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Abstract. Clinical research significantly contributes to the better un-
derstanding of diseases and their treatment. Physicians, however, could
not take fully advantage of the resulting scientific knowledge. To improve
sharing and processing of primary clinical data new generation technolo-
gies for knowledge management are needed. In this paper we discuss
some of their features on the basis of a real-world system in the domain
Nephropathotology. We propose several interpretations of user-aware be-
havior and show how they influence the understanding and assessing of
the similarity in CBR theory. Moreover, we illustrate our point with sev-
eral examples, inspired by the experience, gained during the development
of a CBR-based search engine within the scope of the OpEN.SC project.
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1 Introduction

Contemporary information and communication systems (ICS) could hardly ac-
complish any task without being directed during every step of it. The inability to
act autonomously hinders considerably the confluence with people, i.e. human-
computer confluence (HCC). People can only use a particular system without
having the possibility to really collaborate with it. In order to enable them do-
ing what they actually want to do, ICS need new levels of intelligence. They
should support additional features for interacting with people and adequately
responding to their needs.
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1.1 Motivation

One of the challenges of building next generation ICS consists in making them
understand user‘s needs. User-awareness could be understood as part of the
broader concept of Context-aware computing. The authors assume that by tak-
ing into consideration different aspects of users and their behavior, ICS could
interact with them without receiving explicit commands. Research on this topic,
however, is so far more focused on exploring how such systems could be built
and less on how they really appear to the user. More comprehensive theories
are needed in order to make possible the seamless integration between system
design approaches and users‘ satisfaction criterions. Social Construction of Tech-
nology (SCOT), for example, is a theory from the field Science and Technology
Studies that argues that the ways a technology is used cannot be understood
without understanding how that technology is embedded in its social context.
This perspective moves the focus from seeing an ICS as an artifact to seeing
it as an interactive system. This, in turn, demands foundational, technology-
oriented research that goes beyond the conventional boundaries of ICS design
and development.

Future and Emerging Technologies (FET) is an initiative of the European
Union that promotes the exploration of such new research practices and method-
ologies. The novelty of this research comes from new ideas rather than from the
refinement of current ICS approaches [7]. Some of the expected impacts in the
field Human-Computer Confluence are, for example, new means to present mas-
sive amounts of data and to exploit human factors (i.e. cognitive aspects) for
processing it. Applied in areas, such as clinical research, they would make pos-
sible the discovery of particular patterns in the course of disease development
or treatment, e.g. important similarities between patients. This, in turn, would
bring about to the better understanding of the causes and consequences of this
disease.

1.2 Clinical Research

Clinical research aims at the acquisition of knowledge about diseases, diagnostic
methods and therapy to improve patients’ treatment. Through clinical studies
(Fig.1) physicians find new ways to prevent, detect, diagnose, control and treat
illnesses. They could be classified according to three criteria: observation or ex-
periment, prospective or retrospective and longitudinal or cross-sectional stud-
ies. Nevertheless, all are conducted on the basis of data about patients (e.g. age,
gender, diagnoses). For this purpose, it should be stored and structured in an
appropriate way so that is easily accessible. Furthermore, it should be integrated
in hospital information systems for wide access by authenticated employees.

Currently, however, these data have their own different internal formats and
are normally stored in more or less isolate databases. Large hospitals have their
own information systems mostly accessible by Intranet. Researchers, as a result,
could not take fully advantage of the resulting scientific knowledge what is of
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 Study:  
What were the effects of blood pressure 
control? 

Evidence-based Medicine:  
Groups of pa�ents 

Query:  
I am looking for female pa�ents, 30-35 
years old who have a diagnose Acute 
Cortex Necrosis 

 

Fig. 1. Example of Clinical Study

crucial importance for the development of new treatment concepts. Standard-
ization organizations, such as DICOM [3], HL7 [6], OpenEHR [12]are targeting
their efforts at finding a solution of the problems connected with data com-
plexity, heterogeneity of data sources. There is, however, no generally accepted
standard. All of them rely on different data models and structures. Electronic
Health Records (EHR), on the other hand, are primarily aligned to support di-
agnostic and therapeutic processes and not directly research. Development of
shared data pools has gained, naturally, increasing importance and is nowadays
internationally supported by various initiatives and projects. The aim of such
projects is the integration and archiving of clinical data, predominantly to enable
experience exchange and collaboration between experts. The National Health
Institute of the United States, for instance, set up several Research Resource
Centers [14]. Standardization organizations started to develop mechanisms for
regulated and boundless data access, too. The Healthcare Services Specification
Project (HSSP) began in January 2005 and is embedded in the efforts of HL7
and the Object Management Group (OMG).

