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Preface 
The development of information models is a complex and time consuming 
task. Therefore reusability of information models has been discussed in 
science and practice for many years. Reference information models (short-
ly: reference models) are information models that are developed with the 
aim of being reused for different but similar application scenarios. The 
benefit that is promised by the use of reference models is primarily time 
and cost savings, since part of the reference models is reused. The topic of 
reference modeling is addressed in this book from different perspectives: 

Besides reference modeling languages that provide special modeling 
language concepts for the development and application of reference mod-
els, reference modeling methodologies are discussed that provide in addi-
tion procedure models for the construction and application of reference 
models. Moreover, particular reference models are discussed and evaluated 
that are developed using a special language resp. methodology and that 
represent a set of  different but similar application scenarios. 

OLIVER THOMAS discusses concepts in order to derive and maintain ref-
erence model versions. He introduces reference modeling language exten-
sions, an according reference model repository architecture and a reference 
model version management capable modeling tool. JÖRG BECKER, PAT-
RICK DELFMANN and RALF KNACKSTEDT present a special reference mod-
eling language that allows for generating reference model variants for dif-
ferent purposes easily. They combine different paradigms of model adapta-
tion such as Configuration, Aggregation, Instantiation, Specialization and 
Conclusion by Analogy in an approach called adaptive reference mod-
eling. A similar approach in order to build reference model variants is dis-
cussed by FLORIAN GOTTSCHALK, WIL M. P. VAN DER AALST and MO-
NIQUE H. JANSEN-VULLERS. They propose a foundational approach to-
wards configurable Process Models, which they illustrate with the exam-
ple of Event-Driven Process Chains. TOBIAS RIEKE AND CHRISTIAN SEEL 
show how the life cycle of configurative reference models – requirements 
definition, construction, adaptation, implementation and application – can 
be supported by controlling concepts in order to be able to produce im-
proved reference models. 

A particular Reference Information Model for Enterprise-Wide Project 
Planning, Controlling and Coordination in Matrix Project Organizations 
(RefModPM) is introduced by FREDERIK AHLEMANN. He presents the 
framework of the model as well as detailed model examples. Finally, TILO 
BÖHMANN, MICHAEL SCHERMANN and HELMUT KRCMAR address the 
problem that the advantages that are associated with reference models are 
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currently not reflected in documented usage of reference models in prac-
tice. Therefore, they claim that empirical evaluations of reference models 
are needed. They provide a framework for the evaluation of reference 
models and apply the framework for a reference model for Service Data 
Management (SDM). 

The contributions of this book have been submitted to the 9th Confer-
ence on Reference Modeling (RefMod) 2006 and have been selected in a 
rigorous, double blind peer-review process. The RefMod 2006 has taken 
place as a track on the Multi-Conference on Information Systems (Multi-
Konferenz Wirtschaftsinformatik, MKWI 2006) the 20th of February 2006. 
We would like to thank all authors, organizers and involved persons that 
have made this book possible. Finally, we thank the organizers of MKWI 
2006. The conference has provided a competent and reliable environment 
for RefMod as already in the past years. 
 

Münster, April 2007 Jörg Becker 
 Patrick Delfmann 
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Version Management for Reference Models: 
Design and Implementation 
Oliver Thomas 

Abstract: The central idea in reference modeling is the reutilization of the busi-
ness knowledge contained in a reference model for the construction of specific 
information models. The user’s task in reference model-based construction is the 
adaptation of the reference model. The derivation of specific models from refer-
ence models characterized as such corresponds with the creation of reference 
model variants. Research on the design of such variant constructions generally 
assumes an unchangeable stock of reference models. The potentials available in 
the management of these variant constructions, which reflect the changes in refer-
ence models through time and, in doing so, their evolutionary development, has 
not yet been tapped into. The article at hand analyzes this problem and presents a 
concept for the version management of reference models as a solution. The task to 
be mastered using the proposed approach will be concretized using data struc-
tures and a system architecture, as well as prototypically implemented in the form 
of an application system. 

1 Initial Situation and Problem 

It is generally accepted that models cannot be explicitly attributed to their 
originals – models fulfill their function in time; within certain time inter-
vals [Stac73, pp. 132f.]. This assertion from STACHOWIAKs General Model 
Theory also applies to the focus of this article, the reference model-term. 
Reference models are reusable representations of abstract know-how for a 
given application domain [FeLo04; Schü98; Thom95b; Broc03]. The 
knowledge and experience in these models is not unchangeable, so that 
reference models themselves are subject to change throughout time. For 
models constructed within the framework of the two processes in reference 
modeling, development and usage, these changes generally occur in two 
manners. First, if, within the framework of an evaluation, one notices 
during the development of a reference model that the model being con-
structed does not fulfill the defined requirements, then one must return to 
preliminary phases. This generally results in revisional constructions, 
which replace the construction results evaluated. And second, revisional 
reference model constructions are also generated when using reference 
models to derive specific models. These revisional reference model con-
structions often differ only slightly from one another, depending on their 
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use. Both of these aspects lead to a differentiation between version and 
variant constructions.  

Available reference modeling literature focuses on variant management 
[BeDK02; BeDK04; BDKK02; Schü98; ThAH03; ThAS05; BrBu04]. The 
terminological difference between variants and versions is alluded to in lit-
erature [EsGK02, p. 96; Schl00, p. 74; Broc03, p. 260; WSHF98, p. 63], 
however the design of a version management for reference models has oc-
curred in rudimentary form only. The task of the article at hand is to meet 
these concerns with the design and prototypical implementation of a ver-
sion management tool for reference models. 

2 Methodical Considerations and Course of the 
Analysis 

The goal of this analysis is the design and realization of an information 
system for the support of a version management for reference models. Es-
tablished procedure models are already in existence for the information 
system development required here. The task of these models is to secure 
the continuous description of the process, from the business requirements 
to the technical implementation.  

This analysis will use the phase model for the architecture of integrated 
information systems (ARIS) from SCHEER [Sche02, pp. 38ff.].The ARIS-
phase model differentiates between the description levels “requirements 
definition”, “design specification” and “implementation”. In the require-
ments definition-phase, the business concept to be supported is described 
in semi-formal languages. The design specification-phase adapts the re-
quirements-description to basic interfaces in information technology. Fi-
nally, in the implementation-phase, the design specification is transferred 
to concrete information-technical components. 

The requirements definition is especially important for achieving our 
goal because first, it can be seen as a long-term bearer of business concepts 
(sub-goal “design”) and second, it acts as a starting point for further steps 
towards the technical implementation (sub-goal “realization”).  

This results in the following outline for the article at hand. Section 3 
lays a foundation for the terms used here by first explaining the terms “in-
formation” resp. ”reference model” and then differentiating between the 
terms “variant” and “version” in the context of reference modeling. Due to 
the methodical procedure selected for the design of the reference model 
version management, an information model will be constructed in Section 
4, which represents the versioning for reference models on a conceptual 
level. In Section 5, this description will be adapted to general IT-interfaces 
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in the form of a system architecture in order to then, in the implementation 
phase in Section 6, be transferred to concrete IT-components. In Section 7, 
the work done here will be distinguished from current related work. The 
article ends with a critical discussion of its results and an outlook in Sec-
tion 8.  

3 Terminological Foundation 

3.1 Information and Reference Models 

This analysis supports a construction-oriented understanding of models. 
Information models are defined as purpose-relevant representations of an 
information system designed by way of a construction process [Schü98, p. 
59; Thom05a, p. 25; Broc03, p. 16]. They are simply referred to as models. 
A reference model – to be precise: reference information model – is an in-
formation model used for the construction of other models. This analysis is 
therefore based upon a use-oriented reference model-term which focuses 
on the use of reference models for the construction of enterprise-specific 
models [Hars94, p. 15; Sche97, p. 54; Thom05b, p. 24; Broc03, p. 34]. The 
reference model-terms often found in information systems literature, based 
upon the attributes, which characterize these reference models, in particu-
lar the attributes “universality” and “recommendation character” [Broc03, 
p. 31ff.] – will not be used here. Every model resp. partial model that can 
be used to support the construction of another model can be seen, in this 
sense, as a reference model.  

3.2 Reference Model Variants 

The user’s primary task in reference model-based construction, which can 
be supported by IT-tools, is the adaptation of reference models. The deri-
vation of a specific model from a reference model characterized by this 
term corresponds with the creation of variants of reference models 
[Schü98, pp. 207-209]. Thus, for example, the enterprise-specific models 
“information model product-oriented manufacturing enterprise E1” or “in-
formation model process-oriented manufacturing enterprise E2” could be 
derived as variants of the reference model “manufacturing”. 

In analogy to industrial variant management [e. g. Sche97, pp. 120ff.], a 
variant IM’ of an information model IM is understood as a model, which 
differs from IM in only “a few” features. In other words: IM’ has the same 
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feature presentation as IM with regard to at least one feature and a different 
presentation in regard to at least one other feature. Many features are con-
ceivable for information models. In literature, these features, as well as 
their respective feature presentation, are used for the classification of in-
formation models. Examples of this are the distinctions between organiza-
tion and application system as well as between structure (static view) and 
behavior models (dynamic view) [Schü98, pp. 71f.; Schw99, pp. 54ff.]. 

3.3 Reference Model Versions 

In literature, the creative potential contained in a revision management and 
control-tool connected with the creation of versions is primarily discussed 
from a technological perspective within the framework of configuration 
management. Configuration management has its origins in hardware de-
velopment. This field of work generally deals with the consistent descrip-
tion of system components, as well as monitoring and controlling the 
changes made in these components. Since the beginning of the 1980ies the 
attempt has been made to transfer this concept to software processes under 
the term “software configuration management” [BeHS80]. The term con-
figuration management, according to the terminology of software engi-
neering, can be understood as the development and usage of standards and 
methods for managing a system continuously under development 
[Somm01, p. 651]. The methods for configuration management have been 
established: for example, how system changes are documented and pro-
cessed, as well as which relation they bear to the system components and 
methods used for their description [Somm01, p. 651].  

The development of methods and procedures for configuration man-
agement is seen as one of the central challenges in the field of software 
engineering [Estu00, p. 279]. Most of the products for configuration man-
agement are based upon a core of concepts and mechanisms. One of these 
is the concept of versioning, mentioned above, which goes back to the 
middle of the 1970ies [Roch75]. 

Generally, the term “version” refers to the state of an object at a certain 
point in time [Balz98, p. 238; EsGK02, p. 96; Zell97, p. 9]. One can dif-
ferentiate between three dimensions of versioning subject to the construc-
tion purpose: historical, logical and cooperative versioning [CoWe98, 
p. 240; EsCa95, p. 122; Zell97, pp. 9 f.]:  

1. Historical versioning: A version made to replace another version is 
called a revision. With the construction of a revision, the further devel-
opment of the original version is abandoned in favor of this new ver-
sion. In practice, the revision of a component is made by changing a 
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copy of the last version. Old revisions are stored for maintenance and 
documentation purposes and form the version-history of an object. Re-
visions have a predecessor-successor-relationship to one another.  

2. Logical versioning: In contrast to revisions, the adjustments made to an 
object to fit the specific circumstances of an application context (for ex-
ample: the company-adjustment of a standard software module or a 
software component with reduced functionalities for testing purposes) 
are referred to as logical versions. The term variant was already intro-
duced for such logical versions. Both terms will be used in the following 
as synonyms. There is no predecessor-successor-relationship between 
logical versions; they exist parallel to one another.  

3. Cooperative versioning: Variants which are integrated with other vari-
ants resp. combined, are referred to as temporary variants. Temporary 
variants are used e. g. to change an old revision when the development 
of a new revision has not yet been concluded. Temporary variants are 
used primarily for supporting cooperative construction processes. 

To illustrate this, the terms above have been arranged in a framework for 
reference modeling procedures (cf. Figure 1). Because reference models 
are special information models used to support the construction of other 
models, the framework considers both the fact that reference models are to 
be made using a modeling language (reference model development), as 
well as that reference models are made to be used (reference model usage). 
In comparison with existing procedure models for reference modeling, the 
framework emphasizes the aspects relating to the construction of versions 
and variants. 

In analogy to software engineering projects, it is recommended that 
evaluations of a model be carried out before it is “handed over” to the 
model management via a release mechanism. This applies to the reference 
models constructed (development phase), as well as to the variants derived 
from these (usage phase). To some extent, evaluation phases are taken into 
consideration in existing procedure models for the development and usage 
of reference models [BDKK02, p. 36; FeLo02a, p. 9; FeLo02c, p. 15; 
Schl00, p. 78]. The conception of the term “evaluation” and the tasks to be 
carried out by project members during the evaluation phase differ how-
ever, in the works mentioned. In this article, the goal of a reference model 
evaluation – in the sense of the evaluation of construction results – consists 
in evaluating the reference model resp. determining the value of a refer-
ence model. The value of a reference model is understood here as the 
model’s share in achieving the reference modeling-goals pursued. Evalua-
tion processes are run through several times, because evaluation results can 
lead to a decision to return to preliminary construction phases in order to 
improve a model.  
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Reference Model Development Reference Model Usage

Referenzmodell

Evaluation 
Process ERM

ReferenzmodellReference Model
(RM-Versions)

ReferenzmodellReferenzmodellEvaluation Result

Arbitrary 
Model Object ORM

Arbitrary 
Model Object OSM

Construction 
Process DSM

Construction
Process DRM

Construction 
Support

ReferenzmodellReferenzmodellSpecific Model
(RM-Variants 

and SM-Versions)

ReferenzmodellReferenzmodellEvaluation Result

Evaluation 
Process ESM

 
Figure 1: The arrangement of model versions and variants in the procedure for the 
development and usage of reference models 

The necessity of versioning construction results connected to this step-by-
step improvement of the model, also known as model evolution, will be 
concretized in the following section using conceptual models.  

4 Requirements Definition for the Management 
of Reference Model Versions 

4.1 Basis Model 

The starting point for the conceptual design of the reference model ver-
sioning is the UML-class model represented in Figure 2 (for the current 
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specification of the Unified Modeling Language cf. http://www.uml.org/). 
We have left out operations and class attributes for reasons of simplicity.   

This class model for the management of model-versions takes into ac-
count that as a rule, revisional constructions in modeling projects are not 
exclusively carried out on the model as a whole. They are, in fact, carried 
out by project members on detail models – due increasingly to the trend 
towards the division of work in model development [ThSc06; Broc03] – 
and then combined to form an improved construction. This correlation is 
taken into consideration with the classes Information Model and Informa-
tion Model Element, as well as the existing part-of-relationship between 
the objects of the classes involved. Each object in the sub-class Informa-
tion Model Element can – at any time – be a component of several objects 
in the aggregate class Information Model (e. g. a function as part of a 
function hierarchy diagram, as well as part of an EPC-model) and every in-
formation model can be composed of several information model elements. 
Therefore, there is no composition between both classes, but rather a 
(0..*):(0..*)-aggregation. 

Information 
Model

Time

Information 
Model Element

Information 
Model 

Version

Information 
Model Element 

Version

0..*

0..*

0..*

0..*

0..*

0..*

0..*

0..*

 
Figure 2: UML-class model for managing model versions [Sche02, p. 87] 
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The information models, as well as the information model elements which 
compose a model, receive a “time-stamp” [Sche02, p. 87]due to the 
(0..*):(0..*)-association with the class Time. This relationship between the 
models, resp. model elements and time, defines the model versions resp. 
the model element versions and is therefore formulated as the association 
class Information Model Version resp. Information Model Element Ver-
sion. Within the framework of their approach to the configuration man-
agement of models ESSWEIN, GREIFFENBERG, KLUGE [EsGK02, p. 96] 
also allude to the fact that “a single record of the different developmental 
states of a model is insufficient” [EsGK02, p. 96]. In fact, “in order to ret-
roactively trace the changes in a model over time, […] a record of the de-
velopment of individual model parts” [EsGK02, p. 96] should be made. 
The said classes are also connected to each other via an aggregation, which 
signifies that an information model-version is composed of the versions of 
the information model-elements assigned to it. This was – analog to the as-
sociation between the objects of the classes Information Model and Infor-
mation Model Element – not constructed as a composition (no limitation of 
the cardinality annotated to the aggregate class to 1..1), so that the case 
that each information model-element version can be a part of several in-
formation model-versions is also taken into account. On the other hand, the 
(0..*)-cardinality on the class Information Model Element Version indi-
cates that a model-version can be assigned to several versions of a model-
element. Minor revisional constructions on model-elements do not neces-
sarily lead to the designation of new information model-versions. This is 
especially important for the management of versions of comprehensive 
(reference) models. 

4.2 Extension of the Management of Model-Versions through 
Version Graphs 

The graphic illustration of the development history of an object is done in 
software engineering using so-called version graphs [CoWe98, pp. 240 ff.; 
Zell97, pp. 10 ff.]. This article sees version graphs as a type of modeling 
language. The concept of version graphs is transferred to the representation 
of the development history of information models in the following section. 
A version graph-model is represented in Figure 3 and will be used as a ba-
sis for the explanation of the basic language constructs of a version graph, 
as well as their representational forms.  

The basic elements of the modeling language “version graph” are nodes 
and edges. Nodes represent the versions of an information model. They are 
depicted in Figure 3 by shaded rectangles with rounded corners. The ver-
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sions are marked with unique identifiers – also called version numbers 
[Balz98, pp. 238 ff.]. In contrast to this type of versioning, referred to in 
literature as extensional, the identification of versions in the intentional 
manner occurs on the basis of attributes, which describe attributes of the 
versioned objects [ABCM99, pp. 102 ff.]. The predecessor-successor-rela-
tionships existing between versions express the fact that the successors 
were derived from their predecessors by way of revisional constructions. 
The corresponding edges are represented by arrows.  

Version
1.0

Version
1.1

Version
1.2

Version
1.1.1.0

Version
1.2.1.0

Version
1.1.1.1

Version
1.3

Version
1.2.1.1

Version
1.4

Release
2.0

 
Figure 3: Example for a version graph-model 

Version graph-models can take on different forms [CoWe98, pp. 240 f.]. In 
the simplest case, they consist of a sequence of revisions where the ver-
sions can have a maximum of one predecessor and one successor. Figure 3 
represents the fact that a version can have several predecessors, as well as 
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various successors. According to the software engineering-terminology, a 
model-version released and turned over to the model management – and 
perhaps even delivered to a customer – is referred to as a release.  

To transfer the concept of the version graph to information modeling, 
the UML-class model for managing model-versions must be extended. A 
version graph is described as a predecessor-successor-relation of a set of 
versions. In Figure 3 two association classes were constructed for the rep-
resentation of versions: Information Model-Version and Information Mod-
el-Element Version. Due to the part-of-relationship between these classes 
there are two possibilities for the integration of a version graph-structure: 

1. The definition of two structures, which are differentiated between ac-
cording to whether they describe a relationship between models or 
model elements.  

2. The definition of a structure, which can be related to both of the said 
classes.  

The first case leads to a redundant description of a structure which would 
exist on a model-level, as well as a model element-level. In the second 
case, this redundancy was abolished; however, no suitable language con-
structs are available in the UML-class diagram – if the construction of 
further classes is not considered – capable of generating the corresponding 
assertion. Because of this, the part-of-relationship between the classes In-
formation Model and Information Model-Element, as well as the corre-
sponding relationship between the association classes defined by the time-
stamp are “opened” and replaced by the data structure in Figure 4. 

The differentiation between complex and atomic models is the central 
thought in this revisional construction. While a complex information 
model can be broken down into model-elements, this assumption does not 
apply to an atomic model. Examples for atomic models are, in the case of 
an EPC, a function or in the case of an ERM, an entity type. In this sense, 
an information model can be either complex or atomic, whereby a complex 
information model can, in turn, consist of several models. This is consid-
ered in Figure 4 by the specialized relationships plotted between the clas-
ses Information Model, Complex Information Model and Atomic Informa-
tion Model. It is however, also given through the part-of-relationship, 
which guarantees the assignment of an information model to a complex 
model whose component it represents, by way of a hierarchy between the 
objects of the classes involved. 

The model versioning has now been dealt with on the model-level and 
on the model element-level by way of the association class Information 
Model-Version, since this relationship was inherited by the sub-classes 
Complex Information Model and Atomic Information Model of the super-
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class Information Model. The diagram-like management of versions using 
version graph-models – which requires not only recording the respective 
construction results, but also recording the relations existing between these 
(cf. also Figure 3) – can now be annotated by a predecessor-successor-re-
lationship in the form of the recursive (0..*):(0..*)-association class Ver-
sion Structure using the corresponding role on the class Information 
Model-Version (cf. Figure 4).  
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Time0..*0..*

Version 
Structure

0..*

0..*

Successor

Predecessor

1..*

0..*

Information 
Model 

Version

 
Figure 4: Extension of the management of model-versions through version graphs 

The essential requirements on the conception of system functionality for 
the management of information model-versions as a sub-aspect of refer-
ence model development and usage are herewith defined. In addition to the 
construction results represented by models, information must be recorded 
about revisional constructions carried out on a model within the frame-
work of a modeling project such as content, reason, time, those responsi-
ble, etc. The chronicle of these revisional constructions and the reasons for 
making them allows the retrospective analysis of the same and provides in-
formation for decision-making processes in future developments [EsGK02, 
p. 93].  

This applies to not only reference model development and usage, but 
also to the implementation phase of a constructed to-be-model in an enter-
prise or the implementation of an application system, which both poten-
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tially follow these processes. If for example, within the framework of a 
reference process model adaptation, the required processes are selected 
resp. unnecessary processes removed using typological features of an en-
terprise and an automatic control system, then the connection between the 
requirements used and the process-structures selected is lost in the process. 
It is however, exactly this information, which is needed for further revi-
sional constructions, as well as for the remodeling of a process already 
being carried out in an enterprise. Information about the reasons for the 
structure of a certain process, as well as for its modification – the “Why” – 
should therefore be saved with the model, in addition to the processes 
themselves – the “What” – and the rules for the selection of the required 
processes – the “How”. The recording of this information is guaranteed by 
the data structure represented in Figure 4.  

5 Design Specification for the Version Management 
of Reference Models 

5.1 System Architecture 

The primary technical aspect of the tool for versioning reference models 
refers to the definition of the technological platform, the identification of 
the IT-components, as well as the description of their DP-logical relation-
ships. The architecture of the system referred to in the following as the 
reference model management system (RMMS) is illustrated in Figure 5. 

The system architecture of the RMMS is a client/server-architecture. 
Due to the multitude of RMMS-system elements these are “classically” 
structured in three layers – the data management, application and presenta-
tion layers. 

The data management-layer of the RMMS-system architecture is di-
vided up into database and file management. While the structured data 
(human resource and customer data, as well as as-is and reference models) 
is managed in relational databases, the weakly structured data (text docu-
ments, spread sheets, presentation graphics, images, video and audio files, 
as well as links to further documents) is stored in a file system.  

The data management-layer differentiates between four databases – an 
enterprise-wide human resource database, an enterprise-wide customer 
database, an as-is-model database and a reference model database. The ref-
erence model database in particular is a systematized collection of refer-
ence models (reference model library). It stores the reference model con-
structs, as well as their structural relationships, model attributes such as 
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name, identification number, type of model (for example: EPC or ERM), 
description, time of creation, originator, last modification or last processor. 
The customer model database is also a model database, as is the case with 
the reference model database. It contains documented as-is-models, i. e. 
sections of the customer’s enterprise-structure interpreted by the creator of 
the model at the time of modeling. It makes no difference whether the cus-
tomer is internal or external.  
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Figure 5: RMMS-system architecture 

The external databases in Figure 5 are represented as a logical unit for pur-
poses of simplicity, which however, as a rule, consist physically of several 
distributed databases. For example, the reference model database could 
consist of several external databases. This is the case when, in modeling 
projects, reference models from different modeling tools are used and each 
manage the models in their own databases.  

The application layer comprises the server-services and data (RMMS-
repository) used to carry out the technical tasks. The programs in this layer 
receive the user’s (clients) instructions and carry them out on the relevant 
data. By using a client/server-architecture, several applications and users 
can access the same database at the same time and process it.  
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The components of the RMMS, with which the user has contact, are as-
signed to the presentation layer. They make the input and output more 
user-friendly and are represented by a graphic interface. The operational 
concept of the RMMS and its graphic user interface should be adapted to 
the interface design of established modeling and analysis tools. This way, 
for the user, the separate systems appear to be a logical entity – from the 
technological point of view. This also makes access to the RMMS easier 
for users familiar with modeling tools.  

While the RMMS-components are used for processing information im-
portant for the development and usage of reference models, the creation, 
editing and deletion of information models remains the task of the model-
ing and analysis tool. Several different modeling and analysis tools may be 
used here. In order not to focus on the integration capability of modeling 
tools [MeNü03] the use of only one modeling and analysis tool will be as-
sumed, because it is not the interchange between several modeling tools, 
but rather the general exposure to reference models, their versions and as-
sociated information objects which are the subject here. It is important 
here to secure the compatibility of the database of the modeling tool with 
the model databases in the data management-layer.  

