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INTRODUCTION

Over the past years significant effort and money 
has been invested into research and industrial 
projects dealing with semantic technologies by 
funding organizations such as Darpa, the European 

Commission, and Asian funding organizations 
(Bussler, 2008), (Bertolo, 2005). As a result, a large 
number of technologies, standards, and research 
prototypes are today available which permit to eas-
ily implement semantic functionalities and apply 
them to concrete use cases. Thereby, the unique 
value propositions of semantic technologies in 
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Abstract

The use of semantic technologies in practical scenarios requires carefully balancing the tradeoff be-
tween costs and benefits in order to gain acceptance. In this chapter we report on a project conducted 
together with the Austrian competent authority in regard to safety in healthcare. It is described how 
semantic technologies can be combined with conceptual models to support management executives in 
the distribution of knowledge and the analysis of compliance. The approach is based on a step-wise 
semantic enrichment of conceptual models with formal semantic schemata in order to support human 
analyses. It has been implemented on the ADONIS meta modeling platform and applied to a scenario 
dealing with the management of applications for clinical trials.
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order to meet critical real world challenges can 
be directly assessed cf. (Cardoso, et al., 2007). 
In the area of information systems, the process 
to introduce semantic technologies to practical 
scenarios is governed by the principles of design 
science. By building and evaluating artifacts in 
the form of constructs, models, methods, and 
instantiations (March and Smith, 1995) it can be 
shown how technologies can be implemented in a 
working system, thus allowing for the assessment 
of the suitability of the artifacts for their intended 
purpose (Hevner et al., 2004). As a consequence, 
the relevance of the technology for the constitu-
ent community, i.e. the practitioners who deal 
with information systems and their technologies 
can be estimated (Hevner et al., 2004). With the 
following elaborations we report on a research 
project that has been undertaken by the University 
of Vienna in cooperation with AGES PharmMed 
as the Austrian Competent Authority in regard 
to safety in health care. The main objective of 
the project was to develop IT-based solutions for 
supporting executives in the area of health-related 
public management, in particular for the approval 
of clinical trial applications. The methodology that 
has been elaborated for this purpose is based on 
the concept of semantic information models. It 
allows for the combination of visual conceptual 
models and semantic technologies on the basis of 
a meta modeling approach and follows a design-
oriented research objective. The particular benefit 
of the approach lies in the facilitation of human 
analyses of complex visual conceptual models and 
their alignment to internationally used semantic 
schemata by using a step-wise approach. The pur-
poses are to support knowledge distribution and 
compliance management, as well as to establish a 
basis for performance and resource management 
in health-related public management. The chap-
ter is structured as follows: The next subchapter 
will give a brief introduction to the foundations 
used for our approach and describe the linkages 
to existing work. Thereafter we will present the 
details of the approach and how it influenced the 

distribution of knowledge in the organization and 
the assurance of the performance and compliance 
of the processes. The chapter is concluded with 
an outlook on future research directions.

BACKGROUND

To provide the foundations for our approach 
we will briefly give some background informa-
tion to outline the challenges in the domain of 
health-related public management, the use of 
conceptual modeling and meta modeling concepts 
to represent conceptual visual models and on the 
currently available semantic technologies in the 
area of health.

Health-Related Public Management

The development of new medical treatments and 
products at a high quality and an affordable price 
is today one of the central challenges in the area of 
health-related public management. In particular, 
the research for new drugs involves a large number 
of resources and imparts considerable risks that 
have to be taken on by pharmaceutical companies 
(Sauer and Sauer, 2007). Of every 5,000 molecules 
tested, about 250 substances enter preclinical 
testing, 10 enter clinical development and just 
one will be finally approved by the regulatory 
authorities and receive the marketing authoriza-
tion (EFPIA, 2010). For the parties involved in 
this process it is therefore essential to ensure the 
efficient use of resources as well as the compliance 
to legal regulations. On the side of pharmaceuti-
cal companies, the findings from basic laboratory 
research have to be translated into new methods 
for diagnosis, therapy, and prevention. Despite the 
large number of tests that can already be conducted 
during this pre-clinical stage, the crucial data are 
accumulated during the clinical trial stage, where 
the substances are applied to humans. Depend-
ing on the phase of the clinical trial this involves 
either healthy volunteers or voluntary patients. 
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The compliance with established standards of 
manufacturing and laboratory practice and the 
consideration of relevant scientific guidelines is 
required to ensure the safety of substances before 
their first human application.

