbrella of medical informatics. In order to facilitate the needs of the medical
informatics, we need to make sure that we create local ontologies, each covering the
entities and relations of the selected area

As with the notion of revisability, the idea of creating local ontologies is related to
our basic assumptions of immanent and critical realism. If the realist basic idea is
based on the notion of one single mind independent world which we try to mirror in
our scientific theories and consequently in our ontologies, then there must be a
possibility of combining our different local ontologies by ‘translating’ or combining
the content of two or more local ontologies into one more general global ontology.
Such ‘global ontologies’ are often mentioned in the literature under the name of
‘reference ontologies’.142 The concepts of ‘levels of granularity’, ‘adequatism’ and
‘perspectivalism’ follow from the idea of local ontologies (see below for the
discussion of these).

In order for the reference ontology to actually function as a global ontology, the
different local ontologies must be created with each other in mind. And from this it
follows that they must be coherent in the sense of not containing any contradictions
or conflicting information. Each local ontology created must be in line with the global
ontology which is assumed to be a description of the world in a more general way,
and as such the different local ontologies will be commensurable, since they have a
common platform of reference. Anita Burgun143 describes the use of a reference
ontology, in this case the FMA (Foundational Model of Anatomy). She shows how
the different local ontologies are related to the reference ontology, but also how the
latter can be used to identify connections between entities of different local
ontologies. In order for an ontology to be a good ontology it needs to subscribe to the
142
143
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notion of coherence in relation to a more general, reference ontology – and, as such,
also be aligned with other local ontologies and not be in conflict with any of these.

5.2.5 Levels of granularity
Reality can be described in different ways and from different perspectives. One of
these perspectives is the idea of levels of granularity or aggregation.144 Different local
ontologies are required to describe what happens on a microscopic and a
macroscopic level. The differences between these two levels is granularity, even if
they describe the same part of reality, the descriptions will contain different entities
and relations.

Even though it can be said about many sciences that they can be reduced to biology,
chemistry or physics in some way, the idea of granularity should not be interpreted
as saying that something on a lower level of granularity describes the world in a
more correct or complete way than something on a more aggregated level does.
Reduction is not a sure way of obtaining a better explanation or description of a
phenomenon. Some properties or phenomena exists only on a certain level of
aggregation, and if these are relevant to the ontology, reduction would make us loose
information needed in order to construct good ontology. The idea that every level of
granularity contains adequate information to describe itself without the need for
reduction is what is called ‘adequatism’ in the BFO manual. And as stated in that
text, it is vital in the field of biomedicine to be able to do justice to each level of
aggregation or: ‚do justice to the vast array of different kinds of entities that exist in
the world, in different domains and at different levels of granularity, rather than
ignoring them or attempting to explain them away‛.

This distinction and distinctions (because there are many (infinite?) levels of
granularity) is something that any good ontology must be able to consider. The
144
Schulz, S. et al.: 2008, „How Granularity Issues Concern Biomedical Ontology Integration.‟ eHealth Beyond
the Horizon – Get IT There. Proceedings of MIE2008.
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dividing lines between each level of an ontology should be very clear. The level of
granularity is therefore vital, as is the way the levels relate to each other, and, as with
local ontologies, ontologies with different levels of granularity must be coherent and
not contradict each other.

5.2.6 Relevance
That we should include only relevant information in an ontology may appear to be a
truism. But it is not simple to determine what relevant information is. To create a
good ontology covering a certain area with the best possible levels of granularity it is
cruical that the ontology is developed in close cooperation with specialists in the
field. The problem of what is relevant is not unique to the creation of ontologies in
biomedicine, but is all the more acute because of the aspect of patient safety.

Even though the experts in a field have the final say about what is relevant
information in a particular system, there are still some philosophical aspects. Besides
being dictated by what universals and relationships in reality we think are relevant
in a particular field, there is also an instrumental approach to relevance. The purpose
of an ontology will be the most influential factor in what is to be considered relevant
information. This is a very delicate matter, because what we want is a system with
just the right (relevant) information, and nothing redundant. This is partly because
money is saved by not having excess information, but also because excess
information may cause confusion and misunderstanding for users which might
jeopardise healthcare.

The concept of relevance is not as straightforward as it might seem. In the BFO the
notion of relevance is being dictated by reality. The idea is that what is relevant to an
ontology or an information system is not something we can choose freely. It is not
subjective, and is restricted by reality. It is difficult to interpret this statement. One
possibility is that our theories of the world set the limits for what is to be seen as
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relevant. Only universals and relations which our best scientific theories consider
true should be included in an ontology; this may be one way of seeing how reality
sets the limits of relevance. This, however, is a very weak condition. What would we
in our ontology other than things we hold to be true? Certainly not anything we kow
is false or figments of our imagination (see discussion under ‘Universals’ above).