The version management for reference models is created using the struc-
ture and transformation processes “inside” the RMMS-repository, which 
was dealt with up to now as a black box.  

5.2 RMMS-Repository as a Central Component for Model 
Versioning 

The RMMS-repository consists of four database-components: a user, a 
customer, an RMMS-model and a project database. These databases are 
managed by the server plotted in Figure 5 and show relations to the exter-
nal databases described above, as well as to the external file system. The 
data access and transfer of the server has already been discussed. For pur-
poses of clarity, only the relations between the components of the reposi-
tory and the components of the data management-layer have been accentu-
ated graphically in Figure 6. 

The system-users are created in the user database and are authenticated 
with it. The user database is a database derived from the enterprise-wide 
human resource database. Beyond the “business card” managed in the en-
terprise-wide human resource database, the user database of the RMMS 
contains the personal profile of the user (for example: start and standard 
settings of the RMMS-user interface, technical interests), as well as au-
thorizations given to the user regarding the manipulation of data. Basic 
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rights of disposal are the reading, creation, modification and deletion of 
objects.  
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Figure 6: RMMS-repository and databases 

The customer database is based on the external enterprise-wide customer 
database. The fact that customers appear as users of the RMMS is indi-
cated by the relation between the customer database and the user database. 

In addition to the “pure” model-data, the RMMS-model database also 
manages information about the construction of versions during the project. 
On the one hand, it adopts models from the external reference model data-
base and on the other, the consideration of already existing information 
systems for reference model usage requires accessing the customer’s ex-
ternal as-is-model database (reverse engineering).  

The transfer of the model-data into a logical structure allows the simple 
connection to further external model databases in the system architecture. 
It also allows the RMMS-user to carry out the same functions on all mod-
els. This comprises not only the version management of the models, but 
also searching resp. navigating in the model databases. 

Because the information models are not created and processed with the 
RMMS, but rather with the modeling tool, it appears expedient to allow 
the RMMS read-access to only the external databases.  

The project database is at the center of the RMMS-repository in Figure 
6. It manages internal and external reference modeling project-tasks be-
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tween organizational units by storing data, such as the project name, type, 
goal, period, status or progress. Project documents, such as the project 
commission, structure plan, and schedule, proceedings from meetings, 
status reports or requirement specifications are not stored directly in the 
RMMS-repository. These documents are created by the users locally and 
managed in an external file directory. The project database also supports 
the project management by managing the number, type and logical 
sequence of measures with which a reference modeling-effort should be 
realized, as well as by storing model histories (version management). With 
the help of relations to the user database, each reference modeling project 
is assigned a project leader and a group of project employees. Associations 
to the customer database take service-specific customer requirements into 
account. The project-related new or revisional construction of reference 
models and the documentation of changes in the knowledge basis require 
access to the reference model database. 

6 Implementation of the Reference Model 
Version Management Tool 

6.1 Selecting a Basis Modeling Tool 

The concept introduced for the version management of reference models 
was developed up to now independent of modeling languages, methods 
and tools. This applies to the construction of the conceptual models in 
Section 4, as well as to the design of the system architecture and the 
RMMS-repository in Section 5.  

Because established products exist in the field of modeling [Sinu04], a 
complete new development of the RMMS is not necessary, but rather an 
extension of the existing systems. The functionalities necessary for the de-
velopment and usage of reference models, which for example, make the 
revisional construction of models possible have already been implemented 
in the respective tools. Functionalities, which on the other hand serve the 
documentation of the construction process or a certain procedure in refer-
ence model usage must be re-implemented as necessary. The RMMS is 
therefore implemented as an integrated component of a professional tool 
for modeling business processes. The ARIS-Toolset from IDS Scheer, Inc. 
has been selected as a basis modeling tool. The ARIS-Toolset is a software 
system for the analysis, creation and navigation of business processes 
[IDS03]. It is based on the research of the Institute for Information Sys-
tems (IWi) in Saarbruecken. The following are factors, which were deci-
sive for choosing the ARIS-Toolset as the basis modeling tool: 



Version Management for Reference Models 17 

1. IDS Scheer, Inc. and the Institute for Information Systems (IWi) are 
both located in Saarbruecken. This naturally facilitates the intensive 
dialogue between employees and software developers on the topic of 
reference modeling, as well as the support of reference modeling with 
tools as seen by the user. In addition, travel costs were kept at a mini-
mum due to the close proximity of these two institutions.  

2. Since 1994, IDS Scheer, Inc. has provided several reference models cre-
ated with the ARIS-Toolset [IDS05]. These were made available by the 
company and were used for testing purposes within the framework of 
the research project which builds the foundation of this article. 

6.2 Graphic Representation of the Models 

The work area of the RMMS is divided up into an explorer and a viewer 
(cf. Figure 7). All of the information models managed by the RMMS are 
displayed in the explorer. This applies to the reference models constructed 
in development projects, as well as enterprise-specific models created in 
application projects.  

The index-card system of the RMMS serves the management of impor-
tant information for the development and usage of reference models. The 
information models managed by the RMMS are characterized on the index 
card “Overview”. The other index cards serve the graphic model represen-
tation (“Graphic”), the representation of model attributes (“Attributes”) 
and the support of distributed construction processes (“Collaboration”). In 
Figure 7, the index card “Graphic” is activated. It gives users access to the 
versioning functionalities. The functionalities, which support the graphic 
representation of the models in the RMMS will therefore be discussed first 
as seen in the screenshot in Figure 7.  

While the graphic representation of the information model is displayed 
in the left part of the index card, the attributes of the model components 
selected by the user are displayed on the right side. For navigation within 
the graphic, the user is given different functionalities. In the example in 
Figure 7, the Version 1.2 of a reference model framework for event man-
agement which, due to its form, is referred to as “Event-E”, is selected. 
The project, which serves the development of a reference model for the 
application domain “event management” was carried out at the Institute for 
Information Systems. Here, we will abstract from the functional aspects of 
this reference model. The event management reference model is docu-
mented in [ThAS05].  
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Figure 7: Graphic model representation 

The user has selected the sector “Event Strategy” in the framework. The 
attributes of this sector can be viewed in the attribute window, which can 
be navigated though using a vertical scrollbar. In addition to the general 
attribute group and the attribute group on the model status, which can be 
seen in Figure 7, further attributes exist that characterize the model com-
ponents such as, creator, date created, inspector, date of inspection, person 
responsible for release, date of release, validity period, etc. 

6.3 Interaction Design with the Basis Modeling Tool 

If the user wishes to carry out changes on a model-version he must first 
open the modeling tool. This can be done by clicking the button “Edit”. 
This command opens the file assigned to the information model compo-
nent marked on the “Graphic”-card. In Figure 7, the user has marked the 
component “Event Strategy” of the reference model framework “Event-E”. 
Using the “Edit”-button he can open the process model assigned to “Event 
Strategy” in its current version. This “jump” to the modeling tool is repre-
sented in Figure 8. In addition to reading, changing or deleting models and 
model elements, the user can now use further functionalities of the mod-
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eling tool. This pertains for example, to the graphic arrangement and 
grouping of model elements, the creation of model elements and element 
attributes, the placing of attributes or the connection of a model with OLE-
objects, such as for example, text documents or slides.  

6.4 Managing Model Versions 

The management of the model and model-element versions made in the 
course of a reference modeling project (model history) is carried out via 
the dialog reachable using the button “Versions” of the graphic index card 
(cf. Figure 8). In addition to the most important model data such as name, 
type or time of creation and modification, those responsible for the change, 
the type, reason, priority and status of the model changes, as well as the as-
sociated project activities are recorded.  

 
Figure 8: Interaction design between RMMS and the ARIS-Toolset 

After pressing the button “Versions”, the version management dialog 
opens for the model displayed in the “Graphic”-window resp. for the 
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model element selected in the representation window. Figure 9 shows an 
open version management-dialog. The case represented here is, that the 
user “Johann Spuling” wishes to retrace the history of the model “Event 
Strategy” after confirming the adoption of the modifications he had made 
to the EPC-model “Event Strategy” (cf. Figure 8). For this purpose, he has 
opened the corresponding path in the model explorer and called up the 
“Version Graph”-dialog.  

The graphic displayed in the dialog “Version Graph” in Figure 9 repre-
sents the structural relationships stored in the RMMS-database between the 
versions of the active EPC-model in the “Graphic”-window. The version 
graph can be navigated using the vertical and horizontal scrollbar. With a 
simple mouse-click, the user selects the version element-constructs. The 
attributes of the marked version element are displayed in the right side of 
the window (“Attributes”). By double-clicking, one can display the model 
assigned to the version construct in the “Graphic”-window. This way, the 
user can retrace the complete developmental path of the constructed infor-
mation models.  

 
Figure 9: Managing model versions 

Using the toolbar at the top of the “Version Graph”-window, the user can 
create new models or model-element versions (“New”), save attribute 



Version Management for Reference Models 21 

changes (“Save”), remove marked version constructs (“Remove”) or reject 
respective changes and close the window (“Cancel”). The version numbers 
are automatically generated by the RMMS. They can however, be changed 
by the user at a later point in time. 

7 Related Work 

Within the framework of a study on method engineering GREIFFENBERG et 
al. introduced an approach for the configuration management of informa-
tion models [EsGK02; Grei04]. On the basis of available standards, as well 
as the corresponding experience reports (“best practices”) from software 
development, the authors systematized the requirements on a model ver-
sioning tool. The natural language depictions are represented by diagrams 
of the so-called E3-method [Grei04, pp. 99 ff.] – and thus, transferred to a 
system specification for the versioning of information models. The concept 
was however, not implemented nor tested in practice. Which requirements 
are necessary for the integration of the approach in professional modeling 
tools was also not dealt with by the authors.  

VOM BROCKE differentiates between new constructions, version con-
structions and variant constructions in his study on the design and distri-
bution of construction processes according to the technical construction 
theory [Broc03, p. 260]. Furthermore, the author emphasizes the version-
ing of reference models and enterprise-specific models, on the basis of so-
called reference model components, as noteworthy in comparison to “con-
ventional” methods for the construction of reference models [Broc03, pp. 
262 f.]. He relates this to the documentation of the evolution of a stock of 
models achievable with the version relationships between constructions in 
all levels of the construction process. However, he does not say how these 
relationships are to be fashioned.  

WARNECKE et al. also allude, within the framework of an evolution 
concept for reference models, to the fact that “the increasing range of ref-
erence models, as well as the multitude of versions to be managed […] 
complicate the use of a reference model” [WSHF98, p. 63] and state that 
“in addition […] all versions of a reference model must be managed and 
available at any time” [WSHF98, p. 63]. The authors do not however, an-
swer the questions as to how the versioning of information resp.  reference 
models can be designed.  

Further related work deals generally with the systematization of refer-
ence models, whereby it is, in fact, the tabulation of reference models that 
is meant here and not so much the survey-like textual description of the 
actual stock of reference models found in literature [FeLo02a, pp. 13 ff.; 
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FeLo02b, p. 15; FeLo03, pp. 46 f.; KlWi98, pp. 30 f.; Lang97, pp. 21 ff.; 
Mert92, pp. 20 ff.; Scho90, pp. 131 ff.]. It is indisputable that a model 
management, based on the cataloging of reference models, is very useful 
for the developers and users of reference models. It systematizes and fa-
cilitates access to the models and is suitable for supporting the search and 
selection of reference models. The said form for the model management is 
however based, as a rule, on the assumption of a given stock of models. 
Which advanced requirements must be made to model management when 
the changes in a model over time (model evolution) are also to be consid-
ered, is not dealt with in the said studies.  

8 Discussion of the Results and Outlook 

Procedure models for reference modeling predominantly give recommen-
dations for an incremental construction, i. e. the creation of a model step 
by step, whereby the development of the model progresses with each step 
– they are quasi constructed as a sequence of “increments”. Despite this 
connection, few studies exist, which deal with the problem of model ver-
sioning connected with this incremental development of reference models. 
The article at hand has accommodated this fact by designing an informa-
tion system, which supports the version management of reference models. 
The illustrated approach corresponds to an evolution concept for reference 
models in which know-how from previous modeling tasks can be “con-
served” in order to make it available within the framework of other prob-
lems or tasks. The concept was designed on the basis of data structures and 
a system architecture and implemented in the form of an application sys-
tem.  

It became clear in the design phase that the creative potential in the revi-
sional management and control of the development and usage of reference 
models is justified from the perspective of a basic information model-term, 
as well as from the perspective of a specific reference model-term. Due to 
the use-oriented understanding of reference models in this article, as well 
as the generally heterogeneous stock of models, the formation of the con-
cept and data structures had to be geared toward the versioning of infor-
mation models, instead of solely to reference models. Based on this, the 
version management could be designed as a function whose performance 
in modeling projects is first, permanently carried out, second, serves the 
evolution of the results to be produced in these projects (information and 
reference models) and third, supports the development, as well as the us-
age of reference models.  
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The central thoughts in the prototypical implementation were first, the 
implementation of the versioning as an “integrating” component in a pro-
fessional modeling tool and second, the use of version graphs taken from 
the field of software engineering. It is especially these graphs, which form 
a basis for the navigation of model-versions, enriched thanks to their 
graphic representations. The result is a prototype, which allows system-us-
ers to retrace model histories.  

It must however, be criticized that the existing relationships between the 
information models and model-elements resp. information model-versions 
and element versions used, are ultimately a simplified interpretation of the 
relationships existing between a model and the elements of a model. They 
provide no information as to how model-elements resp. element versions 
are to be aggregated to form a model resp. model-version. The author sees 
a future challenge in the extension of the approach to the construction 
techniques currently discussed in the field of reference modeling, as well 
as in the embedding of other forms of version graphs, such as for example, 
sequences, trees and acyclic graphs. 
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Adaptive Reference Modeling: 
Integrating Configurative and Generic 
Adaptation Techniques for Information Models 
Jörg Becker, Patrick Delfmann, Ralf Knackstedt 

Abstract: Reference models have to be adapted to fit to the according application 
situation. In order to reduce the adaptation efforts, the concept of configurative 
reference modeling represents a promising approach. Nevertheless, since not 
every requirement of possible reference model users can be anticipated by the ref-
erence model developer, further model adaptations have to be performed. In order 
to support the reference model user decreasing his adaptation efforts by providing 
a higher methodological support, we propose to integrate generic model adapta-
tion techniques with configurative reference modeling. Our paper presents rec-
ommendations for the construction of modeling languages that realize an integra-
tion of configurative and generic reference modeling. 

1 Introduction, Related Work, and Research Goal 

1.1 Introduction 

The development of information models is often an expensive and time 
consuming task. Consequently, approaches are required which increase the 
efficiency of information modeling. Against this background, reference 
models provide a useful means of reducing the effort of information mod-
eling. Reference models are information models that are developed with 
the goal of being reused for different, but similar purposes. Furthermore, 
reference models are used as a starting point for the construction of pro-
ject-specific models [Fran99; Rose03], e. g. in the course of business reen-
gineering projects. The benefit of the use of reference models is predomi-
nantly the reduction of development costs, due to the possible reuse of 
knowledge. Furthermore, reference models are referred to as providing 
best or common practice solutions for information modeling projects 
[Silv01; RoAa07]. 

Nevertheless, reference models provide benefits only if the reduced 
modeling effort resulting through their reuse is not overlapped by the ad-
aptation effort. Adaptations are necessary since the reference model has to 
comply with the particular application context. Application contexts de-
pend on company specifics on the one hand and requirements of different 
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user groups within a company on the other hand. This is why they can be 
divided into 

• Business characteristics and their values: These describe the class of or-
ganization the reference model adaptation is to be accomplished for 
[WMBK03]. Examples for business characteristics of the domain of 
trade are transaction type or distribution channel. Exemplary forms of 
transaction types are warehousing, third-party-deal and central settle-
ment. 

• Perspectives: These represent the requirements of different user groups 
applying the information model [DaSh96; NJJZ96; Rose98; RoGr00]. 
They are determined by the pursued modeling intention, e. g. software 
engineering or business process change, the user’s organizational role 
within the project, e. g. method expert or user, and further influence 
factors like the user’s preferences regarding the model layout or used 
terms [BDKK02]. 

Considering both types of characteristics in the process of reference model 
adaptation a specific adaptation parameter structure results which is shown 
in Figure 1 as Entity-Relationship-Model [Chen76]. 

  
Figure 1: Adaptation parameter structure 

In order to comply with particular application contexts, reference models 
are either to be aligned to a specific user group or need to comprise con-
cepts that facilitate an easy and efficient adaptation process. Furthermore, 
the development of reference models is often costly, risky, and extensive. 
This moreover underlines the demand for an easy-to-use adaptation ap-
proach. Like every other entrepreneur, reference model developers need to 
identify their market potentials and their profits are subject to the product 
acceptance on the part of the customer (here companies and organizations). 
Thus, reference model developers face the following dilemma: 

On the one hand, customers will choose a reference model that – along-
side the quality of the transferred know-how – provides the best fit to their 
individual requirements and therefore implies the least need for changes. 
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On the other hand, a restriction of the generality of the model results in 
higher turn-over risks because of smaller sales markets. 

1.2 Related Work, Research Problem, and Goal 

Adaptive reference models provide a way out of this “reference modeling 
dilemma”. They comprise rules which allow automatic modifications of 
the original reference model depending on company or project specific is-
sues. In order to enable a context-specific adaptation of reference models, 
few conceptual modeling approaches have been developed in the near past: 

SOFFER ET AL. propose configurable reference models in order to cus-
tomize enterprise systems. They use configurable, so-called Object-Pro-
cess Diagrams that integrate process flows and data objects used within an 
enterprise system. The configuration of these Diagrams is performed by 
interpreting attributes that define the relation of diagram objects to differ-
ent application scenarios. During enterprise systems customizing, the users 
have to specify their application context. Based on this, the attributes are 
interpreted, and the models are modified accordingly [SoGD03]. 

ROSEMANN & VAN DER AALST propose a configurable reference mod-
eling language that is based on Event Driven Process Chains (EPC). The 
approach differs from that of SOFFER ET AL. in so far as configurations are 
less predefined. It is based on semantic patterns in process models that de-
scribe dependencies of model elements on a semantic basis. E. g., a man-
ual model configuration step that erases a process branch is followed by a 
hint to erase another process branch as well that is semantically related to 
the prior one. Similarly to SOFFER ET AL., the authors point out the neces-
sity to connect model elements to the according enterprise systems func-
tions in order to perform model and enterprise systems configuration con-
currently [RoAa07]. 

The approach which has been introduced by BECKER ET AL. is based on 
the view building Architecture of Integrated Information Systems” (ARIS 
[Sche00]) in order to comply with different modeling views that are 
needed for the integrated modeling of information systems and business 
processes. In comparison to the approaches of SOFFER ET AL. as well as 
ROSEMANN & VAN DER AALST, it is different inasmuch several configura-
tion mechanisms are provided that have different influences on the models. 
The configuration mechanisms are able to format modeling languages, 
models, model sections and model elements in order to fit the model base 
to context specific requirements. Furthermore, the approach is not re-
stricted to conceptual configurations. It allows also modifications of the 
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graphical representation of models as well as the management of different 
languages and language-internal synonyms. 

The configuration strategy of each of the introduced approaches is 
similar. Model variants for different application scenarios are integrated in 
one model and are predefined. The model variant that is considered the 
best for a specific application scenario can be selected. Therefore, these 
approaches provide a useful means of reducing the efforts for reference 
model adaptation, since the adaptation of reference models to different 
purposes is supported methodically. 

The configuration approaches can be used in different stages of refer-
ence model adaptation as Figure 2 shows. First, reference models have to 
be adapted to the according enterprise (here: a retail enterprise that only 
performs warehousing; furthermore, enterprise employees demand over-
view models instead of detail models). Second, they are configured com-
pany-internally in order to comply with the requirements of different user 
groups (here: a project team that includes only practitioners, why the mod-
els have to be made easy-to-read). Third, a further configuration step is 
imaginable that adapts the model base to requirements of single users, e. g. 
employees of distribution. Hence, the configuration process can be per-
formed repeatedly in order to support the adaptation process in each stage. 
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Configuration

Model 1

Reference Model 
Developer

Company 
Information 

Management Project Team Single Model User

Ware-
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Central 
Settlement
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Figure 2: Exemplary, multi-level configuration process [BKKD01] 

Since a reference model developer is not able to anticipate every possible 
specific of a company, the reference model that is adapted to a specific 
business characteristic in the first stage, has to be fine-adapted to company 
specifics in a second stage, before it can be configured to fit the require-
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ments of company-internal user groups. This fine-adaptation causes further 
adaptation costs. Consequently, a methodical support of the reference 
model user should be available in order to decrease these additional costs. 
This is ignored by common configuration approaches. 
At this stage, generic modeling approaches, e. g. generic component driven 
approaches, are considered appropriate, since they offer less predefined re-
usable model fragments. This way, on the one hand, the modeling “free-
dom” is assured. On the other hand, the modeler is supported by methodi-
cal concepts that promise an acceleration of the fine-adaptation process. 
Approaches to generic information modeling can be found e. g. in [Risi00; 
FeYu00; Szyp02; Kilo91]. 

Nevertheless, each of these approaches is isolated. An integrated ap-
proach to adaptive reference modeling that comprises configurative and 
generic adaptation concepts is still missing. Hence, in order to close this 
gap, we propose an integrated approach based on the configurative refer-
ence modeling approach of BECKER ET AL. in this contribution. Therefore 
we first introduce our research methodology and our paradigmatic posi-
tioning very briefly in section 2. The framework and basic conceptual 
specifications are topic of section 3. In section 4, we present configurative 
adaptation mechanisms for reference models that are integrated with ge-
neric adaptation mechanisms in section 5. The conceptual specifications of 
section 4 and 5 are illustrated with a running example based on Event-
Driven Process Chains (EPC) [Sche00]. The paper concludes with section 
6, where we discuss efficiency aspects of the proposed modeling approach 
as well as necessary further research. 

2 Research Methodology 

In terms of research methodology, we follow WEICK’S sensemaking para-
digm [Weic95]. The relevance of the research topic was derived from re-
quirements the authors were confronted with during information model-
driven consulting projects. These were performed amongst others in the 
companies Deutsche Telekom AG [BeKR03] and Bayer Business Services 
GmbH [BJDF06], in public administrations in the north-west of Germany 
[BADN03] and in the German Ministry of Defense. The requirements 
gathered within these consulting projects were balanced with already ex-
isting approaches to information model adaptation as briefly outlined in 
section 1.2, whereas a deficit of methodical support for this problem was 
identified. 

A second sensemaking aspect of the research project is that modeling 
languages were selected as a basis for the specification of adaptation sup-
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port which are well-known, well-established and wide-spread. Further-
more, these modeling languages are provided by a modeling tool distrib-
uted by the market leader in terms of conceptual modeling. Therefore, the 
modeling languages we apply in our approach are based on the Architec-
ture of Integrated Information Systems (ARIS) [Sche00]. Hereby, we ex-
pect a quick dissemination and application of our findings. 

The construction part of the research is interpretivist in nature [KlMy99] 
with respect to processing the empirical material (mainly conceptual mod-
els) that the authors were provided from their industry partners. 

3 A Framework for Adaptation Support 

3.1 Dimensions 

With the aim of structuring the specification of adaptation support for ref-
erence models, a framework is applied that is spanned by three dimensions 
(cf. Figure 3). 
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Figure 3: Framework [BeDK04] 
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In order to specify the adaptation concepts, we make use of meta model-
ing. Meta models are used to specify modeling languages [Stra96; 
NJJZ96]. Within the first dimension of the framework, we distinguish the 
model layer, the meta model layer and the meta-meta model layer. The 
model layer is used to present adaptation examples that are based on EPCs. 
On meta model layer, we specify the language of EPCs exemplarily and 
show modifications that are performed within this language in the course 
of the adaptation process. The adaptation mechanisms themselves are 
specified on meta-meta model layer. The specification on meta-meta 
model layer is necessary because, on the one hand, this way, adaptation 
mechanisms are possible that are able to adapt modeling languages. On the 
other hand, through this, the adaptation concepts can be reused for other 
modeling languages specified on meta model layer, e. g. Entity-Relation-
ship Models, Organigrams, Technical Term Models etc. As specification 
language on meta model layer as well as on meta-meta model layer, we 
use Entity-Relationship-Models [Chen76] with (min, max)-cardinalities. 

The second dimension differentiates five categories of configuration 
mechanisms which in part have single mechanisms assigned. The configu-
ration is characterized by explicit adaptation points enclosed in the refer-
ence model. For these adaptation points rules are defined that determine 
how the reference model is to be modified [BDKK02; BDDK04]. The con-
figuration is dependent on the current value of the configuration parameter. 
In the course of configuration specific models are derived from the refer-
ence model. 

The fundamental concept of configurative reference model adaptation is 
based upon the principle of model projection. I. e., starting from a total 
model that contains information for each application context, model sec-
tions are faded out that are not relevant for a specific application context. 
The fading out is realized by configuration mechanisms which use adapta-
tion parameters as input [BDKK02]. 

