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Abstract
Objectives—Biomedical ontologies exist to serve integration of clinical and experimental data,
and it is critical to their success that they be put to widespread use in the annotation of data. How,
then, can ontologies achieve the sort of user-friendliness, reliability, cost-effectiveness, and
breadth of coverage that is necessary to ensure extensive usage?

Methods—Our focus here is on two different sets of answers to these questions that have been
proposed, on the one hand in medicine, by the SNOMED CT community, and on the other hand in
biology, by the OBO Foundry. We address more specifically the issue as to how adherence to
certain development principles can advance the usability and effectiveness of an ontology or
terminology resource, for example by allowing more accurate maintenance, more reliable
application, and more efficient interoperation with other ontologies and information resources.

Results—SNOMED CT and the OBO Foundry differ considerably in their general approach.
Nevertheless, a general trend towards more formal rigor and cross-domain interoperability can be
seen in both and we argue that this trend should be accepted by all similar initiatives in the future.

Conclusions—Future efforts in ontology development have to address the need for
harmonization and integration of ontologies across disciplinary borders, and for this, coherent
formalization of ontologies is a prerequisite.
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Introduction
We can distinguish a number of influences which have played a role in the development of
terminology resources for application in biomedicine:

1. the influence of library science and of dictionary and thesaurus makers, illustrated
most conspicuously by MeSH, the indexing resource maintained by the National
Library of Medicine [1] (which was itself inspired by LCSH, the Library of
Congress Subject Headings);

2. the influence of database design and conceptual modeling, illustrated for example
by the HL7 initiative [2];

3. the influence of biological science, illustrated by the Gene Ontology (GO) [3] and
by the other ontologies within the Open Biomedical Ontologies (OBO) Foundry
initiative [4, 5];
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4. the influence of advances towards greater formal rigor, illustrated for example by
current developments within SNOMED CT and within the framework of the
Semantic Web [6].

It is the recent advances made under headings 3. and 4. which are addressed in what follows.
Progressively, the new ontologies and terminology resources now being developed are
beginning to be distinguished from their predecessors by factors such as:

• a concern for the interoperability of ontologies developed for the representations of
distinct but related domains (which implies also a concern for consistency of
content),

• the attempt to create and validate coherent strategies for quality assurance of
ontologies on the basis of user feedback and empirical testing,

• the pursuit of coordinated strategies for update and maintenance in light of
scientific advance,

• an increasing concern with formal rigor, supported by increasingly sophisticated
software tools for ontology maintenance, validation and interoperation,

• an increasing concern with biological accuracy, and thus with the reality to which
the representational units in an ontology relate,

and, closely connected thereto,

• recognition of the need more clearly to distinguish data, information and other
representational artifacts from the entities represented on the side of the organism –
thus for example to distinguish disease from diagnosis.

We have addressed some of these factors already in [7], where we focused on obstacles to
the harmonization of ontology and terminology resources in the eHealth domain, drawing
conclusions specifically in relation to the integration of clinical and laboratory data on
cancer research. Since biomedical ontologies exist to serve integration of data, their
conditions of success can usefully be compared to those of a telephone network. Crucial to
the latter is numbers of subscribers: a network with a small subscriber base is a failure,
however excellent its technology might be. For an ontology, as for a telephone network,
increasing numbers of subscribers/users bring increasing degrees of success. In the case of
ontologies this means that, with every new body of data that is annotated using a given
ontology, there is an increase in value not only of that ontology but of all the other
ontologies with which it interoperates. Here we focus on two specific strategies for
advancing usability and usefulness of ontology and terminology resources, strategies
incorporated, respectively, in the SNOMED CT vocabulary and in the OBO Foundry
initiative.

1. Increasing concern with formal rigor
One strategy consists in increasing the attention that is paid to the formal-logical properties
of biomedical terminologies and related artifacts. Certainly there is still skepticism in some
circles as to whether enhanced formal rigor is an asset in medical ontologies. Some parties
still argue that medical knowledge is too dependent on subjective experience and local
traditions to allow for the creation of unified scientifically based terminologies or ontology
platforms. They see medicine as ‘art’ (or ‘folklore’) and not as ‘science’. With the growth of
molecular and genomic medicine arising from the fusion of medicine with experimental
biology, such arguments are beginning to be recognized as being outdated.