One way of seeing how reality restricts relevance is seeing how what exists can make
information relevant, even if we did not consider it as relevant to start with. Assume
that we would like to have an information system about malaria. Such a system
would only be usable if it included things related to malaria, but one might consider
including aspects which are not part of the illness, like information about
mosquitoes, different stages of the development of eggs and larvae of mosquitoes,
maybe information about the frequency of malaria in different countries, and travel
patterns of the patients. Several of these things are very relevant for the healthcare
providers, in order for them to treat the patient, but strictly speaking travel patterns
are not part of ‘malaria’. It is the relations in the real world which dictate the
inclusion of these relations and classes in the ontology needed for this kind of
information system. In this sense there is no subjectivity in the choices of what to
include in an ontology, but the interaction between purpose of the information
system and the structures and relations of the world decides what must be included
in an ontology, if it is to be a good ontology. We choose what our system should be
about, but we cannot choose what we have to include in such a system if we want it
to be useful and relevant to our purpose.

5.2.7 Distinction between use and mention
There are some further demands of a philosophical nature which stem from a
different branch of philosophy than the immanent and critical realism discussed
earlier in this chapter. The field of philosophy of language has a few important
distinctions that play a role in the discussion of ontologies. From reading the works
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of Eugen Wüster and Ogden and Richards, we learn that there is a distinction to be
made between the use of a term and the mentioning of it; to refer to it or to talk about
it. We saw in previous chapters the need to differentiate between these two.

The distinction is as follows: to use a word or a sign (or in this case a representational
artefact as an ontology) to refer to things in reality, the very things the word or sign
or ontology is meant to represent is clearly a different action from mentioning the
same word or sign or ontology in a discussion about them, i.e. what they mean or
how they are constituted. To use a term representing an object, we use it to refer to
the named object, as in ‚the lilacs are blossoming‛, then the term ‘lilacs’ actually
refers to the flowering shrubs outside the window. This is very different from
mentioning the term ‘lilac’ in sentences like ‚’lilac’ is a noun in the English language‛
or ‚the word ‘lilac’ has five letters‛

Being able to make this distinction is a matter of the outmost importance, since if
confused there is no clear understanding of what is a discussion about the
representational artefact and it’s contents, and what is a direct reference to the
entities in reality. An example in the BFO is the periodic table and the difference
between talking about (mentioning) its importance in the development of the history
of science, and using the periodic table in order to learn something about the reality
of the elements (which it represents).145 There are several examples146 of how this type
of confusion actually has occurred, even though it seems to be a very clear cut
distinction.

Another important distinction inherited from the field of philosophy of language is
the distinction between type and token. This is the same problem of ‘one over many’
mentioned in the discussion about universals (see above) and can be explained as the
145
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distinction between individual instances of a word as in contrast to the word one can
find in a dictionary. All the individual instances or tokens of ‘lilac’ used in different
expressions and statements are distinct individuals, and none of them are identical
with the type-term ‚lilac‛. Just as the distinction between use and mentioning, this
distinctions main purpose is to be able to speak about the ontology and it’s parts,
without the risk of confusing this talk with the content of the ontology.
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6. Balancing the criteria and demands
Several of the criteria discussed in the previous chapter do not have clear-cut borders
between each other. Some influence each other, and some even conflict with one
another. It is impossible to focus on only one of these criteria because some of the
others always also have to be considered, there are also several conflicting interests.
If an imbalance between the different demands is to be avoided, it is necessary to
spend sometime considering the possible conflicts.

So, what are the conflicts that have to be weighed up against each other and solved to
arrive at a good ontology? There are several, and I will focus only on the most
significant, with an account of what to consider when performing these balancing
acts. But I will not be able to give any direct advice on what to do to solve each
conflict, because the answers will always be dependent on context. These contexts
might be political or social, but may also be of a more administrative nature.
Different hospitals, different regions and different nations have different opinions on
how and what ontologies should include, and what kind of tasks EHRs should be
able to perform. Also, different professions within the field of medicine have
different views of what is key to medicine, and what has to be included, and how
best to include it for the ontology to be good.

Even though it is very difficult to give general directions and guide lines on how to
make decisions in particular situations, it is very important to point out what kind of
issues and conflicts of interests can and will appear. If not, problems may occur with
ontologies and the source of the problems might be difficult to locate. This chapter
aims to explain the problems that might occur if these are not considered up front,
and also to clarify what kind of conflicts will have to be solved to create a good
ontology. The balancing act performed by the designers of medical informatics
artefacts aims to produce ontologies that assure a good quality of care and patient
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safety, as well as the creation of systems that are usable and applicable for as many
health care providers as possible. None of the technical or philosophical criteria
discussed in the previous chapter are goals by themselves – they are a means
ontologies that are as good as possible.

6.1 The problem of revisability
As discussed earlier, one of the more important philosophical demands on an
ontology is that it can be revised. The motivation for fallibilism in critical realism
means that it is of the utmost importance for an ontology to be able to ‘keep up’. And
in order to be able to keep up with the changes and progress of research, there must
be a possibility of including these changes in the information system without having
to re-do too much of the ontology. Since our knowledge of the field of medicine is
constantly evolving, it would be unthinkable to have information systems that were
unable to evolve at the same time. We saw that Niiniluoto made an important point
about the revised and improved knowledge that science produces in his ladder of
theses (see chapter 4, above). An ontology must be able to include new knowledge
and revise existing definitions and descriptions of the part of the world it aims to
represent. Since this is also true for medical research, the need for revisability must
be a central aspect of creating ontologies in medical informatics.

