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The eager and strong consideration of this 
year’s main theme in the submitted confer-
ence contributions also showed how topical 
the subject is at the moment. About half of the 
contributions were dedicated to an aspect of 
service research. In total, we received over 350 
submissions. In addition, numerous other works 
were accepted and presented at the conference.

The Business Process and Services Com-
puting (BPSC) conference and the Conference 
on Multi-Agent System Technologies (MATES) 
were held on Monday and Tuesday; the Interna-
tional Symposium on Services Science (ISSS) 
invited interested participants on Thursday. 
Tutorials on various topics throughout the week 
provided practical insight, for example, into 
model-driven software application development 
and management aspects of software engineer-
ing. The LSB-Microsoft summer school and 
the IBM summer camp 2010 also offered a 
comprehensive program for students from both 
school and university.

Workshops on the conference theme but 
also on many other exciting topics around 
computer science were held on Tuesday and 
Thursday. The “Day of Computer Science” on 
Wednesday was characterized by the confer-
ence’s general theme. Leading experts from 
industry and research presented their views on 

Service Engineering for 
Innovative Service Systems:

Management and Application Cases
Klaus-Peter Fähnrich, University of Leipzig, Germany

Guest Editorial Preface

The service sector has been growing steadily for 
the past decades. Particularly the information 
and communication technology-based (ICT) 
services lead in this area. For several years there 
have also been efforts in the academic world to 
contribute to this trend. As a consequence, an 
interdisciplinary discipline has been founded - 
the so-called Service Science. It encompasses 
the work of researchers and developers from 
the fields of engineering and computer science, 
economics, ergonomics and psychology.

The INFORMATIK 2010, the 40th Annual 
Meeting of the Society for Computer Science, 
Gesellschaft für Informatik e.V. (GI), was held 
from 27th September to 1st October 2010 at the 
campus of the University of Leipzig. Organized 
under the general theme „Service Science – New 
Perspectives in Computer Science“, the event 
attracted a total of 1.100 participants, which is 
the highest number ever recorded. 

Leipzig is an international centre of the rap-
idly growing discipline. It has its own research 
cluster “Service Science” established between 
the University of Leipzig, the Leipzig University 
of Applied Sciences (Hochschule für Technik, 
Wirtschaft und Kultur Leipzig, HTWK Leipzig), 
the School for Telecommunications Leipzig 
(HfTL) and the Leipzig Graduate School of 
Management (HHL).



the subject. The keynotes were held by Arndt 
Bode, who paid tribute to Konrad Zuse; Thomas 
Curran (Deutsche Telekom AG) and Johannes 
Helbig (Deutsche Post AG), who spoke about the 
current developments in the service economy. In 
the afternoon, Matthias Jarke (cluster of excel-
lence UMIC) commented on mobile information 
and communication services. The issue was also 
taken up by Hermann Friedrich (Siemens AG) 
who spoke on the Internet of Services. Finally, 
Gerhard Satzger (Karlsruhe Service Research 
Institute, IBM) gave a talk on the topic “Where 
is the Science in Services?”. Furthermore, the 
conference commemorated the 100th Birthday 
of Konrad Zuse, the co-inventor of the modern 
computer. For this occasion many participants 
attended the Konrad Zuse Exhibition as well 
as the reception and party organized in honour 
of the computer pioneer.

This publication includes some of the best 
papers on the topic of Service Engineering 

for Innovative Service Systems: Management 
and Application Cases. We have chosen nine 
contributions comprising papers from the 
International Symposium on Services Science 
(ISSS) 2010 and the INFORMATIK 2010. The 
authors reworked their original papers into an 
extended version for this volume and we hope 
that the papers included in here will stimulate 
research on Service Science and foster further 
work in this promising field. 

For the excellent preparation of the confer-
ence and the Special Issue of IJSSMET we wish 
to thank Alexandra Gerstner, who persistently 
accompanied the planning of the event and put it 
successfully into action and who also organised 
the compilation of this edition. 

Klaus-Peter Fähnrich
Guest Editor
IJSSMET

ii
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Keywords:	 Business Models, Internet of Services, Service Description, Service Engineering, Software as 
a Service (SaaS)

Introduction

Software development as an engineering 
discipline relies on formal models and meth-
odologies. On the one hand, models serve as 
development artefacts which can be explicitly 
measured, validated and adapted. Methodolo-
gies, on the other hand, control the software 
development process (Weisbecker, 2002). 
Since software is increasingly offered as a 
service (König, McNee, Guptill, & Cassell, 
2006; Lorenz, Martzahn, Rüdiger, Renner, & 
Pols, 2007; Weiner, Renner, & Kett, 2010), 

A Business Model Approach 
for Service Engineering in 

the Internet of Services
Holger Kett, Fraunhofer-Institut für Arbeitswirtschaft und Organisation IAO, Germany

ABSTRACT
In all major industrialized countries, the service sector is the largest economic segment maintaining the highest 
growth rate. A current trend in the Internet of Services is to develop and offer software as a service (SaaS). 
Some research activities, such as Theseus/TEXO (http://theseus-programm.de/en/914.php), focus on the design 
and development of Web-based service ecosystems based on Web-platforms which allow offering, trading, 
and executing of services over the Internet. This paper is based on the Integrated Service Engineering (ISE) 
methodology, an interdisciplinary methodology for developing electronic services. The focus of this work is 
laid on the development of business models from a strategic-/market-oriented perspective, prior to consider the 
service business processes and the underlying IT-oriented service concept. The role of the business strategist 
and its objectives is introduced. The methodology has been developed in the Theseus/TEXO project which is 
funded by the German Federal Ministry of Economy and Technology.

the Theseus/TEXO project conducts research 
in the context of a Web-based platform which 
offers, trades, and executes software as a service 
(Barros & Dumas, 2006; Janiesch, Ruggaber, 
& Sure, 2008).

Prior to design the service processes and 
the service concept, a service provider or a con-
sortium of service providers needs to agree on 
the services which are offered over the Internet. 
Those aspects are designed within a service 
concept (Bullinger, Fähnrich, & Meiren, 2003) 
or a business model (Osterwalder, 2004) and 
further refined by a business process model and 
an IT-oriented service concept. The Integrated 
Service Engineering ISE methodology has been DOI: 10.4018/jssmet.2011100101
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developed to support the engineering process of 
services in the context of the Internet of Services 
(Kett, Scheithauer, Weiner, & Weisbecker, 2009; 
Kett, Voigt, Scheithauer, & Cardoso, 2008).

Methodology

The basis of this work is the ISE methodology 
and its strategic perspective on a developing 
electronic business service. Relevant ap-
proaches for designing business models have 
been examined in the state-of-the-art by com-
paring the requirements from the viewpoint 
of organisations which collaborate to offer a 
service over the Internet. The major targets 
of applying business models in this context is 
to identify the crucial elements, describe and 
discuss them, assess the business model’s feasi-
bility, and finally, use and detail it in the further 
steps of ISE. None of the identified approaches 
sufficiently meet the targets. Therefore, a new 
approach for creating business models has been 
developed and integrated into the overall ISE 
methodology which is also shown in this con-
tribution. Finally, the business model approach 
has been tested and evaluated.

State-of-the-Art

In this section, the following three approaches 
which focus on business models have been 
identified and examined. The terms service 
concept and business models are used as similar 
expressions within this work.

Service Concept 
(Bullinger et al., 2003)

The service concept is part of the service engi-
neering process. Bullinger et al. (2003) introduce 
a structured approach for developing service 
similar to the technical discipline of product 
engineering. In this approach, three different 
models are subsumed in the service concept: Re-
source model, product model, and process model. 
Here, the participation of different partners in the 
service delivery process is not considered within 

the model as well as attributes which specify the 
model elements in more details. Also financial 
aspects are neglected.

e3-Value Ontology (Gordijn 
& Akkermans, 2003)

In comparison to the above-mentioned service 
concept, the e3-value ontology strongly con-
siders partner networks who offer a service. 
Therefore, the ontology differentiates between 
a value web perspective and a trust perspective. 
The value web perspective models the creation, 
distribution, and consumption of goods or 
services of economic value in a network of 
multiple enterprises and end-consumers. The 
goal of the methodology is to create a shared 
understanding of a business model for all actors 
involved, and to assess the potential profitability. 
However, the trust perspective describes how 
value webs can be expanded with trustworthy 
control procedures thus enhancing confidence 
of actors in each other to enable trading.

Business Model Ontology 
(Osterwalder, 2004)

Osterwalder suggests a generic meta-model for 
the business models development. He analyses 
14 different business model approaches in-
depth and derives a generic meta-model from 
the results.

For the generic meta-model, Osterwalder 
has chosen elements which are interior to the 
business model, service, customer interface, 
infrastructure management, and financial as-
pects and, thus, can be directly influenced by 
an organization.

The above-mentioned approaches have 
been examined towards the degree of meeting 
the above-mentioned major targets and com-
pared on the following five aspects (Table 1). 
The only approach which addresses all five 
aspects is the one from Osterwalder. However, 
the business model approach of Osterwalder 
does not meet the major targets since it does not 
provide the appropriate structure of describing 
the business model elements (complex structure 
and less relevant elements/attributes for the 
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service engineering context) and does not assess 
the business model’s feasibility. Nevertheless, 
the business model approach of Osterwalder 
provides a suitable basis for an improved ap-
proach which is integrated in ISE.

Business Strategist and 
the Strategic Perspective

Prior to introduce an approach for business 
model development, the key user needs to be 
assigned. Whereas, the roles of the functional-
technical view, such as business analyst, 
service architect, and a service developer, are 
considered in service engineering research 
and methods (Bose, Bieberstein, Fiammante, 
Jones, & Shah, 2005; Kett et al., 2009; Zim-
mermann, Krogdahl, & Gee, 2004), the roles of 
the strategic business-oriented view, such as a 
business strategist, are neglected[REMOVED 
REF FIELD] illustrates the relevant roles and 
the key position of the business strategist who 
acts between the market and the target custom-
ers, the partners, and the colleagues of the own 
organisation. The business strategist works 
with key service stakeholders to develop a 
strategic service concept which is also called 
business model (Kett et al., 2009).

The business model is passed to the fol-
lowing roles which further concretize the 
information in the subsequent steps of the 
service development process by designing 
complementary models (Kett et al., 2008).

In order to design a business model (Figure 
1), the following steps have been conducted by 
a business strategist:

1. 	 Specification of the target customers: The 
target customers need to be identified and 
relevant attributes need to be described.

2. 	 Description of the service: On the basis 
of the specified target customers the 
value proposition as well as the service 
is described. Here, the service itself but 
also the sales channels and the customer 
relationship needs to be specified.

3. 	 Design of the service delivery: When the 
target customers as well as the service 
are specified, the service delivery process 
including the required competencies, re-
sources and partners need to be fixed.

4. 	 Estimation of profitability: In order to 
have a coarse-grained estimation of the 
profitability of the business model for each 
partner, the costs and the revenues are es-
timated and the profitability is calculated.

Table 1. Comparison of business model approaches 

Aspect Explanation Bullinger et 
al., 2003

Gordijn & 
Akkermans, 

2003

Osterwalder, 
2004

Target  
Customer

Specification of the target customers and their 
characteristics. ● ○ ●

Service 
Description

Definition of the main features of a develop-
ing service. ● ● ●

Service  
Provisioning

Specification of the main elements of the 
service delivery process, i.e., key processes, 

competencies, and resources.
● ● ●

Profitability Estimation of the main costs and revenues to 
calculate the profit for each partner. ○ ●● ●

Partner 
Integration

Address aspects of integration of partners 
who provide competencies and resources for 

the service delivery process.
○ ●● ●

●● = Aspect is well covered, ● = Aspect is partially covered, ○ = Aspect is not covered
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The following section introduces a business 
model approach and its elements which are suit-
able for the ISE methodology. The integration of 
the strategic/market-oriented and the conceptual 
perspective is also shown (Figure 2).

The Strategic/Market-
Oriented and Conceptual 
Perspective

In a more detailed view on the first two perspec-
tives and some suggested models for applying in 
the context of the ISE methodology is shown. The 
perspectives are built on elements which provide 
detailed information about specific aspects.

For the modelling activities in the strategic/
market-oriented perspective, business strate-
gists focus on service concepts, respectively, 
on business models (Osterwalder, 2004) and 
answer the main question of “WHAT is offered 
as a service?”. The conceptual perspective, on 
the other hand, conceptualizes business models 
by asking “HOW is the service offered?”. The 
answers to those questions shape the elements 
of each perspective and dimension. The core 
elements of each perspective are shown in black.

The main question for each perspective is 
broken down in several key questions which 
help to specify each of the elements. In Table 
2, the key questions for both perspectives and 
dimensions are listed. In order to develop 

Figure 1. Roles and artefacts in the service engineering process (Kett, 2010)
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an electronic business service, the involved 
stakeholders should provide answers to those 
questions and subsequently detail the elements. 
In Table 2, behind each key question an ele-
ment is assigned in brackets. The suggested 
models which are shown in the black boxes at 
the bottom and at the upper right hand side of 
support the structuring of the information for 
each element.

Conclusion and Further 
Activities

The development of a business model, prior to 
design the business process model (business 
analyst) and the IT-oriented service concept 
(service architect), is vital for a network of 
business partners who want to collaborate to 
offer a service over the Internet. An adapted 

Figure 2. Integration of strategic/market-oriented and the conceptual perspective (Kett et al., 2009)
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Table 2. Key questions for the strategic/market-oriented and the conceptual perspective (Kett 
et al., 2009) 

Dimen-
sion

Key Questions for the 
Strategic/Market-Oriented Perspective

Key Questions for the 
Conceptual Perspective

Service

• What value is offered to the target customers? (Value 
Proposition) 
• What service is offered to the target customers? (Ser-
vice Offers) 
• How is the benefit of the service for the customer in 
comparison to the competition? (Service Offers) 
• What is the price level of the service? (Service Offers) 
• What distribution channels are used to address custom-
ers? (Distribution Channels) 
• What is the customer benefit of each distribution chan-
nel? (Distribution Channels) 
• How is the customer benefit of each distribution 
channel in comparison to the competition? (Distribution 
Channels) 
• What kind of customer relationship is aimed for? 
(Relationships) 
• What is the customer benefit for each kind of relation-
ship? (Relationships) 
• How is the customer benefit for each kind of relation-
ship in comparison to the competition? (Relationships)

• What are the concrete features of a service? 
(Functionality) 
• How can the service be described and cat-
egorized in order to be findable by the target 
customers? (Functionality) 
• What are the rights of the customer when 
using the service? (Legal) 
• What are the obligations of a service pro-
vider and the service users when applying the 
service? (Legal) 
• What are the penalties when one of the par-
ties does not fulfil their obligations? (Legal) 
• What certificates assure the quality of a 
service? (Trust) 
• What is the concrete benefit of the service 
for the target customers which is also pub-
lished in the Internet? (Trust)

Work-
flow

• Which processes are required for the service offering 
and delivering? (Business Processes)

• How is the concrete workflow planned? 
(Process Sequence) 
• What tangible, intangible, and human 
resources are required for the process? (Re-
sources)

People

• Which external cooperation partners are needed for 
conducting the process? (External Cooperation Partners) 
• What are the reasons for the partner cooperation? (Ex-
ternal Cooperation Partners) 
• What are their competencies? (External Cooperation 
Partners) 
• How is the strategic importance of the cooperation 
rated? (External Cooperation Partners) 
• How high is the potential that cooperation partners 
become competitors? (External Cooperation Partners) 
• How tight is the integration of the partners in the own 
IT-landscape? (External Cooperation Partners) 
• How easy can a cooperation partner be replaced? (Ex-
ternal Cooperation Partners) 
• What roles are needed? (Employees/Roles) 
• How many employees are required? (Employees/Roles) 
• What are their competencies? (Employees/Roles) 
• What customer segments are targeted with the service? 
(Target Customers) 
• What attributes characterize the customer segments? 
(Target Customers)

• Which concrete persons are involved in the 
service process? (personalized Stakeholders) 
• What IT-support is provided to the identified 
stakeholders? (IT Support) 
• In which organisational department are they 
located? (Organisation)

continued on following page
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model of the introduced business model ap-
proach has been tested within a network of four 
IT-providers to strategically design a Web-based 
platform to support the sales processes of sales 
representatives and manufacturers.

When applying this business model ap-
proach to electronic service engineering, a 
common language to describe the services 
is needed. A holistic description of a service 
which includes information about its business 
and technical features is essential for facili-
tating the search for the service, the decision 
making and its application/execution by the 
customers. In the THESEUS/TEXO research 
project the Unified Service Description Lan-
guage USDL (SAP Research, 2009a, 2009b, 
2009c, 2009d, 2009e) has been developed and 
will be further improved.

A Web-based editor is implemented to 
support the process of the business model 
development and the modelling of relevant 
information for the service description in USDL. 
Its integration into the following development 
phases by applying transformation techniques 
is targeted.
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Assets

• What rights are required on information, methods, and 
technologies (software/hardware)? (Tangible/ Intangible 
Resources) 
• What royalties need to be possessed? (Tangible/ Intan-
gible Resources) 
• What patents need to be owned? (Tangible/ Intangible 
Resources) 
• What copyrights/trademarks need to be possessed? 
(Tangible/ Intangible Resources)

• What kinds of IT-systems are needed? (IT-
systems) 
• How are the IT-systems connected? (IT-
systems) 
• What data are needed from a business-ori-
ented point of view? (Information exchange) 
• How are the data structured from a business-
oriented point of view? (Data structure)

Rules

• What kind of policy is followed? (Policy Statements) • What constraints need to be taken into 
account for the processes, the required 
resources, and the financial aspects? (Business 
Rules)

Finance

• What costs arise due to the service? (Costs) 
• How high are the estimated costs? (Costs) 
• How is the revenue for a service achieved? (Revenue) 
• What are the price models for a service? (Revenue) 
• What is the targeted amount of revenue? (Revenue) 
• How high is the profit for the service? (Profit) 
• How is the Return-On-Investment? (Profit)

• What are the concrete price models for the 
service? (Price) 
• What discounts are given? (Discount) 
• What payment methods are supported? 
(Payment) 
• What results are shown by a profitability 
analysis? (Profitability Analysis)

Table 2. continued
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1. Introduction

There is hardly a contribution in the field of 
innovation science not highlighting the im-
portance of research and development (R&D) 
strategies as the basis of competitive economies 
and companies, sustained economic long-term 
growth and the generation of prosperity and 
employment (Atkinson & Wial, 2008; Porter& 
Ketels, 2003). The ability to innovate is a key 
factor and highly influences future success, 
development and survival. Utterback’s (1994) 
study indicates, that entire industries can disap-
pear as a result of radical innovation.

In the past, we could observe closed, 
internal innovation structures being a suc-

Service Oriented Innovation 
Management:

An Open Innovation Approach for 
Collaboration in Innovation Networks

Michael Thieme, Institute for Applied Informatics (InfAI), Germany

Abstract
In this paper, the author introduces the idea of service oriented innovation management into the scientific 
discussion and gives an outlook on possible application. In this paper, the SOA-principles are adopted and 
applied in the field of innovation management with several stakeholders involved in the innovation process. 
Furthermore, a use case is presented in form of a management concept for an innovation center in the cre-
ative industries.

cessful strategy. By building their own R&D 
infrastructure and capabilities, large enterprises 
have been able to secure the internally gener-
ated knowledge and ideas as well as control 
their diffusion. Often cited examples are the 
Palo Alto Research Center (Xerox) and the Bell 
Labs (formerly Western Electric and AT&T, 
now Alcatel-Lucent). Nevertheless this strategy 
has several drawbacks, that intensify with the 
higher pace and competitiveness of the modern 
global economy (Chesbrough, 2011).

Today’s economic environment is charac-
terized by a shortened life-cycle of products and 
services as well as an increase in development 
cost and pressure to reduce the time-to-market 
of innovation projects (Ball, Wendell, Frantz, 
Geringer, & Minor, 2004). Furthermore, due to 
increased complexity innovative solutions and DOI: 10.4018/jssmet.2011100102
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products are increasingly not developed by one 
single company, but are more and more created 
cooperatively through an entire value chain with 
several companies involved (Cases, Bodner, & 
Mutnury, 2010). It is more and more essential 
to collaborate with other businesses, customers, 
institutions and even with competitors in order 
to include expertise not covered by the company 
itself into the innovation process.

Lately, we can observe a shift in innovation 
strategies. As a result the innovation process 
becomes more and more porous allowing the 
innovation projects to cross company bound-
aries. The open innovation paradigm provides 
the opportunity for idea exchange between dif-
ferent stakeholders and even competitors. This 
allows to pursue innovations that do not fit into 
the current company strategy (Inside-Out) or 
to commercialize ideas generated outside the 
company (Outside-In) (Chesbrough, Vanhaver-
beke, & West, 2006; Gassman & Ellen, 2006; 
Picot & Doeblin, 2009). Using open innovation 
in order to share internal and integrate external 
knowledge within the process of idea genera-
tion, research, development and commercial-
ization stages helps to reduce costs and risks 
of innovation schemes (Chesbrough, 2011).

For small and medium-sized enterprises 
(SME) it is vitally important to create innova-
tion networks, as they are frequently neither 
able to provide all skills needed in the R&D 
process due to limited human resources nor 
do they possess the financial capability to run 
a research laboratory. Therefore, SME need 
solutions to overcome their handicap and suc-
cessfully introduce innovations and help reduce 
costs and risks of innovation schemes. These 
developments and the resource disadvantage 
related to company size pose a major chal-
lenge especially for small and medium sized 
enterprises (SME) (von Ahsen, 2010).

Recently, one can observe the emergence 
of innovation labs which address these goals. 
The existing innovation labs are focused on 
certain topics, such as the ServLab at the 
Fraunhofer IAO in Stuttgart being specialized 
in simulation and development of services, and 

on technical and methodical expertise neglect-
ing the high share of innovation potential of 
SME. Furthermore, the applied concepts are 
linked to high investments in infrastructure 
and running costs. This implies a financially 
strong institution as carrier, e. g. the “Kitchen 
Budapest” is sponsored by Magyar Telecom. 
Easier access to such facilities and further 
development into innovation centers enables 
to include more stakeholders into the regional 
innovation ecosystem.

Literature on innovation management 
focuses mainly on large enterprises. Dedicated 
research on management approaches for SME 
has been neglected (von Ahsen, 2010). The 
presented work addresses this research gap and 
provides an approach for the collaboration in 
innovation networks. Thieme and Meyer (2011) 
describe how SME can profit from knowledge 
and resources existing research institutions 
and how this knowledge can be transferred. 
The innovation model is based on the idea 
of bottom-up innovations and focuses on the 
aspects of cooperation and knowledge transfer. 
This contribution focuses on the management 
aspects of different stakeholders involved in 
joint innovation projects. Developing innova-
tion networks and successfully implementing 
innovations calls for new collaboration and 
management approaches with new organiza-
tional settings.

The remainder of this paper is structured 
as follows: Chapter 2 presents the general idea 
of service oriented innovation management. 
Chapter 3 describes a use case based on this 
management approach. Chapter 4 discusses 
major obstacles and challenges and gives an 
outlook on future work.

2. Service Oriented 
Innovation Management

2.1. Service Orientation 
and the SOA-Principles

Service orientation is not a completely new 
concept. It is widely spread out and applied in 
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everyday life since the invention of division 
of labor. Erl (2005) demonstrates this in an 
illustrative example:

“Let´s take your average cosmopolitan city. It 
is already full of service-oriented businesses. 
Individual companies are service-oriented in 
that each provides a distinct service that can be 
used by multiple consumers. Collectively, these 
businesses comprise a business community. It 
makes sense for a business community not to 
be served by a single business outlet providing 
all services. By decomposing the community 
into specialized, individual outlets, we achieve 
an environment in which these outlets can be 
distributed.” (Erl, 2005, p. 32)

Service orientation is a design paradigm 
in software development enabling resources to 
be cleanly partitioned and consistently repre-
sented. The design principle is to separate things 
into independent and logical units. Applying 
service-orientation results in units of software 
partitioned into operational capabilities, each 
designed to solve an individual concern. These 
units qualify as services (Erl, 2005, p. 3).

Service oriented architecture (SOA) is a 
concept that uses service oriented design for 
the development of technical architectures. 
This approach consists of the so called SOA-
principles. Erl (2005, p. 37) describes these 
principles as follows:

•	 Standardized contract

Services adhere to a communications agree-
ment, as defined collectively by one or more 
service descriptions and related documents.

•	 Loose coupling

Services maintain a relationship that mini-
mizes dependencies and only requires that they 
retain an awareness of each other.

•	 Abstraction

Beyond what is described in the service 
contract, services hide logic from the outside 
world.

•	 Reusability

Logic is divided into services with the 
intention of promoting reuse.

•	 Autonomy

Services have control over the logic they 
encapsulate.

•	 Statelessness

Services minimize retaining information 
specific to an activity.

•	 Discoverability

Services are designed to be outwardly de-
scriptive so that they can be found and assessed 
via available discovery mechanisms.

•	 Composability

Collections of services can be coordinated 
and assembled to form composite services.

2.2. Service Oriented 
Innovation Management

Collaboration in innovation networks needs a 
management approach in order to pool resources 
and unlock the innovation potential of the 
participating stakeholders. The main thought 
of service oriented innovation management 
(SOIM) is to separate activities and resources 
within the innovation process and to define 
these as independent services that can be pro-
vided by different stakeholders according to 
their expertise.

In conclusion, a service matrix1 contain-
ing all resources is generated that can be used 
to identify the corresponding stakeholder. The 
course of action in such a setting is analog 
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to the process in SOA-based technical infra-
structures. The service provider, e.g., research 
institution, publishes his services (in this case 
his innovation resources) in a service directory, 
e.g., management institution in the innovation 
network. The service requester, e.g., a person 
with an innovative idea, contacts this institution 
and can get access to the service directory and 
to view the service description. The service 
requester identifies and contacts the adequate 
stakeholders according to the needed services 
and gets access to the demanded resources 
(Figure 1).

Applying the SOA-principles to a meaning-
ful extent to process management in innovation 
networks results in organizational logic that 
classify as service-oriented and units that 
qualify as services.

Discoverability, loose coupling and com-
posability ensure that resources can be allocated 
as they are needed and that the whole innovation 
process can be represented using various service 
providers. In combination with standardized 
contracts and reusability it increases efficiency 
by reducing initiation costs and using economy 
of scale. Autonomy ensures that the involved 
stakeholders are not forced to change their in-
ternal processes in order to be able to participate 
in the innovation network.

The challenge of adopting the SOA para-
digm in the field of innovation management is 

to separate and describe the services in such a 
way, that they fulfill these principles. Otherwise, 
the management approach will not provide the 
associated benefits like reduced opportunity 
costs, higher transparency, dynamic allocation 
of resources and higher efficiency.

3. Use Case: Innovation 
Network in the 
Creative Industries

This chapter describes a use case of the SOIM 
approach in the development of an innovation 
center for the creative industries in Leipzig.

3.1. The Starting Position

The creative industries are an economic factor 
of 3 to 4 billion € in the greater area of Leipzig. 
It consists of over 4.400 companies providing 
employment for about 44.500 people. In sum-
mary, the sector stands for 12% of the city’s 
value creation. A study on the situation of the 
economic actors in this cluster has been recently 
conducted for the greater Leipzig area (Bentele, 
Liebert, Fechner, & Nießen, 2010). The results 
conform to an earlier study conducted by the 
German government (Söndermann, Backes, 
Arndt, & Brünink, 2009).