In all these stages public authorities play a 
major role. They are responsible for ensuring the 
completeness of the dossier, the verification of 
the use of state-of-the-art scientific methods and 
procedures, and the compliance with the legal 
framework. The application for clinical trials has 
to be approved by the authorities before they can 
be initiated. This involves the assessment of the 
dossier with respect to manufacturing, preclini-
cal and clinical aspects. Parallel to the evaluation 
by the competent authorities, ethics committees 
have to assess the ethical impact of the trial, as 
well as pre-clinical and clinical aspects and the 
standard of care. The basis for all these activities 
is a number of national and international legal 
regulations and guidelines. This framework is con-
tinuously adapted to the advancement of science 
and technology and with a view of international 
harmonization.

In Europe, the approval of new medicinal 
substances or products has to be based on a licens-
ing application that can either be submitted on a 
national level, in the course of a mutual recognition 
procedure (MRP) in case a substance has already 
been approved in another member state, by a 
decentralized procedure (DCP) to gain approval 
in several countries in parallel or, for a defined 
group of medicinal products, via a centralized 
procedure by the European Medicines Agency 
(EMA). Both during the clinical trial stage and at 
the time of an application for marketing authoriza-
tion, the interaction between the applicant and the 
authorities, and amongst the authorities and the 
European Medicines Agency, relies on several IT 
systems and databases. In order to allow for an 
efficient and effective processing of applications 
for the clinical testing of new substances and their 
introduction to the market, the procedures executed 
by the regulatory authorities need to be constantly 

updated and adapted to new legal and scientific 
requirements. The effective communication of 
information about these updates and adaptations 
both to the staff of the authorities as well as to 
all external stakeholders participating in these 
activities is therefore a crucial task. In addition, the 
assurance of the legal compliance and the efficient 
use of resources requires a continuous analysis 
and optimization by the responsible executives.

Conceptual Modeling 
and Meta Modeling

One way to deal with the complexity involved 
in the above outlined tasks is to use models that 
represent necessary parts of reality for the purposes 
of a human user cf. (Stachowiak, 1973). Modeling 
methods in general can be described according to 
a framework set up by (Karagiannis and Kühn, 
2002). In this framework modeling methods are 
composed of a modeling technique and mecha-
nisms and algorithms. The modeling technique 
is again composed of a modeling language and 
a modeling procedure. The modeling procedure 
defines the steps and results in the course of the 
application of the modeling language. The model-
ing language is composed of a syntax, semantics, 
and notation. In contrast to other approaches, e.g. 
as described in (Harel and Rumpe, 2000), the 
notation is separated from the syntax and stands 
for the visual representation of the elements of the 
modeling language cf. (Fill, 2009). This allows to 
modify the visual representation independently of 
the syntax. The semantics of the syntax elements 
is defined by applying a semantic mapping to a 
semantic schema. This semantic schema may 
either be formally defined or expressed in natural 
language. Based on the modeling language, mech-
anisms and algorithms can be implemented and 
used for the modeling procedure. The mechanisms 
and algorithms can either be generic, in the sense 
that they are independent of a specific modeling 
language. Or they can be specific, i.e. they are 
applicable only to one or a selected number of 
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modeling languages or hybrid, i.e. they contain 
parameters that allow specific parts to be adapted 
to other modeling languages.

An example for a modeling paradigm that can 
serve as the basis for realizing modeling methods 
and that is capable of dealing with complex static 
and dynamic phenomena are conceptual models 
cf. (Wand and Weber, 2002). Modeling languages 
in this paradigm are characterized by a formal 
syntax that allows capturing the essential aspects 
of a given phenomenon and depicting them in the 
form of a visual notation (Fill, 2009). In contrast 
to knowledge representation approaches, con-
ceptual modeling is directed towards the use by 
humans for purposes of understanding and com-
munication and not towards the use by machines 
(Mylopoulos, 1998). Therefore, the semantics of 
conceptual modeling languages are usually not 
formally specified but given in natural language.

However, as has been shown by many applica-
tions of conceptual modeling techniques in science 
and practice, the formal definition of conceptual 
models may also be extended in order to allow 
for a technical implementation (Fill, 2004) or to 
support mathematical analyses such as verifica-
tions (Mendling and van der Aalst, 2007) and the 
application of algorithms, e.g. for the purpose of 
simulation cf. (Kühn and Junginger, 1999).

