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might outreach the costs of a new implementation.

The setting of our project is often considered @dyl use scenario for the deployment of Semantic
Web technologies, both w.r.t the application type. (information retrieval) and the application
domain (i.e. medicine)[3]. Given the complexity tbe medical domain and the lack of operational
experience in this field in industrial context, gliae-oriented case studies and guidelines fodmgl
Semantic Web medical applications are a core rem@nt for a serious impact of Semantic Web
technologies in the medical domain. Therefore case

goal of this paper was to use the experiences dalneng the project to further elaborate existing
best practices[3] towards a list of recommendatfonghe medical domain, which, far beyond from
claiming for completeness, might be useful for depieg similar real-world applications.

The rest of the paper is organized as follows: i8ec gives a brief overview of the application
scenario. Section 3 describes the generation ofotitelogy used by the retrieval system and
summarizes lessons learned during this projecteph&® conclude with extending existing, domain-
independent guidelines for building Semantic Welieeal applications[3] according to the empirical
findings of the project (Section 4).

2. The project setting

The aim of the project “A Semantic Web for Pathglogvas the realization of a content-based
retrieval system for the domain of lung patholodyhe application uses an explicit semantic
representation of the text documents (i.e. pathol@gports), which are linked to the semantically
annotated digital images they describe[11]. The asdim representation of both documents and
images is aligned to a pre-defined ontology, whéchsed to control the annotation vocabulary and to
assist the linguistic analysis of the textual d&tather on, by using background domain knowledge,
the system is able to answer content-related cgierie

on image-based data (such as “images where theetisample presents certain morphological
characteristics”), but also to compare textual waldieports or support differential diagnosticksas
(i.e. retrieve reports with a similar appearance diternative diagnosis).

The most important design criterion to obtain ahhiger acceptance was the seamless integration of
the system into the workflow of a pathologist. Tmgimal invasive usage is the result of a careful
design of the user interface, query language anili-madal content presentation methods. The
system offers the ability to write a medical repwtile examining the images with the conventional
microscope or related software, thus restoringctiveent missing link between text and image-based
data.4 A new patient report is annotated with agplconcepts by a text processing component[9]
and the resulting semantic representation is faterto a quality assurance module to check its
validity w.r.t. the content of the knowledge bagbe annotated report is stored in a report repgsito
while the instantiated concepts and relations etéchduring the linguistic analysis (i.e. its seti@an
representation) become part of the knowledge baseetrieval component processes several
categories of free text queries and returns thelsleiimages and text documents. In order to

enable the user to explore the available expenviedge, the retrieval component offers multi-modal
representations of the query results, which aregmted textually and graphically in the contexthef
domain ontology, and suggests similar documen@rygrefinements or reformulations. Furthermore,
the medical data (e.g. patient reports, digitalges as well as ontological knowledge) is shared or
exchanged among domain experts and health-car@ipagjans. Therefore the system makes use of
standard, platform independent technologies whigbpsrt these requirements, like Semantic Web
technologies, established

XML-based formalizations of patient records suchHAY, and Web Services. It has a Web-based
distributed architecture to simplify the data exu@ among health-care institutions and insurance
companies and to enable a collaborative evolutioth deployment of the domain ontology. The
system components and their main features areideddn detail in

[11]. At present we developed the medical knowlebgse (see Section 3) and the client application
including a component to generate and edit mediepbrts and annotate digital images and an
ontology-based retrieval component.
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The client communicates with a number of Web sesjievhich analyze, annotate and store the given
information and query the knowledge base. A varadtynethods, tools and technologies have been
used to create, store, query, inference and extendomain ontology. In this paper we focus solely
on the insights gained during the knowledge actjoisphase; practical experiences in using existing
tools such as ontology editors, reasoners or Afrelslascribed in [5].

1. Building the Medical Ontology

In the last decades a wide rage of methodologiesdidding ontologies have been proposed [2].
Apart from minimal differences related to domairdapplication constraints, ontology engineering
methodologies usually introduce an iterative precamnsisting of the following phases: domain
analysis (including requirements analysis and knowledge stgpn); ii). Conceptualization of the
domain knowledge; iii). Ontology implementation, iv). Ontology population (i.e. generation or
integration of ontology instances), v@ntology evaluation, vi). Ontology refinement, and vii).
Ontology maintenance. In our setting we identified the following sulitas which guided the
implementation of the ontology for lung pathology:

1. Analysis of the application domain During intensive collaboration with domain expevie
specified the thematic clusters and the core featof the ontology. We identified several clasdes o
generic queries which should be covered by thestawgtology, while the form of the ontology was
dictated by its usage in the language-driven seimamtnotation process. In this step potentially
relevant knowledge sources were identified: a cerplipatient records (approx. 750 documents),
quality guidelines for medical reports used in liealth-care organization involved in the projead a
medical ontologies such as UMLS, SNOMED, ICD, Gem@{@gy, to name only a few.