The sector’s company structure consists 
almost entirely of SME, with a high emphasis 

Figure 1. SOIM triangle
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on very small enterprises. Almost every third 
company is a one-person-business. This leads 
to SME typical advantages and disadvantages 
like high flexibility, short reaction time and 
handicaps in human, technical and financial 
resources being rampant. Furthermore the 
sector is characterized by dynamic change. 
Many companies are founded of which many 
disappear within the first three critical years. 
In general, four out of five participants in the 
study are satisfied with the site related factors 
like low rents, a creative atmosphere and good 
infrastructure. One of the criticized points is 
poor economic promotion. The study also re-
veals that only every second participant knows 
about possibilities being provided in this field 
(Bentele, Liebert, Fechner, & Nießen, 2010).

To close this gap a concept for a regional 
innovation center has been designed that aims 
to overcome the SME specific restrictions 
by providing technical resources (e.g., tools 
for prototyping), knowledge (e.g., coaching, 
qualification) and help in acquiring financial 
means (Thieme & Fähnrich, 2011). Further 
superior intentions are to boost creativity and 
idea generation as well as the establishment and 
development of businesses. The starting position 
demanded the development of a new manage-
ment approach and concept for the innovation 
center in Leipzig, as there are significant minor 
financial means available compared to the pos-
sibilities of similar undertakings.

3.2. The Concept

The innovative milieu in Leipzig consists of 
various stakeholders providing a huge pool 
of knowledge, expertise and tools that can be 
used for the benefit of SME by implementing 
them into a holistic innovation management ap-
proach. Leipzig features a vast scientific scene 
consisting of three major universities and several 
other research institutions, like two Fraunhofer 
Centers, three Max-Planck-Institutes, a Helm-
holtz Institute and countless smaller research 
facilities. Apart from this many institutions 
offer various possibilities in fostering business 

development like coaching and consulting (e.g., 
the Sparkassenstiftung, the SMILE project) 
or organize industry meetings (e.g., Kreatives 
Leipzig for the creative industries).

The conclusion is that the resources needed 
are available but are distributed among many 
different stakeholders and therefore are difficult 
to identify and exploit. Therefore, the task of the 
innovation center is to make the resources easily 
accessible for SME. The management approach 
requires gathering all available resources and 
allows their dynamic allocation to particular 
innovation projects. The main goal is to use 
existing resources by creating an innovation 
network combined with an active management 
conducted by the innovation center. A second 
goal is to identify and offer resources that are 
not available in the regional innovation milieu.

The developed concept for the innovation 
center is based on two components: a module 
“FabLab” and a module “InnoLab”. The module 
FabLab contains all services in conjunction with 
support by technology, engineering and tools, 
e.g., prototype construction and simulation. 
The module InnoLab contains all services in 
conjunction with support by knowledge and 
coaching, e.g., research and development, 
qualification and networking.

The services in these modules are provided 
by various independent stakeholders that are 
associated to the innovation center by variable 
cooperation models. These service providers 
are independent distributed institutions. Their 
task is to provide their existing resources in the 
form of services under the roof of the innovation 
center. The innovation center acts as a cluster 
manager by organizing and coordinating these 
multiple cooperation. To this, the resources 
and skills of all members (service providers) 
in the innovation network are cataloged in the 
form of a service matrix containing all needed 
information to each service. The aim is to 
identify and offer services covering the whole 
innovation process using existing resources of 
the regional innovation milieu. A further aim is 
to identify services that are cannot be offered 
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using existing resources and establishing these 
as services provided by the innovation center.

The course of action in such a setting is as 
follows (Figure 2). At first, the service requester, 
thus a person or company with an innovation 
idea, approaches the innovation center. An 
“innovation coach” takes over the assistance (a 
support service offered by the innovation center 
so to say) to the innovation project. The first step 
performed is the identification of all needed ser-
vices in order to be able to accomplish the idea. 
The second step is to name the needed service 
providers using the service matrix and pool all 
stakeholders in a joint innovation project. The 
innovation coach accompanies the innovation 
project through the whole process and is the 
intermediary contact person.

4. Discussion and Future 
Work

This paper introduces the idea of service ori-
ented innovation management into the scientific 
discussion and gives an outlook on possible ap-
plication. The proposed management approach 
enables dynamic resource allocation that allows 

fast connecting and disconnecting of diverse 
stakeholders according to the essence of the 
innovation project. Applying SOA-principles 
in order to create independent innovation ser-
vices reduces costs and increases efficiency, 
e.g., reduced initiation costs through service 
description and standardized contracts. The 
challenge in practical application of the SOIM 
approach lies in clear separability, classification 
and description of the services. Collaboration 
with various service providers requires the 
development of applicable cooperation and 
pricing models that consider diverse specifics 
of the respective services.

The success of application in the use case 
study depends on several factors. First of all, it is 
necessary to assure permanent financial support 
in order to enable basic working ability of the 
innovation center. Building on that the acquiring 
of further funding in the form of government 
development subsidies and income through 
self-contained services need to be opened up. 
A further factor is acceptance and motivation 
of the stakeholder in the regional innovation 
ecosystem. As the potential service provid-
ers have own goals and cannot be forced into 

Figure 2. Concept illustration
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cooperation, collaboration with the innovation 
center depends on goodwill only. It is therefore 
necessary to create win-win situations between 
all stakeholders in the innovation process.

The next step will be to carry out a demand 
analysis regarding the support methods and 
tools needed in the creative industries. Based on 
this, the innovation center will be founded and 
first partnerships will be contracted. The aim 
is to gradually expand the network of service 
providers and the range of support possibilities 
provided under the roof of the innovation center.
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Customer Integration as 
Part of an Open 
Innovation Strategy

In a globalized world with increasing develop-
ment costs but shorter lead times and an ever 
increasing competition between companies and 
economic regions, innovation management is 
more relevant than ever before. In the past, 
self-contained internal innovation structures 
were a very successful strategy for quite some 
time. Now companies increasingly open up 
their innovative processes (open innovation) 
(Gassmann & Ellen, 2006), which promotes 
cooperation and an exchange of ideas that 
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Abstract
The positive effects of customer integration in corporate innovation activities are undisputed. Further, several 
concepts for an improved cooperation with customers have already been developed and even implemented 
in many cases. Most of these methods target a special group of customers, the so-called lead-users. Besides 
being proven as beneficial, this selected integration neglects the majority of a company’s human client inter-
actions which occur in the often centralized service centers, for example call centers. Many studies confirm 
the innovation potential of these existing, regular customer interactions. This paper presents detailed require-
ments as well as an overall solution system for the integration of these customer contacts via service centers. 
Therefore, existing research was combined with quality function deployment and service system modeling.

goes beyond the internal company structures 
(Chesbrough, 2003). This trend toward open 
innovation systems is also apparent in the field 
of customer integration in innovation processes 
(Picot & Doeblin, 2009). Studies confirm that 
open innovation processes and customer ori-
entation positively affect a company’s capacity 
for innovation (Bullinger, Haller, & Moeslein, 
2009; Akman & Yilmaz, 2008, p. 85ff, p. 95f).

Technical developments in information and 
communication technology play a major role 
in customer-driven innovation, especially in 
software development (e.g., design tools) and 
communication and networking (e.g., social 
media). Von Hippel calls this trend democra-
tizing of innovations (Von Hippel, 2009). He 
claims that 10 to 40 percent of customers in a DOI: 10.4018/jssmet.2011100103
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sector develop products themselves or at least 
modify them to meet their specific needs (Von 
Hippel, 2009). Interestingly, numerous authors 
and studies have already examined not only 
the benefits and advantages of active customer 
integration in the innovation process but also 
the resulting problems and pitfalls.

Potential and Challenges 
of Customer Integration 
in Innovation Processes

One of the advantages is the increased efficiency 
and shortened innovation cycles. Including 
the customer in the process not only raises the 
number of absolute ideas for new innovation 
projects but also produces ideas that are more 
realistic, more significant, and more likely to 
be implemented successfully. Actively involv-
ing the customer reduces uncertainties in the 
market and lowers the risk of not meeting 
the demands of the target audience (Herstatt, 
Stockstrom, Verworn, & Nagahira, 2006, p. 
48). Reciprocal learning processes and the joint 
creation of offers also allow further knowledge 
to flow into the innovation process, give the 
customer additional product knowledge, and 
convey an increased sense of customer prox-
imity (Luettgens & Gross, 2008, p. 32). When 
developing new services, it can be particularly 
important to include customers because they 
represent such a major part of the service itself. 
Observations suggest that companies involving 
customers in the development process tend to 
offer higher quality services than those that 
do not. A study performed by Matthing et al. 
(2004, p. 488) shows that customer ideas in the 
service sector are more innovative in a joint 
development setting with instruction provided 
by company employees. In summary, one can 
state that customer integration positively affects 
the efficiency of new services (Alman, 2006).

Science knows two problems that are not 
sufficiently taken into account when designing 
innovative processes. On the one hand, R&D 
departments focus too much on their own ca-
pability and the familiar solution space (“local 

search bias”). On the other hand, customers pos-
sess information about customer demand. This 
implicit knowledge is hardly accessible for the 
company (“sticky information”). By involving 
customers, this information can be obtained 
more easily and thus be incorporated in the 
solution finding process. The knowledge base 
created this way is difficult to imitate, which 
makes it a long-term competitive advantage. 
The customer therefore plays a central role in 
open innovation processes (Luettgens & Gross, 
2008, p. 30ff). Companies should value their 
customers’ opinions highly, incorporate them in 
the process early on, and aim for a close level 
of customer cooperation (Tan, Xie, & Shen, 
1999, p. 284).

Methods for Customer 
Integration in 
Innovation Processes

According to Pals et al., there are three catego-
ries used to classify methods for integration 
of customer needs in innovation processes 
(Pals, Steen, Langley, & Kort, 2008, p. 275f). 
The category “no direct user involvement” 
includes approaches that do not require ac-
tive customer participation but rather model 
customer behavior on the basis of a theory. 
This includes agent-based modeling. The cat-
egory “reactive user involvement” stands for 
methods based on reception and observation 
that allow conclusions to be drawn regarding 
customer behavior and customer needs. This 
includes, for example, Applied Ethography and 
Contextual Design. The third category, “active 
user involvement”, describes approaches that 
require active customer participation - the type 
of method relevant for this paper. This includes 
Participatory Design as well as the Lead-User 
Approach (Pals, Steen, Langley, & Kort, 2008).

The abovementioned methods and tools for 
including customers and users in the innovation 
process primarily focus on the active customers 
thought to be responsible for the lion’s share of 
innovative ideas (Boudreau & Lakhani, 2009; 
Von Hippel, 2006, p. 22). This means that 
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other types of customers are being neglected. 
Customers with low or non-existent technical 
product knowledge, high levels of satisfaction, 
slight dissatisfaction (Mueller, Meixner, & 
Wuenschmann, 2009, p. 397), low sales poten-
tial (Luethje, 2004), low exchange costs, and 
standard fields of application in particular are 
rarely included sufficiently by these existing 
options (Faenrich & Strehl, 2010, p. 82). This 
makes the results less representative and the 
information obtained using these methods less 
meaningful for the entire group of customers.

This raises the question whether there are 
valuable means of addressing a wider range of 
customers to integrate in the innovation process. 
One of the most prevalent means of customer 
integration is a survey, generally in the form 
of verbal interviews, brainstorming events, 
and focus groups (Tan, Xie, & Shen, 1999, p. 
279). The primary goal of these approaches is 
to understand how products or services are used 
and to facilitate customer feedback, for example 
regarding quality or problems that occurred.

Service Centers as 
the Primary Interface 
to Customers

The progress made in information and com-
munication technology, particularly the wide 
opportunities that the Internet offers, provides 
numerous possibilities for communication 
with customers. This includes, for example, 
providing toolkits that allow the customer to 
transform their ideas into concrete concepts, 
promoting innovation communities and inno-
vation competitions (Luettgens & Gross, 2008, 
p. 31; Bullinger, Haller, & Moeslein, 2009, p. 
1). Another option is to utilize front-line em-
ployees to communicate and gather customer 
information (Alman, 2006, p. 474). According 
to Herstatt, the customers are either contacted 
through the marketing department (48%) or 
directly through the R&D department (47%) of 
a company. Surprisingly, existing contacts in 
after sales and customer services clearly only 
play a minor role (13%) (Herstatt, Stockstrom, 
Verworn, & Nagahira, 2006, p. 48).

Most companies already have a broad 
base of customer contacts and information, 
which generally intersect in a company’s cen-
tral communication hub, often called service 
center. These central units create a promising 
platform that conveniently facilitates contacting 
customers regarding innovation topics (Read, 
2005, p. 45). This regular contact with custom-
ers provides prompt insight into standard usage 
patterns and individual customer demands. 
Therefore it seems to be an appropriate fit 
for an inclusion in innovation management 
as part of an open innovation strategy, not 
least because it provides cost-effective access 
(Mueller, Meixner, & Wuenschmann, 2009, 
p. 408) to a large number of customers. Calls 
regarding complaints or customer satisfaction 
provide versatile information that is relevant 
for innovation, yet rarely utilized (Haas & 
Troschke, 2007). This immediately raises the 
question: Why have these possibilities not been 
taken advantage of and why do service centers 
not add active innovation management to their 
task portfolio (Faenrich & Strehl, 2010, p. 82)?

Studies have identified significant deficits 
in all sectors, for example when it comes to 
analyzing complaints (Stauss & Seidel, 2007, 
p. 23f). Interestingly, these existing contacts 
are usually controlled exclusively by their ef-
ficiency indicators, such as short throughput 
times, efficient channel use, and initial resolu-
tion rates (Helber & Stolletz, 2004, pp. 41-42; 
Schumacher & Meyer, 2004, pp. 78-80). To 
include service centers in the innovation pro-
cess, new approaches, techniques, and adjusted 
processes are needed.

Numerous empirical studies have examined 
topics such as customer integration in innovation 
management, in service centers, and the utili-
zation of broad bases of customer contacts for 
innovation management (Ernst & Zerfaß, 2009; 
Jokisch, 2007; Pullen, De Weerd-Nederhof, 
Groen, Song, & Fisscher, 2009; Spann, Ernst, 
Skiera, & Soll, 2009). However, only methods 
and tools for individual lines of communica-
tion, primarily involving online communities 
and platforms, have been developed based on 
these studies. There are hardly any holistic 
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models, procedures, or technical solutions 
for service centers, the one part of a company 
that experiences the most frequent and most 
regular customer contacts (Faenrich & Strehl, 
2010, p. 82).

Requirements for 
Innovation Management 
within Service Centers

Our previous research already showed how 
peculiarities or restrictions of customer contacts 
in service centers can explain the abnormally 
low activation of existing potential (Faehnrich, 
Meyer, & Strehl, 2011). It indicated the presence 
of certain obstacles, such as language barriers 
or time restrictions, which must be addressed 
first in order for the potential to be utilized suc-
cessfully. Research did not detect any definite 
criteria that excluded certain customer contacts 
in service centers from use for innovation pur-
poses. Instead, it determined quite a number of 
reasons that support integration of the service 
center potential (Faenrich & Strehl, 2010, p. 
82). Integrating a broad customer base presents 
major advantages, such as results that are more 
representative, simple iteration options, detailed 
insight into usage patterns, direct transfer of 
information, short processing times as well as 
information that is deeper, more versatile, and 
higher in volume.

One of the prerequisites for the incorpora-
tion of service centers in existing innovation 
processes is the provision of dedicated IT sup-
port for automated information processing and 
transfer. This is necessary because of decentral-
ized structures in cooperation and knowledge 
exchange with external parties (Derballa, 2010, 
p. 289), automated, new, interactive forms of 
cooperation in open innovation (Rai & Sam-
bamurthy, 2006), the need for standardized pro-
cesses not only in innovation management but 
also in service centers (Fitzsimmons & Fitzsim-
mons, 2005) as well as higher requirements for 
internal processes (Heiss, 2009, p. 184; Meyer 
& Faehnrich, 2009, p. 137). As a starting point 
for customer innovation management in service 

centers, in the following abbreviated with KIS, 
the requirements of support solutions were de-
termined (Faehnrich, Meyer, & Strehl, 2011). 
The framework of requirements developed as a 
result is used as the basis for the development 
of solutions (Faehnrich, Meyer, & Strehl, 2011). 
The requirements that were identified in the 
process should be complemented by interdis-
ciplinary, constant, and inductive application 
based on the new observations (Galliers, 1992).

The individual requirements were assessed 
with regards to their necessity and capacity for 
success, clustered according to priority, and 
classified by topic within those clusters. Figure 
1 shows the requirement framework concept. 
The four clusters range from basic prerequisites, 
which are considered essential for any support 
solution, to low-priority requirements, which 
are defined as optional elements due to their 
restricted impact on the overall solution.

Transformation of 
Requirements into a 
Holistic Innovation 
System

Analyses have shown that customer contacts in 
service centers are suitable means for improv-
ing innovation management within a company. 
Based on the previously presented observations, 
one can model a support system and develop 
a relevant technical solution. The above-
mentioned requirement framework concept by 
Faehnrich, Meyer, and Strehl (2011) (Figure 1) 
is the basis for the development of a holistic 
support system. To transform the requirements 
into a system, the House of Quality concept 
(Cristiano, Liker, & White, 2000, p. 289) from 
the Quality Function Deployment method was 
applied, which is an established method used 
in quality management and engineering. It was 
primarily used to transform requirements into 
the necessary functionalities or features when 
designing solutions (Akao, 1992; Govers, 1996, 
pp. 46-47). In doing so, requirements and their 
respective functionalities were contrasted in 
a matrix in order to show dependencies and 
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determine the need for further functionalities 
(Prasad, 1998, p. 221).

An overall concept addressing all identified 
customer requirements was developed in sev-
eral iterative steps (Cristiano, Liker, & White, 
2000, p. 286). These steps were implemented 
with the help of experts. The practical aspect 
and the research aspect were equally taken into 
consideration. The functionalities may either 
be technical or non-technical because they are 
purely defined by the actual value they add. In 
the final product, each requirement from the 
requirement framework concept is specifically 
addressed by at least one functionality. This 
list of individual features was then checked for 
mutual dependencies and sorted according to 
chronological order and hierarchy. This process 
resulted in the creation of functionality groups, 
which we will call Services, and master groups, 
called Service Groups.

In the course of further solution develop-
ment, the starting points for operative solutions 
will at first be based on those functionalities that 
address basic requirements and/or high-priority 
requirements. In the empirical study, each ele-
ment in these priority levels was declared at 
least partially essential, and each of the elements 
were believed to achieve medium to high-level 

success in a KIS solution. Focusing on these 
two categories ensures that the solution is as 
efficient as possible. This will result in a high 
added value for those in charge of innovation 
and service centers while still keeping the 
complexity of the functionalities simple. Since 
the lack of solutions in this field is currently 
so significant, this topic must be approached 
in small development steps. Judging purely 
by the developments around agile software 
development, this method of short, iterative 
steps is becoming increasingly popular in the 
IT field (Schwaber, 2007; Wolf & Bleek, 2010). 
It also allows the solution to be evaluated more 
frequently during development while increas-
ing the quality and raising awareness for the 
KIS solution inside the corporation, which is 
essential for this solution.

A complete, clearly structured presentation 
of the solution system is absolutely necessary for 
exact technical implementation. To adequately 
show the chronological and hierarchical struc-
tures of the functionalities, the Service System 
modeling technique by Boettcher was used 
(Boettcher, 2009). This technique was devel-
oped primarily to structure diverse, complex 
service and product offerings with numerous 
individual components. This allows the various 

Figure 1. Overall model of requirements
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individual components to be consolidated into 
a single overall service system as part of this 
paper. The underlying Meta model distinguishes 
four dimensions: resources, services, products, 
and processes (Boettcher, 2009).

A total of 96 individual functionalities 
were determined in the process of developing 
the requirements and they were condensed 
into 13 Services. Based on those Services, five 

Service Groups were determined: collecting 
customer information, information processing, 
development of innovation idea, verification and 
evaluation as well as management and report-
ing. Figure 2 shows the Service and Service 
Group structure.

A total of 71 features were identified as 
core functionalities. These were checked for 
dependencies with regards to their hierarchical 

Figure 2. Service groups and services for KIS

Figure 3. Process and product model for first service group
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and chronological order. Figure 3 shows an 
exemplary model which is limited to the first 
Service Group due to space restrictions. In this 
group, two services are always addressed. Each 
information must be prequalified and then 
entered. The process of entering information is 
always tied to a prior assessment of relevance. 
While the integration of existing data sources 
is an important service, it is not a necessary 
part of each information transfer. This simplifies 
information entry outside of the service center. 
Only if a strategic component is selected during 
information entry, the integration of strategy-
related data is necessary.

For the integration of existing data, the 
image shows five optional elements that may 
be executed depending on necessity. Only the 
quality check is mandatory. The same applies 
to prequalification. With the exception of the 
innovation relevance evaluation, all other ele-
ments are optional. After this mandatory as-
sessment of relevance, the information is entered 
directly along with a title and the subsequent 
obligatory elements, such as description and 
customer selection. A data entry is created each 
time the completeness check has been performed 
successfully. An additional restriction shows 
the negation between indication and detailing 
of the reference framework. Detailing cannot 
occur without the prior indication of the refer-
ence framework.

Summary and Further 
Research

The previous sections described the special 
role that customers play in innovation as well 
as the lack of suitable integration of innovation 
in service centers. Requirements, components, 
and holistic solutions for this type of integra-
tion were compiled based on this assessment. 
In order to turn the holistic, ideal KIS solution 
concept into a support solution that can actu-
ally be implemented, the focus of our future 
research is on developing this solution and 
testing it in operations. One of the most basic 
questions to be determined is whether the KIS 

solution is as promising of an option for the 
future as previously discussed. We must also 
determine whether additional functionalities are 
to be added to the just presented overall KIS 
concept. This might include, for example, practi-
cal amendments from the previously discussed 
non-mandatory functionalities. Those non-core 
functionalities would primarily meet require-
ments of low to medium priority but would still 
add value to the existing core solution. Legal 
restrictions must be investigated as well, such 
as the implications of recording customer data.
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1. Introduction

Services and the service industry are becoming 
an increasingly important part of the 21st cen-
tury global economy (Chesbrough & Spohrer, 
2006). The pursuit of a better understanding 
of the development of new services has given 
rise to a new research direction known as Ser-
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Abstract
The ability to design innovative services is an important capability for organizations in the 21st century. 
Although innovation is the fundamental force to create a sustainable business, many organizations, especially 
mature organizations, struggle to develop innovative services. This paper offers a method for managing 
service innovation projects in mature organizations. The method is described using the elements of method 
engineering. Its relevance is evaluated through an exploratory case study at the intersection of business and 
IT, focusing on a German financial services provider that sought to develop new IT-based service innova-
tions. Information technology plays a major role as an enabler for a broad range of innovative services, and 
IT organizations are in a unique position to design services in collaboration with business units to address 
evolving customer requirements. The key finding of this case study is that while processes, methods, and tools 
are important for managing service innovation projects, socio-technical aspects such as context, environment, 
team management, and project setup also are essential for the successful design of innovative services. The 
current literature provides rudimentary guidance in these areas, yet a thorough description of these factors 
and their integration into a complete method has not yet been documented.

vice Science, Management, and Engineering 
(SSME). Several models exist that describe the 
process of service development and engineer-
ing (Kingman-Brundage & Shostack, 1991; 
Edvardsson & Olsson, 1996). These models are 
narrow in that they focus solely on the service 
development process and activities and less on 
the environment in which these process and 
activities take place. Johnson et al. state that 
effective new service development projects DOI: 10.4018/jssmet.2011100104
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are characterized by their successful use of and 
management of enablers such as teams and tools 
and propose this as an opportunity for future re-
search (Johnson, Menor, Roth, & Chase, 2000). 
The method described in this paper contributes 
toward this research problem by providing in-
sights from a real-world service design project 
in the financial industry where special attention 
has been given to the enabling factors such as 
team constellation, organizational environment 
and IT infrastructure.

This extension of scope in new service 
development is necessary because many or-
ganizations, especially those that are mature, 
struggle to develop innovative new services and 
products due to a lack of access to the resources, 
processes, and strategies that are needed to spark 
innovation (Dougherty & Hardy, 1996; Leifer, 
Gina Colarelli, & Rice, 2001). Several studies 
have suggested that overcoming this obstacle 
requires a different management approach 
capable of supporting not only incremental in-
novation, but also breakthrough innovations in 
mature organizations (Jolivet, Laredo, & Shove, 
2002; O’Reilly & Tushman, 2004).

The design methodology that we have 
applied in this case study has its roots in me-
chanical engineering education and has been 
practiced for more than 40 years at a leading 
U.S. engineering school (Dym, Agogino, Eris, 
Frey, & Leifer, 2006; Carleton & Leifer, 2009). 
It is an iterative, prototyping, and user-centered 
methodology to solve problems and develop 
engineering solutions (Carleton, Cockayne, 
& Leifer, 2007; Skogstad, Currano, & Leifer, 
2008); artifacts and results that have been re-
alized using this methodology have received 
several innovation awards (Wilde, 2008). Based 
on these successes, we have decided to apply 
this methodology in a business context, and have 
transferred it from the mechanical engineering 
domain to the service design domain. The trans-
fer of an established concept from mechanical 
engineering to industrialize and professionalize 
the service development process represents an 
innovative - and potentially fruitful - solution 
(Zarnekow, Brenner, & Pilgram, 2006; Walter, 
Böhmann, & Krcmar, 2007). The methodology 

is described by following the principles of 
method engineering and design science.

Additionally, the selection of this meth-
odology contributes to the increasing interest 
and the intensified academic discourse on 
“design thinking” as a new approach for the 
development and management of innovation 
(Dunne & Martin, 2006; Dym, Agogino, Eris, 
Frey, & Leifer, 2006; Brown, 2008). We define 
design based on the definition advanced by 
Dym, Agogino, Eris, Frey, and Leifer (2006), 
namely, as ”[…] a systematic, intelligent pro-
cess in which designers generate, evaluate, 
and specify concepts for devices, systems, or 
processes whose form and function achieve 
clients’ objectives or users’ needs while satis-
fying a specified set of constraints”. While the 
first generation of design research leveraged the 
field of operations research to decompose com-
plex problems into smaller, more manageable 
components, the second generation of design 
research shifted toward understanding design 
as a social process (Beckman & Barry, 2007). 
The method described in this publication reflects 
this understanding and the application of this 
method in an organization provides insight into 
the social context of design and innovation and 
contributes to the investigation of how design 
processes can be improved.

The formal description of a method for 
managing service innovation projects in mature 
organizations and the application in a real-world 
environment will contribute meaningfully to 
the literature on service design and innova-
tion in organizations, and will seek to shift 
the research focus from the current, narrowly 
circumscribed view, which regards service 
design as a discrete activity, toward a broader, 
more holistic view that conceptualizes service 
design as one component of an organization’s 
overarching innovation framework.