So as to support the reference modeler by model projection efficiently, it 
is beneficial to supply configuration mechanisms that have different im-
pacts on the models. Therefore, configuration mechanisms are not exclu-
sively proposed for the layer of modeling technique application (model 
layer), but also for the layer of their definition (meta model layer). Config-
urative adaptations of meta-models act upon on all models which were 
constructed in the corresponding modeling language, whereas adaptations 
on model layer only act upon specific models and model sections respec-
tively. We distinguish the following configuration mechanisms: 

• Model Type Selection allows for providing only those modeling lan-
guages and their according model types to users that are relevant for 
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them. E. g., employees who use process models as guidelines for their 
everyday work, do not need to be provided with data models describing 
data base structures. 

• Element Type Selection considers the necessity to provide modeling lan-
guage variants with different expressive power for different user groups. 
E. g., practitioners prefer process models that are easy to read. This can 
be achieved by e. g. fading out resource types that are annotated to 
process functions. 

• In contrast to Model Type and Element Type Selection, the configura-
tion mechanism of Element Selection does not operate on the according 
modeling language but on particular parts of a model. E. g., process 
branches which are not relevant for a certain type of business can be 
faded out. We distinguish Term-based Element Selection and Attribute-
based Element Selection. Term-based Element Selection assigns logical 
terms to model elements that connect them directly to perspectives or 
business characteristics, whereupon Attribute-based Element Selection 
assigns characteristics to model elements that mark them as relevant or 
non-relevant for different perspectives or business characteristics. The 
differentiation of these mechanisms was undertaken in order to support 
the reference model developer efficiently in different adaptation sce-
narios. 

• In different parts of a company different naming conventions may have 
established, whereas the different namings have the same meaning 
(E. g., procurement employees call a supplier invoice just “invoice”, 
whereas distribution employees use the naming “supplier invoice”). In 
order to consider these conventions in line with information modeling, 
the configuration mechanism of Synonym Management allows for per-
spective-specific exchanging of model element namings. 

• Through Representation Variation, the representational aspect of model-
ing languages can be changed dependent on the current perspective. 
I. e., symbols of model elements can be exchanged (for further repre-
sentational variations of models cf. [BDKK02]). 

The third dimension distinguishes four types of generic reference model 
adaptation mechanisms. Unlike configuration mechanisms, they allow 
creative freedom within the adaptation process. The possible model vari-
ants are less predefined. 

• Aggregation implies that the reference model is provided in the form of 
model components that have to be combined by the reference model 
user. [Szyp02; Kilo91; HaPS99]. The possible combinations of compo-
nents can thereby be restricted by interface definitions. 
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• The Instantiation of a reference model envisions the insertion of feasible 
values for placeholders that are provided within the model [Broc03; 
BeDK04]. These values can reach from simple numeric values to com-
plex model element structures. 

• In many cases the adaptation of a reference model by Specialization is 
envisioned. In this case the level of detail of the reference model is con-
sciously restricted. Specialization is performed by adding, changing or 
removing model elements without any semantic restrictions. 

• Finally, the reuse of model structures found in a reference model by the 
user is referred to as Conclusion by Analogy [Broc03], which is the few-
est restricted adaptation mechanism. 

It is reasonable to combine different generic adaptation mechanisms. E. g. 
components that can be instantiated provide a higher degree of reusability. 
Compositions of design patterns pursue this strategy [Risi00; FeYu00]. 

In the following, we will use the framework as a navigator in order to 
illustrate conceptual specifications as belonging to an according section of 
the framework. E. g., basic specifications of the meta-meta model layer are 
marked by hatching the whole upper layer of the framework. An example 
that shows how an EPC on model layer is modified by Element Selection 
is indicated by shading the lower middle cell in the front of the framework. 
Specifications that describe a combination of Aggregation and Represen-
tation Variation on meta model layer are indicated by shading the front, 
vertically middle and horizontally right sub-cube of the framework. 

The specifications of the adaptation mechanisms that are presented in 
detail in the sections 4 and 5 are based on constitutional specifications on 
different model layers that we introduce in the following. 

3.2 Constitutional Specifications 

The central construct of the meta-meta model level is the element type, by 
means of which the existence of model elements on meta model layer is 
defined. Since for the meta model layer Entity-Relationship-Models are 
applied as well, model elements on that layer are entity types and relation-
ship types that are subsumed within the entity type type on meta-meta 
model layer (cf. for the complete specification [BDKK02]). Types have 
attributes and can be provided with constraints that facilitate restrictions 
for the instances of the associated types (cf. Figure 4). 
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Figure 4: Constitutional specifications on meta-meta model layer 

The assignment of attributes to types on meta model layer requires that 
each model element of a type (e. g. process functions) receives this attrib-
ute once it is defined. If individual instances of a type on model level re-
quire additional attributes, an extension of the meta model is necessary (cf. 
Figure 5).  

 
Figure 5: Instance attributes as constitutional specifications on meta model layer 

All meta model elements that have to be provided with such an instance-
based assignment are generalized within the entity type model element to 
be assigned with instance attributes. The instance attribute which in turn 
belongs to a certain domain (range of values) is assigned to this model 
element. The specialized meta model elements emanate from parts of the 
whole meta model which contain the specifications of different model 
types (e. g. EPCs, Organigrams etc.). 

E. g. the entity type process element belongs to that part of the meta 
model that specifies the language of process models (cf. in detail 
[BDKK02). In the following, we will use the process meta model exempla-
rily and representatively for further modeling languages of other informa-
tion system views. It is closely related to the EPC [KeNS92; Sche00]. In 
order to simplify the understanding of further language specifications, it is 
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necessary to introduce the basic modeling language elements of the EPC 
(cf. Figure 6). 

 
Figure 6: Language specification of the EPC on meta model layer 

Process functions are always explicitly associated with one function. The 
construct of a function is introduced to facilitate the reuse of semantically 
identical activities in different processes without having to transfer pro-
cess-specific dependencies. The assignment of process functions (pf) to 
functions is built through the relationship type pf references function be-
tween the entity types function and process function. Functions may build 
hierarchies, i. e. they can be refined through a complete process compo-
nent (pc). Process components are process sections which in turn have as-
signed process elements (pe) that are fundamental for EPCs (cf. entity type 
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process component and relationship types pc refines function as well as ps 
contains process element). 

If required, resources are assigned to process elements. All those ele-
ments that support the course of the process are subsumed via the resource. 
Resources can be e. g. organizational units, technical terms, entity types, 
etc. The relations between process elements and resources can vary. There-
fore the entity type process-resource-relation type is introduced which is 
related to itself in order to enable the construction of a relation type hierar-
chy. The relationship type pe-resource-assignment describes specific rela-
tions between resources and process elements built through the ternary re-
lationship type between the entity types process element, resource and 
process-resource-relation type. 

4 Configurative Adaptation 

4.1 Exemplary Adaptation Process 

In the following, we show a running example which presents a simplified 
process model of invoice auditing in a retailing company. This process is 
adapted successively to different requirements, whereas each introduced 
configuration mechanism is applied. For each configuration, modifications 
either within the underlying modeling language specifications or within 
their instances are necessary. Thus, the model example is accompanied by 
a meta model example within which the modifications take place (cf. 
overview in Figure 7). Subsequently, the specifications that are necessary 
to perform the modifications on meta model layer, are introduced on meta-
meta model layer. 

In the first step, the process model is adapted to a specific company that 
performs two types of transaction simultaneously (warehousing & third-
party-deal; cf. Figure 8). As a consequence, process branches that only 
serve the transaction type of central settlement are faded out. For this pur-
pose, Term-based Element Selection is applied. E. g. the term that is an-
notated to the most right process branch “NOT TT (3PD | WH | (3PD | 
WH))” assigns this branch to all transaction types except third-party-deal 
(3PD), warehousing (WH) or a combination of both. I. e., it is visible only 
if central settlement is performed exclusively or in combination with the 
other transaction types. The configuration shows that this branch is faded 
out (1 2). 

The following configuration steps consider company-internal require-
ments (cf. Figure 9). In a second configuration step, the process model is 
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adapted in order to produce an overview of the process that reduces the 
model to an EPC without annotated resources. This is e. g. relevant for 
consolidation meetings within distributed modeling environments. The 
configuration mechanism of Element Type Selection is applied that fades 
out the resource types data and job (2 3). 

 
Figure 7: Exemplary configuration process overview 

In a third step, the process model is adapted to requirements of practitio-
ners that could be confused by the special syntax of the EPC that claims a 
strict alternating of functions and events. Semantically, not all events are 
necessary, since they just mark the successful termination of a function 
and do not provide further information concerning the following process 
flow. These “trivial” events are faded out by the configuration mechanism 
of Attribute-based Element Selection. Every event is assigned an attribute 
“trivial”. If its value is TRUE, it is faded out (3 4). 
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Figure 8: Exemplary configuration process – part 1 
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The fourth configuration step considers different naming conventions. If 
the process model is to be provided to employees of distribution, the de-
notation “invoice” may be misinterpreted as “client invoice”, whereas 
“supplier invoice” is meant here. Thus, every occurrence of “invoice” is 
exchanged by “supplier invoice” by the configuration mechanism of Syno-
nym Management (4 5). 

The last configuration step exchanges the “standard” symbols of the 
EPC by pictograms in order to serve the requirements of non-skilled users 
who often prefer a more “colorful” format of a model [Allw98] by apply-
ing the configuration mechanism of Representation Variation (5 6). 

 
Figure 9: Exemplary configuration process – part 2 
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Figure 10 illustrates the modifications that are necessary on meta model 
layer in order to perform the configurations shown in the example. The 
Figure shows a section of the EPC meta model (cf. also Figure 6). In order 
to allow the first configuration step via Term-based Element Selection, an 
attribute has to exist that is able to contain the configuration terms (A). 
Element Type Selection that is performed in the second configuration step 
has to be able to fade out elements of the meta model hat represent element 
types on model layer (B). Attribute-based Element Selection applied in 
step three requires according attributes (cf. attribute “trivial”) as well as a 
constraint that restricts the instances of the attributed model element type 
depending on the current adaptation parameter value (C). In order to real-
ize Synonym Management, a statement is required that performs the ex-
change of denotations dependent on the current perspective (D). In the 
course of Representation Variation, symbols that are assigned to model 
element types are exchanged (E). 

 
Figure 10: Exemplary modifications on meta model layer for different configura-
tion steps 

In order to be able to perform the introduced modifications on meta model 
layer, each configuration mechanism is defined on meta-meta model layer. 
The underlying specifications are introduced in the following. 

4.2 Model Type Selection and Element Type Selection 

Since Model Type Selection and Element Type Selection require similar 
specifications on meta-meta model layer, they are described concertedly 
(cf. Figure 11). Meta model sections comprise the language specifications 
of model types. They are characterized by the element types (et), which are 
assigned to them, and their relations among each other. In case of the EPC, 
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these are e. g. functions, events, and resources. A meta model section al-
ways contains the maximum number of allowed element types according 
to its model type. Model type variants (mtv) provide the basis for modify-
ing model types. The model type variants are built by assigning element 
types to them which shall be faded out. The element types which are faded 
out per model type variant are noted in the mtv-et-constriction. Each model 
type variant is assigned to one or more perspectives. This way it is possible 
to hide complete model types for certain perspectives (Model Type Selec-
tion) or to vary the amount of applicable element types per model type and 
perspective (Element Type Selection). 

 
Figure 11: Meta-meta model constructs for Element Type Selection 

Since the meta-meta model specifies the language of the meta model, in-
stances of the entity type element type represent entity types or relation-
ship types on meta model layer. If these instances are removed by creating 
according instances of the relationship type mtv-et-constriction, the corre-
sponding meta model elements are no longer a part of the meta model (cf. 
configuration B in Figure 10). Model elements which are instances of a 
faded out meta model element are, in turn, faded out from the model layer. 

4.3 Element Selection 

Attribute-based Element Selection operates on the specifications of ele-
ment types. In order to represent Element Selection, the existence of con-
straints for element types is defined (cf. entity type declarative constraint 
in Figure 12). These constraints are able to restrict the set of valid in-
stances of element types. Further on, a constraint depends on the actual 
configuration. This is why it is assigned to the entity type adaptation pa-
rameter via the relationship type attribute-based element selection in the 
meta-meta model. An additional entity type attribute for attribute-based 
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element selection as a specialization of the attribute in the meta-meta 
model is introduced. This specialization enables to define whether an at-
tribute is valid for Element Selection or not. These specifications enable – 
dependent on the current adaptation parameter value – the annotation of a 
constraint to the according element type on meta model layer as it is ex-
emplary shown in Figure 10 (C). As a consequence, each instance of an 
element type that is not selected by the constraint, is faded out. 

 
Figure 12: Meta-meta model constructs for Element Selection 

In case of Term-based Element Selection, the relevance of a model ele-
ment for a selected configuration depends on a logical term which is as-
signed to the element. In this context logical terms are understood as spe-
cial attributes that can be assigned to model elements. They describe 
directly in which configuration the according model element is available. 
Terms have to comply with a predefined grammar (cf. Figure 13) for inter-
pretation purposes. The grammar used here is based upon the extended 
Backus-Naur-Form (eBNF) [ISO96]. 

<Logical Term> ::= <Expression> {<Operator> <Expression>}
<Expression> ::= <Prefix> "Perspective"

<Perspective Value List>
<Expression> ::= <Prefix> <Business Characteristic>

<Business Characteristic Value List>
<Perspective Value List> ::= "(" <Prefix> <Perspective Value List>

{ <Operator> <Prefix> <Perspective Value List> } ")"
<Perspective Value List> ::= <Perspective>
<Business Characteristic Value List> ::= "(" <Prefix> <Business Characteristic Value List>

{ <Operator> <Prefix> <Business Characteristic Value List> } ")"
<Business Characteristic Value List> ::= <Business Characteristic Value>
<Operator> ::= "|" | "+"
<Prefix> ::= "NOT" | <empty>  

Figure 13: Grammar for term-based Element Selection 

Term-based Element Selection is realized by introducing a special attribute 
type (cf. entity type attribute and its specialization attribute for term-based 
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element selection in Figure 12) in the meta-meta model for types on meta 
model layer. In order to ensure the formal correctness of the logical terms 
it is necessary to define the existence of a further constraint that assures the 
specification of terms within attributes by using the introduced grammar 
(cf. the specialization grammar related constraint of the entity type con-
straint). 

Term text has to comply with 
configuration parameter term 
grammar.

Process
Element

Element Type to 
be Assigned with 

Configuration 
Term

D,T

Organisational 
Unit

Logical 
Configuration 

Term

Term-
Element Type 
Assignment

(1,1)(0,1)

E/R-Type

... ... ...

Term Text

 
Figure 14: Meta model constructs for term-based Element Selection 

In order to be able to assign logical configuration terms to every possible 
element type, it is necessary to add a language extension on meta model 
layer as well. For this purpose all element types from all modeling lan-
guages which support a term assignment are generalized within one ele-
ment type (cf. Figure 14; for reasons of clarity it shows just a part of all 
model elements which are suitable for a term assignment). An element 
type which is suitable for a term assignment is related to the logical con-
figuration term. This term holds an attribute which contains the term text 
and which belongs to the very type attribute for term-based Element Se-
lection which was previously defined on meta-meta model layer (cf. also 
Figure 10 (A)). The constraint which is annotated to the term refers to the 
type grammar related constraint and ensures the formulation of the term 
text according to the introduced grammar. Evidently, the grammar related 
constraint which is defined on meta-meta model layer has got exactly one 
instance on meta model layer. 

The result for the model layer is the following: Logical terms can be as-
signed to model elements which are instances of the meta model element 
element type to be assigned with configuration term. These can be evalu-
ated by an appropriate interpreter. Subsequently, fade-outs can be per-
formed according to the configuration parameter values which are defined 
within the terms (cf. example in Figure 8). 
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4.4 Synonym Management 

The configuration mechanism of Synonym Management enables the ex-
change of model element denotations dependent on the current adaptation 
parameter value. For such an amount of synonyms an according wildcard 
is introduced in configurable reference models. Within the configuration 
process, this wildcard is replaced with the adequate denotation for the cur-
rent adaptation parameter value. 

 
Figure 15: Meta-meta model constructs for Synonym Management 

In the meta-meta model adaptation parameters are related to wildcards 
(cf. Figure 15). Dependent on the adaptation parameter value, every wild-
card instance is replaced by the according synonym that is stored in the at-
tribute of the relationship type synonym management. E. g. the wildcard 
“invoice” is replaced by the synonym “supplier invoice” if the perspective 
“distribution” is active. Since the replacement of denotations should only 
occur in attributes that contain text, Synonym Management operates exclu-
sively on text attributes that are specified through the specialization text 
attribute of the attribute. On meta model layer, these replacement rules are 
explicated for every adaptation parameter value (e. g. “every occurrence of 
´invoice´ in text attributes shall be replaced by ´supplier invoice´”; cf. Fig-
ure 10 (D)). 

4.5 Representation Variation 

In order to realize Representation Variation, element types of meta model 
sections are related to symbols and perspectives on meta-meta model layer 
(cf. Figure 16). This means first, that element types that occur in different 
model types can have different symbols in different model types. Second, 
dependent on the perspective, the symbol of an element type of the same 
model type can vary. On meta model layer, the symbols belonging to ele-
ment types can be explicated as it is exemplary presented in Figure 10 (E). 
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Figure 16: Meta-meta model constructs for Representation Variation 

5 Integrating Generic Adaptation Mechanisms 

Starting from problem of company-specific fine-adaptation that was al-
ready introduced in section 1.3, we will reuse the configuration example in 
the following in order to show how generic adaptation mechanisms can 
support the acceleration of the adaptation process. 

5.1 Exemplary Adaptation Process 

Once the process model is adapted to the company after the first configu-
ration step (1 2, cf. Figure 17), some company-specific adaptations have 
to be performed that could not be anticipated by the reference model de-
veloper. In the example, the reference model user needs a stricter invoice 
sum check than it is provided by the reference model. A common check 
procedure is known as the principle of “second set of eyes”, which could 
be stored within a repository as generic process component (α) and chosen 
by the reference model user. In order to fit this component to the config-
ured reference model, it has to be concretized. First, the abstract denota-
tions of the model elements are adapted to the application context “invoice 
auditing” (cf. grey shaded elements in Figure 17, (β)) which is realized by 
Instantiation. Second, missing elements like responsible organizational 
units have to be added. The appropriate elements can furthermore be found 
in the previously configured reference model by Conclusion by Analogy 
(cf. black shaded elements in Figure 17 (β)). Third, some elements both of 
the process component and the primary configured reference model have 
to be erased in order to fit in the component by Specialization (cf. crossed-
out elements in Figure 17 (β & 2)). 
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Figure 17: Generic adaptation step within the exemplary configuration process 
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Once the process model is conceptually adapted to the requirements of the 
company, it can be aggregated with the previously configured reference 
model (cf. bold arrows in Figure 17), and the configuration process out-
lined in section 4.1 can continue. Consequently, the parts of the reference 
model that have been modified, have to be enriched with configuration 
rules (cf. section 4). 

In order to facilitate the combination of configurative and generic adap-
tation mechanisms it is reasonable to reuse the same concepts for the 
specification of generic adaptation mechanisms as for configuration mech-
anisms and to integrate them into the same framework. In the following, 
both reference model components and instantiated and specialized model 
parts as well as reference models created through Conclusion by Analogy 
are understood as parts of a universal model that shows only those parts 
that are relevant for the particular user. For a better understanding the ge-
neric adaptation mechanisms will first be introduced separately on the dif-
ferent model layers. Hence the dimension of configuration mechanisms 
will now be neglected when spanning the framework further on serving as 
the navigator. 

5.2 Aggregation 

Reference model components that are understood as part of a universal 
model can be specified on meta model layer as element types which equals 
an instance component of the entity type element type on meta-meta model 
layer (cf. table in Figure 18).  

Figure 18: Meta-meta model constructs for Aggregation 

The consideration of different model types leads to the definition of model 
type specific resp. view specific components on the one hand (cf. the spe-
cializations of the entity type component on meta model level in Figure 19) 
as well as to model type spanning resp. view spanning components on the 
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other hand. The relationship type component hierarchy serves the latter by 
facilitating components that may contain components of different model 
types. 

Figure 19: Meta model constructs for Aggregation 

The aggregation of components of different model types is restricted 
through the syntax specifications of model type integration in partial mod-
els of the meta model layer (cf. exemplarily Figure 6). 

E. g., a connection between a process component and a component of 
the resource view (data, organization, etc.) in the process meta model is 
built via instances of the relationship type pe-resource-assignment. In this 
context those components that have previously been constructed by the 
reference model constructor (original component) are distinguished from 
those that serve the user in connecting the selected original components 
(connecting component). In the easiest case the latter solely consist of one 
model element. 

The application of Aggregation on model layer is shown in Figure 17. 
Once a component is chosen and concretized, it is connected to the previ-
ously configured model. 

5.3 Instantiation 

The possibility of instantiation of information models means that model 
aspects are formulated vaguely or left idle during the construction process. 
This applies first for model elements resp. model sections, second for ele-
ment attributes. The reference model user therefore has to be informed 
about such abstract objects that have to be concretized in the course of ad-
aptation. 

For model element types adequate attributes have to be provided which 
contain such an advice. For this purpose an attribute type marker “abstract 
element” is introduced on meta-meta model layer which serves the label-
ing of model elements to be instantiated (cf. Figure 20). 
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Figure 20: Meta-meta model constructs for Instantiation 

Abstract attributes of model elements have to be designated analogically. 
These may differ dependent on the element on model. This is why instance 
attributes (cf. Figure 5) are used for this purpose. In order to enable an In-
stantiation of instance attributes, they are labeled with an attribute of the 
type marker “abstract element” (cf. Figure 21). Thus it is possible to no-
tify the user of the necessary concretion of the particular attribute. The in-
stance attribute should not be associated with a certain domain in the 
course of model construction if the domain of the attribute is as well in-
tended to be defined by the user. This is possible, because the cardinality 
of the instance attribute regarding the domain is declared as (0,1). An in-
stance attribute therefore does not have to obtain a domain. In order to 
avoid that a domain allocation is forgotten for instance attributes that are 
not intended to be instantiated, a restriction for the relationship type attrib-
ute has domain is introduced, which constrains this option to instance at-
tributes that are marked as abstract. 

Figure 21: Meta model constructs for Instantiation 

In addition to the running example shown in Figure 17, Figure 22 presents 
the exemplary Instantiation of elements and attributes of a process on 
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model layer. A process model – again for the “second set of eyes” princi-
ple of an initially unknown issue – is designated with appropriate attrib-
utes. These are labeled with the prefix $A for the attribute type marker 
“abstract element”, $ID for instance attributes with a definite domain and 
$IF for instance attributes with an idle domain. The namings of all model 
elements are initially formulated generally and, in the course of Instantia-
tion, are adjusted to fit the concrete issue. The instance attribute 
$IF_average cost of the process function is instantiated regarding both its 
domain and its value as a time attribute with the value 15 min. The process 
function has already been refined into a process component by the refer-
ence model constructor (designated by the bold black dot annotated to the 
function) but has been left idle and labeled with the attribute 
$A_abstract=TRUE. In the course of Instantiation it is concretized trough 
a process model. The example also shows that certain attributes like e. g. 
the distinct identifier should not be instantiated. They therefore belong to 
the conventional attribute type. The values of the instance attributes as 
they turn out before Instantiation can be found in the table in Figure 21. 

 
Figure 22: Exemplary Instantiation of a process model 

5.4 Specialization and Conclusion by Analogy  

Regarding Specialization and Conclusion by Analogy on the part of the 
reference model user, these offer the highest freedom of creativity, because 
guidelines about model modification are – apart from syntactical restric-
tions – nearly absent. Nevertheless, the user can be notified about model 
sections whose Specialization resp. Conclusion by Analogy might be rea-
sonable or has to be avoided. The first may occur if the model is con-
sciously built in a very general way. The latter is to be expected if the ref-
erence model constructor building the model identifies the reusability of 
the currently constructed model section regarding its structure or content 
for another application context. Those particular model sections that are 
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labeled as candidates for Specialization or Conclusion by Analogy are to 
be specified as model element types on meta model layer resp. as instances 
of the entity type element type on meta-meta model layer (cf. Figure 23). 

Figure 23: Meta-meta model constructs for Specialization and Conclusion by 
Analogy 

The designation of a model section for the purpose of Specialization or 
Conclusion by Analogy is realized using attributes which belong to the 
type marker “model section specialization / conclusion by analogy”. Thus 
it is ensured that model sections can be reused for other purposes if they 
are not labeled as specializable or applicable for Conclusion by Analogy. 

Figure 24: Exemplary instances of constructs supporting Specialization and Con-
clusion by Analogy in the process meta model 

Model sections are specified for models of all modeling views. To avoid an 
additional separate meta model construct, model sections are specialized 
into model components and thus reused (cf. exemplary and representa-
tively for other modeling views the specialization of process section into 
process component in Figure 24). The attributes marking the model sec-
tions are specified as long text fields that enable the reference model con-
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structor to provide the model user with detailed information about possi-
bilities of Specialization and Conclusion by Analogy in textual form.  

