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Foreword

Dear Reader,

We are very pleased to present you the second book of our new series of the
institute cluster IMA/ZLW & IfU named “Automation, Communication and Cy-
bernetics 2011/2012”. As is the characteristics of the series, this anthology brings
together our scientifically diverse and widespread publications over a time period
of 24 months (July 2010-June 2012). Almost all publications are peer-reviewed
and have been published in recognized journals or conference proceedings of
the various disciplinary cultures. In spring 2011 we changed the organizational
structure of our institute cluster IMA/ZLW & IfU.

Prof. Dr. rer. nat.
Sabina Jeschke

PO Dr. phil,
Ingrid Isenhardt

1. Stellvertr.

nw

Lehrstuhl fiir
Informationsmanagement Lern- und Unternehmenskybernetik
im Maschinenbau Wissensmanagement

TV
Prof. Dr.-ing. c Prof. Dr. phil. f Y Dr.-Ing. Dipl.-Kfm. '
Daniel Schilberg | = % Anja Richert s 1 Eckart Hauck
Geschiftsfihrer % Geschaftstihrerin

Juniorprofessur Juniorprofessur

Fig. 1 Organizational structure of the institute cluster IMA/ZLW & IfU, RWTH Aachen University



vi Foreword

After many successful years with a two-staged managing structure consisting of
institute and division directors, the structure was changed on the 1% of April to
a three-staged one — heads of institute, managing directors and research group
leaders. There are many reasons for this reorganization, but the three main motives
are: growth potential, implementation of a comprehensive PostDoc strategy and the
focus of the research profile of the institute cluster.

The scientific core of the Institute of Information Management in Mechanical Engi-
neering — IMA consists of three research groups:

* The aim of the research group “Production Technology” is to implement mod-
ern information technology concepts into production technology by combining
skills of engineering and computer science as well as mathematics and sociol-
ogy. A main focus of the research group is the development of methods and
tools to integrate heterogeneous sensors, simulation and application data and to
enable a consolidated and consistent analysis. The so called Virtual Production
Intelligence makes use of these methods and tools to facilitate the transfer of
information between human, machine and technology. Another focus of the re-
search activity is the development of barrier-free user interfaces for web and
automation systems. The aim is a user-centered software development process
supporting the requirements of accessibility for users with disabilities or limited
technology. Furthermore the research group addresses the integration of intelli-
gent controls in technical production systems. Therein scientific findings from ar-
tificial intelligence, knowledge-based systems and cognitive research are adapted
and optimized for the application field “production technology”.

* The research group “Traffic and Mobility” is working on solutions for accident-
free driving, on the multimodal freight traffic of the future and on barrier-free
mobility. In doing so, the interdisciplinary team includes current requirements
like a higher resource efficiency and improved user integration into their solu-
tions. Thereby competences of different disciplines are combined such as engi-
neering science, computer science, sociology and economics. The research ac-
tivities of the group “Traffic and Mobility” lead to concrete solution hypothe-
sises for these solutions. The vision of accident-free driving could be achieved
by heterogeneous networks of (semi-)automated vehicles. To reach the ideal of
efficient freight traffic of the future, modular, worldwide usable loading units
with appropriate transport carriers could be utilized. The applied methods of
the research group range from driving simulation over dual design and accep-
tance/stress analysis up to the holistic consideration of the three recursion di-
mensions: human, organization and technology. The activities of the research
group include the research and development of new technologies as well as the
development of methods and tools for the product development process in the
above mentioned application fields.

» The research group eHealth consists of engineers, economists as well as human
and social scientists who research and develop information technology based
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on solutions for medical care. Developing telematic support systems which are
especially used in emergency medical services, the research group focuses on
approaches of user-centred requirement management and develops appropriate
system architectures as well as software solutions for the display of information.
At the same time aspects of IT security risk management are considered and
controlled. Another research focus is the scientific analysis of implementation
processes of technologies and the use of prototypes in complex field tests.

The Center for Learning and Knowledge Management — ZLW started with four
research groups:

e The research group “Knowledge Engineering” addresses the interaction be-
tween data — information — knowledge on the levels individual, team, organi-
zation, network and society. Thereto structures and processes are modeled and
implemented which support and develop communication and cooperation. This
application-oriented research leads to services and products, whereby customers
and users are integrated iteratively and cooperatively into the solution process.
The simultaneous design of the dimensions Human-Organisation-Technology
enables a holistic, tailor made and systematic approach. Current fields of ac-
tion include management and governance of clusters, diversity management in
innovation processes and in the organization of work, measurement of perfor-
mance as well as intellectual capital. Moreover, technical aspects of knowledge
management such as semantic search and the design of (multimedia) learning en-
vironments are focused. The research group also provides consulting, moderation
and coaching in organizational and strategy development as well as cooperation
design and knowledge management.

e The research group “Innovation Research and Futurology” analyzes the socio-
economic trends, opportunities and challenges of tomorrow’s world of economy
and work. Based on this knowledge, target-group-specific and practice-orientated
concepts are developed to enable organizations, networks and teams to generate
innovations and thus to ensure sustainable competitiveness. In doing so, all kinds
of innovations are considered systematically, i.e. as complex interrelations be-
tween the dimensions human, organization, and technology. The development of
customized and individual communication concepts allows an efficient transfer
of research knowledge into economic practice. The research group provides sup-
port for scientific, economic and political organizations as well as individuals in
the following topic areas: sustainable establishment and fostering of innovative
capacity, monitoring of trends and foresight, holistic innovation management,
organizational as well as communication development, support of social and or-
ganizational innovations, intellectual capital and knowledge balancing as well as
transfer of knowledge and communication management.

* Inan interdisciplinary team of communication and political scientists, engineers,
sociologists and economic geographers the research group ‘“Didactics in STEM
Fields” is dealing with challenges of didactics, especially those of the STEM
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Fields, including mathematics, computer sciences, engineering and technics. To
prove successful didactic concepts during its development, the involvement of
every actor actively participating in education is needed. Therefore the groups
of tutors, students, employers, intermediate organizations and other experts on
university didactics, are integrated in our research activities.

* The interdisciplinary research group “Career Research” addresses the develop-
ment and active organization of careers in research and industry. A special re-
search focus is on the academic career and its further development in university
and beyond as well as in the industrial context. Moreover, prevalent career struc-
tures, aspects of diversity as well as careers in different disciplines are focused.
The research group “Career Research” also analyses the individual development
of competences, especially the development of junior scientific staff and offers
the continuous qualification of the scientific staff of the RWTH Aachen Univer-
sity for quality assurance in research and teaching.

The Associated Institute for Management Cybernetics e.V. — IfU used the opportu-
nity to extend its research focus once more:

* The research team “Economic and Social Cybernetics” deals with cybernetic
methods and tools for the industrial practice. We develop solutions for com-
plex problems in conjunction with industrial and research partners. In interdisci-
plinary research projects our rudiments are directly converted and evaluated by
the involved companies. The focus is on analysing organizations with the aid of
system models and the development of valuation methods to endorse decisions
for example in investment or reorganization projects. Furthermore, the team deals
with the development of operating business games which are used for the devel-
opment and support of change processes. In conjunction with the research team
of Technical Cybernetics these business games are technically converted.

* The research team “Technical Cybernetics” is a part of the Institute for Manage-
ment Cybernetics at the RWTH Aachen University. It deals with the research and
the development of technical solutions for complex systems. The focus is on con-
trolling autonomous systems, cooperative robotics, technical implementation of
business games and the optimization of complex systems in general. We explore
how technical systems observe their environment through suitable sensory and
how they may react on the environment through control loop based algorithms.
Therefore, the research group focuses not only on individual and homogenous
systems, but also on automated communication and coordination of heteroge-
neous systems. The harmonious cooperation of human and technology is a very
important aspect. It plays an important role with regard to business games. Here
the research team “Technical Cybernetics” deals with the development of plat-
forms to facilitate integratively knowledge contents.
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agile and turbulence-suitable processes for knowledge and tet:hnolog\'I intensive organlzatlons

next-generation teaching and learning concepts for unwersmes and the economy

cognitive IT-supported processes for heterogeneous and :Daperatwe systems

target group-adapted user models for innovation and technology deve!opment processes

semantic networks and ontologies for complex value chains and \.r|rtual environments

Fig. 2 The research fields across the institute cluster

As depicted in the upper matrix we maintained the concept of research fields that
run across the institutes — horizontal to our organizational structure. These fields
combine our competences in our interdisciplinary institute cluster and help us to
structure the topics presented in this book. Our special appreciation goes to our
team. It is their dedication, their passion, their scientific curiosity und last not least
their dauntlessness which make this institute cluster to what it is.

Aachen, August 2012 Sabina Jeschke
Ingrid Isenhardt

Frank Hees

Klaus Henning
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Part I

Agile and Turbulence-Suitable Processes
for Knowledge and Technology Intensive
Organizations



I Know Something, that You Do Not Know

Transfer in the Research Field Occupational Health
and Safety

Ursula Bach, Ingo Leisten

Abstract Research on Occupational Health and Safety can look back on a long
history. Unfortunately, the results of this research are not manifested in public con-
sciousness. Today, the biggest challenge to a scientist is to guarantee successful
transfer between the research field “Occupational Health and Safety” and the ac-
tors in the sphere of practice. We cannot face the challenge by producing still more
knowledge and research results, instead we need to restructure the whole transfer
and the process of researching. In German research you may find different best
practice that helps to optimize knowledge management. These best practices build
on a new understanding of knowledge transfer, so called “transfer engineering”, and
make use of systems theory and network management. Thus, research plans are
structured in a novel manner, utilizing instruments of transfer in breadth and depth
between scientists and practitioners and raising the visibility of a funding priority
through its joint efforts on a topical core. These instruments of network management
and transfer engineering will be the topic of this paper.

Key words: Occupational Health and Safety Research, Transfer, Knowledge Engi-
neering

1 Introduction

Innovative research structures provide a possibility to better address and appeal to
new stakeholders within the topic of Preventive Occupational Health and Safety,
as for example health insurance, chambers of commerce or ministries. This means
visibility of the research community can be increased at the network and society
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integration of partners within research groups” and “avoidance of ‘fragmenting’ of
a research community”, the founding priority Preventive Occupational Health and
Safety applied different network management methods [HLBHO09]. The choice of
network management methods is based on the needs of a research network in three
specific network phases: phase of initiation, phase of stabilization and finally the
phase of permanence. Every phase offers different challenges to network manage-
ment. To support the efforts of the network, a transfer project was initialized. This
special research meta-project StArG (Strategischer Transfer im Priaventiven Arbeits-
und Gesundheitsschutz, engl. Strategical Transfer in the field of Preventive Occupa-
tional Safety and Health) provided research results on transfer in breadth and depth
for network management and research communication.

2 Stakeholders of Preventive Occupational Health
and Safety and Transfer in Breadth

Transfer in breadth is an important factor as it centers on the stakeholders of Pre-
ventive Occupational Health and Safety. The goal of transfer in breadth is to steer
public discussion towards the need for Preventive Occupational Health and Safety
to be integrated into entrepreneurial practice and thus to point out the need for action
to the individual enterprises. According to Freeman [Fre84], the term “stakeholder”
is defined as “any group or individual who can affect or is affected by the achieve-
ment of a [corporation’s] purpose”. The influence of the individual groups of stake-
holders is strongly dependent on the framework conditions within the individual
enterprise/project as well as on the interaction between the individual stakeholder
groups [Bal]. Within Preventive Occupational Health and Safety, stakeholders are
e.g. branch-specific and inter-branch interest groups and associations, public and
political institutions, health insurance funds and companies or trade and workers’
unions. All of these stakeholders have requirements and demands towards enter-
prises and their measures on Preventive Occupational Health and Safety. In order
to design a target-oriented transfer in breadth, we have to identify such stakeholder
groups as are individually relevant. Special efforts have to be made to incorporate
intermediaries into the transfer process to make use of their potential to achieve
a lasting awareness of the notion of prevention in all stakeholders. Measures for
transfer in breadth should be aimed at these stakeholder groups to raise their aware-
ness for requirements in the area of prevention and thus to strengthen their positions.
Figure 1 shows examples of stakeholders and their requirements in Preventive Oc-
cupational Health and Safety. Enterprises will have to identify these stakeholders
against the enterprise-specific framework conditions.

Embedding the notion of prevention into an enterprise is effected by matching
enterprise-specific design components. The integration into business procedures and
structures of aspects relevant to prevention necessitates redesigning the components
of the social system consisting of the individual person, organization, technology,
information, tasks, decision system, rewards and supervision [HM]. Here, all de-
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Fig. 1 Depiction of new actor and institutional constellations based on the Transfer Diagnostic
Workshops held by the StArG meta-project

sign components are verified regarding their relevance for Preventive Occupational
Health and Safety and adjusted where necessary. As the individual design compo-
nents are heavily cross-linked, an adequate complexity dimensioning of the compo-
nents among themselves must be achieved [SH92]. Successful transfer in breadth
of Preventive Occupational Health and Safety addresses enterprise-specific stake-
holders at this very point. This is why the central task of actors within Preventive
Occupational Health and Safety is to identify the individual stakeholders and to
sensitize them through methods of transfer in breadth.

3 Research Network Preventive Occupational Health and Safety

3.1 Research Networks and Their Requirements

When choosing its management methods, the funding priority understood itself as
a research network, as it shows network-specific characteristics. Network theory
gives four characteristics research networks have to feature in order to be referred
to as such [Jan04].
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la) Research networks consist of several individually disjunct network partners.

2a) These network partners are related through regulated prearrangements.

3a) The network partners have the possibility to use synergies, e.g. through resource
sharing or knowledge exchange.

4a) The network partners have a technological or social subsystem.

Regarding the research network Preventive Occupational Health and Safety,
these four characteristics can be translated as follows:

1b) The research network “Preventive Occupational Safety and Health” consists of
18 joint research projects and nine individual research projects that work on
diverse research outcomes and approaches within various research institutions
and enterprises from diverse scientific disciplines [the(9].

2b) The content-related relationships of the various projects are regulated through
the composition of the focus groups. The relationships built through the funding
priority and supported by regular events are initiated, organized and carried out
by the meta-project (for an overview on the activities of the funding priority see
www.starg-online.de).

3b) The individual network and research partners have a multitude of possibilities
to use resources within the funding priority, e.g. through joint surveys and syn-
ergetic public relations work or through annual conferences that serve as a plat-
form for joint scientific work on topics of “Preventive Occupational Health and
Safety”.

4b) The social sub-system of the research network is created by the structures of the
funding priority. The technological sub-system is created among others through
the interactive exchange and discussion platform as well as through the material
resources of the individual projects.

The following goals are generally intended when initiating research networks:
Better integration of the joint research participants and “avoidance of ‘fragmen-
tation’” of a research community [HueO3]. In joint research, a better integration
generally means a better cooperation between science and entrepreneurial practice.
In the case of the funding priority “Preventive Occupational Health and Safety”
broader-ranging aims are intended: To contribute to the competitive ability of Ger-
man economy, to counter economic losses through insufficient preventive occupa-
tional health and safety measures and to stay abreast of changes in the modern work
environment [BMBO09].

The choice of network management methods thus has to allow for the project
goals as well as the necessities of a research network during the individual network
stages.

According to Ahrens et al. [Aea04], a research network, once approved, runs
through three stages: the initiating phase, the stabilizing phase and the permanent
phase. The initiating phase lays the foundations for joint work. Here, mutual trust
is established and first attunements are made regarding thematic decisions, division
of labor or structural agreements. The stabilizing phase is the most productive stage
of a network. The chances for utilizing resources have become clear and trust can
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Table 1 Own compilation of the phases and their requirements for a network management of the
funding priority according to Ahrens D. et al. [Aea04]

Phases Requirements

Initiating phase ~ — Choice of projects,
— Composition of focus groups,

— Matching expectations and values that are to be the foundations of joint
efforts,

— Settling the means of exchange within the thematic superstructure of the
focus group,

— Attunement of task and resource allotments,
— Assigning individual tasks and resources.

Stabilizing phase — Create possibilities to build trust beyond the activities of the first stage,
— Work out a mutual understanding of the research matter,

— Synergies are being recognized and made use of, e.g. through joint surveys
of research results.

Permanent phase — Securing a sustained impact of research results,
— Expansion of the network,

— Funding-priority-internal securing of results for funding-priority-external
transfer,

— Provide appropriability of the funding priority’s results,
— Work out visions for the future of the funding priority.

be deepened. In the permanent phase, the actual work of the network is heading
toward the end and results have to be secured, processed and made available for
subsequent stages (for an elaboration see [OH04]). Within the third phase, research
networks with private and/or public funding have to pay special attention to later
utilization of their projects’ results [BMBO6]. Leisten further suggests keeping ap-
propriability in view across all of the research process [HLB09]. When designing
research networks, it has to be noted that these phases rarely ever occur in strin-
gently chronologic succession but rather tend to overlap, repeat themselves or get
abandoned. Thus, every phase poses different challenges to network management
(summarized in Table 1).