2. Method Description

The method description for this service innova-
tion management method has been developed 
following an iterative approach. In the first step, 
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the method has been transferred from the context 
of mechanical engineering into the domain of 
service design. The description in that case was 
very abstract and did not follow any formal 
description. After that, the method was used in 
academic courses as well as industry projects 
and new findings have been integrated into the 
method after each iteration. Finally, the vague 
description of the method has been formalized 
using the principles of method engineering. 
Figure 1 shows the different development steps 
of the method that it has experienced in the 
course of approx. 30 months.

2.1. Meta-Model for Method 
Engineering

Methods are a well-established artifact in IS 
design science research (Braun, Wortman, 
Hafner, & Winter, 2005; Winter, 2008). Method 
engineering is a sub-domain of the domain busi-
ness engineering and is used to create the base 
for systematic, repeatable processes compared 
to ad-hoc processes (Österle & Winter, 2003). 
Meta-models are used to describe the elements 
that form a method as well as to structure the 
artifacts of the method. A method consists of 
several distinct elements that are in relationship 
with each other, the elements and relationships 
are defined in a meta-model (Heym, 1993; 
Gutzwiller, 1994; Österle & Winter, 2003).

Figure 2 shows the meta-model for this 
method proposed by Wortmann (2005), which 
is an extension of the initial meta-model for 
method engineering developed by Heym (1993) 

and Gutzwiller (1994) as it contains additional 
elements and a detailed description of the re-
lationships between the individual elements. 
The notation used to describe the meta-model 
is UML.

The meta-model describes the elements 
that need to be defined with a method as well 
as the results that are created with this method. 
As we can see in Figure 2 the meta model of 
the method consists of results and a meta-
model that describes these results. Therefore, 
the definition of another meta-model that de-
scribes the artifacts of this method is required.

2.2. Design Thinking 
Coaching Method

The method described in this publication for the 
management of service innovation projects in 
mature organizations is called “Design Thinking 
Coaching”. Figure 3 shows the meta-model of 
the results of the method and includes the role 
model in order to differentiate the activities and 
results that are created by the different roles.

It is important to note that this method does 
not just include design artifacts as its results 
(i.e., innovative new services, prototypes, results 
of user research) but also the organizational 
structure and overall process to setup such a 
project in a mature organization. Therefore, 
also elements such as project plan, problem 
statement, project structure, etc., are specified 
and included in this method.

Table 1 shows the elements and a brief 
description of these elements. The sub-elements 

Figure 1. Iterative development of the method
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Figure 2. Extended meta-model of method engineering based on Wortmann (2005)

Figure 3. Meta-model of the method
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that are derived from the elements project plan, 
project organisation, project proposal, resources 
and results are not described explicitly.

Since the activities and results are created 
by different roles, the meta-model in Figure 3 
also contains the different roles. The individu-
al roles are described in Table 2.

2.3. Main Process

The actual process of the method is shown in 
Figure 4. This process consists of the three 
main phases Preparation, Design and Speci-
fication as well as the sub phases for these 
three main phases.

Each of the three main phases consists of 
several sub phases which are shown in dedi-
cated figures. Figure 5, Figure 6 and Figure 7 
shows the sub-phases which also contain the 
activities. Since a thorough description of all 
activities would go beyond the scope of this 
publication they are not included in the descrip-
tion of this method.

2.4. Preparation

In the preparation stage the necessary require-
ments for the project are defined. This includes 
the provision of resources (i.e., rooms, IT-
infrastructure, budgets), the project schedule 
as well as the selection of team members and 
training of the team. This phase ends with an 

official kick-off event in which the team, cli-
ent, coaches and community participate to set 
a common starting point for the further project.

Figure 5 shows the sub-process prepara-
tion of the environment and preparation of 
the team as well as the activities performed in 
these phases. While one could argue that this 
process is present is every project, the explicit 
inclusion in the method description emphasizes 
the importance of this phase to set the right 
environment for a successful project.

As we can see in later sections of this pub-
lication especially the selection and training of 
team members needs to receive special attention.

2.5. Design

This sub-process consists of the actual design 
process followed by the team. Based on the 
engineering design method defined by Car-
leton and Leifer (2009), the core design cycle 
forms the base of the iterative design process 
and consists of five stages. The fundamental 
stages of the core design cycle are based on the 
innovation process as defined by Owen (1998) 
and adapted by Beckman and Barry (2007), and 
is shown in Figure 6.

This design circle is performed continu-
ously during the design process, with a scope 
that shifts from problem definition, user re-
search and idea generation in the early stages 

Table 1. Results of the method 

Element Description

Design Thinking 
Coaching Project

The overall project that is established to run an innovation project within a mature organization.

Project Plan Describes the overall process for the project and incorporates requirements based on the 
project description, project schedule, milestones and coaching concept.

Project Organization Describes the project structure and includes the concretization of roles and responsibilities 
and team selection.

Project Proposal The project proposal is defined by the client and forms the basis for the project by defining 
the initial problem statement as well as solution constraints.

Resources Dedicated resources are necessary for the project team in order to work together on the project. 
These include rooms, IT infrastructure and budget.

Design Artifacts Design artifacts are the result of the design process in which the design team performs research, 
creates prototypes and tests the prototypes to learn about them.
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Table 2. Roles and description 

Role Description

Administrator The main contact person in the organization that will manage all administrative aspects of the 
project to provide a supportive environment and act as a bridgehead between the company and 
the design team.

Coach Experts who are very familiar with the method and who are supporting the team during the pro-
cess and help them reflect on the design and innovation process. They are not directly involved 
in the decision making processes but plan the overall project together with the administrator.

Team The team consists of several team members with different skills, personalities and experience 
to form a heterogeneous team. There is no dedicated project leader or decision maker, decisions 
will be made in the team.

Community The community is a group of employees within the organization who provide expert knowledge 
and feedback to the design team during the design process.

Client The client is the main internal stakeholder who sponsors a project, defines the problem statement 
and solution constraints and who will guide the team during the project in their decision making.

Stakeholders These are other relevant stakeholders in the organization that might be directly or indirectly 
affected by the project. The administrator will constantly engage with these stakeholders to 
ensure that they are informed of the project and support it.

Customers This is a group of people who forms the target group for the desired solution.

Figure 4. Overall process of the method
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toward prototyping and user testing in the later 
stages. The early iterations emphasize divergent 
questioning, in which the “questioner intends 
to disclose the alternative known answers and 
to generate unknown possible ones” (Dym, 
Agogino, Eris, Frey, & Leifer, 2006). This leads 

to divergent thinking, where the questioner 
moves from facts to possibilities with genera-
tive design questions. The later prototypes are 
converging where the questioner asks deep 
reasoning questions to converge by revealing 
concrete facts (Dym, Agogino, Eris, Frey, & 

Figure 5. Sub-process preparation

Figure 6. Sub-process design

Figure 7. Overall design process depicting diverging and converging stages



32   International Journal of Service Science, Management, Engineering, and Technology, 2(4), 25-41, October-December 2011

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Leifer, 2006). One essential principle of this 
approach is to preserve ambiguity during the 
design process, quelling the tendency to elimi-
nate it and converge toward a particular solution 
(Dym, Agogino, Eris, Frey, & Leifer, 2006). 
The core design cycle, as well as the different 
prototype milestones, is shown in Figure 7, 
along with the names assigned chronologically 
to the individual prototypes.

Iteration 1: Critical Function Prototype

The aim of this phase is to better understand 
the given problem statement and the overall 
problem domain, as well as to identify the 
critical functional requirements of a potential 
solution. Tasks in this stage include seeking 
to understand customers and their needs and 
behavior, as well as attempting to understand 
and screen new technologies and business 
models as possible sources for idea generation. 
These activities form the major components of 
the first stage of the design process and based 
on the insights gathered in this stage a set of 
prototypes is implemented to provide solutions 
to the identified critical functions.

Iteration 2: Darkhorse Prototype

After the problem has been addressed for the 
first time in the critical functional prototype 
phase, the second prototype phase, the so-called 
darkhorse phase, allows the design team to 
restart their approach and pursue a different 
direction. The motivation for this is twofold. 
First, it allows the team to address the problem 
from a different perspective, allowing a broader 
range of potential solutions to emerge. Second, 
the darkhorse stage allows design teams to 
experiment with high-risk solutions that may 
have been considered too risky in the first phase, 
but could ultimately provide a breakthrough 
solution to the problem, as has been the case in 
countless projects in the academic environment.

Iteration 3: Integrated Prototype

The FunKtional Prototype aims to integrate and 
combine the different prototypes that have been 

developed in the previous stage into a coherent, 
holistic concept or vision statement that acts as 
the point of reference for the later stages of the 
design process. This phase also consolidates the 
customer feedback from the previous stages to 
ensure that the defined vision meets customer 
requirements.

Iteration 4: Functional Prototype

The Functional Prototype phase marks the 
milestone when the team defines the scope 
of the final solution that will be delivered at 
the end of the project. This prototype is also 
essential for the internal customer, because 
at this point of maximum diversification, it is 
possible to define the cone in which the team 
should converge.

Iteration 6: X-is-Finished Prototype

The X-us-Finished Prototype hast the goal that 
one functionality or feature of the final solu-
tion is developed to a stage that is finished and 
represents the state of the final solution. This 
helps the design team to better estimate the 
required efforts to develop the final solution.

Iteration 6: Final Prototype

The Final Prototype in most cases consists 
of several other previous prototypes that ulti-
mately are integrated into a coherent concept. 
The sequential stages of the prototype for the 
interactive financial advisory services are shown 
in Figure 8.

2.6. Specification and Transfer

A design can only be seen as effective if it 
can be implemented within an organization. 
Any design or idea that is created without 
giving thought to its implementation will face 
challenges when it comes to a larger roll-out. 
Therefore the sub-process “Documentation 
and Specification” is of major importance to 
ensure a transfer from the project team into the 
organisation is possible. The documentation of 
the results as well as the process ensures that 
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data gathered during the project will be avail-
able at a later stage to ensure that successes 
and opportunities can be explored and failures 
can be prevented.

Figure 8 shows the processes and sub-
processes for the documentation of the service 
innovation project and the transfer into the 
organization.

3. Application of Method 
in a Mature Organization

The method has been applied in several projects 
in academia as well in industry. The applica-
tion described in this publication is based on a 
four-month project within the IT organization 
of a large German financial services firm that 
took place from August to December 2009 
(binding non-disclosure agreements prevent 
explicit mention of the firm’s name). The 
project was initiated within the firm’s IT unit 
to develop new IT-based services based on an 
initial problem definition that was devised by 
the business department.

The researchers in the current study apply 
the engineering design methodology described 
by Carleton and Leifer (2009) to evaluate its 
application and usefulness in an organizational 
context, following the participatory action re-
search approach based on Susman and Evered 
(1978), Baskerville and Wood-Harper (1996), 
and Checkland and Holwell (1998). To do this, 
we have collaborated with the IT unit of a major 
German financial services provider to create an 

environment that supports the service design 
project, as well as our research activities. The 
researchers acted as coaches and trainers to the 
design team for the application of the engineer-
ing design methodology while at the same time 
conducting interviews and performing surveys 
to gather the data necessary to address the 
research questions.

When designing a research methodology, 
one crucial decision is determining whether 
the study will employ a deductive, quantitative 
approach or an inductive, qualitative approach 
(Hussey & Hussey, 1997). Because the current 
study seeks to explore a new research domain, 
the use of an inductive, qualitative approach 
such as the case study method (Eisenhardt, 
1989; Yin, 1994; Stake, 1999) is appropriate.

In order to achieve a high-quality case study 
design, it is important to consider the issues of 
construct validity and internal validity (Yin, 
1994). Construct validity refers to establishing 
suitable operational measures for the concepts 
that are being studied. In this research, this was 
achieved by basing the study’s questionnaire and 
analytical framework on previous theoretical 
and quantitative research, as shown in Table 3.

Internal validity refers to the reliability of 
a study and whether the variables that have 
been chosen are sufficient to describe and ex-
plain the topic under investigation. To ensure 
internal validity, we have conducted semi-
structured interviews with each member of the 
design team, as well as with other key com-
munity members, after each major project 
milestone. Altogether, 38 interviews were 

Figure 8. Sub-process “Specification and Transfer”
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conducted, recorded, transcribed, and analyzed 
(20 with the design team and 18 with commu-
nity members). Second, the design team an-
swered a weekly questionnaire that sought to 
observe certain parameters and characteristics 
of the design project; a total of 72 questionnaires 
were completed by the four design team mem-
bers over the 18-week duration of the project. 
Additionally, pertinent observations made by 
the trainer were recorded in a project diary that 
was updated on a weekly basis.

3.1. Prerequisites 
and Environment

In order to foster an innovation-friendly envi-
ronment within the case organization, several 
prerequisites had to be established. Then nature 
of these prerequisites came from coaches who 
have previously applied this method in the 
academic environment and who were able to 
use their knowledge to recreate a similar envi-
ronment within the organization.

Defining the Project Proposal

The initial project proposal was based on a 
solely technical premise, and aimed to de-
veloped applications for Microsoft Surface 

computers. Even though an existing application 
had already been transferred to this comput-
ing platform, the firm’s business departments 
were looking for new approaches to engage 
customers with this technology. Therefore, the 
project proposal was shifted from one with a 
wholly technical perspective toward a broader 
strategic business perspective.

One challenge for financial services pro-
viders is the increasingly prevalent use of self-
service technology, which reduces the number 
of personal interactions between employees 
and customers. Despite the convenience that 
self-service options offer, employee-mediated 
interactions are important to allow employ-
ees to identify customer needs and provide a 
customized, individualized financial advisory 
experience. Based on this challenge, the fol-
lowing problem statement was defined in the 
project proposal:

How can we stimulate customer interest, allow 
customers to signal their interest, and then 
create a unique, customized personal financial 
advisory experience?

This problem statement shifted the focus 
from the technical and business aspects of the 
project toward the needs and interest of the 

Table 3. Literature research on relevant research areas 

Research Area Previous Research

Team Configuration: What personality types are necessary for a high-
performance design team? What is the configuration of the team? What is the 
influence of the configuration on the process and project outcomes?

(McDonough, 2000; Kratzer, 
Leenders, & Engelen, 2004; 

Kratzer, Leenders, & Van 
Engelen, 2005; Skogstad, Cur-
rano, & Leifer, 2008; Wilde, 

2008)

Perception: How are the specific aspects of an innovation project (insecuri-
ties, creativity, ambiguity, etc.) perceived within the corporate environment?

(Dym, Agogino, Eris, Frey, & 
Leifer, 2006)

Success Factors: Which factors within the team and the organization are 
necessary for a successful project flow and outcome?

(Stake, 1999; Johnson, Menor, 
Roth, & Chase, 2000)

Operational Challenges: Which factors within the organization negatively 
affect the performance of the design team?

(Dougherty & Hardy, 1996; 
Klein & Sorra, 1996; Leifer, 
Gina Colarelli, & Rice, 2001; 
O’Reilly & Tushman, 2004)
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customer or end-user, creating the basis for a 
solution that could incorporate both technical 
improvements and heightened service quality 
and responsiveness.

Team Selection

The design team consisted of four interns who 
were recruited using the existing internship re-
cruitment processes in place in the organization. 
This process is relevant for two reasons. First, the 
students had no previous design experience or 
financial services industry experience. Second, 
the selection of students was based primarily 
on the firm’s existing recruitment guidelines 
and did not incorporate any specific aspects 
that have proven to be relevant in the effective 
creation of design teams.

One such consideration is team diversity. 
It has been shown that highly diverse teams 
consistently achieve superior outcomes (Leifer, 
1998; Wilde, 2008). ‘Teamology,’ a methodol-
ogy based on the Myers-Briggs personality 
test, helps to identify the personality traits and 
cognitive modes of individuals, and, by follow-
ing an algorithm, to select members and form 
teams comprising a broad range of personality 
types (Wilde, 2008).

Table 4 shows the dominant cognitive 
modes that were present in the design team, 
according to the Teamology model. It should 
be noted that while the team incorporates each 
one of these cognitive modes, no single mode 

is particularly strongly represented; one dimen-
sion (Introverted Thinking/Analysis) is almost 
completely absent.

Project Environment

The design team consisted of four recent gradu-
ates who were coached by method trainers to 
apply the design thinking methodology and 
to develop solutions to the defined business 
problem. The trainers also facilitated the dis-
semination of new concepts and techniques (i.e., 
ethnography, brainstorming, prototyping, user 
testing, and problem reframing), since the team 
members had not previously employed these 
approaches. The liaison, who functioned as the 
chief decision-maker that steered the project 
team and defined the problem statement, also 
provided feedback about the individual proto-
types. The stakeholder group representatives 
included several employees of the financial 
services firm with expert knowledge in certain 
domains (i.e., software development, hardware, 
market research). Another group of employees 
formed the largest stakeholder group, known as 
‘the community,’ which provided feedback on 
the developed prototypes at major project mile-
stones through semi-structured questionnaires.

Infrastructure

Each member of the design team was issued a 
corporate laptop computer and granted access to 

Table 4. Cognitive modes of design team based on MBTI; maximum score is 20 

ES EN ET EF IS IN IT IF

Extra-
verted

Extra-
verted

Extra-
verted

Extra-
verted

Intro-
verted

Intro-
verted

Intro-
verted

Intro-
verted

Sensing Intuition Thinking Feeling Sensing Intuition
Think-

ing Feeling

Experi-
ment Ideation

Organiza-
tion

Commu-
nity

Knowl-
edge

Imagina-
tion Analysis

Evalua-
tion

Team Member 1 0 5 0 7 0 3 1 0

Team Member 2 0 0 0 0 0 8 0 4

Team Member 3 3 3 3 0 0 0 0 1

Team Member 4 0 0 8 0 14 2 0 8
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the IT resources that are available to every em-
ployee in the organization (e.g., remote access, 
printing, etc.). Additionally, the team was able 
to use a Microsoft Sharepoint Server for col-
laboration, as well as an Atlassian Confluence 
used as a team wiki for documenting the design 
process. In addition to this IT infrastructure, the 
team was given office space in the corporate 
“innovation lab,” which was a prototype for a 
future work environment designed to support 
collaboration.

3.2. Design Process

The design process followed steps that are 
described in Section 2.4. The sequential stages 
of the prototype for the interactive financial 
advisory services are shown in Figure 9.

4. Findings

The following sections offer the findings and 
observations made during the study.

4.1. Effectiveness of the Method

From an organizational perspective, the project 
has been deemed a success, having achieved 
an outcome that exceeded initial expectations. 
Based on the result of this project, management 

has decided to pursue additional projects using 
the design-thinking approach, with the goal of 
building up the necessary knowledge to oversee 
similar undertakings within the organization; 
this indicates that the design-thinking approach 
has the potential to bring significant value to 
an organization seeking to increase its innova-
tive capacity.

4.2. Team Configuration

Team Member Selection 
Based on Personality Tests 
not Permitted by Law

In order to achieve optimal team diversity, it 
is beneficial to consider the personality traits 
of potential team members. However, labor 
laws in Germany and many other countries do 
not permit information to be collected about 
employees that could be used in a discrimi-
natory manner, and Teamology personality 
assessments could be construed to fall into 
this category. The information about the in-
terns could only be collected by ensuring the 
anonymity of the individual team members. 
Therefore, in some organizations, selecting 
team members based on Teamology or any 
other method that identifies individual traits 
or characteristics is not possible.

Figure 9. Selection of actual prototypes of the design process
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Lack of Project Leader Puts Full 
Responsibility on the Design Team

Since the methodology did not allow for the 
designation of a team leader or project man-
ager, the team’s decisions had to be determined 
through lengthy discussions in which all four 
team members debated each course of action. 
To outsiders, this approach appeared to be 
inefficient and unnecessarily lengthy, but team 
members reported that the extensive discus-
sion helped them to identify the best potential 
solutions. Furthermore, we observed that this 
process resulted in greater consensus and sup-
port of the team’s final decisions, a finding 
that was confirmed in the interviews and that 
may have important implications for coaches 
or managers supporting team projects.

Existing Recruitment Processes 
Tend to Eliminate Candidates 
Needed for a Diverse Team

To some extent, the interns who participated 
in the project shared similar personality traits, 
educations, and backgrounds, with the notable 
exception of the mechanical engineering student 
who represented something of an anomaly; 
existing recruitment processes in place at the 
firm render it difficult to assemble a truly di-
verse team. During the project, it was observed 
that the team experienced difficulty generating 
truly radical ideas and concepts; instead, they 
hewed to a more conservative approach to 
problem solving. This may be attributed to the 
fact that none of the team members possessed 
dominant extroverted, intuitive and imaginative 
personalities. Additionally significant coaching 
was necessary to induce the team members to 
conduct user research and to perform user test-
ing in various public locations.

4.3. Perception

Different Understandings of 
Innovative Environments

One salient observation made during this project 
is that different stakeholders in the organization 

harbored a wide range of perceptions about 
what it means to work in a creative, innovative 
environment. In this project, it was observed 
that the once-orderly office devolved into a 
somewhat chaotic environment full of sticky 
notes for brainstorming and toys and tools for 
prototyping. If certain stakeholders are irritated 
by this approach it is the responsibility of the 
bridgehead to communicate the characteristics 
of the design methodology and ensure the sup-
port of this stakeholder. Otherwise the support 
for fostering such an environment could erode 
and negative attitudes can emerge.

Embracing Radical New Ideas

Typically, the darkhorse prototype stage allows 
the design team to explore breakthrough ideas 
and radical solutions without being beholden 
to traditional strictures, norms, or paradigms. 
However, we observed that this design team 
was hesitant to push the boundaries of their 
imaginations too far, due in part to the fear that 
their ideas might be considered too radical or 
visionary. Significant encouragement from the 
trainers was necessary to ensure that the team 
afforded sufficient consideration solutions that 
broke with existing assumptions.

Concerns Regarding Wrong 
Focus or Lack of Focus

Community members who had a close relation-
ship to the design team sometimes expressed 
concerns about the team’s focus, albeit indi-
rectly and often without providing specific 
examples. Nevertheless, by dint of the ques-
tions, comments, and discussions between the 
bridgehead and members of the community, it 
was revealed that some regarded the team as 
being insufficiently goal oriented. However, it 
is important to note that inspiration can come 
from any source and in many instances, in-
novation proceeds along a lateral, associative, 
and/or non-linear course. If a design team is 
dissuaded from exploring seemingly unrelated 
areas, the essence of an open innovation culture 
can be destroyed.
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4.4. Success Factors

Integration of Business Departments

A clearly defined role for the project owner, the 
liaison, is an important project success factor. 
From defining the initial problem, to guiding the 
team through each phase of the design process, 
to ensuring that prototypes satisfy the organiza-
tion’s needs, the input of the project owner can 
significantly influence the outcome of the design 
process. The presence of a business-oriented 
project owner proved beneficial in this project; 
in contrast to the unwieldy “steering committee” 
approach used in many collaborations between 
business units and IT departments, the strong 
leadership influence of the business unit in this 
project helped to ensure that the final product 
was well-aligned with the organization’s stra-
tegic goals.

Prototypes Create a 
Common Language Between 
Different Stakeholders

Most work teams’ members have been drawn 
a variety of disciplines and backgrounds. This 
is especially true at the intersection of business 
and IT. Although there are many advantages 
associated with diverse teams, interdisciplinary 
communication can sometimes be a problem. 
In this study, it was observed that tangible pro-
totypes create a common language and provide 
the basis for improved communication between 
different stakeholders. This was particularly 
evident when delegations from other countries 
or cultures visited the innovation lab - the tan-
gible prototypes provided a common touchstone 
for discussion.

Project Rooms

Although it may seem to be an incidental factor, 
the physical environment in which collaborative 
innovation takes place can beneficially impact 
project outcomes. The “innovation lab” that 
served as the backdrop for this project seemed 
to play a significant role in fostering a successful 
project outcome. The team’s ability to modify 

the setting to facilitate innovation, creative 
discovery, and collaboration also proved to 
be important. The team also used the room to 
display the prototypes, ensuring that visitors 
to the space could view the models and offer 
feedback, even on short notice.

Administrator as Bridgehead

A major part of the success of this project can be 
attributed to the activities of the administrative 
bridgehead who acted as the connector between 
the design team and the rest of the organization. 
The activities of the bridgehead included the 
facilitation and preparation of infrastructure, as 
well as the management of daily operations and 
organizational communications for the design 
team. However, budget management proved to 
be a formidable challenge for the bridgehead; a 
dedicated budget was not allotted to the design 
project, so many procurement processes were 
delayed; in some instances, project team mem-
bers and trainers were forced to cover expenses 
out-of-pocket.

4.5. Operational Challenges

Traditional Corporate IT 
Infrastructure not Sufficient 
for Radical Collaboration

The laptop computers provided to the project 
team were equipped with the standard IT ap-
plications available to every employee in the 
organization. However, it soon became clear that 
these computers were not sufficient to perform 
some of the tasks in this project (e.g., photo 
editing, video editing, animation creation). In 
addition, the available document editing and 
file sharing tools did not support the radical 
collaboration work style that the design team 
was called upon to use. This lead to a situation 
in which the design team members had to use 
their personal laptop computers, circumventing 
the corporate IT system through ad-hoc wireless 
networks to quickly share large files and use 
software that is not included in the organizations 
application portfolio.
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Breakthrough Innovation vs. 
Meeting Predefined Goals

One area that has been subject of much discus-
sion in recent years is the trade-off between 
achieving pre-defined business goals and clear-
ing the path to allow radical new innovations to 
emerge. In the case project, several concepts and 
prototypes were discarded because the liaison 
stated that while they were important, they did 
not necessarily contribute toward the organiza-
tion’s stated objectives. These ideas have not 
been pursued further, despite the fact that with 
additional effort, they may have evolved into 
radically new concepts and service offerings.

5. Discussion and 
Conclusion

The findings need to be discussed in relation 
to service design in an organizational context. 
Past research has often focused on the process, 
activities, and tools used to design new services 
and research opportunities to explore enabling 
factors for service innovation projects have 
been defined. The current results indicate that 
the context and environment in which these 
services are designed are as important as the 
process itself. Therefore, the scope of service 
design management and service innovation 
management should be broadened to include 
more than just processes, activities, and roles. 
The case study has shown that while the activi-
ties of user research, ideation, and prototyping 
are important, breakthrough innovations can 
only emerge by creating the right environment, 
assembling a well-composed design team, and 
motivating and leading the design team accord-
ing to protocols designed to facilitate optimal 
performance. Traditional project management 
approaches might not be suitable to create the 
environment that enables a successful new 
service development project.

Since the environment in which innovation 
occurs is of high importance, the framework 
and methods employed in service design and 

service design management need to address 
social, physical, and environmental factors that 
foster innovation. This is especially important 
when a large and mature organization is seeking 
to pursue innovation, due to the other factors 
that tend to hinder radical breakthroughs in such 
an environment. One future research question 
should center on whether this should be done 
in a top-down manner by defining management 
concepts for service design, or in a bottom-up 
manner by extending existing service design/
project management models and frameworks 
to address environmental and other factors.

References

Baskerville, R. L., & Wood-Harper, A. T. (1996). 
A critical perspective on action research as a 
method for information systems research. Jour-
nal of Information Technology, 11(3), 235–246. 
doi:10.1080/026839696345289

Beckman, S. L., & Barry, M. (2007). Innovation 
as a learning process: Embedding design thinking. 
California Management Review, 50(1), 25.

Braun, C., Wortman, F., Hafner, M., & Winter, M. 
(2005). Method construction-a core approach to 
organizational engineering. In Proceedings of the 
ACM Symposium on Applied Computing, Santa Fe, 
NM (pp. 1295-1299).