At the same time, however, an ontology has to be stable. This is necessary for the
system to be reusable and also because a volatile or unstable system is not reliable.
This is also has an economic aspect: in order for a system to be economically viable, it
must be possible to use it over time with as few major revisions as possible, because
revisions cost money. There are other concerns, e.g. instability may bring
unpredictability, and synchronization issues which in turn might lead to patient
safety issues. It does not take too much insight to realize that the demand for stability
sometimes comes into conflict with the demand for revisability. On the one hand, we
are asking for fewer changes (or preferably none) and on the other, we are asking for
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systems which can be flexible and adaptable as our research progresses. And not
only research causes changes. Attitudes in society can also change things completely,
such as homosexuality is no longer considered an illness. An information system
goes through many changes, some of them of a technical nature; new inventions
made in the fields of hardware and software which gives rise to new possibilities. But
there are also many changes that affect content.

Changes in how a scientific field perceives and describes a phenomenon or the
theoretical concepts in a theory do not usually occur at one particular moment in
time, but as is a slow process of development. When a new concept is introduced in a
scientific field, it is gradually phased in into the discourse. It is very rare that the
acceptance of a new concept occurs at one individually identifiable moment.

6.1.1 Sailing the high seas of change
An image to describe how a scientific theory develops which is quite commonly used
is the image of a boat being rebuilt while sailing. 147 As the boat sails the seas, some
planks of wood that makes up the boat’s hull are found to be broken or about to
break. These broken or leaking parts are then replaced by new planks, made of fresh
new wood. After a while, and a lot of repair work, the boat’s hull is entirely made up
of all new planks of wood, and nothing of the original wood is left. When the boat
returns to port, the people that watched it leave may not recognize it as the same
boat, except for its crew and name.

Imagine that the boat in this image is a scientific theory and the crew are the
scientists working on the theory. As the theory is put to use, parts of it are found to
be mistaken or outright wrong, and need to be replaced – just like the planks of
wood on the boat. These modifications of the theory are done ‘on the job’ or while
147
Neurath, O.: 1973, „The Scientific Conception of the World: The Vienna Circle‟, Empiricism and Sociology,
Rordrecht: Reidel.
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sailing, and the scientists redefine concepts and revise their theory, just as the crew
rebuilds the hull under their own feet. It is a continuous process, and it is very
difficult to pinpoint the situation when a specific change is put into use, and when a
concept or part of the theory has become obsolete. This image also makes it possible
for us to consider Popper’s notion of falsification of theories and parts thereof. Just as
in Niiniluoto’s ladder the image includes our possibility of recognizing that one part
of the theory (or a part of the hull) is wrong, and there is a better way of describing
the reality through the theory. Revisability is closely connected to both the notion of
falsification and the notion of truthlikeness. In the image, these two notions are
represented by the crew’s possibility to recognize what parts of the hull need to be
replaced, or what might be a better (i.e. more truthlike) way of building it.

The boat image of scientific theories is well-suited to highlight a further aspect that
might lead to difficulties when it comes to changes in medical informatics artefacts.
While science changes gradually, just as the hull of the boat is gradually rebuilt, all
changes in an ontology for medical informatics must happen at specific times. It
could be argued that one can pinpoint the place in time when each plank in the hull
is changed, but in the discourse of scientific development, the changes are very
gradual, and it might be very difficult to say when a concept, a definition, or an
entire theory actually becomes so accepted by scientific society that it becomes the
standard view. In a scientific context, a new concept is introduced through articles,
presentations and so on, and gradually the news becomes accepted.

But this type of gradual change is not possible in medical informatics, because in an
EHR or other information system, there must to be a mutual understanding and
standardization of how the entities represented in it are used. This brings with it the
need for consensus and compromises on how to define and describe things. This in
turn leads to the fact that when a change is to be implemented in an information
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system, it has reached the point of being the received view and is therefore broadly
accepted by the professional and scientific society. The question - and problem – here
is: when is something widely enough accepted to be ‘voted in’ to an ontology? The
process of scientific society cannot really be mirrored here, since the gradual change
is not possible to implement when it comes to information systems. Limitations of
this kind are not of a technical character, but a problem of standardization of content.
Even if it were possible to gradually update an ontology of an information system as
science progressed, it would be unrealistic to expect the medical expertise to concur
simultaneously on the proper interpretation of new findings.

We have seen how difficult it is to pinpoint the exact time in history when a shift in
knowledge occurs. Even the paradigmatic change in bacteriology occurred over a
long period. Today, over a century later, the ‘knowledge’ of bacteria is everyman’s
property, but at the time it was cutting-edge science. Graninger points out in her
thesis148 that it took a long time before the experts of the domain agreed on the
theories of bacteriology. In today’s medicine, the case of the diabetes complications
marker HbA1c,149

150

a way of measuring the amount of glycated haemoglobin in

blood over the 4-6 weeks before the test, presents a similar picture. Measuring
HbA1c is an important new, improved way of monitoring the risk of diabetes
complications that is strongly advocated by diabetes researchers and clinical
chemists, but is still something that both some medical experts and patients have
difficulties to relate to and use. The old way of monitoring diabetes using blood
glucose levels analysed at frequent time points still remains popular, even if the
latest research tells us that there are now better ways. This highlights the problem of
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having the best available theory in an ontology when even the best available theory
might not be the most used one.

