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The Quest for Know-How, Know-Why, Know-What and 
Know-Who: Using KAOS for Enterprise Modelling 

Maxime Bernaert and Geert Poels 
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Faculty of Economics and Business Administration,  
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Abstract. While the field of information systems engineering is largely 
focussed on developing methods for complex problems and larger enterprises, 
less is done to specifically address the needs of smaller organizations like small 
and medium sized enterprises (SMEs), although they are important drivers of 
economy. These needs include a better understanding of the processes (know-
how), why things are done (know-why), what concepts are used (know-what) 
and who is responsible (know-who). In this paper, the KAOS approach is 
evaluated as not only useful for developing software projects, but with the 
potential to be used for developing a business architecture or enterprise model. 
An example of KAOS is given, by way of illustration, and KAOS was applied 
in a case study by an SME’s CEO, which resulted in a set of questions for 
further research. 

Keywords: Requirements Engineering, Business Process Management, Small 
and Medium Sized Enterprises, Goal Modelling, KAOS, Business Architecture, 
Enterprise Architecture, Enterprise Modelling 

This paper has been published as: Bernaert, M. and Poels, G. (2011): The Quest for Know-
How, Know-Why, Know-What and Know-Who: Using KAOS for Enterprise Modelling. In: 
Advanced Information Systems Engineering Workshops, C. Salinesi and O. Pastor, LNBIP 83, 
pp. 29-40, Springer-Verlag Berlin Heidelberg (2011). 
 
Smaller organizations, like small and medium sized enterprises (SMEs), require 
proper systems to fulfil their information and automation needs, but their first 
concerns are organizational issues, with IT as a means for achieving business 
objectives. While most of the effort in the field of information systems engineering is 
focused towards complex problems and larger enterprises, the specific needs and 
problems of smaller enterprises are often forgotten. 

The problems we specifically look at in SMEs are the need for a better 
documentation, understanding, and analysis of the processes (know-how), why things 
are done (know-why), what concepts are used (know-what) and who is responsible 
(know-who), taking into account the specific characteristics of SMEs that may impose 
constraints on potential solutions. 

In this paper, the goal oriented requirements engineering technique KAOS is 
proposed as a solution to document SMEs’ know-how in process models, know-why 
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in goal models, know-what in object models and know-who in responsibility models, 
and to make sure these models are aligned to achieve internal consistency and 
traceability. The paper describes the relevant characteristics of SMEs and their CEOs 
and evaluates KAOS in terms of how well it addresses these specific characteristics 
and needs of SMEs. An example illustrates how KAOS can be used in an SME and a 
case study gathers questions of an SME’s CEO regarding KAOS and its tool 
Objectiver while building his own models. 

The example given for an existing SME delivered some insights. First, the KAOS 
goal model enables SMEs to document their know-why by asking why-questions 
(justification) and how-questions (refinement). Alternatives can be expressed by OR-
refinements, conflicts by conflicting goals, and obstacles can be analysed and 
resolved to make the goal model more robust. Second, SMEs’ know-how can be 
expressed by means of a KAOS operation model, which has the extra advantage that 
the rationale behind the processes can be expressed by linking the operation model 
with the goal model via operationalization links. In this way, bi-directional 
traceability between problem and solution spaces is being assured. Third, an SME can 
make an internal or external agent responsible for goals and for performing 
operations. Fourth, the KAOS object model provides a common glossary. 

This example showed that KAOS, as it was originally developed to be used in 
software system development projects, has the ability to document and analyse an 
SME’s business architecture. 

In the case study, the SME’s CEO was very satisfied with the way in which KAOS 
and Objectiver enabled him to analyse his enterprise and to document both know-how 
and know-why. However, when building his model, he had some questions that 
provided us with material to work on in further research.  

 

Figure 1: Structure of the four submodels of CHOOSE 

After the publication of this paper, the results have lead to the development of the 
CHOOSE approach (Figure 1), which will be published in the special issue of 
Informatie on architecture in November, 20111. 
                                                             
1 To be published as Bernaert, M. (2011): De Zoektocht naar Know-How, Know-Why, Know-

What en Know-Who: Architectuur voor Kleinere Bedrijven in Vier Dimensies. In: 
Informatie, Sdu Uitgevers bv (2011), http://www.informatie.nl/ 
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Towards an Investigation of the Conceptual
Landscape of Enterprise Architecture�
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Abstract. In this paper we discuss the preliminary phase of our inves-
tigation into the conceptual landscape of Enterprise Architecture (EA).
EA involves the creation of a holistic enterprise model which requires
the integration of models describing many aspects and concerns. These
models are often created by different communities in different modeling
notations (e.g. i*, BPMN, e3Value, UML). Our goal is to aid in the valid-
ity of such integrated models by ensuring the semantics originating from
the individual notations are well understood and not just superficially
handled. Having a more fine-grained understanding of the semantics of
these individual notations and how they are used by their respective
modelers helps ensure that the enterprise model is a valid reflection of
all the separate aspects. In order to do so it is necessary to explicate
the semantic differences between the constructs of these notations as
well as between communities using the same constructs differently. To
accomplish this we selected a number of modeling notations and related
methods that cover a wide area of use in academia and industry. We dis-
tilled the semantics of the constructs from their official (or most widely
accepted) standard or specification. Following this we classified each con-
struct as detailed as possible, after which we iteratively clustered them
into a common category. When (superficially) similar constructs diverged
in their categorization we denoted the relevant discriminating semantic
factor. This was repeated until all constructs were categorized in a min-
imum amount of categories that were still domain specific (i.e. stopping
short of categorizing constructs purely as entity or relationship). The
results from our analysis show that there is a common high-level cate-
gorization of concepts shared between the different notations and com-
munities, although certain notations lack constructs for some categories
(e.g. most goal-oriented notations not having constructs to describe re-
sults). The results also show a small number of discriminating factors
(e.g. necessity, intentionality, materiality) that correlate strongly with

� Originally published as: van der Linden, D.J.T., Hoppenbrouwers, S.J.B.A., Lart-
seva, A., Proper, H.A.: Towards an Investigation of the Conceptual Landscape of
Enterprise Architecture. In: T. Halpin et al. (Eds.): BPMDS 2011 and EMMSAD
2011, LNBIP 81, pp. 526–535. Springer, Heidelberg, 2011
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the focus of a notation or community. These can be used to characterize
their respective understanding of some constructs. While the categories
of individual notations tend to have a different central focus (e.g. focus-
ing on material or immaterial resources), they are capable of being
abstracted to the same semantic component. Furthermore, many of the
notations which are focused on a specific aspect tend to have a greater
number of constructs for aspect-specific important concepts that allow
them to express a more fine-grained semantics for those concepts than
their widely-scoped counterparts. These results support the idea that
investigating the detailed personal semantics of different notations used
in EA is necessary to ensure the semantic consistency and validity of
enterprise models.

Keywords: enterprise modeling, conceptual landscape, ontology, cate-
gory, prototype
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 Look beyond the boundaries of formal organizations, into value nets, as a 
provider may serve multiple customers (n-1) with different problems and 
expectations, assisted by multiple suppliers (n+1) to increase design 
abstraction so that system value is increased as a result of greater market; 

 

 Support Innovation by using these intermediate constructs from the 
development process to conceptually reverse the development process 
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Abstract. Companies want to become more customer-centric and embrace 

Integrated Service Delivery (ISD) to provide a single shop. The integration of 

services of different organizations results in the creation of dependencies 

among services which are in different stages of the life-cycle. Only with 

effective collaboration between the parties and coordination of development 

activities, ISD can be managed efficiently. With the adoption of Agile 

methodologies, performance can be gained reducing the complexities of 

software development and focus on collaboration and coordination aspects. 