Brown, T. (2008). Design thinking. Harvard Business 
Review, 86(6), 84–92.

Carleton, T., Cockayne, W., & Leifer, L. (2007). An 
exploratory study about the role of ambiguity during 
complex problem solving. Menlo Park, CA: Associa-
tion for the Advancement of Artificial Intelligence.

Carleton, T., & Leifer, L. (2009). Stanford’s ME310 
course as an evolution of engineering design (pp. 
30–31). Cranfield, UK: Cranfield University.

Checkland, P., & Holwell, S. (1998). Action research: 
Its nature and validity. Systemic Practice and Action Re-
search, 11(1), 9–21. doi:10.1023/A:1022908820784

Chesbrough, H., & Spohrer, J. (2006). A research 
manifesto for services science. Communications of 
the ACM, 49(7), 40. doi:10.1145/1139922.1139945

Cooper, R. (1999). The invisible success factors 
in product innovation. Management, 16, 115–133.



40   International Journal of Service Science, Management, Engineering, and Technology, 2(4), 25-41, October-December 2011

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Dougherty, D., & Hardy, C. (1996). Sustained 
product innovation in large, mature organizations: 
Overcoming innovation-to-organization problems. 
Academy of Management Journal, 39(5), 1120–1153. 
doi:10.2307/256994

Dunne, D., & Martin, R. (2006). Design thinking 
and how it will change management education: 
An interview. Academy of Management Learn-
ing & Education, 5(4), 512–523. doi:10.5465/
AMLE.2006.23473212

Dym, C., Agogino, A., Eris, O., Frey, D., & Leifer, L. 
(2006). Engineering design thinking, teaching, and 
learning. IEEE Engineering Management Review, 
34(1), 65–92. doi:10.1109/EMR.2006.1679078

Edvardsson, B., & Olsson, J. (1996). Key concepts for 
new service development. Service Industries Journal, 
16(2), 140–164. doi:10.1080/02642069600000019

Eisenhardt, K. (1989). Building theories from case 
study research. Academy of Management Review, 
532–550.

Gutzwiller, T. (1994). Das CC RIM-Referenzmodell 
für den Entwurf von betrieblichen, transaktion-
sorientierten Informationssystemen. Heidelberg, 
Germany: Physica.

Heym, M. (1993). Methoden-engineering: Spezifika-
tion und integration von entwicklungsmethoden für 
informationssysteme. Unpublished doctoral disserta-
tion, University of St. Gallen, St. Gallen, Switzerland.

Hussey, J., & Hussey, R. (1997). Business research: A 
practical guide for undergraduate and postgraduate 
students. Basingstoke, UK: Macmillan.

Johnson, S., Menor, L., Roth, A., & Chase, R. (2000). 
A critical evaluation of the new service development 
process . In Fitzsimmons, J. A., & Fitzsimmons, 
M. J. (Eds.), New service development: Creating 
memorable experiences (pp. 1–32). Thousand Oaks, 
CA: Sage.

Jolivet, E., Laredo, P., & Shove, E. (2002). Managing 
breakthrough innovations: the Socrobust methodol-
ogy. Paris, France: Ecole de Mines.

Kingman-Brundage, J., & Shostack, L. (1991). How 
to design a service . In Congram, C. A., & Friedman, 
M. L. (Eds.), The AMA handbook of marketing for 
the service industries (pp. 243–261). New York, 
NY: AMACOM.

Klein, K., & Sorra, J. (1996). The challenge of in-
novation implementation. Academy of Management 
Review, 1055–1080.

Kratzer, J., Leenders, R., & Van Engelen, J. (2005). 
Informal contacts and performance in innovation 
teams. International Journal of Manpower, 26(6), 
513–528. doi:10.1108/01437720510625430

Kratzer, J., Leenders, T., & Engelen, J. (2004). 
Stimulating the potential: Creative performance 
and communication in innovation teams. Creativ-
ity and Innovation Management, 13(1), 63–71. 
doi:10.1111/j.1467-8691.2004.00294.x

Leifer, L. (1998). Design team performance: Met-
rics and the impact of technology . In Brown, S. 
M., & Seidner, C. J. (Eds.), Evaluating corporate 
training: Models and issues (pp. 1–22). New York, 
NY: Springer.

Leifer, R., Gina Colarelli, O. C., & Rice, M. (2001). 
Implementing radical innovation in mature firms: The 
role of hubs. The Academy of Management Executive, 
15(3), 102–113. doi:10.5465/AME.2001.5229646

McDonough, E. (2000). Investigation of factors 
contributing to the success of cross-functional teams. 
Journal of Product Innovation Management, 17(3), 
221–235. doi:10.1016/S0737-6782(00)00041-2

O’Reilly, C. A., & Tushman, M. L. (2004). The am-
bidextrous organization. Harvard Business Review, 
82(9), 74–83.

Österle, H., & Winter, R. (2003). Business engineer-
ing: Auf dem weg zum unternehmen des informa-
tionszeitalters. Berlin, Germany: Springer-Verlag.

Owen, C. (1998). Design research: building the 
knowledge base. Design Studies, 19(1), 9–20. 
doi:10.1016/S0142-694X(97)00030-6

Rigotti, L., Ryan, M., & Vaithianathan, R. (2003). 
Tolerance of ambiguity and entrepreneurial innova-
tion. Durham, NC: Duke University.

Skogstad, P., Currano, R., & Leifer, L. (2008). An 
experiment in design pedagogy transfer across 
cultures and disciplines. International Journal of 
Engineering Education, 24(2), 367–376.

Snelson, F. (1988). Success factors in product inno-
vation: a selective review of the literature. Journal 
of Product Innovation Management, 5(2), 114–128. 
doi:10.1016/0737-6782(88)90003-3

Stake, R. (1999). The art of case study research. 
Thousand Oaks, CA: Sage.

Susman, G. I., & Evered, R. D. (1978). An Assess-
ment of the Scientific Merits of Action Research. 
Administrative Science Quarterly, 23(4), 582–603. 
doi:10.2307/2392581



International Journal of Service Science, Management, Engineering, and Technology, 2(4), 25-41, October-December 2011   41

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Walter, S. M., Böhmann, T., & Krcmar, H. (2007). 
Industrialisierung der IT – Grundlagen, merkmale 
und ausprägungen eines trends. Hmd-Praxis der 
Wirtschaftsinformatik, 256, 1–11.

Wilde, D. (2008). Teamology: the construction and 
organization of effective teams. Berlin, Germany: 
Springer-Verlag.

Winter, R. (2008). Design science research in Eu-
rope. European Journal of Information Systems, 17, 
470–475. doi:10.1057/ejis.2008.44

Wortmann, F. (2005). Entwicklung einer Methode für 
die unternehmensweite Authorisierung. Unpublished 
doctoral dissertation, University of St. Gallen, St. 
Gallen, Switzerland.

Yin, R. (1994). Case study research: Design and 
methods. Thousand Oaks, CA: Sage.

Zarnekow, R., Brenner, W., & Pilgram, U. (2006). 
Integrated information management: Applying suc-
cessful industrial concepts in IT (1st ed.). Berlin, 
Germany: Springer-Verlag.



42   International Journal of Service Science, Management, Engineering, and Technology, 2(4), 42-48, October-December 2011

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Keywords:	 Energy-Efficient Cities, Energy-Related Optimizations, IT-Enabled Services, Natural Resources, 
Socio-Technical Networks

1. Introduction

On the background of the finite nature of con-
ventional fossil-biogenous energy sources like 
oil, gas or coal and with the challenges posed 
in respect to climate protection, a global debate 
has started during the last years to discuss 
matters around reliable, cost-effective and 
environmental-friendly energy production and 

How IT-Enabled Services 
Can Help to Change our 

World: Building Networks 
for the Energy-Efficient 

City of Tomorrow
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Abstract
How natural resources are used in modern society gains is considered a high-priority topic within national and 
international political and social debate. Increases in energy efficiency, the use of renewable energy sources 
and emission control are important aspects of this subject that must be considered. A deeper understanding 
of existing infrastructure and the willingness to change on an individual and social level are needed, while 
determining factors like demographic change are taken into account. This paper introduces the energy-efficient 
city of tomorrow as a city of socio-technical networks that interact and are a basis for energy-related optimi-
zations. Furthermore, the authors discuss the special role that IT-enabled services can play in understanding 
and changing those networks. To illustrate, the authors present a service as a case study that illustrates how 
services can provides relevant information and help to induce change.

usage. Major challenges have been identified 
on an international level in the finiteness of 
fossil fuels (Pelte, 2010), global increase in 
energy demand and climate changes as a result 
of global warming. More national concerns like 
the dependency on fuel-imports, questions on 
how to define an optimal national energy mix 
or building energy infrastructures and energy 
market regulation (Dratwa & Ebers, 2010) 
show the variety of questions and tasks in the 
respective field.DOI: 10.4018/jssmet.2011100105
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In this area of conflict, energy efficiency 
within existing structures gains in importance. 
Here, the focus is on reducing the demand for 
further energy while configuring raises in en-
ergy consumption without impact on climate 
change. Furthermore, potentials to save energy 
and to lower environmental impact need to be 
identified and used, to reach a higher energy 
productivity (Krassuski, Jochum, Rufin, Ort-
mann, & Graichen, 2009).

Existing structure elements are buildings, 
roads, tracks and supply lines within areas that 
are populated by people – they form cities and 
communities. Within them, the different ac-
tors operate within a definable system. They 
generate and use energy through the usage or 
configuration of the structure elements while 
being strongly heterogeneous in respect to their 
individual knowledge, perception, goals and 
conduct. At the same time, the infrastructure 
elements themselves show large variations in 
different dimensions (e.g., building density, 
alternatives in energy supply, revel of recon-
struction). Also, the city seen as a system must 
be defined as highly volatile and my will change 
constantly due to different factor such as de-
mographic change. To raise energy efficiency 
within such a system it is necessary to define 
a multi-dimensional system understanding. 
This understanding has to reflect the individual 
and its actions as well as living conditions and 
existing infrastructure. Ultimately, raises in 
energy efficiency will have to be conducted on 
the basis of these dimensions harmonized with 
the economic efficiency of the changes desired.

In this area of conflict more attention has 
to be given to (IT-Enabled) services. Services 
can act as enabler to define a new form of 
“energy truth” that brings together information 
and bundles different aspects to provide new 
solutions or help to form decisions. The term 
“energy truth” embraces the acknowledgement 
and disclosure of the current energy situation 
and resulting effects in the area of energy avail-
ability, energy consumption and energy costs. 
It realizes the limited possibilities of politics, 
economy and citizens and aims to find alterna-
tives to existing ways of thinking and doing 
(Fähnrich, Meyer, & Kühne, 2011).

Through services, that ideally are devel-
oped systematically with the help of procedures 
models and tools of a service engineering 
(Bullinger, Fähnrich, & Meiren, 2003) or as 
result of a service science thinking (Maglio, 
Kieliszewski, & Spohrer, 2010), new action 
patterns can be formed that search for solutions 
to the benefit of all actors involved.

In this paper, we try to illustrate the potential 
for the energy-efficient city of tomorrow that 
can be exploited through the introduction of 
well-designed IT-enabled services. We will try 
to discuss the city as a system and how services 
can help to redefine and optimize those struc-
tures on the basis of a current sustainability 
understanding (Tukker & Butter, 2007). We will 
demonstrate our findings through a case study 
conducted within the city of Leipzig/Germany.

2. Understanding the City 
as an Energy Network

To better understand the role services can play 
in an energy efficient-city, one has to develop a 
better understanding of the challenges, require-
ments and interrelationships within such a given 
system. System theory (Bertalanffy, 1950) can 
help to form an exemplary description of the 
elements and phenomena of a real world ob-
ject (Favre, 2005) like a city to form a limited 
model that can describe relationships between 
objects within a given context (e.g., energy). 
Such a model can be visualized using graphs: 
relevant objects/elements are the vertices and 
the relationships between those objects can be 
represented using edges between the vertices. 
To model a city as a system of energy networks 
one has to acknowledge that the relevant objects 
differ to another, meaning the individual vertices 
of the resulting graph cannot be treated as equal. 
Vertices of the network can symbolize actors, 
technical artifacts or concepts like engineer-
ing and knowledge. In such an understanding, 
which conforms to the actor-network-theory 
(Latour, 2005), the vertices are called actants 
to symbolize that not only social actors in-
fluence the system. Furthermore, within the 
system transformation processes will occur 
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over time. Given the relationships within the 
system actants will influence each other and 
change individual properties. Different types 
of actants can be identified:

•	 Actants of the energy sphere: Within the 
energy sphere a technical description of 
the physical elements of the community 
(such as buildings, production plants, rails, 
roads, powerlines) is drawn. Energy con-
sumption and energy content of existing 
and used structures can be captured and 
a differentiation (e.g., amount of energy 
used for heating vs. type of building) can 
be conducted.

•	 Actors of the city as actants of the system: 
actors are primarily the people the live 
and work within the city. They form a 
social network that with its individual and 
collective mindsets in respect to energy 
consumption is in line or is in contrast to 
superior political, social or cultural energy-
related strategies. Descriptions of differing 
motivations and attitudes (e.g., a tenant may 
have a different view on heating costs than 
the landlord) can provide a starting point 
for a target-specific designation.

•	 Actants technology and software: techno-
logical options play a vital part in showing 
and using potentials for higher energy 
efficiency being these in the production, 
transport or usage. Information- and 
communication technology becomes 
more and more important and needs to be 
considered in the description of a city as 
energy network.

•	 Actants to capture value creation: any 
city is always also an economic area. For 
energy related questions it is essential to 
describe how value creation happens within 
the system in questions and to answer how 
trade influences energetic behavior.

In understanding the city as an energy 
network one will have to note that the differ-
ent types of actants are equally important to 

describe the system as a whole. In that, a high 
interdependency between the system elements/
actants can be assumed.

3. The Role of Services

To raise energy efficiency within a city and 
influence the different networks as character-
ized in the previous chapter one has to ask the 
question, how an energetic optimization process 
can be conducted in such a system. Given the 
complexity and multifold interrelationships 
between the networks and the derivable sub-
systems, we consider services, especially those 
that use information technology and therefore 
are “IT-enabled”, as suitable.

Services can help to cross-link different 
actors and strengthen local business cycles. 
This can be concluded from the observation 
that institutional actors within a city many times 
act as service providers to other downstream 
institutions or end-users while making more 
and more use of technical networks in doing so. 
Furthermore, a special attention to services can 
be given on the background that single actors 
like the public authority are unable to change the 
existing system in respect to energy efficiency 
all by themselves. All actants of the system 
are following individual interests and are e.g., 
concerned with cost reduction and increases in 
sales. A raise in energy efficiency will change 
existing incentive schemes and will also require 
investments. To promote value creation systems 
that are suitable for the market and energy ef-
ficient at the same time, a systematic approach 
is needed. Such an approach needs to conform 
to the relevant parameters as outlined in the 
previous chapter and also needs to take into 
account the different stimuli that influence the 
way actors behave. Such a systematic approach 
can be the so-called Service Engineering. The 
term service engineering is connected with 
an attempt to systematize the rather general 
understanding of what is called new service 
development (Fitzsimmons & Fitzsimmons, 
2000). It has been defined as the development 
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of new services using suitable models, methods 
and tools (Bullinger et al., 2003) and can there-
fore be seen as approach for the development 
of service systems (Meyer, 2011).

Service Engineering as an approach ad-
dresses actors and the value chains in which 
those actors are involved. Technology and 
energy sphere as the other actants of the 
system are addressed and formed also (e.g., 
through the use of new IT-enabled solutions). 
Therefore, Service Engineering is predestined 
for two types of contributions (Figure 1): On 
the one hand side it is very well suited to de-
velop completely new services with high or to 
promote high energy efficiency (action fields I 
and II). During the development, existing ideas 
for new energy-efficient services are either 
adopted or the Service Engineering will try to 
guide the creativity process to find new ideas 
and structure them. Secondly, Service Engineer-
ing can help to evaluate existing services with 
respect to their energy efficiency and help with 
the redesign of those solutions (action fields 
III and IV). A holistic improvement of value 
chains is necessary and can be achieved using 
Service Engineering because a local improve-
ment in energy efficiency does not necessarily 
result in an overall improvement. Furthermore, 
potentials for a more efficient use of resources 
can be greater within the reorganization and 
linkage of to date separate value chains. Such 
a thinking implies new constellations for 
value creation within consideration of higher- 
ranking strategies.

The strength and starting point of the Ser-
vice Engineering approach lies within the 
systematic support of the service development 
process and the necessary tasks, which also has 
been identified as a priority item for organiza-
tional action and long-term success in a number 
of scientific studies (Ganz & Meiren, 2003; 
Spath & Ganz, 2008). With the help of process 
models and the process steps defined therein 
(e.g., idea generation, requirements analysis, 
solution conception and solution development) 
new services can be developed in a structured 
and systematic way. Special attention for ser-
vices that address energy efficiency within a 
city needs to be given to the energy sphere and 
the existing conditions (like the current state 
of reconstruction). At the same time it will 
often be necessary to link the development 
process of services with the technology devel-
opment to support those services. Service 
Engineering addresses those challenges through 
the provision of special process models e.g., 
for a software-service-co-design (Meyer & 
Fähnrich, 2009).

4. How an IT-Enabled 
Service can Help 
to Raise Energy 
Efficiency: An Example

To effectively change energy usage and built an 
energy-efficient city of tomorrow, transparency 
in respect to the individual energetic behavior 

Figure 1. Action fields for a service engineering (adapted from Fähnrich et al., 2011)
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is needed. This can only be achieved through 
information collected and demonstrated and 
should be linked with an illustration of how 
individual changes can influence the city as 
a whole. As an example to demonstrate how 
this transparency can be achieved using well 
designed IT-Enabled services, we present a 
case from a project conducted in the city of 
Leipzig / Germany. The underlying project has 
been founded by the German Federal Ministry 
of Education and Research (BMBF) over a 
one-year period.

Within the project, a Service Engineering 
process to develop ideas to raise energy efficiency 
within the city of Leipzig has been conducted. 
Different ideas have been brought forward as 
part of an idea generation process (e.g., the 
foundation of an energy community to connect 
different citizens to realize projects together; the 
establishment of an advisory service etc.). How-
ever, most of the ideas that had been formulated 
need the transparent availability of information 
about the current energy situation. Therefore, 
as a basis for a number of further services an 
IT-enabled service to communicate this energy 
related information has been set up. Core element 
is a communication platform accessible via an 
internet browser. The communication platform 
can visualize the current energy situation and 
forecast influences that changes will induce. 
Information is provided primarily to tenants, 
landlords and city planner as targeted users of 
the system. Further user groups with their special 
information needs such as energy provider and 
industry will have to be considered in the further 
development of the platform.

The platform is realized as a geographic 
information system and based on geographic 
data provided by OpenStreetMap (www.open-
streetmap.org). The user can select a house (e.g., 
a tenant the house where he/she rents) and will 
be presented with energy related information as 
is available in the database (Figure 2).

Therefore, data has been provided by the 
city of Leipzig and can be updated, detailed and 
used by the user depending on access rights. 
Data privacy protection is ensured and my result 
in aggregated information where the detailed 

information would violate respective legal 
regulation. Also, a user can run a simulation on 
the results a change of energy consumption would 
lead to. The platform itself is an aggregation of 
a number of data sources and can therefore be 
seen as a service itself. It connects different data 
sources like address and building data, informa-
tion about population, usage, monument protec-
tion status and type of energy used. All this in-
formation draws an energetic map of the city 
and can be pointed precisely (e.g., for a house 
or apartment, see Figure 3).

On municipal level this type of IT-enabled 
Service helps to connect different data sources 
that are already available but not aggregated to 
use for specific conclusions in urban develop-
ment actions (e.g., potential identification, cal-
culation of precise emission values, possibility 
to directly address owners). On an individual 
level energy usage can be made transparent based 
on the energetic behavior. Secondly, with the 
help of energy advisors and engineers changes 
(on behavior level or building level) can be 
animated. So, the service in closely embedded 
in a value chain that leads to more energy effi-
ciency while also considering economic value.

5. Conclusion

Energy related questions and their impact on 
areas where people work and live are of high 
importance. To systematically frame the energy-
efficient city of tomorrow the complexity of 
the system in question needs to be recognized. 
An understanding of the city a socio-technical 
network can help to model the objects and 
relationships relevant for any energy related 
improvement and reduce complexity to an extent 
that makes the topic manageable on a practical 
level. In this, services offer an ideal starting 
point to connect the different line of actions to 
the benefit of the individual actors. Especially 
IT-enabled services can help to combine political, 
collective and individual strategies to provide a 
“best-fit” between current situation and theo-
retically possible alternatives in order to find 
feasible solutions. For this, a Service Engineer-



International Journal of Service Science, Management, Engineering, and Technology, 2(4), 42-48, October-December 2011   47

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Figure 2. City information displayed as geographic information system within the platform

Figure 3. Details building information
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ing is a helpful tool to develop the services that 
can provide information and help to create value 
chains to the benefit of all. First projects in this 
line of thinking and acting provide proof to the 
high potential of this approach.
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Introduction

Disasters can have negative and lasting effects 
on the tourism industry (Faulkner, 2001). For 
example the recent earthquake, tsunami and 
nuclear disaster in Japan have also negatively 
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ABSTRACT
In recent years, natural disasters and terrorist attacks have been quite numerous, and broadly reported in 
the media. The tourism industry has been especially impacted by these emergencies. In order to mitigate 
the effects of such events, guaranteeing an adequate level of preparedness is essential. However, despite the 
extreme disrupting events that large-scale disasters such as tsunamis have had on tourism in specific areas, 
few tourism organizations have properly developed emergency strategies as an integral part of their busi-
ness plans. Several national and supra-national initiatives are currently working on possibilities to employ 
mobile communication networks for emergency management systems. The success of such systems depends 
on users being familiar with the service though, which is difficult to achieve if the system is solely used for 
emergency management. Therefore, the authors propose a reference architecture that allows the integration 
of mobile value-adding services, allowing for broad usage outside of emergency cases and thus an increased 
familiarity. The authors also present a specific system design focusing on the case of large public events as 
an instantiation of the reference architecture, describe the implementation in some detail, and present the 
evaluation of the prototype implementation in a simulation study at a large public event.

affected the tourisms industry of this region. In a 
recent survey of tourism managers in Germany 
(Travel Industry Club & Trendscope, 2011), the 
country with the highest spending on interna-
tional tourism (World Tourism Organization, 
2009), 93% stated that tourists will avoid Japan 
as a destination for a long time range and 62% 
expect that this will lead to a reduced number 
of tourist arrivals for other Asian countries as DOI: 10.4018/jssmet.2011100106
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well. Several crises and disasters have affected 
the global tourism industry in recent years 
(Ritchie, 2004). Examples comprise terrorist 
attacks (Paraskevas & Arendell, 2007), political 
instability (Fuller & Fugal, 2008), economic 
recession (Kreimer et al., 2003), bio-security 
threats and natural disasters (Hystad & Keller, 
2007). Since tourism is also an important 
economic factor for many countries and many 
destinations depend on tourism to prosper in 
the market, there is an increasing pressure on 
managers and policy makers concerned with 
tourism to consider the impact of crises and 
disasters on the industry and to develop strate-
gies to deal with their impacts (Ritchie, 2004). 
In order to mitigate disaster effects, it is essen-
tial to undertake steps to increase the level of 
disaster preparedness, including infrastructure 
investments for warning systems and training 
activities (Johnston et al., 2007). However, 
despite the devastating effect disasters can have 
on tourism, few tourism organizations have 
properly developed disaster strategies as an 
integral part of their business plans (Faulkner, 
2001). This negligence is especially surprising 
as tourists protect themselves by avoiding trav-
elling to unsafe areas (Elvia Reiseversicherung 
& Leuphana Universität Lüneburg, 2008) and 
safety represents an important factor (only 
topped by cost/benefit-ratio) for German tour-
ist when deciding on their tourist destination 
(European Commission, 2009).

Emergency management systems (EMS) 
provide the capability to address this dilemma 
and to enable emergency forces to manage 
crises, including detection and analysis of 
incidents (Carver & Turoff, 2007). Persons in 
charge can be supported to prepare evacua-
tions, control and support disaster forces and to 
locate victims (Carver & Turoff, 2007). Since 
mobile communication infrastructures offer 
standardized wireless communication services 
in almost all countries and allow a fast diffusion 
of information, they represent an existing IT 
infrastructure asset for saving human lives in 
emergencies (Leidner et al., 2009). They can 
allow emergency managers to distribute warn-
ings to affected areas by cell broadcast to warn 

potential victims (Fritsch & Scherner, 2005). 
Facilitating social media as communication 
channel for crisis management and response 
appears promising, too. For instance, several 
authors have advocated the use social media for 
disaster relief (Kapucu, 2008; Liu et al., 2008; 
Sutton et al., 2008) and emergency manage-
ment systems based on mobile communication 
infrastructures (Yuan & Detlor, 2005; Valtonen 
et al., 2004; Underwood, 2010).

Technically, many services used for emer-
gency management systems do not differ from 
services used on other occasions. For example, 
the upload of a picture could be used to inform 
emergency managers but also for sharing holi-
day pictures on a social media platform. If both 
functionalities can be integrated into a com-
mon design, it would enable users to become 
familiar with the emergency functionalities 
without any additional training. Therefore, we 
argue that offering mobile value-adding and 
emergency management services via the same 
infrastructure could create new business op-
portunities for the tourism industry. Services 
can be used to improve the holiday and leisure 
time experience for tourists and to help tourist 
guides to host their customers. For example, 
Zipf and Malaka (2001) argue that location-
based services in tourism settings can provide 
the basis for novel tourism-related applications 
and open up new business opportunities. Inte-
grating value adding mobile services into an 
emergency management system thus improves 
users’ familiarity with the system while, at the 
same time, offering additional value perceived 
by customers. Furthermore, revenue created by 
value-adding services could provide the neces-
sary funds to finance the mobile emergency 
management system. Besides sharing the costs 
for operating the infrastructure, the idea of 
providing both commercial and disaster warn-
ing services based on a technically integrated 
platform positively affects users’ experience 
due to a common client base.

This paper is structured as follows. We 
first present the methodological approach of 
our work in Section 2. In Section 3, we derive 
requirements for emergency management sys-
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tems from the literature, discuss how current 
systems rate against these requirements and 
propose a reference architecture to address 
them. In Section 4, we discuss possibilities for 
integrating value-adding mobile service in the 
tourism sector into an infrastructure that can 
be used for emergency management systems 
as well as possible business implications. In 
Section 5 we present an implementation of our 
reference architecture that is especially designed 
for event tourism, which is a form of tourism 
where emergency management is of utmost 
importance due to the high concentration of 
people. The evaluation of the system imple-
mentation is presented in Section 6, before we 
conclude our findings.