Further issues concern the manipulation of the stored data. They are con-
nected, one the one hand, with the definition of practical methods for data
exchange and on the other - with its retrieval at a future time. The latter, in
turn, arises the question whether and how the exploitation of the human factor
(e.g. thinking processes, needs and requirements) during system design could
improve its performance in terms of the utility of presented results. Finally, the
particular approaches to computer-based research support should be considered
as well as the role that HCC plays in them.

1.3 FET and Clinical Research: Our Approach

Our research aims at examining some general principles for how technology could
be made aware of users‘ intentions and in this way meets their needs. We try to
understand these principles by defining particular features and observing their
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influence on the behavior and performance of a given system. We focus our
efforts on the development of a search engine for clinical research, as an ex-
perimental setting, for several reasons. Apart from the envisaged social benefits
and technological innovations, these efforts could bring about to deepening the
understanding the process of hypothesis development and the preconditions for
coming up with them. Clinical research is a domain where the considerations
about knowledge management inevitably lead to issues concerning clinical rea-
soning, i.e. decision making, causal relations and data classification. We are
aware, as well, of the fact that lots of clinical knowledge management systems
remain as mere academic curiosities and do not influence the daily practice of
most clinicians. We closely observe, as a result, their real information needs in
a concrete context, i.e. use cases in clinical research.

Currently we are involved in the Open European Nephrology Science Cen-
ter (OpEN.SC). The work on it gives us the opportunity to observe a particular
dimension of clinical reality and define practice-oriented approaches for support-
ing it. OpEN.SC is a project in the domains Nephrology, Nephropathology and
Transplantation Medicine [13]. It is funded by the German Research Founda-
tion (Deutsche Forschungsgemeinschaft - DFG) within the program ”Scientific
Library Services and Information Systems” (LIS). One main focus of the project
is the implementation of metadata repository for clinical data, data of studies,
literature and virtual slides.

Pathology plays an important role for the diagnosis of diseases in clinical
medicine. Its main task is the morphological examination of tissue with a mi-
croscope. A pathology report describes the abnormality and concludes with a
diagnosis which is used as the basis for the further diagnostic and therapeutical
process. In this context, useful source of data are patient records from donor and
recipient pairs with electronic stained slides. Nephrology concerns with illnesses
of the kidney including the organ replacement, i.e. dialysis, transplantation. For
transplant physicians useful source data are, for instance, patient monitoring
records of donor and recipient pairs in transplantation. The monitoring record
includes at least a list of particular examinations and check result values.

The structured data could be used for different purposes, e.g. looking for
patients with a rare disease, specific diagnosis or treatment. Another use case is
searching a distinct pattern in the virtual slides of a case. In future, the repository
could serve, as well, as an e-learning system for physicians in the mentioned field.
We chose to explore more profoundly the first use case, i.e. retrieval of cases.
Further considerations concern the retrieval strategies, i.e. search parameters
(e.g. gender, age, diagnose, medication), the causal relations between them (e.g.
diagnose-medication) and user satisfaction criterions (e.g. utility of presented
cases for the particular study, being conducted).

In this paper we present some of the results from our ongoing work on the
development of content-based CBR search engines [4] . We propose several in-
terpretations of user-aware behavior, i.e. context-based information retrieval in
medical domains and show how they influence the understanding and assessing
of the similarity. This is turn serves as a basis for the definition of more so-
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phisticated similarity measures. Moreover, we illustrate our point with several
examples, inspired by the experience, gained during the development of an in-
telligent search engine (Intelligent Catalogue)within the scope of the OpEN.SC
project. It laid the foundation and motivated our further examinations on the
above described topics.

The remainder of the paper is organized as follows: In the next section we
discuss the current trends in the CBR field, where we pay specific attention on
the application of Semantic Web technologies. In Section 3 the scope and the
architecture of the Open European Nephrology Science Center are briefly pre-
sented and in Section 4 some of the steps initiated by its evolution are described.
Section 5 concludes the paper.