3.2 Diagnosis of the Research Network Preventive Occupational
Health and Safety

Besides knowledge of the individual stages a diagnosis of the research network
is necessary to facilitate strategic management. This diagnosis is structured along
five lines: Structure of actors, communication and interactions, development and re-
newing, controlling, and the material equipment of the projects and focus groups.



8 U. Bach and I. Leisten

Initial Phase () Stabilizing Phase ()Permanent Phase

iDA
Shop Talk

Open Space Strategy Planner
Planning of Milestones Network Meetings

Fig. 2 A variety of possible management methods and network services within the funding priority
with consideration to the phases and design elements

The Actor line describes e.g. what projects are part of the funding priority, which
value partners are integrated into the research processes or what focus groups have
been initiated, as the individual projects and their staff lend different scientific skills
and experiences as well as new contacts to the Preventive Occupational Health and
Safety community [LNAFO04]. The line of communication and interactions depicts
what ways of communication are used and what sorts of interaction are possible
between the actors, e.g. team work or virtual meetings. Development and renewing
shows the innovative potential of the research network. Controlling contains tools
and instruments that a network wants to allow itself to check its alignment with
its goals. Material equipment provides an overview of the financial, organizational
and staff resources available to the research network [LNAF04]. Within the StArG
meta project, this data has been collected in 19 Transfer-Diagnosis Workshops and
a SWOT-Analysis “Funding Structures as Transfer Concept” and has then been clus-
tered into the components Strategy, Culture, Structure, Diagnosis and Leadership
and Cooperation. These findings of the research network constituted the decision ba-
sis according to which the StArG meta project selected and employed management
methods and network services during the course of the funding priority “Preventive
Occupational Health and Safety” (see Fig. 2).

When employing the selected methods of network management requirements of
research founding and of individual work within the project have to be taken into
consideration [Sau05].
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Table 2 Exemplary set of qualitative criteria for successful network management

Creation of a common

identity

Sub- and joint
research project
Focus groups
Funding priority

Joint filing of applications, project conferences

Regular focus group meetings
Common logos and templates

Strengthening of shared

research interest

Sub- and joint
research project
Focus groups
Funding priority

Joint project work and publications

Scientific discourse on topics of the focus groups

Joint annual conferences, use of iDA, Workshops
for junior scientists

Creation of trust

Sub- and joint
research project
Focus groups

Funding priority

Joint project work

Regular meetings, joint presence at fairs, e.g. the
2nd BMBF Future Forum on Innovative Ability

Joint fair presence A+A, joint information chan-
nels

Common language

Sub- and joint
research project
Focus groups

Funding priority

Publications, reports

Position papers, design of focus group bulletins,
strategy planner

Joint publication in three conference transcripts,
compilation of the Aachen Impulse

3.3 Effectiveness of the Research Network Funding Priority
Preventive Occupational Health and Safety

As mentioned above, certain funding and transfer structures have been implemented
to ameliorate transfer between research and entrepreneurial practice as well as to im-
prove visibility of research on Preventive Occupational Health and Safety in politics
and beyond the scope of the funding program. But how can be measured whether,
how far and by what means these goals have been attained? As a rule, this assess-
ment can not be based on quantitative factors, instead qualitative “auxiliary con-
structs” [KI607] must be factored in, like e.g.

* Formation of a joint identity,

» Strengthening of a shared research interest [RSL04],

* Building of mutual trust between individual members of the funding prior-
ity [Geae03] and

* A common language of the funding priority [DdGS06].

The fact that these success criteria have been accomplished through the inte-
grated methods of network management is documented by means of the various
products and events that take place on the individual levels of the funding priority
(see examples in Table 2).
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4 Transfer Engineering — A Concept for Cooperative Research
of Academic and Corporate Actors

Today, enterprises and their employees have to cope with fast and constant changes.
These changes are characterized by increasing competitive pressure, invariably
shorter product and innovation cycles, globalized division of labor and the de-
localization of work. Enterprises are thus increasingly exposed to international com-
petition. They have to concentrate all their resources in order to be able to prevail
on a globalized market [HHLO9].

This innovation pressure as well as the enormous dynamism of the world of work
require high flexibility, autonomy and cross-linking, not only of enterprises but also
of employees. Additionally, demographic change poses the challenge to enterprises
to conserve the employability of their staff for as long as possible. The importance
of physical and psychological health of employees has often been underlined as
a decisive factor of innovative ability according to the motto, “Only a healthy em-
ployee is an innovative employee”. In order to safeguard physical and psychological
health of employees, work research has long since developed extensive concepts of
Preventive Occupational Health and Safety.

But enterprises, too, have identified the health — and thus the capability — of their
staff as a decisive factor of productivity and desire to utilize the innovative potential
of prevention as an element of a holistic corporate innovation strategy. Currently,
a multitude of projects are funded in the scope of the funding priority “Preventive
Occupational Health and Safety” that develop practice-oriented solutions for en-
terprises in the area of prevention. Concerning the implementation of results into
the field of practical work, however, the problem of transfer between research and
practice does exist.

Interdisciplinarily subsumed under this transfer problem are all factors that
lead to insufficient perception and utilization of scientific research results in prac-
tice [HealO]. Results of the StArG meta project point out that transfer issues still
remain unsolved in Preventive Occupational Health and Safety. Practitioners com-
plain about a lack of practical relevance in parts of scientific research, researchers
criticize the lack of implementation of their findings into entrepreneurial action. The
cause often lies in transfer failure.

But what is the meaning of the term “transfer”? [HLBHO09] point out that a spec-
ification of the term Transfer is necessary. Besides the already mentioned aspect of
transfer in breadth, which serves mainly to address and sensitize the stakeholders
of the prevention landscape, Transfer in depth is the other issue which mainly takes
place on the project level. Transfer in the sense of Transfer in depth refers to coop-
erative research (mainly on the project level). To this end, concepts of knowledge
generation and implementation into action that facilitate cooperative collaboration
within actor alliances between scientists, practitioners and intermediaries are neces-
sary.

Doubtless, Preventive Occupational Health and Safety contributes to strengthen-
ing innovative ability (especially [HLBHO09] but also [HLH]). According to [KKO00],
innovation can be understood as a constructive learning process that comprises both
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conceptionalization and utilization. Still, this reciprocity of the innovation process
is rarely mirrored in the constellation of its actors. Often, those persons developing
innovations are both organizationally and professionally independent of the later
users. New products or processes are produced in a research facility to later be
transferred, via a multitude of channels, into practice. [HLBHO09] suspect the causes
for frequent lack of practical relevance of research findings to lie on the one hand in
the fundamental divergence between scientific and entrepreneurial goals as well as
in part in the insufficient aptitude of practitioners to formulate current demands for
research. These symptoms are amplified by the weakness of feedback mechanisms
that are intended to supply scientists with practice know-how that could serve to
orient their research activities.

Thus, on the one side there is the scientist in his quest for universally valid knowl-
edge and the expansion of his discipline’s knowledge base; on the other stands the
practitioner who is interested in maximally fast, effective and economic solutions.
The different interest horizons, action logics, processing contexts and everyday en-
vironments of scientists and practitioners can lead to the fact that research results
end up having little relevance for practical work [Sau05].

All this shows that strategic transfer concepts have to be applied not only at the
traditional stage of knowledge transfer, but already at the stage of knowledge pro-
duction [HealO]. “The problem of knowledge transfer already begins during the
phase of knowledge generation” [LudO7]. The field of conflict between the individ-
ual system associations and action logics of researchers and practitioners can only
be solved through mutual understanding that necessitates an intensive exchange be-
tween science and practice.

This implies the renunciation of the sender-receiver notion in “transfer”
work [LHO9]: Transfer is not about the isolated search for solutions for en-
trepreneurial practice with a universal claim for implementation. In fact, both the
specifics of entrepreneurial necessities and framework conditions and the interest in
knowledge of research must be equally taken into account in cooperative project
work. In order to allow for this, the area of applied research increasingly opts
for cooperative methods when working in collaboration between research and (en-
trepreneurial) practice. The integration of heterogeneous actors from business, sci-
entific organizations and service providers progressively gains importance [Sau05].

One approach that satisfies the resulting demands for cooperation design between
the heterogeneous project participants is Transfer engineering. Transfer engineering
describes a concept that incorporates design aspects and methods for a systematic
development of communication and collaboration between actors from research,
entrepreneurial practice, intermediaries and inter-corporate partners in application-
oriented research projects. Dimensions of description and design are being dis-
cussed in literature within the scope of studies on participation and empowerment as
well as currently on the integration of customers into innovation processes. Informa-
tion and communication have been identified as crucial influence factors within the
innovation process [Bea09]. According to Scholl (2004) [Sch04], one integral cause
for failed innovations within research processes are so-called information patholo-
gies between developers and users. These consist of information relevant to the de-



12 U. Bach and 1. Leisten

cision process which — while in principle being accessible — is not produced, not
transmitted correctly, not obtained or not correctly processed.

Transfer Engineering explicitly deals with all phases of the innovation process
and thus with all phases of project work. Collaboration between researchers and
practitioners can not be limited to single project phases like e.g. survey phase or
utilization phase. Rather, cross-phase influence factors comprise a joint mission and
continuous inclusion of all relevant actor groups in order to build a maximum of
acceptance [Pay90]. This is especially important if a project is aimed to induce
opinion-, attitude- and behavior-relevant change processes on individual or organi-
zational levels, as is the case with most of the projects on Preventive Occupational
Health and Safety.

Thus far, when developing products or services in research projects, often only
one partners’ benefit has been considered: either the scientists’ quest for knowledge
or the requirements of practice. Against the background of current discourse on In-
novation Through Customer Orientation, demands of research funders for more cus-
tomer orientation of research projects are being voiced: Results of research projects
should be accepted and needed, there should be a demand for the findings, and re-
sults should be appropriate to the demands of the practitioners. Additionally, “cus-
tomer orientation”, i.e. in this context practice-orientation, is not to be understood
as relating only to products of research, but also to the very process of develop-
ment resp. innovation. Thus, in the style of Bruhn [BHO3], beside the criterion of
customer orientation resp. practical relevance of a research project’s findings the
criterion of customer proximity of interactional behavior has to be applied.

But who is actually the customer in a research project? It is necessary to “reflect
that not only [...] science intervenes into a system of practice, but that same holds
true of the system of practice intervening into science” ([HSS09], own translation).
Within the Transfer Engineering concept, we prefer to use the terms “Supplier” and
“Consumer” instead of a customer relationship between research and practice. This
stresses the exchange process between the actors of project work: Both researchers
and practitioners provide certain specific service offers for the respective partner
while expecting to profit from specific benefits offered by the respective partner and
the joint project work.

As the borders between provider and consumer in a research process become
blurred with both entrepreneurial practice and research playing the role of both
“customer” and provider, the dimensions of customer orientation stemming from the
context of industrial goods [BH03] have to become bi-directional: An application-
oriented research project shows customer orientation if the development process and
the obtained results

a) are beneficial and useful for (entrepreneurial) practice

b) serve the knowledge interest of research, while at the same time the interactional
behavior of the participating parties permits that

c¢) researchers obtain continuous, transparent insights into entrepreneurial practice,
thus making them effectively a part of practice,

d) practitioners are involved into research processes as experts, thus making them
effectively a part of research.
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Concerning the subject matter of project work contrary interests can be the case.
Often the entrepreneurial interests in prevention — if there is an interest at all — are
fundamentally different as those of prevention research [HLBH09]. Based on the
differing expectations a mutual subject matter on which interaction and cooperation
is sought in the research process has to be defined. The actors should coordinate
their actions in such a way that a mutual subject matter can be worked on [Dun04] in
order to design a cooperative process of providing services. This leads to a changed
role of the project actors: The practitioners change away from a passive observed
object toward being a co-producer of research findings; researchers in turn change
from being observers toward consultants, moderators, tutors and service providers
in an application-oriented context.

In order to support this very process, it is desirable to instigate a communication
and cooperation developing process between project actors in the sense of Trans-
fer Engineering. Results from the StArG meta project show the transfer-facilitating
influence of long-term transfer partnerships between research and practice. Mu-
tual recognition of scientists and practitioners as equally competent experts within
project work has proved to be even more decisive than the employment of interactive
transfer methods. It is thus advisable to make room for communication and coopera-
tion within a project’s work that allow researchers and practitioners to equally apply
their expertise to joint development processes in order to create a benefit for both
sides [Val09]. The effectiveness and efficiency of project work can be augmented by
making complementary areas of expert knowledge available to all project partners
as soon as possible. This is why an integration of practice into the knowledge pro-
duction process (read: research) is recommended to be put into effect already at the
application stage, so that the borders between producer and recipient of knowledge
—in other words between production and transfer — are lowered in favor of a transfer
partnership between equals. Integration is not about making the differences between
research and practice “disappear, but to equalize them through understanding- and
negotiation-oriented processes aiming at reaching joint decisions acceptable to all
parties” [HSS09] (own translation).

5 Conclusion

The integration of the two approaches “Strategic Network Management” and
“Transfer Engineering” serves to successfully initiate future research in the the-
matic field of Occupational Health and Safety. They can help to increase visibility
and to make sure that project findings are truly generated in cooperation with en-
trepreneurial practice. This serves to make results not only available to the active
Value Partners but also helps findings gain a broad relevance throughout networks
and society. Finally, it lessens the communication gap between science and practice.



14

U. Bach and 1. Leisten

References

[Aea04]

[Bal]
[Bea09]
[BHO3]

[BMBO06]
[BMBO09]

[DAGSO06]
[Dun04]
[Fre84]
[Geae03]

[HealO]

[HHLO9]

[HLBO9]

[HLBHO09]

[HLH]

[HM]
[HSS09]

[Hue03]

[Jan04]

[KKO00]

D. Ahrends and et al. Phasen der Netzwerkentwicklung und des Netzwerkmanage-
ments. In Das Netzwerk-Kompendium — Theorie und Praxis des Netzwerkmanage-
ments. Qertel, R; Hees, F.; eds., Aachen, 2004.

B. Balkenhol. Ein unternehmenskybernetischer Ansatz zu Integration von Umwelt-
managementsystem. Aachen.

E. Bamberg and et al. Innovation in Organisationen — der Kunde als Konig? Verlag
Hans Huber, Bern, 2009.

M. Bruhn and C. Homburg. Handbuch Kundenbindungsmanagement. Gabler Verlag,
‘Wiesbaden, 2003.

BMBF. Bundesbericht Forschung 2006, 2006.

BMBF. Bekanntmachung zur Forderung von Forschung und Entwicklung auf dem
Gebiet ,,Priaventiver Arbeits- und Gesundheitsschutz®, December 2009.

R. Defila, A. di Guilio, and M Schuermann. Forschungsverbundmanagement — Hand-
buch fiir die Gestaltung inter- und transdisziplindre Projekte. Ziirich, 2006.

W. Dunkel. Arbeit am Kunden. Herausforderungen und Zukunftschancen fiir das
personenbezogene Handwerk. In Erfolg mit Dienstleistungen. Innovationen, Mdirkte,
Kunden, Arbeit., pp. 263-269. Kreibich, R.; Oertel, B.; eds, Stuttgart, 2004.

R. Freemann. Strategic Management. A Stakeholder Approach. Marshfield, 1984.

M. Graggober and et al eds. Wissensnetzwerke, Konzepte, Erfahrungen und Entwick-
lungsrichtungen. Wiesbaden, 2003.

M. Haarisch and et. al. Langfristiges Verstehen durch kurzfirstiges Missverstehen.
Die Bedeutung der interaktiv-transkriptiven Storungsbearbeitung fiir den Transfer von
Wissen. In U.; Hees F.; eds Henning, K.; Bach, editor, Prdivention weiterdenken.
Aachen, 2010.

K. Henning, F. Hees, and I. Leisten. Unternehmenskybernetik 2020 — Betrieb-
swirtschaftliche und technische Aspekte von Geschiftsprozessen. In Unternehmen-
skybernetik 2020 — Betriebswirtschaftliche und technische Aspekte von Geschiift-
sprozessen. Wirtschaftskybernetik und Systemanalyse, pp. 25-37. Henning, K;
Michulitz, C., Berlin, 2009.

F. Hees, I Leisten, and U. Bach. Strategischer Transfer im Praventiven Arbeits- und
Gesundheitsschutz. 2009.

K. Henning, 1. Leisten, U. Bach, and F. Hees. Priventionsforschung und un-
ternehmerische Praxis: Zwei Seiten einer Medaille. In K. Henning, I. Leisten, and
F. Hees, eds, Innovationsfihigkeit stirken — Wettbewerbsfiihigkeit erhalten. Préiven-
tiver Arbeits- und Gesundheitsschutz als Treiber., nr 60 in Aachener Reihe Mensch
und Technik, pp. 12-30. Wissenschaftsverlag MAINZ, Aachen, 2009.