METHODOLOGICAL 
APPROACH

We address the introduced problem with a con-
ceptual reference architecture providing a basis 
for emergency management and value-adding 
services being offered to different parties. We 
also present an implementation of this reference 
architecture, which demonstrates the feasibil-
ity of the architecture developed. This system 
design represents an IT artefact instantiation that 
aims at contributing to the problem’s solution, 
i.e., at (1) minimizing the impact of crises or 
disasters and at (2) offering novel services to 
customers. Our research is based on a design 
science research approach as we present a novel 
IT artefact and a suitable evaluation that address 
the artefact’s appropriateness to contribute to the 
problems’ solution (Nunamaker et al., 1991). 
These two steps (i.e., build and evaluate) of the 
design science research process contribute to the 
foundations and the methodologies pool of IS 
research, i.e. they contribute to its knowledge 
base (Hevner et al., 2004). In the following, 
we first present a reference architecture of an 
emergency management system, which utilizes 
communication facilities of mobile commu-
nication networks such as GSM. Our design 
allows for integration of EMS functionalities 
and commercial value-adding services in a com-
mon platform. In order to evaluate our proposed 

system design and implementation, we first 
implemented a prototypical instantiation, which 
we used in order to conduct a simulation study 
with real users during a real large public event 
(“Kölner Lichter, 2010”). Simulation studies 
allow the testing of prototypical software in a 
real environment and in realistic scenarios as 
they combine elements from observational and 
experimental evaluation approaches. In con-
trast to field tests they allow the possibility to 
examine different, complex and extreme usage 
scenarios during a short but highly intensive 
testing phase (Roßnagel, 2007). Simulation 
studies induce fewer costs and provide results 
faster than field test, which allows for an easy 
integration into technology development and 
deployment processes (Roßnagel, 2007).

Further evaluation has been provided by 
a qualitative analysis of potential benefits be-
ing provided to the different parties including 
the public sector, the industry and customers 
(Scherner et al., 2009) and by evaluation the 
effectiveness of our design for passenger egress 
using an agent-based simulation approach 
(Roßnagel et al., 2011). We therefore follow 
the classic approach of design science-oriented 
research (March & Smith, 1995) as we first 
present a developed IT artefact and we second 
evaluate the artefact’s benefits for potential 
users. Therefore, and e.g., in contrast to be-
havioural science oriented research, the goal of 
this contribution is utility, namely the benefits 
our system design can provide (Simon, 1969).

Emergency Management Systems

Having outlined our methodological approach, 
we will now derive system requirements from 
the literature and review how they are addressed 
by existing emergency management systems. 
We then use these requirements as the basis for 
a proposed system design.

System Requirements

From the literature we derived the following 
high-level requirements that need to be ad-
dressed by an EMS. They comprise (1) system 
familiarity, (2) system effectiveness, (3) reli-
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ability, (4) cost efficiency, (5) smooth service 
integration, (6) multilateral user interaction, (7) 
availability and (8) security. In the following, we 
further explore these identified requirements:

System familiarity: One of the most crucial 
requirements for preparedness is that 
ordinary people are used to the system in 
order to react on warning signals without 
any delay (Gruntfest & Huber, 1989). 
Meeting this requirement is extremely dif-
ficult if the system design is solely used for 
early warnings. The success of emergency 
management systems clearly depends on 
well-trained users being familiar with the 
service functionalities provided (Turoff 
et al., 2004a). For an infrequently used 
emergency management system, limited 
practical experience of users can be ex-
pected (Manoj & Hubenko Baker, 2007).

Effectiveness: Effective early warning systems 
have to be based on regularly used com-
munication infrastructures and people have 
to know how to react on visual and acoustic 
warning signals (Johnston et al., 2007). 
This requirement holds for commercially 
successful infrastructures (Buhalis, 1998) 
as well as early warning systems. This 
requirement suggests that commonly used 
infrastructures, like those operating on the 
GSM specification provide a suitable basis 
for mobile services. GSM represents a 
standardized communication link between 
disaster management forces and victims be-
ing already used by a large installed base of 
more than 2 billion customers worldwide.

Reliability: Despite effectiveness, reliability 
of underlying networks is an important 
success criterion, as up-to-date systems 
have to be regularly maintained to ensure 
reliability. Therefore, this requirement is 
tied to regular usage (Kron & Thumerer, 
2002) of the system by parties involved 
into emergency management. Further-
more, potentially affected people have 
to be involved in preparedness measures. 
Otherwise, alerting systems that are not 

regularly used for other purposes often 
become outdated, unmaintained and do 
not get adapted to changing requirements 
(Gruntfest & Huber, 1989).

Cost efficiency: The system shall offer interfaces 
to existing legacy systems providing the 
opportunity to include available informa-
tion from sources of the public sector 
and third parties. Furthermore, it should 
provide functionalities to direct messages 
in a cost-efficient manner (Zeckhauser, 
1996; Zhao et al., 2005). Major revisions 
on mobile communication infrastructures 
and on mobile devices of customers will 
thus violate this requirement. Secondary 
use of early warning systems in terms of 
offering value-adding services shall be sup-
ported. The European Telecommunications 
Standards Institute (ETSI) is developing a 
worldwide interoperable architecture for 
emergency management services, in which 
commercial use is explicitly mentioned 
(European Telecommunications Standards 
Institute, 2007)

Smooth service integration and device interop-
erability: End-users should be able to use 
their already existing equipment without 
being forced to invest in additional technol-
ogy. High prices for new equipment tend to 
result in reduced acceptance by end-users 
(Chen et al., 2002) and therefore the in-
teroperability with already existing mobile 
devices must be considered. In the E911 
project, end-user technology is regulated 
and mobile operators have to ensure that 
certain technologies are available at the 
end-users side (Federal Communications 
Commission, 2001). In a report for the 
Federal Communications Commission 
(FCC) (Hatfield, 2002) argues that the 
lack of integrated commercial services is 
one of the major obstacles E911 is facing. 
We therefore conclude that the lacking 
integration of emergency management and 
commercial location based services needs 
to be addressed in holistic manner.
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Multilateral user interaction: For supporting 
front-line responders in forming dynamic 
teams, the underlying system design shall 
support multilateral point-to-point commu-
nication and provide availability of locally 
available human and technical resources. 
This requirement implies that the system 
design is able to assign access control right 
on the spot in emergency cases (Turoff et 
al., 2004b).

Availability: Availability of emergency man-
agement systems has been investigated 
in depth by many authors and is a com-
mon problem for systems dealing with 
disasters and other events with similar 
impacts on human life (Faulkner, 2001). 
Taking into account that the convergence 
of data services in terms of using common 
communication infrastructures, such as 
internet protocol-based networks, affects 
all levels of preparedness, the problem of 
limited availability is not unique to our 
suggested design infrastructure. Looking 
at the category of predictable events within 
an expectable timeframe, such as storms, 
heavy rain and to certain degree earth-
quakes, the problem of limited availability 
during events is clearly dominated by the 
benefit that warnings communicated in 
textual and acoustical form can be brought 
out to potential victims.

Security: Besides availability, other security-
related requirements have to be fulfilled 
by emergency management systems. End-
users should be able to verify integrity and 
authenticity of emergency messages at any 
time (Valtonen et al., 2004). Furthermore, 
the system has to ensure that no party 
could deny its responsibility having sent 
notifications to potential victims. Fritsch 
and Scherner (2005) proposed a system in 
which early warning functionalities, en-
hanced by privacy-preserving mechanisms, 
are described. Based on this work, a detailed 
analysis how authenticity, integrity and 
non-repudiation can be provided by using 
electronic signatures has been provided in 
Roßnagel and Scherner (2006).

Existing Emergency 
Management Systems

Several supra-national initiatives and research 
projects are working on possibilities to facilitate 
mobile communication networks for emergency 
management systems. Most initiatives are focus-
ing on specific phases of disasters (McEntire et 
al., 2002). Other approaches provide mechanism 
for delivery of warnings and instructions to 
potential victims. The GDACS (European Com-
munities, 2008), an initiative by the European 
Commission, addresses the requirements of 
cost efficiency by using commonly available 
communication channels, however, effective-
ness is only partially addressed since it cannot 
be ensured that the addressee realizes the 
warning and could act accordingly (Roßnagel 
et al., 2010a).

The SMS-alert initiative in the Netherlands 
allows local residents to subscribe, and receive 
SMS text alerts from the local police regarding 
activity in their geographic area (Korteland & 
Bekkers, 2007). Like the GDACS, the system 
does not process any personal data besides the 
region the subscriber wishes to be informed 
about and the contact details. Being used to 
the system could be achieved by permanent 
training of the recipients. However, it needs the 
right level of training to prevent that training is 
perceived as false negative alarms. Therefore, 
secondary use of the system could help to make 
users familiar with the functionalities without 
raising unnecessary alarms.

Both initiatives are cost-efficient and 
comply with device interoperability. They 
concentrate on disseminating already existing 
information to a broad audience in case of 
emergencies, rather than providing multilateral 
interactions with decision makers. A backchan-
nel for providing reliable information, provided 
by people in the affected area, could significantly 
improve the quality of decisions that have to 
be made by authorities (Sutton et al., 2008) 
and help to avoid the “crying wolf syndrome” 
in the case of false negative alarms (Rosenthal 
et al., 1991). Due to applying point-to-point 
technologies for notifying potential victims, 
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both initiatives require that the recipient has 
registered in advance which violates the require-
ment of effectiveness and reliability.

Ensuring availability during emergency 
cases is always extremely difficult to achieve 
and by far not unique to the presented initia-
tives. However, being able to generate additional 
revenues by stable networks may lower the 
reluctance for investing into the reliability of 
networks.

Reference Architecture

The proposed reference architecture is based 
on Fritsch and Scherner (2005), in which early 
warning functionalities of a mobile emergency 
management system are described. As we need 
commercial service providers for realizing 
a system that is also useful when there is no 
emergency, we open up the system design by 
defining specific roles for the public sector and 
the tourism industry. They provide specific 
services via the mobile network infrastructure. 
Figure 1 illustrates how the different parties 
interact within our system design and which 
services are provided by and to whom.

The central hub of our reference architec-
ture is the service platform. It communicates 

via mobile network operator’s networks and 
provides basic services for service providers 
from both tourism industry and emergency 
management via standardized service inter-
faces. The basic services include positioning 
of mobile subscribers, message delivery via 
e.g., SMS, multilateral information transfer, 
access to online information and support for 
social media.

The platform operator can be a public 
or private entity. Its main task is to operate 
the information system infrastructure and to 
provide basic services via service interfaces to 
the involved parties. Several different entities 
could take on this role. The platform could for 
example be operated by the tourist office of 
the destination. The tourism experience could 
be improved by new tourism services offered 
using this platform and by establishing a power-
ful emergency management system signalling 
preparedness to potential tourists. Naturally, 
commercial service providers could operate this 
infrastructure on behalf of the tourism office. 
Also, companies with a strong commitment 
to the destinations community, such as public 
transport providers, could take on the role of 
platform providers. The role of platform opera-
tor could also be fulfilled by commercial service 

Figure 1. Reference architecture for tourism domain (Scherner et al., 2009)
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providers, who charge for the basic services that 
are offered over the service platform.

The emergency manager provides all emer-
gency management related services and ensures 
efficient notifications, which is henceforth 
classified as service category 1. Furthermore, 
this role makes services available to the tourism 
sector and its employees (service category 2) in 
order to help them to prepare for emergencies 
and to offer guidance in emergency situations. 
For the implementation of these emergency 
services, the emergency manager utilizes the 
basic services provided by the service platform.

The tourism industry offers commercial 
services to tourists (service category 3). These 
services are build upon the basic services pro-
vided by the service platform, which allows 
a rapid development of services due to the 
already existing building blocks. The service 
aggregation on behalf of the tourism industry is 
done by the platform operator who takes on the 
role as an information intermediary (Bhargava 
& Choudhary, 2004) providing n to m links 
between different entities of tourists and the 
tourism industry.

Offering commercial services via the same 
infrastructure is one of the major challenges. The 
contribution of this approach is therefore that a) 
people get involved in mobile services as they 
are offered by mobile emergency services and 
b) commercial players have a vital interest in 
keeping the used infrastructure up-to-date. Thus, 
the integrated communication infrastructure 
(service platform) provides the public sector 
(emergency manager) and the tourism sector 
(tourism service providers) with access to their 
customers and clearly separated duties and re-
sponsibilities, solely for their use cases. Thereby 
the emergency management system can meet the 
requirements effectiveness, reliability and cost 
efficiency by using the same infrastructure for 
several different use cases. It is not a stand-alone 
system, which has to be maintained separately 
and necessary adaptations to changing require-
ments are becoming more likely. The system now 
serves a regular secondary use. Furthermore, 
the stakeholders get used to the system in day-
by-day use cases and gain experiences how to 

react to different messages, fulfilling the system 
familiarity requirement.

Mobile Value-Adding Services

We will now focus on the integration of mobile 
value-adding services with the emergency 
management system. A broader discussion of 
tourist services that are suitable for integration 
into an emergency management system can be 
found in Scherner and Muntermann (2008) and 
Scherner et al. (2009).

Buhalis (1998) and Buhalis and Licarta 
(2002) analyzed that information intermediaries 
are a suitable infrastructure component for of-
fering services to an installed base of travellers 
by providing information from various sources 
in a concise manner. In Lee and Mills (2007) it 
is suggested that the key factors for travelling 
customers’ satisfaction regarding the support 
through mobile devices are determined by a) 
the degree of perception and b) by the perceived 
value of services provided. Satisfaction of 
customers is, following this argumentation, 
determined by using attractive (e.g., location- 
and profile-based) services compliant with 
privacy settings. In a tourism context, there 
are several such services imaginable. In many 
cases, a service may be offered free of charge 
to enhance the tourism experience. Examples 
are mobile hotel reservation services, services 
provided by local authorities for promoting 
points-of-interest as well as events and services. 
The same services could also be offered as 
commercially by charging for the added value 
they provide.

The service platform provides a centralized 
access point to the mobile communication infra-
structure, which can be utilized for emergency 
management and commercial mobile value-
adding service as described in the previous 
section. It offers basic services on which tourism 
and emergency service can be build upon. Since 
the same underlying technology is used for both 
services, economies of scale have a significant 
impact on the cost structure of these services. 
By utilizing the basic services provided by the 
service platform, a quick development of value 
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adding mobile tourism services can be achieved. 
Furthermore, the central platform offers service 
providers from the tourism industry, which is 
largely driven by small and medium enterprises 
(Werthner & Ricci, 2004), a possibility to offer 
mobile services without the necessity to main-
tain the underlying infrastructure. By including 
tour guides and other employees of the tourism 
industry into preparedness activities, tourists 
have a contact point they are familiar with. 
Furthermore, these persons normally have an 
increased foreign language competence which is 
an advantage during crisis (Manoj & Hubenko 
Baker, 2007). Combining emergency activities 
and mobile community services, e.g., by form-
ing spontaneous first aid teams or providing 
up-to-date information (Palen et al., 2007), 
shows on the other hand that preparedness can 
benefit from commercial services provided 
on the proposed infrastructure. Integrating 
these services into an emergency management 
system could improve users’ familiarity with 
the system while at the same time offering a 
perceived value to the customers. Figure 2 
illustrates an infrastructural concept for such 
service integration.

The public sector at the destination can 
also profit from the service integration. Signal-
ling preparedness to prospective customers (i.e., 

tourists) has a positive impact on the destina-
tion’s image and can therefore positively influ-
ence the productivity of the domestic economy 
(Paraskevas & Arendell, 2007). A positive im-
age can contribute to a positive reputation in 
the long-term and therefore increase the popu-
larity of the destination (Paraskevas & Arendell, 
2007). Via the sub-role of emergency managers, 
the public sector has an instrument at had for 
optimizing the training and preparedness of 
emergency forces as well as the overall coor-
dination of safety services. One contribution 
of the proposed system is that the pool of 
emergency forces has been enlarged to members 
of the tourism industry. Due to the vital interest 
of the tourism industry and community service 
providers to offer attractive services to their 
customers, tourists and community members 
could benefit from a wide range of potential 
services. Using the same infrastructure for 
emergency services and commercial services 
increases the familiarity of users with the sys-
tem, its messages and provided functionalities. 
In touristic settings, the system design can be 
used to form dynamic travel teams for enhanc-
ing everyone’s safety and convenience in an 
unfamiliar environment. The same holds for 
mobile communities in which single members 
can benefit from the experiences and willing-

Figure 2. Service integration (Scherner et al., 2009)
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ness to communicate of other community 
members. Furthermore, having a reliable link 
to a trusted group of entities may result in many 
use cases in an increased perceived usefulness 
of location-based services.

IT Artefact Implementation

In the research project VeRSiert (2011) funded 
by the German Federal Ministry of Education 
and Research, a platform following the above 
reference architecture, has been designed and 
implemented for event tourism. From an emer-
gency management perspective, this is a very 
challenging setting, because of the high number 
of persons that are concentrated within rather 
small areas during the event (Roßnagel et al., 
2008). In the past, there have been several disas-
ters during large public events such as the Heysel 
Stadium disaster, the Hillsborough disaster, the 
Niamiha disaster and most recently the 2010 Love 
Parade (Kreps, 2010) and the Water-Festival in 
Phnom Penh (2010). This section will describe 
this implementation in some detail, as it serves in 
the context of this contribution as the main case 
study illustrating the viability and usefulness of 
our overall approach.

Preliminary Design and Scenarios

The realized system design is based on the 
developed reference architecture, and has been 
implemented for the case of large public events 
in Cologne (a German city). The system allows 
for the event management industry to offer 
commercial services to the visitors of the event, 
while at the same time supporting emergency 
services. Using this design as a starting point, 
we entered an iterative development process 
for the implementation of the system.

Initially, a user-centric approach (Tetard 
et al., 2004) was considered for the design of 
the system. The many stakeholders in the event 
management and disaster response scenarios 
likely have divergent requirements, which 
should be considered to realize a useful system 
(Roßnagel et al., 2010a). However, results of 
initial interviews proved contradictory and 
inconclusive; with many stakeholders having 

strong objections to any change of processes 
whatsoever (Roßnagel et al., 2010a). This aligns 
with the results of Tetard et al. (2004) that overly 
user-centric design methods tend to lead to less 
than innovative solutions. Thus, we employed a 
scenario-based approach, as advised by Carroll 
(2000) and others (Roßnagel et al., 2010a). This 
approach also aids in analyzing benefits and 
challenges of emerging information systems 
architectures (Carroll, 2000). An agreement on 
relevant scenarios was one of the most objective 
results of the initial stakeholder interviews, of-
fering a solid basis for this approach (Roßnagel 
et al., 2010a). The scenario-based approach is 
more promising in complex multi-stakeholder 
requirements, as it is useful when “design 
moves have multiple effects, and external fac-
tors constrain design” (Carroll, 2000). It also 
later served as a basis for the evaluation of the 
system using simulation studies (Roßnagel & 
Zibuschka, 2011) and simulation (Roßnagel 
et al., 2011).

Since large public events can differ quite 
substantially and often have very different 
requirements, we have picked three scenarios 
that cover a very broad spectrum of those 
dimensions. Those scenarios are a football 
match, the “Kölner Lichter” and a church day. 
In this contribution we will only provide a short 
description of the “Kölner Lichter” scenario, 
because it provides the basic scenario for our 
simulation study. Details about our approach 
and the different scenarios can be found in 
Roßnagel et al. (2010a).

“Kölner Lichter” (‘Cologne Lights’) is an 
annual event that takes place at the Rhein River 
in Cologne. Several artists perform live on stage 
in the city and the music is broadcasted all along 
the Rhine River. Entrance is free, and the event 
takes place in an unrestricted environment. 
The official program of the event ends around 
midnight with spectacular fireworks that last 
for about half an hour. Kölner Lichter attracts 
between half a million and a million visitors 
annually. Due to the fixed ending and the high 
number of visitors, this event has a huge impact 
on the public and individual traffic system 
(Roßnagel & Junker, 2010). However, since 
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this is an annual event, authorities and transport 
providers can prepare themselves based on prior 
experiences (Roßnagel et al., 2010a).

System Architecture

From the scenarios we derived a layered ar-
chitecture. This approach is quite commonly 
proponed for the implementation of mobile 
services (Cannataro & Pascuzzi, 2001; Fouial et 
al., 2002; Zibuschka et al., 2007), as it potentially 
improves interoperability with various mobile 
phone and network platforms and protocols, 
and enables the provision of services based on 
reusable infrastructure components, in the spirit 
of service-oriented computing (Papazoglou, 
2003). Based on the lowest level of infrastruc-
tural services, we implemented several basic 
services providing essential capabilities, such 
as positioning. Those form the basis of more 
complex services (e.g., friend finder) with 
end-user application character, which may be 
either commercial or emergency management 
services or both, in the next layer (Roßnagel et 
al., 2010a). Finally, these services are integrated 
into scenario-specific, customized, branded 
applications. The service platform offers the 
following basic services:

•	 Chat platform
•	 Micro-blogging platform
•	 Localization of users
•	 Multicast and broadcast messages

By offering a service platform implementing 
those building blocks, a quick development of 
value-adding mobile services can be achieved.

Features and Components

We have implemented a system prototype, based 
on customized Open Source components for the 
server side, and using Google’s Android (http://
www.android.com/) platform for implementa-
tion of the client application.

On the server side, we use StatusNet’s 
Laconica micro-blogging service (http://status.
net/) (providing support for persistent, asynchro-

nous, bidirectional communication between 
stakeholders such as end users and emergency 
managers). To also offer a synchronous, non-
persistent communication channel allowing 
for group communications, we use the Open-
Fire (http://www.igniterealtime.org/projects/
openfire/) server implementing the eXtensible 
Messaging and Presence Protocol (XMPP).

On the client, components like routing, 
chat client, micro-blogging connector and 
friend finder have been implemented using the 
Android API, in part based on additional online 
services like Google Maps (http://maps.google.
com/) and components of the mobile phone, 
e.g., the Global Positioning System (GPS). 
Further basic services can be implemented 
as modular components. A rebranding of the 
client application was integrated, to allow for 
additional distribution channels, and enabling 
the system to reap the benefits associated with 
strong brand names in the context of new product 
deployment (Tauber, 1981). The rebranding is 
illustrated by the screenshots in Figure 3, as is 
the overall look-and-feel of the system.

Evaluation

In this section we will describe our approach to 
the evaluation of the artifact. We will first pres-
ent the used evaluation method of simulation 
studies, followed by a description of the study 
setup before we present the results.

Simulation Studies

Simulation studies allow the testing of proto-
typical software in a real environment and in 
realistic scenarios as they combine elements 
from observational and experimental evaluation 
approaches. The goal is to provide a situation 
that is as realistic as possible and at the same time 
to avoid any danger of incurring real damages.

In simulation studies real users will be 
observed while they intensively experiment 
with prototype technology in realistic situa-
tions in a real environment over a fixed time 
frame. During this time, the researchers can get 
an insight into specific research questions by 
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manipulating the boundary conditions and user 
tasks. Simulation studies require:

•	 Real technology, albeit in a prototype 
stadium,

•	 Real users, who act in a real environment,
•	 Realistic problems, that are based on real 

cases but are simulated during the study,
•	 Real working material, that is prepared 

for the study,
•	 Realistic attacks or emergencies, whose 

impact is only simulated.

Simulation studies can be used to systemati-
cally collect operating experience before technol-
ogy, users, infrastructure and legal frameworks 
are set up for the deployment. Therefore, experi-
ences can be made without risking irreversible 
unjustifiable and harmful decisions.

Since the users accumulate a lot of insight 
in form of hands-on experience, they should 
be included in the analysis of the study re-
sults. This can be achieved by combination of 
several methods such as direct observations, 
surveys, protocol analyses and personal or 
group interviews.

In contrast to field tests simulation stud-
ies allow the possibility to examine different, 
complex and extreme usage scenarios during a 
short but highly intensive testing phase. Simula-

tion studies induce less cost and provide results 
faster than field test, which allows for an easy 
integration into technology development and 
deployment processes. A more detailed descrip-
tion on simulation studies as an evaluation 
method is given in Roßnagel (2007).

The methodology for simulation stud-
ies has been applied successfully to several 
different technologies and scenarios such as 
electronic signatures in administration of justice 
(Roßnagel, 1994) and office communications 
(Pordesch, 2003), mobile communication tech-
nology in health care environments (Roßnagel 
et al., 1999), e-commerce (Kumbruck et al., 
2007) and payment systems (Enzmann & 
Roßnagel, 2002) on the web and decision sup-
port systems in emergency situations (Gu & 
Mendonca, 2005).

Study Setup

For our study we used three independent test 
persons who are not associated with the project 
and who would have attended the event even 
if they had not participated in our simulation 
study. We equipped all three subjects with an 
HTC-Desire Smartphone with our prototypical 
software already installed. None of the subjects 
had seen the software before the start of the 
study. After a short introduction on how to 

Figure 3. Mobile client user interface, rebranding of mobile client
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use the technology, each subject received a 
personalized list of tasks (that was not visible 
to the other subjects) and a different starting 
location. Each subject was accompanied by an 
observer, who recorded all user interactions on 
videotape. Figure 4 shows pictures taken during 
the course of the simulation study, illustrating 
the nature of the event and the subjects using 
the mobile phone to interact with each other.

One of the researchers acted as the simula-
tion study coordinator. He also acted in sev-
eral different roles such as the city council, the 
local transport provider and the event orga-
nizer and in these roles provided useful infor-
mation to the subjects, such as event specific 
information, train schedules and delays. He also 
fulfilled the role of the emergency manager. 
The simulation study lasted for six hours and 
the subjects were questioned after the study in 
form of a short survey.

Empirical Results

Simulation studies do not provide representa-
tive quantitative data. They are a helpful tool 
to explore the scope of different design options 
and to gather hands-on experience without en-
dangering anyone before the actual deployment 
of the technology. They provide the means for 
“trial and error”-testing of risky or experience 
needy technologies. In this regard they are a 
very good fit for the design science approach 
where IT artifacts are developed and then evalu-
ated, as a promising vector for research that 
contributes both to the scientific knowledge 
base (the research is rigorous) and to practice 
(it is also relevant).

Consequently, most of our results are of 
qualitative nature. User interactions were video-
taped by the observers and all tweets that were 
sent during the study were recorded. Figure 5 
provides a screenshot of the public timeline 
during our simulation study.

During the study 112 tweets including 31 
pictures were made by the subjects and the 
additional roles. The subjects interacted heav-
ily with each other. They used and acted on the 
information given by the roles performed by 
the simulation coordinator but did not interact 
with these roles. The videotapes provided valu-
able evidence on how the subjects interacted 
with our software and we were able to identify 
some usability shortcomings that we elimi-
nated in the next version of our software. We 
also tracked the location of all subjects during 
the whole course of the study. This enabled us 
to see if and how the subjects performed their 
tasks and how they reacted to different situa-
tions. One of the main tasks of the subjects was 
to find each other by using our Friend-finder 
service. As can be observed in figure 5 the 
subjects accomplished this task at 21:15 when 
they met at the Rhine river bank (Figure 6).

After the closing fireworks the subjects 
filled out a survey based on Davis (1989) on 
their assessment on the perceived usefulness 
and perceived ease of use of our software. The 
results of this survey are very encouraging as 
all subjects stated that the ease of use is very 
high and the usefulness is also considered to 
be high. However, due to the small number of 
participants these results are by no means a 
reliable data pool for quantitative analysis. They 

Figure 4. Simulation study at “Kölner Lichter”
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Figure 5. Overview of tweets from simulation study

Figure 6. Trajectories of test subjects during “Kölner Lichter”
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can only serve as a first qualitative assessment. 
Therefore, we also conducted additional 
evaluation steps based on an agent-based 
simulation of passengers at Cologne’s Central 
Station. However, due to readability and redun-
dancy concerns, we do not include the full results 
here. They can be found in our earlier works 
(Roßnagel & Junker, 2010; Roßnagel et al., 
2010b, 2011).