2 Methods and Techniques

An up-to-date research question is how Semantic Web technologies could be
applied in Systems and Software Engineering (SSE) and if such a combination
would lead to better solutions of real world problems and improved user satis-
faction. Recent work in SSE is focused on investigating possible integrations of
techniques from Software Engineering with approaches common to Information
Engineering on the Semantic Web. Applications in the field Knowledge Man-
agement, for example, are widely using ontologies to describe the context in a
particular domain. This may involve the implanting of ontologies directly into
system’s design. The research on these topics has lead to the establishment of
new subfield in SSE, namely Ontology Driven Architectures (ODA). These ideas
have found application, as well, in the Case Based Reasoning (CBR) field. Ap-
plication of ontologies could be especially useful in the CBR theory and practice
regarding the retrieval process.

2.1 Methods

Every retrieval method includes a similarity assessment method to measure the
relevance between query and cases. Relevance could be interpreted as the utility
of the case with respect to the query. Depending on the usage of additional back-
ground knowledge by modeling the similarity measures, they could be classified
in two main groups: knowledge-poor and knowledge intensive. The main draw-
back of knowledge-poor (e.g. Hamming Distance, Euclidean Distance) measures
is that they do not take into consideration the available background knowledge
about the application domain and fail, therefore, to estimate the relevance of the
stored cases accurately. They are not able to express, for example, that Tubules
Necrosis has more in common with Cortex Necrosis than with Chronic Uremia
(Fig.3). Knowledge-intensive measures, on the other side, take into considera-
tion some context information in order to improve the approximation of the
utility of a case to a query. Some particular ones are supported in jCOLIBRI
[8]. jCOLIBRI is an open-source framework for building CBR systems that pro-
vides tools for ontology integration and processing. Another tool for building
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knowledge intensive similarity measures is myCBR [11], an open-source plug-in
for the ontology editor Protege. In comparison to jCOLIBRI, it is focused only
on the retrieval process of the CBR cycle and the definition of ontology-based
similarity measures more particularly.

2.2 Techniques

Another relatively new trend in the CBR field is the change of the view on the
retrieval process. Instead of being understood as a process implying search and
matching procedure between the query and the cases in the case base, it could
be considered as a reconstruction process, similarly to remembering by people,
i.e. humans remember things by starting with some initial clue and subsequently
collecting more and more pieces of information until the picture is sufficiently
complete. This assumption has inspired the development of the theory for Case
Retrieval Nets (CRN)[9]- a technique for flexible Case memory organization.

Basic Case Retrieval Net The main idea underlying this technique is the
construction of network structure from the stored cases (Fig.2) which represents
both the contents of the case base and similarity relationships in the domain
considered. The basic notion in CRNs is the so called Information Entities. They
may represent any basic knowledge item, such as a particular attribute-value-
pair or a key word (e.g. age, gender, diagnose). The Case Base is organized as a
net with nodes for the IEs and additional nodes (case descriptors) denoting the
particular cases. IE nodes are connected by similarity arcs, and a case node is
reachable from its constituting IE nodes via relevance arcs. Both to the similarity
and relevance arcs could be assigned a weight, a value from the interval [0,1] that
gives priority during the retrieval. They could be preliminary calculated and
stored in an external data base or dynamically learned. The former approach is
implemented in the Intelligent Catalogue - the search engine that is currently
used in OpEN.SC.

The basic advantages of BCRN consist in its retrieval mechanism. Consider
the above presented hypothetical CBR search engine. It comprises a data bank
with three cases (Persistency Layer). Each case, in turn, is described by three at-
tributes. The Case memory (Metadata Layer) is organized in a BCRN. Searching
for patients with Acute Cortex Necrosis in the data bank would lead to the re-
trieval of only Case 3. Case 2 and Case 1, however, could also be relevant for the
particular study and would be retrieved by the CRN algorithm. It is based on the
idea of spreading activation and could be simply described as follows. The key
word from the query, Acute Cortex Necrosis (d3), would activate Cortex Necro-
sis (d2) via the similarity arc connecting them. The strength of this activation,
i.e. the similarity between the two diagnoses is measured via the corresponding
weight 0,2, assigned to the arc. As mentioned above, it could be predefined and
calculated by using both knowledge-poor and knowledge intensive measures.
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Fig. 2. Basic Case Retrieval Net (BCRN)