In Figure 17, the effects of Specialization and Conclusion by Analogy 
on model layer are illustrated. Areas within the component as well as 
within the configured reference model are marked accordingly (cf. also the 
description in section 5.1). 

5.5 Aspects of Mutual Support of Configurative 
and Generic Adaptation Mechanisms 

The integration of configurative and generic adaptation mechanisms pro-
vides not only an efficient application of different adaptation strategies 
within a model adaptation process. The different adaptation mechanisms 
are rather able to support each other in order to facilitate their application 
through the user. In the following, we briefly outline some scenarios in 
which generic mechanisms support configurative mechanisms and vice 
versa: 

• Attribute-based Element Selection supports Aggregation: In order to 
perform an aggregation of model components, appropriate components 
have to be located e. g. in component repositories. The search process 
that is dependent on characteristics of a component can be supported by 
Attribute-based Element Selection. Characteristics of components are 
stored in special attributes that belong to the type Attribute for Attrib-
ute-based Element Selection. The values of these attributes serve as in-
puts for the configuration mechanism that restricts the available set of 
components to the appropriate ones. 

• Model component declaration supports Term-based Element Selection: 
Term-based Element Selection has to be prepared by assigning logical 
terms to model elements. This task may be time-consuming if a great 
amount of elements is to be assigned with a term. In order to accelerate 
this process, the elements are aggregated as model component, so that 
only one term assignment is necessary. 

• Representation Variation supports generic adaptation mechanisms: In 
order to advice the reference model user regarding parts of the reference 
model to be modified with generic adaptation mechanisms, these parts 
are marked. Depending on the user, in may be necessary to change the 
markers’ representations in order to intensify or to attenuate their ap-
pearance. Furthermore, these advices can be faded out, if a modification 
through generic adaptation mechanisms seems not to be appropriate for 
certain users. 
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This short list does not cover all possible mutual support scenarios. For a 
discussion of this issue in detail cf. [Delf06, pp. 188-206]. 

Furthermore, adaptation aspects which are consistently demanded but 
not specified by researchers, can be realized through combinations of con-
figurative and generic adaptation mechanisms. E. g. the construction of 
configurable generic components is possible as well as the aggregation-
supported construction of a reference model that is made configurable af-
terwards. 

Finally, applying configuration mechanisms to generic adaptation 
mechanisms allows for restricting the adaptation support in further adapta-
tion steps. E. g., if it is decided to provide configuration support but no ge-
neric adaptation support for a later adaptation step, this can be realized by 
applying configuration mechanisms on model element types that are re-
sponsible for the specification of generic adaptation mechanisms. In other 
words, configuring adaptation mechanisms allows for switching off ge-
neric adaptation mechanisms. This proceeding is reasonable if model users 
in later adaptation steps are less skilled. A conceptual discussion of this is-
sue can also be found in [Delf06, pp. 188-206, pp. 234-238]. 

6 Conclusion and Outlook 

In order to fit information models to specific requirements, configurative 
and generic adaptation mechanisms provide a useful means, since model 
users are partially released from adaptation efforts. This is predominantly 
possible via methodical support which enables an automation of several 
adaptation steps. Furthermore, through an integration of generic and con-
figurative adaptation concepts on the basis of one single language frame-
work, the combined application of these concepts is simplified. Therefore 
the reference modeler is provided with comprehensive design options how 
to ameliorate his reference model with appropriate adaptation support for 
the user. 

Our contribution had to be restricted to the conceptual specification of 
the proposed adaptive concepts for reference modeling languages. More-
over, the presented running example had to be limited to one specific ad-
aptation process. Nevertheless, one topic of further research will be the de-
velopment of a procedural model that provides recommendations how and 
in which sequence to use the introduced adaptation concepts. 

Furthermore, besides the aspects of mutual adaptation mechanism sup-
port already outlined, these will be extended and elaborated in detail in or-
der to be able to formulate design recommendations for a modeling tool 
that allows for adaptive reference modeling efficiently. Thereby, especially 
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the reduction respectively the control of the modeling and adaptation com-
plexity is to be considered. As a result of the complexity of reference mod-
els with adaptation support the acceptance of the corresponding modeling 
techniques in practice is only attainable if appropriate modeling tools for 
those are provided. Therefore the framework is to be extended by a further 
dimension of the construction level of application systems – here of the 
modeling tools (cf. [Sche00]). For this purpose, the presented conceptual 
specification of adaptation mechanisms will be transformed into a design 
specification and implemented as a modeling tool component. We aim at 
using the ARIS Toolset as a basis since this tool is well-established and 
wide-spread. 

Middle-term research activities will focus on standardization. Since 
there exists a great number of modeling tools, it is considered reasonable 
to transfer the specification of reference model adaptation concepts into a 
commonly readable format which is able to serve as input for scripting 
languages that are common in modeling tools. Through this, an easy dis-
semination of adaptation concepts is expected to be realized. 

Long-term research can be forecasted considering the question if only 
certain adaptation forms are adequate for different application contexts. 
Against this background, the configuration of modeling languages con-
cerning the adaptation mechanisms has to be taken into account. Thereby 
different adaptation mechanisms could be offered depending on the current 
modeling context (e. g. economic domains or modeling perspectives). 
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Abstract: Off-the-shelf packages such as SAP need to be configured to suit the re-
quirements of an organization. Reference models support the configuration of 
these systems. Existing reference models use rather traditional languages. For ex-
ample, the SAP reference model uses Event-driven Process Chains (EPCs). Un-
fortunately, the choice construct within traditional process modeling languages 
like EPCs do not capture different scopes or impacts of decisions. That means they 
offer no opportunities to distinguish between decisions made for a single case 
(i. e. process instance) when executing the process and decisions made in advance 
for numerous cases impacting bigger parts of the company. This paper discusses 
the need for configurable process models. An analysis of configuration from a 
theoretical perspective provides a solid fundament for such models. Within the 
analysis a link is made to inheritance of dynamic behavior and previously defined 
inheritance concepts. By applying these concepts to process models the essence of 
configuration is determined, which enables the development of more mature con-
figurable process modeling languages.  

1 Introduction 

Reference models streamline the design of particular models by providing 
a generic solution [RoAa05]. Motivated by the “Design by Reuse” para-
digm they provide a repository of potentially relevant models which can be 
used to accelerate the modeling process. Ideally these models are “plug 
and play” but usually need some adjustment to individual requirements 
[Bern99; FeLo02; BeDK04; ADGR06]. Hereby it is required to distinguish 
between generating and non-generating adaptations. Non-generating ad-
aptations as Aggregation, Instantiation, Specialization, and Analogy are 
providing basic models with certain gaps which have to be filled in by the 
reference model user. That means, the individual part of the model is gen-
erated by the user and not by guidelines of the reference model. The refer-
ence model only provides interfaces. A generating approach on the other 
hand provides clear rules how the reference model can be configured and 
therefore adapted to the user's requirements [BeDK04; Schü98; Schw99; 
BrBu04]. Unfortunately, the languages used for reference modeling pro-
vide little or no support to include such different configuration options 
[BeKR03; CuKe97; Rose03]. The goal of this paper is to discuss the theo-
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retical requirements for configurable process modeling languages, i. e., we 
restrict ourselves to the control-flow perspective [JaBu96].  

Probably the most comprehensive reference model is the SAP reference 
model [CuKe97]. Its data model includes more than 4000 entity types and 
the reference process models cover more than 1000 business processes and 
inter-organizational business scenarios [RoAa05]. Most of the other domi-
nant ERP vendors have similar or alternative approaches towards reference 
models. Foundational conceptual work for the SAP reference model has 
been conducted by SAP AG and the Institute for Information Systems 
(IWi) of the Saarland University in a collaborative research project in the 
years 1990-1992 [KeNS92]. The outcome of this project was the process 
modeling language Event-Driven Process Chains (EPCs) [KeNS92; 
Kind04], which has been used for the design of the reference process mod-
els in SAP. EPCs also became the core modeling language in the Archi-
tecture of Integrated Information Systems (ARIS) [Sche94; Sche00]. It is 
now one of the most popular reference modeling languages and has also 
been used for the design of many SAP-independent reference models 
(e. g., the ARIS-based reference model for Siebel CRM or industry models 
for banking, retail, insurance, telecommunication, etc.). Despite its suc-
cess, the basic EPC model offers little support for process configuration. It 
contains (X)OR connectors but it is unclear whether the corresponding de-
cisions need to be taken at run-time (e. g., based on the stock-level), at 
build-time (e. g., based on the size of the organization using SAP), or 
somewhere in-between (e. g., based on the period of the year or resource 
availability). For that reason so-called Configurable EPCs (C-EPCs) were 
developed [RoAa05; DRAS05], extending EPCs (and previously devel-
oped extensions like build-time operators [Schü98; RoSc97; Rose96]), 
aiming at a generic-monolithic approach for constructing re-usable models 
[FeLo02]. Indeed C-EPCs allow for a clear distinction between run-time 
and build-time decisions. However, they only provide a partial solution as 
they are based on a specific language (i. e. EPCs). Within this paper we 
will look at configuration from an language-independent perspective. Af-
terwards we will use the results to analyze C-EPCs [RoAa05].  

The remainder of the paper is organized as follows. First, we elaborate 
on the concept of “choice” which is essential for configurable process 
models. Second, we approach the problem from a theoretical viewpoint, 
i. e., we depict what the essence of configuration is. Finally, we briefly 
discuss Configurable EPCs as a first step towards such configurable pro-
cess models.  
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2 It Is All About Making Choices 

There are many languages to model processes ranging from formal (e. g., 
Petri nets and process algebras such as Pi calculus) to informal (flow 
charts, UML activity diagrams, EPCs, etc.). Each of these languages pro-
vides some notion of choice (e. g., two transitions sharing a single input 
place in a Petri net, the “+”-operator in process algebra, the -symbol in 
UML activity diagrams, or an (X)OR-split connector in an EPC). Typi-
cally, it is not possible to describe the nature of such a choice. At best one 
can either specify a Boolean condition based on some data element (data-
based decision) or one can specify events that have to occur for triggering 
paths (event-based decision) [OwRa03]. The usual interpretation is that a 
choice is made at run-time, based on such a Boolean condition or based on 
occurring events. In the context of reference models, this interpretation is 
too narrow.  

The scope of a decision can vary. For example, if a hospital uses a rule 
like “If a patient has high blood pressure a day before the planned opera-
tion, the operation will be cancelled”, then the scope of each choice (oper-
ate or not) is limited to a single patient. There may also be choices which 
affect more cases, e. g., consider the rule “If there is a major disaster in the 
region, all planned operations will be cancelled.” or also an entire process, 
e. g., “The admittance process requires patients to pre-register”. There may 
even be choices that affect all processes within an organization. We call 
such choices that are made in advance and that are affecting more than a 
single instance of a process configuration choices. However note that the 
borderline between run-time choices and configuration choices may be a 
bit fuzzy as the following examples show.  

• The organization's management chooses not to allow for pre-shipments.  
• The Dutch branches require a deposit, while this is not needed for 

branches in other countries (nation-wide management decision).  
• If stock is below 100 items, only preferred customers are serviced (local 

management decision).  
• Based on the volume of the order, the goods are shipped by truck or 

mail (local management decision).  
• On Saturday, goods are shipped by truck (local, temporal decision).  

Each of these choices is at another level, i. e. they are made at other points 
in time with different validity limits and periods. However, classical pro-
cess modeling languages, e. g., the languages used in workflow manage-
ment systems [AaHe02; JaBu96] or in reference modeling [CuKe97], al-
low only for one level of choice. The examples demonstrate that reference 
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models have to allow for a broader spectrum of choices. All decisions have 
in common that they restrict the actual available options for decisions at a 
later point in time. For that reason one can view configuration as limiting 
choices by making choices. However, at a certain point in time it is not 
longer possible to postpone a decision without delaying the actual process 
flow. These decisions are called run-time decision and must be distin-
guished from build-time or configuration decisions which can be post-
poned to a later point in time without delaying the process flow. Seen from 
this viewpoint, process modeling languages need to distinguish at least 
between run-time choices and configuration choices.  

3 Configuration: A Theoretical Perspective 

The aim of configurable process models is to provide generic models inte-
grating possible process variations into one model. Afterwards such a 
model can be configured to a specific solution. This means a configurable 
model should guide the user to a solution that fits to the user's require-
ments [BeDK04]. In [FeLo02] this is also classified as a generic-mono-
lithic approach for model re-use. In order to provide such configuration 
opportunities a configurable model must be able to provide a complete, 
integrated set of all possible process configurations. Only in this case each 
individual model can be derived from the model. In other words the con-
figurable process model can be described as the “least common multiple” 
of all process variations. The task of configuration is to create a new model 
by selecting that parts of the configurable model that are relevant to the 
user or – the other way around – by deselecting the irrelevant parts. In 
practice such a configured process model can probably not satisfy all indi-
vidual requirements as the reference model will not include the complete 
set of all possible configurations. The gap has to be filled in manually by 
the user by applying non-generating adaptation mechanisms [BeDK04]. 
However this subsequent step is out of the scope of this paper.  

To depict and analyze process models we will use the notion of Labeled 
Transition Systems (LTS).  
 
Definition 1: A labeled transition system is a five-tuple LTS = (S, L, T, SI, 
SF), where  

• S is the set of states,  
• L is the set of transition labels,  
• τ ∈ L is the label reserved for silent transitions,  
• T ⊆ S×L ×S is the set of transitions,  
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• SI ⊆ S is the set of initial states, and  
• SF ⊆ S is the set of final states.  
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Figure 1:  A labeled transition system 

A state represents a complete set of properties, describing the actual situa-
tion within the process. A labeled transition describes the switching from 
one state to another. Therefore transitions are also representing any kind of 
activity or functionality that is executed and thereby changing the proper-
ties of the system. LTS can be depicted graphically as, e. g., in Figure 1. 
The actual process flow is from top to bottom. E. g., the execution of the 
transition labeled “a” transforms S2 into S4. If more than one outgoing arc 
leaves a state, there is a choice between the arcs for the continuation of the 
process. A silent transition, labeled τ, is a special transition that transforms 
a state into another without changing any of the externally visible proper-
ties of the state. Note that in S1 all three transitions a, b, and c can be exe-
cuted, in S2 only a and b can be executed, and in S3 only c can be executed, 
i. e., although the τ transitions are not visible they may limit the possible 
ways to continue.  

Although numerous process modeling languages are defined and used, 
all process models having formal semantics can be mapped onto labeled 
transition systems [BaAa01; GlWe96; Miln80]. By using labeled transition 
systems for our analysis, we are able to transfer the results into any of 
these languages.  

To depict the essence of configuration we make use of the concepts of 
inheritance of dynamic behavior [AaBb02; BaAa01]. The basic idea of in-
heritance – as also applied in object-oriented software development – is to 
provide a mechanism that allows constructing subclasses which are inher-
iting all behavior and features of superclasses. The subclass extends the 
superclass with additional behavior or features, i. e., the superclass sup-
ports less functionality than the subclass. By using multiple inheritance it 
is also possible that a subclass is the subclass of multiple superclasses. 
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Such a subclass includes the behavior of all superclasses, i. e. from the 
perspective of each single superclass the subclass is extended with the be-
havior of the other superclasses. If such a subclass is minimal (i. e., each 
extension is motivated by some superclass), we refer to it as the least 
common multiple of all superclasses. In this paper, we will show that this 
least common multiple corresponds to the unconfigured reference model. 
Each superclass of the subclass (i. e., the reference model) can be regarded 
as one of its configured variants. That means configuration is the process 
of transforming the subclass into the superclass, which is exactly the in-
verse of inheritance (cf. also Figure 2).  
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Figure 2: Configuration – the inverse of inheritance 

In [AaBa02; BaAa01] two different mechanisms for detecting inheritance 
in workflow models are defined. Both mechanisms are defined in the in-
verse direction. That means the behavior of the superclass is regarded from 
the viewpoint of the subclass. The first mechanism inhibits the execution 
of additionally functionality. If it is not possible to distinguish the behav-
iors of model x and model y when only transitions of x that are also present 
in y are executed, then x will be a subclass of y. That means all transitions 
of the subclass x that are not present in the superclass y are blocked (encap-
sulation). The second mechanism compares the effects of the superclass y 
and subclass x by considering only that effects of the subclass x that also 
occur within the superclass y. If it is not possible to distinguish the behav-
iors of x and y when arbitrary tasks of x are executed, but when only the ef-
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fects of tasks that are also present in y are considered, then x is a subclass 
of y. All effects of the subclass x not occurring in y are hidden in the su-
perclass y (abstraction).  

When configuring a process model, the complete, configurable model is 
restricted to a desired variant. As the two mechanisms of blocking and 
hiding are defined in the inverse direction and as we showed that configu-
ration can be regarded as the inverse of inheritance we can use these 
mechanisms to depict configuration in the following. However, as shown 
above, configuration implies decision making. Each configuration decision 
of blocking/not blocking or hiding/not hiding determines if a transition 
will be executable at run-time or not. A decision, however, requires infor-
mation which might not be available at build-time. Such decisions must be 
postponed to run-time and performed for each case individually. Therefore 
they must be integrated into a run-time (i. e., configured) process model. 
Thus, a transition can not only be configured as hidden or blocked but also 
as optional hidden or optional blocked. That means for an LTS:  
 
Definition 2: A configuration is a (partial) function c ∈ T →/ {τ, δ, τ0, δ0} 
where dom (c) is the set of configured transitions, and for t ∈ dom(c) 
( f A B∈ →/  denotes a partial function, ( )dom f A⊆  is the domain of f ): 

• c(t) = τ, is a hidden transition,  
• c(t) = δ, is a blocked transition,  
• c(t) = τ0, is a optionally hidden transition, and  
• c(t) = δ0, is a optionally blocked transition.  

Of course not all configurations are possible and therefore valid. E. g., for 
sure certain functionality and therefore certain transitions are mandatory 
and cannot be blocked or hidden. Also interdependencies between various 
transitions will probably exist. Therefore we define:  
 
Definition 3: A configurable process model is a tuple CPM = (LTS, CS) 
where:  

• LTS = (S, L, T, SI, SF) is a labeled transition system, and  
• CS ⊆ T →/ {τ, δ, τ0, δ0} is a set of configurations. 

Configuring the configurable process model means to select a configura-
tion c ∈ CS. To get a configured model the configuration must be applied 
to the labeled transition system. Figure 3 depicts some configuration-ex-
amples within an LTS. The first column depicts the configurable models. 
The subsequent columns depict the configured models of certain configu-
ration scenarios.  
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The configuration decision to block a transition implies that the transition 
will never be executed. That means the transition should not appear within 
the configured model. It must be removed from the model when trans-
forming the configurable model into a configured model as depicted in 
Figure 3a/b. The configurable transition a in Figure 3a is removed in the 
configured model in Figure 3b. As no alternative transition can be exe-
cuted from state S1 the state becomes a deadlock. State S2 and subsequent 
transitions and states become unreachable. They could be removed from 
the configured model, however as they are not reachable anyway this has 
no influence on the execution of the process. This situation differs from the 
situation if transition a is configured blocked in the second configurable 
model (Figure 3d). In this case transition b must be executed when reach-
ing S1 (Figure 3e).  

Figure 3: Configuration in a labeled transition system 

If the configuration decision is to hide a transition, the transition's external, 
i. e. observable, effects will be ignored. However the effects within the 
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model, that means on the execution of subsequent transitions, are kept. 
Therefore, when transforming the configurable model into a configured 
model, the transition must be transformed into a silent step without output 
by renaming the label into τ (cf. Figure 3a/c). The definition of hiding 
given above explicitly says that the task is executed, but the external effect 
is ignored. However, the desired result when configuring a process model 
differs slightly. In fact instead of ignoring the transition's external effects it 
should not even be executed. Only the non-observable, internal effect of 
reaching a subsequent state and triggering subsequent transitions has to 
occur. For that reason we will call this kind of configuration also skipping 
in the following. As the perceived results are identical, skipping can be 
handled in the same manner as hiding by introducing a silent step τ.  

If it is not possible to decide on hiding/blocking at configuration time, a 
configured model can – as depicted above – include the choice between 
blocking and not blocking or between hiding and not hiding. To include 
such a postponed choice into the configured model, the choice must of 
course be included before the actual transition. Each postponed configura-
tion decision needs to be resolved at run-time; either the transition will be 
hidden/blocked or it will not be hidden/not be blocked. In order to model 
such as run-time decision, we introduce new intermediate states into the 
model. Each state corresponds to the result of all postponed decisions in 
the particular state. We denote these as states sH,NH,B,NB where H ⊆ T is the 
set of hidden transitions in the particular state, NH ⊆ T are the non-hidden 
transitions, B ⊆ T are the blocked transitions, and NB ⊆ T are the non-
blocked transitions. If it is obvious which transition is referred to, we just 
use the label to describe a labeled transition, i. e. we write l instead of (s, l, 
s′). E. g., in Figure 4b the transition labeled a is configured as optional 
blocked. For that reason two additional states are introduced within the 
configured model: s1{},{},{},{a} for the case that a will not be blocked at run-
time and s1{},{},{a},{} for the case that a will be blocked at run-time. For the 
subsequent model each state matches exactly s1 of the case that it would 
have been configured blocked or not blocked at build-time, i. e. for exam-
ple s1{},{},{a},{} matches s1 in Figure 3b. It represents the deadlock. Both 
states s1{},{},{a},{} and s1{},{},{},{a} are reachable from s1 by silent transitions. As 
these silent transitions have no output, the execution of the model will re-
sult in the same process as if the configuration decision would have been 
made at build-time.  

Figure 4c depicts the same situation for the case that transition a is con-
figured as optionally hidden. Here state s1{},{a},{},{} represents the situation 
that transition a is not hidden and will be executed, whereas s1{a},{},{},{} 
represents the result of the configuration decision to hide transition a and 
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therefore corresponds to s1 in Figure 3c. Figures 4e/f provide further ex-
amples by depicting the optional configurations of a in figures 3e/f.  

Figure 4: Transitions configured optional in a labeled transition system 

Figure 4h depicts a situation where more than one transition that is outgo-
ing from the same state is configured optional. In this case it is required to 
generate 2n intermediate states, where n is the number of transitions that 
are configured optional. The sets H, NH, B, and NB depict the configura-
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tions of the transition. They define which configuration is represented by 
the particular state.  

To transform the configurable process model into a configured process 
model we provide the following algorithm: 
 
Algorithm 1. Let LTS = (S, L, T, SI, SF) be a labeled transition system and 
c ∈  T →/ {τ, δ, τ0, δ0} a configuration. The labeled transition system 
resulting from this configuration, notation cLTS = ( c c c c c
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T0 is the set of transitions configured as either optionally hidden or option-
ally blocked. S0 are all states which are sources of transitions configured as 
optional. T ′ are all transitions of the configurable model that are not con-
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figured as blocked or hidden, merged with the transitions that are config-
ured as hidden with changed labels to τ. Sopt are all the additional interme-
diate states required for including postponed configuration choices. Topt are 
all transitions required to include Sopt into the model. There are four types 
of transitions. First, Topt includes all the silent transitions from the original 
states to the intermediate states. Second, it includes the original transitions 
repositioned between all new intermediate states in which they are listed in 
“NB” or in “NH” and their original targets. Third, Topt includes all the re-
named, silent transitions from the intermediate states where they are listed 
in “H” to their original target. Fourth, it also includes all non-configured 
transitions originally leaving a state in S0, reallocated between the particu-
lar intermediate state and its original destination. Of course, blocked tran-
sitions must not be included here.  

These sets enable us to specify the configured model. Labels, initial 
states, and final states remain the same as in the configurable model. The 
states of the configured model Sc are the states of the unconfigured model 
S plus the states required for the postponed choices Sopt. To define the tran-
sitions of the configured model, Tc consists of two types of transitions. 
First, Tc includes all the non-configured or hidden transitions defined in 
T ′, but without the transitions leaving a state that is split into intermediate 
states. Second, the transitions to include the intermediate states into the 
model are defined in Topt and also included in Tc.  

Some states and transitions become unreachable within such a config-
ured labeled transition system. An additional cleanup algorithm could of 
course remove these elements. Since this is a trivial technicality it is not 
shown here.  

After clearly defining what configuration of process models is and after 
defining what configurable process models formally are, we are now able 
to systematically analyze existing configurable process modeling lan-
guages and propose improvements.  

4 Configurable EPCs: An Example of a Language 

To conclude this paper we will introduce and analyze Configurable EPCs 
(C-EPCs) [RoAa05; DRAS05]. C-EPCs serve as an example of a config-
urable process modeling language and we compare its expressive power 
with the requirements for process configuration. C-EPCs are an extension 
of EPCs [KeNS92]. An EPC consists of functions, events, arcs, and con-
nectors. Events represent states and functions represent activities or func-
tionality. Arcs and connectors define the process flow. Functions follow 
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events and events follow functions. Moreover, to model splits and joins in 
a process, connectors may be used. There are three types of connectors: 
AND, OR and XOR.  