Therefore, this research proposes a model on how to manage the service 

lifecycle of ISD in a top-down view and focus on the collaboration of parties 

involved in the process and coordination of activities, by working in an Agile 

Scrum approach. The method is different from existing ones as it uses agile 

principles applied to life-cycle management and incorporating iterative 

development from the commencement of requirement analysis until the 

completion of the development of services. 

 

K eywords. Integrated Service Delivery, Agile, Scrum, service, development 

process 

1 Introduction 

Companies are becoming more and more customer-centric: understanding and 

anticipating the needs of customers, designing what customers want, and then 

aggregating and managing the components and suppliers to rollout products and 

services quickly and cost-effectively to meet ever-changing customer needs. With the 

opportunity of Integrated Service Delivery (ISD), companies can support clients in an 

integrated environment possibly reducing cost and time. ISD can be defined as 

bundle of services provided by a single service provider or multiple service providers 
collaborating with each other through a single interface accessible to clients  [1-3]. 

Providing these services, service providers face a number of challenges related to 

organizational integration, resistance towards change and managing the dependencies 

among services. With effective collaboration and coordination of activities, ISD can 

arguably be managed efficiently. To support the development of ISD and the updating 

of services, companies look for agility in their development process of ISD. Research 

has shown that adoption of Agile methodologies has reduced complexities in software 

development and there is an increasing focus on collaboration and coordination to 

achieve performance gain [4]. Agile development processes are characterized by 
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incremental and iterative software development by teams closely collaborating 

together[5]. To the best of our knowledge, there has not been research on how to 

manage the service lifecycle of ISD in a top-down view and focus on the 

collaboration of parties involved in the process and coordination of activities, by 

working in an Agile development approach. Researching this aspect can provide an 

insight on the iterative perspective of the process and help companies to incorporate 

and benefit the best practices out of it, to effectively collaborate and coordinate. This 

research aims at understanding how the Agile management principles can further be 

blended with the service development principles and be incorporated throughout the 

lifecycle to focus on the collaboration and coordination in ISD management. Thus, 

this research proposes such a process - Agile Process for Integrated Service Delivery 
(APISD). Compared to traditional software development models such as Waterfall, 

Spiral and incremental development models, the APISD model introduces the 

iterative development from an earlier stage. This is because it is equally important to 

invest time and effort in proper requirement analysis and designing just as in 

development. Early iterative development allows adapting the changes flexibly 

compared to adapting them at a later stage. Moreover, incorporating the iteration 

allows the respective teams to work based on priority and produce usable artifacts in 

short periods of time. Furthermore, this model is different and extends from existing 

Agile development methodologies, because it envisions a wider focus at the entire 

lifecycle instead of focusing only on the development phase; methods such as 

Extreme Programming, Test Driven Development, Feature Driven Development and 

Scrum itself does [6].  
To conduct this research, a design science research methodology has been 

employed as the research approach and case study research as a research strategy. The 

design science approach [7] was chosen since it addresses important problems that 

can be solved in an effective way with the help of an innovative artifact provided in 

this research. Case studies were investigated by reading reports and conducting three 

interviews with three organizations. Six steps have been followed, which are: Problem 

Identification and motivation, Definition of objectives, Design and development, 

Demonstration, Evaluation, and Communication [7]. The structure of this paper is as 

follows. Section 2 consists of a literature background on the concepts followed, 

section 3 consists of the derivation and description of the developed conceptual model 

and finally section 4 provides conclusions for this research and future work. 

2 Literature Background 

The following section briefly discusses the theoretical groundwork that was 

covered on the two concepts of ISD and Agile methodologies. 

2.1 Integrated Service Delivery 

When defining a service, there are many definitions that are based on technology 

or originate from the marketing literature. Some definitions are of electronic services, 

some thought of as web services, others are viewed as abstractions of business 

processes and some are considered to be an aggregation of other services [8]. 

or this 

research, we contemplate the definition of service. [9] a series of 
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interactions between the service provider and clients that result in an observable 
output  

As far as multiple service providers are concerned to provide the integrated 

services, clients perceive a bundle of services provided by various service providers 

as a whole and do not have to deal with each single provider. The essence of this 

problem of ISD is that these services need to be integrated; however, they are often 

heterogeneous and not designed for this purpose. Therefore, understanding the 

challenges faced in ISD, service characteristics and the process of developing these 

services in a structured manner is important. To develop the integrated services, 

service providers face a number of challenges which are related to organizational 

integration, embracing change and customer satisfaction. In the case of organizational 
integration, challenges include addition of staff working under different work 

processes, standards or different collective agreements in case of multiple 

organizations [2]. Therefore, there is a need of a common language and vision. For 

effective collaboration, it is important for parties to agree and to set common goals, 

establish common assumptions and build trust in the beginning of the development 

lifecycle. Effective communication, a shared understanding of roles and 

responsibilities, and a collaborative method of resolving issues are considered to be 

key factors in a successful partnership [2]. When concerning embracing change, the 

reality in ISD is about change and that change requires a certain level of risk. To deal 

with the risks and adapt to changes, working in this type of environment requires 

extensive communication and coordination of activities to manage those changes 

accordingly. By embracing change and integration, companies can innovate and 

advance rapidly [2]. As for customer satisfaction - ISD must be driven by a common 

desire to increase customer service. ISD partners should seek to satisfy stakeholders 

by determining how to meet their needs and then actually meeting them [2]. To be a 

customer-centered organization, the organization should consult the customers and 

other key stakeholders on an ongoing basis. As the nature of ISD is customer service 

oriented, not addressing to customer needs will cause organizations to lose the 

competitive advantage [2] and decline their growth in the market.  

In this research, we have studied the service lifecycle of services suggested by 

several authors. The purpose of these service lifecycle models are either to introduce a 

new approach to deal with the lifecycle management, which consists of new roles and 

new development tasks as opposed to the ones of traditional software  

engineering[10], [11], or to deal with the heterogeneity challenge in platform specific 

or independent functionalities[12]. There are also several models of service lifecycles 

used by various companies and according to Gu and Lago [10], that covers the 

organizational process flow of a service lifecycle with a relation between stakeholders 

and service lifecycle stages. From the investigation, these models have allowed us to 

understand and follow a theoretical perspective of the service lifecycle provided by 

Gu and Lago [10] and the phases suggested by Papazoglou and Heuvel [11]. The 

lifecycle consists of three phases, design, runtime and change [10]; where design 

refers to the lifecycle of a service before it is available for use; runtime refers to when 

services are put into production and the implementations start to work; change 

focuses on the life cycle of a service when adjustments have to be made when 

business requirements change. Within these phases, sub-phases mentioned by 

Papazoglou and Heuvel [11] exist: planning, analysis and design (A&D), construction 
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and testing, provisioning, deployment, execution and monitoring. The roles involved 

throughout the service development are service provider, service broker and service 

consumer. These roles along with the phases were explored. 