The implementation of conceptual model 
editors and processing tools requires a solid 
formal basis. This basis can either be realized by 
reverting to existing platforms and frameworks 
for implementing modeling languages such as 
EMF (McNeill, 2008) or can be performed from 
scratch in any kind of higher programming lan-
guage. An established approach in this context is 
the use of meta modeling techniques (Karagiannis 
and Höfferer, 2006). Meta modeling techniques 
provide concepts to define the formal syntax of 
a modeling language together with their visual 
representation. Thereby, they enable the creation 
of mechanisms and algorithms working on the 
abstract and concrete syntax of the modeling 
language. They are available in the form of inter-

national standards such as the meta-object facility 
(OMG, 2006) or in proprietary formats (Junginger 
et al., 2000), (Gunderloy, 2004). In the terminol-
ogy of meta modeling, a meta model defines the 
model of a modeling language cf. (Karagiannis 
and Höfferer, 2006). The meta model itself is 
again described in a particular meta modeling 
language that defines the syntax, semantics, and 
notation for the composition of meta models. The 
semantics of meta models is usually defined by 
mapping the elements of the meta model to natural 
language descriptions. Thereby, the semantics of 
the elements of the abstract syntax of the modeling 
language are described, which shall be denoted 
as type semantics cf. (Höfferer, 2007). This type 
semantics remains constant for all instances of the 
meta model and can therefore be directly used for 
implementing mechanisms and algorithms. How-
ever, a second kind of semantics is assigned to the 
instances of a particular meta model: To describe 
the content of a particular instance element and 
thus make it distinguishable from other instance 
elements, attributes such as a name are assigned 
to the instance. The content of these attributes is 
though not pre-determined but is assigned by a 
user during modeling. Therefore, the semantics 
described by this content – which we will denote 
according to (Höfferer, 2007) as inherent seman-
tics – is not made explicit but described in natural 
language and therefore not directly accessible to 
machine processing.

To process the inherent semantics of conceptual 
models, several proposals have been made in the 
area of business process management that can be 
subsumed under semantic business process model-
ing cf. (Thomas and Fellmann, 2009), (Höfferer, 
2007), (Ehrig et al., 2007), (Lautenbacher et al., 
2008). A common aspect of these approaches is 
the introduction of annotations for the instances of 
a business process modeling language in order to 
apply formal semantic techniques. An extension 
to these approaches for other model types in the 
context of business process management has been 
discussed recently in (Fill and Reischl, 2009). In 
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this work, the approach of semantic information 
models has been described that stands for the 
combination of arbitrary types of conceptual 
models and formal semantic schemata. As will 
be shown in the main section of this chapter, this 
approach can be extended to achieve an alignment 
to shared semantic schemata and thus realize a 
step-wise semantic enrichment of conceptual 
models (Figure 1).

Semantics in Health-Related Public 
Management

As a foundation for expressing semantics in the 
area of health-related public management three 
areas have been identified that provide particular 
knowledge and technologies. These are: general 
biomedical ontologies, data interchange standards 
as issued by the Clinical Data Interchange Stan-
dards Consortium (CDISC), cf. (CDISC, 2010), 
and international harmonization initiatives by 
the International Conference on Harmonization 
of Technical Requirements for Registration of 
Pharmaceuticals for Human Use (ICH), cf. (ICH, 
2010).

Biomedical ontologies are today used to 
search and query heterogeneous biomedical data, 
exchange data among applications, integrate 
information, process natural language, represent 
encyclopedic knowledge or apply computer rea-
soning to data (Rubin et al., 2008). They come 
in various types of formality ranging from con-
trolled vocabularies, glossaries and thesauri to 
fully-fledged ontologies – for a good overview 
see (Rubin et al., 2008). Most of them are avail-
able for public use. The NCI BioPortal currently 
provides access to sixteen different terminologies 
including BiomedGT, the Gene Ontology, HL7, 
NCI Thesaurus, and SNOMED-CT (NCI, 2010). 
An ontology specialized on clinical research data 
has been recently presented by (Tu et al., 2009). A 
well known example for a controlled vocabulary in 
this area is the gene ontology (GO) that provides 
information about gene and protein roles in cells 
(Ashburner et al., 2000). It allows researchers to 
search for gene products that are either involved 
in particular biological processes, have certain 
molecular functions or that are located in a spe-
cific cellular component (Rubin et al., 2007). 
Furthermore, it can be used to gain insight into 
experimental results by annotating the results with 

Figure 1. Components of modeling methods (Karagiannis and Kühn, 2002)
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concepts from the GO and then executing analy-
ses based on these annotations. Another example 
for a biomedical ontology is the NCI thesaurus 
developed by the National Cancer Institute. It is a 
biomedical terminology that contains about 80,000 
concepts from several controlled vocabularies (De 
Coronado and Fragoso, 2009). Several formats 
are available for the NCI thesaurus including the 
common OWL DL ontology format.

CDISC is a global, open, multidisciplinary, and 
non-profit consortium that established standards 
to support the acquisition, exchange, submission 
and archive of clinical research data and metadata 
(CDISC, 2010). Its aim is to develop platform-
independent data standards to enable the interoper-
ability of information systems in medical research 
and related areas of healthcare. Currently, CDISC 
maintains primarily data standards in formats such 
as XML. However, also semantic definitions such 
as the CDISC glossary are available – but so far 
not in a technically processable format.