K. Henning, I. Leisten, and F. Hees. Innovationsfihigkeit stirken — Wettbewerbs-
fihigkeit erhalten. Priventiver Arbeits- und Gesundheitsschutz als Treiber. Mainz,
wissenschaftsverlag edition.

K. Henning and S. Marks. Kommunikations- und Organisationsentwicklung. Aachen,
6. edn.

R. Hanschitz, E. Schmidt, and G. Schwarz. Transdiziplinaritdit in Forschung und
Praxis. Chancen und Risiken partizipativer Prozesse. Wiesbaden, 2009.

H. Huemer. Wissensnetzwerke als forschungspolitische Instrumente. In Wissensnetz-
werke: Konzepte, Erfahrungen und Entwicklungsrichtungen, pp. 115-130. Graggober,
M.; Ortner, J.; Sammer, M.; eds, Wiesbaden, 2003.

C. Jansen. Scorecard fiir die Wissensmanagement-Performance in heterogenen Un-
ternehmensnetzwerken. Diisseldorf, 2004.

U. Kowohl and W. Krohn. Innovation und Vernetzung. In Soziale Netzwerke. Konzepte
und Methoden der sozialwissenschaftlichen Netzwerkforschung, pp. 135-160. Weyer,
J. ; et al., Miinchen, 2000.



I Know Something, that You Do Not Know 15

[K1607]

[LHO9]

[LNAF04]

[Lud07]

[OHO4]

[Pay90]

[RSLO4]

[Sau05]

[Sch04]

[SH92]

[the09]
[Val09]

P. Kloppel.  Konflikte und Synergien in multikulturellen Teams. face-to-face-
Kooperation. Wiesbaden, 2007.

I. Leisten and F. Hees. Strategic Transfer Communication in Prevention Research as a
Contribution to the Innovative ans Competitive Ability of Enterprises. pp. 60036010,
Madrid, 2009.

E. Liibcke, C. Nulbaum, D. Ahrens, and M. Fransen. Netzwerkfiahigkeits-Check fiir
Unternehmen. In R. Oertel and F. Hees, eds, Das Netzwerk-Kompendium: Theorie
und Praxis des Netzwerkmanagements. Shaker, Aachen, 2004.

J. Ludwig. Wissenschaftstransfer, Wissenstransfer und neue Veranderungskulturen.
In Arbeitsforschung und Innovationsfihigkeit in Deutschland, pp. 237-247. Miinchen,
2007.

R. Oertel and F. Hees. Das Netzwerk-Kompendium — Theorie und Praxis des Netz-
werkmanagements. Aachen, 2004.

R. Payne. The Effectiveness of research teams. A review. In Innovation and Crativ-
itiy at work. Psychological and organizational strategies, pp. 101-122. West, M.A.:
Farr, J.L. eds, Chichester, 1990.

M. Robbecke, D. Simon, and M. Lengwiler. Inter-Disziplinieren. Erfolgsbedingunen
von Forschungskooperationen. Berlin, 2004.

J. Sauer. Forderung von Innovationen in heterogenen Forschungsnetzen und Evalua-
tion am Beispiel des BMBF-Leitprojektes SENEKA. Aachen, 2005.

W. Scholl. Innovation und Information. Wie in Unternehmen neues Wissen produziert
wird. Hogrefe, Gottingen, 2004.

G. Strina and A.E. Hartmann. Komplexititsdimensionierung bei der Gestaltung
soziotechnischer Systeme. In Methodik und Praxis der Komplexitditsbewdltigung.
Henning, K. et al., Berlin, 1992.

Themenheft Priventiver Arbeits- und Gesundheitschutz, November 2009.

S. Valter. Anwendungsorientierte, partizipative Forschung im Prdventiven Arbeits-
und Gesundheitsschutz. Analyse der Integration der (unternehmerischen) Praxis in
den Forschungsprozess. PhD thesis, Aachen, 2009.



Measuring Intellectual Capital

Sabine Bischoff, Gergana Vladova, Sabina Jeschke

Abstract Steady knowledge production and a great innovative capability are cru-
cial attributes, if not necessary prerequisites, that companies need to be and remain
competitive on today’s market. The open innovation approach provides an oppor-
tunity within this article to increase companies’ innovative capability. The article
also deals with the question as to how intellectual capital can be measured in the
innovation process.

Key words: Intellectual Capital, Open Innovation

1 Introduction

As the knowledge society has developed, there has been a considerable shift over
the last 25 years in many sectors of industry in favor of the knowledge production
factor. As early as the year 2000, the proportion of this production factor in total
corporate added value was 60 % on average [e.V00]. A great innovative capability
and the successful generation of innovation essentially holds the key to sustainable
corporate success and positive growth, even for the SME stimulus for innovation.
In the light of these facts, the demand for more information about the knowledge
production factor on the part of many boards of management is understandable. In
addition, intangible factors, including the knowledge production factor, increasingly
play a major role in business valuations (i.e. from the shareholder’s point of view).
Even when the market value of the so-called intangible assets exceeds that of the
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Market Value

Financial Capital intellectual Capital

Customer Capital

Innovation Capital

Fig. 1 Categorizing intellectual capital according to Edvinsson and Briinig [EB0O]

Organizational Capitai

book value [HelO1], balance sheets these days also show almost exclusively tangible
assets. Interim reports are increasingly obligatory, for instance as stipulated by the
regulations of the International Accounting Standard (IAS) and the International
Financial Reporting Standard (IFRS).

The terms intangible assets, intellectual capital, knowledge capital and intangi-
ble assets are used interchangeably in many cases in literature as well as in business
practice. The term intellectual capital is used below as a result of the BMBF Inter-
national Monitoring Project focusing on the central theme of Enabling Innovation
and the core area of “human potential as an innovative and competitive advantage”
(translated by author).

Against the background described above, this article deals with the classification
and valuation of intellectual capital and with the clarification of the significance of
relationship capital as part of the same. This is demonstrated in the example of the
open innovation concept.

2 Classification of Intellectual Capital

Edvinsson and Briinig [EBOO] differentiate between financial capital and intellec-
tual capital, which together account for a company’s market value, see Fig. 1. While
financial capital is being formed from the company’s tangible and fixed assets, the
intellectual capital is being specified. Edvinsson and Briinig then differentiate fur-
ther between human and structural capital. In their opinion, human capital is based
on experience, skills and knowledge. In contrast, structural capital consists for its
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Motivation Strategy Value creation process

Personnel

Human capital

Fig. 2 Intellectual capital report 2.0 [KLBOO]

part of customer capital (characterized by the customer base, customer relations
and customer potential) and organizational capital. The latter differentiates again
between innovation capital and process capital.

Another widespread classification in German-speaking areas is one that differ-
entiates between human, structural and relationship capital. Koch and Schneider
developed this new structure in 1998 and thus presented the first concept for a so
called “financial knowledge report”. The Austrian Research Centre Seibersdorf ap-
plied the new concept in 1999 which today still consists of the first ideas [KLBOO].
In 2007, Koch and Leitner refined the concept and developed an economic oriented
concept of the knowledge report. It was publicized in 2008 [KLOS].

3 Measuring and Evaluating Intellectual Capital

The company’s innovative capability does not just depend on the knowledge and
potential of individuals, but specifically on their interdisciplinary and interactive
thinking and action. The prerequisite for emerging innovation is embedded in net-
works and is initially derived from the relationship and/ or interaction between the
individuals [LA]. The potential and innovative capability can therefore be found in
“knowledge resource networks” [LC99] and may produce innovations, depending
on the quality of the relationships between the individual intersections of a network.
Innovation in this sense can be understood as the effect of synergy in the relation-
ship of separate individuals. In order to be able measure and evaluate the innovative
capability within an organization [BAF10], there is, however, a lack of academically
funded models that examine and describe the individual’s intellectual capital. Ap-
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propriate evaluation procedures therefore need to be developed, which describe and
objectively evaluate intellectual capital so that it can be recorded as company assets
as part of the relationship capital. Consequently, no conclusion is yet possible about
a company’s innovative capability.

Existing procedures for including important intangible results such as, for exam-
ple, the balanced scorecard [KN96], are not specific enough in view of their generic
nature to serve as an adequately funded model. There are many other approaches
and methods, however, for evaluating working knowledge [Sve01].

The best known method is the “Skandia Navigator” [EM97] of the Swedish in-
surance and finance group, Skandia. By the middle of the 1990s, they had already
begun publishing intangible assets in so-called interim reports. The output of this
method is the Intellectual Capital Report. This is a report on operational intellectual
capital in addition to the annual report. The value of intellectual capital is deter-
mined by the so-called Skandia Market Value Scheme, which places the market
value within a hierarchical structure.

Another method is the “intangible asset monitor” [SHO02]. This is a system based
on the knowledge organization for measuring the intangible asset. As a non-financial
scorecard system, the intangible asset monitor should be regarded as an additional
demonstration of a company’s financial success and its shareholder value.

Sveiby sums this up as follows:

No one method can fulfill all purposes; One [...] must select methods depending on pur-
pose, situation and audience [SveO1].

4 Processes of Innovation and Open Innovation

Having demonstrated how intellectual capital can be classified and how important
it is for a company to measure intangible assets, a relatively recent theoretical con-
cept will be discussed here, based on the example of open innovation, with the aim
of showing the importance of a company’s external relationships for its innovative
capability and also, therefore, for its success.

Increasing the efficiency of product development and companies’ own innova-
tive capability has always been an important prerequisite for success. By utilizing
ideas and technologies in innovations, companies are able to tap new markets and
maintain their competitiveness. Whereas large enterprises have the necessary finan-
cial and human resources to carry out their own research and development projects,
meager resources and limited know-how characterize small and medium-sized en-
terprises (SMEs). It therefore proves difficult for them to find new ways and tackle
challenges created by changing market conditions on the one hand and the realign-
ment of large enterprises on the other hand [BDH"07]. In this context, companies
and SMEs are particularly dependent on the involvement of external resources and
know-how for increasing their innovative capability and therefore their competitive-
ness in cross-linked cooperation.
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Potential groups of external partners in the innovation process, according to von
Hippel (1987), are:

Customers and suppliers
Universities, public institutions
Competitors and

Other nations.

b

In the context of knowledge management, Sveiby concedes that external players
have a significant role in a company and refers to the acquisition of new knowledge
as “intangible income” [Sve98](translated by author). It is important for companies
that know their own customers well to be able to offer the best solutions. Satisfied
customers also have a positive impact on image-building because companies are
able to refer to them. However, the opportunity to use and integrate the knowledge
and experience of customers as well as business partners (suppliers, for example)
into the company’s own process of innovation is particularly important. In the search
for appropriate solutions, the company is able to use external know-how for the
purposes of improving profits and growth [Sve98, vHS87].

The open innovation approach provides companies with new opportunities for
structuring external relationships and the flow of knowledge, but also sets new chal-
lenges for innovation management [VDJvdVdRO8]. In the past, companies preferred
to use internal research and development (R&D) and innovation resources for de-
veloping and marketing new products, and did not really involve the external en-
vironment [Che03, GB06]. A wide variety of factors, such as globalization, new
market participants, shorter product life cycles, smaller R&D budgets and rising
R&D costs superseded this closed innovation strategy at the end of the last cen-
tury [GE06, GR99]. Chesbrough coined the term open innovation as a response
to the new challenges. External resources in the innovation process were accorded
a significantly greater importance in this approach than was the case in the closed
innovation strategy.

The new innovation strategy is defined by Chesbrough 2003 as follows:

Open Innovation is a paradigm that assumes that firms can and should use external ideas as
well as internal ideas, and internal and external paths to market, as the firms look to advance
their technology [Che03].

Chesbrough extended this definition in 2006 as follows:

[...] open innovation is the use of purposive inflows and outflows of knowledge to acceler-
ate internal innovation, and expand the markets for external use of innovation, respectively
[Che].

A comprehensive open innovation strategy offers companies many opportunities,
but also poses new challenges. The knowledge-intensive innovation processes must
to some extent be reorganized to include external players and the knowledge gained
to be transferred to the organizational knowledge base.

The significance of the informal transfer of knowledge and informal relation-
ships with external cooperating partners, customers, suppliers and even competitors
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within the open innovation process and the development of an appropriate inter-
nal knowledge base should be emphasized here [Che, vH87]. These relationships
that are difficult to grasp and formalize have a decisive influence on the success of
the innovation phase, even at the stage where ideas are being generated [Con95].
Nor should the significance of relationships among internal experts be underesti-
mated. Informal relationships, however, are unstructured and, if anything, transpar-
ent [Por08, Str10]. The nature of knowledge disseminated by socialization is usually
implied and remains in the individual knowledge base of those employees who are
directly involved [Por08, Epp07, NT95, EE07]. SMEs are faced with the challenge
in their innovation processes of evaluating relationships and knowledge and struc-
turing the processes of associated organizational learning [CL90]. The identification
of experts and the exchange between them in particular must be guaranteed in order
to improve the progress of the innovation process [Epp07, EE07] and to establish
how the company can successfully integrate internal and external sources of knowl-
edge [BHO2].

In summary, it can be said that the exploration and inclusion of external experi-
ences and knowledge and the organization of an external network is usually a natu-
ral continuation of well-structured, consistent innovation management deep-seated
within the company. The strategic opening of the innovation process is only sensible
and advisable if the company’s in-house structures are prepared for it. Functioning
innovation management creates the framework in which it is possible to make the
best possible use of external resources. Structured management of knowledge that
incorporates the three levels of technology, organization and human resources in
equal measure is essential for managing complex innovation processes and becomes
particularly important when companies cooperate with external bodies [VM10].

The focus in innovation management by companies is increasingly changing
against the background of these developments. Incorporation of the external en-
vironment increasingly needs to become an integral part of the entire innovation
management concept. New opportunities then arise for medium-sized enterprises
for strengthening their innovative capability and long-term competitive position. In
order to make use of these opportunities, companies need to control, speed up and
optimally plan their own (open) innovation process using a variety of methods. Sim-
ilarly, individual core skills should therefore be enhanced and concepts developed
for protecting intellectual property.

5 Summary

This article has demonstrated that the knowledge production factor has clearly
grown in significance over the last ten years, both for large enterprises as well as
for SMEs. Business valuations increasingly frequently include intangible factors
as well. The term intellectual capital emerged in this connection. This intellectual
capital combines a company’s structural capital, human capital and/ or relationship
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capital. These items are combined in what are referred to as intellectual capital re-
ports and their asset and liability values issued.

Companies continue to be challenged by limited internal resources, particularly
financial and human resources, in their innovative capability. Limited know-how is,
of course, also associated with this. The closed innovation paradigm, which has been
predominant to date, has been discouraged by including external players in the pro-
cess of innovation. The innovative open innovation approach makes it possible for
companies to supplement their internal ideas with external ones and to increase the
innovative capability with this additional knowledge potential. No limits have been
set on the possibility of including external ideas, whether these involve customers,
suppliers, competitors, academics or other institutions. It is important in this con-
text to create appropriate structures in the company for exchanging knowledge in
both directions. This integrated concept of innovation management strengthens the
competitive position of companies and, in so doing, their chances of operating suc-
cessfully on the market.

The question arises in this context as to how recently acquired knowledge, the
intellectual capital, is measured. Two concepts were briefly envisaged here with the
Skandia Navigator and the Intangible Asset Monitor. Which method will ultimately
be applied in the company remains unresolved due to the specific situation of the
company at the time. Indeed, the thinking here shows that in future, the processes of
generating and transferring knowledge and therefore of measuring and evaluating it,
will increasingly be the focal point.

6 Future Research Requirements

Future research requirements can be deduced from the current gaps in research in
the area of measuring intellectual capital. They therefore also lie in the development
of structures for supporting the transfer of knowledge between employees. In ad-
dition, it is still not possible at present to visualize informal internal and external
relationships so that the knowledge tucked away there can similarly be externalized
without loss.

To this end, the open innovation conceptual model needs to be synchronized with
existing theories of knowledge management in future research work. Innovation
processes are knowledge-intensive processes, in which the transfer of knowledge
must be controlled within them in a target-oriented manner. Existing knowledge
management theories should also expanded for this purpose with innovation-specific
attributes. Based on the importance of informal networking in (open) innovation
processes, there is both a fundamental as well as an application-oriented research
requirement on this subject [VA09].

A further problem in this regard is that of the protection of private property,
because the involvement of external players in the innovation process is not abso-
lutely safe for the independent company. By indicating the intangible assets, i.e.
knowledge, in interim reports or the year-end accounts themselves, know-how is
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disclosed and therefore possible core skills made accessible to anybody. This dis-
closure is a major obstacle for companies and employees who do not want to see
their work valued in order to protect their own reputation.