2.2 Agile-Scrum M ethodology 

Agile software development is a group of software development methodologies 

based on iterative and incremental development, which was termed and introduced by 

[13]. Some important characteristics of this manifesto are: (a) 

client satisfaction by rapid delivery of useful software; (b) welcome changing 

requirements; (c) working software is delivered frequently (weeks rather than 

months); (d) sustainable development, able to maintain a constant pace;(e) close, daily 

cooperation between business people and developers;(f) continuous attention to 

technical excellence and good design; and (e) regular adaptation to changing 

circumstances. One of the methodologies followed in the Agile software development 

is Scrum. The Scrum approach basically focuses on managing the system 

development process. It does not define specific software development techniques for 

implementation but rather concentrates on how team members should function to 

produce a system adaptively in a constantly changing environment. The 

characteristics of Scrum have been provided by Schwaber [14]. These are: flexible 

deliverables, flexible schedules, small teams, frequent reviews, inter and intra-

collaboration, object oriented development. According to Schwaber and Beedle [15], 

the lifecycle consists of three phases: Pre-game, Development and Postgame. The 

roles involved in this lifecycle are: scrum master, product owner, scrum team, client, 

management and user; who were described in details.  

3 Defining the Model 

After understanding the characteristics and lifecycle of ISD and Scrum, we 

developed a conceptual model. The following section briefly elaborates on the model 

itself, how we evaluated it and finally how the model can be used in practice.  

3.1 Model Construction 

In order to construct the model we looked into the commonalities of ISD and 

Scrum. We tried to determine the phases for APISD by amalgamating the phases of 

ISD and Scrum creating a mapping between them. Similarly, the roles required were 

defined, which were required for APISD, and were inspired from ISD and Scrum. 

With the necessary components derived the model was developed. As shown in 

Figure 1, the model is a lifecycle consisting of six phases derived from the 

amalgamation of ISD and Scrum given in section 2.1 and 2.2: Planning, Service 
Modeling, Service Construction, Provisioning, Deployment and Execution and 
Service Management. Activities within each phase were described on how the process 

will be performed and focused on how to overcome the challenges. As explained in 

the Introduction, this model includes practices from the Agile principles but is 

different from other Agile development methods because first, it does not focus only 

on the development of the services but instead on the whole lifecycle and second, 

unlike the other methods, this method incorporates iterative development starting 

from the requirement analysis. The early iterative development allows the 

requirement analysis and the designing to be considered a development process 
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themselves in its nature, thus enhancing the clarification and the adaptation of 

changes at an early stage.  

The planning phase consists of activities that allow businesses to analyze the 

business needs and market requests, and to determine the vision and objectives. With 

that knowledge, businesses are able to identify the type of services required and to be 

provided. The planning phase is carried out by the service board.  The service board 

meets with the client and discusses various aspects of the services to be developed. 

The service board drafts a project document. They deliver this document to the 

service analyst team who will start with the analysis of the project. In the case of 

multiple service providers in serving the board, they also draft SLAs for their own 

governing responsibilities. This activity is crucial, because if the responsibilities and 

understanding between the parties are not addressed or agreed upon, several problems 

related to miscommunication, lack of ownership, and lack of coordination will arise 

throughout the lifecycle[11]. As a result, service providers will not be able to 

collaborate smoothly or gain trust, which is arguably required for sustainable 

development.   

Figure. 1. APISD Lifecycle. 
 

The main objective of the service modeling phase is primarily to describe the 

services identified in the planning phase consisting of two sub-phases, Analysis and 

Design. The team comprises of service analysts in Analysis, development managers, 
and chief service developers of the corresponding service providers associated in the 

project in Design. A domain manager exists which is appointed by the service 

modeling team who manages this phase to ensure that the different activities of 

analysis and design are aligned. The artifacts produced from this phase are: service 

backlog consisting of the services required and their requirements; feature backlog 

consisting of features derived from each service and their requirements and assigned 

to construction teams; and technical designs produced by the design team required for 

the implementation of the services. This whole process continues in separate 

iterations with the corresponding set of prioritized services. This phase is different 

from current practices because the iterative process begins at an earlier stage than the 

actual development. Moreover, the distinction between the requirement specification 
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and technical designing from the actual development of the services in an iterative 

form, allows adapting to changes flexibly and focusing on prioritized work rather than 

implementing at one attempt. 

The service construction phase consists of the actual development and ongoing 

testing that Agile methods suggest. First, the construction team(s) (service developers, 
service testers, development manager(s)) of either a single service provider or 

multiple service providers views the feature backlog set for the first iteration which 

lasts for 2-4 weeks. According to the assigned features, services are developed and 

tested. Considering the scenario with multiple service providers, solving integration 

issues will require each organiza

solve. By communicating with each other, they are able to gather knowledge (which 

promotes collective growth) and coordinate effectively to solve the issues. Once all 

issues are solved, a demonstration of the integrated services is given to the client by 

the development manager. By involving the client at this stage, the service provider is 

able to acknowledge their needs and ensure those needs are met, as a result satisfying 

the client. The development manager handles any conflicts between the development 

and test teams. In order to coordinate effectively among the teams, the development 

managers of each provider meet weekly. In this meeting, they discuss any 

impediments, dependency related issues and further planning of iterations. The 

release manager meets with the service board to discuss releases and finalizes them 

with the development manager. Towards the end, the development managers also 

arrange a retrospective meeting of their own to discuss results, lessons learned and 

improvement points. This whole process continues in iterations with the 

corresponding set of prioritized features and is implemented accordingly.  

As soon as the service package is ready to be deployed, the provisioning phase 

deals with settling on the various rules and regulations surrounding the service 

delivery which are defined by the service board together with the client in the form of 

Service Level Agreement (SLA). This phase is required before making the services 

available to the client, because for effective collaboration between the service 

provider and the client, there needs to be an understanding and agreement regarding 

the usage and charges of the services. After the completion of the provisioning phase, 

the services are ready to be deployed and executed. The system administrator 
performs the necessary activities and deploys the system in the production 

environment. Once in production and used by the users, in the service management 
phase, the integrated services can be monitored and ensured that all the services are 

running according to the rules and regulations set in the SLAs. Regarding the 

management of the technicalities, the system administrator is responsible for 

configuring, managing and troubleshooting the servers. This phase also consists of 

change management which is very important so that changes are managed well in 

order to ensure a smooth operation of business; these changes are logged in a change 
request backlog which is later prioritized by the release manager for further planning 

and implementation. Changes are logged in by the customer service. They also report 

incidents in the incident backlog which are also prioritized by the release manager.   

3.2 Evaluation of the Model 

Following the constructs of case study research given by Yin [16], the model was 

applied to organizations that develop software providing integrated services and are 

looking for a faster, flexible and structured way to produce their products. For this 
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research three cases were explored. Two cases were performed on a single service 

provider scenario and the third case on a multiple service provider scenario. The 

multiple service provider and one of single provider have just commenced in 

following Scrum only in the development phase. The other single provider follows a 

Waterfall approach with moderations in the development phase. Semi-structured 

interviews were performed with a questionnaire where data was analyzed based on 

the answers provided in the questionnaire, interview discussion, audio recordings, 

website documentation and email correspondence. 

In the interviews first the model was demonstrated to the organizations and 

evaluated with their current process. The comparison resulted into identifying 

differences between the two processes. From the analysis of the case study findings, 

additional factors were identified that have been used to enhance the model. As the 

unit of analysis is the implementation process to be investigated, which is a single unit 

of analysis, the case study takes towards a holistic view. Types of validity were 

looked at towards the case study findings. Construct validity was relevant because 

multiple sources of evidence were looked at providing a chain of evidence and further 

increased due to informants reviewing the draft case study report. Internal validity 

was irrelevant for this research because the nature of the case study was explorative 

instead of explanatory or causal. External validity was relevant because the cases 

were different and the model was replicated for all three which resulted in findings 

that can be generalized for other similar case studies. Finally, the reliability can be 

determined by following the case study procedure that was followed. 

