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Furthermore, through these different parts of the repository, we can classify formal and informal process mod-
els. When classifying formal models the reference model is known and some meta-data are maybe already 
available. This is why process knowledge and meta-data can easily be identified and be included into the onto-
logical meta-model. It gets more difficult, when we try to include informal models, like a process on a graphic, 
into the ontological meta-model. Then suitable meta-data have to be extracted and thereby the resources can be 
classified.  

 

Figure 1 - Content of an Enterprise Repository 

 

Nowadays we already have some powerful tools which comprise some of the illustrated functions an enterprise 
repository should have. We have a closer look at business process reference models, the simple file system and 
the Business Process Management (BPM) tools and see what they fulfil and what is not integrate in these sys-
tems to be an enterprise repository. 

File System: The simplest solution is to save the documents and graphical models in a normal file system. This 
solution has several drawbacks like it can only manage graphical models and it is not possible to relate on other 
resources. However, it allows attaching limited meta-data to the resources, but to maintain them is time-
consuming. 

Business process reference model: Because dependencies are provided, relations can be derived. Fettke, Loos, 
& Zwicker (2006) analysed 30 process reference models and classified them. One criterion was reusing and 
customization of model elements, which is only provided by one third of the analysed models. Further, manag-
ing documents and meta-data are limited or not provided. 

Business Process Management (BPM) tools: These tools can be powerful and come closest to an enterprise 
repository. Normally, these applications use a process reference model and store the models in a database, 
whereby the deficiency of reusing model and elements can be neglected. Some of the tools have an included 
document management system, whereas these mostly offer only simple functionalities. Through the process 
reference model and assigning documents to specific resources, dependencies can be derived. In case of tool 
ADONIS (BOC-Group, 2009), meta-data can be defined, but not related to other resources. Additionally, BPM 
tools don’t use an ontological model, which would allow interconnecting various types of resource related to 
business processes. 

As we have seen, no current solution provides all the functions of a complete enterprise repository. Thus, our 
project goal is to create a ontological meta-model, which is applicable to all fields of business and organisation 
and can be used as a knowledge management tool to retrieve process and functional knowledge. For the sake of 
convenience ‘ontological meta-model’ will from now on simply referred as ‘meta-model’. 
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3. OUR APPROACH 
In this project we apply a structured procedure, in which we can distinguish between the business and the in-
formation technology perspective, to define a meta-model. The perspectives and the associated steps are shown 
in Figure 2. The blue box shows the name of the step, whereas the grey box defines the object of investigation. 

In the business perspective a statement about the project motivation (see chapter 1) is made. Additionally objec-
tives are set, which have to be satisfied by the IT perspective, so that the project result add real value to the 
business (see chapter 2). Out of the objectives future users of the enterprise repository and affected system envi-
ronments are identified. In these two steps the user’s requirements to the end result and the attribute of the sys-
tem environment are gathered and described. All these steps have influence on the task ‘Process & Functional 
Knowledge Retrieval’, which has to be described. By understanding this task, a fitting enterprise repository can 
be developed, which will add the most possible value. The requirements of the users, the attributes of the system 
environment and the task description define the business environment in which the semantic enterprise reposi-
tory is operated (see chapter 4).  

Because the meta-model will be used as an information and knowledge management tool, a certain level of 
information quality has to be assured. Therefore, in the step object assessment information quality criteria are 
defined and weighted with respect to their importance (see chapter 5). To weight the importance of the informa-
tion quality criteria the description of the business environment are influence factors. 

In the next step, meta-model creation, classes are gathered and set into relations with each other, what results in 
an ontology (see chapter 6). Afterwards possible meta-data attributes are defined and are assigned to the infor-
mation quality criteria (see chapter 7). Further, assessment methods for the information quality criteria are ex-
plained.  

To prove our concept we design a prototype of a semantic enterprise repository. This implementation is done in 
loose collaboration with the Swiss Federal Research Institute „Eidgenössische Forschungsanstalt für Wald, 
Schnee und Landschaft“ (WSL), which provides us business process data. The prototype is capable of returning 
process resources and properties of a given entity. Representing a process-optimized search approach, we ex-
pect to experience high relevancy in a final result set. 
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Figure 2 - Approach to create a meta-model (based on Knight & Cowan, 2005) 
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4. IDENTIFICATION OF ENVIRONMENT 
To design a meta-model, which brings the desired benefit to an organization all needs of involved roles have to 
be evaluated. Therefore the current situation has to be described and all requirements of different views have to 
be retained. By implementing a meta-model three views can be distinguished. First there is user of the enterprise 
repository, who has expectations and pursues a goal. Secondly, the true nature of the system environment must 
be analysed and understood fully so that the appropriate established elements of the meta-model can be chosen 
(Knight & Cowan, 2005). Thirdly, the tasks, which are executed with the enterprise repository, have to be 
known and understood to recognise the room for improvements. If the end product doesn’t fulfil the require-
ments of just one of these three views, it either won’t be applied by the end user, it can’t be implemented in the 
system environment or it doesn’t improve the work of the user. 

4.1. USER 
To optimize the benefit of a semantic enterprise repository the system not only has to be adapted to the common 
query streams, but also it has to satisfy the user’s information need. Therefore the ‘why’ of a user’s search be-
haviour is essential, which gives us the underlying user-motivation (Rose & Levinson, 2004). 

The enterprise repository will be used by process workers, owners and developers to retrieve process and func-
tional knowledge. The process developers, as experts in the field, have deepened knowledge about processes. 
They will perform queries to obtain information, which can be very detailed. Thus, queries can be broad as well 
as very precise.  
Process workers and owners experience with business processes can vary strongly, in particular the process 
workers, which some of them maybe never read or applied a business process model. Unlikely the process own-
ers, they should be able to read, apply and manage their own processes, but don’t have necessarily an overview 
across more than his own processes.  
Because knowledge and experience of users of the enterprise repository can differ so strongly it is absolutely 
necessary to provide the opportunity to perform broad queries and precise queries as well. 

The users of the enterprise repository like to receive information about processes models, rules, IT-system mod-
els, organisational structure and all other models and information related to processes. The option to query rela-
tions between different models and resources has to be possible as well. Hence, we can state that users need 
information about the whole modelling perspective of the organizational process management. The information 
is mostly needed to assure if a certain element already exists, where it is used, on what it has influence, to what 
other resources it is connected etc. Because the enterprise repository is used during execution time as assistance 
to complete a process, a user has to rely on a query result. Therefore, the search results of the enterprise reposi-
tory have to be accurate and complete, so that the user can complete a process correctly. 

4.2. SYSTEM ENVIRONMENT 
In this case, the system environment is the process landscape of an organisation. We have to explore its charac-
teristics to name the appropriate information quality criteria. Today’s process landscapes are getting more com-
plex and interlinked. The processes interact with each other and are heavily influenced by the business envi-
ronment an organisation participates in. Business Processes Management (BPM) helps to adopt processes to 
react on the constant changing business environment conditions (Debevoise, 2006). Processes are essential to 
achieve the business goals and are supported by information technology (IT). Thus, processes play an important 
role in aligning business and IT. 