In this regard, companies need to some extent to practice knowledge manage-
ment the other way round. Instead of merely pursuing the usual goals of knowledge
dissemination for knowledge management, the framework conditions should be ad-
justed, for example extensions and adaptations of the theoretical approaches towards
the protection of intellectual property. These specifically concern the company’s in-
ternal situations and protective measures used to prevent inflows and outflows of
information and knowledge in order to protect itself from knowledge unintention-
ally draining away (cf. Bahrs et al. 2010). In practical terms, this means banning
USB sticks, for example, or other storage media. It is also possible to implement
cloud computing here. This involves an approach which makes IT infrastructures
(e.g. calculating capacity, data memory, etc.) available over a network and therefore
removes them from the company. Professional secrecy clauses and confidentiality
agreements have long been an integral part of today’s contracts.

7 Outlook

On the basis of what has been outlined so far for Germany as a knowledge center,
fundamental approaches like corporate knowledge — the intellectual capital — can be
externalized. The designation of so-called intellectual capital reports or the Skan-
dia Navigator approach (interim reports on the annual return) are preliminary steps
towards an integrated business valuation.

Changes are also needed on a micro-economic scale. From the buzzword open
innovation, relevant recommendations for action need to be drawn up in future for
corporate practice — and particularly SME practice, in order to remain competitive
in an increasingly globalized world.

At the macro-economic level, from a national economic viewpoint, an investi-
gation should be carried out, for example, into to whether certain industries, which
tend to operate stronger open innovation, are more successful on the market.

In political terms, the question then arises as to the improvement in legal and eco-
nomic framework conditions in relation to open innovation in different industries.
Finally, both companies and other branches of the economy still not operating open
innovation at present should be empowered to apply open innovation by appropriate
regulations and laws.

When organizing external political and economic framework conditions for open
innovation in companies in the future, the focus here should be on the following
areas [DJVKCO8]:

* Networks and collaboration as a starting point for cooperation with competent
partners.

* Support when setting up firms — an example of this is spin-offs as a source for
targeted exchange of knowledge and close profiling.
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e [P management as a source of new ideas and opportunities for marketing the
company’s own know-how.

* Research and development work in the company with the aim of promoting the
uninterrupted development and expansion of the company’s own knowledge as
well as the cooperation of companies and research institutions.

e Well-trained staff with many opportunities for on-the-job-training.

* Adequate funding opportunities for companies operating open innovation.

The focus should not be on certain firms or sectors of industry when implement-
ing appropriate political and economic measures. Rather, the success of these mea-
sures depends on looking at open innovation as a change in paradigms and system.
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Agile Prozessgestaltung und Erfolgsfaktoren
im Produktionsanlauf als komplexer Prozess

Esther Borowski, Klaus Henning

Zusammenfassung Eine agile Vorgehensweise, die sich nicht nur auf den Soft-
wareentwicklungsprozess bezieht, sondern ebenso auf das Management des Pro-
duktionsanlaufs, kann in einem zeitkritischen komplexen Entwicklungsprojekt er-
folgreich angewendet werden. Dabei bedeutet dies fiir alle Akteure die Grundwer-
te und -prinzipien des agilen Manifestes praxisnah umzusetzen und die gesamte
Managementstruktur nach dem Dynaxityprinzip fiir turbulente Prozesse mit hoher
Struktur- und Prozesskomplexitéit sowie einer Orientierung an den Erfolgsfaktoren
fiir komplexe Prozesse ausgelegt werden. Beide Vorgehensweisen stammen aus un-
terschiedlichen Akteursgruppen in Wissenschaft und Praxis. Das Fallbeispiel zeigt,
dass sie sich erfolgreich miteinander verkniipfen lassen. Turbulenztaugliches Syste-
misches Management und Agile Softwareentwicklung konnen so zu einem Gesamt-
vorgehensmodell zusammengefiihrt werden, das zum Management des Produkti-
onsanlaufs eingesetzt werden kann.

Schliisselworter: Komplexe Produkte, Agiles Vorgehensmodell, Produktionsan-
lauf

1 Einfithrung

Zahlreiche Produkte sowie tdgliche Innovationen und Technologien haben insbeson-
dere in der jiingsten Vergangenheit zu einer immensen Steigerung der Angebots-
und Variantenvielfalt gefiihrt. Mit diesem Trend gehen eine Verkiirzung der Ent-
wicklungszeit und eine beschleunigte Markteinfiihrung einher. Das Resultat die-
ser Produktoffensiven ist eine steigende Anzahl von Produktanldufen mit expo-
nentiell steigenden Variantenverhéltnissen, die es in Unternehmen und Arbeitspro-
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zesse zu integrieren gilt (vgl. [HBHO4], 2004, S. 2). Die Beherrschung von Pro-
duktionsanldufen unter diesen verdnderten Umweltbedingungen bereitet Probleme,
wie beispielsweise eine erhohte Prozesskomplexitit, Prozessparallelisierung und
-integration sowie eine Zunahme von Schnittstellen [Wil07].

Die Fihigkeit, komplexe Produkte im vorgegebenen Qualitits-, Zeit- und Kos-
tenrahmen einzufiihren, wird zukiinftig zu einem entscheidenden Faktor der Wett-
bewerbsfihigkeit [NNTO08]. Hauptaufgabe ist dabei nicht mehr die Aneinanderrei-
hung der Entwicklungs- und Planungsschritte, sondern vielmehr die Beherrschung
der Komplexitiit des Anlaufmanagements, das unzihlige parallele Einzelschritte un-
terschiedlichster Disziplinen und Partner zusammenfiihren muss [SSSO8]. Nach ei-
ner Einfiihrung in die Thematik des Produktionsanlaufs und seiner Schliisselpositi-
on im Produktionsprozef wird insbesondere die Komplexitit im Produktionsanlauf
adressiert. Hierbei werden die Komplexititstreiber beleuchtet und diese im Hinblick
auf das Anlaufmanagement als komplexer Prozess reflektiert. Im Anschluss wird
zundchst Agilitdt, als Fihigkeit mit zunehmender Komplexitit umgehen zu kon-
nen, vorgestellt und anhand eines Praxisbeispiels Erfolgsfaktoren zum Management
komplexer Projekte aufgezeigt. Die Anwendung einer Kombination der Prinzipien
der agilen Prozessgestaltung und der Erfolgsfaktoren und somit Gestaltung des Ma-
nagements des Produktionsanlaufs wird in einem weiteren Anwendungsbeispiel aus
der Praxis vorgestellt.

2 Anlauf - Schliisselstelle im Produktentstehungsprozess

Der Anlauf ldsst sich innerhalb der Phase der Produktentstehung als entscheidende
Schliisselstelle identifizieren. Das primére Ziel der Serienanlaufphase besteht dar-
in, ein neues Produkt aus den Laborbedingungen der Entwicklung sukzessive in ein
stabil produzierbares Serienprodukt zu transferieren [CF91] (vgl. [Pis91, Bis07]).
Dabei wird der Produktionsprozess so gesteigert, dass er sich von einer Einzelferti-
gung zur Serienproduktion entwickelt [TBCO1]. Beendet wird der Anlauf durch Er-
reichen der Kammlinie, die als eine vom Unternehmen festgelegte Outputhohe defi-
niert werden kann. Die Autoren Risse [Ris03], Kuhn [KWESO02], Housein [HW02],
Winkler [WS08] und Voigt [VTO05] teilen diese Sichtweise des Anlaufs und ver-
wenden dhnliche bzw. identische Definitionen. Der Anlauf beinhaltet die Phasen
Vorserie, Nullserie und Produktionshochlauf. Die Phase vor dem Anlauf wird als
Serienentwicklung bezeichnet, die nach dem Anlauf als Serienproduktion. [SSS08]

Das Management des Anlaufs wird von Kuhn folgendermaBen definiert: ,,.Das
Anlaufmanagement eines Serienproduktes umfasst alle Tatigkeiten und Malinah-
men zur Planung, Steuerung und Durchfiihrung des Anlaufes, ab der Freigabe der
Vorserie bis zum Erreichen der geplanten Produktionsmenge mit den dazugehori-
gen Produktionssystemen unter Einbeziehung vor- und nachgelagerter Prozesse im
Sinne einer messbaren Eignung der Produkt- und Prozessreife* [KWESO02] (vgl.
Abb. 1). Diese allgemeine Definition beschreibt die Problematik des Anlaufmana-
gements. Es wird von ,,allen Téatigkeiten® gesprochen ohne explizit eine zeitliche
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Abb. 1 Anlaufmanagement im Produktenstehungsprozess (In Anlehnung an: [Bis07, Ris03, Fit06,
vWO98])

Komponente zu nennen. Aber besonders die Festlegung des Beginns des Anlaufma-
nagements sowie seine Titigkeiten sind besonders diskutierte Punkte.

Romberg bezieht die zeitliche Dimension in seiner Definition mit ein. Er be-
schreibt das Anlaufmanagement als einen interdisziplindren Geschiftsprozess, der
alle Vorgénge von der Planung bis zur Serienfertigung umfasst [RHO5]. Aus diesen
zwei Definitionen wird ersichtlich, dass der Beginn des Anlaufmanagements nicht
eindeutig definiert ist und die Autoren den zeitlichen Umfang des Anlaufmanage-
ments unterschiedlich festlegen. Jedoch steht in allen Betrachtungen und Berichten
aus der industriellen Praxis die Fokussierung auf der Begegnung der Komplexitit
des Anlaufmanagements, das unzihlige parallele Einzelschritte unterschiedlichster
Disziplinen und Partner zusammenfiihren muss, im Vordergrund [SSSO0S].

3 Komplexitit im Anlauf

Selbst in wissenschaftlicher Literatur ist heutzutage der Begriff der ,,Komplexitit*
bzw. die Feststellung ein ,,Sachverhalt sei komplex* zur modischen Einleitung der
Arbeiten geworden. Leider werden diese Sachverhalte haufig nicht unter Einbezug
ihrer vollen Komplexitit untersucht, hdufig wird die Komplexitit zur Rechtfertigung
des Gebrauchs reduktionistischer Forschungsstrategien genutzt. Eine gewisse Ohn-
macht gegeniiber dem Phinomen ,, Komplexitit“ zeigt sich durch den Gebrauch des
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Begriffes in einem umgangssprachlichen Sinne von kompliziert, undurchschaubar
oder unverstiandlich, dessen Gebrauch prinzipiell richtig ist.

Betrachtet man die ,,Komplexitit* als wissenschaftliches Problem, kann man
sich ihr von einer analytisch-reduktionistischen Seite ndhern, oder den nachfolgend
gewihlten systemisch-interaktionistischen Ansatz nutzen. Unter Komplexitit wird
die Eigenschaft von Systemen in einer gegebenen Zeitspanne eine grofle Anzahl
von verschiedenen Zustinden annehmen zu konnen verstanden. Dieser Charakter
erschwert die geistige Erfassung und Beherrschung durch den Menschen. Daraus
ergeben sich vielfdltige, wenig voraussagbare, ungewisse Verhaltensmoglichkei-
ten [Ble].

Zur Quantifizierung der Komplexitit bietet sich an die Malleinheit Varietit zu
nutzen. Varietit ist die Anzahl moglicher Zusténde eines Systems. Die Zunahme der
Varietit ist durch die Globalisierung und die verbesserten Informationstechnologien
deutlich angestiegen. Dem gegeniiber steht die Abnahme der Halbwertzeit von Wis-
sen. Die Varietit im Umfeld von Organisationen hat heute deutlich gegeniiber der
Vergangenheit zugenommen. Hinzu kommt, dass in Zukunft mit einer Verstirkung
dieses Prozesses zu rechnen ist.

Eng verbunden mit dem Begriff Komplexitit ist der Begriff Dynamik. Die Dyna-
mik betrachtet nicht die Anzahl der verschiedenen Zusténde eines Systems, sondern
die Zeit, die benotigt wird, von einem Zustand in einen anderen zu wechseln. Diese
Eigendynamik zeichnet sich dadurch aus, dass sich die Elemente und deren Bezie-
hungen zueinander im Zeitablauf dndern [Kre07].

Durch die bereits beschriebenen dufleren Umstiinde, beispielsweise der zuneh-
menden Globalisierung haben die Verdnderungsgeschwindigkeiten von Zustidn-
den deutlich zugenommen. Diese Entwicklung fordert eine entsprechende Lern-
geschwindigkeit in Organisationen, sowie ein verbessertes Imaginationsvermdgen.
Der Anteil an unscharfem Wissen steigt dramatisch und damit auch die Notwendig-
keit der Fertigkeiten, mit diesem so genannten Fuzzy-Wissen umzugehen.

Wenn wir nun davon ausgehen, dass die Stiarke von Komplexitit und Dynamik
das Umfeld von Organisationen prigen, ist der Bedarf an organisationaler Intelli-
genz besonders hoch, wenn Dynamik und Komplexitidt hoch sind. Es ergibt sich
das Phidnomen der Zeitschere, bei steigender Komplexitit nimmt der Bedarf an
Entscheidungs- und Handlungszeit zu, jedoch die verfiigbare Entscheidungs- und
Handlungszeit nimmt bei steigender Dynamik ab.

Rieckmann umschreibt die sich gegenseitig intensivierenden Wechselwirkun-
gen von wachsender Dynamik und zunehmender Komplexitit bei steigender
Macht/Ohnmacht/Risiko-Relation auch als ,,Dynaxity* [Rie00].

Die so genannte Dynaxity, ein Kunstwort, dass sich aus den Begriffen ,,dy-
namics® (Dynamik) und ,,complexity* (Komplexitit) zusammensetzt, wird in der
Abb. 2 grafisch dargestellt [Rie00].

Vor diesem Hintergrund ergibt sich folgende Kernfrage fiir das Management
solcher komplexdynamischen Zusammenhinge: ,,Wie kann die Handlungsfahigkeit
[...] von Individuen, Institutionen, Organisationen und Unternehmen unter wech-
selnden Zielen, turbulenter werdenden Umfeldbedingungen, bei wachsender Kom-
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Abb. 2 Darstellung von Dynaxity [Hen99]

plexitit, prinzipiell unvollstdndigen Informationen sowie schrumpfenden Planungs-
horizonten noch sichergestellt werden?‘ [HI98].

Die Komplexitit im Produktionsanlauf ist neben der Komplexitit der Umwelt
und somit des Produktes zum Einen auf die Vielzahl interdependenter Gestaltungs-
objekte (wie Technologien, Produkt, Prozesse, Produktionssystem, Personal, Logis-
tikkette) und Disziplinen (insbesondere Produktentwicklung, Produktion, Logistik,
Einkauf) und zum Anderen auf die dynamischen Zustandsverdnderungen der Ge-
staltungsobjekte und Disziplinen zuriick zu fiihren.

Die Gestaltungsobjekte werden wihrend des Produktionsanlaufs erstmalig in Be-
ziehung gesetzt und versetzt, so dass sich daraus resultierende Wechselwirkungen
erst im Anlauf zeigen. Diese durch eine Vielzahl von Schnittstellen geprégte or-
ganisatorische Komplexitit ist charakteristisches Merkmal der Anlaufphase. Zur
Vermeidung und Reduzierung der hieraus entstehenden Ineffizienzen in der Anlauf-
phase besteht die Herausforderung aus organisatorischer Perspektive, diese Vielzahl
von Schnittstellen in den Teilprozessen des Anlaufes zu definieren, zu analysieren
und zielorientiert zu gestalten.

Zur Bewiltigung dieses komplexen Prozesses ,,Produktanlauf* miissen zahlrei-
che Schnittstellen integriert werden. Die aufgezeigten Schnittstellen (vgl. Abb. 3)
lassen sich grundsitzlich in produktbezogene und organisatorische Schnittstellen
unterscheiden.

Es kann ein enger Zusammenhang zwischen den organisatorischen und techni-
schen Schnittstellen identifiziert werden, da durch die gemeinsame arbeitsteilige
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Entwicklung eines neuen Produkts und der dazugehorigen Prozesse sich der Harmo-
nisierungsbedarf an einer bestimmten organisatorischen Schnittstelle zumeist auch
auf eine produktbezogene Schnittstelle bezieht [Jah91]. Obwohl der Harmonisie-
rungsbedarf bereits in der Phase der Entwicklung besteht, zeigt sich eine Vernach-
lassigung erst wihrend des Produktionsanlaufs bei der Integration der einzelnen
produktbezogenen Einheiten bzw. der Integration der Ergebnisse der in den einzel-
nen Organisationseinheiten bearbeiteten Entwicklungsaufgaben [Vin89].