AND-splits and AND-joins may be used to model parallel routing. 
XOR-splits and XOR-joins may be used to model the selection of specific 
routes (e. g., a “switch case” construct). OR-splits and OR-joins may be 
used to model a mixture of conditional and parallel routing. (The depicted 
semantics are informal. There is an on-going discussion about mathemati-
cal sound semantics of EPCs, especially on the non-locality of the OR-
join, e. g. cf. [Kind06; AaDK02].)  

In a C-EPC, as defined in [RoAa05; DRAS05], both functions and con-
nectors may be configurable. Configurable functions may be included 
(ON), skipped (OFF) or conditionally skipped (OPT). Configurable con-
nectors may be restricted at build-time, e. g., a configurable connector of 
type OR may be mapped onto an AND connector, an XOR-connector or a 
sequence (for details cf. [RoAa05], Section 5.2). Local configuration 
choices like skipping a function may be limited by configuration require-
ments. For example, if one configurable function f1 is configured as “ON”, 
then another configurable function f2 needs to be excluded. This configu-
ration requirement may be denoted by the logical expression f1=ON ⇒ 
f2=OFF. In addition to these requirements it is possible to add guidelines, 
supporting the configuration process. 

Figure 5 shows a C-EPC describing an invoice verification process. The 
classical EPC is extended with configurable functions and connectors (in-
dicated using thick lines) as well as with requirements and guidelines at-
tached to functions. For example function Invoicing Plan Settlement (i) is 
configurable, i. e., it may be included (ON), skipped (OFF) or condition-
ally skipped (OPT) within the configured model. Note that skipping corre-
sponds to the notion of hiding, i. e., if a function is skipped, the process 
flow continues after the function without actually executing the function. 
This is also depicted in the first row of Figure 6. The function a within the 
C-EPC process fragment is switched “OFF”. This conforms to a hidden 
transition a within the corresponding LTS. Within the configured LTS, the 
transition is renamed into τ, whereas in the configured EPC function a is 
removed. In order to generate a lawful EPC also one of the events sur-
rounding a must be removed, which is indicated by the brackets around 
event A in Figure 6. Comparing the configured EPC and the configured 
LTS, the sequences of executed activities correspond to each other. Also 
optional hiding is supported by C-EPCs: If a function is configured as 
“OPT” this means that the decision about its execution is postponed to run-
time [MRRA05; DRAS05].  
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Figure 5: A Configurable EPC 

The example C-EPC in Figure 5 also shows two configurable connectors. 
By configuring the OR-join (ii), it is possible to specify which of the 
events has to occur in order to start the process. E. g., it is possible to re-
strict the connector to an AND-join, which would mean that all events 
have to occur. It is also possible to restrict it to an XOR-join which would 
mean that only one of the events has to occur. The configurable XOR-split 
(iii) can be configured to an XOR-connector or it can be restricted to a se-
quence. E. g., to disable automatic invoice release, it can be configured to 
a sequence only executing the left path (i. e. always performing manual in-
voice release). In fact this conforms to blocking of the other path leaving 
the XOR connector. The second row of Figure 6 depicts a process frag-
ment of a corresponding labeled transition system. In the third row of this 
Figure it becomes obvious that direct blocking of functionality is not avail-
able within C-EPCs. There is no construct available that would enable the 
blocking of function b as it is in the labeled transition system. A configur-
able function can only be hidden, but not blocked. That means within C-
EPCs blocking is only supported indirectly by configurable connectors. 
This also becomes obvious if it is required to postpone the choice of 
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blocking to run-time. A configurable connector cannot be configured as 
optional. However if it is not restricted, it keeps all configuration opportu-
nities. That means, the configuration choice will occur implicitly within 
the configured model, however it will not be modeled explicitly.  
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Figure 6: Configuration within LTSs and C-EPCs 

The third element type for configuration within C-EPCs are requirements. 
E. g., in Figure 5 the requirement attached to “Invoicing Plan Settlement” 
states that if it is switched “ON” also the function Evaluated Receipt Set-
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tlement has to be switched “ON” (iv). Requirements therefore ensure that 
only configurations are generated that are valid within the configurable 
process model (cf. Definition 3).  

Altogether the implementation of configuration within C-EPCs by 
blocking functionality within the process flow and directly skipping func-
tionality without changing the process flow can be seen as a rather restric-
tive, but very intuitive, approach. Although it does not provide complete 
support for all possible configuration scenarios, it already provides some 
support for both configuration techniques blocking and hiding as well as 
for optional blocking and optional hiding. It also provides opportunities to 
inhibit generation of invalid process models.  

5 Summary and Outlook 

Within this paper we have argued that it is required to distinguish between 
at least two types of choices as the scope and level of decisions varies: (1) 
configuration choices made at build-time and (2) “normal” choices made 
at run-time. To allow for a language-independent discussion on configur-
able process-models we tried to capture the essence of configuration by 
describing configuration as the inverse of inheritance. Instead of adding 
functionality, configurations restrict the model. The two techniques used 
for restriction are called blocking and hiding. Blocking stops the process 
flow whereas hiding disables functionality by continuing the process flow. 
As decisions regarding blocking and hiding require information which 
might not be available at build-time, configurable process modeling lan-
guages must support postponement of decisions to run-time.  

The important thing to note is that it is possible to extend a language 
like EPCs with configurable elements, supporting these requirements. Al-
though the current definition of C-EPCs lacks of some configuration op-
portunities, the extension is intuitive making it easy to apply. The target of 
this research was to formally define configuration of process models. Fur-
ther research has to analyze which of these configuration opportunities are 
sensible in a practical context. A reference model is always a trade-off 
between costs and benefits. I. e. configuration is the first step from the ref-
erence model towards the individual model. Afterwards further specializa-
tion has to be done individually by the user in order to include require-
ments not covered by the reference model.  

Using the theory developed within this paper on the one hand and prac-
tical experiences using C-EPCs on the other hand, we hope to develop 
more mature configuration languages. To improve the configuration pro-
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cess of Enterprise systems it will also be required to transfer the presented 
ideas from process modeling to truly executable models which can be used 
for enactment. As a starting point, we plan to work on adding configura-
bility features to workflow modeling languages like SAP workflow, Staff-
ware, or YAWL [RDBS02; Staf00; AaHo05]. 
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Supporting Enterprise Systems Introduction 
by Controlling-Enabled 
Configurative Reference Modeling 
Tobias Rieke, Christian Seel 

Abstract: Enterprise system (ES) customization is often an expensive and time 
consuming task. These systems often come with preconfigured processes and data 
objects that can be regarded as best-practice and which are documented by in-
formation models. ES customization can be accelerated if these models are used 
for the customization process. This requires profound configuration and adapta-
tion mechanisms together with a reference model that encompasses variants due 
to specific customer needs. To ensure continuous improvement towards a shorter 
customization time and reduced cost, controlling of the adaptation process be-
comes a crucial task. This controlling aims at improving the reference model basis 
and configuration mechanisms. Therefore we introduce configuration mechanisms 
that can be used to customize information models due to company characteristics 
in order to be interpreted afterwards by the ES to perform the necessary customi-
zation steps.  

1   Introduction and Related Work 

1.1 Introduction 

The introduction of comprehensive Enterprise Systems (ES) is often an 
expensive and time consuming task (cf. [Dave98]). In order to serve a 
preferably large market, ES vendors offer a lot of functionality in order to 
cope with a large amount of business requirements. The challenge is to 
align the business requirements of the regarded company with the provided 
functionality of the ES [Dave98; SoGD03]. Two strategies are possible: 
On the one hand, the enterprise introducing the ES can change its business 
processes in order to fit the functionality structure of the ES and to exploit 
the possible best practice solutions implemented in the ES. On the other 
hand, companies aim at adapting the ES to fit their business requirements, 
since comparative advantages due to special business processes of the 
companies are not influenced negatively. In most cases, a mixed strategy 
promises the best results. 
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As a consequence, two major tasks have to be fulfilled introducing an ES: 
First, business processes of the enterprise have to be reorganized in order 
to streamline them and make them fit to the ES. This affects not only pro-
cesses to be implemented as ES functionality but also surrounding pro-
cesses that are performed manually or serve as interfaces between employ-
ees and the ES respectively. Second, the ES has to be adapted to special 
requirements of the enterprise. Both tasks are related to extensive costs. 
For instance, the SAP system has over 3,000 configuration tables for cus-
tomizing purposes [Dave98]. For this, specialized knowledge is needed 
which often results in severe consulting costs. Similarly, the reorganization 
of the surrounding business processes of the regarded company causes ex-
penses spent on reorganization knowledge. Hence, in order to decrease 
these costs, a strategy is needed that allows an effective and efficient cus-
tomizing of ES as well as an effective and efficient reorganization of sur-
rounding business processes.  

Detailed knowledge of ES customizing and business process reengi-
neering can be stored in information models, since they are recognized as 
knowledge repositories [BDKK02]. In order to reduce ES introduction 
cost, special information models are needed that contain existent “best 
practice” or “common practice” knowledge [SoGD03]. These special in-
formation models are called reference models and can provide a basis for 
ES customization [SoGD03]. Nowadays, reference models are used for 
documentation purposes of ES and as a basis for business process change.  

ES introduction can only be supported efficiently by reference models if 
the models can be easily adapted to specific application contexts – first in 
order to guarantee a proper fitness-for-use of the reference model accord-
ing to the organizational needs of the company, and second in order to be 
able to perform the customizing process of the ES easily [SoGD03]. Man-
ual adaptation of the models, and in turn, of the ES, could lead to eco-
nomically non-justifiable adaptation efforts.  

A continuous learning is necessary to improve the reference model ad-
aptation accordingly their adaptation preciseness, the ease-of-use of the 
adaptation mechanisms, and the cost of the adaptation process. Thus, ad-
aptation controlling is the next logical step to improve the reference model 
adaptation. Within this paper we present an approach to controlling-en-
abled configurative information modeling for ES introduction. First, we 
present related research in the next section. In chapter 2 we present the un-
derlying research method. A procedure model for configurative reference 
modeling is proposed in chapter 3. In chapter 4, we introduce the utiliza-
tion of configurative reference modeling by outlining examples based on 
Event-driven Process Chains (EPC, [Sche00]). In chapter 5, we reuse these 
examples in order to show how controlling concepts are used to assure the 
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quality of the configuration process. Chapter 6 provides conclusions and 
predicted further research. 

1.2   Related Research 

In order to enable a context-specific adaptation of information models, few 
conceptual modeling approaches have been developed in the near past: 

SOFFER ET AL. propose configurable information models in order to 
customize ES [SoGD03]. They use configurable, so-called Object-Process 
Diagrams that integrate process flows and data objects used within an ES. 
The configuration of these Object-Process Diagrams is performed by in-
terpreting attributes that define the relation of diagram objects to different 
application scenarios. During ES customizing, the users have to specify 
their application context. Based on this, the attributes are interpreted, and 
the models are modified accordingly. The authors claim that it is necessary 
to connect model objects to particular ES functionality in order to guaran-
tee an easy application of the proposed configuration approach. 

ROSEMANN and VAN DER AALST propose a configurable reference mod-
eling language that is based on EPCs [RoAa07]. The approach differs from 
that of SOFFER ET AL. in so far as configurations are less predefined. It is 
based on semantic patterns in process models that describe dependencies 
of model elements on a semantic basis. E. g., a manual model configura-
tion step that erases a process branch is followed by a hint to erase another 
process branch as well that is semantically related to the prior one. Simi-
larly to SOFFER ET AL., the authors point out the necessity to connect 
model elements to the according ES functions in order to perform a model 
and ES configuration concurrently. 

The approach which has been introduced by BECKER ET AL. [BDKK02] 
is based on the view building approach “Architecture of Integrated Infor-
mation Systems” (ARIS [Sche00]) in order to comply with different mod-
eling views that are needed for the integrated modeling of ES and sur-
rounding business processes. In comparison to the approaches of SOFFER 
ET AL. as well as ROSEMANN and VAN DER AALST, it is different inasmuch 
configuration techniques are provided that have different influences on the 
models. The approach provides a set of configuration mechanisms that are 
able to format modeling languages, models and model sections as well as 
model elements in order to fit to context specific requirements. Further-
more, the approach is not restricted to conceptual configurations of infor-
mation models but allows also configurations of the graphical representa-
tion of models as well as the management of different languages and 
language-internal synonyms used in model element designations in differ-
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ent application scenarios. The introduction of ES is hence supported by 
automated model based configuration. 

The configuration strategy of each of the introduced approaches is 
similar. Model variants for different application scenarios are integrated in 
one model and predefined. The model variant that is considered the best 
for a specific application scenario can be selected. Therefore, these ap-
proaches provide a useful contribution in model based ES and process con-
figuration. 

In this contribution, we use the approach of BECKER ET AL. as a basis 
for further controlling-related extensions. We chose this approach, first due 
to its greatest comprehension and second, due to the fact that it was devel-
oped “in-house” which allowed an in-depth pre-understanding of the ap-
proach. 

2   Research Methodology 

Our contribution consists of providing configuration methods that target 
Enterprise System configuration. The relevance of the research topic was 
derived from requirements the authors were confronted with during infor-
mation model-driven consulting projects. These were performed amongst 
others at the DeTe Immobilien GmbH [BeKR05], in public administrations 
of the German federal state of North Rhine-Westphalia [BADN06], at 
Bayer Business Services GmbH [BJDF06], in the German Federal Armed 
Forces as well as in association with itemis GmbH & Co. KG. The re-
quirements gathered within these consulting projects were balanced with 
already existing approaches to information model adaptation as briefly 
outlined in section 1.2, whereas a deficit of methodical support for this 
problem was identified. 

Before presenting the reference modeling procedure framework it is 
necessary to constitute our epistemological background of this working 
paper. Therefore we will take position in an epistemological reference 
framework.  

As a basis for the scientific philosophical positioning of this paper a ref-
erence framework will be used that was introduced by BECKER and 
NIEHAVES [BeNi07, p. 202]. It stresses five questions that are of relevance 
for the epistemological positioning (without abnegating further questions). 
Each question can be assigned to different positions. In the following, each 
question will be described and our position will be stressed and reasoned. 

• What is the artifact of cognition (ontological aspect)? Ontology is the 
science, the theory or the analysis of to be, the exploration of “what is” 
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and “how it is” [Foer96]. This paper is founded on the position of onto-
logical realism. This means, researchers are making the assumption that 
a real world exists, independent from the human awareness [Bung77]. 

• How is the relation between cognition and the artifact of cognition? 
(epistemological aspect)? The main questions in epistemology, about 
the relation between the acquired cognition of the subject and the arti-
fact of cognition, want to answer if artifacts outside the human thinking 
and speaking can be objectively recognized. The epistemological posi-
tion of this paper pronounces the influence of the subject [Glas87; 
Lore87]. We assume that cognition is mediated by the subject. There-
fore we follow the epistemological position of constructivism and in 
particular – according to our ontological realistic position – interpretiv-
ism [BuMo79; KlMy99]. The consequence is that the intersubjective 
mediation of model conclusions is founded on the use of a shared termi-
nology between the researchers. Thus, we confer to KAMLAH and LO-
RENZEN who point out that a shared terminology within a community 
can be systematically developed [KaLo96]. Concerning the method pre-
sented in this paper, it is necessary for the understanding of the different 
individuals that are dealing with the reference model configuration and 
succeeding adaptation process, to integrate constructs for creation of 
standardized terms. This can be achieved e. g. by the construction of a 
terminology or glossary [Spie93]. 

• What is true cognition? The question, how the human can achieve 
“true” cognition, aims at the question, whether “true” knowledge can be 
achieved and what is the process to test the truth of knowledge. Con-
cerning the development and evaluation of modeling techniques and 
procedure models as well as the verification of information out of refer-
ence models and reorganization recommendations the concept of truth 
builds the major benchmark. This paper is oriented to the consensus 
theory of truth [Habe73] We assume that truth emerges from the con-
sensus of a competent language community. This consensus building 
community consists of experts who find consensus through “interper-
sonal verification” [KaLo96]. For the verification of the method intro-
duced in this paper and the information contained in reference models as 
well as reorganization recommendations, methods like observation, in-
terviews and interpretation of texts can be used. Besides, we adopt the 
finding of TARSKI that truth is always related to a language – the so 
called object language. This requires the existence of a meta language 
that contains truth predicates about the statements of the object language 
[Tars44]. 
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• Where does cognition come from (source of cognition)? The question 
after the source of cognition deals with the positions of the fundamental 
ability of cognition. The findings of this paper are achieved by reflection 
of the method and model contents as well as their application. There-
fore, we follow KANT’S position who states that both “a priori” knowl-
edge (rationalism [Leib62; Chom65]) as well as “a posteriori” (empiri-
cism [Hume84; Quin61]) knowledge acquisition is necessary in scien-
tific processes [Kant99]. 

• How does cognition emerge (methodological aspect)? The methodologi-
cal aspect of epistemology deals with the question, how cognition can 
be achieved. In this paper we are using deductive [Lore95] and inductive 
[Rott95; Seif96] conclusions. If a single conclusion can be generalized 
on the basis of a group of single verifications, an inductive conclusion 
has been made. In the case of reference model construction a deductive 
conclusion is also possible. This is the case if model elements are as-
signed to specific object categories by category-specific attributes. Also 
in the field of verification of truth deductive procedures (decomposition 
of complex model conclusion to single conclusion) as well as inductive 
procedures (generalization of various single conclusions) are necessary. 

3   Reference Modeling Life Cycle 

Reference models that reflect best practice or state of the art, are affected 
by changes like the companies they describe. These changes arise from 
actual technological or organizational developments. Thus, reference mod-
el developers must deal with learning issues. Organizational learning can 
be distinguished in single loop and double loop learning [ArSc74]. Single 
loop learning deals with the optimization (error elimination) e. g. of a pro-
cess by keeping the original process goals and assumptions. Double loop 
learning takes the assumptions into consideration and therefore can result 
in a completely new aligned process striving for new goals.  

According to known life cycle models from the field of process manage-
ment [GaSc95], controlling [BaCG99], and risk management [JuKr03], the 
reference modeling life cycle deals with learning issues starting with the 
initial development of the reference model, its adaptation process, leading 
to the usage of the underlying ES, and ending in a feedback (cf. Figure 1). 
Within this cycle two different parties are involved: the reference model 
developer (ES vendor) and the reference model user (ES customer). The 
phases of the reference model life cycle are described in the following 
([BDKK02, pp. 34ff.] discuss a similar reference modeling cycle).  
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3.1   Requirements Definition 

The goal of our reference modeling approach is to provide customization 
support for ES. Information models perform the task of representing prob-
lems in their current processing state. They provide solution contributions 
to a development problem [NeSi72]. The quality of a model is the better 
the more it complies with the subjective model resulting from the user-
specific perspective on the problem situation [DaSh96; Rose98; RoSD05]. 
Within this phase, different configuration parameters have to be distin-
guished (cf. section 4.1) which supports different views on the model 
[BDKK02, pp. 27ff.]. In addition, the flexibility of the customization pro-
cess has to be determined whether it should allow higher degrees of free-
dom regarding the model adaptation besides configuration mechanisms 
whose possible outcome is determined in advance (cf. section 5). 

 
Figure 1: Reference Modeling Life Cycle 

3.2   Reference Model Construction 

The various aspects that are object of ES customization have to be repre-
sented within information models. Usually this primarily leads to process 
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and data models. In the first run of the cycle the modeling language has to 
be selected. In a further cycle an adaptation of the modeling language can 
become necessary. The language should be adequate regarding the mod-
eling artifacts and the user requirements and skills.  

The construction of the different models is driven by the configuration 
parameters that have been identified within the previous requirements 
phase. Every information model has to be verified whether a certain con-
figuration parameter is of relevance to the model. If a parameter leads to an 
adaptation, a variant has to be defined within the model (the mechanisms 
of variant definition are described in chapter 5). Moreover, the support of 
different configuration parameters leads to either additional aspects that 
have to be defined, or the absence of specific model elements that are not 
in the scope of the configuration parameter targeted ES. Due to the fact 
that the configuration parameters are of relevance to all models, keeping 
the consistency of the whole bunch of information models– especially re-
garding the dependencies between the models – is a very crucial task to the 
model constructor.  

3.3   Reference Model Adaptation 

The starting point of the reference model adaptation (in this context equal 
to ES customization) is an ES provided with a modeling or customization 
environment containing information models. The customization process 
and therefore the reference model adaptation process is characterized by 
instantiating the configuration parameters and thereby adapting the infor-
mation models. Due to the fact, that the possibilities of configuration have 
been taken into account during the reference model construction phase, the 
consistency can be assured during the configuration-driven adaptation 
phase. Inconsistencies can only occur if the model constructor has failed. 
The resulting model is most likely not fully adapted to the customer’s re-
quirements. Here, further adaptation mechanisms are necessary that allow 
a higher degree of freedom in adapting the model. Possible mechanisms 
besides Configuration like Analogy Construction, Instantiation or Spe-
cialization are presented in [BeDK04]. 

3.4   Implementation 

The implementation phase within the customization process can be re-
garded as the translation or even transformation of the adapted (reference) 
model into the thereby specified software. Therefore e. g. tables have to be 
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adapted, data sets have to be initialized, workflows have to be configured 
and interfaces have to be offered. These steps are performed by routines 
that are provided with the ES. An approach which has been discussed 
lately in the literature is the Model-driven Architecture (MDA) [KlWB03; 
HaPo03]. Within this approach software is implemented by transforming 
information models into more specific ones and at last into the running 
software (from platform-independent model to platform-specific model to 
code). This is achieved by providing generators which can enrich the 
model with more detailed information. Information models – discussed in 
this paper – can be used as a starting point to a MDA transformation.  

3.5   Software Usage 

After the ES has been customized, the ES is ready for use. But before the 
ES can go live, testing and simulation steps are advisable. During these 
steps and the following live usage of the ES shortcomings of the customi-
zation process can occur and be identified. In this case, the cycle has to be 
reinitiated starting with the requirements phase. According to the Rational 
Unified Process [Kruc04] the amount of corrections decreases and its fo-
cus is moving towards the software usage phase with each cycle.  

Although, all shortcomings are addressed that might have occurred 
during the reference process life cycle, further cycles become necessary 
during the ongoing use of the software due to the changing environment 
and business.  

4   Configurative Reference Modeling 

In order to provide efficient adaptation support, configurable reference 
models comprise rules which allow modifications of the original reference 
model depending on company or project individual determinations of con-
figuration parameters.  

4.1   Configuration Parameters 

When used in order to construct a specific information model, reference 
models have to be adapted to company or project specific issues. Starting 
from the factors describing information model application contexts already 
introduced in chapter 3, we distinguish the following parameters that a ref-
erence model configuration depends on: 
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Business characteristics and their values represent sets of companies for 
which a reference model adaptation shall be performed. E. g., business 
characteristics are the performed business type or the trade level. Exem-
plary trade-related values of the business type are warehousing, third-
party-deal and central settlement; values of trade level are e. g. whole trade 
and retail trade [BeSc04, pp. 2, 74]. 

Perspectives represent information model requirements of different user 
groups. Perspectives are determined by the modeling purpose (e. g. ES 
customizing or process oriented organizational design), the organizational 
role of the actual user (e. g. manager, method expert or accounting clerk) 
and further influences like individual preferences according to the graphi-
cal design of the models [BDKK02, pp. 28ff.]. 

4.2   Model Projection 

The most significant problem that results from a multiplicity of context 
specific variants is the need to manage possible redundancies inside the 
model itself. This leads to increased modeling and maintenance cost as 
well as the danger of inconsistencies within the model base. In the case of 
business process redesign, inconsistencies lead to a reduced applicability 
(e. g. for training), in the case of ES customizing, inconsistencies can even 
cause malfunctions of the software system. 

In order to enable an efficient model construction and model mainte-
nance, redundancies have to be overcome. A modeling language which en-
ables users to avoid redundancies and to consider multiple variants within 
the model base is called configurative reference modeling (for the follow-
ing cf. [BDKK02, p. 26]). The approach is based on the concept of model 
projection. A configurable model that provides all relevant information for 
each variant contains constraints that determine to which variant each 
model element belongs. By this means redundancies are avoided and, si-
multaneously, modeling of multiple application contexts is made possible. 
When a configuration is performed, each model element is hidden that 
does not belong to the selected variant. 

4.3   Configuration Mechanisms Overview 

In order to support the reference model user by model projection effi-
ciently, it is beneficial to supply model projection based configuration 
mechanisms that have different impacts on the models. Therefore, configu-
ration mechanisms are not exclusively proposed for the layer of modeling 



Controlling-Enabled Configurative Reference Modeling 89 

technique application (model layer), but also for the layer of their defini-
tion (meta-model layer). Configurative adaptations of meta-models act 
upon all models which were constructed in the corresponding modeling 
language, whereas adaptations on model layer only act upon specific mod-
els and model sections respectively.  