2. Ontology conceptualization In a first experiment the conceptualization stepresponds to the
customization of UMLS to the application domain.&eDto the suboptimal outcomes of this attempt
we decided to perform a second engineering expetinmewhich we used the aforementioned corpus
of patient records and simple linguistic tools i the ontology engineer and in particular the dioma
expert in specifying ontology concepts and thdieridependencies along semantic relationships.

3. Ontology implementation After analyzing the requirements w.r.t. the repnémsion language
expressivity, the resulting ontologies were (seuatdmatically) implemented in OWL. Quality
guidelines describing the content and the struatfithe medical reports were exemplarily formalized
using SWRL and Jess.

4. Ontology evaluation and refinement A first evaluation of the ontologies was realizédugh a
comparison of the ontology domain coverage witletao$ domain-relevant documents, followed by a
domain-expert-driven assessment phase.6 We arentlyrevaluating the “text-close” ontology w.r.t.
its usability in semantic annotation tasks as p#ithe envisioned medical information system. The
first ontology, which was generated by reuse framstang medical ontologies, was not included to the
final application because of its poor fithess of asd user acceptance.

In the following we give some details about theegation of the ontologies and conclude with lessons
learned during this attempt. Due to space condidesawe focus on reporting on our experiences in
the reuse-oriented setting, while the second odessribed in [4].

3.1 Reusing Available Medical Knowledge

Due to the difficulties and costs involved in biilgl an ontology from scratch, methodologies often
recommend to rely on available domain-related ogiels in order to simplify the domain analysis
and the conceptualization phases. However, mogiieoimethodologies deal with this topic only in
passing, and there is no common practice for rgusimrent knowledge sources for generating new
ontologies.7 For example, Uschold and King [13]cdé® in detail how to build an ontology from
scratch, but on the matter of ontology reuse thdy give some very general recommendations and
explanations of the approach.

Likewise other engineering disciplines reuse ingphieding, evaluating, customizing and integrating
existing (reusable) components to a target systémlpP]. The evaluation process requires the
specification of a quality framework for ontologieshich addresses both general and application-
dependent quality criteria. A complete evaluatidntie plethora of medical ontologies currently
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available was of course unrealistic for our purgoskie to the large number, but also due to the
complexity of each of the candidate ontologies.h@réfore we employed a restricted quality model,
similar to the one recommended in [7], consistifhghe following criteria:i). domain coverage: to
what extent does the source ontology cover the ecakdiub-domains which are relevant for the
application ontology (e.g. anatomy and diseasdbenfung, genetics, immunohistology)f), syntax:

is the ontology available in electronic form andaihools are provided to translate it in other
representation forms?, and iii). usage: to whaemxtcan the ontology be used in the semantic
annotation of natural language patient recordswhat extent can the ontology be managed by
humans in navigating the corpus of patient record$® evaluation procedure w.r.t. the first two
criteria resulted in a set of approximately 10 roationtologies, which were without exception
integrated in UMLS, containing approximately 25@@bfferent concepts. The size of the concept set
can be explained if we consider the fact that tiML8 knowledge is concentrated in a few major
libraries (e.g. MeSH, SNOMED98),9 which cover impot parts of the complete thesaurus.

Managing an ontology of such dimensions with SerodMeb technologies is still related to major
scalability and performance pitfalls. Besides, dinifj the knowledge base implies also a subsequent
adaptation and daily usage of its content, a tdsictwis performed by domain experts. Apart from
technical drawbacks, very large ontologies canbeotised efficiently by humans as well. Therefore,
in order to differentiate among the concepts withiaremaining