Beim Ubergang von der Entwicklung zum Produktionsanlauf und somit einer
Uberlappung der einzelnen Phasen im Prozess ist eine Abstimmung zu den Mei-
lensteinen nicht mehr ausreichend, es wird eine kontinuierliche Abstimmung no-
tig [SRI1].

Ergebnisse der Arbeiten von Lawrence und Lorsch konnten die Problematik der
Schnittstellen zwischen den Unternehmensfunktionen in Entwicklung und Serien-
anlauf aufzeigen. Die Funktionen arbeiten hier in einem von umfangreichen und
hiufigen Situationsénderungen geprédgten Umfeld zusammen. Beide Funktionsbe-
reiche Entwicklung und Produktion, deren enge Zusammenarbeit insbesondere im
Produktionsanlauf notwendig ist, werden bereits von Lawrence und Lorsch als Re-
ferenzbeispiel fiir eine hohe Divergenz zwischen Organisationseinheiten angefiihrt.
Ahnlich divergierende Einheiten konnen in den am Produktionsanlauf beteiligten
Geschiftsfeldern identifiziert werden.
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Der Arbeitskreis ,Integrationsmanagement fiir neue Produkte* der Schmalen-
bach-Gesellschaft konnte einen wesentlichen Integrationsbedarf an den Schnitt-
stellen zwischen Entwicklungspartnern ausmachen. Diese Schnittstellen entstehen
durch die Fremdvergabe von Entwicklungsumfingen an Zulieferer bzw. durch die
gemeinsame Durchfiihrung von Teilprojekten mit Entwicklungspartnern [Rei92].

Die zunehmende Verkiirzung der Entwicklungszeiten und der steigende Wettbe-
werbsdruck in vielen Branchen zwingen zu einer Rationalisierung der Produkt- und
Prozessentwicklung. Eine Auswirkung ist die Bemiihung nicht samtliche Produkt-
und Prozessmerkmale vollig neu zu erschaffen. Durch das Ausnutzen von Gemein-
samkeiten zwischen Produktgenerationen und Produkten innerhalb einer Produkt-
familie sowie durch die Konzentration auf innovative und differenzierende Aspekte
soll dem Zeit- und Kostendruck in der Produkt- und Prozessentwicklung begegnet
werden [Lie92].

Zur Integration auf den zuvor beschriebenen Feldern ist hoch qualifiziertes Per-
sonal erforderlich, welches in der dafiir notwendigen Anzahl aber selten verfiigbar
ist. Zur Bewiltigung dieses Dilemmas werden oft weitere personelle Ressourcen in
die Produktionsanlaufaktivititen involviert, wodurch die Anzahl an Schnittstellen
und demzufolge auch an Reibungsverlusten wiederum zunimmt [SKFO05].

Vor allem dem Charakter der Interdisziplinaritit kommt im Hinblick auf die
Komplexitdt hohe Bedeutung zu, da sich das Projektteam im Anlaufprozess aus
einer Vielzahl von Personen aus unterschiedlichen Abteilungen und Bereichen des
Unternehmens (wie Entwicklung, Produktion, Logistik usw.) zusammensetzt. Hin-
zu kommen viele Beteiligte anderer Unternehmen, wie Zulieferer, Ausriister und ex-
terne Planer oder Berater. Entscheidend fiir einen reibungslosen Ablauf sind somit
oft die Beziehungsstrukturen der Mitarbeiter untereinander [HLWO02]. Diese miis-
sen in komplexen Strukturen des Produktionsanlaufs eng zusammenarbeiten, ha-
ben jedoch hiufig unterschiedliche Zielsetzungen, aufgrund ihrer unterschiedlichen
Abteilungs-, Bereichs-, Werks- sowie Unternehmenszugehorigkeit. Das ,,Denken in
alten Strukturen® ist weiterhin sehr ausgeprigt, so dass die eigentlich primére Ziel-
setzung eines schnellen, wirtschaftlichen und qualitativ hochwertigen Anlaufes von
den individuellen Zielen einzelner Bereiche oder Abteilungen, beziehungsweise die
personliche Zielen einzelner Mitarbeiter, in den Hintergrund gedringt werden. Wei-
ter verstarkt wird diese Problematik, dadurch dass Personen unterschiedlicher Be-
rufsgruppen grundsitzlich unterschiedlichen Denkmustern unterliegen. Das wirkt
sich direkt auf die zwischenmenschliche Kommunikation im Projektteam aus. Ei-
ne einheitliche gemeinsame Sprache ist nicht vorhanden und kann als Hemmnis fiir
eine addquate Wissensweitergabe gesehen werden. Weitere Probleme sind in der
unterschiedlichen Motivation, Erfahrung und Kompetenz der Teammitglieder, de-
ren Auswirkungen besonders stark unter hohem Zeit- und Erfolgsdruck wéhrend
des Anlaufs, zu finden. Insbesondere sind in vielen Unternehmen, Teammitglieder
im Anlauf gezwungen, die Aufgaben des Anlaufes neben ihrem Tagesgeschift zu
erfiillen. Die parallele Bearbeitung mehrerer, teilweise konkurrierender Aufgaben
stellt den Regelfall dar. Die dadurch resultierte Uberforderung ruft zwangsliufig bei
den Mitarbeitern Frustration hervor, die wiederum zu sinkender Motivation fiihrt.
Hieraus folgen die Problematik, dass notwendige Entscheidungen nicht rechtzeitig
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getroffen werden, so dass zeitliche Verzogerungen folgen sowie die Wahrschein-
lichkeit von Fehlentscheidungen [HLWO02].

Trotz dieser Hemmnisse und Herausforderungen, die die Interdisziplinaritit im
Produktionsanlauf mit sich bringt, ldsst sich gerade eine interdisziplinidre Zusam-
menarbeit als Erfolgsfaktor in Innovationsprojekten identifizieren.

4 Interdisziplinaritit als Gestaltungselement
im Produktionsanlauf

Durch die Ausdifferenzierung unterschiedlicher Wissenschaftsstrome und ihre Defi-
nition als eigenstdndigen, sich abgrenzenden Bereich entstanden historisch einzelne
wissenschaftliche Disziplinen. Diese bilden sich um einzelne Gegenstandsbereiche
und Problemstellungen und spezialisieren sich auf bestimmte theorierelevante Ei-
genschaften der Realitit [Sti94]. Die Identitiit einer Disziplin resultiert neben den
gemeinsamen Forschungsgegenstinden und -zwecken aus einem relativ homoge-
nen Kommunikationszusammenhang von Forscher/-innen, einem Korpus an Wis-
sen, Forschungsproblemen, einem Satz von Methoden, Vorgehensweisen und Pro-
blemlosungen und einer spezifischen Karrierestruktur [DDG98]. In diesem Sinne
lasst sich von Disziplinen als ,,Subkulturen sprechen und ihre Fachsprache, Me-
thoden und Theorien als Ausdruck einer disziplinenspezifischen Strukturierung der
Realitit und damit verbunden einer disziplinenspezifischen Weltsicht identifizieren.
Somit ergeben sich unterschiedliche Wahrnehmungsperspektiven und dementspre-
chend eine spezifische Reduktion der Komplexitit.

Der Begriff der Interdisziplinaritit wird in der Literatur sehr heterogen verwen-
det, es ist daher in diesem Kontext sinnvoll eine offene Umschreibung des Begriffs
zu verwenden. Interdisziplinaritdt wird hier in Anlehnung an Defilia, Di Guilio und
Scheuermann als integrationsorientiertes Zusammenwirken von Personen aus min-
destens zwei Disziplinen mit Blick auf gemeinsame Ziele und Ergebnisse verstan-
den [DGSO05]. Dies meint eine Zusammenarbeit in einem Team aus Personen aus an-
deren Disziplinen im Hinblick auf gemeinsam festgelegte Ziele unter dem Anspruch
auf Konsens, Synthese und Diffusion [DDG98]. Die interdisziplindre Bearbeitung
von Projekten ermdglicht, komplexe Probleme umfassend zu betrachten, erschliefit
neue Perspektiven und schafft eine Erhohung des Mehrwerts jeder Disziplin zum
Output.

Gerade im Bereich des Innovations- und Anlaufmanagements zeigt sich das
effiziente Teamarbeit als entscheidender Faktor im Produktentwicklungsprozess
gilt [JS90] und einen notwendigen Beitrag zur erfolgreichen Implementierung von
Projekten mit hohem Innovationsgrad liefert. Gerade bei Entwicklungsprojekten
und ihrem Anlauf sowie der damit verbundenen technischen Neuartigkeit und Kom-
plexitit ist Zusammenarbeit im Team in Bezug auf die Biindelung der unterschied-
lichen Kompetenzen entscheidend [He(03]. Also hat insbesondere die erfolgreiche
Zusammenarbeit von interdisziplindren Teams einen wesentlichen Einfluss auf das
Ergebnis eines innovativen Produktentwicklungsprozess.
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Insbesondere erfolgreiche Teams in der Produktentwicklung bestehen aus
Personen unterschiedlicher Fachrichtungen und mit unterschiedlichem Hinter-
grund [PP90, SP97]. In der Produktentwicklung lésst sich die interdisziplinire Zu-
sammensetzung bewusst als Instrument einsetzten, um organisationale Schnittstel-
len zu iliberbriicken, da diese Teams die interdisziplinire Kommunikation und Ko-
operation stirken [Ern02]. Grundlegend ist in diesem Zusammenhang die Schaffung
von Vertrauen und gegenseitige Unterstiitzung, welches insbesondere durch infor-
melle soziale Systeme (Kontaktmoglichkeiten) positiv beeinflusst wird. Die Ent-
wicklung informeller interdisziplindrer Netzwerke reduziert die Barrieren der Zu-
sammenarbeit, erleichtert den Informationsfluss und beschleunigt Entscheidungen.

Jedoch birgt die interdisziplindre Zusammenarbeit neben den bereits vorgestell-
ten Risiken, personenbezogene Barrieren, die sich aus den unterschiedlichen Denk-
welten (Fachrichtungen), unterschiedlicher Sprache und verschiedenen Personlich-
keiten ergibt.

5 Agile Prozessgestaltung und Erfolgsfaktoren
in komplexen Prozessen

Um der Komplexitit im Produktionsanlauf bedingt durch interdependente Gestal-
tungsobjekte und Disziplinen, der damit verbundenen Interdisziplinaritit, zu begeg-
nen und umzugehen, ldsst sich der systemische Denkansatz zu Hilfe nehmen. Dies
heif3t u.a. die Prozesse nach dem Subsidaritétsprinzip so dezentral wie moglich und
so zentral wie notig zu organisieren, aber auch den Umgang mit Unsicherheit zu
erlernen und mit Widerspriichen leben kénnen und zugleich Konkurrenz und Ko-
operationen zu managen [Hen93]. Eine weitere wichtige Eigenschaft beim systemi-
schen Denken und Handeln ist die ,,Reduktionsweisheit*. Dies meint in komplexen
Zusammenhingen genau diejenigen kritischen Zentralursachen sowie Hebelpunkte
zu finden [Rie00]. In diesem Zusammenhang zeigt Henning Agilitét als Fihigkeit
mit zunehmender Komplexitit umgehen zu konnen auf und formuliert in Anleh-
nung an das agile Manifest der Softwareentwicklung aus dem Jahre 2001 (vgl. Agile
Manifest der Softwareentwicklung 2001 abrufbar unter: www.agilemanifesto.org.)
nachfolgende Werteabwigung des agilen Manifest der Prozessgestaltung [Hen08]:

* Uns sind Individuen und Interaktionen wichtiger als Prozesse und Werkzeuge.

* Uns sind lauffihige Prozesse wichtiger als umfangreiche Dokumentation.

* Uns ist die Zusammenarbeit mit dem Kunden wichtiger als Vertragsverhandlun-
gen.

 Uns ist es wichtiger auf Anderungen reagieren zu konnen, als einen Plan zu ver-
folgen.

Daher messen wir, obwohl die jeweils zweiten Dinge ihren Wert besitzen, den
jeweils erstgenannten Dingen hoheren Wert zu [HenOS].

Insgesamt riickt das agile Manifest der Prozessgestaltung den Menschen und sei-
ne Interaktionen mit dem Fokus auf laufende Prozesse in den Mittelpunkt. Zur Kon-
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kretisierung dieser Werte und zur Abbildung eines agilen Prozesses lassen sich fol-
gende zwolf Prinzipien formulieren:

1. Hochste Prioritit haben die Bediirfnisse des Kunden.
2. Nutze unbestindige Anforderungen und Anderungen zu Gunsten des Wettbe-
werbsvorteils des Kunden.
Héufige Auslieferungen helfen, die Komplexitét zu reduzieren.
Zusammenarbeit von Kunden und Produzenten ist unerlésslich.
Schaffe Vertrauen, damit die Mitarbeiter motiviert arbeiten konnen.
Direkte Kommunikation ist oft besser als indirekte.
Funktionierende Prozesse sind der MaBstab des Erfolgs.
Sorge fiir ein endlos bestindiges Tempo.

9. Strebe nach exzellenter Qualitit.
10. Suche nach Einfachheit.
11. Fordere sich selbst organisierende Teams.
12. RegelmiBige Selbstreflexion ist ein ,,Muf3*.

NN AW

Diese Prinzipien wurden in einem auflerordentlich schwierigen IT-Projekt
zur FEinfilhrung des LKW-Mautsystems ,,Toll Collect“ in Deutschland ange-
wandt [KHOS]. Dabei stand das Projekt wihrend seiner Laufzeit mehrfach vor dem
Scheitern. Zur Identifikation des Problems wurden im Projekt typische Projektrisi-
ken iiberpriift und es zeigte sich, dass die Technologien keine besondere Risiken
bargen, da nur auf bewéhrte Technologien zuriickgegriffen wurde. Die Architektur
konnte ebenfalls nicht als risikoreich klassifiziert werden, da hauptséchlich sauber
definierte und stabile asynchrone Schnittstellen die Teilsysteme verbinden sollten.
Ein mittleres Projektrisiko konnte bei der Anzahl der Lieferanten und Standorte
definiert werden, da acht Lieferanten an fiinfzehn Standorten zusammenarbeiten
mussten. Hingegen bestand ein hohes Projektrisiko in der Komplexitit der Auf-
gabe aufgrund der hohen Performance-, Last- und Sicherungsanforderungen sowie
ein sehr hohes Risiko im unrealistischen vorgegebenen Zeitplan, der keinen Raum
fiir unvorhersehbare Probleme vorsah [KHO08].

Der fest vorgegebene Zeitplan sowie detaillierte und gesetzlich per Vertrag defi-
nierte Anforderungen fiihrten dazu, dass das Projekt vom ersten Tag an als extrem
kritisch einzustufen war. Nachfolgend aufgefiihrte Erfolgsfaktoren sind ex-post als
die wesentlichen identifiziert worden [KHOS]:

1. Sich der Komplexitit und Schwierigkeit der Situation immer wieder uneinge-
schriankt bewusst werden.

Allen Ballast iiber Bord werfen.

Technik bauen, die ,,gut genug* ist.

Die internen Prozesse durch straffes Prozessmanagement optimieren.
Kooperation und Kommunikation stindig verbessern.

Ein Kern-Team aufbauen, das weif3, wovon es redet und sich 100 % auf den Er-
folg konzentriert.

Vertrauen und Zuversicht (wieder) aufbauen.

8. Arbeiten, arbeiten und noch mal arbeiten.

IR

=~
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Vergleicht man diese aus der Praxis abgeleiteten Erfolgsfaktoren mit den agilen
Prinzipien, so zeigt sich, dass ein Teil dieser Prinzipien als Grundlage zum Mana-
gement komplexer Prozesse auch im Praxisprojekt bewéhrt haben. Allerdings gibt
es auch Aspekte, die nicht mit den praktischen Erfahrungen iibereinstimmen. So ist
z.B. der agile Mafstab ,,Exzellente Qualitédt* offensichtlich bei wachsender Kom-
plexitit nicht durchzuhalten. ,,Gut genug® anstelle ,,exzellent* kennzeichnet dabei
den Fokus ,,notwendige Qualitéit™ zu erzeugen und nicht die Beste [HTBOS5].

6 Agile Prozessgestaltung und Erfolgsfaktoren
im Produktionsanlauf

Die Anwendung der zuvor vorgestellten Erfolgsfaktoren auf das Management des
Produktionsanlaufs ist je nach Anwendungsfall unterschiedlich und zeigt eine diffe-
renzierte Ausgestaltung der einzelnen Prinzipien und Ausrichtung auf die Erfolgs-
faktoren auf.