Implementing a semantic enterprise repository faces syntactical, semantic and technological challenges. Then a 
further characteristic of the process landscape is that there are several standards of business process modelling.. 
This leaves two options to define the system environment for our meta-model: (1) building up a semantic enter-
prise repository for a specific business process modelling standard or (2) developing a repository which is held 
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very broadly to cover the basic information of a business process. In this work the second approach is chosen to 
provide a model that can be later adapted to the needed business process modelling standards.  

Another characteristic of the organizational process landscape is the grade of formalization of business proc-
esses. As we earlier saw, an enterprise repository can include formal and informal models. Further formal mod-
els can vary in their granularity. Depending on the grade of formalization the benefit of the appliance of an en-
terprise repository is determined. Then the more information we can retrieve from models, the more knowledge 
a user can retrieve from the enterprise repository to complete a process successfully. But the higher the grad of 
formalization, the higher are the demands on the precision of queries and the higher the role of information data 
quality gets. To measure the maturity of processes models like Business Process Maturity Model (BPMM) 
(Object Management Group, 2008) or Capability Maturity Model Integration (CMMI) can be applied. A seman-
tic enterprise repository could be applied from CMMI Maturity Level 2, where processes are planned and exe-
cuted in accordance with policies (Software Engineering Institute, 2006). Of course the repository deploys its 
full application potential when an organization has a set of standard processes which are well characterized and 
understood, and are described in standards, procedures, tools, and methods (Software Engineering Institute, 
2006). This is achieved in CMMI Maturity Level 3.  

4.3. TASK 
By describing the task of retrieving process and functional knowledge in context of the enterprise repository 
user and the system environment, further criteria for extending the information quality criteria can be identified. 
In this task we can distinguish the designated information into process knowledge and functional knowledge 
(Hinkelmann, 2008). Process knowledge is about processes like participants, resources and responsibilities, 
whereas functional knowledge is about needed skills, strategies, regulations etc. 

Because the enterprise repository assists users to complete their processes, the task of retrieving process and 
functional knowledge is executed regularly by several users. This can also happen simultaneously. Because of 
the frequency of execution it is important that the results are delivered within a second.  

According to the search goal hierarchy of Rose & Levinson (2004), in information retrieval we can differ be-
tween the informational, the resource and the navigational search goal. If a user wants to learn something about 
a model and / or its relations, he pursues an (process) informational goal. If he wants to obtain a resource like a 
model, he pursues a resource goal. These two goals should be supported by our semantic enterprise repository. 
The last search goal, the navigational goal, is concerned to manoeuvre to a specific known process, isn’t re-
quired yet by the users. 
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5. OBJECT ASSESSMENT 
Before introducing different classification systems for information quality and selecting a suitable system for 
our project, we define information quality. Afterwards, the information quality criteria are derived and weighted 
with respect to their importance. 

5.1. DEFINITION AND PURPOSE OF INFORMATION QUALITY 
With the technological development and the rapid growth of the amount of information available data quality 
problems arose. The computer users have to handle daily information overflows. Nowadays this task is sup-
ported by search engines in different forms. The goal of using a search engine is to retrieve content and results, 
which meet user’s expectations. A widely used description of data quality is provided by Wang & Strong, who 
defined data quality as data that are fit for use by the data consumer. This definition emphasizes the importance 
of taking a consumer viewpoint of quality because ultimately it is the consumer who will judge whether or not a 
product is fit for use (Wang & Strong, 1996). This implies that data quality is relative, as data considered appro-
priate for one use may not possess sufficient attributes for another use (Tayi & Ballou, 1998). 
 
These findings hold for the process landscape as well. More and more organizations model their processes. Ac-
cording to the research of Harmon & Wolf (2008) in the year 2006 20% had no process models for their major 
value chains. In 2007, this value decreased by 9%. Therefore, before we develop a meta-model for the semantic 
enterprise repository, we have to assure information quality by defining information quality criteria for our 
product so that it meets the expectations of the users of the enterprise repository. 

5.2. CLASSIFICATION OF INFORMATION QUALITY  
As previous mentioned, users have to deal with constant information overflow. Thus, different approaches and 
models were developed to classify information quality. They differ in their classification attempts, attributes or 
criteria assessment, as well as in their application fields. We give an overview of some of the different kinds of 
classifications, chose one which best fits for our purposes and apply it. 

TDQM This is a classification model, which is developed by the MIT Total Data Quality Manage-
ment Program with support of other members. The aim of this program is to establish a solid 
theoretical foundation and afterwards devise practical methods for business and industry to 
improve data quality (MIT, 2009). TDQM classifies and describes the dimensions and defines 
their meaning. Additionally an approach how to manage (Shankaranarayanan, Ziad, & Wang, 
2003) and a method how to assess and improve (Lee, Strong, Kahn, & Wang, 2002) data 
quality were developed. 
 

Shanks & 
Corbitt (1999) 

The extended semiotics-based data quality framework focuses on the social and cultural as-
pects of data quality (Shanks & Corbitt, 1999). The framework considered intrinsic and ex-
trinsic characteristics to define data quality. 
 

Kahn, et al. 
(2002) 

The authors developed a two-by-two conceptual model for describing information quality, 
which they call the product and service performance model for information quality (PSP/IQ). 
The model includes the dimension and the definition of the TDQM. It distinguishes between 
the two view of quality ‘conforming to specifications’ and ‘meeting or exceeding consumer 
expectations’. Further it differs between product and service quality. 
 

ISO/IEC 9126 This international standard is divided into four parts: a quality model, external metrics, inter-
nal metrics and quality in use metrics. The quality model classifies software quality into dif-
ferent sets of characteristics. With the metric models different criteria and measurements for 
the different characteristics are developed. 
 

Naumann & 
Rolker (2000) 

The approach classifies the information quality criteria assessment-oriented. They identified 
three sources, which can score the IQ criteria. Furthermore, they established for each criterion 
an assessment method. 
 



  MSc Business Information Systems  
   

 

C
ha

pt
er

: O
bj

ec
t A

ss
es

sm
en

t 

9 

In Table 1 the assembling of the different classification models are listed. The different constructs give a broad 
idea how and where the model could be applied.  