Semantic CRN In this context, the theory about BCRN could be extended in
various ways. An interesting research question concerns the usage of ontologies
for defining context-based similarity measures and calculating the weights, which
are assigned to the similarity arcs. It is argued [2] that taxonomies represents
a relationship between the symbols through their position within the taxonomy
which express knowledge about the similarity between the symbols. The main
idea underlying this consideration is that the deeper the nodes are located in
the hierarchy, the larger the similarity between them is. The measures could be,
therefore, defined as a measure of how many features the compared objects have
in common.

Consider our example one more time. Cortex Necrosis or Case 2, then, is
certainly more relevant to the query than Tubules Necrosis or Case 1, because
Cortex Necrosis and Acute Necrosis have more in common (both of them are
Acute Kidney Failure) than Acute Necrosis and Tubules Necrosis.

3 OpEN.SC

OpEN.SC covers, at this moment, the domain of the diagnostic and treatment of
kidney diseases, including transplantation and dialysis. The system works both
as a data center to improve the availability of standardized raw data including
whole slide images (WSI) and as interface for scientific communication. In con-
trast to a Hospital Information System the repository of OpEN.SC offers data
and virtual slides from different clinical departments of various hospitals in Ger-
many. The clinical resources are modified and analyzed under the condition of
personal rights of information security.
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Kidney Failure 

Acute Kidney Failure Chronic Kidney Failure 

Acute Kidney Failure 
with Cortex Necrosis 

Acute Kidney Failure 
with Tubules Necrosis 

Cortex 
Necrosis 

Acute Cortex 
Necrosis 

Tubules 
Necrosis 

Acute Tubules  
Necrosis 

Chronic 
Uremia 

Terminal Kidney 
Failure 

Fig. 3. Taxonomy-based Similarity Modeling

Fig. 4. OpEN.SC Portal
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3.1 Architecture

The OpEN.SC platform consists of different modules implemented as web ser-
vices and organized in a Service Oriented Architecture (SOA). They are coordi-
nated by process description files using the standard language Business Process
Engine Language (BPEL). BPEL depicts the workflows of the scientific work-
place connected to OpEN.SC and yields templates for the web services. The
overall architecture is presented in [10]. The access to the data is accomplished
through a portal with user friendly interface (Fig.4).

3.2 Evolution

In the course of the work the vision for OpEN.SC has evolved from a scientific
project to a real world research center supporting advanced software tools for
clinical research. In order to meet the challenge we target our efforts to the
definition of new development strategies and technology specifications. They
take into consideration the approaches from several fields closely connected with
the development of innovative technologies: Technological Innovation System,
Social Construction of Technology, Human Centered Computing and Artificial
Intelligence.

Their underlying ideas (Section 1) made us think more profoundly about
defining and modeling user-awareness. A common approach is based on trying
to predict users‘ activities and wishes by examining the cognitive processes that
initiate them. Another one aims at collecting extensive behavioral information
about the user in question. Other common attempts are more technology driven
and define user awareness more narrowly, based on what is relevant to the specific
system. We focus our efforts mainly on the last two. Moreover, the second one
inspired a survey concerning researchers‘ actual requirements. The need and type
of computer-based support, the concrete search parameters and the criterions
for relevant cases are only some of questions that we included in it. It aims, as
well, to the better understanding of clinical research as a social and scientific
activity. It is currently being conducted in the scope of OpEN.SC project.

We expect to be able, as a result, to define and add more user-aware flavor
to the system and in particular to the search engine on the basis of:

Cognitive structures - are based on studies on clinical reasoning and could
be inferred indirectly from the more practice oriented results. They could
serve for predicting user intentions as well as to come up with an intuitive
organizational model of the case memory;

Query patterns - are based on the user queries and serves for the definition
of case content and structure;

Functional requirements - are based on the specific requirements to the re-
trieval functionality (e.g. interaction) and shape its behavior (adaptability
and flexibility).
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4 Artificial Research Assistant

The work on the search engine (Intelligent Catalogue) has led to some interesting
observations concerning the interpretations of similarity of medical data and
their dependency on the broader concept of user awareness. The arisen issues
motivated a PhD study aiming at investigating these dependencies more closely.
ARA project seeks to contribute to the former work both by providing solutions
for current questions and proposing further extensions.