In the area of health-related public manage-
ment an important organization in regard to the 
standardization of terminologies is the ICH. It is 
a joint initiative of regulators and research-based 
industry representatives of the European Union, 
the USA, and Japan (ICH, 2010). Currently the 
members of the ICH are the European Union 
and the European Federation of Pharmaceutical 
Industries and Associations (EFPIA), the Food 
and Drug Administration (FDA) and the Pharma-
ceutical Research and Manufacturers of America 
(PhRMA), as well as the Ministry of Health, 
Labour and Welfare (MHLW) in Japan and the 
Japan Pharmaceutical Manufacturers Association 
(JPMA). Its objective is to “increase international 
harmonization of technical requirements to ensure 
that safe, effective, and high quality medicines are 
developed and registered in the most efficient and 
cost-effective manner” (ICH, 2010). An important 
part of ICH is concerned with the development of 
common guidelines for the description of proce-
dures of regulatory authorities. These guidelines 
are divided into the four major categories quality, 

safety, efficacy, and multidisciplinary. Although 
these guidelines follow an informal approach 
described in natural language they contain clas-
sifications of terms and detailed glossaries about 
the domain specific understanding of the terms 
and the procedures related to them. This makes 
them a valuable source of reference for the regula-
tory authorities that is continuously updated and 
approved by all member organizations.

AN APPROACH FOR A STEPWISE 
SEMANTIC ENRICHMENT OF 
CONCEPTUAL MODELS

As has been outlined above, the management tasks 
in the area of health-related public management are 
characterized by complex relationships between 
professional knowledge in the area of medical 
research, continuously changing compliance 
requirements and the need for an efficient use of 
resources. Additionally, several actors and IT sys-
tems are involved that need to communicate with 
each other and exchange information. To master 
these challenges, the use of conceptual modeling 
techniques has been found to be an appropriate 
solution (Fill and Reischl, 2009). In particular, 
conceptual models allow for the representation 
of the domain specific knowledge in regard to 
processes, organizational structures, and the in-
volved IT systems. Several modeling languages 
are today available that support these tasks, e.g. 
event driven process chains (Keller et al. 1992), 
Adonis (Herbst and Karagiannis, 2000) or BPMN 
(Wohed et al. 2006). These modeling languages 
can be further extended and combined with other 
approaches, e.g. for integrating the modeling of 
IT architectures and services (Moser and Bayer, 
2005) or for representing strategic relationships 
(Lichka, 2006).

With the increasing use of such modeling 
techniques, ranging up to several thousand models 
in some enterprises cf. (Rosemann, 2006), the 
use of (semi-)automatic analysis methods gains 
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importance. This concerns not only the evaluation 
of traditional process performance indicators such 
as time, cost, and quality attributes but also the 
inspection in regard to compliance requirements 
or the distribution of knowledge to the different 
stakeholders. To support these analyses from a 
technical point of view, the conceptual models 
thus need to be extended. One way to enable 
such analyses of conceptual models is to use 
annotations with concepts from formal semantic 
schemata such as ontologies. In this way, semantic 
functionalities such as the provision of background 
knowledge for query expansion or rewriting, the 
facilitation of natural language processing, the 
retrieval and integration of information from 
different, distributed sources or the provision of 
navigation structures can be realized and directly 
employed for advanced analysis tasks cf. (Van 
Elst and Abecker, 2002).

The use of such semantic annotations for 
concrete practical scenarios has so far been 
described for some cases in the area of business 
process management e.g. (De Francisco, 2009). 
When bringing these approaches to practice, the 
tradeoff between costs and benefits of a particular 
approach has to be well argued in order to gain 
acceptance. Especially, when aiming for a high 
level of formality of semantic schemata, large ef-
forts may be required including specially trained 
personnel and high costs for the time consuming, 
ambiguous and error-prone process of formaliza-
tion (Van Elst and Abecker, 2002). Therefore the 
degree of formality has to be carefully chosen. 
In contrast, conceptual modeling approaches are 
characterized by the use of intuitive, visual ele-
ments that need not obey formal constraints. When 
the processing of the conceptual models becomes 
necessary, they can be gradually enriched with 
the formal concepts required for the processing.

Based on these considerations, we developed 
an approach that is based on conceptual models 
and allows for a step-wise semantic enrichment 
of these models. This shall be described in the 
following sections.