Im Rahmen eines weiteren Praxisbeispiels zum Produktionsanlauf eines mecha-
tronischen Produktes wird die Ausgestaltung der formulierten Prinzipien aufgezeigt.
Identifizierte Komplexititstreiber in diesem Produktionsanlauf waren die interdiszi-
plindre Aufstellung des Projektteams mit Mitgliedern aus den Bereichen Usability,
IT, Mechanik, Hardware sowie eine Netzwerkorganisation bei der sich die Entwick-
lungsleistung der Software auf zahlreiche Zulieferer aufteilte. Sowohl das agile Ma-
nifest der Prozessgestaltung und die abgeleiteten Prinzipien als auch die Erfolgsfak-
toren fiir komplexe Projekte wurden dabei angewandt. Des Weiteren stand die Er-
arbeitung eines gemeinsamen Prozessverstindnisses im Vordergrund, welches unter
anderem wihrend der komplexen Workshopreihen erarbeitet wurde.

Die in Abb. 4 dargestellten Reviews wurden im Projektverlauf mit unterschied-
lichen Teilnehmerzahlen aus verschiedenen Hierarchieebenen durchgefiihrt, dies
folgt dem Prinzip der regelméBigen Selbstreflexion und dem Erfolgsfaktor ,,Sich der
Lage immer wieder bewusst werden®. Die im Rahmen der Academy durchgefiihr-
ten Veranstaltungen fiihrten zu einer kontinuierlichen Weiterbildung der Teilnehmer
und der Erarbeitung einer gemeinsamen Wissensbasis, die im vorherrschenden in-
terdisziplindren Kontext wie bereits eingangs erldutert, von besonderer Bedeutung
fiir die produktive Zusammenarbeit ist.

Die mehrtdagigen Workshops in der sog. Ramp Up Phase (Produktionsanlauf), in
diesem Fall Ubergang vom zweiten Meilenstein zum Serienstart, sind inhaltlich ge-
triebene, iterativ gestaltete Prozesse, die parallel von kontinuierlichen Meetings und
Statusberichten begleitet wurden. Hierbei stand die Selbstorganisation der Teams
und Forderung der Kommunikation im Vordergrund. Dieses Workshopkonzept, das
moderierte, aufeinander aufbauende, mehrtigige Treffen vorsieht, wurde ebenfalls
im Rahmen des Dokumentenmanagements zur Prozessunterstiitzung und somit zur
Optimierung der internen Prozesse (Erfolgsfaktor 4) eingesetzt.
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Abb. 4 Beispiel fiir Gestaltung des Beleitungsprozesses im Produktionsanlauf [OST10]

7 Zusammenfassung und Ausblick

Eine agile Vorgehensweise, die sich nicht nur auf den Softwareentwicklungspro-
zess bezieht, sondern ebenso auf das Management des Produktionsanlaufs, kann in
einem zeitkritischen komplexen Entwicklungsprojekt erfolgreich angewendet wer-
den. Dabei bedeutet dies fiir alle Akteure die Grundwerte und -prinzipien des agilen
Manifestes praxisnah umzusetzen und die gesamte Managementstruktur nach dem
Dynaxityprinzip fiir turbulente Prozesse mit hoher Struktur- und Prozesskomplexitét
sowie einer Orientierung an den Erfolgsfaktoren fiir komplexe Prozesse ausgelegt
werden. Beide Vorgehensweisen stammen aus unterschiedlichen Akteursgruppen in
Wissenschaft und Praxis. Das Fallbeispiel zeigt, dass sie sich erfolgreich mitein-
ander verkniipfen lassen. Turbulenztaugliches Systemisches Management und Agi-
le Softwareentwicklung konnen so zu einem Gesamtvorgehensmodell zusammen-
gefiihrt werden, das zum Management des Produktionsanlaufs eingesetzt werden
kann.
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Standard Operating Procedures for Telemedical
Care in Emergency Medical Services

Christian Biischer, Harold Fischermann, Frederik Hirsch,
Marie-Thérese Schneiders, Jorg Christian Brokmann, Daniel Schilberg,
Sabina Jeschke

Abstract The introduction of standard operating procedures (SOPs) in emergency
medical services (EMS) provides an opportunity to increase treatment quality and
efficiency of rescue operations. This paper presents the concept of SOPs for an ap-
plication of telemedical care in EMS. We developed SOPs for all main processes
and devices used in TemRas (Telemedical Rescue Assistance System) and espe-
cially for single disease patterns which will support tele-EMS physicians providing
a guideline-oriented patient care during a one year trial.

Key words: Telemedicine, EMS, SOP, Quality Improvement

1 Introduction

Within the research project TemRas (Telemedical Rescue Assistance System)
a telemedical care system, enabling live teleconsultation among EMS teams on site
and EMS physicians afar from the patient is developed and implemented to increase
the quality of emergency missions in Germany. The objective is the introduction of
a tele-EMS physician providing medical support for the EMS team on site by auto-
matically transmitting audio and video data, as well as vital signs and 12-lead-ECG
from the emergency site to a teleconsultation centre [TSSJ11]. The transmitted data
as well as additional and more extensive sources of information like poison control
centres or medical databases allow the tele-EMS physician to gain a comprehensive
insight of the patient and support the EMS team on site according to the necessary
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treatment. This is particularly shortening the time to definite treatment within EMS
and improving the quality of care [SBBT11].

Within this paper, the concept of standard operating procedures (SOPs) devel-
oped for the trial run of the TemRas project is presented. The SOPs, interactively
used by the tele-EMS physicians during teleconsultation, serve as guidelines to re-
sult in a consistent, uniform and high quality treatment of the patient by the EMS
team on site. Therefore an application is developed for an intuitive handling of
the SOPs whose contribution to a process optimization is examined within a trial
run. SOPs have been proved to be efficient and quality-increasing in clinical set-
tings and surgery [SBSO0S8]. These findings are now transferred to an application of
telemedicine in EMS.

2 Basic Idea of Standard Operating Procedures

SOPs have the purpose of detailing the regularly recurring work process that is to be
conducted or followed in an organization. They document the way activities should
be performed to facilitate consistent conformance to quality system requirements.
They may describe e.g. the adequate use of equipment, or guideline-oriented op-
erations. SOPs are intended to be specific to the organization whose activities are
described and assist that organization to maintain their quality control and assurance
processes as well as to ensure compliance with governmental regulations [Uni07].

SOPs can be very helpful to standardization, integration and transfer of knowl-
edge. They minimize the variation of workflows with different characteristics, and
improve the efficiency and quality of services in the organization. Besides, SOPs
should be written in a certain styles. The document should be written in a sim-
ple, step-by-step, easy-to-read format. Information should be conveyed clearly to
remove any doubt as to what is required. The use of flow charts to illustrate the
process being described is as important as following the style guide used by the
organization [Eur02].

These rules are very significant to SOP’s implementation and followed in this
application. The objectives of the TemRas specific SOPs are:

* Transmission of knowledge (training documents) and set of standards in which
SOP help making decisions, but they do not replace them

» Support and assurance of TemRas-related processes during trial run and increase
of transparency of health care with the use of checklists

* Assistance with documentation in the teleconsultation centre.

3 Methodology

Based on the described requirements and the framework of the TemRas project we
identified five content-specific categories of SOPs. A first category contains the gen-
eral concept of SOP as well as its creation, publication and specifications of the
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Fig. 1 Elements for SOP flow charts

change management process. The successful use of SOPs in the context of EMS
missions is facing the challenge of adequate visualization as the tele-EMS physi-
cians follow the SOP simultaneously to teleconsultation. Therefore a one-sided flow
chart presenting the particular process in a catchy method with a notation according
to DIN standard 66001which is used in standardization of production processes has
been adopted for the use in TemRas (Fig. 1) [66083].

Besides the flow chart the actual SOP contains additional information. Other cat-
egories contain SOPs for handling the hardware and software of the system in the
ambulance and the teleconsultation centre as well as support and maintenance pro-
cesses. An interdisciplinary team of engineers, computer scientists and physicians
have worked together to create and implement the SOPs within the research project
TemRas.

The most important SOPs contain medical treatment procedures for several dis-
ease patterns which guarantee a guideline-based patient care in the interaction of
tele-EMS physicians and the EMS teams on site. These SOPs range from the arrival
of the EMS team on site and anamnesis up to the application of medication and the
accurate transfer for further treatment. This includes using the different components
of the TemRas System. Thus, the tele-EMS physicians derive a high qualified treat-
ment of the patients e.g. for hypoglycaemia, acute coronary syndrome, chronic lung
disease or stroke while following established standards like SAMPLE and ABCDE.

4 Implementation

As described above, the flow chart is the main element of each SOP. Especially the
medical SOPs have to be used interactively by the tele-EMS physicians to guaran-
tee a high quality treatment for each patient. Therefore the framework of Microsoft
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PowerPoint and its slide show format pps have been used. Each flow chart is comple-
mented with additional hyperlinks and literature to provide the tele-EMS physician
with additional information. For important process steps or medicine applications
this information is integrated into the document as mouse over popups. The level of
detail has been adjusted in order to visualize the entire process on one page.

This structure can be perfectly integrated into the entire software system of Tem-
Ras and provides e.g. interfaces for checklists and parts of the documentation. Thus
the SOPs guide the physician through all processes of teleconsultation and medical
treatment.

5 Conclusion and Outlook

By developing this concept and implementing all necessary SOPs, the basis for
the trial run within the research project TemRas is given. SOPs are a main part
of training material for the EMS staff as well as the tele-EMS physicians while they
become acquainted with the TemRas-specific devices. Furthermore SOPs provide
guidance for all processes, particularly the medical treatment algorithms which re-
sults in a consistent, uniform and high quality treatment for patients by the EMS
team on site. For this application the implementation of SOPs with Microsoft Pow-
erPoint and its pps files is an optimal solution. It is easy to handle and almost avail-
able and capable of being integrated everywhere. The whole concept of SOPs will
be validated for its impact on the use of medical treatment via teleconsultation in
a one year trial run starting in August 2012.
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Langfristiges Verstehen durch kurzfristiges
Missverstehen. Die Bedeutung der
interaktiv-transkriptiven Storungsbearbeitung
fiir den Transfer von Wissen

Max Haarich, Ingo Leisten, Frank Hees, Sabina Jeschke

Zusammenfassung Der Artikel stellt die Problematik des Wissenstransfers im Be-
reich anwendungsorientierter Forschungsprogramme als Konsequenz einer univer-
sellen Ausdifferenzierung von Wissensgebieten und Sprachspielen dar. Aus kon-
struktivistischer Perspektive werden Losungsvorschlige abgeleitet, die auf die ge-
meinschaftliche Bearbeitung kommunikativer Stérungen durch die Transferpartner
abzielen. Hierin wird der Schliissel zur Uberwindung von Wissens- und Sprach-
spielgrenzen sowie zur Generierung und zum Transfer von Wissen vermutet. Am
Beispiel des Forschungs- und Entwicklungsprogramms des Bundesministeriums fiir
Bildung und Forschung (BMBF) ,,Arbeiten — Lernen — Kompetenzen entwickeln.
Innovationsfahigkeit in einer modernen Arbeitswelt“ werden MaBnahmen aufge-
zeigt, um das den kommunikativen Stérungen innewohnende Potenzial zur Kom-
pensierung der Transferproblematik auszuschopfen.

Schliisselworter: Wissenstransfer, Priventiver Arbeits- und Gesundheitsschutz,
Transkriptionstheorie.

1 Einleitung

Sowohl Forscher als auch Praktiker des Priventiven Arbeits- und Gesundheitsschut-
zes bemingeln die Effizienz und Effektivitit des Wissenstransfers zwischen beiden
Gruppen. Ansitze zur Verbesserung des Wissenstransfers beschrianken sich meist
auf die Optimierung der Vermittlung des Wissens. Das Transferproblem beginnt
jedoch schon bei der Produktion von Wissen. Das Wissen aller Forschungsdiszipli-
nen wird in erster Linie sprachlich kodiert, somit setzt der Zugang zum produzier-
ten Wissen das Verstehen der verwendeten Ausdriicke, also der Worte und Formu-
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lierungsweisen voraus. Problematisch wird das interdisziplinidre Verstehen, wenn
bestimmte Ausdriicke einem der Transferpartner gar nicht bekannt sind oder aber
von beiden Transferpartnern unterschiedlich verwendet werden. Es kommt zu einer
kommunikativen Stérung, die eine Kldrung der fehlenden oder irritierenden Aus-
drucksbedeutung erfordert. Die Transkriptionstheorie zeigt aus konstruktivistischer
Perspektive, dass die Prozesse der Produktion und der Vermittlung von Wissen stets
auf der interaktiven Kldrung dieser kommunikativer Storungen beruhen. Eine wich-
tige Frage ist daher, wie das kommunikativen Stérungen innewohnende Potenzial
fiir den Transfer von Wissen ausgeschopft werden kann, wie Missverstehen zu Ver-
stehen werden kann.

2 Die Symptomik des Transferproblems
in der Priaventionsforschung

Unter dem Transferproblem subsummiert man disziplineniibergreifend sdmtliche
Faktoren, die eine mangelhafte Wahrnehmung und Anwendung wissenschaftli-
cher Forschungsergebnisse in der Praxis bewirken. Die Ergebnisse des Metapro-
jektes StArG weisen darauf hin, dass die Transferproblematik auch im Priventi-
ven Arbeits- und Gesundheitsschutz noch nicht abschlieBend gelost ist. Praktiker
beklagen weiterhin die teilweise mangelnde Praxisrelevanz wissenschaftlicher For-
schungsergebnisse, Forscher beméngeln die fehlende Umsetzung der wissenschaft-
lichen Ergebnisse im unternehmerischen Handeln. Der Grund wird dabei oftmals
im Scheitern von Transfer gesehen. Doch was versteckt sich hinter dem Ausdruck
,» Iransfer*? [HLBHO9] weisen darauf hin, dass es notwendiger Weise einer Spezi-
fizierung des Transfer-Begriffs bedarf:

* Transfer im Sinne von Breitentransfer meint die Entwicklung und Gestaltung
eines Forschungs- bzw. Wissenschaftsmarketings. Fiir den Priventiven Arbeits-
und Gesundheitsschutz heiBt dies insbesondere die Notwendigkeit von Offent-
lichkeitsarbeit, die vor allem die Stakeholder der Priaventionslandschaft an-
spricht.

* Transfer im Sinne von Tiefentransfer bezieht sich auf die kooperative For-
schungsarbeit (vor allem auf Projektebene). Dazu werden Konzepte zur Wissens-
generierung und Handlungsumsetzung benotigt, die eine kooperative Zusam-
menarbeit in Akteursallianzen zwischen Forschern, Praktikern und Intermedi-
dren fordern. Besonders durch interaktive Methoden des Tiefentransfers konnen
Forschungsergebnisse des Priaventiven Arbeits- und Gesundheitsschutzes einen
sichtbaren und nachhaltigen Einfluss auf das Verhalten der Praktiker vor Ort er-
zielen.

In diesem Artikel wird aus konstruktivistischer Perspektive beleuchtet, wie durch
Kommunikations- und Kooperationsentwicklung ein Beitrag zur Gestaltung des
Tiefentransfers geleistet werden kann. Wie Untersuchungen im Metaprojekt StArG
aufzeigen, sind die Griinde fiir die viel zitierte Transferproblematik nicht nur in
fiir den Pridventiven Arbeits- und Gesundheitsschutz spezifischen Ursachen zu su-
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chen, sondern sind teilweise universeller Natur [Haal0]. Das Wissenstransferpro-
blem ldsst sich auf ein Problem anwachsender Komplexitidt — zum einen des ge-
sellschaftlichen Wissenshaushaltes und zum anderen der bei der Wissensproduktion
verwendeten ,,Sprachspiele®, d. h. der disziplinenspezifischen Ausdriicke und For-
mulierungsweisen — zuriickfiihren.

Die Griinde fiir die haufig mangelnde Praxisrelevanz von Forschungsergebnissen
vermuten [HLBHO9] in der prinzipiellen Divergenz zwischen den forscherischen
und unternehmerischen Zielsetzungen sowie der zum Teil mangelhaften Féhigkeiten
der Praktiker, akute Forschungsbedarfe zu formulieren. Verstirkt wird diese Sym-
ptomatik durch die schwache Auspriagung von Riickkopplungsmechanismen, mit-
tels derer Wissenschaftler Praxiswissen zur Ausrichtung ihrer Forschungsaktivititen
erhalten. An dieser Stelle zeigt sich, dass strategische Transferkonzepte nicht erst
bei der Vermittlung, sondern schon bei der Produktion von Wissen ansetzen miis-
sen. Somit ist die Transferproblematik, wie [Lud07] betont, unter zwei Perspektiven
zu betrachten: als Problem der Vermittlung, aber auch der Produktion von Wissen.
,Das Wissenstransferproblem beginnt bereits wihrend der Entstehungsphase von
Wissen® [Lud07].