In the following, we present examples of model configurations based on 
Event-Driven Process Chains with different configuration mechanisms (for 
a detailed conceptual introduction cf. [BDKK02, pp. 72ff.]). We distin-
guish the following configuration mechanisms: 

• Model Type Selection 
• Element Type Selection 
• Element Selection 
• Synonym Management 
• Representation Variation 

Within this paper, we focus on the Model Type and Element Type Selec-
tion as well as Element Selection. Synonym Management and Representa-
tion Variation do not play a crucial role within the adaptation controlling. 

Model Type Selection 

Model Type Selection considers the perspective-specific relevance of 
model types which applies especially for organizational change projects. 
Model types represent the application types of modeling techniques, which 
can be combined in the context of reference modeling techniques, e. g. 
Event-Driven Process Chains (EPC) [Sche00], Entity Relationship Models 
(ERM) [Chen76], technical term models [Spie93] or organizational charts. 
The configuration mechanism assigns perspectives to model types and sup-
ports a coarse configuration of the model system. The model types, which 
are not relevant for the model user’s perspective, are hidden. 

Element Type Selection 

Finer configuration rules existing on meta-model layer can be performed 
by using Element Type Selection (cf. the corresponding meta-meta model 
in Figure 2). Model types are characterized by the element types which are 
assigned to them and their relations among each other. In case of the EPC, 
these are e. g. functions, events, and resources. The configuration mecha-
nism admits to create variants of model types by assigning element types 
to perspectives and, if necessary, by fading them out. E. g., variants of 
EPC differ in model element types which are annotatable to functions. 
Candidates for annotations are e. g. entity types, application systems and 
organizational units. The use of different types of the EPC takes place es-
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pecially in reorganization projects. The model type variants are created by 
assigning element types to them which shall be faded out. Each model type 
variant is assigned to one or more perspectives. 

MMS-MME-
Assignment

Meta-Model 
Element

Perspective(1,n)Meta-Model 
Section

Model Type 
Variant

(1,n)

(1, n)

(1,n)

MTV-MME-
Constriction

(0,n)

(0,n)

Perspective-
Variant-

Assignmemt

Variant 
Building

(0,n)(1,1)

 
Figure 2: Meta-meta model constructs for Element Type Selection 

Element Selection 

Element Selection permits the selection of single elements on model layer. 
There are different criteria for Element Selection which differ in the type 
of definition of the favored element subset: 

Element Selection via attributes: The creation of variants by Element 
Selection via attributes is achieved by analyzing the characteristics which 
are assigned to the reference model elements. An attribute, for example, 
can be intended for the functions of an EPC for the identification of its 
automation degree (cf. Figure 3). 

 
Figure 3: Meta-meta model constructs for Element Selection 

Element Selection via logical terms: The Element Selection via attributes 
becomes inefficient as soon as the number of newly to be introduced at-
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tributes reaches a high level. Therefore the configuration mechanism of 
Element Selection via logical terms is additionally introduced, which en-
ables to assign model elements directly to configuration parameter values 
by using a logical term. The annotation of an expression, e. g. “perspective 
(organizational design)”, to a model element flags the regarded element as 
relevant only for the perspective organizational design (cf. the corre-
sponding specifications in Figure 3 and Figure 4). The utilization of Ele-
ment Selection via attributes can be recommended alternatively, only if al-
ready considered attributes of elements can be reused. 

Figure 4: Meta-model constructs for Element Selection via logical terms 

Element Selections are considered to be relevant both for ES customizing 
and business process reengineering. First, Element Selection allows omit-
ting specific model sections which leads to exclude (or hide) specific parts 
of the ES functionality. Second, the omission of model sections in business 
process reengineering hides information that is not relevant for specific 
user groups within the project, e. g. organizational designers in specific 
branch offices in which only parts of the whole business are performed 
(e. g. retail branch offices of a wholesaler). 

 
Figure 5: Extract from the grammar for Element Selection via logical terms 

In case of Element Selection via logical terms, the relevance of a model 
element for a selected configuration depends on a logical term which is as-
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signed to the element. In this context logical terms are understood as spe-
cial attributes that can be assigned to model elements. They describe di-
rectly in which configuration the respective model element is available. 
Terms have to comply with a predefined grammar (cf. Figure 5) for analy-
sis purposes. 

5   Adaptation Controlling 

The efficiency of an adaptation process can be measured in time and costs, 
that are needed to adapt the reference model to the aimed company-spe-
cific model. The goal of adaptation controlling is to minimize the neces-
sary time and costs. 

In order to develop particular mechanisms for adaptation controlling, its 
subtasks have to be defined. These subtasks can be derived from current 
definitions of controlling.  

The controlling definitions by HORVÁTH [Horv94, pp. 125f., 144] and 
REICHMANN [Reic95] focus on the three controlling subtasks planning, 
control and coordination. Related to the goal of adaptation controlling, 
controlling mechanisms support the planning by providing proper adapta-
tions for specific requirements. The subtask control is addressed by 
checking whether the specified requirements to the specific model are ful-
filled after the adaptation process. The subtask coordination is less impor-
tant for the controlling of adaptive reference models. 

A direction how adaptation controlling can be achieved is provided by 
ZIEGENBEIN [Zieg04, pp. 23], who expresses that controlling has to de-
velop suitable methods to support its three subtasks. GROB [Grob96, pp. 
137-158] refines this by depicting two major tasks of controlling: (1) crea-
tion and maintenance of an infrastructure for information provision in or-
der to support planning and control (system design) and (2) coordination 
und execution of planning and control (system usage). 

These definitions imply for the controlling of adaptive reference models, 
that an information infrastructure for planning and control and a concept 
for its usage have to be developed. The necessity for that has already been 
recognized [Schü98, pp. 300-308; OtKl99, pp. 23-29] but an operational-
ized concept is still missing. Therefore we first introduce the extended ref-
erence model cycle that describes the necessary steps for a reference model 
adaptation controlling. Then we describe the mechanisms and meta-model 
extensions that are necessary to perform an efficient model feedback and 
controlling. 
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5.1   Feedback Cycles in the Procedure Model 

To minimize the effort that is necessary to adapt the reference model to a 
customer-specific model, the controlling phase strives for the goal to iden-
tify shortcomings and possible improvements of the reference model and 
its adaptation mechanisms.  

The adaptation controlling phase is best positioned within the reference 
modeling cycle between software usage and requirements engineering (cf. 
Figure 6), where first attempts of controlling exist with an unstructured 
feedback resulting from the experience with the software (cf. Figure 1).  

Figure 6: Reference Modeling Life Cycle with controlling phase 
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The controlling phase can be structured in a sequence of three consecutive 
steps: 

• Data Gathering: The data that is gathered throughout the customization 
process can be differentiated in model data, adaptation data and per-
formance data. Model data mainly consists of the final adapted model 
resulting from the adaptation process. Adaptation data describes the 
process of adaptation and delivers information about the time that was 
spend on adapting the model, the order in which the adaptation was per-
formed and e. g. the configuration steps that had to be refined due to 
misapprehension. Performance data provide information about how effi-
cient the implementation process was performed and the resulting soft-
ware works. Performance data is valuable for the reference model con-
structor (resp. software vendor) to evaluate new process variants. A 
fourth feedback is possible that describes the construction activities of 
the reference model. This data can be used to evaluate the reference 
model maintenance. This maintenance data is very similar to the adapta-
tion data. Due to this similarity and the fact that we focus on the relation 
between customer and software vendor, we do not regard this feedback 
in this paper later on.  

• Data Merging: Data is sent from various customers containing different 
models, adaptation and performance data. To allow comparative analy-
ses it is necessary to merge these data into one database (repository). In 
this approach we argue to integrate some of the performance data that 
are directly related to specific model elements (e. g. average cycle time 
of a process or of a process function) into the model data. This model 
has to be loaded into a repository consisting of the reference model and 
various customer-specific models (including different versions). The ad-
aptation data that cannot be directly connected to specific model ele-
ments but have to be stored separately in an audit trail database.  

• Data Analysis: The data that has been gathered and merged from differ-
ent customers is being analyzed in the third step. Target of this step is to 
identify shortcomings and improvements of the reference model and the 
adaptation mechanisms.  

5.2 Necessary Feedback Mechanisms and Model Extensions 

In the following we present the necessary extensions within the conceptual 
model to enable the controlling and model maintenance. Therefore, as a 
key mechanism, it is necessary to retrieve the customer’s model out of the 
model repository, which stores all customer-specific models together and 
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integrated with the reference model. Using the configurative approach a 
customer-specific perspective has to be defined. The configuration mecha-
nisms presented in chapter 4 do not allow for selecting all the necessary 
model elements to show the customer-specific model. For instance, attrib-
utes can not be assigned to a specific customer because they do not have 
attributes of their own. Therefore, we introduce a new configuration 
mechanism, which selects model elements’ properties (cf. also in the fol-
lowing Figure 7). Properties (as some kind of meta data) should be as-
signed to all model elements. Thus, it is possible to assign a customer to an 
attribute or a constraint. In this case, we define properties as data that are 
not part of the model itself but are needed for maintenance reasons (e. g. 
date of creation, name of the creator, version ID etc.). To ensure the selec-
tion (Element Selection by properties), the configuration parameter, e. g. a 
customer perspective, has to be assigned to the property type.  

Attribute

Type

Constraint

(0,n)

(0,n)

Constraint-
Type-

Assignment

D,T

Meta-Model 
Element

Attribute-
Type-

Assignment

(0,n)

(0,n)

Perspective Reference 
PerspectiveD,T

Customer
Perspective

Element 
Selection by 
Properties

(0,n)

(0,n)

Configuration 
Parameter P

Property
Type

Meta-Model-
Element-
Property

Assignment

(1,n)

(1,n)

 
Figure 7: Meta-meta model extensions for Element Selection by properties 

To provide data for controlling purposes the conceptual model has to be 
extended to describe the controlling relevant data and distinguish the user-
specific model. As an important precondition, every model element has to 
be identified regarding its source in the reference model. Therefore it is 
necessary to provide a valid identifier (property type: ID) for each model 
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element (attributes, types, and constraints). This also allows identifying the 
model elements that has been omitted or additionally added. Therefore the 
modeling environment must support the generation of unique IDs through-
out all modeling environments. The ID must not be mistaken for the 
unique ID (primary key) provided by the database to distinguish the table 
entries. The ID described in this paragraph identifies the model element 
that can exist in various variants throughout different customers. All these 
variants share the same ID. Thus, for the ES vendor it has a grouping char-
acter, grouping all variants. 

All Elements, uploaded by the customer, have to be recognized in the 
customer’s perspective. This can be achieved during the upload phase 
where the customer identifies himself by initiating the upload session. 
Every uploaded model element is assigned to the customer (property type: 
Customer). This also allows having customer-specific attribute instances 
integrated in one model element. Therefore the meta model of the model-
ing language has to be altered by being less restrictive e. g. allowing sev-
eral attribute instances for one attribute type or multiple outgoing edges 
within an EPC-Model. Nevertheless, the customer is only provided with 
single and unique attributes. Hence, consistency is assured by keeping the 
original modeling language on the customer side so that only one instance 
is possible. 

 
Figure 8: Meta model extension for data gathering 

The nature of a cycle is that every step is performed not only once. There-
fore the model must ensure that the customer is able to upload an advanced 
model later on. This requires properties for versioning. Every model ele-
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ment that has been uploaded is assigned to customer-specific version ID 
identifying the model elements that are part of a version. Model elements 
that have not been changed are additionally assigned to the new version.  

Performance data can be integrated into the customer-specific model as 
attributes in the customer’s adapted model. But this is only possible for 
data that is standardized and comparable. To provide performance data 
e. g. of single process instances an audit trail is the best solution. In order 
to provide a reference from the performance data to the model element to 
which it is connected the audit trail has to provide a field for this assign-
ment. The reference data that can be provided with the model should give 
performance information like the average cycle time for a process or a 
process function. Within the conceptual model on the meta-model layer the 
element attribute has to be specialized in the types (e. g. cycle time) that 
should be provided by the customer. The resulting meta-model is depicted 
in Figure 8: 

An example of the integration of two customer-specific models is de-
picted in Figure 9. This Figure describes two processes (defined as an 
EPC). The process of customer B is extended due to a control step. During 
the data merging phase, corresponding model elements are identified with 
use of their ID (not depicted in the figure). Equal model elements are as-
signed to the entry of the Property Customer A and B (also not depicted in 
the figure, due to readability). New model elements are only assigned to 
their corresponding customer. 

5.3   Privacy Complaints 

In practical use the exchange of data between the customer and ES vendor 
as described above is a highly relevant action for security issues. As this is 
crucial information about an enterprise, which should not be accessible for 
competitors, a privacy concept has been developed. This concept provides 
different levels of feedback details, which allows an enterprise to decide 
how much information the reference model creator receives. 

The first level is the most secure one and just provides no feedback. The 
second level provides only the configuration parameters that were chosen 
by the customer. No additional data despite the configuration parameters 
are transferred. Thus, important and often used, but preconfigured variants 
can be determined. Within a third level the fully adapted model is up-
loaded, which allows to encounter new variants and identify shortcomings 
of existing variants in comparison to other models from different custom-
ers. In a further level performance data and/or adaptation can be provided.  
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Figure 9: Integration example of two customer-specific models 



Controlling-Enabled Configurative Reference Modeling 99 

Performance data provide highly relevant information about the evaluation 
of variants. They can possibly serve as an advisor during the adaptation 
phase by providing a reference benchmark. 

6 Conclusions and Further Research 

It has been shown how the adaptation controlling of conceptual reference 
models to specific application contexts can be supported comprehensively. 
Therefore, recommendations for the construction of reference modeling 
languages in terms of configuration mechanisms have been formulated. 

The conceptual specifications of the configuration mechanisms can be 
used as a basis for the implementation of modeling tools that are able to 
support configurative reference modeling. Because of the extensive com-
plexity of configurable reference models that results from the integrated 
configuration rules, the support by modeling tools is a necessary precondi-
tion for the application of configurative reference modeling in practice. 
Handling configurable reference models with common draft applications is 
– in case of realistic project volumes – considered to be impossible due to 
acceptance and cost barriers. Hence our further research and development 
work focuses at implementing configurative reference modeling as a plug-
in for a well-known modeling tool. Additionally, the plug-in will be used 
as a basis for the evaluation of the proposed configuration mechanisms in 
practical fieldwork. 

Furthermore, not only the configuration mechanisms themselves have to 
be implemented and evaluated. But also the controlling steps require sys-
tem support. Therefore we provided extensions of a conceptual model for 
configurative reference modeling for controlling purposes, which allow re-
vealing potential improvements of the reference model adaptation process 
and the adaptive reference model itself. As these controlling concepts re-
quire the transfer of maybe crucial information, information security was 
taken into account. Despite of this security level approach the reference 
model improvement is the more successful the more information and espe-
cially the more manual adjusted models are available. So a future task is 
the development of incentives that make it attractive for the user to submit 
information to the ES vendor. E. g., free updates can serve as such an in-
centive. Additionally, other controlling steps have to be regarded in more 
detail, such as analyzing the new model repository and deriving potential 
for improving the model and the adaptation technique.  
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RefModPM: Reference Information Model 
for Enterprise-Wide Project Planning, Controlling 
and Coordination in Matrix Project Organizations 
Frederik Ahlemann 

Abstract: Project information systems can be regarded as a sub-system of project 
management systems. Their aim is to supply all relevant stakeholders with the in-
formation necessary to plan, control and coordinate projects. The objective of the 
research presented in this paper is the development of a semi-formal, conceptual 
reference information model for the enterprise-wide planning, controlling and co-
ordination of projects in matrix project organizations, which can serve as a basis 
for information system development (RefModPM). The reference model construc-
tion is based on 13 in-depth interviews with domain experts from large German 
and Swiss enterprises and the analysis of 28 commercial software products for the 
problem domain. The paper reflects the corresponding research process and 
shows the reference model’s architecture. Parts of the reference model are dis-
cussed to give an impression of the outcome of the research. 

1 Introduction 

Due to increasing changes in today’s environment, enterprises are facing a 
constant need for the development of new or the adaptation of existing 
processes, organizational structures and products [Peri93, pp. 30-79; 
Vahs99, p. 9]. Such innovations are typically implemented with the help of 
projects. As a result, projects have become a vital part of today’s business 
life [Gesc93, pp. 11-22]. They are widely regarded as building blocks for 
implementing business strategies and for maintaining an enterprise’s com-
petitiveness [Turn99, pp. 35-48; Sche04]. At the same time, project work 
is no longer restricted to R&D activities; projects can be found in the entire 
enterprise in the form of marketing, organization, IT, controlling or other 
projects [IPMI02, p. 20; DeDi04, p. 12; Gare04, p. 1]. Since large enter-
prises very often run dozens or even hundreds of parallel projects, man-
agement systems for the standardized planning, controlling and coordina-
tion of projects are required to ensure efficient and effective project work 
[Cook02, p. 188]. Such systems guarantee that scarce resources are as-
signed to those projects that have the highest impact on the realization of 
the business strategy and that they receive the management attention 
needed to complete them successfully [BoVö97, p. 17f.; PaRa98, p. 454]. 
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Information systems serve as a basis for such management systems by de-
livering all necessary information on time and in the required quality 
[Lech04, p. 16; ClIr02, p. 349-355]. Project information systems develop 
their full economic potential when they are used to support standardized 
project management processes and hence supply all relevant stakeholders 
with the information required to plan, control and coordinate projects. This 
requires corresponding standards for the production, processing and deliv-
ery of project information on the one side and adequate software support 
on the other. Both tasks – the development of project management stan-
dards and the procurement or development of corresponding software sys-
tems – are time-consuming and require advanced experience in the field of 
(multi-)project management, organizational engineering and information 
technology. It is obvious that reference information models can help to 
speed up the development of project information systems and that they 
minimize the risk of project failure. If the reference model applied reflects 
established and proven business processes, they can also lead to a higher 
process quality [Schü98, pp. 75ff.]. 

Up to now the research on project information systems has concentrated 
on (1) the evaluation of commercially available software applications (e. g. 
[DwHa92; RaFi94; KoHe95; Ahle03]), (2) the design and prototyping of 
software applications (e. g. [Kurb94; ScMS96; Ehle97; FrRK97; Stum98; 
KoHa98; JaMa98; ArGh98]), (3) theoretical considerations regarding the 
assessment, selection and use of software applications for project man-
agement (e. g. [Nick85; Haye93; AhFD00]), and (4) the design and as-
sessment of algorithms mainly for scheduling, resource planning and port-
folio management (operations research; e. g. [DoPP00; ChCZ01; Hart02]). 
Only one research endeavor has focused on recommendations for the de-
sign of project information systems in the form of a reference information 
model [Schl00]. The corresponding research results have not yet been 
evaluated and concentrate on single-project management only. Hence it 
can be stated that a thorough research on reference information models for 
project information systems (in the sense of project program and project 
portfolio management) is yet to be forthcoming. 

Thus, the objective of the research presented in this paper is to develop 
semi-formal, conceptual reference information models for the enterprise-
wide planning, controlling and coordination of projects in matrix project 
organizations, which can serve as a basis for information system develop-
ment. They are modeled on a medium level of abstraction to allow their 
application in various fields, e. g. process management, quality manage-
ment, workflow management or definition of software requirements. The 
research is restricted to matrix project organizations, because they can be 
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regarded as the predominant project organization in practice [Rick95, 
pp. 50-53; Lech97, p. 162]. 

This paper is structured as follows: Section 2 contains a brief descrip-
tion of the research design and the underlying methodological and theo-
retical assumptions. Section 3 contains the terminological and conceptual 
grounding of this paper. Particularly the terms “project controlling” and 
“reference information model” are discussed. Section 4 presents the so-
called M-Model, a conceptual information system architecture which 
serves as a frame of reference for reference modeling. It embraces all tasks 
related to the initiation, planning, execution, and termination of projects 
and explains the management levels involved. Section 5 gives an overview 
of the reference model and contains selected process and data models cre-
ated throughout the research process. Section 6 summarizes the results and 
draws conclusions. 

2 Research Design 

To a large extent, today’s reference modeling techniques and methods 
show a disregard for empirical inquiries as the basis of reference modeling. 
The authors of the well-established process models for reference modeling 
indeed refer to the necessity to integrate potential reference model users 
and domain experts into the construction process. How this integration 
needs to be done, however, is typically left unanswered [FeLo04a, p. 20]. 
Moreover, the construction process is normally not documented in refer-
ence modeling projects. It does not become clear how the modeler arrives 
at his models. Very often, the empirical evidence for the reference model 
construction are not properly recorded [FeLo04b, p. 8]. 

A comprehensive review of existing models with a description of their 
core characteristics has been done by FETTKE and LOOS. The correspond-
ing catalogue contains 33 models which were released in the period from 
1998 to 2003 in German-speaking countries. Only four of these models 
explicitly outline the procedure of model construction used. The remaining 
29 models contain no or only very vague statements about the construction 
process. This lack of documentation and empirical evidence makes it diffi-
cult to verify the research results. Furthermore, the discourse on the re-
search results and the incremental refinement and improvement of refer-
ence models is unnecessarily complicated. 

For this reason, in this work special emphasis was put on the empirical 
foundation of the reference model construction process and its proper 
documentation. The research design contains detailed information on how 
potential model users and domain experts are integrated into the construc-
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tion process and how the construction results are documented so that a 
higher degree of intelligibility and verifiability is achieved. 

The reference modeling is done within a research process that consists 
of four phases and which has been derived from a process model by 
Schütte [Schü98, pp. 177ff.]. It has been extended with respect to empiri-
cal inquiries and documentation activities. The process consists of the fol-
lowing phases (cf. Figure 1): 

• (1) Problem definition. In this compulsory first step the research objec-
tive is defined and the problem domain is specified as it is documented 
in the first section of this paper [Schü98, pp. 189ff.; Schl00, p. 79]. 

• (2) Exploration and generation of hypotheses. This second phase con-
sists of three different activities. 
o (2a) Construction of a frame of reference. Here, a conceptual 

information system architecture is developed which serves as a frame 
of reference for the following model construction [Schü98, pp. 207ff.; 
Schl00, p. 79]. This information system architecture is called the M-
Model, and is documented in section 4. The M-Model is a result of an 
extensive examination of existing research results and an analysis of 
project management case studies documented in the literature. Its 
structure reflects a widely accepted perspective on project manage-
ment in general [Alte91; VaBu99]. 

o (2b) Analysis of project management software systems. Here, a 
comprehensive analysis of 28 commercial project management soft-
ware applications was used to generate hypotheses regarding project 
management processes, organizational and data structures.  

o  (2c) Literature review / analysis of PM standards. Further research 
carried out by other authors and project management institutions, e. g. 
about critical success factors in project management or project man-
agement organization, is also taken into consideration (e. g. [Lech97; 
Cook02; PMI04]). (2c) Construction / refinement of the reference 
model. The initial construction of the reference model is based on the 
knowledge captured from the analysis of project management soft-
ware systems and the literature review. The reference model can be 
regarded as a hypothetical construction which does not claim to have 
universal validity at this point in time. The diagrams contained in the 
reference model are closely linked to the M-Model, as outlined 
above. 

• (3) Validation. The objective of this phase is to validate, refine and 
stabilize the initial reference model construction. 
o (3a) Interviews with domain experts. A series of interviews with ex-

perts in the field of project management and project information sys-
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tems was conducted with the objective of gaining further empirical 
evidence for the reference models and of validating it. This formative 
evaluation was done in the form of guided interviews [Patt02, p. 227], 
basically consisting of two parts. In the first part, the knowledge and 
experience of the domain experts is captured. In the second part, the 
experts are confronted with the reference model and are asked for 
detailed feedback regarding the strengths and weaknesses of the 
model. Furthermore, possible improvements are discussed. In conse-
quence, the reference model is refined or even reconstructed if the 
interview results render this necessary (return to step 2c). Subse-
quently, the next interview is conducted. Following an approach by 
Lincoln & Guba [LiGu85, pp. 234f.], this cyclic process is terminated 
if insights gained from preceding interview discussions , diminish. On 
the occurrence of this situation, the conclusion is drawn that consent 
has been reached among domain experts regarding the reference 
model's propositions. The selection of domain experts follows both 
the chain sampling and the theoretical sampling approaches [Patt02, 
pp. 237-239]. Whereas the domain experts are identified using chain 
sampling, the interview subject is determined using the frame of ref-
erence and theoretical sampling (not all aspects of enterprise-wide 
project management can be discussed in a single interview). 

o (3b) Practical application. The validation of the reference model is 
not only brought about by interviews with domain experts. The refer-
ence model has also been validated in the form of application pro-
jects. For instance, the model was used to design a project initiation 
process for a Swiss company. It is also the starting point for the de-
velopment of a German DIN standard for the exchange of project 
management data. 

o (3c) Refinement of the reference model. The experience gained in 
these projects is also used to refine the reference model. 