As medicine becomes biomedical science, the resultant growing need to integrate data
deriving from different disciplines at different granularity levels implies also that medical
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terminology becomes affected by an increasing concern with matters of consistency and
logical rigor, as illustrated for example in the work of the Semantic Web Healthcare and
Life Sciences Interest Group [8] and in the development of description logic infrastructures
for medical vocabularies such as GALEN [9] (a pioneer in this respect), the National Cancer
Institute Thesaurus [10] and—of principal importance to us here—the most recent versions
of the SNOMED vocabulary [11].

The same forces are in operation also with regard to biology, too, where the growth in
importance of bioinformatics, and the vast expansion in the wealth of biological data
available to researchers (much of it in open-access forms on the Web), have led to
considerable effort in the development of formally more rigorous ontology resources, and
also of associated software tools as are encapsulated for example in the work of the National
Center for Biomedical Ontology [12].

The success of the Gene Ontology has meant that many biologists favor the OBO format
(formerly the GO format) [13] as the logico-linguistic idiom within which to develop
ontologies. The OBO format, too, is being subjected to increasing attention from the point of
view of formal rigor. The aim is to find ways to harvest new possibilities of algorithmic
reasoning [6] of a sort that will provide both quality assurance of the ontologies themselves
and also enhanced computational support for biomedical research and clinical care. The
OBO ontology repository provides 53 biological and biomedical domain ontologies, 49 of
which are developed in the OBO format, accompanied by large bodies of data annotated in
their terms, including over 11 million publicly accessible annotations relating gene products
(proteins and functional RNAs) to terms in the GO [14].

Outside biology, it is the OWL (Web Ontology Language) is the favored (W3C standard)
logico-linguistic idiom of the ontology community [15], and OWL's nice computational
qualities make it an attractive target for software developers. On the other hand the ontology
content developed in native OWL format is still too often immature as compared, for
example, to the GO. Thus OWL developers have still paid too little attention to uniformity
in their treatment for example of basic ontological relations such as part_of, and their work
is marked by frequent examples of use-mention and related confusions (as in Paris is_a city
and has_temperature 29° and has_synonym Parigi. Thanks to the creation of OBO-OWL
converters, however, OBO ontology content is now available for use in OWL-based
applications [16, 17]. The OBO ontologies and associated annotations are accordingly now
serving as an important channel for the expansion and qualitative enhancement of the
Semantic Web in the life science domain.

2. Increasing concern with reality
A second strategy in ontology development involves paying more consistent attention to the
biological and clinical reality on the side of the patient. Ontology is still primarily an affair
of computer scientists and knowledge engineers and still often embraces some form of the
conceptualist view, which sees ontologies as representations of ‘concepts’ (which means,
roughly, units of knowledge or of meaning) in the mind of human beings. Ontology work is
accordingly directed overwhelmingly at what is called ‘knowledge modeling’ and is focused
on the separate concept systems developed by separate local groups of researchers. Principal
topics of interest are the study of automatic methods for the merging and mapping of the
separate ontologies thereby created, and creation of ontology repositories based on
computational rather than on biological or clinical features of the collected ontologies. Now,
however, as ontologies are being increasingly developed not by computer scientists but by
natural scientists and clinical researchers for their own domain-specific needs, a concern for
the accurate and globally consistent representation of biomedical reality is becoming
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manifest, with a consequent decrease in focus on ontologies as independently developed
computer artifacts in need of retrospective merging and mapping.

This new focus on biological reality on the part of life science ontologists – a move away
from the earlier concern with data or information considered for its own sake towards what
we shall call the ‘realist’ paradigm – is illustrated notably by recent revisions of the
SNOMED CT vocabulary [11, 18, 19], and in the development of the OBO Foundry
initiative. The latter is based on a distinction between three levels of reality:

• mental representations (ideas or thoughts in our minds representing specific
portions of reality)

• representational artifacts (including ontologies, textbooks, and so forth), which we
develop to make our mental representations concretely accessible to others

• reality itself, which serves as the target of the mental and physical representations
especially in the scientific domain.

The realist holds that success in ontology development depends on keeping clear the
distinction between these three levels [20], and this means recognizing that the reality which
our representations are developed to represent exists independently of these representations
themselves.

Realists, in contrast to conceptualists, define an ontology as a representation of the types or
classes or kinds of entities (“types” in the following) existing in a specific domain of reality
and of the relations between them. They see ontologies as representational artifacts
developed in order to support scientific investigations or other endeavors, for example in the
domain of clinical diagnosis and treatment, focused on identifying general laws.