Model  Assembling 
 Category Dimension 
TDQM Intrinsic IQ Accuracy, Objectivity, Believability, Reputation 

Accessibility IQ Accessibility, Security 
Contextual IQ Relevancy, Value-Added, Timeliness, Completeness, Amount of 

Info 
Representational IQ Interpretability, Ease of Understanding, Concise Representation, 

Consistent Representation 
 
 Semiotic Level Goal Dimension 
Shanks & 
Corbitt (1999) 

Syntactic Consistent Well-defined (perhaps formal) syntax 
Semantic Complete and Accurate Comprehensive, Unambiguous, Mean-

ingful, Correct 
Pragmatic Usable and Useful Timely, Concise, Easily Accessed, 

Reputable 
Social Shared understanding 

of meaning 
Understood, Awareness of Bias 

 
 Quality Type Classification Dimension 
Kahn, et al. 
(2002) 

Product Quality Sound Information Free-of-Error, Concise, Representa-
tion, Completeness, Consistent Repre-
sentation 

Useful Information Appropriate Amount, Relevancy, Un-
derstandability, Interpretablility, Ob-
jectivity 

Service Quality Dependable Information Timeliness, Security 
Useable Information Believability, Accessibility, Ease of 

Ma nipulation, 
Reputation, Value-Added 

 
 Characteristic Sub-characteristic 
ISO/IEC 9126 Functionality Suitability, Accuracy, Interoperability, Comliance, Security 

Reliability Maturity, Recoverability, Fault Tolerance 
Usability Learnability, Understandability, Operability 
Efficiency Time Behaviour, Resource Behaviour 
Maintainability Stability, Analyzability, Chanability, Testability 
Probability Installability, Replaceability, Adaptability, Conformance 

 
 Assessment Class IQ Criterion 
Naumann & 
Rolker (2000) 

Subject Criteria Believability, Concise representation, Interpretability, Relevancy, 
Reputation, Understandability, Value-Added 

Object Criteria Completeness, Customer Support, Documentation, Objectivity, 
Price, Reliability, Security, Timeliness, Verifiability 

Process Criteria Accuracy, Amount of data, Availability, Consistent representation, 
Latency, Response time 

Table 1 - Classification Models 
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5.3. REASONING FOR USE OF CLASSIFICATION MODEL 
To derive our information quality criteria, we select one of the five introduced classification models. For this 
project we will use the model of Naumann & Rolker (2000). Following, reasoning is given, why models are 
inadequate for our purposes and why we argue for the model of Naumann & Rolker (2000). 

The TDQM model includes several methods to manage measure, analyse and improve data quality and is there-
fore very comprehensive. To develop our meta-model we need a classification model which is easy to apply and 
in which we don’t lose track of our goal. TDQM can’t offer that. 

Unfortunately, the model of Shanks & Corbitt (1999) has no method to assess the quality dimension. Even as-
sessing the meta-model is not the main component of our work, because we only program a prototype and don’t 
do a full implementation of a semantic enterprise repository, it has to be evaluated that we chose solid meta-
data, which fit the purpose. 

The model of Kahn, et al. (2002) has a comparable classification approach as the model of Naumann & Rolker 
(2000). The quadrants of PSP/IQ model could be mapped to the assessment classes of Naumann & Rolker 
(2000). As mentioned before, PSP/IQ bases on TDQM. Therefore, to assess the information quality dimensions, 
approaches of the TDQM model have to be applied, which are comprehensive. 

Our focus is on developing a semantic enterprise repository, which includes information about business proc-
esses. The technical implementation of this repository is independent of the underlying meta-model. Thus the 
classification model ISO/IEC 9126, which focuses on software engineering can’t deploy their full potential and 
supports only partially our needs. Especially the topic of data quality is not covered sufficient. 

What is left is the model of Naumann & Rolker (2000), which we will apply, because the mapping of environ-
mental views to the assessment classes of the classification model can easily be done (see chapter 5.4). Further 
for each IQ criterion guidelines are given to perform an assessment. Because only guidelines are given, the 
model is easily applicable to assess our meta-model. Therefore, the guidelines help us at the same time to assess 
our information quality criteria and be still focused on our main goal of developing a solid meta-model. 

5.4. DERIVE THE INFORMATION QUALITY CRITERIA 
As shortly mentioned before, Naumann & Rolker (2000) identified three main factors, which influence the 
quality of information: the perception of the user, the information itself, and the process of acessing the 
information. We already identified these factors in chapter 4, where we defined the three views: user, task and 
system enviroment. From these three views, we can derive the subject-, process-, and object-criteria scores (see 
Figure 3). 
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Figure 3 - Three sources of IQ criterion scores [based on Naumann & Rolker (2000)] 

Naumann & Rolker (2000) have distinguished the IQ classes as followes: 

• Subject-criteria scores can only be determined by individual users based on their personal views, 
experience and background. 

• Object-criteria scores can be determined by a careful analysis of the already available information.  
• Process-criteria scores can only be determined by the process of querying, but may vary from query to 

query. The scores are objective but temporary. 

To the criteria scores further explanation is necessary. Because we are not implementing the prototype in an 
existing environment, we only can formulate assumptions or define requirements, which the environment has to 
fulfil, so that the meta-model will achieve the expected scores, when it will be implemented. As discussed in 
chapter 4.2, a semantic enterprise repository only adds value, if the business process management is mature. 
Therefore, we generally assume that the organization has a CMMI maturity level 3 or if another framework is 
applied, business process management is at a similar level. 

In Table 2 the IQ criteria are weighted to their importance for the semantic enterprise repository and its meta-
model. Where it is necessary, assumptions are formulated. The weighting is not derived by statistical methods 
and can vary depending where and how the enterprise repository is applied. But to show how the procedure 
could work, a plausible reasoning is given why IQ criteria are more or less important than others. The defini-
tions of the IQ criteria can be found in Appendix I. 

Assessment 
Class IQ Criterion Weighting Reasoning 

Subject-
criteria 

Believability High Of course the user has to believe in the information he 
retrieves from the system. Otherwise, he performs alterna-
tive searches, which reduces or even disposes the added-
value. 

Concise representa-
tion 

High Business processes are complex constructs. Therefore, it 
is important that the retrieved information is represented 
concisely. In the prototype this criterion can almost be 
neglected, because the main goal there is to have a work-
ing product. 

Interpretability Medium 
 

The enterprise repository is mainly used by process own-
ers and developers. Both groups are familiar with business 
processes. Additionally, the definition of the terms should 
be given by business frameworks like for example SBVR 
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or business process models like CMMI. 
Relevancy High This criterion is essential and must be fulfilled. The in-

formation delivered has to satisfy the user’s information 
need. Then if information are shown, which are not rele-
vant the user has to perform additional searches, which 
reduces or even disposes the added-value. 

Reputation Low Reputation of information is handled by frameworks like 
CMMI and has not much to be considered, when develop-
ing the meta-model. 

Understandability Medium To make the enterprise repository understandable, it is 
important to include the definitions and frameworks an 
organization applies into the meta-model. 

Value-Added High If the user can not retrieve the information needed, the 
added value will be small and he will perform alternative 
searches to satisfy his information needs. 

Process-
criteria 

Completeness High When retrieving information all the needed information 
have to be available in the repository. Otherwise further 
decisions of the users are not based on all existing infor-
mation, which leads to inadequacy. 

Customer Support Low The customer support isn’t that important for a semantic 
enterprise repository. The support to provide is the assis-
tance how to use the software or interpret the meta-model. 
Support concerning business processes should be given by 
the business process specialists. 