Meta Modeling as a Basis

As a basis for our approach we used the concepts 
of meta modeling to define the formal syntax of 
the involved modeling languages. The intuitive 
concepts of meta models proved particularly 
useful to communicate the concepts also to non-
technical users and thus receive early feedback 
on the approach. By using meta modeling as the 
foundation for all involved modeling languages, 
particular advantages for the implementation of 
algorithms can be gained as the technical envi-
ronment for the modeling languages remains the 
same and thus all information is available in a 
coherent format and structure. Therefore, applica-
tion programming interfaces and tools supporting 
meta modeling can be easily re-used. To realize 
the step-wise semantic enrichment we defined 
three phases (see Figure 2):

The first phase only contains traditional con-
ceptual models that are derived from a common 
meta model. The expression of semantics in this 
phase is conducted by creating conceptual visual 
models based on the modeling language as defined 
by the meta model. As the meta model itself is 
described by natural language, e.g. in the way of 
a manual explaining the concepts and relations, 
and the conceptual models do not contain formal 
semantics at this stage, formal analyses of the 
models can only be performed on the syntax and 
the type semantics of the modeling elements. The 
inherent semantics of the model elements cannot 
be processed at this stage. An example could be 
a conceptual model of a business process contain-
ing elements for activities, decisions, and relations 
that express a flow between these two elements. 
Thus, the type semantics of the elements is given, 
i.e. a creator of an algorithm could use the knowl-
edge that the model can be used to express a flow 
of activities and decisions and implement her 
algorithm accordingly. However, the inherent 
semantics of the elements, e.g. the name of an 
activity, is given in natural language and thus not 
formally defined in semantic terms.
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In the second phase, semantic definition models 
are added. They are also defined based on a com-
mon meta model and can be used to express the 
inherent semantics of the conceptual models. The 
semantic definition models may contain any type 
of elements that serve the purpose of describing the 
inherent semantics of the conceptual models. Ex-
amples could be formal semantic schemata but also 
models of documents or other types of conceptual 
models taking the role of a semantic definition. By 
linking elements of the conceptual models to ele-
ments of the semantic definition models, semantic 
annotations can be created. Thereby, it becomes 
possible to assign, for example, to the name of an 
activity “Write approval letter” elements from the 
semantic definition model that detail the semantics 
of “Write” and “approval letter”. Carrying on 
with the example, the semantic definition model 
may thus contain a controlled vocabulary with an 
entry for “approval letter” that defines in natural 
language what is understood by an approval let-
ter. The purpose of semantic definition models 
in this phase is therefore to provide a common 
semantic reference to the conceptual models. The 
concrete composition and the modeling language 
of the semantic definition models are left open 
and may range from strictly formal to primarily 
syntactic forms.

For the third phase, the semantic definition 
models are synchronized with externally available 

semantic definitions. In contrast to the second 
phase, the semantic definitions in the third phase 
are not static, in the sense that they can only be 
modified within the framework of conceptual 
models and semantic definitions models. Rather, 
they can now be updated and aligned to external 
semantic definitions. An example could be a 
shared ontology or a wiki that is maintained as 
a web resource. From this resource, either parts 
or the complete resource can be integrated as 
semantic definitions. In case the resource is up-
dated, corresponding mechanisms have to ensure 
the consistency with the conceptual models that 
have been annotated with semantic definitions 
from the resource. The advantage of integrating 
external semantic definitions is on the one hand the 
re-use of existing definitions and on the other the 
facilitation of semantic interoperability. A concrete 
instantiation of this three-phase framework will 
be described in the following section by reverting 
to the approach of semantic information models.

Instantiation Using Semantic 
Information Models

As has been described above, the conceptual-
ization of semantic definition models can be 
performed in various ways, ranging from formal 
semantic schemata to primarily syntactic model 
definitions. The choice for the composition of the 

Figure 2. Phases of the semantic enrichment of conceptual models
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definitions depends on factors such as the goal of 
the annotation and the expected advantages of a 
formal definition, the familiarity of the users with 
certain semantic definition languages, and the 
technical support in regard to the available tools 
for processing semantic definitions.

For the application in the area of health-related 
public management, we used the concept of seman-
tic information models to create semantic defini-
tion models based on formal semantic schemata. 
As has been shown in previous work, semantic 
schemata that are suitable for this approach are 
for example controlled vocabularies and ontolo-
gies based on the web ontology language (OWL) 
specification (OWL, 2009), cf. (Fill and Reischl, 
2009), (Fill and Burzynski, 2009). In the approach 
presented here, we developed an extension to 
the controlled vocabulary definitions in (Fill and 
Reischl, 2009). The conceptual model types are 
based on a common business process modeling 
language with extensions to allow for simula-
tions of the business processes and to represent 
document models and organizational models. All 
model types have been specified in an integrated 
meta model as shown in Figure 3: The business 
process model type contains elements to define 
the control flow and the information flow of busi-
ness processes. Variable elements can be used to 
further detail decisions taken in the process flow 
and thereby provide formal definitions of the 
decisions for executing the simulation. The orga-
nizational model type is based on role concepts. 
Roles can be assigned to actors for expressing 
their skills and qualifications. By further assign-
ing roles to activities in the process flow, busi-
ness process models and organizational models 
can be linked. In the same way, elements of the 
document model type can be linked to activities. 
To integrate semantic definitions, the semantic 
definition model type provides term elements. 
Term elements can be linked to each other by 
using is broader term relations. Additionally, 