From the evaluation of the model, six key factors were identified and later 

appended in the model. (1) The service board was divided in two sub boards with a 

distinction in responsibilities serving a strategic and tactical nature, namely the 

Executive Board and Service Board. (2) The customer service was included in the 

Service Modeling phase to review the service backlog produced by the service 

analysts. (3) The system administrator was included in the Service Modeling phase to 

review the non-functional requirements defined in the Service Backlog and to provide 

input. (4) In APISD after the construction phase, a high level product demonstration is 

given to the customer service and system administrator. This way, these roles are 

acknowledged of how the services work and can better support the service 

management. (5) In case of rejection by the client after post-production, an activity 

was required included in APISD for analyzing the problems and producing possible 

solutions. (6

work-floor and observe their interaction and engagement with the integrated services. 

In comparison to the existing methodologies followed in the cases, they have 

identified some advantages of the APISD model which are: incorporation of iterative 

development earlier in the phases from construction; creation of a separate phase 

regarding provisioning; division of the design phase from construction phase allowing 

focus on architectural decisions; detailed description of roles and responsibilities 

explicating the collaboration between the parties involved in the process; and 

coordination of ongoing activities between the service analysts for requirement 

specification and construction teams for service development.  

3.3 I llustration of the Model 

With the case study research findings appended to the model, the model was 

finalized. In addition, an illustration of the model was given on how this model can be 
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practically implemented in an organization. Here, the implementation was based on 

two scenarios: for a single service provider and for multiple service providers 

collaborating together to deliver integrated services. Both scenarios were presented 

with a real life staging of the service provider and client and the type of services 

required. In each scenario, the activities within the APISD lifecycle phases were 

elaborated and the iterations were described on how team members can follow the 

iterations one after another maintaining synchronous information flow with other 

members.  Examples were provided of  how the service provider(s) collaborate(s) 

with the client and among themselves, what type of complications are faced and how 

they can deal with them using the constructs provided in the APISD model. Here, the 

concerns of the challenge of coordination were met by coordinating the following 

necessary activities in each of the scenarios: decision points were set- for example, 

once the service analysts produce the service backlog, only the service board decides 

and prioritizes the services. In the case of multiple-service providers, conflicts within 

the different teams are resolved by the development managers coming together to 

solve the dependencies or impediments; change management processes- to manage 

the changes, where a change backlog artifact is prioritized by the release manager, 

and implemented by the development team(s); an issue management process exists to 

manage the issues, where an incident backlog was introduced by which incidents 

reported by users are logged in, prioritized by the release manger and later 

implemented by the development team(s); information sharing was given importance, 

in order to have a consistent flow of information where teams are able to retrieve the 

requirements set in the service backlog and feature backlog and daily/weekly 

meetings were given within the iterations to share status and discuss impediments; 

finally, performance review and monitoring are portrayed- to monitor the progress, 

retrospective meetings were held once the 

iterations are completed. These retrospective meetings comprises of lessons learned 

and identification of improvements to be implemented in future iterations. Moreover, 

other activities were detailed on what type of tools or artifacts the stakeholders can 

use while performing those activities. For example, in the scenario of multiple service 

providers, distributed teams can collaborate using virtual sharing tools such as 

TeamViewer or WebEx and designers can use collaborative diagramming using 

LucidChart. In order to fully understand the flow of activities among the different 

parties in the different phases, the implementation has also been demonstrated 

through sequence diagrams. Due to space limitations, these sequence diagrams are not 

part of this paper but can be looked at in [17]. These sequence diagrams provide a 

better understanding of how the various stakeholders interact with each other via the 

detailed activities per phase.  

4 Conclusions and Future Work 

The research objective was to provide an answer to the main research question on 

how Agile management and service development principles can be incorporated 

together for effective collaboration between parties and coordination of activities in 

Integrated Service Delivery. This was done by developing a conceptual model of 

Agile Process for Integrated Service Delivery (APISD). 

developed to manage the heterogeneous services that are bundled to create integrated 
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services. The model portrays multiple service provider collaboration where common 

goals and assumptions are established to build trust in the beginning of the lifecycle: 

the Planning phase. A detailed description of roles and responsibilities were specified 

that can provide a shared understanding, enriching the collaboration between the 

parties. The model also allows change adaptation, due to the nature of the APISD 

model having iterative development, demonstrating that the changes occurring during 

requirement specification and designing can be easily adapted in the subsequent 

iterations. Finally, the model promotes client collaboration.  APISD enables service 

provider(s) to have close interaction with the client from the beginning so that they a 

continuously focus on the main desire of ISD, increasing customer service by being 

customer-centric.  

From the evaluation of the model, key findings from the comparison and 

commended parts of the model were: importance of a separate phase regarding 

provisioning; importance of division of the design phase from the construction phase; 

detailed description of roles and responsibilities explicating the collaboration between 

the parties involved in the process; incorporation of iterative development earlier in 

the phases from construction; coordination of ongoing activities between the service 

analysts for requirement specification and construction teams for service 

development. 

Finalizing the model has enabled us to answer the main research question. 

Moreover, both the industrial and scientific community can acquire an insight on the 

perspective of managing Integrated Service Delivery with Agile practices. The 

industrial community can develop an understanding of the iterative perspective of the 

process and incorporate the activities to collaborate with stakeholders and coordinate 

accordingly. Furthermore, they can try to adapt the process within their organization 

and incorporate customized practices to benefit their needs. The scientific community 

can critically analyze the intention of this research, the challenges that are dealt with, 

the method this research was conducted in, the model itself and perceive an 

understanding of the research findings. From the critical analysis, they can try to 

empirically test the model and identify improvements that can make the model 

stronger to benefit the organizations in the management of their technologies. 

Moreover, with that comprehension, they can try to investigate other methods of 

conducting this research for more efficiency and effectiveness. 

The current research has several limitations and opportunities exist for solidifying 

the model. First the model can be actually implemented within an organization and 

empirically conclude that this process will result in efficient collaboration between the 

parties involved and coordination of activities in the APISD lifecycle. From the usage 

of this model in various organizations, the practicalities within the APISD process can 

be refined. Opportunities exist for delving in the acceptability of this model after 

implementation in organizations through extensive case study research and 

investigating furthermore into the accountability and governing mechanisms. 

Moreover, for further research, it can be investigated in the future of how a better case 

selection can be made specific to the type and number of service providers working 

together and the industry they are in. The evaluation of such specific selection criteria 

will be beneficial to empirically conclude on the effectiveness of the model focusing 

on collaboration and can be further generalized to broader sense of applicability. 

Finally, further research is necessary on the investigation of the research questions 
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scientifically and it is recommended for researchers to publish new techniques and 
methods to implement this model and verify the effectiveness and efficiency of the 
implementation. 
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Businesses may apply concepts of agility as a strategy to take up challenges in the 
rapidly changing business environment. Agility is defined as “the ability of a sensitive 
[organization] that exhibits flexibility to accommodate expected or unexpected 
changes rapidly, following the shortest time span, using economical, simple and 
quality instruments in a dynamic environment and applying updated prior knowledge 
and experience to learn from the internal and external environment” (Qumer en 
Henderson, 2007). This definition positioned in the context of agile service 
development asserts that an organization should be able to create or adapt a (business) 
service efficiently and effectively when changes occur in its environment. 

Agile development is not an alien concept in management and information systems 
research. It plays some role in existing work on situational method engineering in 
software product development literature (Olle et al, 1991; Kumar and Welke, 1992; 
Brinkkemper, 1996; Van de Weerd et al., 2006). Based on situational factors distilled 
from the project, meta-methods composed of outlines or more detailed procedures are 
selected and integrated into a coherent method appropriate for that specific situation 
(Brinkkemper, 1996). However, ‘situational’ is not synonymous to ‘agile’. For a 
method to become truly agile, changing situational factors also have to be linked (if 
required) to ‘run time’ changes in the method: quick responses to new situational 
information, and the installation of short feedback loops applying to the method. 