10 libraries, pathology experts selected 4 certomicepts in lung anatomy (i.e. “lung”, “pleura”,
“trachea” and “bronchia”) and extracted similarelated concepts from the libraries. They considere
the list of all distinct concepts related througtekation of any kind to the 4 initial concepts eTtesult
was a set of approximately 1000 concepts descritiiaganatomy of the lung and lung diseases and
served as initial input for the application ontgto@he linguistic analysis of the patient reportpes
evidenced the contentrelated limitations of UMLS.w.the concrete vocabulary of former. These
concepts

are really used by pathologists when putting dolweirtobservations and will therefore also occur as
search parameters when using the retrieval sysWm. modeled additional, pathology-specific
concepts (approximately 200), such as the comperemd typical content of a medical report, and
integrate them in the available ontology librargsiles content-related adaptation needs, the @&nalys
of the generated ontology outlined the absenceontept names in the German language: due to the
predominance of English in denominating UMLS consemd the predominance of German terms in
the pathology report archive we had to translageEhglish terms in order to enable an automatic,
ontologydriven annotation of the documents.

After identifying the relevant knowledge sourcesl dine list of concepts which can be used as input
for our application, we translated the UMLS datadeioto the OWL model and transformed the
relevant data from one format to another[6, 5].Wiplemented a Java-based module, which reads the
UMLS data from a relational database and geneth&esorresponding OWL constructs using Jena2.
The resulting ontologies are published server-gidd can be accessed by all components of the
system.

3.2 Lessons learned

Reusing medical ontologies for the generation @ thrget application ontology proved to be a
tedious, time-consuming and error-prone process.slitcess of reusing ontologies was influenced to
a large extent by two factors: the costeffectival@ation and customization of the source ontologies
Typically ontology reuse starts with the identifiom and evaluation of

knowledge sources potentially useful for the agiam domain, which differ both in the covered
content, and in the formalization (thesauri, XMLh&mes and DTDs, ER models, UML diagrams,
textual descriptions etc.). An automatic integmatiof the source ontologies means not only the
translation of the representation languages tonantan format, but eventually also the matching of
the resulting schemes. Due to scalability and bgtreity issues both of these steps could not be
performed efficiently using current techniques im o

project setting. However our experiences showed tising simple techniques which rely on the
smallest common denominator of the employed knogdedources—usually their vocabulary—
significantly increased the efficiency of the regpsecess. This finding was confirmed by an analysis
of the resulted ontology w.r.t. its dependenciesh source ontologies: the target ontology reuses
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their vocabulary to a large extent—properties aribras are not supported explicitly in many
knowledge sources and their integration to theetaogtology was non-trivial for both humans and
tools.

UMLS contains several problematic modeling decisiaich have been often described in research
projects aiming to integrate it in knowledge-baapglications [10, 1, 8]. In our application settihg
UMLS-based ontology showed important limitationgpessally w.r.t. its usability for semantic
annotation. The absence of concept names in aiditically predictable form decreased the quality of
the automatic annotation drastically. An optimaages of UMLS in similar settings will therefore
require a comprehensive analysis of the denomin#&fioes across the UMLS libraries.

Another important issue was the usage of the ogyoly the community of domain experts, which
reported serious acceptance problems w.r.t. the Sibdlsed ontology: domain experts seemed to have
difficulties in trusting the content of the ontolognd in methodically extending it for a more deti
representation of pathology-specific knowledge.sThias the main motivation for alternatively
building a second application ontology on the bas$ithe domain corpus of patient records provided
by our health-care partner[4].

The engineering process relied on the same engigerrethodology as the first experiment, while
XML-based medical reports were employed as an ifgauthe conceptualization phase. 12 The main
advantages of the latter experiment compared toUlkS-based one were the significant cost
savings and the increased fithess of use of thergtd ontology w.r.t. the semantic annotation.task
From a resource point of view, building the firstaogy involved

four times as many resources than the second appr(ta person-months for the UMLS-based
ontology with 1200 concepts vs. 1.25 person-mofthshe “text-close” ontology of a similar size).
The evaluation of the suitability of the two ontgies to semantically annotating medical documents
(described in [4]) confirmed the results of theotgse-based evaluation. Orthogonal to technical and
economical benefits the ontology derived from thedioal reports had a considerably higher
acceptance rate among its users: the results omtthodology were easily understandable to the
domain experts, who were rapidly able to evaluaterafine the ontology.