When representing a theory in an ontology, we should have at least two aims:
inclusion of the best available theory, and creation of the most useful ontology
possible. This might not always be the same thing. Also, in a time of shifting theories,
there are difficulties in finding consensus on what the best available theory is. In the
historical case of bacteriology this was evident, and also in the case of the diabetes
marker HbA1c today.

If we try to look into the future, it is not too far-fetched to assume that this is a
problem that will always occur when a shift in theories is taking place. For example,
the present development in epigenetics is something that very likely will lead to
major difficulties for creators of medical informatics artefacts, when it comes to the
aspects of reusability and interoperability, since what the best available theory is, is
difficult to agree upon in a field under rapid development. It is difficult to foresee
what implications today’s research will have, but we can be sure that they will have
implications, and that the experts in the field will have difficulties agreeing on the
best available theory. As critical realists, we assume that this is part of how science
and research develops, and as such, it will always be a part of the problems we are
facing in creating and revising ontologies for medical information systems.

6.2 Relations between stability, interoperability and
reusability
The need for stability can be a technical need, and to some extent it stems from
political demands to keep the costs for EHRs low. But it also plays into the ideas of
interoperability and reusability, as noted before. In order to reuse an ontology in
several information systems or for that matter be able to communicate between
different systems, there is a need for stability.
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If, we want the EHRs to be able to deal with the latest findings and the latest
therapies in a certain field of medicine, we must be able to revise the ontology or
ontologies on which they are founded. There might be a situation where too much
revision would be problematic, and reconstruction from the beginning might be
called for. Let’s assume that new findings will completely change the way we
understand a disease, its causes and its treatment – then the revisions needed might
be of such a far-reaching nature for the information system that creating a new
ontology might be easier and cheaper than the revising the existing one. The problem
of balancing revisability and stability is not an easy task, and the demands are
different in nature: some are technical and economic, and others are philosophical.
This makes it very difficult, since there is no easy way of quantifying the situation
and saying that; ‚it should be possible to make this much revision‛, or ‚this much of
the information system needs to remain untouched and stable‛. The concept of
change is always or often involved in science, and sometimes the change is so radical
that an entire world view is changed, as was the case when the revolution in
bacteriology occurred.

As stated earlier, the context that will finally decide how to balance two competing
requirements. To make it more complex, the context here is also very much a matter
of purpose, i.e. the reason for designing the information system in a particular way.
Even though the philosophical requirement for revisability and being in accordance
with the fallibilism of scientific progress is not pragmatic or instrumentalistic, the
assessment of how to balance this with the demand for stability becomes very much
a matter of what the information system is supposed to be used for.

In making this decision (as with most other decisions when it comes to ontologies in
medical informatics), inclusion of the medical experts in the field in question in the
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process is vital. Creating the ontology is not just a matter of engineering or computer
technology, since the content is that of a representation of a very specific body of
knowledge, and the experts in the field must be consulted as to what part of the
ontology should be subject to revision and what should not. But the domain experts
are not the only ones who need to have a say in this process: the users of the system
must also be included. They ought to be the ones most suitable to decide what parts
of it are usable, and what parts should be designed in a different way. Unfortunately,
the users have not always been included in the development of information systems
or EHRs. Whether this was due to lack of interest from the designers of the system or
the users of the system is a matter for debate. As shown in an article in
Läkartidningen, users must be involved in the terminological and design processes
behind the EHRs. It is not possible to simply transfer the traditional way of keeping
records to the electronic versions. Morfeldt argues that the medical practitioners and
experts within the field, rather than reproducing old problems, should try to exploit
the new possibilities that the new medium brings with it to ensure that the
endproduct is better.151 This kind of involvement of endusers and medical experts
would be one way of dealing with what Gangemi et al calls the matching problem.152

The matching problem mentioned by Gangemi et al touches upon several aspects of
the creation of medical ontologies. It affects the way the users perceive the final
product, but it also brings to the surface the problem discussed earlier in this chapter,
namely the problem of the best available theory. In order to have the best available
theory, the domain experts need to be included in the process, just as Morfeldt
stresses. But the task of identifying the domain experts, especially in a field of
research that is in transition is difficult (as in the cases of bacteriology or diabetes
mentioned in section 6.1.1).
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Caution is due when talking about the flexibility and revisability of ontologies. Not
everything can change, and not everything is open to revision, if the ontology is to
remain recognisable and useful. Using the boat metaphor borrowed from Neurath,
we should always ask ourselves if there are any parts of the hull that we cannot
change without sinking the boat.