Types are the real invariants or patterns in the world apprehended by the specific sciences
through experimental research. Types are instantiated at different places and times by
different particulars [20]. Types are designated by general terms such as ‘dog’ or ‘diabetes’.
‘Dog’ is the name of the type that is instantiated by my dog Fido and by your dog Rover.

The tendency towards greater realism in the case of SNOMED CT can be seen in its recent
deactivation of concepts involving the qualifier “not otherwise specified” (NOS), such as
“Brain injury NOS (disorder)” (262686008). Already Cimino [21] had pointed out that
qualifiers like “NOS” cause problems. These problems can be explained from a realist
perspective by adverting to the fact that there is no such entity as a ‘brain injury not
otherwise specified’ (whether as type or as instance). If there were such an entity at a given
time t, and if some specification were to be added to the record of this entity at some later
time t′, then we would either have to conclude that the original entity was thereby destroyed
by the mere act of recording new information about it, or that it was non-identical to the
putative successor entity created through this act of recording. A good axiom of realist
ontology, however, is that the world does not change in reflection of the fact that we change
the ways we talk about it.

As argued in [22], NOS and similar terms do not capture any mind-independent reality.
Rather, they are confusingly formulated representations of a state of knowledge about
reality. Of course, for biomedical information systems, keeping track of such states of
knowledge is indispensable for liability and other purposes. But even though both sorts of
information must be captured, if coding schemes are to support algorithmic reasoning in
ways valuable to biomedical research in the future, then we believe that a clear distinction
must be drawn between the two.
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SNOMED CT is taking some of the necessary steps in this direction, but it still includes
terms such as ‘unknown living organism’ (SNOMED: 89088004) and ‘presumed viral
agent’ (SNOMED: 106551006), which it treats as designating special sorts of organisms.
Terms of this sort are, again, roundabout representations of states of knowledge. Similarly,
SNOMED CT contains a number of terms, such as ‘abscess’, which are included twice, first
as clinical finding and then as morphological abnormality:

128477000 Abscess (disorder)

44132006 Abscess (morphologic abnormality)

Problems then arise for those using SNOMED CT as a coding resource, because there is no
clear distinction between the referents of these terms on the side of reality [23, 24].

The Gene Ontology and its sister ontologies within the OBO repository, too, initially
manifested non-realist components of these sorts, which led to a number of structural
problems in GO, documented for example in [25, 26] Since the launching of the OBO
Foundry initiative in 2003, however, these ontologies have been subjected to a series of
reforms designed to ensure that the ontologies conform incrementally to the goal of
biological accuracy and thus to the realist paradigm.

Each ontology included in the OBO Foundry consists of structured representations of the
types existing in a given domain of reality which are intended to be correct when viewed in
light of our best current scientific understanding of reality. Each such ontology is thus itself
analogous to a scientific theory; it has a unified subject-matter, which consists of entities
existing independently of the ontology, and it seeks to optimize descriptive or
representational adequacy to this subject matter to the maximal degree that is compatible
with the constraints of formal rigor and computational usefulness.

A simple example of the sorts of reforms to which the OBO Foundry ontologies have been
subjected is the removal of assertions of the form:

1 biological process is_a Gene Ontology

which hitherto existed alongside more biologically accurate assertions such as

2 cell development is_a biological process.

The presence of assertions of the former sort reflects a use of the ‘is_a’ relation to mean
something like ‘is a terminological component of’, which is inconsistent with its principal
use, in the GO and elsewhere, as meaning ‘is a subtype of’. Use-mention confusions such as
1. cause problems where the GO becomes integrated with other ontologies relating, for
example, to information artifacts. In the presence of

3 Gene Ontology has_file_format RDF-XML,

for example, and from the transitivity of is_a, we could infer from 1. and 2. that

4 cell development has_file_format RDF-XML,

which is biological nonsense.

Such problems with the Gene Ontology and its sister ontologies are being systematically
eliminated through application of the principle that all assertions within the ontology should
employ relations defined in accordance with the pattern of definitions laid down in the OBO
Relation Ontology [27, 28]. Application of this rule ensures that that the meanings of
relation terms are the same in all ontologies, thus facilitating logically sound integration of
the ontologies for purposes of formal reasoning.
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The move in the direction of greater realism is illustrated also by the proposed incorporation
into the OBO Foundry of the Foundational Model of Anatomy, an ontology, built from the
start on realist principles, comprising representations of the types and relationships
necessary for representation of the structure of the mammalian, and especially the human,
body in a computable form that is also understandable by humans [29, 30].