2. Preliminary guidelines
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# | Ilem Description

I'| Domain Specily the tasks the ontology will be involved . They have conzequence: on
analvsis the content and on the representation of the target ontology. Different tasks

o imply different relevance criteria for selecting potential reusable resources
during knowledge acquisition and require adequate evaluation crite ria:

— Semantic annotation ask

¢ concepts should be denominared in natural language

# the natural language used in the ontology should be the same as the one used
by the users and in the documents to be annotated

* concepts should be denominated using naming conventions and in a
linguistically predictable form

* modkelling decisions should be recorded during the conceptualization phase in
arder to simplify the ontolagy-driven annotation

— Information retricval task

* the ontelogy should be formal to enable automatic reasoning

* concepts should be denominated in natural language to enable an ontology-
based query formulation

* the ontology should ﬁé’cﬁrim_ arich semantic representation of the domain to
improve and refine the retrieval algorithm

2 Ontology Dezpite of the [arge number of very co_mﬁregenﬂve medical ontologies, 12usimng

L them is related to significant costs, which might cutweigh the costs of a new
rense implementation:

-- Knowledpe resources which will be reused 1o create the tarpet onrology
eventually necessitate considerable modifications in ﬂr'dfr'm_fgrﬁ,r'r'ﬂ the
requirements listed in (1)

* concepts are denominated in an ad-hoc manner even within the same ontology

* the semantics of the concepts is sometimes encoded in their names

» most of the medical ontologies ae stored in proprietary forms, there are no
translation tools

= most of the ontologies are modelled in an ambiguous way

- Existing medical ontologies have a considerable size, but a relatively simple

structure. Adapr vour reuse methodology to their particularities:

= acomplete evaluation of their application relevance is extremely tedions, if
not impossible,

» the same domain is covered to a similar extent by several ontologies. There
are no fundamental differences among them w.r.t. their suitability in the
Semantic Web context. Eliminating candidate ontologies which are definitely
not relevant is sometimes more feasible than an attempt to a complete
evaluaton.

* even when an ontology is assigned a high relevance score, its usage i the
application setting might depend on the availability of toeols which are able o
handle it and on the user acceptance.

* matching and merging ontologies with overlapping domains imposes serious
sealability and performance problems to available tools in this area,
Newvertheless, using simple algorithms (e.g. lingnistic matchers ) considerably
increases the efficiency of this activity.

* the merjfing results are to be evaloated by human experts. Due to the size of
the entologies, the merg,mg methodology should foresee a flexible and
transparent imvolvement of the users during the process in order to reduce the
complexity of the merging evaluation. _ )

* B sa:nnm%ecrj-rer_these madels reguires inference engines which are able to
manage their dimensions

3 Ontology I'he size of the t_a:gerontology requires powertul storage mechamsms with

adequate reasoning support fe.g. for automatically checking inconsistencies)
managemenl | Ejaborate a detailed evaluation framework to control ontology evolution. The
maintenance of large size ontologies requires additional effort for documenting
modelling decizions.

4 Updates Nedicme 15 a dvnamic doman, most of the ontologies change within relatively

short time. Updating the target ontology under these circumstances can be very
tedious, especially if the source ontologies were not directly integrated to the
rew application. Identify update needs and elaborate a detailed update strategy.
> | Ontology I'he success of ontology learning al::froacnes depends on the quality of the

learning document corpus (domain-focused documents are expected to perform betier),
armng Data noise (telegraphic writing style, the intensive usage of non-standard

abbreviations etc.) 1s common te medical texts such as medical findings, The
ontology learning algorithm should be able to deal with these particularities.

The knowledge acquisition process should be performed incrementally, because

of the complexity of the domain to be modelled.

Fig. 1. Guidelines for Building Ontology-based Retrieval Applications
According to our findings in the mentioned settimg conclude this paper with a (incomplete) list of

guidelines for building SemanticWeb retrieval apalions inthe domain of medicine. As a starting
point we used a set of domain-independent guidelines emerged in the European project OntoWeb,
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which focus less on technical aspects, but mainly on “issues that relate to the business environment
that affects the deployment, integration and acceptance of the ontology-based application”[3]. The
initial checklist contains 13 items, which cover both organizational and ontology-specific issues. Since
we did not encounter any problems related to the organizational setting (satisfactory user involvement,
no legacy systems or licence problems etc.), we elaborated the topics which relate directly to the
ontology engineering process and adapted them to the medical domain. The results of our analysis
are summarized in the table above (Figure 1). This list could be complimented with modeling
guidelines, which are equally important in a complex domain such as medicine. Such guidelines are
currently emerging as a result of the initiatives of the W3C Semantic Web Best Practices and
Deployment Working Group.
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