Documentation Medium  Documentation refers to the provided magnitude of in-
formation which helps to describe the objects and all ex-
isting relations. The number of value is not stringently a 
proof for better information quality. The benefit curve is 
rather formed quadratic. Still though, one meta value is 
better than one. 

Objectivity High The information about business processes is imported into 
the semantic enterprise repository. The step to avoid error 
is challenging. If the information is biased, the user can 
make wrong decision, which can be fatal. 

Price Low Because the response time should be as low as possible, 
the enterprise repository has to quickly deliver results. 
Thus, the cost-ratio should/will be as small as possible. 
The query value will be high, if the other IQ criteria are 
fulfilled. By satisfying the other criteria, it automatically 
should result in a solid query value-to-cost ratio. 

Reliability Medium The reliability of business process information should be 
handled by frameworks like CMMI. It can be assured by 
reviewing, reporting and versioning of objects. A minimal 
set of meta-data attributes already can assure a solid level 
of reliability. For technical reliability see IQ criterion 
‘Availability’. 

Security Low Inside an organization the access to business process in-
formation doesn’t have to be restricted much. Especially, 
when an enterprise repository is used as a tool for knowl-
edge management information has to be accessible. 

Timeliness High Because organizations have to react regularly on envi-
ronmental changes, business processes alter continuously 
as well. Hence, it is important to be able to distinguish 
between dated and current information objects. 

Verifiability Medium When representing the query results, information about 
status of the object has to be given to verify the correct-
ness. Otherwise this information has to be gathered from 
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elsewhere, which is means more expenditure of time for 
the user. This can be achieved by a minimal set of meta-
data attributes. 

Object-
criteria 

Accuracy High It is very important to have all the available information 
provided to take further steps.  

Amount of data Low The amount of data can vary strongly. It depends how 
developed business process management. But even when 
sophisticated business processes are implemented, the 
amount of data stays manageable and is not comparable to 
huge databases for example like a data warehouse. 

Availability Low Availability must be ensured, but is not highly critical to 
business. The enterprise repository has to be stable. Be-
cause according to the definition of Naumann & Rolker 
(2000) technical relability is synonymous to availability, 
availability will be addressed under the IQ criterion 
‘Reliability’. 

Consistent repre-
sentation 

High Because business process management is complex, it is 
important to represent information consistent to support 
the understanding.  

Latency Low Is very similar to the IQ criterion response time. Hence, 
only one of these criteria is necessary. 

Response time High Queries are executed daily and maybe multiple simultane-
ously. To handle these queries the response time should be 
as low as possible. 

Table 2 - Importance of IQ criteria 

For the further steps, all the IQ criteria, which are weighted low, are neglected, because they don’t have much 
influence on a successful outcome of the project. 
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6. META-MODEL CREATION 
Before we define the meta-data attributes, we have to define the relevant classes and properties according to 
(The World Wide Web Consortium, 2004). ‘Relationship’ is a synonym for ‘property’. As mentioned, the goal 
is to develop a meta-model, which is framework independent and can be applied by any organization. There-
fore, the classes are defined, so that the meta-model can be extended or adapted to a specific framework. The 
naming of the classes and properties is carried out according a naming convention (see Appendix II). To iden-
tify classes and properties, we relied mainly on the standard BPMN (Object Management Group, 2009) and the 
tool ADONIS (BOC-Group, 2009). 

6.1. META-MODEL DESCRIPTION 
The central two classes are ‘Model’ and ‘ModelElement’, whereas the first one represents the whole model, 
with all its elements and the second one the possible elements which can be used in a model. The two classes 
and its sub classes with the associated properties are subsequently described and pictured in Figure 4. 

The class ‘Model’ has the specific model types as sub classes. We only defined the ‘ProcessModel’, ‘Organiza-
tionalModel’ and the ‘RuleModel’, because without defining the organization the responsibilities of processes 
and activities can’t be handled. Additionally rules have to be defined, which processes have to obey. Otherwise, 
processes act in some way randomly, because decisions are not based on well defined facts. Other possible 
models like IT system models, use case diagrams, document model etc. which could be also relevant for proc-
esses are not implemented, because they are for some organizations too specific and not applied yet. If these 
classes are needed, the meta-model still can be amended. For the three types of model, the model elements are 
define, which can be used. There are only these model elements defined, which are relevant to the user and his 
search goal. Again, if more model elements are significant for an organization, the meta-model can be amended. 

 

Figure 4 - Class 'Model' and 'ModelElement' and its properties 

Because not all the model elements can be used in every model, restrictions are set on the properties between 
the class ‘Model’ and ‘ModelElement’. Thus, it is for example specified, that an activity or an event can only be 
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used in a process model and vice versa (The restrictions could not be depicted in Figure 4 by the plugin Ontoviz 
for Protégé 3.4.1). 

The model elements are in relations with each other. The sub class ‘Event’ and ‘Activity’ have to be mentioned 
specially, because they have always a cause, why they are triggered and an effect on other model elements. The 
properties between these classes are shown in Figure 5.  

 

Figure 5 - Properties of class 'Activity' and 'Event 

In the meta-model there are two circle properties: 

• ProcessModel usesModelElement Activity hasRole Role isPerformedBy Employee belongsToOrganiza-
tionalUnit OrganitationalUnit isUsedByModel OrganizationalModel performsProcessModel ProcessModel 

• RuleModel usesModelElement Rule restrainsActivity Activity isUsedByModel ProcessModel obeys-
RuleModel RuleModel 

For all properties an inverse property is defined, reasoning is in both directions possible. With these circle prop-
erties the shorter way to the needed class can be chosen, which reduces the reasoning time and makes the sys-
tem more cost efficient.  

A further introduced class is the ‘Work Product’, 
which has the sub classes ‘Product’, ‘Service’ 
and ‘Information’ (see Figure 6). These work 
products are used by activity as an input or out-
put. This is defined by sub properties. 