• (4) Documentation. The documentation of the reference model contains 
the following: (a) Description of construction process: The construction 
process is thoroughly documented, as is indicated here. (b) Annotations 
of model elements: Each model element represented by means of the 
chosen modeling language is clarified with annotations that include 
theoretical and empirical references. (c) Documentation of interview re-
sults: The interview results are made available in the appendix of the 
documentation so that references to interviews are easily viewable. (d) 
Table of model elements: The appendix contains a table of all reference 
model elements, e. g. functions, organizational units and data elements. 
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Figure 1: The research design 
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3 Terminological and Conceptual Foundation 

3.1 Project Planning, Controlling and Coordination 

According to the German DIN standard, a project is defined as an en-
deavor that is basically characterized by specific circumstances like (1) a 
defined objective, (2) temporal, financial, personal or other restrictions, (3) 
a differentiation from other endeavors, and (4) project-specific organiza-
tion [DIN87]. 

Planning is understood both in the sense of preparing actions and in the 
sense of preparing decisions. Planning means anticipation of future events 
in order to collect information needed to make decisions or to perform ac-
tions. Planning is typically a systematic process of applying specific meth-
ods and tools, very often combined with the definition of objectives, corre-
sponding measures and necessary resources which help to improve a 
present situation. Planning implies processing information [Horv02, pp. 
170ff.]. 

Controlling has to be seen in conjunction with planning. Controlling 
comprises all forms of monitoring and examination. Controlling has four 
purposes: (a) It allows the initiating of corrective measures when goals are 
not reached. (b) It enables learning by comparing the planned and the ac-
tual situation. (c) It forms the basis of an assessment of staff performance. 
(d) And it serves as a preventive measure, since the simple fact that con-
trolling takes place leads to the higher motivation of staff [Horv02, pp. 
175ff.].  

The need for coordination is a consequence of interdependencies be-
tween tasks assigned to different staff. Coordination is the reconcilement 
of single tasks in view of a superior objective. There are several means 
available to reduce or deal with the need for coordination. The definition 
of standards is one of those possible solutions. Standards reduce the need 
for coordination to a management of exceptions. In the context of project 
management, standardized process and information structures play an im-
portant role in the coordination of projects [Adam69, p. 618; Schu99, 
pp. 203ff.; KiKu92, pp. 102ff.]. 

3.2 Reference Information Models 

In recent years, reference information models have become quite popular 
in the research and development of practical information systems. They 
have proved to be a suitable means for the specification and implementa-
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tion of business software as well as for the development and improvement 
of organizational processes and structures [BeSc96, pp. 27f.]. 

According to SCHÜTTE, a reference information model is defined as a 
construction created by a modeler who declares universal elements and 
relationships of a system as a recommendation so that a centre of reference 
is created. In this context, reference models are used for the design of in-
formation systems, and are typically documented using semi-formal or 
formal languages [Schü98, p. 69]. 

Reference information models have a partial universal validity. They are 
a recommendation on how an information system needs to be designed. 
The universal validity of a reference information model cannot ultimately 
be proven [Schü98, p. 70]. 

4 A Frame of Reference: The M-Model 

The so-called M-Model is a conceptual software architecture which em-
braces all tasks related to the initiation, planning, execution, and termina-
tion of projects (cf. Figure 2). 
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Figure 2: The M-Model 
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It describes the process of enterprise-wide project management (project 
lifecycle) and explains the management levels involved. The M-Model is 
used as a frame of reference for the reference model discussed here. 

4.1 Project Life Cycle 

Independent of their individual objectives, projects run through a series of 
phases which form the project life cycle. At a high level of abstraction, this 
life cycle can be divided into the following phases [Morr83, pp. 6ff.]: 

• Initiation: In the initiation phase, project ideas are generated, collected, 
captured, and examined (Idea Generation). Their feasibility, profitabil-
ity and strategic impact are analyzed so that a final decision about their 
implementation can be made (Idea Evaluation). This phase ends with a 
formal go/no-go decision made by the management (Portfolio Plan-
ning). 

• Planning: In this phase, the project idea is refined into a project plan and 
the necessary resources (financial, human and other resources) are pro-
vided. This phase is similar to the previous one, only it is more detailed. 
Since the final decision about the project has already been made, the 
scheduling can be fixed, resource assignments can be made, the budget 
can be made available, and contracts with external suppliers can be ar-
ranged (Project Preparation). Additionally, the project plan is refined 
by the project manager (Detailed Planning). 

• Execution: This phase embraces the realization of the project idea using 
the resources assigned to the project. It is highly mechanistic; in its ideal 
form it only consists of an efficient implementation of the project plan 
prepared in previous phases. The execution of a project frequently leads 
to a vast expansion of the organization (Project Execution). Information 
about the project execution is collected and analyzed for the purpose of 
controlling (Project Controlling). Information is aggregated to obtain a 
high-level view of the project situation (Portfolio Controlling). 

• Termination: In the termination phase the project results are installed 
and submitted to the project sponsor (Internal Project Termination). In 
addition, the enterprise closes the project and endeavors to learn from 
the experiences made (External Project Termination). 

These phases are reflected in the shanks of the “M” and are further sub-di-
vided into process steps, as indicated. It is not obligatory for all projects to 
run through all process steps. Even when a project has finished a complete 
phase it can still be reasonable to immediately terminate it due to its lack 
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of profitability and feasibility, or its strategic positioning [MeMa95, p. 
202]. 

4.2 Management Levels 

Three different management levels can be distinguished within the M-
Model [Morr83, pp. 8ff.]: 

• Project Manager: At the level of operational project management, the 
project manager is responsible for the planning and execution of a single 
project. This level is represented by the lower third of the M-Model. 

• Project Office/Committees: The project office is established above the 
project level. Its primary planning object is the project program, a set of 
interrelated projects at the departmental level, or any similar organiza-
tional unit at the middle level. Typically, the grouping of projects to 
programs is done by their functional reference (e. g. all IT projects) or 
their overall objective (e. g. all projects affecting the launch of a new 
product) [PaRa98, p. 404]. The project office is responsible for the co-
ordination of such a project program. It assigns resources to projects, 
collects control data and reports to the upper management levels. In ad-
dition, it assists project managers and assures that project management 
standards are adhered to [Burg00, pp. 105f.]. The project office is repre-
sented by the middle third of the M-Model. Committees are temporal 
organizational units that are used to link the primary organization to the 
project organization. In this case, they typically consist of the most im-
portant stakeholders in a project (e. g. the project sponsor, the project 
manager, line managers, etc.). They are the superior unit for the project 
manager and have the authority to decide on the process of the project. 
For instance, the steering committee defines guidelines for the project 
manager in the form of milestones, priorities, decisions to be made or 
crucial deadlines. In contrast to the project office, which has a more ad-
ministrative function, the steering committee has the power to direct and 
control the project. 

• Top Management: The management board is represented by the upper 
third of the M-Model. Since higher management levels do not have the 
time to coordinate each individual project or program, all projects and 
programs of larger organizational units, or even the entire enterprise, are 
combined into a portfolio to increase the clarity of the project landscape 
and to reduce complexity. The management board is responsible for 
planning and controlling the portfolio. Its task is to harmonize the busi-
ness strategy and the project portfolio or, in other words, to derive a 
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project portfolio from the strategic objectives of the business unit. In 
doing so, the management board has to take financial and other resource 
constraints into account. Very often, the management board is assisted 
by the project office or a similar administrative department. The project 
office then plans and controls the process of portfolio management and 
prepares corresponding decision papers. 

The strategy definition (“roof” of the “M”) is a necessary input for portfo-
lio planning, since it requires a clearly defined business strategy. On the 
other side, personnel and the financial system (foundation of the “M”) are 
important building blocks since they deliver information necessary for 
planning and controlling purposes, e. g. staff availability or financial post-
ings. 

5 Selected Excerpts of the Reference Model 

5.1 Overview 

The reference model consists of 10 basic activity diagrams that correspond 
to the project lifecycle phases outlined in the scope of the M-Model. Each 
of these activity diagrams has an assigned class diagram that describes the 
data structures necessary to run the process. Some activity diagrams are 
further refined in more detailed process descriptions. In addition to this, 
the reference model contains class diagrams to specify the interfaces to 
personnel and financial systems as well as to strategic planning. These 
diagrams reveal what data is needed from those related systems. Further-
more, some of the fundamental data structures that are used throughout the 
project lifecycle are also presented in separate class diagrams. This espe-
cially concerns organizational structures, basic resource data and elemental 
classes describing initiatives. Altogether, the reference model comprises 
17 activity diagrams, 25 class diagrams, 101 classes, 112 methods and 245 
attributes. The level of detail is adequate for organizational modeling and 
requires further refinement for the purpose of software design and imple-
mentation. 

In the following, one activity and one class diagram of medium com-
plexity are shown in order to provide an impression of the reference 
model. The diagrams illustrate the idea generation, which is the first pro-
cess step in the M-Model. Not all classes are displayed in the class 
diagram with their attributes and methods. This is because they are 
discussed and presented in detail in other diagrams of the reference model. 
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5.2 Example: The Idea Generation Process 

In the reference model, the idea generation process is covered by the ac-
tivity GenerateIdea (cf. Figure 3). The process starts with staff members 
collecting and capturing project ideas (action CreateProjectIdea). As a re-
sult, one or more instances of the class Initiative are created. The capturing 
of project ideas is ideally the result of a structured idea collection and 
creativity processes. The newly generated ideas are then checked by the 
project office (action CheckProjectIdea) in order to ascertain whether they 
meet general requirements, e. g. if they are meaningful and meant seri-
ously or if they are in line with the enterprise’s general strategic orienta-
tion. Project ideas that are obviously not of any use are already rejected at 
this early stage. It is also possible for the idea to be regarded as promising, 
but unsuitable for implementation as a project. In this case, the idea is 
handed over to the responsible organizational unit. In either case, the status 
of the project idea is recorded by creating a corresponding instance of the 
class InitiativeLifeCyclePhase. 

In order to allow the efficient processing of project ideas, they are clas-
sified so that they can easily be found and analyzed (action ClassifyPro-
jectIdea). In the course of this classification, the project idea is assigned to 
one or more classification criteria. With the help of this classification, it is 
checked whether the project idea already exists, e. g. in the form of a pro-
ject proposal or even a project in execution (action CheckExistenceOfPro-
jectIdea). Such cases are especially common in large organizations. If the 
project idea already exists, it is deleted. Otherwise it is submitted to the so-
called (project) initiation committee (class InitiationCommittee). This is 
recorded by the assignment of a new InitiativeLifeCyclePhase. 

The initiation committee assesses all project ideas that have been col-
lected since its last meeting (action AssessProjectIdea). Assessment is car-
ried out using checklists or scoring models, and can be regarded as a first 
detailed screening of the project ideas. Typical criteria are, e. g. general 
strategic conformance or feasibility. Whereas the project office only 
checks the seriousness of ideas, the initiation committee has to decide 
whether the preparation of a feasibility study/a business case is promising. 
The work of the initiation committee leads to a so-called Assessment. 

The assessment is then used to reach a final decision with regard to the 
further implementation of the project idea (action DecideOnProjectIdea). 
Three alternative outcomes can be distinguished: (1) The idea is refused. 
In this case the decision is documented by creating a specific Initia-
tiveLifeCyclePhase. (2) The development of a business case is required. 
Again, a corresponding InitiativeLifeCyclePhase is created.  
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Figure 3: The process of generating project ideas (activity GenerateIdea) 

The process continues in another activity diagram of the reference model, 
as indicated in the frame of reference (activity EvaluateIdea). (3) The pro-
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ject idea is regarded as promising but not yet released for the preparation 
of a business case. Instead, the project idea is postponed and will be dis-
cussed later a second time. The postponement date is stored as an attribute 
of the initiative, which is why its modification is indicated (object node 
Initiative [modified]). Once the postponement date is reached the project 
idea is reassessed. 

5.3 Example: The Project Initiation Data Structures 

The most important element in the class diagram that corresponds to the 
activity diagram EvaluateIdea is the class Initiative (cf. Figure 4). The 
class Initiative represents projects and project programs as well as any 
element of the work breakdown structure. Each initiative can have staff 
members (class Staff) assigned that act as idea creators and capture the 
idea. 

The status of initiatives is modeled with the assistance of the Class Ini-
tiativeLifeCyclePhase, which is associated with the class Initiative. 

The classification of project ideas is expressed by a corresponding asso-
ciation to the class ClassificationCriteria, which can be used to set up any 
classification system. A classification system is a hierarchic system of 
classification criteria, each of which is given a name and a description. 
This is modeled using a reflexive association, allowing for multi-dimen-
sional perspectives on initiatives. 

The assessment of initiatives performed by the initiation committee is 
based on the class AssessmentFramework and its related classes. This data 
structure is used for multiple purposes throughout the reference model. It 
allows the creation of any criteria-based assessment of information objects. 
Application examples are screening project ideas based on criteria (as de-
scribed above), assessing project risks based on a risk checklist or priori-
tizing project proposals based on a scoring model. In each of these cases, a 
framework of qualitative criteria is set up that is subsequently used to 
analyze a specific information object. Hence, each framework has a name 
and a description, and is characterized by a set of AssessmentCriteria. 
Each assessment criteria has a name, a description and a weight for the 
case that an aggregation of the assessment results is necessary (as is typical 
for scoring models). A specific application of such an assessment frame-
work is called an Assessment. Assessments can be assigned to instances of 
the class Initiative, which is normal with regard to the screening of project 
ideas. Each assessment is characterized by a creation date, a summary of 
the results, a decision made based on the assessment, and a comment. 
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Detailed, criteria-specific assessment results are stored using the class As-
sessmentResult. This class is associated with the class AssessmentCriteria, 
has an attribute Result and also allows comments to be captured. Assess-
ments are carried out by staff members; the corresponding association is 
used to represent this information. Since different assessment frameworks 
might be necessary for different types of project ideas, there is an associa-
tion to the class ClassificationCriteria in order to show which assessment 
framework is appropriate for which type of project idea. 
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Figure 4: Class diagram for the generation of project ideas 
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6 Summary and Conclusion 

The reference modeling project presented in this paper took approximately 
1½ man-years to achieve. The research process was designed to make both 
the knowledge of domain experts and software manufacturers available for 
the model construction. The results can be used directly for organizational 
projects and the design of project management software. 

Currently, the reference model is restricted to matrix project organiza-
tions that have some specific characteristics like resource pools and a 
strong influence of the line management on the project government. It 
would be desirable to extend the reference model with regard to other 
forms of project organization. In this context, the application of construc-
tion techniques for configurative reference modeling could be useful 
[BDKK02]. A corresponding research project has currently been initiated. 
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Application-Oriented Evaluation of  
the SDM Reference Model: 
Framework, Instantiation and Initial Findings 
Tilo Böhmann, Michael Schermann, Helmut Krcmar 

Abstract: Reference models have become fundamental tools in Information Sys-
tems research owing to the associated claim of reusing existing knowledge and 
getting faster and better solutions by adapting reference models instead of mod-
eling and developing them individually. While the advantages are widely stated 
they are currently not reflected in documented acceptance and usage of reference 
models in practice. This calls for empirical substantiation of the claims of refer-
ence models. This paper summarizes a framework for the application-oriented 
evaluation of reference models and instantiates the framework for a reference 
model for Service Data Management (SDM). We argue that the claim of a refer-
ence model should be evaluated in three distinct stages of a reference model sup-
ply chain: reference modeling, solution design, and business transformation. 
Based on these stages, we propose a detailed evaluation plan using the Goal-
Question-Metric approach and present first evaluation results, which have al-
ready led to improvements of the reference model. The paper is intended as 
stimulus for discussing viable approaches to empirically support research on ref-
erence modeling. 

1 The Challenge of Reference Model Evaluation 

Reference models are considered as important tools in Information Sys-
tems research and practical system development alike [FeLo04a]. Evalu-
ating reference models and choosing among the increasing number of al-
ternatives thus becomes a pressing issue for researchers and practitioners 
alike.  

Generally, reference models are defined as semantically and pragmati-
cally generalized models [BeSc04]. They are constructed for reuse, e. g. as 
framework or architecture of application models [LoFe05; RoSc97]. Refer-
ence models can therefore be used as a starting point for developing in-
formation systems or organizational design [BDKK02]. Designers can re-
fer to reference models when developing application models, implying that 
reference models provide recommendations for solving application prob-
lems. Reference models can thus be seen as blueprints for accelerating 
problem-solving [BeSc04; MiZh00]. The term reference model implies 
that using reference models may deliver faster solutions, higher quality or 



124 Tilo Böhmann, Michael Schermann, Helmut Krcmar 

lower cost compared to individually constructed solutions by reusing the 
knowledge embodied in the reference model. From an empirical stand-
point, this claim of utility needs to be demonstrated through successful ap-
plications of the model [Fran98]. Often, reference models lack proper 
evaluation and the actual impact and utility remains abstract and vague 
[FeLo03a]. Evaluation of reference models thus has to substantiate or re-
fute these claims [HMPR04].  

Admittedly, it is easier to demand evaluation than to implement it. We 
argue that evaluation requires a discussion of alternative conceptualiza-
tions of the potential value of reference model and their corresponding 
definitions of the object and objectives of evaluation in order to select re-
alistic goals for evaluation for a given reference model. In recent discus-
sions of reference model evaluation, much emphasis has been put on as-
sessing the quality of the model as such. While certainly intricate and non-
trivial, we argue this is just the first step towards a reference model 
evaluation. Being a primarily analytical exercise, researchers can usually 
conduct this type of evaluation in the absence of actual application of a 
reference model. The notion of reference models, however, at least implies 
benefits of reuse that accrue to the users of reference models. We therefore 
argue that it is critical to work towards evaluation, which considers the 
model quality, the user of the reference model, and the user of the result of 
the reference modeling effort as well. 

We understand evaluation as the systematic assessment of an object in 
order to derive an extent of accordance of the evaluation object with cer-
tain goals [Fran98; Krom01; Hein02]. An evaluation approach comprises 
four components: an evaluation object, a set of evaluation objectives, a set 
of evaluation criteria, a set of evaluation indicators or metrics each of 
which is highly dependent of the other components [Hein02]. 

The evaluation object is the specific artifact in question as well as its 
environment [Krom01]. For example in an organization, the motivation or 
skills of the people determine the usefulness of an innovative application 
probably more than its technical aspects [HMPR04]. The set of evaluation 
objectives determine the goals and purpose of the evaluation project in 
question. The set of evaluation objectives is highly dependent on the 
evaluating subject, for example evaluation is commonly used to prepare or 
to legitimate decisions [Fran98; Reek00]. In real life settings it is highly 
improbable that all available aspects of an artifact can be or has to be 
evaluated. Thus, a certain set of evaluation criteria needs to be deter-
mined. The selected criteria and the transparency of the process that has 
been used to deduce criteria largely determine the quality of the evaluation 
results. Furthermore evaluation criteria may have to reflect different stake-
holders of the artifact [Wang00]. Then, evaluation criteria have to be 
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mapped to attributes of the artifact’s structure in order to derive evaluation 
metrics, which in turn describe the specific information required to evalu-
ate according to a given criterion [Krom01]. 

Overall, the claim of reference models is pivotally linked to their appli-
cation in the design and implementation of solutions for different contexts. 
Evaluation of reference models should therefore strive to assess the impact 
of their application to substantiate or refute their claim to utility for de-
signing solutions for a class of problems in a given domain. 

In the remainder of this paper, we proceed as follows: first we introduce 
a reference model for service data management as evaluation object. 
Thereafter we summarize the reference model supply chain as a systematic 
framework for the application-oriented evaluation of reference models, 
that is focusing on evaluation the usage and benefits of reference models 
(already presented in [BWFK04]). We use the Goal-Question-Metric ap-
proach in order to instantiate the evaluation framework. By applying the 
framework to the SDM reference model we discuss the evaluation plan for 
the SDM reference model and present some first results. We conclude with 
a short summary and an outlook to future work. 

2 The SDM Reference Model 

Facing saturated product-oriented markets, the services sector plays an im-
portant role for developing potentials to growth. As services become more 
and more complex and their relevance for economic success becomes evi-
dently, systematic development and delivery of services has become an 
important challenge to academic research [BuMe01; Fähn98]. Especially 
the market for services relying on information technology (so called IT 
services) has changed in recent history. Current industry trends suggest 
that the evolution of IT services will follow the path of utilities. Not sur-
prisingly, service providers strive to achieve greater productivity through 
extensive automation of customization, provisioning, and monitoring of IT 
services. IT service providers thus face a challenge similar to that of in-
dustrial enterprises: to establish an integrated management of service data 
across different stages of the service value chain [Böhm04]. Similar to 
product data management (PDM), service data management (SDM) en-
ables providers to manage services throughout their lifecycle and across 
different functions, such as engineering, offering, selling, delivering and 
controlling services. This integration requires a shared model of IT ser-
vices that displays the common concepts of divergent representation of 
services for different functions of service management [FäAu03].  
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Despite the traditional view on services as distinct from products because 
of their intangible nature and the integration of customers in service deliv-
ery, current developments towards mass-customized IT services increase 
the similarity to products. Consequently, SDM may leverage established 
concepts for managing product data. The dynamic nature of the field has 
lead to a plethora of definitions, concepts, and models of IT services. One 
key driver of this diversity is the variety of tools used for supporting and 
automating specific functions of service delivery. The key challenge for 
SDM is to identify the common concepts used in the approaches applied in 
this field. The role of service data management is to support the informa-
tion logistics in both, service engineering and service delivery [BWFK04]. 
The SDM reference model is supposed to capture necessary data structures 
for service data management. 

In the following, we will shortly introduce the main concepts of the 
SDM reference model. More in-depth information can be found in 
[BWFK04; FWBK05]. The main concept of the SDM reference model is 
the IT service module. We argue that the current trends towards industri-
alization and mass-customization in the IT services sector, can best be 
coped with, if service offerings are highly customizable, yet standardized 
in their delivery. [Böhm04] and [Burr00] have therefore proposed the idea 
of service modularization. IT services are being built by using a service ar-
chitecture consisting of service modules. A service module provides a co-
herent set of functionality, e. g. internet connectivity. Based on such an ar-
chitecture it is possible to combine modules in order to create service 
products. (We are aware of the contradiction in this term. We understand 
product as a standardized set of functionality, which is offered to a specific 
market). Such a service product is developed based on the perceived re-
quirements of specific markets and defines the attributes and quality as-
pects of a solution in a consistent way [BWFK04]. Furthermore, service 
contracts proposals or catalogues are based on products and their specifi-
cation of functionality. In case a client purchases a service product is has 
to be adapted to the client’s individual requirements and situation. We call 
such an adapted service product a service configuration. The actual con-
tract between service provider and client refers to the service configuration 
[BWFK04]. Figure 1 shows the relevant part of the SDM reference model 
as a UML class diagram [OMG03]. 

As depicted in Figure 1, the classes ServiceArchitecture, ServiceProduct 
and ServiceConfiguration are related by associations. A ServiceProduct is 
always associated with one ServiceArchitecture. A ServiceConfiguration is 
always associated with a ServiceProduct, respectively. A ServiceArchi-
tecture consists of different Modules. A Module is an aggregation of dif-
ferent attributes with corresponding values. The relationship between 
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Modules and the tiers of ServiceArchitecture, ServiceProduct and Service-
Configuration is expressed by using association classes. Such a three-
tiered conceptualization of IT services allows separating different concerns 
and requirements, such as service engineering, service marketing, and ser-
vice delivery. Furthermore, it allows introducing different representations 
of IT service, for example in case of ProductModules as part of a service 
catalogue. More detailed information about the reference model and its 
theoretical background may be found in [BWFK04; FWBK05]. 

 
Figure 1: Module, Architecture, Product and Configuration in the SDM reference 
model (based on [BWFK04]) 

3 A Framework for Reference Model Evaluation 

In the following we will discuss reference model supply chains as an ap-
proach to differentiate evaluation perspectives based on a market-oriented 
point of view [BöSK07]. Furthermore, we introduce the Goal-Question-
Metric approach in order to allow instantiating the reference model supply 
chain. 

3.1 The Reference Model Supply Chain 

There are various objectives of reference models and numerous possible 
areas of applications [ScSW02]. Likewise, there is a variety of stakehold-
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ers involved in the construction and, especially, in the use of reference 
models. Consequently, it is often difficult to reach consensus on the objec-
tives of the evaluation of reference models. Less apparent, this seems to be 
linked to failing to agree on the object of evaluation. In the following sec-
tion, we argue that we can gain some clarity in identifying the object and 
matching objectives for the evaluation of reference models by using anal-
ogy of supply chain analysis [BöSK07]. 

The pivotal assumption of a supply chain perspective is the focus on the 
end customer and his or her demand [WoJR90]. Products and services cre-
ate value to the customer by meeting these demands. A supply chain con-
sists of a set of actors, each of which adds value to delivery of particular 
products and services to the end customer. A supply chain analysis inves-
tigates how each of these actors contributes to the total value created by 
the supply chain [WoJR90; Fish97; Wild00]. Although the supply chain 
analysis extends beyond a single firm it assumes the actors involved are 
independent firms linked through market transactions, i. e. non-hierarchi-
cal forms of coordination [Wild00]. A supply chain analysis can thus help 
to understand the role and contribution of actors in the context of meeting 
demands of the end customer. Furthermore, a supply chain analysis fo-
cuses on increasing the value created by improving coordination of inter-
dependent activities in the supply chain. 