relationships between terms can also be defined 
using the related term property. With this property 
three qualified relations can be expressed: syn-
onyms, comments, and arbitrarily related terms. 
Thereby, basic semantic relations between terms 
of a controlled vocabulary can be defined which 
proved sufficient for providing solutions in the 
context of health-related public management so 
far. The term elements can be linked to elements 
in the business process model type, the document 
model type, and the organizational model type to 
express semantic annotations. For the creation of 
user-centric visualizations, a view definition ele-
ment is available in the business process and the 
organizational model type. Through references to 
terms it can thus be defined, which elements have 
been annotated with a specific term. This is then 
used to derive a visualization that can visually 
highlight these elements.

In detail, these model definitions and the link-
ages to the semantic definition model allow for 
the following analyses to be conducted: By an-
notating role elements, activity elements and 
document elements with the term elements, 
analyses of the compliance to specific regulations 
can be supported. For example, this allows to 
easily identify activities that are related to a spe-
cific term and need to be updated due to a change 
of the regulations of this term as indicated through 
a link to the corresponding legal document. In the 
same way, not only a search for specific roles and 
thus actors who are responsible for certain ac-
tivities can performed, but this search can also be 
done using semantic relationships, e.g. by using 
the related term or synonym term properties. This 
applies also to the search for documents that are 
relevant for the execution of activities in the 
process.

As all elements of the models are formally 
defined, the implementation of the meta model on 
a concrete technical platform can be directly per-
formed. For our approach we used the ADONIS1 
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Figure 3. Excerpt of the meta model used for the scenario of health-related public management
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meta modeling platform to implement the meta 
models and define the visual representations of 
the model elements. This also permits to easily 
distribute the knowledge contained in the models in 
other formats, e.g. for the distribution in the form 
of HTML pages that can be stored on a website 
and made accessible to all internal and external 
stakeholders. With the formal definitions based on 
a meta model mechanisms and algorithms work-
ing on these models can be immediately realized. 
In particular, algorithms for the simulation of the 
contained business processes can be applied to 
generate information about cycle times and the 
usage and requirements of resources for executing 
the processes. Furthermore, the annotation of the 
model elements can be used as input to advanced 
visualization functionalities (Fill, 2009). These 
can highlight for example particular parts of a 
complex model based on a set of given terms and 
semantically related terms to directly support the 
user in analyzing the structure of the model based 
on the view definitions.

Concerning the above described phases of 
semantic enrichment, the presented meta model is 
able to support all three phases. For the traditional 
use of conceptual modeling the semantic defini-
tion models can be left out and the use restricted 
to the business process model, organizational 
model and document model type. For the second 
phase, semantic definition models can be added 
based on user-defined semantic terms and their 
relationships. This ensures already a consistent 
terminology by linkages to the semantic terms 
throughout the various conceptual models. It also 
permits to conduct several semantic analyses. By 
integrating semantic definitions from external 
sources, the semantic capabilities of the approach 
can be even further extended. In this phase, even 
more powerful semantic definitions can be used 
for the analyses, including large ontologies and 
thesauri that can be mapped to the semantic defi-
nition models.

Application at AGES PharmMed

The above described approach has been applied in 
a practical scenario at AGES PharmMed. AGES 
PharmMed and the Federal Office for Safety in 
Health Care (BASG), the Austrian Competent 
Authority, went operative on January 2, 2006 
following a reorganization and out-sourcing from 
the Federal Ministry of Health. Legal responsi-
bilities of the BASG center on issues pertinent 
to drug development and licensing. The purpose 
of AGES PharmMed, which is fully owned by 
the Republic of Austria, is to support BASG 
by providing services, personnel, and location. 
The tasks of AGES PharmMed can be described 
by nine categories: (1) the approval of clinical 
trials with medicinal products and/or medical 
devices; (2) the approval of pharmaceuticals; (3) 
pharmacovigilance, i.e. the systematic logging 
of adverse reactions of medicinal products; and 
the vigilance of medical devices (4) the moni-
toring of the market of medicinal products; (5) 
the inspections of pharmaceutical companies; 
(6) haemovigilance, i.e. the monitoring of blood 
donations and transfusions; (7) the provision of 
scientific advice for pharmaceutical companies; 
(8) the official medicines control laboratory; 
and (9) the official international representation 
of Austria in European organizations such as the 
European Medicines Agency (EMA).