In the ontology theories and the philosophical foundations for these that I have
presented in this thesis, there are some structural aspects which cannot be tampered
with. Structural aspects can be understood in several ways. Gangemi et al write
about the structural dimension of ontologies, and use different elements to evaluate
ontologies.153 Among these elements, we find measures of how many leaves and
roots there are in the graph structure of an ontology, but also measures of how many
sets of levels and siblings there are in the ontology. These measures give us a way of
quantifying how complex the structure of an ontology is and also tells us what kind
of structures we can expect to find in ontologies.

A further way of understanding the structural aspects of an ontology could be that
the type of objects described determine the way we describe the entities in an
ontology. If we want our description to be accurate, we cannot describe reality in any
arbitrary way. The BFO manual argued that reality sets the boundaries for how we
can describe it. Seen this way, the content of an ontology is the deciding factor when
it comes to structuring the ontology. The nature of the entities described sets the
limits on how to describe them. In this respect it is not possible to make a distinction
between content and structure, since they are two sides of the same coin.
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There is, however, a further factor that sets limits on how to structure an ontology,
namely the knowledge representation language that is chosen for the ontology. There
are different knowledge representation languages, and they all have their benefits
and limitations. A commonly used example is Web Ontology Language (OWL),
which exists in different versions, each with its own level of expressive power. 154
There is a difference in expressive power, for example, between OWL Full and OWL
DL, which affects the appearance of an ontology created in the respective language.
Since the expressive power of a knowledge representation language will stand in
direct conflict with computability of entries, there will always be a trade-off between
these two. Rector and Brandt argue in the case of SNOMED that the ‚use of a more
expressive language would bring major benefits including a uniform structure for
context and negation. The result would be easier to use and would simplify
developing software and formulating queries‛.155 So, when we are talking about
structure, we need to be aware of what kind of structure we mean. And, in choosing
a knowledge representation language for our ontology, we are, at the same time,
making some limitation on the structure of the ontology.

Even though there may be parts of the structure that we rarely want to change, the
content should always be open for revision, as has been pointed out several times. As
shown above, however, the difference between content and structure is not always
clear cut. The knowledge in a field will be ever-changing in content, but as in the
past, future theories of medicine will also be theories of a realistic conviction. We
should always have theories and knowledge in our ontology, which assumes that
what they are describing are parts of mind-independent reality. Our critical realism
of science makes up the baseline for the ontologies, just as some of the structural
relations do. In this discussion, we can see how the theoretical criteria of both a
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philosophical and technical nature influence how we create our ontologies. The
interaction between these different demands will always occur, and every time we
try to represent knowledge of any kind we will always have to take all of them into
account. I do not think there are any shortcuts in this process, and it is important that
we are aware of the trade-offs we are going to have to make.

6.3 Trade-offs
Reusability and interoperability are technical requirements that have already been
mentioned here. These aspects are very important for the engineering end when
creating an ontology, because they provide possibilities for saving effort, time and
money during the process. Being able to reuse parts of, or entire, conceptual schemes
when creating an information system is something very much to strive for. The same
goes for the possibility of having systems which can interact with one another and
therefore are interoperable. To be able to exchange information about patients and
therapies between wards, hospitals and different countries are all aspects that the
creation of EHRs and standardized terminologies and ontologies are meant to
facilitate.

One of the issues that might occur is when the need for interoperability and
reusability interfere with the efficient functioning of the ontology. If we try to
accommodate many different users, and by doing that end up with an endproduct
that is too general, we have not really accomplished anything. In the previous
chapter, the notion of adequatism was introduced, described as the idea that all fields
of science or sectors of a scientific field are enough in and by themselves. This means
that reductionism is not needed or wanted, since all scientific fields have the
adequate tools to describe and deal with the entities and problems posed in them. If
an ontology is to be interoperable and reusable, it might need to be of a more general
nature than would be necessary if it were intended to be used in only one context.
This possibility of recontextualizing the ontology could lead to difficulties that need
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to be solved, since one of the consequences of having an ontology with a general
character might mean that it is of less use in a more specific domain.

When we are talking of evaluating and developing an ontology, we cannot take for
granted that our object of study is a complete product. It is vital that ontologies can
change and develop, in order to represent changes in medical theory and practice.
But this is not the only way in which ontologies are unfinished. Usually, an ontology,
when being developed, is being used at the same time. By this I mean that it is not a
complete ontology, with all parts being used from the start, but rather an ontology in
need of updating and continuous development. This is done knowingly by the
developers; they are aware that their ontology is by far unfinished, when it is first
used. It might even be argued that an ontology is never is finished, and will always
be a work in progress. Usage of it will show what needs and can be done, so that it
can be improved. This means that constant benchmarking of the ontology occurs. It is
constantly compared to and adapted to the needs of the users and the reality which it
represents. When talking of having an ontology that is good enough for its purpose,
one has to be aware of the fact that ontologies often are presented as works in
progress.