Conclusion

In this contribution, we proposed an emergency 
management reference architecture based on 
mobile communication infrastructure, which 
allows the integration of mobile value-adding 
services to improve users’ familiarity with the 
emergency system. Following the design sci-
ence research approach we first derived system 
requirements from the literature. They comprise 
(1) system effectiveness, (2) reliability, (3) cost 
efficiency, (4) smooth service integration, (5) 
multilateral user interaction, (6) availability 
and (7) security. Based on these requirements 
we addressed the problem with a conceptual 
reference architecture. In addition, we discussed 
the benefits to the users of such a system. Fur-
thermore, we presented a platform following the 
reference architecture that has been designed 
and implemented for event tourism, which 
from an emergency management perspective 
is a very challenging form of tourism. We 
evaluated this system implementation using the 
simulation study methodology with real users 
in a real environment using realistic scenarios. 
We conclude that the proposed system design 
could help to increase users’ familiarity with the 
system, offer a perceived value to the tourists 
and create new business opportunities for the 
tourism industry.
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Introduction

Biological Problem Solving Environments 
(PSEs) are frequently provided as web applica-
tions. In the trivial case, such a PSE provides 
a single service or a limited set of services as 
a web application. Biologists “connect” these 
services manually by cutting and pasting data 
between web sites. Since this process is error-
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ABSTRACT
Web-based problem solving environments provide sharing, execution and monitoring of scientific workflows. 
Where they depend on general purpose workflow development systems, the workflow notations are likely far 
too powerful and complex, especially in the area of biology, where programming skills are rare. On the other 
hand, application specific workflow systems may use special purpose languages and execution engines, suf-
fering from a lack of standards, portability, documentation, stability of investment etc. In both cases, the need 
to support yet another application on the desk-top places a burden on the system administration of a research 
lab. In previous research the authors have developed the web based workflow systems Calvin and Hobbes, 
which enable biologists and computer scientists to approach these problems in collaboration. Both systems 
use a server-centric Web 2.0 based approach. Calvin is tailored to molecular biology applications, with a 
simple graphical workflow-language and easy access to existing BioMoby web services. Calvin workflows 
are compiled to industry standard BPEL workflows, which can be edited and refined in collaboration between 
researchers and computer scientists using the Hobbes tool. Together, Calvin and Hobbes form our workflow 
platform MoBiFlow, whose principles, design, and use cases are described in this paper.

prone and hard to retrace, a plethora of different 
bioinformatics workflow systems have emerged 
(Taylor, Deelman, Gannon, & Shields, 2006; 
(Tiwari, & Sekhar, 2007). Increasingly, web 
portals are used to access and to share scientific 
workflows (De Roure, Goble, & Stevens, 2007; 
Christie & Marru, 2007). Some portals provide 
workflow construction facilities via Java Web 
Start (Christie & Marru, 2007; Sipos & Kacsuk, 
2005), while true web-based workflow construc-
tion tools lack sophisticated user experience DOI: 10.4018/jssmet.2011100107
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(Carrere & Gouzy, 2006; Bartocci, Corradini, 
Merelli, & Scortichini, 2007). Often, scientific 
workflow management systems are provided as 
desktop applications with rather complex user 
interfaces (Oinn et al., 2004; Shah et al., 2004).

Similar to programming languages, the 
complexity of the user interface and the work-
flow notation remains an area of conflict. 
Supporting a large set of different workflows 
and different types of services increases the 
complexity of a workflow language, thus reduc-
ing usability by domain experts. In contrast, 
high user-friendliness limits the possible set 
of workflow patterns and access to arbitrary 
services. Domain experts should be able to 
compose and execute workflows in a domain 
specific modeling system, and still fall back 
to a collaboration with software engineers if 
a more complex workflow model is needed. 
In this paper we propose a hybrid approach of 
augmenting an existing collaborative workflow 
development system with a biology-specific 
scientific workflow mode. In software engi-
neering it is often recognized that 80% of the 
useful functionality is provided by 20% of the 
code (the “Pareto principle”).

We argue that many typical life science 
workflows can be expressed by a reduced 
workflow notation. Similar to high-level pro-
gramming languages, which are compiled to 
a common machine language, we regard the 
Business Process Execution Language (BPEL) 
as the “assembly language” of an arbitrary 
set of domain-specific workflow languages 
(OASIS, 2007).

In this article, we give an overview of our 
previous work on the bioinformatics workflow 
system MoBiFlow and the software ecosys-
tem on which it is built. The article extends 
our workshop paper (Küchlin & Held, 2010). 
MoBiFlow consists of the biology-specific 
workflow system Calvin and the collaborative 
workflow development system Hobbes, with 
additional tools such as the computation of 
workflow metrics, layout capabilities or Web 
2.0 based video conferencing.

In particular, we make the following 
contributions:

1. 	 We have formalized common e-science 
processes in biology as a meta-process and 
we derive requirements for next generation 
bioinformatics workflow systems.

2. 	 We show how low-level workflow languag-
es can be combined with domain-specific 
workflow notations to provide ease-of-use 
and flexibility at the same time.

3. 	 We describe the design principles behind 
the MoBiFlow system, which represents 
a solution for high-level and low-level 
collaborative workflow development and 
usage.

Requirements for 
E-Biology Workflow 
Systems

Computer Use and Infrastructure 
in Biology Departments

In this section we analyze contemporary e-
science usage in biology departments, based on 
the example of the Center for Plant Molecular 
Biology (ZMBP) of the University of Tübingen. 
ZMBP consists of fifteen research groups in four 
branches. We have cooperated with research-
ers from the plant physiology branch, which 
consists of seven research groups.

We held several meetings and interviews 
with ZMBP research staff to evaluate their 
requirements for a bioinformatics workflow 
system. In an agile fashion, we gave demon-
strations of our evolving workflow system to 
staff members with differing levels of expertise 
in e-science.

In the ZMBP, “in silico experiment” web 
applications are frequently used to prepare “wet” 
experiments in the laboratory. Existing work-
flow solutions have been evaluated but failed 
to satisfy the users, especially due to intricate 
user interfaces and lack of user interaction. 
Another important factor for the acceptance 
of novel software is its availability on the web. 
On the one hand, biologists are used to work 
on the web, as described above. On the other 
hand, in large institutions, departmental poli-
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cies, often necessitated by lack of funding for 
system administration, can prevent the instal-
lation of software on pool PCs or on individual 
workstations.

The Meta-Process of Workflow 
Usage in Plant Science

Figure 1 shows the representation of a meta 
process of computational plant science, given 
in the Event-Driven Process Chain notation 
(Scheer, 1999).We derived the Meta-Process 
from our interviews at the ZMBP and from 
informal sketches by ZMBP staff members.

The figure does not represent a specific 
bioinformatics workflow, but outlines the 
daily usage of web applications by biologists. 
Every path between the events “Data entered” 
and “Data” represents a pipeline of data pro-
cessing which could be automated. The “view/
edit” activity triggers either the execution of 
a new pipeline or the end of the in silico ex-
perimenting phase. In many cycles, the “view/
edit” activity can effectively be left out and is 
only enforced by the “copy & paste” mode of 
operation. In some cycles, however, it is nec-
essary to enable a biologist to edit the data or 
decide whether to go on with the workflow. 
Additionally, all input and output data have 
to be recorded for tracing the experiment. Ef-
fectively, the set of cycles performed by a 
biologist before going on to a “wet” experi-
ment forms a tree, where the result of one in 
silico experiment is the input to a set of other 
in silico experiments.

Application Requirements 
for Scientific Workflows

Gil et al. have identified three different applica-
tion requirements for next-generation scientific 
workflow management systems (Gil et al., 
2007). We will now describe how these general 
requirements apply to life science workflow 
systems. The requirements are marked as [Rn], 
where n is a number.

Supporting Collaborations [R1]

Scientific progress is inherently a collabora-
tive process, in which experts from different 
domains participate. Hence, Gil et al. see a need 
to “orchestrate the steps of scientific discovery 
and bridge the differing expertise of collabora-
tion members.” In life sciences, collaborations 
consist of biologists, bioinformaticians, and 
software engineers. Biologists and bioinformati-
cians will prefer to work with “stripped down” 
workflow notations that enable them to easily 
sketch runnable workflows, while software 
engineers will prefer a complete workflow 
language which effectively gives them the 
power of a programming language.

Reproducibility of Scientific 
Analyses and Processes [R2]

There is no guarantee that a web service will 
always give a correct answer, as databases can 
be corrupted or services can be subject to algo-
rithmic or software errors. In “copy & paste” 
style processes, biologists see all results of all 
service invocations. Hence, each workflow 
result will have to document both the actual 
control-flow and data-flow of the workflow 
instance, i.e., the results of every intermedi-
ate activity in the workflow are a part of its 
result. Thus, we need to provide an interface 
for biologists to easily navigate through results, 
and to pick up information about intermediate 
results as needed.

Flexible Environments [R3]

Gil et al. (2007) point out, that “systems must 
be flexible, in terms of supporting both com-
mon analyses that many scientists perform, as 
well as unique analyses”, that may incorporate 
“workflows with previously unseen com-
binations and configurations of models”. If 
biological workflow models are compiled to a 
general-purpose workflow language, software 
engineers can provide arbitrarily sophisticated 
programming constructs if they are needed.
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Biology-Specific Requirements

Intuitive and Simple Composition [R4]

In contrast to other sciences (e.g., physics, 
bioinformatics), biology education does not 
encompass software programming. Thus, 
biology-specific workflow notations have to 
be kept very simple and may only provide 
necessary features, thus leaving out any con-
trol structures where possible. Barker and van 
Hemert point out that “wet laboratory biologists 
are uncomfortable using even the most abstract 
workflow tools currently available” (Barker & 
van Hemert, 2008).

Immediate Service Invocations 
at Build Time [R5]

For two reasons, users want to invoke services 
at build time. First, this enables an exploratory 
way of workflow construction. As Gibson et 

al. (2007) point out users sometimes will start 
composing a workflow with a given piece of in-
formation without knowing the goal in advance. 
On the other hand, life science web services are 
publicly provided by research institutions that 
cannot guarantee the correctness or the avail-
ability of a service. Thus, trying out a service 
before incorporating it into a workflow enhances 
the chance of yielding a correct workflow for 
a given task.

Semantic Service Discovery [R6]

When constructing a workflow, a typical task 
is finding an applicable service that can serve 
as a successor for a given activity. However, 
the opposite scenario, where a predecessor 
for an activity is needed, is also realistic. This 
situation arises, if a user knows which result 
type she wants and is searching for a way to 
get to this result type, e.g., when cross-checking 
published results.

Figure 1. The meta process of computational plant science (© 2010 Markus Held)
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User Interaction [R7]

A major issue for the usability of workflows 
is the possibility to interact with a workflow 
at predefined events in the workflow. In data-
flow oriented workflow models, these events 
can be identified as the invocation or return of 
activities. In aspect-oriented terminology user 
interaction happens at a pointcut before or after 
the invocation of an activity (Kiczales et al., 
1997). After viewing the input or the output of 
an activity, the user may decide either to resume 
the workflow, to alter the data and resume, or 
to quit the workflow execution.

Group Level Workflow Sharing [R8]

Roure et al. have identified the necessity to 
share workflows with other scientists, similar 
to publishing experiments (Roure, Goble, & 
Stevens, 2007). However, as Goble has pointed 
out, life scientists would “rather share their 
toothbrushes than their data” (The BioMoby 
Consortium, 2008), i.e., they share preliminary 
results only within their research group. Hence, 
before publishing their workflows, biologists 
will want to share their workflows on the 
group level.

Technical Requirements

BioMoby Support [R9]

A new workflow system will only be accepted 
if a sufficient number of services are avail-
able. Hence, it should re-use an existing and 
well established web service database. The 
BioMoby framework provides such a database 
and also enables semantic service discovery 
[R6] (Wilkinson & Links, 2002; The BioMoby 
Consortium, 2008).

Web Integration [R10]

The web browser is the standard e-science tool 
for biologists. Users are most likely to accept a 
new system if it is integrated into the environ-
ment they are used to. On the other hand, de-
partment policies often prevent the installation 

of new software. Even if department policies 
allow installing new software, many biologists 
prefer using pre-configured and centrally man-
aged systems. These arguments make the web 
integration of a bioinformatics workflow system 
highly desirable.

Standards Conformance [R11]

Current bioinformatics workflow systems lack a 
common standard. To guarantee that a workflow 
can be understood and executed by future users, 
we need to ensure its compatibility to a standard 
workflow language. In the business world, the 
Business Process Execution Language (BPEL) 
has gained general acceptance as the standard 
workflow execution language (OASIS, 2007). 
Thus, Barker and van Hemert recommend using 
novel workflow notations in conjunction with 
BPEL (Barker & van Hemert, 2008).

The MoBiFlow Life Science 
Workflow System

In this section we introduce the MoBiFlow 
System, which is our solution to the require-
ments described in the previous section. The 
MoBiFlow concept depends on the interplay 
of two distinct components, called Calvin 
and Hobbes.

Calvin enables biologists to easily define 
workflows for common tasks in a domain 
specific workflow notation. In case more so-
phisticated workflows are needed, which cannot 
be expressed in the Calvin notation, biologists 
can request the help of software engineers or 
bioinformaticians [R1][R3], who may refine 
the workflow using our collaborative BPEL 
development system Hobbes (Held & Bloch-
inger, 2008).

Providing Ease of Use to 
Biologists with Calvin

Figure 2 shows the main screen of the Calvin 
workflow design system. All components of 
Calvin can be accessed through a web browser 
[R10]. It consists of an editor canvas, showing 
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the activities of the workflow as rounded boxes 
(1) and data-flow connections between activities

shown as arrows. Activities can be dragged 
from a palette of available services (2). The 
arrows are green if types are compatible, red if 
they are incompatible, and orange if this cannot 
be decided by the system. The Calvin workflow 
notation is kept very simple, to ease its use for 
biologists. Effectively, it represents a tree of 
exploration steps, similar to the process de-
picted in Figure 1. Hence, users do not have to 
deal with control structures [R4].

Services that process the output type or 
produce the input type of an activity can be 
found using a semantic search facility. By click-
ing on an activity, a query window is opened 
(3), which can be used to search the BioMOBY 
database for a list of adequate services (4) [R6]
[R9]. Users can open a description of the service 
represented by an activity, or invoke the service 
directly from the activity properties menu. This 
enables testing the behavior of a service prior 
to running the workflow, thus enabling an ex-
plorative and data-oriented way of workflow 
composition [R5]. Activities can be marked 
as requiring user interaction, before or after 
their execution [R7]. Finished workflows are 
compiled to BPEL and deployed to an execution 
engine. We have chosen BPEL as the workflow 
execution language because it represents a com-
monly accepted standard [R11].

Deployed Calvin workflows can be re-
used as new services, which are presented on 
a different service palette than the BioMoby 
services. For every output of a Calvin service 
that can serve as an input of another activity, a 
virtual port is presented to the user.

The Calvin Workflow Management Con-
sole presents a list of the workflows that are 
available on the server and can be loaded into 
the editor [R8]. The workflows are already 
deployed in the BPEL execution engine and can 
be executed from the console. Before beginning 
the actual execution, a window will show a 
graphical editor for workflow inputs. The input 
variables are sorted by the activities for which 
they are provided. Two different kinds of input 
parameters are available: primary inputs, which 

consist of biological data, and secondary param-
eters which influence the behavior of a service 
(e.g., its output format). Standard parameters 
are provided which can be overwritten by the 
user. Every input variable is presented with a 
description provided by the BioMoby database. 
During workflow interaction, the user can be 
prompted to verify if the workflow should go 
on, or to view and edit result data [R7].

External clients can be developed using 
the WSDL file provided by a workflow. Those 
WSDL-files are annotated with documentation 
data from the BioMoby database which provide 
a complete description of the semantics of 
each service invocation. Biologists can invite a 
software engineer to further refine Calvin work-
flows via Hobbes. Leaving the WSDL interface 
of a BPEL document unchanged is obviously 
a sufficient condition for the invocation of the 
workflow from Calvin. A mapping from BPEL 
to the Calvin notation is impossible, since BPEL 
is Turing-complete. It is not necessary, on the 
other hand, since modified Calvin workflows 
can be embedded in new Calvin workflows.

Every workflow execution yields a result 
file containing the time of invocation, the in-
puts and service parameters, and all final and 
intermediate results. Together with the serialized 
workflow model, this enables retracing every 
event in the workflow and the origin of its results, 
providing the provenance information [R2] 
which lies at the heart of the scientific process. 
The result files can either be downloaded from 
the server or can be explored using an AJAX 
based provenance browser. The provenance 
browser is presented to the user as a dynamically 
generated HTML page. Since the result files can 
be large, this page in general only presents a 
preview of the result file contents. If the user 
wishes to view a specific part of the result file, 
it is asynchronously loaded from the server.

The Collaborative Workflow 
Design Process of Hobbes

Weiseth et al. have identified three sub-
processes of collaboration, which they call 
coordination, production and decision-making 



International Journal of Service Science, Management, Engineering, and Technology, 2(4), 67-78, October-December 2011   73

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

(Weiseth, Munkvold, Tvedte, & Larsen, 2006). 
Coordination denotes the planning and assign-
ment of tasks to collaborators, while production 
means collaborative development. Decision 
making is the base of coordination and requires 
analysis of the manipulated artifacts. Our Col-
laborative Workflow Design approach accounts 
for each of these subprocesses in distinct phases. 
First, the team leader instantiates a new session 
in the collaborative workflow design system. 
She can make initial decisions by lying out and 
configuring elements. Finally, the team leader 
will decide to share the workflow and invite 
team members.

Team members can join or leave at any time 
after sharing the workflow design session. The 
team synchronously works on the design until 
the team leader decides that it is time to analyze 
the quality of the workflow model. During the 

analysis and annotation phase the workflow is 
globally locked, so that only the team leader 
has full access. The team leader uses analysis 
tools, e.g., workflow metrics, to assess the 
workflow quality and to identify sub-workflows 
that should be refactored (restructured). If the 
team leader decides that the workflow needs 
further refinement, she will annotate the 
workflow model to delegate responsibility for 
specific tasks such as performance-tuning in 
sub-workflows to individual team members. 
Afterwards she will switch the session to a new 
collaborative phase.

Figure 3 provides a more detailed descrip-
tion of the collaborative workflow design 
process, modeled as an Event-Driven Process 
Chain (Scheer, 1999). It shows that workflow 
analysis (decision-making) and annotation (co-
ordination) are closely related, as coordination 

Figure 2. Screenshot: The Calvin GUI enables easy workflow design and usage for biologists 
(© 2009 Markus Held)
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actions depend upon decisions. The activity 
following the top left XOR represents metrics-
aided analysis of the workflow, which alternates 
with the annotation activity on the right. The 
cycle of analysis and annotation is entered after 
a design activity. Both activities involve only 
the team leader and require a workflow model 
that is left unchanged by other users’ actions. 
Thus, in a collaborative workflow design system 
both can be handled within the same phase.

Collaborative BPEL Editing with 
Hobbes

The resulting BPEL workflows can be edited 
using Hobbes according to the previously de-
scribed process (Figure 2), thus enabling the 
development of arbitrary workflows beyond 
the limits of any domain-specific workflow 
language [R3].

As sophisticated workflow development 
demands a close cooperation of domain experts 
and software engineers, Hobbes enables teams 
to collaboratively edit a BPEL model [R1]. A 
special role is held by the team leader, who can 
assign tasks, grant privileged access to sub-
workflows to team members, or temporarily 
lock the entire workflow. The team leader can 
also use a set of workflow metrics to analyze 
a workflow, which simplifies finding design 
flaws. The workflow metrics are BPEL-specific 
software metrics and are described in detail 
in Held and Blochinger (2009). Hobbes espe-
cially includes diverse measures for the size 
and complexity of a given workflow, such as 
McCabe’s Cyclomatic Complexity (McCabe, 
1976) and Cardoso’s Control Flow Complexity 
(Cardoso, 2007), as well as parallelism and data-
flow metrics. Figure 4 shows the main screen 
of a Hobbes editing session. The main editing 
canvas (1) shows activities and their logical 
dependencies, while several editing options are 
presented on the left (2). The BPEL document 
is recursively decomposed into a set of layers 
which can be traversed with the navigation tree 
on the right (3). The present users are shown 
on the bottom left of the screen, as well as the 
phase of the collaboration process (5). The col-

laboration phase can only be changed by the 
team leader. During a special analysis phase, the 
team leader can analyze the workflow with the 
help of workflow metrics (6) without interfer-
ence by other users’ actions.

Team members can negotiate the configu-
ration of a given workflow activity (“collab-
orative configuration”) or lead other team 
members to their specific view of the workflow 
model (“collaborative document navigation”). 
Hobbes optionally supports video conferencing 
(Held & Lehle, 2009). In addition to Hobbes, 
we have presented a GUI-based collaborative 
WSDL editing system, based on similar con-
sistency preservation algorithms (Held & 
Günther, 2009).

Related Work

Scientific Workflow 
Management Systems

The P-GRADE bioinformatics portal provides a 
Java-based workflow editor with collaborative 
features, which does not support synchronous 
collaboration (Sipos & Kacsuk, 2005). Out of the 
necessity to connect Grid jobs of different users, 
PGRADE provides the ability to lock, locally 
edit and submit parts of a workflow. The P-Grade 
Editor uses JavaWeb Start deployment, which 
prevents embedding the application in a web 
site. It uses a proprietary workflow language, 
limited to the design of directed acyclic graphs.

The BioWMS workflow management 
system contains a web-based workflow editor 
(Bartocci, Corradini, Merelli, & Scortichini, 
2007). Workflows are presented as static HTML 
pages with embedded graphics. Changes to a 
workflow lead to reloading the page.

BioWMS neither supports BPEL nor does 
it include any collaborative features. Pegasys 
is a client/server based workflow management 
system (Shah et al., 2004). Pegasys users can 
define DAG workflows, which consist of 
predefined modules, that can be executed on 
a cluster.

The Taverna workbench is a popular 
bioinformatics workflow management system 
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from the myGrid project (Oinn et al., 2004) 
for composing and executing workflows writ-
ten in the XML-language Scufl. Taverna runs 
as a desktop application, but an extension for 
executing workflows on remote hosts exists. 
No standardized Scufl specification exists and 
the developers warn that “the language itself 
should be considered volatile”. Oinn et al. 
state that Taverna uses Scufl, because the de-
velopment of Taverna had been started before 
the standardization of BPEL, and because an 
evaluation of the BPEL predecessor WSFL 
yielded the result, that it did not abstract away 
from the intricacies of the Web Service stack 
(Oinn et al., 2006). They conclude that “a mi-
gration path, so that workflows prototyped in 
Scufl could be transformed to BPEL for more 
heavyweight use, would be attractive.” Lanzen 
and Oinn point out that “in the standard version 
of the Taverna Workbench, a user cannot control 
the behaviour of a workflow once it is running” 
and have introduced an interaction extension 

(Lanzen & Oinn, 2008). Users are notified of 
interactive steps by email and can visit a web 
site to perform the actual interactions. Two 
standard interaction activities are available, 
where users have the choice to either accept 
or reject “a piece of textual data,” or to edit a 
given genome sequence using a Java Web Start 
initiated editor.

BioMOBY Browsers and 
Workflow Systems

The Gbrowse Moby browser provides HTML-
page-wise browsing through BioMOBY ser-
vices, while Seahawk is a Java Applet-based 
BioMOBY browser (Wilkinson, 2006; Gordon 
& Sensen, 2007). Sessions from both browsers 
can be saved as SCUFL pipes. REMORA is a 
web-based DAG editor with BioMOBY ac-
cess, where workflows are saved and executed 
on the server, but cannot be exported to any 
workflow language (Carrere & Gouzy, 2006). 

Figure 3. The process of collaborative workflow design with Hobbes (© 2009 Markus Held)
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The user interface consists of static HTML 
pages only. Gibson et al. have presented the 
Data Playground Taverna-plug-in for a data 
centric interactive composition of activities, 
thus enabling a “programming by example” 
style composition of BioMoby web services 
to SCUFL workflows (Gibson, Gamble, Wol-
stencroft, Oinn, & Goble, 2007).

Conclusion and Outlook

We have presented the scientific workflow 
management system MobiFlow, which con-
sists of the biology-specific workflow system 
Calvin and the collaborative workflow editor 
Hobbes. It enables life science researchers to 
easily compose workflows. Using the Bio-
MOBY registry, it supports semantic service 
composition. Workflows are compiled to the 
standard language BPEL, which guarantees 
documentation, reusability, long-term stability, 
and a choice of execution engines. In contrast 

to other systems, the MoBiFlow uses Web 2.0 
techniques to provide an interactive GUI ex-
ecuting in a web browser, while the workflows 
themselves are managed and executed on the 
server. The Calvin GUI provides a user-friendly 
interface for molecular biology applications, 
where user interaction with the workflow and 
a comfortable provenance browser have been 
incorporated. Compiled Calvin workflows 
can be refined using the collaborative BPEL 
development system Hobbes, which enables 
cooperation between life scientists and software 
engineers to refine and tune workflows. Since 
the MoBiFlow system is built on standard web 
technology, its technology stack is fit for cloud 
computing scenarios as well as for application 
areas other than biology.

The use of workflow systems in the Sci-
ences provides a new set of both challenges and 
opportunities. It is likely that future workflow 
systems will support the integration of lab hard-
ware, such as sequencers as direct data sources, 
and will permit monitoring and controlling 

Figure 4. Screenshot: The collaborative BPEL development system Hobbes (© 2009 Markus Held)
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workflow execution via mobile devices such 
as smart phones.

Scientific workflows represent provenance 
information for scientific data and are thus 
just as important as the data themselves. They 
can be annotated with meta-data such as com-
ments and reviews. In connection with web 
2.0 techniques new opportunities arise for the 
presentation and discussion of scientific results 
e.g., see MyExperiment for the exchange of 
Taverna workflows (De Roure & Goble, 2009; 
De Roure, Goble, & Stevens, 2009).

Workflows may thus become an integral 
part of Laboratory Information Systems (LIMS). 
A LIMS provides for the storage, management, 
and access of lab data with all sources (both 
instruments and workflows) and meta-data 
(publications, pictures, personal data of sci-
entists, etc.).
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1. Introduction

The number of people with chronic diseases 
like diabetes and arthritis is growing world-
wide. Actions to encounter this trend take an 
ever-increasing proportion of national health 
care budgets. In view of the demographic 
change, effective prevention of diseases be-
comes an inevitable challenge to our society. 
In this context mobile technology, intelligent 
assistance systems and user-drive may play 
an important role. According to a study from 
eMarketer, there were nearly 116 million US 
user-generated content consumers, along with 
82.5 million content creators in 2008. Both 
numbers are expected to increase significantly 
by 2013 (Verna, 2009). Furthermore, usage of 
mobile devices, such as smart phones or tablets, 
has overtaken application of ‘classical’ devices 
like PCs or laptops. According to another study 
(Flurry Analytics, 2011), daily time spent in 
mobile apps has surpassed Web consumption. At 
the time of writing, the average user spends 9% 
more time using mobile apps than the Internet.