The focus of the scenario was the manage-
ment of clinical trial applications with medicinal 
products. These applications are subject to Eu-
ropean Directives that have been introduced to 
harmonize the different work practices in regard 
to clinical trials. European Directives have been 
translated into National Law and are applicable to 
all member countries (Heerspink et al., 2008). In 
particular, the clinical trials directive Dir/2001/20/
EC clearly defines the role of central and local 
ethics committees and how they should interact 
in the procedures for the application of clinical 
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trials cf. (European Parliament and the Council, 
2001). For example, it is thus stated that an ap-
plication for a clinical trial has to be submitted 
to a central ethics committee and the member 
state’s competent authority in parallel and that 
both parties have to give an opinion on the trial 
application within 60 days from the receipt of 
the application. In addition, competent authori-
ties have to provide mechanisms for the access 
of regulatory information by investigators and 
the general public and to evaluate and improve 
standards in clinical trials according to the recent 
scientific advancements. This constant adaptation 
to national and international procedures according 
to the legal framework requires a high degree of 
flexibility on the side of the competent authorities.

To apply the approach of semantic informa-
tion models at AGES PharmMed the following 
steps were taken: In preliminary workshops the 
processes relevant for the administration of clini-
cal trials were identified. These processes were 
then modeled in detail in ADONIS using mainly 
the business process model type together with 
the organizational model type and the document 
model type. As a next step, a controlled vocabulary 
was added using the semantic definition models. 
This controlled vocabulary contained terms that 
are central to the management of clinical trial ap-
plications and allowed to create first user-centric 
visualizations of the process models in order to 
highlight specific process parts. The last step so far 
comprised the integration of the CDISC glossary 
in the form of a semantic definition model. The 
CDISC glossary is freely available in a textual 
format and contains 400 terms from the area of 
clinical research. In contrast to most of the avail-
able biomedical ontologies it contained a large 
number of terms relevant for the management 
of clinical trial applications and did not require 
knowledge about formal semantic definitions. The 
textual format was parsed using a Java applica-
tion and transformed into a model instance of the 
semantic definition model type - see Figure 4 for 
a screenshot showing the ADONIS meta modeling 

platform with a business process model on the 
left, the semantic definition model of the CDISC 
glossary on the right, another semantic definition 
model from the second phase at the bottom and a 
document model.

The terms contained in the CDISC glossary 
are explained in natural language. In addition, the 
glossary provides references to synonym terms, 
related terms, and relevant ICH and FDA guide-
lines. This information was also transferred to the 
semantic definition model and the links between 
the terms were established automatically in the 
model in case they were defined in the CDISC 
file. Finally, the elements of the conceptual mod-
els were partly annotated by hand using the terms 
from the CDISC glossary. Thereby it turned out 
that some of the terms and concepts were only 
applicable to a specific type of organization or 
even only to specific countries with particular 
regulations. Although some of the terms defined 
in the CDISC glossary are based on the ICH 
guidelines – which ensure a common understand-
ing between all member countries – several terms 
are specific to the US way of handling certain 
procedures. For example the entry for “action 
letter” defines it as “…an official communication 
from FDA to an NDA sponsor…” (CDISC, 2010). 
Therefore, a direct annotation with these concepts 
was not possible as it would mislead a potential 
investigator of this term. However, it was found 
that the usage of terms from the CDISC glossary 
together with the conceptual models proved help-
ful in order to understand the origin of the mean-
ing of a specific term and its embedding in a 
particular process.

Based on the annotations of the models with 
terms from the CDISC glossary, the user-centric 
visualizations of the process models could thus 
also be performed using an internationally es-
tablished terminology standard - see Figure 5 
for an example. In this screenshot, three activi-
ties in the process are shown that deal with the 
applications for “Substantial amendments” and 
“Non-substantial amendments” and the report-



207

Stepwise Semantic Enrichment in Health-Related Public Management

ing of SUSARs (Suspected Unexpected Serious 
Adverse Reaction). The activity “SUSAR report-
ing” has been annotated with the CDISC term 
“serious adverse drug reaction (serious ADR)”. In 
the CDISC glossary this term contains a relation 
to the term “adverse experience” via the related 
property. The term also has another relation to the 
term “adverse event (AE)”, again with the related 
property. At the same time, a view definition ele-
ment has been defined for the process model (not 
visible on the screenshot) that contains a reference 
to the term element “serious adverse drug reaction 
(serious ADR)” of the semantic definition model 
containing the CDISC glossary. It was therefore 
possible to adapt the visualization of the process 
model based on these relationships, so that in this 
view, only activities that have been annotated with 
the terms defined by the view definition element 
are highlighted and all others with lower contrast. 