 Figure 6 - Class 'WorkProduct' 



   MSc Business Information Systems  
 

 

C
ha

pt
er

: M
et

a-
M

od
el

 C
re

at
io

n 

16 

6.2. META-MODEL CHARACTERISTICS 

6.2.1. CLASSES 

6.2.2. PROPERTIES 

Property Name Domain Range subPropertyOf inverseOf Cardinal-
ity 

belongsToOrganization-
alUnit 

Employee OrganizationUnit ObjectProperty hasEmployee >=1 

effectsActivtyEvent Activity, Event Activity, Event ObjectProperty hasCauseActivityEvent >=0 
hasAccountableRole Activity Role hasRole isAccountableForActivity >=1 
hasCauseActivityEvent Activity, Event Activity, Event ObjectProperty effectsActivtyEvent >=0 
hasConsultantRole Activity Role hasRole isConsultantForActivity >=1 
hasEmployee OrganizationUnit Employee ObjectProperty belongsToOrganizationalUnit >=1 
hasExecutingRole Activity Role hasRole isExecutingActivity >=1 
hasInferiorOrganization-
alUnit 

OrganizationUnit OrganizationUnit ObjectProperty hasSuperiorOrganizationalUnit >=0 

Class Name isSubClassOf Disjoints Restriction 

Activity ModelElement Employee, Event, OrganizationUnit, Role, Rule isUsedByModel only ProcessModel 
Employee ModelElement Activity, Event, OrganizationUnit, Role, Rule isUsedByModel only OrganizationalModel 
Event ModelElement Activity, Employee, OrganizationUnit, Role, Rule isUsedByModel only ProcessModel 
Information WorkProduct Product, Service  
Model Thing Cause, Effect, ModelElement, WorkProduct  
ModelElement Thing Cause, Effect, Model, WorkProduct  
OrganizationalModel Model ProcessModel, RuleModel usesModelElement only (Role and Employee and OrganizationUnit) 
OrganizationUnit ModelElement Activity, Employee, Event, Role, Rule isUsedByModel only OrganizationalModel 
ProcessModel Model OrganizationalModel, RuleModel usesModelElement only (Event and Activity) 
Product WorkProduct  Information, Service  
Role ModelElement  Activity, Employee, Event, OrganizationUnit, 

Rule 
isUsedByModel only OrganizationalModel 

Rule ModelElement Activity, Employee, Event, OrganizationUnit, 
Role 

isUsedByModel only RuleModel 

RuleModel Model OrganizationalMode, RuleModel usesModelElement only Rule 
Service WorkProduct Information, Product  
WorkProduct Thing Cause, Effect, Model, ModelElement  
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hasInputWorkProduct Activity WorkProduct hasWorkProduct isUsedAsInputForActivity >=1 
hasOutputWorkProduct Activity WorkProduct hasWorkProduct isUsedAsOutputForActivity >=1 
hasResponsibleRole Activity Role hasRole isResponsibleForActivity >=1 
hasRole Activity Role ObjectProperty performsActivity >=1 
hasSuperiorOrganization-
alUnit 

OrganizationUnit OrganizationUnit ObjectProperty hasInferiorOrganizationalUnit >=0 

hasWorkProduct Activity WorkProduct ObjectProperty isUsedByActivity >=1 
isAccountableForActivity Role Activity performsActivity hasAccountableRole >=0 
isConsultantForActivity Role Activity performsActivity hasConsultantRole >=0 
isExecutingActivity Role Activity performsActivity hasExecutingRole >=0 
isPerformedByEmployee Role Employee ObjectProperty performsRole >=1 
isPerformedByOrganiza-
tionalModel 

ProcessModel OrganizationalModel ObjectProperty performsProcessModel >=1 

isResponsibleForActivity Role Activity performsActivity hasResponsibleRole >=0 
isUsedAsInputForActiv-
ity 

WorkProduct Activity isUsedByActivity hasInputWorkProduct >=1 

isUsedAsOutputForAc-
tivity 

WorkProduct Activity isUsedByActivity hasOutputWorkProduct >=1 

isUsedByActivity WorkProduct Activity ObjectProperty hasWorkProduct >=1 
isUsedByModel ModelElement Model ObjectProperty usesModelElement >=1 
obeysRule Activity Rule ObjectProperty restrainsActivity >=0 
obeysRuleModel ProcessModel RuleModel ObjectProperty restrainsProcessModel >=0 
performsActivity Role Activity ObjectProperty hasRole >=0 
performsProcessModel OrganizationalModel ProcessModel ObjectProperty isPerformedByEmployee >=0 
performsRole Employee Role ObjectProperty isPerformedByEmployee >=0 
restrainsActivity Rule Activity ObjectProperty obeysRule >=1 
restrainsProcessModel RuleModel ProcessModel ObjectProperty obeysRuleModel >=1 
usesModelElement Model ModelElement ObjectProperty isUsedByModel >=1 

6.2.3. DATATYPES 

Domain Property Name Range Allowed Values Cardinal-
ity 

Model, WorkProduct dc:Contributor String  >=1, >=1 
WorkProduct dc:Coverage String  =1 
Model, WorkProduct dc:Creator String  =1 
Model, WorkProduct dc:Date Date  =1 
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Model, WorkProduct Dc:Description String  <=1 
Model, WorkProdcut Dc:Format String  =1 
WorkProduct dc:Identifier String  =1 
Model, WorkProduct dc:Language String  =1 
Model, WorkProduct dc:Publisher String  =1 
WorkProduct dc:Relation String  >=0 
WorkProduct dc:Source String  >=0 
Model, WorkProduct dc:Subject String  <=1 
Model, WorkProduct dc:Title String  =1 
WorkProduct dc:Type String  =1 
Employee employeeCapacity Integer  <=1 
Employee employeeExpertise String  >=0 
Event eventType String Start, End, Intermediate >=1 
ModelElement modelElementDescription String  <=1 
ModelElement modelElementName String  =1 
Rule ruleAntecedent String  =1 
Rule ruleConcequent String  =1 
Rule ruleRepresentation String HornLogic, FuzzyLogic, De-

scriptionLogic, F-Logic 
=1 

Activity activityAverageProcessTime Float  <=1 
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7. META-DATA DEFINITION 
After defining the classes and their properties, we can enrich these with adequate meta-data attributes. In our 
meta-model we can distinguish between two central classes ‘Model’ and ‘ModelElement’. The class ‘Model’ is 
lot more comprehensive then the single model elements. Therefore, the meta-data attributes of these two classes 
will differ as well. We first define the meta-data attributes for the class ‘Model’ and assign them to the appro-
priate IQ criterion. Afterwards, we do the same for the class ‘ModelElement’. 

7.1. META-DATA ATTRIBUTES FOR MODELS 
Models are different sets of model elements, can be represented in different forms and can be saved in different 
formats. Still we need meta-data attributes which allow us to identify the content of the respective models. A 
common standard in use is the Dublin Core Metadata Element Set (DCMES), which is a vocabulary of fifteen 
properties for use in resource description (Dublin Core Metadata Initiative, 2008). Additionally, Naumann & 
Rolker (2007) already used the DCMES in combination with their information quality classification system.  

For the later assessment of the IQ criteria concrete objects of investigation are needed, wherefore the meta-data 
attributes would be suited. Naumann & Rolker (2007) examined, if they can establish relations between IQ cri-
teria and DCMES. They concluded that it is not possible in a straightforward manner to derive IQ criteria scores 
from existing metadata. Still, they were able find matches and described its use for the IQ criteria assessment. 
The used meta-data attributes were the DCMES. In Table 3 the assignments of the project relevant attributes to 
the project relevant criteria, identified by Naumann & Rolker (2007), are shown. 