Utilizing the perspective of situationality, method fragments can be used to provide 
some degree of agility with respect to the project at hand. Regarding the assembly of 
method fragments, our approach follows the configuration process for situational 
method engineering as proposed by Brinkkemper (1996). However, our approach 
adds a second dimension of agility in operational execution. Changes in the 
environment will not always lead to changes in the executed method but can still 
influence the operational execution of a specific method fragment. 

To realize this, we propose a particular operationalization of the method 
engineering approach and process in terms of the selection process of method 

                                                 
1 Previously published as: S. Hoppenbrouwers, M. Zoet, J. Versendaal, I. van de Weerd: Agile Service 

Development –A Rule-Based Method Engineering Approach. In: J. Ralyté, I. Mirbel and R. Deneckère 
(eds.): Engineering Methods in the Service-Oriented Context; 4th IFIP WG 8.1 Working Conference on 
Method Engineering, ME 2011, Paris, France, April 20-22, 2011. Proceedings. IFIP Advances in 
Information and Communication Technology, Volume 351/2011 pp184-189, DOI: 10.1007/978-3-642-
19997-4_17 
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fragments, situational factors and assembly rules. The idea is that participants are 
given as much freedom as possible within necessary methodical and contextual 
constraints (minimal specification), and that the ability to respond quickly to desired 
changes in the method (as indicated by fast feedback) is optimized: increased agility 
in our approach is supported by defining method fragments in a rule-based, 
declarative manner. This approach is inspired by principles and practices from 
(business) rules management, organizational patterns and game design theory. 

 

Fig. 1. Method engineering approach for agile service development. 

Without claiming that the approach put forward in this position paper will guarantee 
agility of processes for service development, we believe the approach proposed will 
allow for considerably better agility than existing practices in ME that are more 
rooted in imperative style specification of methods and method fragments.  
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Service Science is a new interdisciplinary approach to the study, design, 

implementation, and innovation of service systems. However due to the variety in 

service research, there is no consensus yet about the theoretical foundation of this 

domain. In this paper we clarify the service systems worldview proposed by Service 

Science researchers Spohrer and Kwan by investigating its foundational concepts 

from the perspective of established service theories and frameworks [1]. By mapping 

the proposed service system concepts on the selected service theories and 

frameworks, we investigate their theoretical foundations, examine their proposed 

definitions, discover their likely relationships, and identify a number of issues that 

need further discussion. This analysis is visualised in a multi-view conceptual model 

(in the form of a UML class diagram) which we regard as a first step towards an 

explicitly and formally defined service system ontology. 

The basis for the UML class diagram are the ten foundational concepts of the 

service systems worldview used by Spohrer and Kwan to explain the diversity and 

complexity of service systems: entity, resource, access right, ecology, interaction, 

value proposition based interaction, governance mechanism based interaction, 

outcome, measure, and stakeholder.  

The definitions of these concepts are compared with alternative definitions 

originating in six other service frameworks and theories. We aim to identify which 

additional concepts from these theories and frameworks can be incorporated in the 

model to further refine and extend the service systems worldview. By mapping the 

foundational concepts to the concepts used in traditional service research areas we 

identify commonalities and differences in interpretation which may help to find a 

common understanding of the service systems worldview. Also, if we want to create 

one scientific basis for Service Science research it is crucial that established service 

frameworks and theories connect to this scientific basis. 

Our choice of theories was mainly guided by previous Service Science research. In 

the worldview of Service Dominant Logic (SDL) is indicated as a possible theoretical 

basis for Service Science. Furthermore, other proponents of Service Science propose 

the Unified Service Theory (UST), the work system method and the service quality 

gaps model as interesting theories to draw from. As recent Service Science research 

indicates the need to introduce a system focus in the study of service systems, we also 
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included the system theoretic view of service systems of Mora et al. Finally, we 

included a service ontology based on the DOLCE upper-level ontology.  

 

F ig. 1. . UML class diagram of service systems worldview 

Our contribution to the emerging research area of Service Science is twofold. First 

of all, a UML class diagram for the ten foundational concepts is presented (Fig. 1). 

This diagram is aimed at facilitating the presentation and discussion of the 

foundational concepts as it also uncovers and shows their relationships. The diagram 

provides the basis for elaborating a service systems ontology and a meta-model for 

modelling of service systems. Second, the investigation of the theoretical foundation 

(if any) and the search for additional concepts which can be marked as foundational, 

can be seen as a theoretical evaluation of the completeness and relevancy of the set of 

foundational concepts proposed by Spohrer and Kwan [1]. It provides elements for 

the further discussion, enhancement, and ultimately (and hopefully) consensual 

agreement of a service systems conceptualisation for Service Science. Our conceptual 

analysis points out that more or less all of the foundational concepts and their 

proposed specialisations are covered by one, many or in some cases even all reviewed 

service theories or frameworks. We identified a couple of issues that need further 

discussion and elaboration, e.g., because of conflicting views when mapping 

foundational concepts to the concepts of different service theories. Overall, however, 

our analysis shows that there is evidence of theoretical support for the proposed 

service systems worldview.  

An interesting finding is that, although SDL was initially proposed as the 

philosophical foundation for the service systems worldview, our analysis indicates 

that the service system conceptualisation put forward by Spohrer and Kwan is 

developing beyond SDL. The resemblance with the system theoretic approach of 

Mora et al. shows a shift towards systems thinking which should be further explored 

in the future. 

 The full paper will appear in the proceedings of ICSOC 2011 (Paphos): Elisah Lemey and Geert Poels: 

Towards a Service System Ontology for Service Science. Full paper accepted for the 9th International 

Conference on Service Oriented Computing (ICSOC 2011), Paphos, Cyprus, 5-8 December 2011 

1. Spohrer, J., Kwan, S.K.: Service Science, Management, Engineering, and Design (SSMED): 

An Emerging Discipline-Outline & References. International Journal of Information 

Systems in the Service Sector (IJISSS) 1, 1-31 (2009 
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Extended abstract

A business process is a series of activities that produces a product or service
for a customer. Business Process Modelling (BPM) is the activity resulting in
a representation of an organisation’s business processes so that they may be
analyzed and improved. A distinction can be made between static modelling
and dynamic modelling of business processes. Static modelling tools often pro-
vide a graphical process representation, for example simple flowcharts, IDEF0
or BPMN diagrams to depict business processes. Business Process Simulation
(BPS) tools, provides the possibility to simulate and evaluate the dynamic be-
haviour of business processes.

The usefulness of business process simulation was proven by many authors
and various simulation tools are available, still many management consultants
and business analysts rely on simple static process mapping methods. Some rea-
sons for the lack of adoption are that much experience is needed to develop
valid simulation models and simulation model development is time consuming
and costly. More specifically, there is a lack of business process simulation tools
which supports an easy and quick approach of modelling and analysis of business
process by consultants and business analysts. This paper presents a business pro-
cess simulation method to support management consultants to model, simulate
and analyze business processes in a well defined manner.

A user-centred design (UCD) approach is chosen to increase the likelihood
that a designed and developed solution is found usable by its end-users, the
management consultants. User-centred design is concerned with incorporating
the end-users perspective during the design and development process to achieve
a usable system. To incorporate management consultants in this research, a
series of design and evaluation rounds are held (in the form of workshops) with
management consultants of a large international management consultancy firm.