By additionally using the semantic information of 
the related properties, it is also possible to expand 
the visualization semantically, in the way that 
any terms transitively related to “adverse event 
(AE)” can be found and used for highlighting 
correspondingly annotated activities.

As a consequence of these functionalities, it 
is possible to support the distribution of knowledge 
in the way that commonly used terms of the CDISC 
glossary can be used to find the related informa-
tion in the process model. Furthermore, the man-
agement of compliance to legal frameworks can 
be supported by identifying process parts that are 
related to terms that have undergone a change in 
scientific or legal procedures. An example could 
be a change in the handling of activities related 
to adverse events that require new reporting mea-
sures and that can be found via the above outlined 
mechanisms.

Figure 4. Screenshot of the implementation on the ADONIS meta modeling platform
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Lessons Learned

For the application in future projects we would 
like to give a short overview of the main lessons 
learned through applying the approach in prac-
tice. The representation of the business processes 
using the described modeling language together 
with the semantic annotations led to several 
benefits. Among them was the facilitation of the 
distribution of knowledge about the processes 
within the organization and the possibility of 
relating different information sources using a 
common terminology. This proved particularly 
helpful for the instruction of new staff members 
and their understanding of the complex depen-
dencies between the various procedures and the 
according terminology standards. Furthermore, 
the separation of the organizational roles from 
concrete performers using the role concepts and 
their semantic annotation established a good basis 
for analyzing resource requirements by apply-
ing the described visualization technique. The 
insights gained by these analyses will be directly 

used in a subsequent project that will deal with 
performance management. What directly sup-
ported the application in an industry setting, was 
the fact that a stepwise approach could be taken 
for the formalization. Although formalization 
can offer a large range of additional processing 
functionalities, the effort for encoding just the 
basic semantic relationships of real-life business 
processes and the dependencies on a large number 
of legal regulations for ensuring compliance in 
formal terms can quickly outweigh its expected 
benefits. Especially the semantic technologies 
that have been reported in approaches for se-
mantic enrichments of models so far still require 
a considerable amount of manual encoding that 
requires itself considerable knowledge about the 
formal foundations and the represented domain 
knowledge. Although the approach used here does 
not exempt domain users from dealing with formal 
issues, the stepwise semantic enrichment greatly 
smoothed the way towards it. Furthermore, the 
use of visual models helped to generate results 
rather quickly by the domain experts themselves.

Figure 5. Screenshot of a user-centric visualization using the CDISC glossary
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FUTURE RESEARCH DIRECTIONS

Future work will include the evaluation of the 
approach in regard to the additional benefits 
of using semantic information models in the 
context of health-related public management. 
This concerns in particular the investigation of 
the mechanisms necessary to execute (semi-)
automatic analyses of the compliance of the pro-
cesses to legal regulations and the use of semantic 
schemata with a higher degree of formality such 
as ontologies. For this purpose it can be reverted 
both to a number of ongoing work in the area of 
compliance management of business processes 
(Karagiannis et al., 2008) and the application 
of semantic technologies for automated check-
ing (Awad et al., 2008), (El Kharbili and Stein, 
2008). However, for the concrete application 
field of health-related public management the 
most relevant semantic standards such as the ICH 
guidelines are currently not available as a formal 
specification. A fruitful approach to integrate also 
these guidelines could be to apply techniques of 
natural language processing in order to generate 
appropriate formal schemata for the integration as 
semantic definition models. Furthermore, it will 
have to be investigated, how the annotation of the 
conceptual models can be (semi-)automatically 
performed or at least how humans can be better 
supported during this task. Possible solutions for 
this goal might be found in the area of machine 
learning and artificial neural networks.

Conclusion

In this chapter we described an approach for the 
stepwise semantic enrichment of conceptual mod-
els. Our focus area was the field of health-related 
public management. To support management ex-
ecutives in this field we developed a meta model 
based approach for creating conceptual models 
and annotating them with elements from semantic 
definitions. The goal was to support knowledge 

distribution and compliance management, as 
well as to establish a basis for performance and 
resource management. By using a three-phased 
approach we showed how conceptual models can 
be semantically enhanced and related to externally 
defined semantic schemata. The approach benefits 
both staff and management in dealing with com-
plex conceptual models. It has been applied and 
positively evaluated at the Austrian competent 
authority AGES PharmMed in a practical setting.
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Endnote

1 	 ADONIS is a commercial product and trade-
mark of BOC AG. A community edition is 
available at http://www.adonis-community.
com/