The process of creating ontologies is a process of trade-offs. If we look at the
examples of trade-offs in different criteria shown by Gangemi et al, we can see that
there are many criteria to consider and many different factors that decide how to
make these evaluations.156 These examples show how different criteria affect different
aspects of ontologies. For example, the criterion ‘compliance with expertise’ is said to
increase the precision and the accuracy of an ontology.157 Other criteria are
mentioned, and all are evaluated by seeing what aspects are strengthened and what
are weakened. What is not included in this trade-off discussion is how to compare
156
157
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different aspects. In evaluating a situation to make the proper trade-offs and avoid
becoming too bogged down, it is necessary to be able to judge and weigh up the
different criteria. Let us assume that the ‘compliance with expertise’ brings some
benefits for the ontology in general, but at the same time makes the ontology less
useful for some people. In this scenario, we need to be able to say that one criterion
(correct representation of the theory) is more important than another (useful to all
users). If it is not possible to weigh up the different criteria against each other in this
way, it does not really help us that we can identify the conflict.

At least in theory, all of our demands from previous chapters might end up in
conflict with each other. Ideally, we should have some way of quantifying and giving
the different criteria some value, so that we can compare them. Unfortunately, this is
not so easy. It is usually not the case that one criterion excludes another entirely, but
strengthening one might weaken another. As mentioned earlier, a high level of
stability might give us a lower level of revisability, and vice versa. Even though it is
not possible to give a direct value system for different criteria, it is possible to say
something about how to act with these trade-offs. For example, one has to take into
consideration the purpose of the ontology: for whom has the ontology been created?
What tasks is it meant to be able to perform? In what context is it meant to be used?

The last question, regarding context, also brings us to the fact that we have to
consider what the plans for the ontology are. Is it meant to be used in only one
situation (or kind of situation), or many? The need for interoperability with other
systems must be assessed. In a similar fashion, the designer of an ontology must
make these trade-offs, as each new question emerges. And in doing so, it is important
that the technology is not just kept working, but that good standards from a
philosophical point of view are maintained. In the examples provided by Gangemi et
al, we mostly see technically evaluated aspects of the ontology being dealt with in the
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trade-off situation, and, in the case of content, it is much more brief. This is because it
is more difficult to formulate guidelines for content.

All trade-offs will mean compromises. It may, however, be difficult to find
compromises between some of the requirements described earlier. For example, it is
not so easy to make compromises regarding the philosophical demands to represent
the best theory available, or that the ontology needs to make ontological claims, and
represent what a theory claims that the world is like. Revisability of some sort is
another aspect which is very hard to modify extensively. But all of this boils down to
the same questions as above; for whom and why is the ontology being created? In
representing a theory in an ontology we will undoubtedly make omissions from and
simplifications of the theory in question, in order for it to fit the purpose of the
ontology and be useful for its intended users. The question is: what simplifications
and omissions can we make, and which should we make?

6.4 How good is good enough?
There is always an issue of relevance when it comes to the idea of introducing
approximations or simplifications into an ontology. If we strive to include only
relevant information in an ontology, we omit information. In the same way that
maps are simplifications of geographical reality, all ontologies must be
generalisations and simplifications of classes and relations of reality. But does
simplifying information mean that we are no longer telling the truth, or does it mean
that we are ‘close enough’? In the strict sense, a simplification is therefore false. This
goes against our earlier statements of including in our ontologies only classes and
relations which are the truths held by our scientific understandings of the world.
What is the reason for including information known to be ‘false’?

The overbearing aim of all work on ontologies is that they are usable. This is such a
key aspect of an ontology, or the application it is used in, that it is often left out of the
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discussions, but some issues are definitely worth noting. It is important to bear in
mind the difference between scientific theories and techniques. While scientific
theories have absolute truth values, techniques do not. There is no point in thinking
about whether or not a technique is true or false, only if it is useful or not. As
Ingemar Nordin states: ‚the logic of values such as ‘works-does not work’ and
‘usable-not usable’ is quite different from the logic of truth-values. And the logic of
truth-values is not applicable to techniques‛.158 We can see this in the simple fact that
many useful techniques have been based on false theories, and still are. So, even if
our philosophical realism of scientific theories demands from us that we should have
ontologies that are representing the best possible theory, we can never expect our
ontology to represent the absolute truth. It is much more interesting to require it to
be as useful as possible.

Also, whilst the true-false relation is a dichotomy, and as such only has two values,
the useful-useless relation is not. It is a scale with many more instances than two, and
it is a scale on which it might be very difficult to find an objective value. What we
need to bear in mind here is that usefulness is a value that is dependent on both the
intention and the user of the technique. If we transfer this reasoning to ontologies, we
can see that it is not only the correctness of the representation of a theory or even the
truth-value of the theory represented which determines if it is a good ontology or
not. To establish whether an ontology is good, we have to find out what it is
supposed to be good for, and how the intended users evaluate it. The question will
then be: how good is good enough?