This supply chain perspective requires focusing on the evaluation of the 
utility of reference models by assessing the value created for the end cus-
tomer of the models. A major objective for reference model evaluation is 
to establish who the intended end customers of the model are and how the 
model creates value for them. Secondly, the supply chain analysis helps to 
identify involved parties, e. g. software development companies and how 
these parties contribute to creating and delivering reference models. This 
actor-centric perspective calls for evaluating the contribution of individual 
actors to the utility of the reference model for the end customer. 

3.2 The Value of Reference Models: Output and Outcome 

The notion of value is pivotal to a supply chain analysis and the evaluation 
of reference models alike. Yet determining the value of reference model, 
that is, their contribution to business or organizational performance of the 
users of reference models is fraught with difficulties. The suggested possi-
ble uses of reference models often emphasize that reference models are a 
means to facilitate a business initiative. 

The supply chain perspective effectively treats reference models as 
products or services whose use is expected to yield benefits to the custom-
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er [BrBu04]. The supply chain analogy also emphasizes the distribution of 
work in delivering a product or service to its end-customers. These stages 
of a supply chain provide a high-level view of the transformations that are 
necessary to convert primary inputs into finished goods. Both aspects are 
relevant to the evaluation of reference models. Reference modeling intends 
to enable reuse of models [FeLo04a]. This corresponds to different stages 
of a supply chain because reuse implies a distribution of work between the 
construction of a reference model and its application. As [LoFe05] empha-
size, both processes may be organizational and temporal separated.  

As reference models may be seen as tools for problem solving, they are, 
figuratively speaking, more similar to primary or intermediate goods than 
to finished goods. For the discussion of reference model evaluation one 
can therefore treat the construction of a reference model as the origin of a 
supply chain and identify the succeeding stages that are required to trans-
form the input of a reference model into something valuable to a particular 
end-customer. 

 
Figure 2: The reference model supply chain: Stages and evaluation objectives 

Assessing the value of reference models from a supply chain perspective 
calls for an evaluation of ideally the outcomes of the application of refer-
ence models, or at least the output of their application. A similar line of 
reasoning is well established within evaluation research that differentiates 
output from outcomes of a particular measure [Krom01; Love04]. Outputs 
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are directly observable results of a measure, while outcomes assess the ef-
fects of producing the outputs on the environments into which they are re-
leased.  

Therefore one can conceptualize a simple reference model supply chain 
with three stages (cf. Figure 2): reference modeling, solution design, and 
business or IS transformation. Outcomes and outputs directly correspond 
to stages of this supply chain. Business or IS transformation yields out-
comes of the application of reference models, as this stage reflects the im-
pacts of changing information systems or business practices with the help 
of reference models. The reference model essentially captures a blueprint 
for a business solution. The impact results from implementing this solution 
in a particular organization. The end-customer of the supply chain is thus 
the owner of the implementation of a solution, e. g. a manager responsible 
for the performance of a business unit or IS unit in which the solution is 
implemented. Based on these basic stages the reference model supply 
chain may be extended by introducing intermediary phases, i. e. consulting 
companies. 

Stage and 
Perspective 

Resulting 
Object 

Objectives Strengths (+) / Weaknesses (-) 

Business 
transformation 
 
End customer  

Product of 
reference 
model 
instantia-
tion 

Outcome: 
Assessing 
impact on 
business or 
organiza-
tional 
performance 
 

Ability to support or refute the strongest 
application-oriented claim of reference 
model (+) 
Numerous confounding effects on 
business or organizational performance 
(-) 
Requires access to extensive data on 
reference model implementations (-) 
Potentially requires researchers to initiate 
and support implementations (-) 

Solution 
design 
 
Solution design 
project 

Process of 
reference 
model 
instantia-
tion and 
application 
models 

Output:  
Assessing 
impact on 
project or 
design 
performance 
 

Ability to support or refute project-
oriented or design-oriented claim of 
reference models (+) 
More manageable area of evaluation (+) 
Provides opportunity to observe effects 
of the choice of modeling language or 
tool support (+) 
Weaker support for the use of reference 
models given positive evaluation (-) 

Reference 
modeling 
 
Reference 
model 
constructor 

Reference 
model 

Capabilities: 
Assessing 
model 
quality or 
construction 
performance 

Does not require model instantiation (+) 
No evaluation of reference model 
application (-) 

Table 1: Objects and objectives of evaluation in the reference model supply chain 
(according to [BöSK07]) 
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In sum, taking a supply chain perspective, there are three distinct ap-
proaches to perform an evaluation of reference models, each of which is 
associated with a distinct object of evaluation and different measure of per-
formance of the impact of reference model application (cf. Table 1).  

3.3 Instantiation of the Framework: the Goal-Question-Metric 
Approach 

As evaluating of IT artifacts, such as models or implementations, is a 
pressing issue in computer science and information systems research alike, 
many approaches for evaluating artifacts have been proposed [FeLo03a; 
HMPR04; HeHä00]. When instantiating the reference model supply chain 
analogy, we require a multi-perspective approach for determining different 
aspects of the reference model and the reference modeling process, which 
allows specifying evaluation objectives based on different perspectives as 
well as the association of specific evaluation metrics. 

To incorporate different perspectives of stakeholders as well as to in-
stantiate objectives into specific measurable attributes of evaluation ob-
jects we have chosen the Goal-Question-Metric (GQM) approach, origi-
nally developed by NASA and later transferred to the field of information 
systems, especially to software engineering [Wang00; BaCR02]. GQM 
provides a general framework for specifying evaluation objectives based 
on different perspectives as well as deriving measurable attributes of arti-
facts. GQM aims at systematically providing measurement mechanisms for 
evaluating IT artifacts. Although primarily used in software engineering 
projects, we argue that GQM is suitable for evaluating artifacts, processes 
and resources, which means that all three stages of the reference model 
supply chain can be covered by GQM [Wang00]. 

As we have discussed above, the constituents of evaluation efforts are 
objectives, criteria and metrics. GQM incorporates these constituents as 
follows: GQM starts with goals, which determine the realm of successful 
endeavors. Each goal consists of a purpose (why evaluating?), an issue 
(focusing on what?), an object or process (evaluating what?), and a certain 
viewpoint reflecting the person or group stating the goal (evaluating for 
whom?) [Wang00; BaCR02]. This quadruple therefore specifies the 
evaluation object and the evaluation subject. Furthermore, the specific 
context (in our case the supply chain stages) of goals has to be considered 
[Wang00; HoKe97]. 

In order to establish a form of measurement of the achievement of goals, 
evaluation criteria are formulated as questions. Answers to these questions 
are likely containing information necessary for measuring the achieve-
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ment. In the next step, metrics are developed to provide means for identi-
fying, and defining the necessary quantitative or qualitative data sources, 
which are needed to answer the questions [BaCR02]. Metrics can provide 
data for different questions and goals. During the process of evaluation the 
GQM trees of goals, questions, and metrics is interpreted from bottom-up 
(cf. Table 2 for an example). 

Purpose Improve 
Issue cost, time, and quality of 
Object/Process solution design by using the SDM reference model 

Goal 

Viewpoint from a designer’s point of view 
Question 1 How has been the usage of the SDM reference model? 
 Metric 1 Number of projects applying the reference model 
 Metric 2 Number of successful projects using the reference 

model 
 Metric 3 Cases Studies of successfully accomplished projects 

using the SDM reference model 

Table 2: Example of a goal, question, and metrics 

Hence, GQM allows the top-down development of problem-specific means 
of measuring assumed quality-relevant aspects of the evaluation object. By 
interpreting the results bottom-up it is ensured, that the rationale of metrics 
and questions is considered [DiHL96]. Furthermore, it incorporates the 
ability to state goals and questions based on different perspectives of 
stakeholders as well as their specific contexts. Applying the GQM ap-
proach on the evaluation of reference models allows incorporating differ-
ent evaluation contexts, different perspectives as well as deriving specific 
metrics for evaluation.  

GQM is supposed to be part of an organizational structure called experi-
ence factory [BaCR02]. Within the experience factory a different roles are 
specified, that are responsible for defining and analyzing goals, questions 
and metrics in coordination with development teams [BaCR02]. Such an 
evaluation structure has to be established for evaluating reference models 
as well. 

4 Evaluation Plan for the SDM Reference Model 

Based on the reference model supply chain and the GQM approach we 
now present the evaluation plan for the SDM reference model. The refer-
ence model supply chain as well as the GQM approach has to be instanti-
ated and adapted for the reference model that is subject to an evaluation. 
As we have analyzed the object and objectives of an application-oriented 
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reference model evaluation above (cf. table 1), the SDM evaluation 
framework consists of three main phases of the reference model supply 
chain: reference modeling, solution design and business transformation.  

 
Figure 3: Overview of the goals according to the phases of the reference model 
supply chain 

The evaluation phase reference modeling focus on the evaluation of the 
actual quality of the reference model, whereas the phase solution design 
assesses the impact of the reference model in its intended field of applica-
tion: solution design projects and their output. The phase business trans-
formation in turn comprises the evaluation of the outcome – the impact on 
business or organizational performance. Figure 3 shows the overall process 
of evaluating the SDM reference model according to the GQM approach. 

As depicted in Figure 3, each stage has claims expressed by the goals 
associated. Furthermore, different stakeholders are interested in the ful-
fillment of the goals, when using the SDM reference model. In the fol-
lowing, the goals are specified by questions and metrics according to the 
specific situation of the SDM reference model. We will discuss pivotal 
questions and metrics. 

Stage 1: Reference Modeling 

Table 3 shows the goals of an evaluation derived from the stage of refer-
ence modeling. Within the reference modeling stage, evaluation aims 



134 Tilo Böhmann, Michael Schermann, Helmut Krcmar 

firstly at assessing the capabilities of the reference model. Furthermore, the 
SDM reference model should be usable as well as publicly available. 
These goals aim at ensuring the basis of a reference character of the SDM 
reference model. As seen in Figure 3 the subjects interested in such an 
evaluation are the reference model designers. 

Purpose Ensure 
Issue the consideration of all required capabilities 
Object/Process of the SDM reference model 

Goal 

Viewpoint from a designer’s point of view 
Question 1 Does the SDM reference model reflect the IT services domain 

adequately? 
 Metric 1 Results of reviews by experts in the area of IT-services 

and contract management 
 Metric 2 Reviewed and accepted publications of the SDM 

reference model 
 Metric 3 Cases Studies of successfully accomplished projects 

using the SDM reference model 
 Metric 4 Number of extensions to the reference model 

per project 
Question 2 Is the used reference model language adequately for describing 

the IT services domain? 
 Metric 5 Relevance of UML in the IT services industry 
 Metric 6 Ability of UML to express all required concepts 
 Metric 7 Tool support for UML 

Purpose Ensure 
Issue the usability and availability  
Object/Process of the SDM reference model 

Goal 

Viewpoint from a designate customer’s point of view 
Question 3 Is the SDM reference model understandable to potential customers? 
 Metric 8 Time of orientation phase needed in full time 

equivalents 
 Metric 9 Existing trainings for potential customers 
 Metric 10 Subjective analysis of the documentation  
Question 4 Is the SDM reference model well known in the IT services market? 
 Metric 2 Reviewed and accepted publications of the SDM 

reference model 
 Metric 11 Number of intermediaries of the SDM reference model 
 Metric 12 Number of co-development partners for the SDM 

reference model 

Table 3: Goals, questions and metrics for the reference modeling stage 

The first goal is about ensuring the completeness of capabilities of the ref-
erence model. Question 1 therefore deals with the adequateness of the 
SDM reference model for the IT services domain. The SDM reference 
model has to be able to reflect all necessary concepts of the IT services 
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domain. In order to ensure this quality attribute the metrics described in ta-
ble 2 has been used as data sources. The SDM reference model has been 
developed in cooperation with experts of the IT services industry, espe-
cially in the area of contract management. A metric for the academic qual-
ity of the model are peer-reviewed publications. A more detailed metric 
analysis also account for the reputation or impact of the journals and con-
ferences. Furthermore, the reference model has to be used successfully in 
contract management projects. Also, the occurrence and frequency of ex-
tension made to the SDM reference model in projects indicates whether the 
SDM reference model reflects the IT services domain adequately. 

Question 2 deals with the appropriateness of the used modeling lan-
guage UML. To answer this question it is necessary to analyze the diffu-
sion of UML among probable customers in the IT services domain. As 
UML is one of the predominate modeling languages, competence in UML 
can be fairly assumed for designated customers. Nevertheless, in order to 
evaluate the fit of the reference model with a certain market segment, 
UML may not be that ubiquitous after all. Especially for requirements 
analysis in small and midsized companies, modeling languages like UML 
could be unsuitable [BDKK02]. 

The second goal of the reference modeling phase is to ensure the usabil-
ity of the reference model. In order to assess the usability of the SDM ref-
erence model, we especially consider important the availability of docu-
mentations as well as trainings. Potential users have to be asked, whether 
the documentation of the SDM reference model is suitable or not. A sec-
ond important aspect of this goal is the availability of the reference model 
in the designated market of the IT services industry. Here again, publica-
tions are a suitable metric. Furthermore the number of committed interme-
diaries and co-developers, such as companies or expert alliances is relevant 
to the availability and diffusion. 

Furthermore, this catalogue of questions can be extended to ensuring the 
model quality, e. g. by ontological analysis or applying the guidelines of 
modeling [FeLo03b; ScRo98]. From an application-oriented perspective, 
such questions have to be dealt with during the reference modeling project. 

Stage 2: Solution Design 

During the second stage in the reference model supply chain – solution de-
sign – the outputs of applying the reference model are of interest. Accord-
ing to [BeSc04] development and application of reference models is moti-
vated by the prospect of reducing cost, enhancing revenues, or minimizing 
risks. As we want to evaluate the output of reference modeling, the goal of 
this stage is improving of cost, time, and quality of the solution design 
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project, which has to be supported by the appliance of the SDM reference 
model. The perspective of evaluation is the perspective of solution design 
project. 

Purpose Improve 
Issue cost, time, and quality of 
Object/ 
Process 

solution design by using the SDM reference model 

Goal 

Viewpoint from a designer’s point of view 
Question 1 What has been the usage of the SDM reference model? 
 Metric 1 Number of projects applying the reference model 
 Metric 2 Number of successful projects using the reference model 
 Metric 3 Cases Studies of successfully accomplished projects using 

the SDM reference model 
Question 2 Did the appliance of the SDM reference model affect the speed of 

solution design? 
 Metric 4 Time needed to conclude the functional requirements analysis 

for service contract management projects (in full time 
equivalents) 

 Metric 5 Time needed to adapt and extend a SDM reference model 
and finalize the derived application models 

 Metric 6 Change requests of future users of models during the solution 
design 

 Metric 7 Subjective evaluation of acceptance of and satisfaction with 
the solution design 

Question 3 Did the appliance of the SDM reference model affect the costs of the 
solution design? 

 Metric 8 Costs associated with the solution design 
 Metric 9 Relative costs associated with the solution design compared 

to other phases 
 Metric 10 Subjective evaluation of cost effects of the solution design 
Question 4 Did the appliance of the SDM reference model affect the quality of the 

solution design? 
 Metric 11 Change requests before the solution design has been 

accepted 
 Metric 12 Has the SDM reference model been recommended to other 

project teams 
 Metric 13 Willingness of a project team to use the reference model 

again 

Table 4: Goal, questions and metric to evaluate the solution design stage 

Naturally, the occurrence and frequency of applying the reference model is 
a precondition to assess any outputs (question 1). Question 2 to 4 aim at 
evaluating the output of the reference model according to cost, time, and 
quality of the results of solution design projects. Take for example metric 
4, which measures the amount of time needed to agree on a certain set of 
functional requirements. Assuming the SDM reference model has a refer-
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ence character, the amount of full time equivalents should be perceived as 
significantly lower compared with other projects or experience. Further-
more, the amount of time needed to adapt and extend the reference model 
should at least be less than the time of individual modeling. The amount 
and complexity of change request concerning functional aspects of the de-
signed solution could be a suitable output indicator during the solution de-
sign. 

Stage 3: Business Transformation 

In the stage of business transformation the goal of a reference model 
should be a positive impact of the implemented solution – in case of the 
SDM reference model a service management system based on the SDM 
reference model.  

Purpose Improve 
Issue business value 
Object/Process of the service data management tool 

Goal 

Viewpoint from an end customers point of view 
Question 1 Has the solution design been implemented? 
 Metric 1 Successful implementation project 
 Metric 2 Deployable SDM system 
Question 2 Has the solution been accepted by the end customer? 
 Metric 3 Number of active users 
 Metric 4 Number of installations 
Question 3 What have been the quality drawbacks of contract management before 

deploying the contract management system? 
 Metric 5 Subjective assessment by service managers 
 Metric 6 Failure rate 
 Metric 7 Time needed for contract change management 
 Metric 8 Time needed for contract negotiation 
Question 4 Is the contract management system improving the contract 

management process? 
 Metric 5 Subjective assessment by service managers 
 Metric 6 Failure rate 
 Metric 7 Time needed for change management 
 Metric 8 Time needed for contract negotiation 
Question 5 Does the IT services industry accept the SDM reference model 

as reference model? 
 Metric 9 End customer involvement in further refinement of the 

SDM reference model 
 Metric 10 Involvement of co-developers and intermediaries in the 

refinement of the SDM reference model 
 Metric 11 Standard software based on the SDM reference model 

available 

Table 5: Goal, questions and metrics for the business transformation stage 
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As we have discussed above, assessing the business transformation is the 
most difficult part in evaluating reference models. Therefore, we have 
firstly compiled questions and metrics which serve as sine qua non for any 
impact on business processes (Question 1 and 2). Furthermore, we are fo-
cusing on the main problems usually associated with service management 
in the IT services industry, the management of service level agreements 
and service contracts [BöKr05; BöKr04a; BöKr04b]. Question 1 seems 
trivial but as [FeLo04b] have found, only few reference models have been 
actually implemented. If implemented, subsequently the acceptance of a 
service management system by the end customer has to be assessed. Fur-
thermore, comparing the contract management process before (question 3) 
and after (question 4) the contract management system has been intro-
duced could provide valuable input for assessing the impact of the refer-
ence model. We argue that a pivotal key metric for assessing the likelihood 
of impact of the SDM reference model is the involvement of end custom-
ers, intermediaries and co-developers in the further refinement of the SDM 
reference model. 

5 First Results  

The current development and transfer of the SDM reference models has 
provided us with first opportunities to implement the evaluation frame-
work. After providing a brief overview of the evaluation and application of 
the reference model, we discuss first findings of the ongoing implementa-
tion of the evaluation framework. 

We have developed the SDM reference model in close interaction with 
experts on service management and IT services both for its initial devel-
opment (as reported in [BWFK04; FWBK05]) and for its ongoing exten-
sion. For the initial version, we could draw on the expertise of service level 
management specialists of a German IT service provider (among the top 
25 of the market). For the current extension (publication pending) a work-
ing group with service management experts from a leading enterprise 
software vendor provided feedback to the model and suggestions for its 
extension. 

Moreover, the reference model has been implemented twice. As a first 
step, we created a research prototype that allowed us to demonstrate the 
core concepts of the reference models and their applications [BWFK04; 
FWBK05]. We used the prototype to conduct usability assessments with 
experts from the IT service provider based on typical use cases of contract 
management and the provider’s service catalogue. As the second step, a 
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small software company decided to build a commercial SDM application 
based on the published model. The company won a project with an Appli-
cation Service Provider (ASP). The provider is about to go live with the 
SDM application for supporting and automating service engineering, con-
tract management and billing for a multinational customer base. 

This background allows us to report first findings of the application-ori-
ented evaluation of the SDM reference model. As the overall application 
projects and their assessment are ongoing, these findings address only se-
lected parts of the framework.  

The goal of the reference modeling stage is to assess the capabilities of 
the reference model. The first criterion for evaluation is the degree to 
which the SDM reference model reflects the IT services domain ade-
quately. The model quality has benefited from the feedback and input of 
several experts in the domains of IT services and service management 
(Metric 1). It also has been published in a peer-reviewed publication (Met-
ric 2). So far, a case study of a project using the reference model is in pro-
gress but not yet completed (Metric 3). This extensive feedback has con-
firmed many parts of the model but also raised two critical issues about the 
role of modularization and product-orientation (cf. next section). Since the 
community of direct users of the model is still in its infancy it is too early 
to provide robust answers to the remainder of the criteria for assessing the 
model’s capabilities (Questions 2-4 of the framework). 

The goal for the solution design stage is to assess the impact of using 
the reference model on developing new solutions in the domain of the 
model. The first criterion is the extent to which the model is applied in so-
lution design projects. The commercial software development project 
represents one instance where the model is used in designing a service data 
management solution for an IT service provider. As the software is close to 
going live, the project may count as a successful project (Metrics 1 and 2). 
No case studies have been reported yet (Metric 3). Overall, the use of the 
reference model had a significant effect on the solution design. Of the 
overall solution design and development project, the software company 
used only 15% of the total project hours for requirements analysis and 
conceptual design, thus affecting time and cost of the project. We can as-
sume that time and cost of requirements analysis and conceptual would 
have been higher without using the SDM reference model (Metric 4, 8 & 
9). The reference model did not cover all business requirements initially so 
that extensions were necessary. The core concepts of the conceptual de-
sign, however, remained unchanged throughout design and implementation 
of the software application. Moreover, the customer of the implementation 
perceived the reference model as a mark of quality (Metric 7). The refer-
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ence was thus essential for winning the project for the proposed applica-
tion. We currently cannot report data on the other metrics. 

The goal of the business transformation stage is to evaluate the effect of 
using a solution on business or organizational performance. There is cur-
rently no data available on the business impact of using the SDM software 
on business processes for service engineering, contract management, and 
billing from the project with the IT service provider. We plan, however, to 
collect and report these data at a later stage. 

While providing summative results regarding the capabilities of the ref-
erence model and its impact on solution design, the application and 
evaluation also rendered formative results for further improvements of the 
model. 

6 Limitations 

The first results of applying the evaluation framework to the SDM refer-
ence model exhibits limitations both of the reference model and the 
framework.  

A conceptual limitation of the reference model is the underlying as-
sumption of mass-customized, commodity-type IT services. Accordingly, 
the SDM model assumes a strong productization of service design and a 
modular delivery system for these services. Both the review with service 
management experts and the implementation exposed this assumption as a 
limitation of the model. The IT service provider that is about to use the 
SDM software agrees on the desirability of this approach to service engi-
neering and delivery but has not yet fully implemented it. Likewise, ser-
vice management experts from the workgroup with the enterprise software 
vendor doubted that for this assumption can hold for all IT service provid-
ers using SDM software.  

To avoid this limitation, the SDM reference model should be configur-
able regarding the inclusion or exclusion of service products as a layer 
between a shared service architecture and customer-specific service con-
figurations. Moreover, the reference model should allow for flexible com-
position of service delivery elements rather than assuming a non-hierarchi-
cal set of service delivery modules.  

Furthermore, we are aware that there are limitations of the proposed im-
plementation of the evaluation framework. The GQM approach yields only 
a coarse approximation of the impact of reference model, particularly for 
the business transformation stage. The evaluation rests on pragmatic indi-
cators for capability, project performance, or business and organization 
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performance. Consequently, the proposed instantiation of the reference 
model supply-chain does not yet offer a rigorous explanation of the impact 
of the reference model. A typical variance-based explanation [Mohr82] 
may be impossible, however, for the business transformation stage. Num-
erous confounding factors impede with the isolation of the impact of mod-
el capabilities on business or organizational performance. More promising 
approaches may be an approximation of the outcomes of reference models 
by estimating their market value or using the reference model supply chain 
as a basis for a process based explanation of impact [Mohr82]. 

7 Conclusion and Outlook 

The application-oriented evaluation is a critical challenge for researchers 
constructing and using reference models. It is necessary to substantiate 
empirically the advantages commonly associated with reference models. 
We have proposed one approach for such an evaluation based on the 
framework of a reference model supply chain. The instantiated supply 
chain using a Goal-Question-Metric logic and the first findings show how 
such an approach can be practically applied.  

Good design research needs to address the issue of evaluation. The ap-
plication-oriented evaluation of reference models, however, is still in its 
infancy. This paper is intended to stimulate the discussion about viable and 
robust ways of empirical support for reference modeling research. Future 
work could address two deficits of the current state of the application-ori-
ented evaluation of reference models. First and foremost, more evaluations 
are required. To enable such evaluations, constructors should be more ex-
plicit about the intended use of a reference model and hence their model’s 
claim to utility. Secondly, one could imagine an evaluation maturity model 
for design research that indicates the extent to which a reference model 
was subjected to an evaluation regarding its capabilities, its impacts on 
solution design and effects on business value. Better evaluation should 
foster construction and use of reference models in a business context. 
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