As a result, we expect that in the near future 
consumption and creation of user-generated 
content in the domain of health and fitness will 
move to the mobile environment. This will be 
much more suited to the way we carry out social 
interactions – anywhere and anytime. Soon, this 
will further evolve and the mobile world will 
provide not only contents, but also ad-hoc user-
created services from the ‘long tail’, i.e., a large 
number of unique services with a comparatively 
small number of users. The mobile terminal will 
be evolved to become also a server. When put 
into exploitation directly by using the mobile 
device, a mobile user will provide constantly 
updated information, relevant to other users’ 
instantaneous interests.

We assume that technologies enabling the 
creation, deployment, discovery, and sharing 
of user-generated mobile content and services 
are crucial for the further evolution of the 
mobile world. Individuals will become ‘super 
prosumers’, i.e., producers, providers, and 
consumers of mobile content and services. 
The super prosumer concept responds to the 

most relevant driver of mobile usage which is 
the instantaneous and personalized response 
to a need for communication, information, and 
entertainment using powerful ubiquitous user 
devices and mobile network infrastructures.

This article is an extended version of two 
articles, in which first results of the project have 
been presented (Chapko et al., 2010a, 2010b). 
In this article, we present a more detailed view 
of the uService architecture, which is the un-
derlying generic platform for mobile service 
management. As a concrete application area of 
a super prosumer scenario, the uService project 
investigates, among others, the health and fitness 
domain. This is due to the fact that people are 
increasingly looking for products and services 
that allow them to track, socially interact, and 
share data related to health and fitness while be-
ing on the move (Buttussi, Chittaro, & Nadalutti, 
2006; Kurdyukova, 2009; Miluzzo et al., 2008). 
Furthermore, social interaction, challenge and 
reward systems are significant trends for health 
and mobile applications (Ashbrook, 2010). The 
uService project extends these ideas even further 
by enabling users to create mobile services on 
mobile devices on their own and provide them 
to others. The uRun framework can therefore be 
seen as an instantiation of the uService platform 
for the domain of user-generated health and 
fitness mobile services.

The remainder of this article is structured 
as follows. In Section 2, an overview about 
related work concerning the creation of mobile 
services and the current technologies for mobile 
running applications are reviewed. In Section 
3, example scenarios for the use and creation 
of mobile applications in the health and fitness 
domain are outlined. The uService platform and 
the uRun framework are presented in Section 
4. Finally, this article is closed in Section 5 
with a conclusion and outlook on future work.

2. Related Work

In Subsection 2.1, firstly we discuss related 
projects that are investigating user-generated 
services. Subsections 2.2 and 2.3 outline im-
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portant issues that are of particular importance 
in the field of user-generated services: while 
we explain how user-generated services can 
be secured and trusted in Subsection 2.2, we 
show how the revenue is shared between the 
participants in the eco-system in Subsection 
2.3. In Subsection 2.4, we describe the state-of-
the-art in intelligent mobile health and fitness 
systems before we present the state-of-the-art 
in mobile running applications in Subsection 
2.5 which is the focused application domain of 
the uRun framework.

2.1. Related Projects

Given that social networks have brought new 
kinds of social interactions between people 
and services in the Internet, Web Services have 
become pervasive for users around the globe. 
As a result, there are several projects that focus 
on novel Web Services-based applications. 
uService, with its goal to turn users into mobile 
service super prosumers by enabling them to 
easily create new services, shares some char-
acteristics with recent pan-European projects.

The m:Ciudad project (http://www.
mciudad-fp7.eu/) aimed to provide ‘a service 
architecture, a set of mobile tools and a platform 
to allow users to create focused, knowledge-
based mobile micro-services, which are called 
m:Ciudad U+ Services’ (Davies et al., 2008). 
Similar to uService, m:Ciudad followed the 
mobile service prosumer paradigm and can be 
seen as a predecessor of uService. However, 
m:Ciudad lacks important features which are 
required in most applications: integration of 
sensors and mobile terminal capabilities and an 
infrastructure that provides common platform 
features, such as identity management, search 
and recommendation, charging and billing, 
and advertising.

The Do-it-Yourself Smart Experiences 
(DiYSE) project (http://www.dyse.org/) allows 
the user to easily create, setup, and control 
applications in smart living environments (Ro-
elands et al., 2010). The project aims to make 
the Internet-of-Things usable and to enable a 
Web of Things by using Web 2.0 technologies. 
In contrast to uService, DiYSE rather tries to 

connect physical things to the Internet and is 
less focused on human interactions.

The Open Source Ambient Intelligence 
(OSAmI) project (http://www.osami-commons.
org/) focuses on creating an open-source 
service-oriented platform for ambient intel-
ligence applications (Lipprandt et al., 2009). 
The project’s goal is to enable all types of co-
operating devices and software to seamlessly 
work together. Whereas OSAmI has its focus on 
device and service interoperability, the creation 
of new services has not been investigated.

The Mobile User Generated Geo Services 
(Mugges, http://www.mugges-fp7.eu/) project 
again follows the mobile prosumer concept 
and aims at allowing users to provide services 
(Guggenmos, Pérez, López-de-Ipiña, & Gil, 
2010). Services are called ‘Mugglets’ and are 
downloaded to the prosumers mobile device. 
Furthermore, Mugges focuses on location-
based services and therefore each Mugglet is 
connected to a location. For the creation of 
Mugglets, Mugges uses a template approach 
which means that users adapt ready-to-run 
services for their needs. The uService project 
considers service templates as one possible way 
for users to easily create new mobile services.

2.2. Security, Privacy, Trust, 
and Identity Management

Important issues in the context of mobile 
user-generated services are security, privacy, 
and trust as well as the closely related issue of 
identity management. For Web Services, WS-
Security (Organization for the Advancement 
of Structured Information Standards, 2006) is 
a standard for applying security mechanisms. 
It defines a set of SOAP extensions providing 
message authentication, message integrity, and 
message confidentiality. WS-Security supports 
for multiple security tokens, trust domains, 
signature formats, and encryption technologies. 
It is a message-level security and working in 
the application layer, no special transport layer 
technique is required.

Concerning the management of identities, 
which is needed to perform secure authen-
tication, user-centric identity management 
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standards have to be considered. Well-known 
examples are OpenID (http://openid.net), 
CardSpace and Information Cards (Bertocci, 
Serack, & Baker, 2007), and Liberty Alliance 
(http://www.projectliberty.org/).

In addition, Subscriber Identity Mod-
ule (SIM) cards are also providing security 
mechanisms. The SIM card is well-established 
as a tamper-proof security device in mobile 
telecommunication scenarios. Its primary pur-
pose is to identify a mobile phone user to the 
operator’s network in a secure and consistent 
way. The majority of today’s SIM cards is 
Java enabled and conforms to the Java Card 
2.2 specification (Oracle Corporation, 2011). 
There are several additional standards for SIM 
cards that support value-added applications 
(e.g., Short Message Information Service) and 
executable applications.

In general, SIM-based applications ensure 
authenticity, integrity, confidentiality, and pri-
vacy. For deploying these security enhancing 
applications within mobile services, concepts 
for communicating to the SIM on application 
level are needed. One frequently used ability is 
the SIM card Application Toolkit (ETSI TS 102 
223). It defines a set of commands and proce-
dures enabling the card to contain applications 
specific to the issuer (i.e., the network operator), 
allowing the operator to deploy services like, 
e.g., information and location-based services, 
banking and Internet access.

New approaches from bodies like Java Card 
Forum, ETSI or Open Mobile Alliance (OMA) 
aim at utilizing Web technologies in the smart 
card world. This could extend the mashup idea 
to the usage of SIM cards in mobile services. A 
Smart Card Web Server (SCWS) is an HTTP 
server that is implemented in a smart card, i.e., 
in the mobile context in a SIM card. The SCWS 
can provide static content like HTML pages 
or media files as well as dynamic content. The 
content can easily be accessed, for instance 
from mobile phone Internet browsers.

For today’s Java Card 2.2 platforms, the 
OMA has specified a SCWS including an in-
terface for remote administration (Open Mobile 
Alliance, 2011). It will be adapted for upcoming 

techniques like high speed interface or TCP-
enabled smart cards. The SCWS provides an 
extension programming interface similar to CGI 
(http://hoohoo.ncsa.uiuc.edu/cgi/) to deploy 
dynamic content. A real Java servlet container 
is not realized due to the limitation of the Java 
Card platform, e.g., the lack of multi-threading.

2.3. Revenue Sharing

Another important issue with user-generated 
content and services is how to make business and 
gain revenue. We believe that user-generated 
content and services should create value for 
their owners and everybody else in the ecosys-
tem. Current business models in the fixed-line 
Internet domain offer content and services 
free of charge to the users, but require them to 
register themselves to a content and/or service 
platform. With this registration they provide 
some information about themselves and while 
using content and services they continuously 
update and extend their profile. This profile 
information is used by the providers to place 
advertisements on the Web pages, allowing 
them to earn money from the advertisers with 
their platform. But with such business models 
the user, or better prosumer, will not be able to 
get revenues for providing his content and ser-
vices. Traditionally, the accounting and billing 
systems of the operators and Internet service 
providers have been geared towards billing 
the users, not to providing billing services to 
individual users. What is needed are fair user 
rewarding models where users receive a com-
pensation for successful user-created content 
and services. This would support an innovative, 
fair, and secure approach for mobile account-
ing and billing, adapted to the super prosumer 
ecosystem, allowing not only the users, but also 
service providers to directly gain revenues with 
user-generated content and services.

On a technical level, we only know of 
one standard in the Web Services domain that 
provides an open interface for accounting and 
billing purposes, i.e., the Parlay X APIs for 
account management and payment (3rd Genera-
tion Partnership Project, 2009a, 2009b), now 
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being standardized by the OneAPI initiative 
(http://www.gsmworld.com/oneapi/). The op-
erations offered by the Payment API can build 
a basis to integrate charging mechanisms into 
user-generated mobile services.

2.4. State-of-the-Art Intelligent 
Mobile Health and Fitness Systems

Intelligent mobile health systems transform 
from medical professional support systems to 
self-care applications which are focused on the 
patient. Real-time feedback and improved com-
munications to the network of care are amongst 
others the main features of intelligent mobile 
self-care applications. However, a general ap-
proach for smart and cost-efficient analysis of 
data for mobile health care applications is still 
an open issue (Haghighi, Zaslavsky, Krishnas-
wamy, & Gaber, 2009). In this context, you can 
differentiate between analysis of mobile data 
on the device and analysis in the backend. A 
combination of both is expected to provide the 
required quality and efficiency for health care 
applications. The main issue of analysis on the 
device is limitation of resources (e.g., battery or 
memory). In this context, ubiquitous data stream 
mining (UDM) can perform real-time analysis 
on a mobile device while considering available 
resources (Gaber, Krishnaswamy, & Zaslavsky, 
2004). In terms of analysis in the backend you 
can differentiate between emergency systems 
and assistance systems. Initially, emergency 
systems were investigated and developed, i.e., 
the systems were designed to detect lethal threats 
to patients with chronic diseases (Kyriacou, Pat-
tichis, Pattichis, Panayides, & Pitsillides, 2007). 
In terms of assistance systems, research is in an 
early phase and there are only few examples. 
Approaches which apply recommender system 
methods are used for data mining purposes (Da-
vis, Chawla, Blumm, Christakis, & Barabási, 
2008, 2010; Steinhaeuser & Chawla, 2009) to 
analyze collected data for medical research 
purposes. Learning mechanism in combina-
tion with recommender system approaches 
are focused on the generation of personalized, 
real-time recommendations for a patient. In 

this context, not only assistance systems for 
disease management (Folino & Pizzuti, 2010; 
Komninos & Stamou, 2006; Villarreal et al., 
2009) but also assistance systems for disease 
prevention or healthy living are developed (Ho 
& Xiang, 2009; Ahamed, Haque, Stamm, & 
Khan, 2007).

2.5. State-of-the-Art Mobile 
Running Applications

Providers of mobile running applications can 
be differentiated according to software and 
hardware providers. The former develop mo-
bile applications for mobile devices, whereas 
the scope of the application is limited by the 
technical features of the mobile device it is run-
ning on, e.g., whether a camera or GPS sensor 
is available. Usually, these applications are 
not platform-independent and instead bound 
to certain mobile operating systems. Hardware 
providers offer mobile running applications 
connected to a certain device with different 
sensors. As a result, the software application 
is fitted to the hardware device. In general, the 
most common providers are manufacturers of 
sporting goods such as Adidas, Nike, or Polar. 
As a last category there are hybrid running ap-
plications, i.e., hardware and software providers 
team up to provide applications that run on a 
mobile device which in turn is connected to 
another device of a sports good manufacturer.

Apples iTunes Store offers different run-
ning apps. One of the best known applications is 
‘Smartrunner’ (http://www.smartrunner.com/). 
In addition to running, Smartrunner also covers 
cycling, hiking, and inline skating activities. The 
application provides an overview of average 
and maximum speed, distance travelled, and 
calories burned. Furthermore, it enables a map 
view of the planned route. The travelled route 
can then be submitted to social networks like 
Facebook and Twitter, making it accessible for 
friends. Other partly fee-based apps like ‘Run-
tastic’ (http://runtastic.com/) offer the similar 
basic functions. Besides functions, such as, 
recording time, speed, distance, altitude, and 
the route, Runtastic has additional functions 



84   International Journal of Service Science, Management, Engineering, and Technology, 2(4), 79-97, October-December 2011

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

like a compass, real-time statistics, and voice 
feedback. The voice feedback is used to motivate 
the runners to keep their target in mind.

Collaboration and mutual motivation is 
the main objective of the project ‘Jogging over 
a Distance’ (Mueller, Thorogood, & O’Brien, 
2007). Information about speed and time of the 
runner is sent to a computer via a Smartphone. 
Since each runner is wearing a headset, runners 
can communicate and motivate each other, even 
if they are at different locations.

A product by a hardware provider is the 
sports mobile ‘athlosoft RUNNER’ (http://
www.athlosoft.com). Using a heartbeat belt, 
the runner can monitor the distance, speed, 
step frequency, and heart rate. The logged 
training data can be submitted to a Google 
Earth server, making the training track visible 
to others in real-time. Furthermore, the route 
can be transferred to Internet-enabled mobile 
phones, so that other users can track the path 
of the runners and join them if they want, even 
if they are already on their run. ‘fitbit’ (http://
www.fitbit.com/) provides a permanent training 
monitoring. It is a small device that can be at-
tached to the wrist or clothing. During the day, 
fitbit measures the number of calories burned. 
It furthermore provides an overview of rest 
and activity phases. The fitbit website offers 
data exchange, which makes a comparison of 
activities with friends possible.

A hybrid application is the ‘Nike + iPod 
Sport Set’ (http://www.apple.com/ipod/nike/
run.html). A sensor in the Nike running shoe 
records the running data and sends it to an iPod. 
The user can define goals, such as duration, 
speed, and running track via the iPod. In addi-
tion, the user can select a motivational song on 
his iPod, which is automatically played when 
the speed drops below a certain level. All in-
formation can be sent to friends via Facebook 
and other social networks.

In summary, the majority of applications 
monitors the individual training by collecting 
different running data and applying statistics. 
The community aspect, however, is limited to 
publishing route information to social networks. 

The Runtastic application allows an additional 
data exchange on its website, where routes 
can be made available to others. Only Joggers 
Free and athlosoft RUNNER allow locating 
other runners using GPS. It can be seen, that 
all applications cover different training and 
social aspects. The uRun approach is different. 
It tries to enable the user to easily create own 
customized Web-based applications with all the 
features required by the user.

3. URUN: APPLICATION 
EXAMPLEs

In the following, a couple of uRun scenarios 
are described in which people are using the 
uService Player as a mobile running assistant 
and the uService Editor for mobile service 
generation. Note that the term ‘uService’ will 
be used to denote a small, sharply focused 
mobile application with its own graphical 
user interface (GUI). First, a usage scenario 
is illustrated that demonstrates the variety 
of supporting mechanisms provided by the 
uService platform. Then, in Section 3.2, a 
service creation scenario is outlined in which 
a non-technical user employs the graphical 
uService Editor to create an example uService 
for the fitness domain. To better distinguish 
the actual scenarios from additional technical 
explanations in the following two subsections 
all text in italic font refers to the scenarios 
themselves whereas normal font denotes 
technical background explanations.

3.1. uRun Usage Scenario

Robert is a runner, who has recently registered 
for the uRun network. He is living in Pader-
born. On his way to work, he remembers that 
he wanted to look for a running partner. In the 
uService Player on his mobile, Robert starts a 
search (Figure 1(a)). The results do not match 
his needs, but an interesting advertisement 
appears on the screen, promising that Robert 
can easily build his own uService as a ‘running 
partner search’ for a small fee (Figure 1(b)). 
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The service creation offered here is the creation 
based on a template. Thus, Robert creates a 
new uService by

(a) 	 providing the necessary data for the service 
template configuration (Figure 1(c)),

(b) 	 confirming the payment of a fee (Figure 
1(d)), and

(c) 	 acknowledging the deployment of the 
service (Figure 1(e)).

Meanwhile Henry, another registered member 
of the uRun network, is on a business trip in 
Paderborn. He does not know the city very well. 
With the search functionality of the uService 
Player on his mobile, he wants to find out 
whether there are any interesting running events 
he could join during his stay. When looking for 
running events, he finds Robert’s uService (Fig-
ure 1(f)). Henry examines Robert’s proposals 

with their scheduled times and routes (Figure 
1(g)) and makes an appointment with Robert 
(Figure 1(h)).

The scenario described above covers an im-
portant use case for a user-generated mobile 
service for runners. However, a number of ad-
ditional features are necessary to support this 
core use case. On the one hand, the uService 
platform must have the capabilities to recom-
mend services based on user profiles, to come 
up with targeted advertisements, and to handle 
payments for using uServices.

As an example, Figure 2(a) shows a targeted 
advertisement (here: a running shoe which is of 
the user’s favorite brand) while the user is look-
ing for a service to support his training targets.

On the other hand, there is the need for 
pre-defined graphical elements (so-called gad-
gets) in order to offer GUIs for uServices. A 

Figure 1. Robert creates a uService for running partner search
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typical example is shown in Figure 2(b): a uRun 
monitoring service, like ‘Carla’s favorite run-
ning track’ (Subsection 3.1) shows a map of 
the chosen route and data gathered from differ-
ent sensors. To deploy such services, users can 
make use of service templates like it is known 
from the Mugges project.

Figure 2(c) shows a uService for equipment 
rental offered by a hotel. This demonstrates that 
the uService platform does not only have the 
capability to charge for the use of uServices, 
but also to generate uServices that allow direct 
payments.

3.2. uRun Service Creation 
with the uService Editor

Whereas so far only potential uServices with 
mock-up graphical interfaces were presented, 
this subsection describes a service creation 
scenario that employs the Web-based uService 
Editor implementation. Further details about the 
technological realization are given in Section 4.

Carla Creative is a graphic designer living 
in Paderborn, Germany. She is a passionate 
runner and has used running applications for 
some time. Now she wants to share her favorite 
running track with other uRun users. She can 
do this by easily creating a new uService with 
the graphical uService Editor. The editor is a 
Web-based tool and in order to use it she has to 
enter her credentials to identify herself.

Figure 3 shows the initial screen of the 
uService Editor as seen by Carla after she has 
provided her credentials. On the left hand side 
at the top, the ‘viewport’ is shown. This is the 
drawing area which represents a screen with the 
dimensions of the targeted display of a typical 
smartphone. These dimensions are configu-
rable. On the right hand side, there is a list of 
available gadgets to select from. A gadget can 
be seen as a graphical element with embedded 
functionality that can become part of a uSer-
vice GUI. With a mouse, gadgets can easily be 
dragged and dropped from the gadget list into 
the viewport. When a gadget is selected in the 
viewport, its properties are shown in the ‘Gad-
get Properties’ box at the lower left hand side 
of the editor screen. There, the service creator 
can review all gadget properties like, e.g., the 
description of the gadget and can re-configure 
property values (e.g., the name) if necessary.

Carla enables the ‘design mode’ in the uService 
Editor by clicking on the corresponding flag 
symbol in the top menu. This allows her to 
interact with the gadget frame instead of the 
gadget itself. First of all, she moves the gadget 
‘GoogleMaps’ to the viewport by drag and drop. 
She chooses a map of her favorite running track 
in Paderborn. 

Furthermore, she decides to put the gadgets for 
the sensors ‘Distance’, ‘Speed’, and ‘Pulse’ onto 

Figure 2. Further uService examples
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the screen, moves the corresponding gadgets 
to the viewport and drags their display fields 
to a suitable smaller size. In order to allow 
the service consumers to replace the sensor 
displays according to their preferences, Carla 
sets the ‘draggable’ property value to ‘true’ in 
the Gadget Properties.

The result of Carla’s actions can be seen 
in Figure 4 and Figure 5. Figure 4 shows the 
‘Design Mode’ view. This view shows the 
dropped and configured gadgets in an edit-
able mode – the service creator can move the 
gadgets around, resize and remove them. In 
the ‘Design Mode’ the creator cannot interact 
with the gadget itself, like, e.g., selecting the 
location that should be initially shown in the 
Google Maps gadget.

Figure 5 shows the ‘Preview Mode’. In this 
mode, a preview of the display is shown with 
default values. Moving or changing the frame 
of the gadgets is not possible in this mode to 
prevent side-effects. But the creator can interact 
with the gadgets itself. Carla uses this mode to 
point the Google Maps gadget to the location of 
her favorite running track in Paderborn.

As a next step, Carla defines the payment con-
ditions for her new uService. She clicks on the 
dollar symbol in the top menu and fills in the 
form that appears as a pop-up (see Figure 6). 
She determines that a service user should pay 
in advance, thus she selects the chargingMode 
‘Pre’. As consumers should pay per use she 
selects the chargingModel ‘Use’. Consumers 
shall pay 1,00 Euro for using Carla’s service. 

Figure 3. uService editor – initial view
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She sets a validity period in order to restrict her 
service for being offered for one year. 

With the dialog in Figure 6 a creator is able 
to specify a set of payment definitions for dif-
ferent periods. All currently defined payment 
definitions with their validity periods are listed 
in a table in the dialog. This would, e.g., allow 
to specify a free trial period by defining a pay-
ment definition with the charging model ‘Free’ 
for one week and then afterwards a payment 
definition with the charging model ‘Use’ valid 
for the rest of the lifetime of the service.

Another dialog that can be opened by 
clicking on the ‘i’-Button allows configuring 
the properties of the service. These properties 
are, e.g., the name of the service, a description 
of the service, or the validity period.

After specifying the payment conditions Carla 
uses the service properties dialog to set the 
name of her new service and to provide a 
description for it. She names her new service 
‘Carla’s favorite running track’.

With a click on the ‘Save’ button and a confir-
mation dialogue, she completes the setup and 
deployment of the new uService. Now other 
uRun users can use Carla’s favorite running 
track with their uService Player.

Beyond the creation of ready to use uSer-
vices, the uService Editor also supports the 
creation of service templates. A service template 
contains a set of variables that need to be filled 
by the final service creator to create a ready-
to-use uService. The creation of a ready-to-use 
service from a template is even easier than the 

Figure 4. uService editor – design mode
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creation with the uService Editor and can be 
done with a mobile device while on the move.

4. THE UService Platform 
and the uRun Framework

The uService platform supports sensing the 
users’ context in both the physical and virtual 
world in order to provide them with appropriate 
recommendations for their individual situation. 
Figure 7 provides an overview of the uService 
platform architecture.

On the mobile device, users can easily 
create services with the Web-based uService 
Editor, publish them via a Publisher component, 
and use them with the uService Player. On the 
server side, the uService platform provides a 
Service Repository for storing and accessing 
service templates and gadgets. A Publishing 
Warehouse component is responsible for the 
management of deployed services. A Search & 
Recommendation Engine is employed for se-

mantic service discovery and recommendation. 
Security is handled by a Security and Identity 
Management component, whereas charging and 
billing is performed by an Accounting & Bill-
ing component. Last but not least, an Advertise-
ment component is used to send targeted ad-
vertisements to the users based on their interests 
and other information that is allowed to be 
considered from their user profiles.

To come up with an uRun framework as 
a testbed for the considered uRun services, we 
have set up the server-side components of the 
uService platform on different servers. The 
components offer interfaces providing REST-
ful Web Services (Richardson & Ruby, 2007) 
to access their content and functionality. To 
restrict and secure the access to the Web Ser-
vices, functionality of the Security & Identity 
Management component is used.

The uService Player and Editor components 
have actually server- and client-side parts and 
are implemented using several technologies. 
For the graphical framework on the server side, 

Figure 5. uService editor – preview mode
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Grails is used (Brown & Rocher, 2009). For the 
client side, we use JavaScript (Haverbeke, 2011) 
with libraries like jQuery (http://jquery.com/) 
and jQuery Mobile (http://jquerymobile.com/) 
and an own Android App that is able to access 

data from the device’s own sensors or other sen-
sors connected to the device (Subsection 4.2).

 The example uRun services are imple-
mented using so-called gadgets which are sup-
ported by the uService platform. A gadget is a 

 Figure 6. uService editor – charging conditions

 

 Figure 7. uService platform architecture (showing only the most important connections between 
the components)
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dynamic Web content that can be embedded into 
a Web page. Gadgets are written in XML and 
can have HTML and JavaScript components. 
They can interact with each other via channels. 
Well known gadgets are Google Gadgets (http://
www.google.com/webmasters/gadgets/) which 
can, e.g., be executed within Google’s iGoogle 
personalized home page.

On the uService platform, the gadget 
container of the Apache Shindig Project (http://
shindig.apache.org/) is used for the execution 
of the gadgets. This container is able to execute 
Google Gadgets as well as other gadgets com-
patible to OpenSocial (http://www.opensocial.
org/). The uService Player as well as the uService 
Editor are based on this container. The uService 
Player is optimized for usage on mobile devices.

Figure 8 shows a screenshot of the uService 
Player with the implemented and deployed 
rental service that was shown as a mock-up in 
Figure 2(c). The service is a composition of 
several interacting gadgets, i.e., (a) a gadget 
for displaying the name of the service, (b) a 
gadget for listing the items to rent, and (c) a 
gadget to show the rated price of the currently 
selected item.

In the following, more details about the 
functionality and the implementation of se-
lected uService platform components are de-
scribed. In particular, a method to remotely 
access third party devices (e.g., sensors) from 

mobile Web-based applications is presented in 
Section 4.1. The subsequent Sections 4.2 
through 4.4 then provide information about 
semantic search and recommendations for 
uServices, security, and identity management 
issues, and accounting and billing functionality.

4.1. uService Player and Access 
to Device Capabilities

The uService platform inherently integrates 
OpenSocial. As a result, uServices are Web-
based applications which are in general com-
posed of one or more gadgets. Each gadget can 
form a part of the user interface and is able to 
interact with other gadgets via a defined data 
exchange mechanism. Given this innovative 
approach, users are able to easily compose 
their own individual applications on-the-fly as 
illustrated in Subsection 3.2.