Im Rahmen einer explorativen und qualitativen Akzeptanzbefragung [HLRO7],
ermittelte das Metaprojekt StArG weitere transferhemmende Faktoren:

a) Forschungseinrichtungen fordern den Transfer wissenschaftlicher Ergebnisse
hiufig nicht im notigen MaB3e.

b) Die Vor- und Nachteile einzelner Transfermethoden sind den Forschern meist
nicht ausreichend bewusst.

c¢) Das Potenzial direkter miindlicher Kommunikation wird kaum erkannt.

a) Wie die Befragung u. a. zeigt, ist die Planung, Entscheidung und Durchfiihrung
des Transfers selten Aufgabe des Fiihrungspersonals oder speziell ausgebilde-
ter Organisationsschnittstellen. Meist obliegt der Transfer der erzielten Ergeb-
nisse dem forschenden Mitarbeiter selbst. Eine hierbei forderliche organisatio-
nale Weiterentwicklung von Transferkompetenz ist nur marginal ausgepragt.
Dieser Missstand ist keineswegs beschrinkt auf den Préiventiven Arbeits-
und Gesundheitsschutz. Wie [SV06] bemerken, wird der Transfer von For-
schungsergebnissen meist als quasi-automatischer ,,Spill-Over-Effekt* [SV06]
betrachtet und der Verantwortung des Mitarbeiters iiberlassen, der dafiir auch
nur selten die finanzielle oder fachlich/wissenschaftsinterne Wiirdigung erhiilt.

b) Gleichzeitig verfiigen Forscher des Priventiven Arbeits- und Gesundheits-
schutzes nach eigener Einschitzung hdufig nur iiber mangelhafte Kenntnis
hinsichtlich der Wirkung einzelner Transfermethoden. Der Erfolg von Trans-
fer(-Methoden) wird selten reflektiert und meist nur ,indirekt‘ evaluiert, indem
er mit dem Erfolg des Gesamtprojektes gleichgesetzt wird.

c) Weiterhin zeigen Aussagen der Akzeptanzbefragung, dass Formen der direk-
ten miindlichen Kommunikation zwar bei der Akquise von Wissen bevorzugt
eingesetzt, aber als Transferinstrument tiberhaupt nicht wahrgenommen wer-
den. So beschrinkt sich die externe Kommunikation von Forschungswissen
vornehmlich auf schriftbasierte Kommunikation via Fachartikel.
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3 Das Transferproblem als universelles Problem
in der Forschung?

Die Problematik der Produktion und Vermittlung von Wissen ist jedoch nicht auf
spezifische Ursachen im Priventiven Arbeits- und Gesundheitsschutz zuriickfiihren,
sondern resultiert aus universellen Ursachen, die allen Wissenschaften zugrunde lie-
gen (siehe Abb. 1).

Die Ursache des Transferproblems identifiziert [Jdg96] in der Komplexititsstei-
gerung des Wissens und der Sprache, ausgelost durch die Literalisierung Euro-
pas. Die Verbreitung des Buchdrucks und der Lese- und Schreibkompetenz ermog-
licht eine enorme Leistungssteigerung der Wissenschaften. Die Speicherkapazitét
des Mediums Schrift erlaubt es Wissensmengen anzuhéufen, welche den potenziel-
len Wissensschatz eines einzelnen Individuums um ein Vielfaches tibertreffen. Das
Individuum ist nicht mehr fihig, alles relevante Wissen selbst zu speichern, son-
dern muss sich auf bestimmte Wissensbereiche spezialisieren. So realisiert sich die
Wachstumssteigerung des Wissens zwangsldufig in einem Prozess der Ausdifferen-
zierung des Wissens in modularisierte Expertenwissensgebiete.

Der gerade skizzierte Ausdifferenzierungsprozess des Wissens allein vermag das
Transferproblem jedoch nicht zu begriinden. Von hieraus lésst sich lediglich erkla-
ren, warum — um als Beispiel zwei Teildisziplinen des Priventiven Arbeits- und
Gesundheitsschutzes heranzuziehen — ein Forscher aus der Medizin meist ein ande-
res Wissen hat als ein Forscher aus den Arbeitswissenschaften. Nicht beriicksichtigt
wurde bisher, dass die Ausdifferenzierung des Wissens unweigerlich gekoppelt ist
an eine parallele Ausdifferenzierung der Sprache bzw. der Sprachspiele [Jdg96].
Die Fortentwicklung von Wissenschaften ist meist erst durch die Spezifizierung
von Sprachspielen, also Fachterminologien und Formulierungsweisen realisierbar,
die sich innerhalb eines Experten-wissensgebietes etablieren, disziplinfremden For-
schern jedoch unzugénglich bleiben.

Dies kann sich zum einen auf Ausdriicke beziehen, die in der beiden Forscher-
gruppen gemeinsamen Alltagssprache nicht verwendet werden oder zum anderen
um eine hoch-spezifische Verwendung der Alltagsausdriicke, die mit der alltags-
sprachlichen Verwendung jedoch nicht mehr vereinbar ist. Wéhrend als Beispiel fiir
Ersteres ein kurzer Blick in ein medi-zinisches Fachlexikon geniigt, wére die un-
terschiedliche Besetzung des Ausdrucks ,Netzwerk® in der Soziologie und in der
Informatik ein Beispiel fiir den zweiten Fall von divergierenden Ausdrucksverwen-
dungen, die die interdisziplindre Kommunikation stéren und den Wissenstransfer
zunédchst hemmen.

In gewissem, wohlbestimmten Sinne ist die Wissenschaft, damit auch ihre Sprache un-
vermeidlicherweise unverstindlich. [...] Wissenschaft, verstdndlich gemacht, verliert ihre
Wissenschaftlichkeit [...] [Mit98]

Das Transferproblem lisst sich also nicht darauf reduzieren, dass Wissen zwi-
schen Experten-gruppen ungleich verteilt ist — dies ist die notwendige Vorausset-
zung fiir Wissenstransfer. Hinzu kommt, dass das produzierte Wissen mittels eines
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spezifische Symptomatik | fahjende Praxisrelevanz Unfahigkeit
im Prdventiven Arbeits- der Forschungsbedarfe
und Gesundheitsschutz Forschungsergebnisse zu formulieren

universelle
Transferproblematik
Produktion
Ursachen der Pluralisierung der . )
Transferproblematik Sprachspiele 'Wissensexpfoswn

Modularisierung 'ﬁeistungssteigerung
des Wissens I'VerWissenschaften

Literalisierung Europas

Abb. 1 Das Transferproblem: Ursachen und Symptomatik

Sprachspiels kodiert wird, welches fachfremden Laien und Experten schwer zu-
ginglich, jedoch fiir die Genese des Wissens konstitutiv ist.

Eine eigentiimliche Entwicklung zeichnet sich ab, die [Ant01] mit einem ,,Cir-
culus Vitiosus“ [Ant01] vergleicht: ,,Das Wissen wichst, aber die mogliche Teil-
nahme an Wissen nimmt ab* [Jdg96]. Es erhoht sich die ,,Opazitit®“, also die Un-
iiberschaubarkeit des vorhandenen Wissens [Ant01] und bewirkt ein ,,Retrieval Pro-
blem* [Ant01], da die Komplexitit der Wissenschaft sowie der Sprachspiele einer
einfachen Identifizierung relevanten Wissens entgegenwirken und es an komplexi-
titsreduzierendem Metawissen mangelt. Die Modularisierung des Wissens und die
Ausdifferenzierung der Sprachspiele sind die unvermeidliche Kehrseite der Leis-
tungssteigerung der Wissenschaft. Der Wissensgewinn einer Disziplin kann i.d.R.
nur auf Kosten der Verstindlichkeit des Wissens gegeniiber Disziplinfremden rea-
lisiert werden. Heute bestehen ,,die neuen Zugangsschranken zum Wissen in der
Herausbildung spezialisierter Sprachspiele, die jeweils nur fiir kleine Gruppen von
Experten nutzbar sind* [J4g96].

Fiir den Priaventiven Arbeits- und Gesundheitsschutzes deutet sich folgende Er-
kldrung des Transferproblems an: Eine modularisierte Forschungsdisziplin produ-
ziert fiir die Praxisexper-ten Wissen in einem Sprachspiel, welches mit dem Sprach-
spiel des ebenfalls modularisierten Praxisbereiches zwangsldufig nicht vollstindig
kompatibel ist.

Wie kann dem Transferproblem nun entgegnet werden, wenn man die dafiir ver-
antwortliche ,,Wissensexplosion® [Dew05] als irreversibel und unaufhaltsam an-
sieht [Spi99, Kro97]? Losungsversuche konnen somit nicht bei der Dispersion des
Wissens, sondern erst bei deren Konsequenzen, der Modularisierung des Wissens
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und der Ausdifferenzierung der Sprachspiele, ansetzen. Dementsprechend strebte
Leibniz bereits im 17. Jhdt. eine Scientia Generalis an, welche alle Expertensprach-
spiele in einer einheitsstiftenden Metasprache vereinen sollte [Mit98]. Moderne
Wissenschaften sind jedoch schlichtweg angewiesen auf mafBgeschneiderte Fach-
terminologien, um komplexe Zusammenhinge effizient kommunizieren zu kdnnen
und wiirden durch eine Nivellierung der Experten-sprachen um ein wichtiges Ele-
ment ihrer Leistungsfiahigkeit beraubt [Mit98].

Eine mogliche Losung besteht daher nicht im Erlernen einer einzigen allumfas-
senden Wissen-schaftssprache, sondern in der Aushandlung je spezifischer Meta-
Sprachspiele, mittels derer zwischen jeweils zwei bestimmten modularisierten Wis-
sensgebieten kommunikativ vermittelt und Wissen transferiert werden kann. Die im
Folgenden skizzierte Transkriptionstheorie von Ludwig Jager weist die interaktive
Bearbeitung kommunikativer Storungen als den Prozess aus, in dem gemeinsam ein
solches Sprachspiel gebildet sowie Wissen produziert und vermittelt wird.

4 Die Transkriptionstheorie als Losungsraum
fiir die Transferproblematik

Ludwig Jager bietet mit seiner Transkriptionstheorie einen medientheoretischen Ge-
genentwurf zu gingigen Semantiktheorien, indem er ontologische Betrachtungswei-
sen von Kommunikationsmedien durch eine prozessorientierte Sichtweise ersetzt.
Gemail seiner Theorie konnen Kommunikate — beispielsweise schriftliche Texte,
Tabellen, Bilder, Filme, gesprochene Texte usw. — niemals aus sich heraus Seman-
tik bzw. Wissen bereitstellen, sondern nur aus Verfahren der Kopplung mit anderen
Medien [jag08]. Ein schriftlicher Text muss durch Sprache, sei dies auch nur ein
gedachtes Sprechen des Rezipienten, transkribiert werden, um dadurch fiir die Wis-
sensgenese fruchtbar zu werden; mediale Strukturen miissen in mentale Strukturen
transkribiert werden [Jag01].

Transkription kann als eine Art sprachlicher Prozess der kldrenden Bearbeitung
von Kommunikaten verstanden werden. Sie richtet sich auf jegliche AuBerungen,
die unser Transferpartner im Modus der Miindlichkeit oder Schriftlichkeit produ-
ziert und {tiberfiihrt das Rezipierte in subjektives Wissen, sofern uns die Kodie-
rungsweise, d. h. das Sprachspiel des Transferpartners vertraut ist. Stolen wir auf
irritierende bzw. storende Ausdrucksverwendungen, sei es, weil wir den Ausdruck
nicht kennen oder fiir gewohnlich anders verwenden, sind es ebenfalls transkrip-
tive Bearbeitungsprozesse, die uns zum Verstehen des Vernommenen leiten, wenn
wir den Transferpartner beispielsweise um Erkldrung oder Paraphrasierung des Ge-
meinten bitten. Innerhalb dieser Bearbeitungsprozesse wird es beiden Transferpart-
nern ermoglicht, die mit ihrer Ausdrucksverwendung verbundenen impliziten Wis-
sensbestdnde in einer Weise zu explizieren, dass sie dem Gegeniiber zuginglich
werden. Dadurch gewinnen die Transferpartner sowohl Einblick in das Sprachspiel
des Gegeniibers, als auch in seinen spezifischen Wissensvorrat. Die gemeinsame
Bearbeitung kommunikativer Stérungen erweist sich als notwendige Bedingung fiir



Langfristiges Verstehen durch kurzfristiges Missverstehen 51

intra- & intermediale Bezugnahme zwischen Kommunikaten

€ = = = = = = = =

Transkription von :

i K = = - - Wissen [€= == ==+ Evidenz | Sinn | Semantik
Kommunikaten

Abb. 2 Transkriptive Prozesse. Nach [jag08]

den Transfer von Wissen und das Erlernen eines gemeinsamen Sprachspiels zum
besseren Verstidndnis des Transferpartners.

Jager sieht diese Prozesse dariiber hinaus nicht nur fiir das Verstehen der In-
tentionen des Transferpartners verantwortlich, sondern genauso auch — und das ist
eine weitere Besonderheit von Jagers Sprachphilosophie — fiir das Verstehen un-
serer eigenen Kommunikate. Erst die grofitenteils unbewusste Bearbeitung unserer
eigenen Kommunikate durch die Transkription der medialen Strukturen zuriick in
mentale Strukturen, ausgeldst durch ebenso unbemerkte Selbst-Stérungen, erlaubt
uns nachtriglich das wirkliche Verstehen unserer eigenen AuBerung. Transkriptives
Prozessieren versteht Jiger somit als Grundmodus jeglichen Verstehens, der durch
teils unbewusste, teils offen diskutierte kommunikative Storungen ausgelost wird.

4.1 Der Ubergang von Information zu Wissen

Jiger versteht Wissen stets als Resultat dreier Funktionen transktiptiver Prozesse,
innerhalb derer Informationen vom Rezipienten selbst mit Semantik, Sinn und Evi-
denz versehen werden (siehe Abb. 2). Danach ist Semantik allein noch kein Wissen,
vielmehr muss die Semantik eines in der Kommunikation verwendeten Kommu-
nikats zunidchst den Rezipienten spezifisch adressieren, und zwar durch die Wahl
einer angemessenen Transfermethode. Erst dadurch wird der Rezipient befihigt,
der Semantik des Kommunikats einen individuellen pragmatischen Gebrauchssinn
zuzuweisen, wodurch sie fiir ihn ,lesbar* wird [jagO4a]. Stattet der Rezipient die
lesbare Semantik abschliefend mit Evidenz aus, d. h. erkennt er die vermittelte Se-
mantik als giiltig an, kann er aus der Semantik Wissen ableiten und bei zukiinftigen
Transkriptionen darauf zuriickgreifen.
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Als Beispiele konnte man sich eine Kampagne zur Vorbeugung vor dem Repeti-
tive Strain Injury Syndrom (RSI) mittels der Verbreitung medizinischer Fachartikel
denken. Angehorige der moglichen Zielgruppen, Menschen, die einen GrofBteil ih-
rer Arbeit am PC erledigen, wissen moglicherweise, dass es sich bei RSI um eine
Erkrankung durch wiederkehrende Belastung handelt, die hiufig die Handgelen-
ke betrifft. Dies wire zunéichst die Semantik des Ausdrucks, die dadurch zustande
kommt, dass die geschriebenen Worte in gedachte Worte transkribiert werden; vom
Modus der Schriftlichkeit in den Modus der Miindlichkeit iiberfiihrt werden. Da-
mit die Kampagne jedoch im Sinne des Tiefentransfers auch zu einer Verhaltens-
dnderung fiihrt, muss die Semantik des Ausdrucks durch die Wahl eines passenden
Transfermediums als zweites lesbar gemacht werden. Ein kurzes Aufkldarungsvideo,
welches falsche von richtigen Handstellungen beim Schreiben am PC unterscheidet
wire fiir die meisten Menschen lesbarer als die bereits vorhandenen medizinischen
Arbeiten zu diesem Thema, da Nichtwissenschaftler selten an die Verwendung von
medizinischen Fachartikeln zur Ableitung von Wissen gewohnt sind. In letzter Kon-
sequenz liegt es jedoch wiederum am Rezipienten, der lesbaren Semantik des Vi-
deos als drittes Evidenz, also (scheinbar) objektive Giiltigkeit zuzusprechen, als Ba-
sis fiir die angestrebte Verhaltensidnderung. Der Rezipient hat nun ein Wissen iiber
das Repetitive Strain Injury Syndrom erworben, welches ihm bei der nichsten Dis-
kussion iiber dieses Thema fiir transkriptive Bearbeitungsprozesse zur Verfiigung
steht. Die drei beschriebenen transkriptiven Prozesse vollziehen sich dabei nicht
isoliert, sondern sind als drei zu synthetisierende Momente derselben Transkription
anzusehen, und werden im Folgenden niher dargestellt.