� Original version of this paper: Rust, I., Cetinkaya, D., Seck, M., Wenzler, I. (2011).
Business Process Simulation for Management Consultants: A DEVS-Based Simpli-
fied Business Process Modelling Library. In Proceedings of The European Modelling
& Simulation Symposium 2011. Genova : Universita di Genova, 2011. 709-714.
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The modelling representation that was the outcome of the design research
process is based on the Business Process Modelling Notation (BPMN). BPMN
is an industry-wide standard for modelling of business processes. A set of busi-
ness process modelling (BPM) elements are determined, which allow modelling
of business processes by consultants as how they actually perceive business pro-
cesses.

We use the Discrete Event System Specification (DEVS) to specify our simu-
lation models. The suggested BPM elements and some supplementary elements
are matched to DEVS simulation components. For every element a state-diagram
was developed and validated. The supplementary components are developed to
support some of the needed simulation functionality as discussed by the consul-
tants.

DSOL, which stands for “Distributed Simulation Object Library”, was se-
lected to provide the simulation and execution functionalities. DSOL is a proven
multi-formalism simulation library which can be considered as a generic purpose
simulation tool. It is written in the Java programming language and has been
used effectively in various simulation projects. DSOL also supports execution
of simulation models based on the DEVS formalism through the DEVSDSOL
library (which is compatible with hierarchical DEVS). Each DEVS component
has been implemented in Java and these components are executable with DE-
VSDSOL simulation library.

In order to provide a higher level abstraction mechanism to our library, we ap-
plied the model-driven development framework presented by Cetinkaya (2011).
MDD4MS is a model-driven development framework for modelling and simula-
tion. The framework suggests an M&S life cycle with five stages (Problem Def-
inition, Conceptual Modelling, Specification, Implementation and Experimen-
tation), metamodel definitions for different stages, model to model (M2M) and
model to text (M2T) transformations for the metamodels and a tool architecture
for the overall process. MDD4MS presents a sample prototype implementation
which is developed in Eclipse.

In this study, we used the BPMN editor to draw our business process models.
Since the MDD4MS prototype provides generic model transformation rules for
BPMN, we rewrote some rules for BPMN2DEVS M2M transformation. In this
way, we directly transformed the visual modelling elements to the DEVS compo-
nents that we implemented in our library. Once we have the DEVS model, the
MDD4MS prototype automatically generates the DEVSDSOL model and the
java code for coupled components that uses the implemented classes for BPM
modeling elements in our library. In other words, visual business process models,
drawn by the BPMN editor, are transformed to executable Java code and they
can be simulated with DSOL.

This work proposed a new modelling approach for management consultants
to model and analyse business processes based on a proven theory, industry-wide
standards and active end-user involvement during the design process. A library
of DEVS-based BPMN modelling elements is implemented with Java that uses
the DSOL simulation library to provide the simulation capabilities.
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Abstract. Process mining techniques try to discover and analyse business 

processes from recorded process data. These data have to be structured in so 

called computer log files. If processes are supported by different computer 

systems, merging the recorded data into one log file can be challenging. In this 

paper we present a computational algorithm, based on the Artificial Immune 

System algorithm, that we developed to automatically merge separate log files 

into one log file. We also describe our implementation of this technique, a proof 

of concept application and a real life test case with promising results. 

K eywords: Business Process Modelling, Process Mining, Log File Merging 

This paper has been published as: Claes, J., Poels, G.: Merging Computer Log Files for Process Mining: an 

Artificial Immune System Technique. BPM 2011 Workshops, LNBIP. Springer (2011). 

1 Introduction 

Process mining techniques are used to discover and analyse business processes in a 

semi-automatic way. Starting from all kinds of recorded process data (called log files) 

process mining tries to automatically discover the structure and properties of the 

business processes, which can be visualised in business process models.  

Three actions have to be taken before process discovery and analysis techniques 

can be performed: searching for data in the IT support systems, structuring these data 

(i.e. identifying single process steps (events) and groups of process steps that belong 

to the same process execution (process instances)), and converting these data to the 

format required by the process mining tool. If process data are found in different 

sources, then a fourth action is required: merging the data into one computer log file. 

In this paper we present an automated technique for merging already collected, 

structured and converted process data according to an Artificial Immune System 

(AIS) algorithm, which is based on the features and behaviour of the vertebrate 

immune system. By automating this fourth action of the preparation step, we try to 

broaden the benefits of process mining to an extended part of the overall process 

mining procedure, because the automation makes the merge step in the preparation 

phase faster (speed), the use of data from multiple systems is facilitated 
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(completeness) and the way these data are merged is less subjective than when 

performed manually (correctness). 

Our approach is implemented in ProM, a well known academic process mining 

tool, which implies that for our implementation we assume the different data sets are 

first separately structured and converted to the ProM file format.  Fig. 1 shows the 

steps for our solution implementation. 

 

F ig. 1. Merging data of different sources can be performed after structuring and converting to a 

tool-specific file format. We implemented our merge technique in the ProM analysis tool itself. 

2 T echnique 

The merging of two computer log files consists of two steps: (i) linking together 

traces of both logs that belong to the same process execution and (ii) merging these 

traces into one trace to be stored in a new log file. We assume reliable and 

comparable timestamps are available in the original logs causing the second step to be 

a simple exercise of chronological ordering of all the events of linked traces into one 

new trace in the resulting merged log file.  

In our opinion, more than one factor can indicate that two traces should be linked 

We looked for existing techniques that incorporate multiple indicators in their 

solution procedure and found our inspiration in the Artificial Immune System 

algorithm. This algorithm uses an affinity score throughout the entire calculation 

procedure where this score points to the best solution. We used a combined indicators 

function to derive the affinity score for the algorithm. Each scored solution is not 

more than a set of linked traces between the two log files. By combining our different 

assumed indicators, a solution with a high score has a higher chance to be an optimal 

solution because most combined indicator value points to that solution. 

3 Experiment results 

We have tested our technique with a simulated example and with a real case example. 

The benefit of using simulation is that the correct solution (i.e. the process to be 

discovered) is known end that properties like time difference or noise can be 

controlled.  

The results of both series of tests revealed a nearly perfect merge if both logs used 

the same trace identifiers. With different trace identifiers in both logs in all cases the 

correct number of links was found, but when traces run partly in parallel, there seems 

to be too little information left to find the right links. The amount of noise in the logs 

seems to have little impact on the correctness of the identified links 
 

The full published article can be found at http://processmining.ugent.be/post.php?post=pubbpi2011 
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RQ1. On which design elements do existing BPMMs differ? 

 A comparative framework is built to classify existing BPMMs. 

RQ2. Which BPMM must be chosen when? 

 A questionnaire is derived from the comparative framework to obtain a 

practical instrument that managers can use while choosing a BPMM. 
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 [12] [13] [4] [14] [11] [15] 

Assessors  WHO 

 Assessment unit X X X X X X 

 Lead assessor X X X - X X 

 Other assessors and 

respondents 

X X X X X X 

Assessment method  HOW 

 Data collection 

technique to obtain 

information to assess 

X X X X - X 

 Calculation to 

interpret the collected 

data as lifecycle levels 

X X X - X X 

 Representation to 

visualize lifecycle 

levels 

- X X X X X 

Improvement method  WHAT 

 Capability areas to 

assess and improve 

X X X X X X 

 Lifecycle levels X X X X X X 

 Architecture or road 

map, to link capability 

areas with levels 

X X X X X X 

towards business processes, BPMMs are evolutionary models for 

measuring (AS-IS) and improving (TO- the extent to which an 
organization consistently implements processes within a defined scope that 
contributes to the achievement of its business goals
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processes acquire the necessary capabilities to reach excellence. Capabilities are 

competencies (e.g. skills and knowledge) to achieve the targeted results, i.e. the 

ability to perform, or the expected performance of a business process. Related 

capabilities are collected into capability areas. Maturity levels indicate the growth 

through all capability areas together. Sometimes, capability levels are present to 

indicate the growth through each capability area separately [17,18,10]. 