The FMA strategy for the formulation of definitions, which has been adopted for use
throughout the OBO Foundry, is based on principles first laid down by Aristotle. Briefly the
definition of a representational unit ‘A’ in an ontology referring to a species (type) A should
be formulated by reference to A's is_a parent B within the same ontology (the corresponding
genus) and to some differentiating characteristic C that is possessed by all and only the As.
This results in Aristotelian definitions (also called ‘genus-species definitions’) of the form:

an A =def. a B which Cs,

Examples from the FMA are:

a cell =def. an anatomical structure which consists of cytoplasm surrounded by a
plasma membrane

a plasma membrane =def. a cardinal cell part that surrounds the cytoplasm

When this strategy is followed, careful attention to definitions not only helps foster
consistent use of terms, but also contributes to ensuring the soundness of the ontology's is_a
hierarchy. At the same time careful attention to the creation of this hierarchy helps to ensure
correctness of the associated definitions. In addition, each definition that is composed in
accordance with this rule is enriched by the definitions of all of its parents within the
hierarchy.

3. Modularity of Biomedical Ontologies
SNOMED CT and the OBO Foundry embrace alternative strategies with respect to the issue
of modularization, strategies which differ in both their theoretical and their practical
consequences.

The most ambitious initiative to address the problem of terminological unification in
biomedicine is currently being mounted by the International Health Terminology Standards
Development Organization (IHTSDO) [31], which is seeking to establish the SNOMED CT
vocabulary as an international master terminology providing comprehensive coverage of the
entire domain of medicine in a multiplicity of languages, starting out from the basis of the
English-language SNOMED CT vocabulary, which already comprehends more than 315,000
concepts. This vocabulary already exists in partial versions in certain other languages, and is
built around a description logic backbone [32], albeit not one of the W3C standard OWL
description logics. In addition, the SNOMED CT vocabulary is mapped to other important
existing standards, and full inclusion of the WHO's International Classification of Disease
(ICD) 10 is on the way.

A major advantage of SNOMED CT is its comprehensive reach, which is secured through
some 21 hierarchies, including for instance Clinical Findings, Procedure, Body Structure,
Organism, Substance, Social Context, Observable Entity, Staging and Scales,
Pharmaceutical / Biological Product, and Record Artifact.

By providing a common structure and terminology, the SNOMED CT vocabulary ultimately
aims at providing a single data source for review. Furthermore, the use of such a common
vocabulary promises benefits of less redundant data and easier opportunities for longitudinal
studies and meta-analyses and for ensuring consistency of data across the lifetime of the
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patient and from one healthcare institution to the next. Employing one single comprehensive
source offers the advantage of allowing the use of common tools and techniques as well as
common training. This promises significant rewards, for example for clinical decision
support and for ensuring more adequate public health data; unfortunately, however, it is on
the other side difficult to motivate the large investments needed to ensure such prospective
rewards, especially in light of certain well-publicized failures [33].

The fact that so few healthcare institutions have embraced SNOMED CT for clinical coding
seems to suggest that incentives are still missing for the considerable investments which
would be needed to harvest these benefits. The strategy for compensating for the high cost
of implementing and running a sophisticated broad-coverage terminology such as SNOMED
CT in the hospital environment is still an open issue. Thus, for example, SNOMED CT was
not created to support hospital billing needs, still a pre-eminent consideration of hospital
management that is catered for currently by simpler terminological resources (primarily
ICD) for which there is already an established user base.

One additional obstacle to the more widespread use of SNOMED CT is that it is marked by
a number of internal structural problems, some examples of which have been mentioned
above. In addition to problematic redundancies, there are also gaps in the terminology, a
lack of compositional structure, and shortfalls in consistency arising from the application of
different development principles in different parts of the vocabulary as it has grown,
sometimes via bulk incorporation of alien matter, over time. There is also evidence that
these flaws hinder efficient application in coding [23, 24]. These quality-related issues are,
as we have noted, being addressed. An objection of a different sort concerns the very
foundations of the strategy of providing a single broad-coverage master terminology.