The answer to this question is a certain pragmatism. It would be impossible to
include all information in any system – only what is necessary and useful is included.
The purpose of the ontology, or the information system as a whole, is what
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determines the relevance of information included, and this also renders some
information irrelevant and useless. This kind of falsehood or simplification is
necessary and inevitable, but nonetheless it is important to remember that it is
rational, given the goal of usefulness. With the analogy of a map, we can see how
difficult and even counterproductive it would be to include all information available
when creating a representation of something. In the case of a map, there are many
things that differ from the knowledge we have of the world that we are interested in
and the final product (the map). If we are making a road map for an area, we will
make simplifications and omit things such as the flora and fauna along the roads.
Instead, we might include information about gas stations and parking places. We
might also include information about how old the roads are, distances between exits
on a highway and so on, but exclude other information about the area the roads run
through. In an ontology, the same kinds of simplification must be made; we cannot
expect the entire theory of a domain to be represented in all its detail. We should
strive to represent only the relevant and useful information.

Finding the right balance between the best theories available and maximizing
usefulness is not easy. When we are making simplifications and abstractions of a
theory to be included in an ontology, we still must make sure that we are going along
with the what is considered the best theory available. The minimum requirement of
the ontology is that whatever is useful should be in accordance with the latest and
best scientific theories. And when we make corrections and additions to our
ontology, they must also be made in the light of the best theory available at that time.
This is also in accordance with my previous discussion about truthlikeness: we
should always make revisions and simplifications in accordance with the most
truthlike theory available. It should at all times be noted that what is included in an
ontology is a simplification, and that the ontology should never be seen as a
replacement of the best available or most truthlike theory.

143

143

6. Balancing the criteria and demands

___________________________________________________________________________

The question is: how close to the truth must an approximation be for us to accept it in
an ontology? As with many other aspects of creating ontologies, this is a matter for
the domain experts. They are the ones who have the best insight into the knowledge
being represented in the ontology. Previously, I discussed the matter of introducing
new knowledge or revising existing knowledge in an ontology, and in that
discussion I said that this is something that is up to the domain experts to decide. But
who are the experts? In a field like medicine and medical practice there are many
different experts in many different domains. Before we casually refer to ‘the experts’,
we must try to establish the group who actually has the best insight into the
knowledge to be represented.

This problem goes hand-in-hand with the problem of the users. Who are they? If
usability is something that will be a guiding light in deciding trade-offs when
creating an ontology, we need to have a clear image of who the user is. For most
medical ontologies, we can assume that the group of users will be quite
heterogeneous group. This group will also include the domain experts who took part
in designing the ontology, and also other healthcare workers who have less specific
knowledge of that domain (but may well be experts in domains of their own).

6.5 Conclusions
In creating medical informatics artefacts the aim is to represent the knowledge and
the reality of the medical personnel and other people involved in different aspects of
healthcare. Historically speaking this has been achieved by creating terminologies,
based on the use of the language by the people involved. These theories of
terminology have often been of an onomasiological nature that is centred around the
concepts in the field. But, as we have seen in the topics analysed in this thesis, if we
assume that was is described by the knowledge and theories of medicine this is not a
fruitful way of approaching medical informatics artefacts. In chapter 2, where I
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discussed the theories of Wüster and the use of the semantic triangle in terminology
work, I pointed out that this language-oriented view is not suitable for the creation
medical informatics artefacts.

The reason for this is not that the theories of terminology are bad or unsuitable for
describing language, but that they are, to put it simply, the wrong tools for the job.
The knowledge that needs to be represented in medical informatics artefacts is not a
matter of language, but something that deals with reality. As theories of reality, the
aim of medical theories is to describe entities and relationships of the world, i.e.
things that are not part of language. Also, in many medical informatics artefacts we
can find relationships like IS_A and PART_OF, and neither of these relationships can
hold between concepts or terms in a language. They are relationships that hold
between mind-independent entities of reality. Medical theories make ontological
commitments. Taken together, this led me to the conclusion that we do not need a
theory of language or concepts to represent medical knowledge; we need a theory of
reality. We need ontology.

Since we need to be able to describe how medical informatics artefacts relate to the
world, we also need to be able to describe how scientific theories relate to the world.
The idea was that there is an analogical relationship between the theories of science
and knowledge in medical practice. The different philosophical theories discussed
are all realistic in the sense that they assume that the aim of science is to describe
reality as it is.

In trying to understand how this can be done, the critical realism of Niiniluoto was
introduced. This theory can be summed up in a ladder of five thesis:
(0)

At least part of reality is ontologically independent of human minds.
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(1)

Truth is a semantical relation between language and reality. Its meaning is
given by a modern (Tarskian) version of the correspondence theory, and its
best indicator is given by systematic enquiry using the methods of science.

(2)

The concepts of truth and falsity are in principle applicable to all linguistic
products of scientific enquiry, including observation reports, laws, and
theories. In particular, claims about the existence of theoretical entities have a
truth value.

(3)

Truth (together with some other epistemic utilities) is an essential aim of
science.

(4)

Truth is not easily accessible or recognizable, and even our best theories can
fail to be true. Nevertheless, it is possible to approach the truth, and to make
rational assessments of such cognitive progress.

(5)

The best explanation for the practical succes of sciences is the assumption that
scientific theories in fact are approximately true or sufficiently close to the
truth in the relevant respects. Hence, it is rational to believe that the use of the
self-corrective methods of science in the long run has been, and will be,
progressive in the cognitive sense.