Capability areas differentiate a BPMM from other MMs. Previous research [1,19] 

has identified six main 

.
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Service-oriented architectures are the upcoming business standard for realizing 

enterprise information systems, thus creating a need for analysis and design methods 

that are truly service-oriented. Most research on this topic so far takes a strict software 

engineering perspective. For a proper alignment between the business and the IT, a 
service perspective at the business level is needed as well. Although few researchers 

realized the importance of business thinking at service design, notation for service 

design is still lacking.  
Using an MDA approach, [1] introduces a new business service and resource 

modeling language - BSRM based on the Resource-Event-Agent (REA) business 

ontology. The constructs of the BSRM language and their relationships are grounded 
in a meta-model which provides comprehensive specification using UML notation. 

Following the REA, we defined the service as a specialization of economic resource 

in the meta-model. As the resources are first class citizen of REA, BSRM gives a 

better insight to the value co-creation which is the main focus of services. Further, we 

distinguish two service specializations: exchange service and conversion service, 

corresponding to the two basic REA dualities. Each of them corresponds to a group of 

decrement and increment economic events in REA. The service classification model 

developed in [2], categorizes services into several categories. Among these service 

categories enhancing services and the sub-services which have part of relationship to 

the core services are special types of services that play a major role in service 

modeling at business level. These service categories correspond to different roles of 

the service type in our model. 
The concept of enhancing services which adds value to the any other service, is 

introduced as another service category in our model. Considering the situation where  

core-service realization involves multiple value activities and it makes sense  to view 

these value activities as independent services that are shared by different contexts, we 

identified the forth category of services as sub-services. Sub- service can be a part-of 

                                                   

Jayasinghe Arachchige J., Weigand, H., and Jeusfeld, M.: Business Service 

Modeling for the Service-Oriented Enterprise. International Journal of Information 

System Modeling and Design, Vol. 3(1) - 2012, (accepted). 
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service of core service which is called core sub-service, or enhancing sub-service 

which is called coordination service.  extended the basic REA stockflow concept 

by adding specialization to the stockflow relationship as inflow and outflow. We 

adopt this specialization into our model as a relationship between Economic Resource 

Type and Service Type. 

All these concepts which are defined in the meta-model, are denoted with a simple 

modeling notation called -BSRM in [1]. A major difference of BSRM with other 

service modeling approaches is the resource perspective of services. We have 
included resources not only because they are needed to describe service effects, but 

also since resources play a prominent role in new service design [4]. Secondly, in 

contrast to most other approaches that only consider one type of relationship between 

services, we identify many service linkages, in order to catch more semantics, keeping 

in mind the tenet that meaning is captured in structural relationships. The BSRM 

design steps provide a simple direction to a designer to use this modeling language at 

CIM level in any real situation.  

As it is not feasible to grasp all relevant concerns to a single model, we mapped the 

service modeling language with complimentary models, in particular value network 

(e3value), data model (ER) and process models (BPMN). By mapping the meta-

model with other model types at CIM and PIM level, we have shown how it can 

support truly service-oriented IS development. 
BSRM is not only guided by meta-model, it has been formalized using the meta-

modeling facilities of Conceptbase[5]. This does not only ensure formal validation but 

has also provided us immediately with a workable BSRM modeling tool. Further, we 

evaluated the viability of BSRM by feature comparison and applying to a real world 

case study in the logistic domain. 

BSRM is not only a vehicle for communication with business analysts but also a 

basis for service-oriented value analysis. All in all, we have described and evaluated 

BSRM that we claim to be the first specific service modeling language at CIM level.  
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Abstract. Collaborative modeling uses and produces modeling artifacts
whose quality can help us gauge the effectiveness and efficiency of the
modeling process. Such artifacts include the modeling language, the mod-
eling procedure, the products and the support tool or medium. To ef-
fectively assess the quality of any collaborative modeling process, the
(inter-) dependencies of these artifacts and their effect on modeling pro-
cess quality need to be analyzed. Although a number of research studies
have assessed and measured the quality of collaborative processes, no
formal (causal) model has been developed to assess the quality of the
collaborative modeling process through a combination of modeling ar-
tifacts. This paper develops a Collaborative Modeling Process Quality
(CMPQ) construct for assessing the quality of collaborative modeling. A
modeling session involving 107 students was used to validate and measure
the quality constructs in the model.

Key words: Collaborative Modeling, Modeling Process Quality, Mod-
eling Artifacts, Instrument Validation, Structural Equation Modeling

1 Introduction

While a number of approaches have been developed to measure and evaluate the
quality of a collaborative modeling process, e.g. its successfulness [1] and users’
satisfaction [2], there has not been any study that integrates the assessment of
various modeling artifacts to determine the quality of a collaborative modeling
process. Driven by the need to determine the efficiency and effectiveness of the
modeling process, we propose an evaluation method that indeed integrates the
assessments as an alternative method for determining the quality and success-
fulness of, and users’ satisfaction with, a modeling process.

� This paper is published in: P. van Bommel et al. (Eds.), PoEM 2010, LNBIP 68,
pp. 76-90. Springer-Verlag.
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2 CMPQ Construct Measurement Instrument

Our assessment approach evaluates quality of the collaborative effort through
the quality of the modeling artifacts, used in and produced during collaborative
modeling. Specifically, we look at the following constructs: Perceived Quality
of the Modeling language (PQML), Perceived Use of the Modeling Procedure
(PUMP), Perceived Quality of the Modeling Product (PQEP) and Ease of Use
of the Medium (Support tool) (EOUM) to develop an integrated approach and
a Collaborative Modeling Process Quality Assessment (CMPQ) construct for
assessing the quality of the collaborative modeling process. Secondly, we wanted
to measure the (inter)dependencies (causation, correlations, etc.) of the mod-
eling artifacts on each other and their effect and impact on the overall quality
of the modeling process. To this effect, we apply Exploratory Factor Analy-
sis (EFA) and Confirmatory Factor Analysis (CFA) techniques on a conceptual
model (Model 1) and a competing model (Model 2).

3 Major Findings and Conclusion

The first observation about the results of the confirmatory analysis (CFA is
that the (standardized) factor loadings of the the conceptual model (Model 1)
and the competing model (Model 2) are close. In fact they are the same for
the PQML and PUMP constructs while slight differences are noticed for the
PQEP and EOUM. This closeness of the results indicates that the Model used
in the EFA was a good conceptual model. To determine the possibility of Model
2 being preferred to Model 1, we compare the model fit indices of both mod-
els to determine which ones are near or better than the threshold values (see
[3] for these threshold values). Through the two known statistical techniques:
Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA)
we can confirm that the approach is sound and the research instrument passes
the validity and reliability tests. The contribution of this paper is thus two-fold.
First, it develops a method of assessing collaborative modeling quality based
on modeling artifacts used in, and developed during the collaborative modeling
effort. Second, a validated instrument for measuring the developed constructs
and assessing the quality of the CMPQ construct is presented and was properly
validated.
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Extended Abstract

Lack of effective involvement of stakeholders is one of the common drawbacks of
enterprise architecture development [1]. This paper, therefore, focuses on chal-
lenges associated with involving stakeholders in the enterprise architecture effort.
These challenges are mainly caused by two issues, i.e.: (a) the success of collabo-
rative sessions that involve enterprise architects and stakeholders mainly depends
on the presence of a professional or skilled facilitator; (b) the lack of a clear, pre-
dictable, and repeatable way of managing tasks that require effective and active
stakeholder involvement. Earlier attempts to overcome these issues involve us-
ing Collaboration Engineering to develop a process that enterprise architects
can execute (by themselves) so as to manage tasks that require effective collab-
oration with stakeholders during enterprise architecture creation. Collaboration
Engineering was chosen because it offers affordable facilitation to practitioners
(in this case enterprise architects) of recurring high-value tasks (like enterprise
architecture creation), by enabling the development of repeatable processes that
practitioners can execute without hiring a professional facilitator [2,5].