Assessment 
Class IQ Criterion Meta-Data Attributes 

Subject-
criteria 

Believability Creator, Contributor 
Concise representation Format 
Interpretability Language 
Relevancy Title, Subject, Description 
Understandability Language 
Value-Added Date 

Process-
criteria 

Completeness Subject, Description 
Documentation  
Objectivity Creator, Contributor 
Reliability Format, Creator, Publisher, Contributor, Date 
Timeliness Date 
Verifiability  

Object-
criteria 

Accuracy Date 
Consistent representation  
Response time Publisher 

Table 3- Assignments of Meta-Data Attributes for Models to the required IQ Criterion [based on Naumann & Rolker (2007)] 

Two remarks have to be made to the assignments shown in Table 3: 

• Naumann & Rolker (2007) assigned the DC-element ‘Description’ to the IQ criterion ‘Value-Added’. 
In our opinion the element doesn’t help specially to identify if a certain object, retrieved with a search, 
adds value or not. At least not more than the other DC-elements would add. One exception is the ele-
ment ‘Date’, through which the user can identify if the objects, retrieved with a search, is up-to-date. 
Because if it is not, it is not relevant to the user. 

• The relation between the IQ criterion ‘Concise representation’ and the DC-element ‘Format’ is not ob-
vious at the first glance. Through a given format, a model should always be built up the same, which as-
sures structural consistency. Concise representation could also be understood as structural consistency. 
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To describe the class ‘Model’ we didn’t need all the fifteen DCMI elements. Subsequently, the DCMI definition 
and an explanation for the obsolete elements are given below.  

Type The type is used to define the nature or the genre of the resource. For the class ‘Model’ this ele-
ment is not needed, because we classify the models with the sub classes of the meta-model like 
‘ProcessModel’, ‘OrganizationalModel’ or ‘RuleModel’. 

Identifier Is an unambiguous reference to the resource within a given context. Normally, models don’t have 
for example a Uniform Resource Identifier (URI) or another unambiguous reference. Hence, in-
stead of the identifier the title of the models has to be unambiguous. 

Relation  The element ‘Relation’ is not needed, because these are covered through the properties of the on-
tology, which depict all the relevant references to related resources. 

Rights This element is covered by the definition of the roles, which are related to the model. The applied 
roles manage the rights.  

Source  The element ‘Source’ is not needed, because these are covered through the properties of the ontol-
ogy, which depict all the relevant references to resources from which the present resource is de-
rived. 

Coverage Include the extent or scope of the content of the resource. This is given by the domain, range and 
the properties of the classes.  

7.2. META-DATA ATTRIBUTES FOR MODELS ELEMENTS 
Some criteria scores of the models can be inherited to its model elements. An example we take is the criterion 
‘Believability’, then if we can trust the model, we can trust also its elements. But to comply with the IQ criteria 
on the level of the model elements as well, meta-data attributes for the single elements have to be defined. The 
additional attributes are defined in Table 4. Afterwards, we discuss how and how well attributes can be matched 
to the IQ criteria (see Table 5). The result is shown in Table 6, which gives an overview of the matches. 
For the model elements the DCMES could be applied as well. But the information would be far too specific in 
the most systems all these information are not available. Therefore, only the two attributes ‘ElementDescrip-
tion’ and ‘ElementTitle’ are implemented, which are based on the DCMES. 
 

Meta-Data Attribute Definition 

ActivityAverageProc-
essTime 

Property of the class: Activity 
Description: This is the average time taken to actually execute the activity.  
Range: float 

ElementDescription Property of the class: ModelElement 
Description: An account of the content of the model element (Dublin Core 
Metadata Initiative, 2008). 
Range: string 

ElementTitle Property of the class: ModelElement 
Description: The name given to the element, which is typically a name, by 
which the element is formally known (Dublin Core Metadata Initiative, 
2008). 
Range: string 

EmployeeCapacity Property of the class: Employee 
Description: The time an employee is available during a week.  
Range: Integer 

EmployeeExpertise Property of the class: Employee 
Description: A statement about the employee’s education and the fields of expertise. 
Range: String 

EventType Property of the class: Event 
Description: An event is something that "happens" during the course of a business 
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process. These events affect the flow of the process and usually have a trigger. The 
values are restrained, but always can be extended. 
Range: string (allowed values: start, end, intermediate) 

RuleAntecedent Property of the class: Rule 
Description: An antecedent is the first half of a hypothetical proposition and consists 
of set of conditions (Wikipdia, 2009) (Hinkelmann, Rule-Based Systems I: Horn 
Logic, 2009).  
Range: string 

RuleConsequent Property of the class: Rule 
Description: A consequent is the second half of a hypothetical proposition and con-
sists of a set of actions (Wikipedia, 2009) (Hinkelmann, Rule-Based Systems I: Horn 
Logic, 2009). 
Range: string 

RuleRepresentation Property of the class: Rule 
Description: Shows in which form the rule is represented. The values are restrained, 
but always can be extendet. 
Range: string (allowed values: FLogic, HornLogic, FuzzyLogic, DescriptionLogic) 

Table 4 - Definition of Model Element Meta-Data Attributes 

Of course the models and its model elements could have a lot more meta-data attributes. But as defined at the 
beginning, this meta-model should be as generic as possible, so that it can be applied in different environments. 
When implementing the meta-model it always can be complemented with new attributes. 

IQ Criterion  

Accuracy Inheritance (DC element: Date): If the dates of the retrieved models of a search are 
up-to-date, then we can assume that these documents are accurate.  
(The accuracy of the content can also be assured, when the resources has the right 
relations to other classes. This step is handled by the ontology through domain, range 
and properties of the classes.) 

Believability Inheritance (DC element: Creator and Contributor): Is not covered by a meta-data 
attribute for a model element. But if the whole model can be trusted, the single ele-
ments will be trustworthy as well. Therefore, the believability can be inherited from 
the model to its model elements. Of course determining the believability of a re-
source is a highly subjective manner. But it can be amplified, when verifiable 
through other sources. 

Completeness The completeness of a search for elements can be assured when all the resources are 
identified, which have in the attribute ‘ElementDescription’ the required search 
terms. 
(The completeness of a search can also be assured, when all the resources are identi-
fied, which have the required relationships to other classes. This step is handled by 
the ontology through domain, range and properties of the classes.) 

Concise representation Inheritance (DC element: format): Is assured by concise representation of the given 
format of the model. If the model is created in a certain format, it is defined by the 
format, what elements can be used, what attributes they have and how they can be 
related. 

Consistent representa-
tion 

For all the meta-data attributes the structure of the content has to be defined. Through 
consistent (standardized) meta-data attributes, they become comparable and the un-
derstandability of the user is enhanced. A consistent representation can’t be assured 
by a single metadata. It is necessary to consider all available attributes on its own 
and check if it is represented consistent. 

Documentation There are no matching meta-data attributes, which could help to assess the IQ crite-
rion ‘Documentation’. This criterion could only be covered by meta-data attributes of 
the documentation itself. 