The OBO Foundry, in contrast thereto, advocates a modular approach. Its strategy,
(http://obofoundry.org) [5], is to create a suite of interoperable ontologies covering different
(non-overlapping) domains of biomedical reality on the basis of an evolving set of common
principles for ontology development. Only those ontologies whose developers commit to
adhering to these principles are admitted into the Foundry. The principles themselves are
designed both to bring about the harmonization of existing domain ontologies and also to
support the creation of new ontologies by providing an evolving set of simple guidelines and
of tested models of good practice for those new to the field. Such guidelines are extremely
important if the interoperability of ontologies for neighboring domains is to be preserved as
new areas are identified where ontologies need to be created ab initio.

The goal of SNOMED CT, in effect, is to develop one single ontology covering the entirety
of the medical domain. The goal of the OBO Foundry, in contrast, is to bring about a
situation in which the coverage of terminology resources is advanced in stepwise fashion
across ever broader domains of biomedical reality while the advantages of consistency and
the lessons leared from earlier successes (and failures) are preserved. To this end the
Foundry has developed a methodology by means of which ontologies covering different
domains can be incrementally developed in a coordinated fashion that allows exploitation of
the benefits of division of labor and pooling of expertise.

The participants in the OBO Foundry initiative hold that use of a minimal upper ontology
framework is a basic presupposition of harmonization. Such an ontology can incorporate
certain basic principles of best practice in ontology development and help to avoid common
mistakes in something like the way in which the use of basic mathematical theories serves to
bring about these same effects in physics. Advantages will accrue from using an upper level
ontology, however, only if the principles employed in its development are both well founded
and thoroughly tested. Re-use of an upper level ontology then fosters harmonization and
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avoids time-consuming redevelopment of those meta-level structures which are needed by
domain scientists to organize their ontology resources. It embodies principles of which these
domain scientists will likely have an imperfect grasp.

The Basic Formal Ontology (BFO), which serves as upper level kernel of OBO Foundry
ontologies, rests on a basic distinction (shared also by the SUO and DOLCE upper level
ontologies) between continuants and occurrents. The former are entities in reality that
endure (continue to exist) through time. They persist self-identically even while undergoing
changes of various sorts. The latter occur, which means that they have, in addition to their
spatial dimensions, also a fourth, temporal dimension. Occurrents (for example processes)
unfold through a period of time in such a way that they can be divided into temporal parts or
phases. They have a beginning, a middle, and an end. Continuants, in contrast (for example
organisms), exist in full at any time at which they exist at all, while at the same time gaining
and losing parts in the course of development and growth [34, 35].

Using an upper level ontology can foster harmonization by providing a uniform and
coherent approach to reality representation at the topmost level of organization. It is at the
lowers levels, however, that we will find those terms which predominate in practical uses of
the ontology. General criteria of the sort embodied in an upper level ontology provide useful
assistance when organizing these lower level terms [36], but the use of such an ontology
should not diminish the utility of an information resource to its ultimate users.

The OBO Foundry has addressed also the issue of motivation. Ontology development, when
carried out manually, is an expensive affair because it requires the investment of
considerable time on the part of domain experts who have a commitment to the scientific
accuracy of the venture. Experience thus far suggests that, in at least a significant portion of
life science domains, experts will participate in the Foundry initiative and will manifest this
commitment because—as with comparable open source efforts in the software domain [37]
—they are rewarded for their participation through the fact that, thanks to the division of
labour and authority brought about by modularity, they will come to play a direct role in
shaping the resources that they will need in their own work in the future [38, 39].

Conclusion
Both IHTSDO and the OBO Foundry strive to find a way to provide a complete
representation of clinical reality. IHTSDO has the advantage of a large unitary organization
with considerable financial resources and a systematic plan. The OBO Foundry, which –
aiming to be future proof in an era when medicine is ineluctably becoming transformed into
biomedicine – treats the representation of clinical reality as part of the larger aim of creating
a suite of interoperable ontologies covering the entire domain of the life sciences, has the
advantage of a strategy for the incentivization of experts and a large established user base,
albeit still primarily in domains of biology. It is too early to judge whether either of these
strategies will provide the solution to the pressing problems at hand, but these problems—of
user-friendliness, reliability, cost-effectiveness, and breadth of coverage—must be resolved
if effective integration of biomedical data is to be secured.
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