According to [5], a collaborative process for a given task is designed using the
following procedure: specifying the goal and deliverables of the process; defining
the activities that participants must execute so as to achieve the goal; speci-
fying the reasoning phases participants must undergo in order to achieve the
goal; and describing detailed facilitation support for each activity. Facilitation
support is specified by articulating: (a) the Group Support System (GSS) tools
that should be used (or alternative techniques) during the collaborative ses-
sions; (b) how the tools should be configured; and (c) the message prompts that
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should be followed [2]. This design approach was adapted when formulating the
collaboration process for effectively involving stakeholders during enterprise ar-
chitecture creation. This process is herein referred to as Collaborative Evaluation
of Enterprise Architecture Design Alternatives (CEADA). The earlier version of
CEADA was evaluated in a field study (of five organizations) where it was effec-
tive in supporting activities that required stakeholders to brainstorm, prioritize
or rank or rate concerns and requirements for the architecture; and perform
multi-criteria evaluation of possible enterprise architecture design alternatives.
However, CEADA was still lacking adequate support for stirring vigorous and
rigorous discussions when executing activities that required stakeholders and ar-
chitects to reduce and organize aspects from brainstorming activities; and assess
possible interrelationships and implications. This was reflected in the feedback
from stakeholders who participated in the sessions supported by CEADA; the
facilitator; and the observer of the sessions.

Since the main focus of this research is to offer effective stakeholder involve-
ment in architecture creation, in this paper we address the above weakness by
supplementing CEADA with techniques for enhancing the creation of a shared
understanding and vision during execution of activities that involve organiz-
ing and discussing brainstormed aspects. We focus on adapting Soft Systems
Methodology (SSM) because of its reputation for managing complex and ill-
structured organizational problems through structuring rational thinking about
them [3]. SSM techniques can be adapted to supplement the design of the col-
laboration process with support for triggering discussions and creating a shared
understanding and vision among stakeholders. We also adapt the cause-effect
analysis diagram (or Fishbone or Ishikawa) technique because of its support
for thorough problem analysis [4]. Since SSM offers implicit facilitation support
for collaborative workshops or discussion debates among problem owners and
solver(s), Collaboration Engineering is further used in designing the facilitation
script that shows how SSM and Ishikawa techniques can be used in enterprise
architecture creation. Thus, in this paper CEADA is extended by a script that
provides facilitation support for using SSM and Ishikawa diagram techniques to
execute activities that require the use of clarify and organize patterns of reason-
ing.
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Abstract Diabetes mellitus is one of the chronic 

diseases that leads to great concerns worldwide. 

This study uses a model of lifestyle change to 

enhance serious gaming in healthcare. Seven 

healthcare providers were interviewed in a pre-

study, Six patients tested the prototype in a focus 

group and nine patients co-operated in an 

evaluation. The theoretical contributions show 

that it is difficult to design a single game that 

meets all users needs. One solution is to design a 

modular application were adaptations can be 

made in order to meet the patient specific needs, 

in the presence of the play, meaning and reality 

components, but also in functionality. Different 

functionality is needed for non-intenders (play), 

intenders (meaning) and actors (reality). Practical 

contributions of this study give the health care 

providers more insight in the daily activities and 

personal measurements of the patients and it 

improves the possibilities for self-management 

for the patients themselves. 

 

-

learning´,  as presented in the model of lifestyle 

change and tested by diabetes type 2 patients, 

resulted to be important to induce a healthy 

lifestyle. Furthermore in the design of a serious 

game, the inclusion of these methods as potential 

game elements, appeared to be an effective 

approach.  
 

The division based on the motivation to change 

lifestyle, here the non-intenders, intenders and 

actors, was valuable in characterization of 

different groups in the diabetes type 2 population. 

From the findings it can be concluded that the 

major group of the diabetes population are 

intenders and consequently are the main target 

group for a serious game. However, for the non-

intenders and actors serious gaming also has 

enough potential to support in the change or 

improvement of lifestyle.  

 

 

c. What is serious gaming in health care 
and which game components should 
be included in order to design a 
serious game? 

Serious gaming in healthcare needs to add a fun 

factor in the education or performance of health 

related task and is divided in health professional- 

and patient specific games. In the category of 

patient-specific games, a serious game to educate 

and coach a healthy lifestyle can include 

properties of the following type of games: 

education games, exergames and control games. 
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In order to design a serious game, the inclusion of 

the game components play, meaning and reality is 

important. However, in the actual design of a 

game, there are always tensions to what extent 

each of the components should be implemented. 

This is especially dependent on the target group, 

and what the actual meaning is of the game and 

from the game elements containing it. 

 

Main Question -  How can a serious game 
be designed for type 2 diabetes patients  
that both educates a healthy lifestyle and 
personally coaches during daily life?  - 

 
Based on this study it can be concluded that in the 

design of a serious game to enhance lifestyle, the 

use of the model of lifestyle change was very 

valuable.  

Regarding to the actual design of a serious game 

to educate and coach a healthy lifestyle, it can be 

concluded that the most important game elements 

-

´observational learning.  The extent to which the 

game components play, meaning and reality 

should be applied in the different game elements, 

will however differ per group of patients, defined 

in non-intenders, intenders and actors. While the 

inclusion of the play component in all game 

elements can be very valuable to the non-

intenders to improve intrinsic motivation to 

change, for the intenders and actors especially in 

education it results to have an added value. In the 

other game elements the play component could 

generate an extra motivation, but this is 

individually dependent. In general this would 

mean it is difficult to design a single game that 

design a modular application were adoptions can 

be made in order to meet the patient specific 

needs, in the presence of the game components, 

but also in functionality. A serious game as 

contemplated in this study can be an added value 

in the current provision of care, as it is one 

application that provides all tools in the support 

of reaching a healthy life style. It gives the health 

care providers more insight in the daily activities 

and personal measurements of the patients and it 

improves the possibilities for self-management. 

This results in more directed coaching and 

advises, also in between the quarterly controls. 

The intensity of use will differ for each group of 

patients. A patient can use it intensively in the 

first period after diagnosis, but when a healthy 

lifestyle is reached it will be used more like a 

reference. For the patients who are often 

monitoring their personal measurements, the 

application could be used even on daily basis. 

In summary, the use of serious gaming to educate 

and coach a healthy lifestyle in daily life is a 

promising approach in the optimization of the 

diabetes care, which will be increasingly 

important in the coming years. The details of the 

application should however still be further 

investigated.   

 

Keywords: Serious gaming; lifestyle change; 
diabetes type 2; E-health. 

 

ACKNOWLEDGMENT 

We thank Health @ Home BV for their support. 
 

72



 



       
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