Interpretability Inheritance (DC element: language): To improve the interpretability of search results 
the language of the model and its model elements has to be given. Especially for 
technical information the used language is important. 
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To ensure the interpretability of a rule element, the syntax has to be available to un-
derstand the rule, which is done by the attribute ‘RuleRepresentation’. The same is 
valid for the class ‘Event’ and its attribute ‘EventType’, which defines allows setting 
the event in context to the model. 

Objectivity Inheritance (DC element: Creator and Contributor): If the model and its elements 
comply with the reality and are unbiased, depends on the creator and it contributors. 
Objectivity can be amplified, when the creator and the contributors can be trusted 
and when the results are verifiable through other resources. 

Relevancy Depending on the search goal of the user, all the meta-data attributes of the model 
elements can relevant. If an attribute is never relevant to a user, it can be neglected. 

Reliability Inheritance (DC element: Creator, Contributor and Date / technical reliability DC 
element: Format and Publisher): The degree to which the user can trust the informa-
tion, depends highly on the creator and its contributors of the model. If the user relies 
on the model, he also relies on the model elements. On the level of the model ele-
ment the expertise of the employee, specially the expertise of the creator and con-
tributors, can give the user more information. 
For the technical reliability the publisher plays an important role, because he has to 
ensure the availability of the models and its elements. 

Response time Inheritance (DC element: Publisher): The publisher has to ensure that the models and 
its model elements can be received and opened in a reasonable time. 

Timeliness Inheritance (DC element: Date): If can determine the dates of the retrieved models, 
we can derive that the model elements can’t be more current. 

Understandability Inheritance (DC element: Language): To improve the understandability of search 
results the language of the model and its model elements has to be given. Especially 
for technical information the used language is important. 
To ensure the understandability of a rule element, the used syntax has to be available 
to understand the meaning of the rule, which is done by the attribute ‘RuleRepresen-
tation’ 

Value-Added Inheritance (DC element: Date): Depending on the users need, all the meta-data at-
tributes of the model elements can add value to his work. If an attribute never adds 
value, it can be neglected. Of course a received model or its elements adds only value 
when its up-to-date. 

Verifiability There are no meta-data attributes, which could help scoring this criterion. Resources 
can be verified through other sources. This step is handled by the properties of the 
ontology. 

Table 5 – Reasoning for Matches of Meta-Data Attributes and IQ Criterion 

Assessment 
Class IQ Criterion Meta-Data Attributes 

Subject-
criteria 

Believability  
Concise representation  
Interpretability RuleRepresentation, EventType 
Relevancy All the meta-data attributes of model element 
Understandability RuleRepresentation 
Value-Added all the meta-data attributes of model elements 

Process-
criteria 

Completeness ElementDescription 
Documentation  
Objectivity  
Reliability EmployeeExpertise  
Timeliness  
Verifiability EmployeeExpertise 

Object-
criteria 

Accuracy  
Consistent representation all the meta-data attributes of model elements 
Response time  

Table 6 – Assignments of Meta-Data Attributes for Model Element to the required IQ Criterion 
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Even if we have meta-data attributes for the IQ criterion in the assessment class ‘subject-criteria’, which help us 
to determine a score, they can vary strongly from user to user. By questioning different user an average can be 
calculated, which clarifies the position and shows the room of improvement. 

7.3. ASSESSMENT OF THE INFORMATION QUALITY CRITERIA 
Now the meta-model is created and its meta-data attributes are defined. The model is ready for implementation. 
When implementing the meta-model the IQ criteria always have to be considered so that the final product will 
have high information quality and thereby adds the most possible value. Of course to determine how well the 
final product satisfies each IQ criterion, we have to assess each of them. Naumann & Rolker (2000) defined in 
his work, how to assess the criteria. They defined several methods how to assess the different IQ criterion (see 
Table 7). This sounds simple, but it goes without saying, there has to be a rational trade-off between precision 
of the scores and the practical implementation of the assessment method. This is also stated by Naumann & 
Rolker (2007).  

Assessment Class IQ Criterion Assessment Method 

Subject-criteria Believability User experience 
Concise representation User sampling 
Interpretability User sampling 
Relevancy Continuous user assessment 
Understandability User sampling 
Value-Added Continuous user assessment 

Process-criteria Completeness Parsing, sampling 
Documentation Parsing 
Objectivity Expert input 
Reliability Continuous assessment 
Timeliness Parsing 
Verifiability Expert input 

Object-criteria Accuracy Sampling, cleansing techniques 
Consistent representation Parsing 
Response time Continuous assessment 

Table 7 - Assessment of IQ Criteria (Naumann & Rolker, 2000) 

Assessing all the IQ criteria and the appliance of a utility analysis, an overall score can be calculated, which 
gives a clue how much value the final product adds (see Table 8). To get a score for each IQ criterion the related 
meta-data attributes are examined. Of course the results of the assessment methods or further tests can be taken 
into account as well. In the example only meta-data attributes are used to calculate the score. The weighting was 
determined by the defined importance of each criterion, which was examined in chapter 5.4. To weight the cri-
terion numerically a weighting relationship was created, which assigns the value 5 to a highly important crite-
rion, value 3 to a medium important criterion and the value 1 to a low important criterion. The cursive scores 
are not determined by scientific methods and are fictional. The utility analysis is presented at this point, to show 
how to do an overall analysis. Then utility analysis helps as well to do a sensitivity analysis, which can show 
how much the overall score improves if we can improve a certain assessment class, a group of IQ criteria or 
even a single IQ criterion. 

Assessment Class  IQ Criterion  Weighting  Achieved 

Subject‐criteria  Believability  5  83% 

Creator  88% 

Contributor  78% 

Concise representation  5  68% 

Format  68% 
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Interpretability  3  65% 

Language  89% 

EventType  48% 

RuleAntecedent  65% 

RuleConsequent  68% 

EmployeeCapacity  45% 

EventTrigger  72% 

Subject‐criteria score  73% 

Process‐criteria 

Completeness  5  65% 

Subject  76% 

Description  63% 

ElementDescription  57% 

Objectivity  5  85% 

Creator  84% 

Contributor  86% 

Timeliness  5  88% 

Date  88% 

Process criteria score  79% 

Object‐criteria  Accuracy  5  78% 

Date  88% 

EventTrigger  68% 

Response time  5  77% 

Publisher  77% 

Object‐criteria score  78% 

Total Score  77% 
Table 8 - Utility Analysis 
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8. THE PROTOTYPE 
Executing SPARQL queries is, by now in 2009, no longer rocket-science. More challenging is, we concluded 
early, the design of graphical user interface that support our ontological meta-data we developed. In this per-
spective, we strived for a client that allows 1) textual search to approximate the desired object, and 2) a graphi-
cal search/browsing to give the object at a glance. Ultimately, we intend to ease the complexity of finding in-
formation by a 2-step-approach. By neglecting less relevant information than in a single-threaded search, we 
might increase the Recall, Precision rate (Hinkelmann, 2008).  