4.1 Feature 1: Searching Similar Patients

Discussions with domain experts brought about to the quite controversial re-
alization that similar results in some particular use cases, i.e. study not only
would not enable the research, but also could hinder it by presenting redundant
results. In the broader sense of presenting cases with particular diagnose, that
we adopted as research scenario, this could be avoided in the following manner.
The results could be presented in two steps, whereas in the first one only the
coincident are proposed. After that the user could be explicitly asked by the
system if he would like to look through other patients who have something in
common with the first group. As explained in Section 2 (Semantic CRN), this
commonness could be modeled by means of ontologies. With comparison to the
current state (Fig.4) this feature not only gives choice but also points out the
option for presenting similar results and creates in this way connection with the
user.

The implementation of this user-aware behavior is based on the technology-
driven approach briefly mentioned in the previous section, i.e. it is closely con-
nected with the particular retrieval requirements and use case.

4.2 Feature 2: Searching Similar Patterns

Other realizations are connected with the scope of the presented results as far
as their relatedness to a particular pattern is concerned, not only to a diagnose
as in previous case. Currently, the opportunity to filter the results according to
some additional criterions is realized by means of the filter Transplantation data
(Fig.4). Other criterions, such as cause or consequence, i.e. complication could
be defined on the basis of the query patterns directly. This would be enabling
the research by setting a focus and in this way limiting the number the received
results and the efforts for examining them. This functionality could be modeled
via CRN. In this case, however, the arcs themselves, i.e. the relations between
the Information Entities is what plays an essential role and not the weights,
assigned to them.

The implementation of this user-aware behavior is based mainly on the second
behavior-centered approach and partially on the first cognition-centered one, i.e.
it is closely connected with some particular principles of research and reasoning.
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5 Experiments

As is well known from the field Knowledge Engineering, reusable components
help to both substantially increase the quality of design and construction as well
lowering the costs by reusing tried-and-tested design patterns and component
implementations [5]. From this logically follows the question if similar lessons
could be applied to Semantic Web applications. As far as the technological im-
plementation is concerned, two approaches are taken into consideration: Jena
and Protege-based one.

Jena - framework for building Semantic Web applications. Its architecture pro-
vides a mechanism for storing ontology models and attaching external rea-
soners implementing the DIG interface. Jena is open source and was devel-
oped by the HP Labs Semantic Web Program;

Protege - ontology editor that provide a possibility for developing ontology-
driven applications by supporting a plug-in architecture and Java-based Ap-
plication Programming Interface;

DIG Interface - an emerging standard that allows a variety of tools such as on-
tology editors or ontology-driven applications to access and make use of DL
reasoners via an HTTP-based interface. It was developed by DL Implemen-
tation Group (DIG), a self-selecting assembly of researchers and developers
associated with the implementation of Description Logic systems.

The Jena-based approach is implemented by GAIA (Group of Artificial In-
telligence Applications) at Complutense University of Madrid in scope of the
jCOLIBRI project. We decided to test it in a real setting. We used an ontol-
ogy developed in the scope of the OpEN.SC project. The aim of the experiment
was to compare the similarity values between two strings (diagnoses), where
two types of assessment approaches were applied: string matching and ontology-
based one. The first results show that there is a significant difference between
the values, resulting from the realization of the two approaches and confirmed
the assumptions concerning knowledge-poor and knowledge-intensive measures.
Moreover, they validate the practical applicability of the chosen methods and
encourage us to use them for the conduction of further tests in order to come up
with more comprehensive conclusions. Currently, we have been considering how
to adapt and apply the available infrastructure in compliance with the architec-
ture of the particular system and requirements.

6 Conclusions&Future Work

In this paper we presented some of the results of our ongoing work on developing
user-aware technologies. The cornerstone of our research is a specialized search
engine for the purposes of clinical research. We specify the term context-based
information retrieval for medical information and illustrate its influence on the
retrieval process. We demonstrate, as well, how ontologies could be applied in
CBR field and for calculating the weights in CRN theory, more particularly. Our



Semantic Content Models in ARA 39

future work is targeted at completing the requirement analysis and implementing
the outlined behaviors.
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