This shows us how scientific investigation can be said to deal with a mindindependent reality, and how statements within scientific theories can be true or
false, even those which we cannot investigate empirically (theses 0-2). The aim of
science is to find out how reality actually is (3), and that there is a progress in the
development of scientific theories (4 and 5).

Niiniluoto’s account paired with the critical realism of Bhaskar and Popper can be
used to show that a theory which makes an ontological claim not only does this in
theory. There is a real connection between our understanding of reality and reality
itself. Also, the notion of fallibilism is introduced, as a key aspect of how science
works and progresses. Falsification of already existing theories and replacing them
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with better ones as science makes progresses is one of the ‘self-corrective methods of
science’ that Niiniluoto refers to under (5).

To establish the kind of entities an ontology contains – and in consequence the kind
of entities the theories of medical practice contain and describe – I introduced the
metaphysical theories of David M Armstrong and Ingvar Johansson. In their theories
they propose a realistic interpretation of universals. The universals are taken to be the
basic entities of what is represented in an ontology. Universals are instantiated by
individuals. There can be no universal without instantiating individuals and no
individual without at least one universal. When we represent knowledge in an
ontology, we represent theories that are about reality. And since they are about
reality, they also assume the existence of universals. That is the reason why we need
to understand what these universals are, and how they are related to the individual
objects of mind-independent reality.

By establishing this ontological theory as a basis for creating medical informatics
artefacts it is easier to avoid mistakes with categories, as was shown by Schulz and
Cornet in the example of SNOMED CT. They showed that in a terminology like
SNOMED CT, there are examples of mistakes on an ontological level. These mistakes
could have been avoided if, from the beginning, the work had been conducted with
greater ontological awareness. Another example of confusion of categories was
demonstrated in an analysis of the way in which the term urinary tract infection
(UTI) is used and understood. As Liss et al showed there are different ways of
interpreting the different aspects of UTI and its associated concepts. Several of these
occurred because there was not a clear understanding of whether it was a case of
miscommunication or a case of actually having different theories with different
ontological commitments. Clearer distinctions and a philosophical understanding of
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the differences between the two could have made it easier to avoid some of the
problems.

To be able to have an ontological basis for creating medical informatics artefacts, we
need to have some way of seeing what a good ontology is. In chapter 5 of this thesis, I
described some of the criteria and requirements to distinguish between a good
ontology and those that are less suitable. The criteria are both philosophical and
technical. The latter facilitate the production and maintenance of medical informatics
artefacts, while the philosophical criteria ensure that the system complies with sound
philosophical principles so it can properly represent the theories of medical practice.

Among the philosophical requirements are revisability, to be able the ontology to
keep pace with changes and progress in medical theory and practice. When creating
an ontology, it is necessary to have an ongoing discussion with the experts in the
field to assess how good is good enough. This requirement, however, conflicts with
several others, and the need for trade-offs and weighing different requirements up
against each other is very important.

In the last chapter, I discussed the requirements that might need weighing up against
each other and how this might be done. One area was reaching a compromise
between stability and revisability, as this is one of the obvious areas of conflict and
philosophical interest. An artefact that is too easily revised might lose stability and
vice versa. But since all the different requirements and criteria depend on context, it
was not possible, within the confines of this thesis, as a conceptual analysis, to give
practical guidelines on what to include and what not to include to achieve the
stability-revisability balance. It has only been possible to draw attention to the fact
that trade-offs in these areas have to be considered.
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But the trade-offs are not the only compromises made in the creation of medical
informatics artefacts. In the process of creating ontologies one has to make
compromises in how much of a theory or someone’s knowledge it is possible to
represent, without making the ontology too cumbersome. Also, not all parts of a
theory are important for the purpose of an ontology in medical informatics. Because
of this, we have to be aware of the fact that simplifications and omissions must be
made, and that doing this, we diminish the accuracy of the theory. The question is:
how much can be omitted and simplified before the ontology becomes useless?

When representing theories in an ontology, we need to be able to revise the ontology
as these theories develop. But mirroring changes in a research field is difficult: for
example what is the best available theory at a given time? In an ever-changing field
of research such as medicine, there will always be different opinions on what is the
theory of the day. This will make it difficult to decide what the best available theory
is when it comes to representing it in an ontology. Also, science changes over time,
and different groups of experts may adhere to different schools of thought, and it
takes time before there is a consensus on any new findings. Taken together, there are
many different aspects that have to be reconciled when creating a medical
informatics artefact. I argued that one benchmark of how good an ontology is lies in
how well it serves its intended purpose, and how well it is received by its users in the
end.

Several aspects of ontologies have been touched upon only lightly in this thesis,
aspects that certainly should be studied further. To further develop and specify the
different requirements of a good ontology would be very rewarding, as would how
different trade-offs between requirements and criteria influence an ontology. Both of
these should be studied in close connection with the process of creating an ontology.
To perform these studies in close cooperation with both the expertise in the field of
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medicine as well as the expertise in medical informatics is necessary, in order to give
practical guidelines and advice in particular cases. That kind of studies would be the
natural development of the analysis performed in this thesis, and would be of great
use for all parts involved.
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