The user adds a query string and executes the search. Apparently, this will return an initial result set. All infor-
mation pieces returned by the search are either direct process resources or stand in relation to them. In this 
document we call these relations properties. As for any knowledge representation and in particular ontologies, 
properties help to disambiguate terms. Since the user may select the resource type and its application in a proc-
ess, this adds true value to the search activity. The instantly loaded Resource Browser will display all properties 
for the resource (Figure 7), which previously is selected by the user. As mentioned, this extra step is in return 
for the mitigation of the risk of neglecting relevant resources. 

 

Figure 7 - 2-step search approach helps to mitigates the negligence of relevant dataset 
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Valuable information is to know, where exactly a specific resource has been applied - so to speak – in which 
and where in a process can we allocate that resource. The Prototype, in the Process Allocation tab, displays one 
or more processes where the resource has been exploited (Figure 8).  

 

Figure 8 - Process Allocation identifies the appliance of the resource 

The Relational Browser helps to overview the properties of first degree (Figure 9). The resources attached can 
be navigated and put on focus, same as the original resource.  

 

Figure 9 - Relational Browser draws all connection of the selected resource 

In our outlook of this prototype we see great potential for a probabilistic model that helps to decide in the first 
step as seen in Figure 7. It’s an addition to the user’s decision making in the search process and increases the 
likelihood of selecting the correct resources contained in the first result set. We sound a note of caution, when 
we say that a probabilistic model can only be as good as 
its maintained data, in particular the properties e.g. A is-
SubClassOf B, etc.  

 

Information on the Prototype’s technology 

- Middleware: Coldfusion 8.0 
- Semantic DBMS: Oracle 11.1.6 
- Client: HTML, JavaScript 
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9. CONCLUSION 
In this project we developed an ontological meta-model for an enterprise repository, which is applicable to all 
fields of business and organisation and can be used as a knowledge management tool to retrieve process and 
functional knowledge. Additionally relations between different types of resources can be retrieved and for these 
resources meta-data is defined. Through a reference model and defined meta-data formal and informal resources 
can be classified. The today’s solution like BPM tools, process reference models or file systems provide these 
functions limitedly. 

Because the content of the enterprise repository originate from various sources, where the data quality can vary 
strongly, we examined different information quality classifications and selected suitable information quality 
criteria. For these criteria we gave a plausible reasoning why certain IQ criteria are more or less important than 
others. 

The meta-model is represented in the form of an ontology. We defined classes and set them in relations to each 
other with properties. The meta-model consists of the two central classes ‘Model’ and ‘ModelElement’. After-
wards, the meta-model amended with meta-data, whereas two sets of meta-data were defined. For the class 
‘Model’ the Dublin Core Metadata Element Set was used and for each of the subclasses of ‘ModelElement’ own 
meta-data was defined. In the next step meta-data attributes were assigned to one or more IQ criteria. Thus, IQ 
criteria could be assessed with concrete data. 

As proof of concept we implemented the meta-model in a prototype we call SemEntRep. Because the meta-
model is generic and is not based on business process standard, it can be customized and applied in different 
fields of business. However, we conclude that the 2-step approach, textual and visual approach, has great poten-
tial to increase rates of relevancy of a search result set.  

Since we concentrated to develop a meta-model for an enterprise repository as a knowledge management tool, 
further research has to be done on how to extend the meta-model so that it also can be used to support modelling 
and improving processes. Additionally, the question of how to import and classify process model into the meta-
model is not addressed in this project. 
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APPENDIX I - Definition of IQ Criteria 
The definitions are defined by the applied classification model of Naumann & Rolker (2000). 

Assessment 
Class IQ Criterion Definition 

Subject-
criteria 

Believability Degree to which the information is accepted as correct. Also: error rate, 
credibility, trustworthiness 

Concise representa-
tion 

Degree to which the structure of the information matches the informa-
tion itself. Also: attribute granularity, occurrence identifiability, struc-
tural consistency, appropriateness, format precision 

Interpretability Degree to which the information conforms to technical ability of the 
consumer. Also: clarity of definition, simplicity 

Relevancy Degree to which information satisfies the users need. Also: domain pre-
cision, minimum redundancy, applicability, helpfulness 

Reputation Degree to which the information or its source is in high standing. Also: 
credibility 

Understandability Degree to which the information can be comprehended by the user Also: 
ease of understanding 

Value-Added Amount of benefit the use of the information provides. 
Process-
criteria 

Completeness Quotient of the number of response items and the number of real world 
items. Also: coverage, scope, granularity, comprehensiveness, density, 
extent 

Customer Support Amount and usefulness of online support through text, email, phone etc. 
Documentation Amount and usefulness of documents with meta information. Also: 

traceability 
Objectivity Degree to which information is unbiased and impartial. 
Price Monetary charge per query. Also: query value-to-cost ratio, cost-

effectivity 
Reliability Degree to which the user can trust the information. Note: technical reli-

ability is synonymous to availability. 
Security Degree to which information is passed privately from user to informa-

tion source and back. Also: privacy, access security 
Timeliness Age of information. Also: up-to-date, freshness, currentness 
Verifiability Degree and ease with which the information can be checked for correct-

ness. Also: naturalness, traceability, provability 
Object-
criteria 

Accuracy Quotient of the number of correct values in the source and the overall 
number of values in the source. Also: data quality (as opposed to infor-
mation quality), error rate, correctness, integrity, precision 

Availability Percentage of time an information source is ``up''. Also: accessibility, 
reliability, retrievability, performability 

Amount of data Size of result. Also: essentialness 
Consistent repre-
sentation 

Degree to which the structure of the information conforms to that of 
other sources. Also: integrity, homogeneity, semantic consistency, value 
consistency, portability, compatibility 

Latency Amount of time until first information reaches user. Also: response time 
Response time Amount of time until complete response reaches the user. Also: per-

formance, turnaround time 
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APPENDIX II - NAMING CONVENTION FOR META-MODEL 
The meta-model is designed with Protégé Ontology Editor, which does not allow the use of special characters, 
umlauts, or objects with the same name. To provide clearly represented meta-model, name conventions are ap-
plied. 

CLASS 
Classes are created according to the UpperCamelCase-convention, where the first letter is capital and several 
words are chained. Examples are ‘ModelElement’ or ‘ProcessModel’. 

PROPERTY 
Properties are created according to the LowerCamelCase-convention, where the first letter is lowercase and 
several words are chained up. Properties always start with a verb. Because the possibility that the verbs are used 
several times and the Protégé Ontology Editor does not allow to use the same name for different objects, the 
name of the property range is added. The verb is in the 3rd person singular. Examples are: ‘hasRole’ or ‘restrain-
sActivity’. 

DATATYPE 
Datatypes are created according to the LowerCamelCase-convention as well, but do not start with a verb. For 
the Dublin Core elements the abbreviation ‘dc:’ is set up front. Examples are: ‘dc:Creator’ or ‘eventType’. 
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