However, by moving away from vendors’ 
operating system APIs and programming lan-
guages towards an application development 
based on Web standards such as JavaScript and 
HTML, one main issue arises: these standards 
lack almost any support for accessing device 
capabilities. Speaking of smart phones, such 
capabilities are, for example, persistent storage, 
sound output, and sensors such as integrated 
cameras, accelerometer-based step counters, 
GPS, or Bluetooth heart rate monitors. Recent 

Figure 8. Screenshot of the uService player with an example urun service
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efforts, which came together with HTML 5, such 
as the Geolocation API (http://www.w3.org/
TR/geolocation-API/), try to fill this gap. It 
remains unclear, if and when this gap will be 
completely closed. Therefore, we propose a 
JavaScript-based solution to offer a sufficient 
API for Web-based applications. In contrast 
to the new extensions of HTML, the uService 
JavaScript library further allows to access both 
the own device’s capabilities and the capabilities 
of a remote device. As a result, a uService may 
access a friend’s GPS sensor the same way it 
would access its own local GPS. This way, an 
application to compete in running speeds could 
very easily be set up.

 Figure 9 illustrates which software com-
ponents are required to run a uService with 
access to device capabilities. In general, only 
a browser is required to run a uService. If a 
uService needs access to device capabilities, the 
native uRun Framework App (uService Player) 
has to be installed. The uRun Framework App 
uses the OS’s native API to provide a JavaScript 
capabilities abstraction layer. Thus, gadgets 
that load the uService capabilities library can 
request access to local and remote capabilities.

 The basic data flow of a simple uRun 
service from loading the service until it is ex-
ecuted during a run, is also depicted in Figure 
9. After a user has created a uService, he/she 
can upload it to the uRun publishing warehouse. 
From there, it can be loaded via a common URL 
(1), which makes it easy to distribute it to friends. 
The OpenSocial server then resolves all gadgets 

the uService is referencing and loads the XML 
gadget description files from the individual 
hosting servers (2). After the Shindig server 
has received, parsed and validated all gadgets, 
the resulting Web page is send back to the cli-
ent (3). The browser, which is integrated in the 
uRun Framework App, then displays the HTML 
user interface and loads required JavaScript 
libraries. Finally, the Web App runs in the 
browser and is able to access local and remote 
capabilities by calling corresponding methods 
from the JavaScript capabilities library. Access 
to remote capabilities is accomplished by using 
REST-based Web Service interfaces. For slow 
mobile networks the uRun Framework App, 
does not only support HTTP, but also CoAP 
(https://datatracker.ietf.org/doc/draft-ietf-core-
coap/), an upcoming Web transfer protocol for 
constrained networks.

 4.2. Search and 
recommendation Engine

 The user-generated mobile services used in 
the uService platform can be very short-lived. 
Thus, there is a demand for a novel discovery 
approach. For a personalized discovery of 
uServices the uService platform uses different 
search and recommendation mechanisms.

 Within the uService search the concept of 
“query extension” is used to expand the search 
query by adding user-related and contextual 
information (Pretschner & Gauch, 1999). By 
this means, personalized and context-aware 

 Figure 9. Data flow in a uRun service with device capability access
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search results with a higher quality are achieved. 
uServices are also enhanced with semantic meta 
information which result in a semantic search 
engine. The semantic search engine utilizes 
ontologies and semantic annotations to associ-
ated uServices to the annotations and domain 
knowledge. The ontology defines vocabulary 
and logical relationships between concepts in a 
discourse domain which are also used for reason-
ing purposes. It is independent of the actual data 
but provides a common understanding of the 
semantics in the given domain. It is used for the 
explication of implicit and hidden knowledge 
in order to overcome the problem of semantic 
heterogeneity (von Wache & Vögele, 2001). 
Our search mechanism for semantic annota-
tions differs from conventional keyword-based 
engines. Different pre-processing mechanisms 
are used, e.g., based on the ontology structure 
or linguistic methods, and different information 
discovery mechanisms such as discovering 
new ontologies and annotations for indexing 
by crawling.

Recommendations are another type of 
information retrieval used in the uService 
platform. The recommendation problem is 
formulated as the problem of rating items that 
have not been seen by a user (Resnick et al., 
1994). Whereas search queries are actively 
defined by the user, there are no explicit search 
terms for recommendations. However, there 
are user profile information and contextual 
data sent by the mobile devices. The uService 
platform follows the approach to compare new, 
unrated uServices with uServices that have 
already been judged and are similar to the 
new uService. This approach is also known 
as content-based recommendations (Salton, 
1989). Another approach known as collabora-
tive filtering is to ground recommendations 
on persons with similar preferences instead of 
considering similar uServices. The uService 
platform combines both approaches to over-
come the cold-start problem, i.e., the fact that 
a critical mass of ratings has to be available 
for providing good recommendations.

In this context, personalization of rec-
ommendation becomes a crucial issue in our 

uService search and retrieval processes. Person-
alization means the incorporation of additional 
user-specific information that can be achieved 
for instance via incorporating context data. 
Context is defined as any information that can 
be used to characterize the current situation (e.g., 
time, place or users nearby) that are considered 
relevant for the interaction between a user and 
a uService (Dey, Abowd, & Salber, 2001). To 
further improve the recommendations by adding 
semantics to the context the uService platform 
combines context-aware recommender systems 
with ontologies.

4.3. Security and Identity 
Management

Security is ensured by a number of built-in 
functions, like authentication of all actors in 
the system, secure connections for communi-
cation, creation and verification of signatures, 
and secure management of profile data. These 
functions are provided by a dedicated uService 
Security and Identity Management (SIDM). As 
can be seen in Figure 7, the SIDM encompasses 
terminal-side and server-side functionality. On 
the terminal-side, the SIDM manages, e.g., user 
authentication based on credentials stored in 
the mobile’s Universal Integrated Circuit Card 
(UICC). On the server-side, the SIDM manages 
the account data of the users. The other compo-
nents of the uService platform, e.g., Accounting 
& Billing, gain access to the SIDM services 
through a secured connection. Communication 
is based on the REST protocol supported by the 
JSON data exchange format. An example of a 
RESTful request-response command for the 
retrieval of user profile data is given.

Request: 

HTTP/1.1 POST /sidm/profileaccess 

Host: www.uservice.de 

Accept: application/json 

Content-Type: application/json 

JSON content: {”eventType”:”getUserPro

fileData”, “userID”:”max”} 

Response: 

Return code: HTTP/1.1 200 
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Content-Type: application/json 

JSON content: {”userID”:”max”, 

“firstname”:”Max”, 

“lastname”:”Mustermann”, “userPass-

wd”:”*****”, “street”:”Musterstr. 

123”, “city”:”Musterstadt”, “postalc-

ode”:”12345”, “country”:”Musterland”, 

“email”:”muster@mail.

com”,”phone”:”123456789”, 

“company”:”Musterfirma”, “ac-

count”:”654321”}

The server-side SIDM component provides 
persistent data handling for uServices as well 
as for basic identity management features like 
the creation, modification, and deletion of user 
accounts, user groups, and uServices such as 
uRun. On the terminal-side, all runtime data 
needed to run the uService platform is managed 
by the SIDM layer (Figure 7). Moreover, exist-
ing social networks and community services are 
integrated, e.g., via the Facebook Connect API 
(http://developers.facebook.com/docs/guides/
web/) or the OpenSocial API that was already 
mentioned above. These services enable uRun 
users for instance to manage the contacts to their 
running partners or to manage status messages. 
The secure and at the same time comfortable 
usage of different social networking platforms 
is supported by a terminal-side ID manager 
administrating the user’s credentials.

Security features for authentication, veri-
fication and authorization include challenge-
response protocols, secured connections, and 
certificate handling, all based on well-known 
cryptographic primitives. On terminal-side, 
these primitives are supported by UICC func-
tions. Moreover, the UICC is used for manage-
ment of sensitive profile data.

4.4. Accounting and Billing

The Accounting & Charging component is an 
enabler for making business with the uService 
platform. It allows end users, third parties as 
well as operators to generate income with user-
generated content and services. Different revenue 
sharing models can be established to form the 

basis for the business relationships and money 
flows (Bormann, Flake, & Tacken, 2010).

Inside the Accounting & Charging com-
ponent, an online charging and billing system 
(OCS) is located. This OCS is connected to the 
other platform components via two gateways. 
One gateway is responsible for real-time rating 
and charging operations and the other one for 
user and account management functions:

•	 Payment: this gateway offers rating and 
charging operations for rating and charg-
ing – either in a direct or in a session-based 
manner.

•	 User and Account Management: this gate-
way supports the registration of users to the 
OCS and the management of accounts, e.g., 
retrieving and updating current balances 
and retrieval of transaction histories.

Each gateway provides a Web Service 
interface that supports access via HTTP/REST 
based on the GSMA OneAPI standard (http://
www.gsmworld.com/oneapi/). The OneAPI 
initiative defines a commonly supported set 
of lightweight and Web friendly APIs to allow 
mobile and other network operators to expose 
useful network information and capabilities 
to Web application developers. It aims at 
reducing the effort and time needed to create 
applications and content that is portable across 
mobile operators.

The gateways act as a server in a request/
response manner. They do not perform any com-
munication actions on their own. The requests 
are forwarded to the OCS. The responses from 
the OCS are then sent back via the gateways 
to the requesting application following the 
OneAPI standard.

The OCS is responsible for all rating and 
charging events originating from external 
charging entities. It holds all monetary and 
non-monetary information about uServices and 
their users. The OCS can also play an active role 
for certain situations, e.g., blacklisting potential 
harmful services or blocking advertisements if 
an advertiser has not deposited enough money.
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5. CONCLUSION 
AND OUTLOOK

The approach described in this article is based 
on the vision that the next generation of mobile 
services is going to be created by end users. In 
the near future, users will become mobile ‘super 
prosumers’. That is, producers, providers, and 
consumers of mobile content and services. We 
summarized which key features a relevant plat-
form needs to take into account and presented a 
prototype platform that addresses these features.

The proposed platform encompasses 
mechanisms for Web-based sensor integration, 
UICC-based security and ID management, 
semantic search and recommendation mecha-
nisms, targeted advertisements, and a charging 
and billing system that allows for enhanced 
revenue sharing business models.

As an application area for the uService 
platform, we addressed the health and fitness 
domain, as such mobile applications provide an 
increased value for users; the ability to upload 
data and receive recommendations anywhere in 
combination with an activity like running offers 
the necessary flexibility to users to stay healthy 
and well. Gathering additional information 
about the current environment (e.g., a running 
track in the vicinity) supports them to pursue 
their individual fitness plans. We explained that 
accessing device capabilities from Web-based 
applications, such as in a mobile health applica-
tion, is a major issue. Current Web standards 
lack sufficient support in this area. Therefore, 
we introduced a JavaScript-based solution that 
offers a common API to access device capabili-
ties. For applications with social interactions, 
it allows to access both the own device’s capa-
bilities and the capabilities of friend devices.

With a stable prototype system, we are 
going to perform a field operational trial in 
late 2011. The trial will take place in a realistic 
environment and with experienced runners to 
receive detailed feedback from end users.
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INTRODUCTION

The needs of cities to increase their attractive-
ness for citizens and visitors, as well as the 
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ABSTRACT
Large public events are quite common and lead to peak usage of urban transport systems. Clear planning 
and communication processes which involve relevant parties for event management, traffic and security 
issues are needed due to the increasing number and complexity of events. When planning an event, overall 
organizational and technical issues as well as the preparation for unexpected incidents are asked for to plan 
for maximum safety and security. Within the research project VeRSiert1, a web-based information and coop-
eration portal was designed for the region of Cologne and implemented for these purposes. Its intention is to 
support collaboration of the participating organizations prior to, during execution and post-event analysis 
of a large public event, while taking into account unplanned risks ranging from storms to acts of terrorism.

growing degree of mobility of many people, 
have led to more public mass events. Such 
events include regular traditional conventions, 
sport events, fairs and artistic shows as well 
as political demonstrations. Usually it is the 
responsibility of the city council to coordinate DOI: 10.4018/jssmet.2011100109



International Journal of Service Science, Management, Engineering, and Technology, 2(4), 98-107, October-December 2011   99

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

the different public authorities and their col-
laboration in order to permit a large public event 
with respect to certain requirements (López 
Remondes, 2009). These events, in addition to 
the daily use of public transport for work, leisure, 
shopping, etc., put more demands on public 
transport. Even during the planning stages of 
a mass event, concerted actions by decision-
makers is becoming more and more difficult 
due to numerous private players, fragmented 
responsibilities, competition in rail traffic and 
outsourced departments. Aside from the overall 
organizational and technical issues, the adequate 
reaction in case of unexpected incidents such 
as thunderstorms or bomb warnings has to be 
prepared for in all involved organizations.

The guarantee of safety and even more 
security during large events is aggravated by the 
fact that a variety of public and private enter-
prises and organizations is involved. Due to the 
distribution of competences of those institutions, 
mutual coordination is very hard to achieve 
in preparation of a large public event (López 
Remondes, 2010). Organizers, operators of the 
event locations, the responsible municipality, 
different transport companies, organizations 
with safety and security responsibilities (e.g., 
police, fire brigade), private security providers 
work together before, during and after the event, 
but each of them under their own rules. Thus, 
the responsibilities, standard action plans and 
contact details of relevant persons may not be 
transparent for every involved partner today. 
Insufficient sharing and communication of 
information between the responsible stakehold-
ers, missing propagation of information to and 
from public authorities and organizations with 
safety and security responsibilities, insufficient 
trainings of acquired security personnel, insuf-
ficient funds of the institutions involved and 
heterogeneous data management in the various 
control rooms, are only some of the challenges 
created (Roßnagel, Engelbach, & Frings, 2008).

For critical incidents during large public 
events (i.e., fire, storm, rampage, terrorist attack 
like bomb threat) 70% of all researched com-
munities showed no usable strategic standards 

in order to respect the complexity of different 
threats during planning and execution of large 
public events (Leven, Langenscheid, & Gerlach, 
2010). An exchange of information and com-
munication during critical situations is only 
restrictively possible in such cases (Engelbach, 
2011; López Remondes, 2006). Having all 
those issues in mind, which could increase 
risks during a public event, the research project 
VeRSiert (Project VeRSiert, 2011; VeRSiert 
2011) was initiated.

THE RESEARCH 
PROJECT VERSIERT

VeRSiert (Networking of local passenger trans-
port companies, relief personnel, organizers 
and passengers for greater security in public 
transport at mass events) aimed at improving 
the security of event participants, security per-
sonnel and skilled help, as well as personnel of 
transport organization during mass events, e.g., 
by introducing mobile IT-services (Roßnagel, 
Zibuschka, & Engelbach, 2011), analyzing criti-
cal situations through simulations (Junker, 2011) 
and video analysis (Klausmann & Majer, 2011), 
preparing adequate training of staff (Leven, 
Langescheid, Rudolph, & Gerlach, 2011), as 
well as doing research on the customer satis-
faction (Nicklas, Schlüter, Schulze-Bramey, & 
Winzer, 2011). A central integrating element of 
VeRSiert is the information and cooperation 
portal to support optimal information sharing 
and improved networking of all participants. 
This portal was implemented as a demonstrator. 
The development followed the design science 
approach according to Vaishnavi and Kuechler 
(2004): knowing a problem, suggesting solu-
tions through requirements, developing main 
features to solve the problem, as well as evaluat-
ing the implementation with relevant users. The 
portal offers transparency of plans and actions 
to the participating actors. It enables them to 
support communication and cooperation - being 
a very important part of the planning phase of an 
event - and furthermore reducing the criticality 
of unplanned incidents which may harm people 
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during an event (Turoff, Chumer, Van de Walle, 
& Yao, 2004; Yuan & Detlor, 2005).

In the first phase of VeRSiert, an analysis 
of current and past mass events in Cologne was 
performed (Wendelken & Engelbach, 2011) to 
have realistic base information for the defini-
tion of system requirements. Resulting from 
this, a classification scheme was established to 
describe mass events - using known classifica-
tion methods as in Bailey (1973) and Hevner et 
al. (2004) - having 17 different dimensions and 
several possible occurrences for each dimen-
sion (VeRSiert, 2008). Using this classification 
scheme, three different VeRSiert scenarios for 
mass events in Cologne were defined, which are 
the basis for all objectives defined within the 
project. Those scenarios included a) an event 
using pyrotechnics “Koelner Lichter”, b) Ger-
man soccer league games and c) a congress of 
the German protestant church. Those types of 
events were chosen because of their different 
characteristics: a) very large event, occurring 
in similar ways since more than 10 years, b) 
smaller but for safety and security issues more 
relevant event, occurring very regularly, and c) 
extremely large event, covering more than one 
day but being a non-repetitive event in Cologne.

A similar analysis was performed for pos-
sible unplanned incidents that may occur during 
a mass event (Engelbach, Roßnagel, & Frings, 
2010). The classification scheme consists of 13 
dimensions and again several occurrences for 
each dimension. To be able to further detail 
the three scenarios mentioned above, different 
types of unplanned incidents most relevant for 
each scenarios type were chosen: a) accidental 
bodily injury/discovery of abandoned suitcase/
sudden storm b) broken down subway car, and 
c) bomb threat.

In the requirements analysis phase of 
VeRSiert, various types of actors (organizers, 
police, fire brigade, etc.) involved in large 
public events in Cologne were questioned 
concerning their business processes nowadays 
without having any kind of extranet as sup-
porting system when planning a public event. 
The results of guideline supported interviews 
were documented in a structured way (also as 

event oriented process chains) and then used 
to derive prioritized functional and nonfunc-
tional requirements for the information and 
cooperation portal. Using this, functionalities, 
user interfaces, data models and desired IT 
interfaces were designed, specified as well as 
implemented, and then validated by various 
actors in Cologne.

THE PORTAL

Nowadays, mainly standardized office software 
and various communication means (phone, 
fax, e-mail) are used for planning large public 
events (Leven, Langescheid, & Gerlach, 2011). 
However, these means do not adequately sup-
port the desired information and cooperation 
processes especially for the locally distributed 
actors. When managing an event, the portal 
offers functions in the following fields:

•	 Information on events (e.g., name, location, 
date, participating organizations, tasks)

•	 Information on participating organi-
zations (e.g., names, telephone lists, 
responsibilities)

•	 Information on available documents (e.g., 
emergency plans, event plan, minutes)

•	 Communication, task and calendar 
management

•	 Supporting rule based processes for col-
laboration and documentation (e.g., giving 
advices to which actions to perform)

•	 Role based user management
•	 Providing links to relevant applications 

(e.g., weather, construction site informa-
tion; simulation)

•	 Web based solution for easy access by 
the user

Those functions of the portal are docu-
mented in internal specification documents 
(VeRSiert, 2009). Once those requirements 
were gathered during the early stages of the 
development, an entity relationship model and 
mock ups (GUI prototypes) were created to 
discuss them with potential users of the system. 
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This feedback gave valuable input for the later 
implementation.

With the portal function “Event Adminis-
tration” (German term “Veranstaltungsverwal-
tung”) in the left navigation part of the graphical 
user interface, a user is able to search and view 
a table of already existing events (Figure 1).

If an event is being selected, base data, 
such as name, time, place of the event, ap-
proximated visitors, involved public authorities 
and their tasks, different working times and the 
assessment of event related risks (Engelbach 
& Frings, 2010) can be obtained (Figure 2). 
The portal’s language is German, since the 
addressed users and also all VeRSiert partners 
are located in Germany.

For each event to be planned a database 
entry is generated, allowing event attributes to 
be put into the system. The next step is to assign 
participating organizations and their personnel 
to the event, selecting those from the database.

According to the underlying role and access 
model, users have different views on the event 
information. A user can now - according to his 
rights - upload documents, invite other users 
to meetings, put appointments into a calendar, 

assign necessary tasks to himself, give advice 
according to his experience with past events, 
review advice given by others, or view interfaces 
to relevant external systems.

When visiting the event information in the 
portal, the user, is able to receive automatically 
generated information due to underlying rules. 
For example: A specific rule says, that if a soc-
cer game between Cologne and Dortmund is 
very security sensitive, and therefore needs an 
additional train for the Dortmund fans, then this 
train will have to be ordered at least six weeks 
prior to the game. If this has not happened yet, 
the appointed user will receive this reminder 
information through the portal. Also, other 
users are able to see, if this task has already 
been completed.

In addition to the functions mentioned 
above, there is also the possibility to view 
relevant information on demand, for example, 
an event specific telephone list, or an organiza-
tion specific task list, or all available rules and 
advices, or recently uploaded documents. This 
means that all such filtered information can 
be displayed in a list according to its category 
(Figure 3).

Figure 1. Event administration
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The demonstrator was evaluated through-
out the project at different stages: The mock-ups 
were analyzed by usability expert as well as by 
VeRSiert partners. For the evaluation of the 
first demonstrator, test cases were defined based 
on functions which usually support the users 
during their everyday work when planning an 
event. On the one hand, the usability according 
to software ergonomic quality aspects was 
tested. On the other hand the functions them-
selves were tested according to relevance, ease 
of use, self describability, intuition, etc. (López 
Remondes, Sorich, & Frings, 2011). The re-
sponses by the test persons2 were documented 
in a structured way to be able to evaluate the 
feedback which was clustered into errors, 
modification requirements, and questions. 
Based on this analyzed and prioritized feedback 
the second version of the demonstrator was 
implemented. This iterative cycle was per-
formed three more times.

At the end of the project in April 2011, the 
VeRSiert partners were able to present a group 
of more than 40 people (all being potential users 
of the portal) the project results. Even persons 
from other cities were among the participants, 
being very interested in the portal and wanting 
to test the demonstrator for events to be planned 
in their city.

BENEFITS FOR PUBLIC 
AUTHORITIES AND 
ORGANIZATIONS WITH 
SAFETY AND SECURITY 
RESPONSIBILITIES

The portal follows the objectives of making event 
specific information available to the joining orga-
nizations and their staff, according to the provided 
access rights for the users. Therefore, relevant 
organizations (among them organizations with 

Figure 2. Base data of events
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safety and security responsibilities) can be given 
access (by a person having the necessary system 
right) to the portal in general, as well as to specific 
events in particular. Especially organizations 
with safety and security responsibilities having 
very sensitive information for which they may 
have their own secured IT-systems. When using 
the portal, only that kind of information is to be 
shared with other organizations and uploaded 
to the portal which is intended for the use of 
non-public authorities. The aim of VeRSiert was 
not to design an information system to be used 
by all organizations during event planning as a 
sole system!

Up until now, such a common system 
(like an Extranet) does not exist in the city of 
Cologne and therefore the portal would allow 
IT-supported cross-sectional cooperation. Of 
course strict role based user access control 
is needed. This is important in order to gain 
sufficient acceptance of the portal with public 
authorities and organizations with safety and 
security responsibilities.

By integrating documents (operation 
schedules, spatial information, technical and 
tactical communication drafts, traffic man-
agement plans) and technical interfaces (e.g., 
information on current construction sites in 
Cologne, http://www.stadt-koeln.de/4/verkehr/

verkehrskalender/), the portal becomes a tool, 
which alleviates communication and collabora-
tion of the involved actors of large public events.

The portal also offers e.g., an operation 
controllers or Cologne´s crisis management 
department staff access to documents and in-
formation collected in the post-analysis phase 
of an event. This could be concerns that are 
communicated to the event coordinator, event 
participants and media and which need further 
attention. Critical situations or incidents can be 
evaluated and this valuable information gives 
hints about prevention of risks for future and 
similar events.

By offering an overview of various internet 
resources and special applications of authori-
ties, relevant information sources for reacting 
to unplanned incidents during large public 
events are available from a central source, 
namely the portal. This applies especially to 
unexpected storm warnings, which become 
more and more the focus of large public event 
and risk deterrence management. Such storm 
warnings are available in the internet; yet, 
there are more sensible prognostic tools (i.e., 
as offered by “FeWIS”3 of the German weather 
authority) available only to the organizations 
with safety and security responsibilities (López 
Remondes, 2009).

Figure 3. Document list
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Furthermore, the general approach of the 
VeRSiert project (Engelbach, 2011; Engelbach 
& Wendelken, 2011) intends a close relation 
and potential integration of other software 
components (or their results) with the described 
portal. For example, it is possible to show the 
results of simulation software (Junker, 2011) in 
order to prepare for threads (e.g., evacuation of 
a train station after a bomb thread). Information 
like traffic management plans and information 
about the current number of persons in a train 
station through video analysis (Klausmann & 
Majer, 2011) can be very helpful in case of a 
critical situation during an event.

Once a decision for an evacuation of a 
train station, for example, was made, the portal 
enables the evacuation manager to use linked 
mobile services e.g., an SMS can be sent to 
people in the critical area informing them 
and giving them concise information on how 
to proceed (Roßnagel, Engelbach, Frings, & 
Weisbecker, 2008).

These potentials offer the participating or-
ganizations to support their business processes, 
while respecting the situation of distributed 
competencies. Hence, events can be planned 
and executed more efficiently and economi-
cally, while offering greater safety for the 
participants, and by optimizing and supporting 
communication required to respond to critical 
incidents during large public events.

SUMMARY AND OUTLOOK

To sum it up, the VeRSiert information and 
cooperation portal can be used for planning 
and executing a public event. Aside from this, 
it supports being better prepared and more re-
sponsive in case of unplanned incidents through 
supplying relevant and up to date information, 
documents, contact details of relevant per-
sons, etc. The project team did not intend to 
develop a system already established, but did 
focus on integrating links to those systems like 
early warning systems, alert systems, disaster 
recovery, and contingency planning systems. 

A major added value exists due to the focus 
on inter-organizational information and com-
munication processes, which are often not yet 
IT-supported.

The specification of the VeRSiert portal 
includes the description of further functions 
relating to the classification of critical incidents 
and dealing with realistic scenarios. These func-
tions were not implemented in the demonstra-
tor and could be further developed in order to 
put more emphasis on using the portal as an 
“emergency tool”.

Knowing the advantages of graphical 
information compared with to textual infor-
mation, easily usable multitouch solutions for 
map oriented sharing of information especially 
in the pre-event and post-event phases are be-
ing developed having in mind the use cases 
of the VeRSiert portal (Zibuschka, Laufs, & 
Engelbach, 2010).

Further reasonable development capabili-
ties are currently seen in automatically linking 
e.g., traffic or construction site information with 
the base information e.g., the location informa-
tion of an event. In this case the portal could 
warn the portal users if an event is planned 
exactly at the same time at a certain location 
when a construction site is planned.

The portal is designed in such a way, that it 
is “city-independent”. This means that transfer-
ability to other German Cities or even to other 
European Cities is easily possible and is subject 
to intended follow-up activities. Right now, a 
few months after the end of the project, the 
portal is being configured for two other cities 
near Cologne.
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ENDNOTES
1 	 Research was performed in the program “Re-

search and civil protection” (BMBF, 2009) 
of the German Authority for Research and 
Education (BMBF), as part of a high-tech 
strategy of the German government, for the 
funded research project VeRSiert (Network-
ing of local passenger transport companies, 
relief personnel, organizers and passengers 
for greater security in public transport at mass 
events) (Project VeRSiert, 2011).

2 	 The test persons were from the following 
organizations: municipal departments of the 
City of Cologne, including the municipal 
public order department, crisis management 
department, department for public relations, 
department for traffic management, depart-
ment for fire protection, emergency services 
and civil protection, events and sports depart-
ment, Cologne´s public transportation service 
(KVB) and the state wide transport service 
Nahverkehr Rheinland GmbH.

3	 In the beginning developed for German fire 
brigades, FeWIS has become the main infor-
mation source for all public safety and security 
authorities and organizations countrywide.
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