Intra- und intermediale Bezugnahme zwischen Kommunikaten

Die intramediale Bezugnahme bezeichnet ein Transkriptionsverhéltnis zwischen
Kommunikaten derselben Mediengattung. Prototypisch hierfiir sind metakommu-
nikative Prozesse bei der miindlichen Rede, wie sie bei der interaktiven Kldrung
missverstdndlicher Ausdriicke vorliegen. Die Transkription nutzt dabei die ,.eigen-
tiimliche Doppelstruktur® [Hab95] der Sprache, ,,nimlich ihre Eigenschaft (...),
mit Sprache iiber Sprache zu kommunizieren® [jag04a]. Paraphrasen, Kommenta-
re, Explikationen und Korrekturen sind Beispiele dafiir, wie die Transkription die
Linearitit der gesprochenen Rede unterbricht, um Redesequenzen stillzustellen und
autorekursiv zu bearbeiten.

Die intermediale Bezugnahme hingegen ist ein Verfahren, bei dem ein Medium
durch ein andersartiges zweites Medium transkribiert wird [jag04a]. Dies liegt bei
allen Formen der Bild-Text-Beziehungen, der Bild-Text-Musik-Beziehungen etwa
im Film oder multimediale Kopplungen in Hypermedien vor. Besonders bedeut-
sam sind jedoch solche Transkriptionen, bei denen das abgeleitete Kommunikat das
Original zum Zwecke der besseren Verstindlichkeit ersetzen soll, wie das Aufkla-
rungsvideo als Ersatz fiir den wissenschaftlichen Fachartikel. Hiufig ist dies der
Fall, wenn Rezipienten durch den bisher im Transfer eingesetzten Medientyp zwar
kommunikativ erreicht, aber nicht spezifisch adressiert werden.
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Adressierung der Semantik

Im Zuge der Dispersion des Wissens haben sich nicht nur Wissensgebiete und
Sprachspiele ausdifferenziert, sondern auch gleichsam die gesellschaftlichen Adres-
senordnungen [Jdg06]. Die Adresse eines Rezipienten konstituiert sich aus seinem
bisher vorhandenen Hintergrundwissen und seinen Erfahrungen im Umgang mit un-
terschiedlichen Transfermethoden. Rezipienten stellen in spezifischen Situationen
jeweils spezifische Anspriiche an die Adressierung bzw. die Lesbarkeit von Kom-
munikaten. Arzte sind gewohnt, ihr Wissen iiber medizinische Fachartikel zu bezie-
hen. Zur Darstellung komplexer medizinischer Sachverhalte gegeniiber fachfrem-
den Transferpartnern kénnen jedoch filmische Darstellungen oft besser geeignet
sein.

Die Transkription nutzt dabei die mit unterschiedlichen Transfermethoden ver-
bundenen Adressenoptionen, um die Kommunikate mit einem situationsadidquaten
,,Gebrauchssinn® [jag04a] auszustatten, ohne den ihre Adressierung nicht gelingen
kann. Transkriptionen kdnnen also im Zuge der Bearbeitung von Kommunikations-
storungen Informationen mit Adressierungsdefekten umadressieren oder nachjustie-
ren. Sie konnen die in Kommunikaten (im Hinblick auf eine bestimmte Adressen-
ordnung) eingeschriebene Unlesbarkeit in den Modus der Lesbarkeit iiberfiihren.
Ein mehr oder weniger identisches Wissen wird also fiir eine bestimmte Zielgrup-
pe so aufbereitet, dass diese es leichter rezipieren kann, wie es im Falle des RSI-
Syndroms beschrieben wurde.

Evidenzauszeichnung des Sinns

Die Semantisierung eines lesbaren Kommunikats kann erst dann zu Wissen fiih-
ren, wenn seine Semantik, wie gerade beschrieben, mit Sinn ausgestattet wird und
dem Individuum darauthin evident erscheint, d. h. in einem ,,subjektiven mentalen
Zustand unmittelbarer Gewissheit* [Jdg06]. Treffen jedoch Vertreter differierender
Sprachspiele aufeinander, konnen unbekannte oder ungewohnte Wort- bzw. Zei-
chenverwendungen oder Formulierungsweisen eine kommunikative Storung auslo-
sen. In solchen Fillen muss die Evidenz der zu iibermittelnden Semantik im Zuge
einer interaktiv-transkriptiven Stérungsbearbeitung durch Erklarung, Argumentati-
on oder Beweis diskursiv entwickelt werden. Wihrend eine filmische Darstellung
einer RSI-Kampagne aus sich heraus ,,iiberzeugend* wirken kann, bedarf es bei
einer miindlichen Erlduterung meist stirkerer rhetorischer Bemiithungen zur Verin-
derung des Verhaltens.

4.2 Das Potenzial der interaktiven Storungsbearbeitung

Kommunikative Storungen verlieren im Lichte der Transkriptionstheorie ihren de-
struierenden Charakter, da die anschlieBenden Storungsbearbeitungen (Repairs)
tiber die korrektive Funktion eine bedeutsame konstruktive Funktion fiir das Wissen
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aufweisen. Die bewusst oder unbewusste, interaktive oder selbstreferentielle Kli-
rung von Missverstiandnissen erscheint als Prozess, der zwar oberflidchlich gesehen
das Verstehen eines Kommunikates verzdgert, aber den Transfer des Wissens unter
genauerer Betrachtung iiberhaupt erst ermoglicht.

Folgt man Jagers Auffassung der Stérung als Ausgangspunkt transkriptiver Pro-
zesse, lassen sich diese als Katalysatoren der Explikation impliziten Wissens be-
schreiben [Jdg04b]: Wissen wird im Zustand medialer Transparenz als stilles Wis-
sen implizit prozessiert. Der Mediziner hat eine Komplexe Vorstellung des Repetiti-
ve Strain Injury Syndroms, welche er hinter diesem Ausdruck verbirgt. Sobald aber
dieses implizite Wissen problematisch bzw. gestort wird, bedarf es der Explikation
des Wissens in Repairhandlungen. Der Mediziner wird gebeten, zu erkldren, was er
mit dem Ausdruck RSI meint. Das stille Wissen wird dabei explizit, um die Storung
zu beheben, und wird wieder unsichtbar, sobald dies gelungen ist.

Diese Wechsel zwischen dem impliziten und expliziten Zustand diirfen aber nicht
als zwei Erscheinungsformen desselben Wissens gedeutet werden. Das Wissen mag
zwar hinsichtlich der erzielten Verhaltensinderung dhnlich sein, aber niemals iden-
tisch. Hierin zeigt sich deutlich die konstruktivistische Farbung der Transkriptions-
theorie. Die Semantik des explizierten Wissens hiangt mafgeblich von den Moglich-
keiten ab, es zu explizieren, weshalb Polanyi betont, ,,dal wir mehr wissen, als wir
zu sagen wissen‘‘ [Pol85] (Hervorhebung aus Original entfernt). Die Wahl des Medi-
ums und die Kompetenz im Umgang mit einer Transfermethode schrinken ein und
konstituieren das, was wir ausdriicken konnen. Ein medizinischer Fachartikel zur
Priavention von RSI konnte bei der Darstellung richtiger und falscher Handstellun-
gen niemals die darstellerische Prizision eines Videofilmes erreichen. Das Medium
ist als ,,Explikator des Impliziten* [Jig04b] stets mehr als ein bloBer Ubermittler.
Jeder transkriptive Prozess ist mit semantischen Effekten verbunden, so dass die ex-
plizierte Semantik, sobald sie wieder stilles Wissen wird, ,,in keinem analytischen
Verhiltnis“ zum urspriinglich explizierten stillen Wissen steht: ,Im semantischen
Netz hat eine Verschiebung stattgefunden [Jag04b]. Man kann also mit Recht be-
haupten, dass in Folge der Storung bzw. in Folge der Explikation des impliziten
Wissens, neues Wissen entstanden ist und beiden Transferpartnern zuginglich wur-
de. Das Wissen, dass vom Videofilm abgleitet werden kann, wird niemals identisch
sein, mit dem Wissen, dass der Produktion des Videofilmes zugrunde lag.

Genau diese transkriptive Umwandlung sehen auch [NT97] als entscheidenden
Prozess fiir die Genese von Wissen an. Sie unterscheiden insgesamt vier mogli-
che Transformationsprozesse zwischen implizitem und explizitem Wissen [NT97].
Die durch Storung bedingte Umwandlung von explizitem in implizites Wissen be-
zeichnen sie als ,,Externalisierung®, welche als einzige Transformation die Bildung
konzeptuellen Wissens bewirken kann.

Der wesentliche Prozef3 der Wissensschaffung findet statt, wenn implizites in explizites
Wissen umgewandelt wird — das heifit, wenn unsere Ahnungen, Wahrnehmungen, Denk-
muster, Vorstellungen und Erfahrungen in etwas Mittelbares transformiert und in systema-
tischer Sprache ausgedriickt werden [NT97]

Ein Transferpartner erhilt also Wissen iiber einen Sachverhalt, indem zunichst
wihrend des storungsindizierten Repairhandelns Wissen iiber die Verwendung von
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Zeichen und die Formulierung von Aussagen expliziert wird. Wird dieses explizierte
Wissen verstanden bzw. internalisiert, steht es als implizites Wissen fiir das Verste-
hen der thematisierten Worter wie z. B. fiir das Verstehen des Ausdrucks ,,Repetitive
Strain Injury Syndrom* zur Verfiigung, sobald ein Arzt diesen Ausdruck gegeniiber
einem Praxisexperten verwendet. Wie dargelegt, unterscheidet sich dieses implizi-
te Wissen prinzipiell von dem dem Explikationsprozess vorausliegenden impliziten
Wissen iiber die Semantik der Worter bzw. Aussagen. Beide Transferpartner bringen
bei der Kldrung irritierender Kommunikate jeweils ihr eigenes Hintergrundwissen
mit ein, um dem Kommunikat eine fiir beide genuin neue Semantik zuzusprechen,
die weder mit der urspriinglich assoziierten Semantik des Transferinitiators, noch
mit der des Rezipienten identisch ist. Die Transferpartner bilden gemeinsam schritt-
weise ein neues Meta-Sprachspiel, das sich nicht auf den gemeinsamer Nenner der
urspriinglichen Expertensprachspiele zuriickfiihren ldsst. Es handelt sich viel mehr
um ein genuin neues Sprachspiel, das spezifisch zwischen zwei bestimmten Exper-
tensprachspielen vermitteln kann, da es auf gemeinsam erarbeitetem und daher beid-
seitig geteiltem Hintergrundwissen beruht. Dies ldsst sich am Ausdruck ,,Netzwerk*
verdeutlichen, den Soziologen oder Informatiker fachintern unterschiedlich verwen-
den wiirden. Die Vertreter beider Disziplinen wiirden so lange iiber die Bedeutung
des Ausdrucks ,,Netzwerk* diskutieren, bis jeder weifl was der andere meint, wenn
er von Netzwerken spricht. Niemand wiirde dabei seinen eigenen Begriff aufgeben,
sondern diesen vielmehr erweitern um eine neue Perspektive im Kontext der In-
formatik bzw. der Soziologie. Im Laufe kontinuierlicher Interaktion und stindiger
iterativer Prozesse der Aushandlung von Ausdrucks-Semantiken bilden die Trans-
ferpartner ein Meta-Sprachspiel, mit Hilfe dessen sie zwischen ihren spezifischen
Expertensprachspielen vermitteln konnen. Jeder Verwendung kritischer Ausdriicke
lage stets die Perspektive des Gegeniibers zugrund, was bei beiden eine Verwen-
dungsweise evozieren soll, die fiir die Angehorigen der jeweiligen Expertengruppen
verstindlich ist.

5 Uber die (Un-)Moglichkeit von Wissenstransfer

Folgt man diesen Uberlegungen Jigers, besteht keinerlei Begriindung mehr, um von
,Transfer* von Wissen zu sprechen. Letztlich ist der Rezipient allein verantwort-
lich fiir die Semantisierung von symbolischen Strukturen im Zuge der ,hetero-
rhetorischen Zuende-Konstruktion der Alter-AuBerung® [Jig04b]. Es findet ge-
geniiber herkdmmlichen Semantikmodellen ein Rollenwechsel statt, bei dem der
Absender seine transfer-ergebnis-determinierende Macht verliert. Der Rezipient
emanzipiert sich von seiner blof zeichenrezipierenden Rolle und wird zum akti-
ven Konstrukteur der Zeichenbedeutung bzw. des Ausdrucks. ,,Was in einem Ge-
spriach ausgetauscht wird, sind nicht Gedanken, sind auch nicht Informationen,
sind lediglich Worter und Texte. Diese assoziiert jeder fiir sich mit Vorstellun-
gen* [Sch99b]. Der Kodierungs- und Dekodierungsprozess sollte also nicht ver-
standen werden, als wiren In- und Output identisch. Wissen wird beim Transfer
vollstindig (re-)konstruiert, d. h. das Transferwissen des Rezipienten hat materiali-
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ter nichts mehr mit dem Transferwissen des Transferinitiators gemein. Geméal der
konstruktivistischen Denkweise Jégers kann der Transferinitiator dem Transferpart-
ner nur Wissensangebote machen. Er kann das Wissen so ,,verpacken®, dass der
Rezipient es sich mit hoherer Wahrscheinlichkeit in der erwiinschten Weise an-
eignet. ,, Transfer von Wissen ist aus streng konstruktivistischer Sicht nicht mog-
lich* [Sch05]. Dem Zielakteur wird kein altes Wissen ,aufgedringt‘, sondern er
erschafft eigenstindig neues Wissen durch inferentielle Bezugnahme auf sein se-
dimentiertes Hintergrundwissen iiber frithere Zeichenverwendungen; Wissen wird
nicht transferiert sondern inferiert. Damit ,,mufl der Empfinger einer sprachlichen
AuBerung deren Bedeutung aus den konzeptuellen Elementen aufbauen, iiber die
er schon verfiigt” [Sch99a]. ,, ,Wissenstransfer® ist somit eher eine Transformation
bestehender Wissensbestinde der Handlungspartner als eine Ubertragung von fiir
das Individuum neuen Erkenntnissen® [PalO1]. Der Transferinitiator initiiert zwar
den Transferprozess, die tatsidchliche Vermittlung findet jedoch dann statt, wenn der
Transferpartner das Wissen fiir sich selbst konstruiert und somit produziert. Prozesse
der Produktion und Vermittlung von Wissen konnten aus streng konstruktivistischer
Sichtweise auf einen einzigen Prozess der selbstreferentiellen Wissensaneignung
durch den Rezipienten reduziert werden.

Um genau zu sein, miissten beim Transfer sogar zwei Prozesse der Produkti-
on und Vermittlung von Wissen unterstellt werden: der Transferinitiator produziert
neues Wissen, welches er sich wihrend der Rezeption des GeduBerten unbewusst
selbst vermittelt, genauso wie er es dem Rezipienten in Form seines geduflerten
Kommunikates zur Verfiigung stellt, der auf dieser Basis ein dhnliches Wissen ge-
neriert und sich ebenfalls selbst vermittelt. Soll nun der Erfolg des Wissenstransfers
an der Ahnlichkeit zwischen dem urspriinglichen Wissen des Transferinitiators und
dem angeeigneten Wissen des Rezipienten gemessen werden, erscheint der Wissen-
stransfer in der direkten Interaktion als optimale Voraussetzung. Der vermittelte —
also nicht-interaktive — Transfer {iber Speichermedien wie die Schrift, beraubt die
Transferpartner ihrer Moglichkeit zur direkten Erfolgskontrolle und Ergebniskor-
rektur und erschwert somit das Verstehen [Luh90]. Der Erfolg einer RSI-Kampagne
kann nur schwer iiber das Medium der Schriftlichkeit gesichert werden. Den betrof-
fenen Berufsgruppen sollte in diesem Beispiel die Gelegenheit gegeben werden Ver-
standnisprobleme aufgrund irritierender Ausdriicke und Formulierungsweisen zeit-
nah zu kldren, um ihnen das Sprachspiel und damit das dahinter verborgene Wissen
zuginglich zu machen. Ob das Wissen zur Vermeidung von RSI richtig verstanden
wurde, kann am besten im direkten Gesprich im Zuge der gemeinsamen Klédrung
missverstdndlicher Ausdrucksweisen geklidrt werden, so dass sich eine grundsitzli-
che Korrelation zwischen dem Grad der Interaktion zweier Transferpartner und dem
gegenseitigen Verstehen vermuten lésst.

Als kritisches Moment fiir erfolgreichen Transfer erscheint daher die interaktiv-
transkriptive Storungsbearbeitung. Malnahmen zur Verminderung der Transferpro-
blematik sollten das Potenzial gemeinsamer Repairhandlungen ausschépfen, wih-
rend derer Wissen angeeignet und die Sprach(spiel)barrieren zwischen modulari-
sierten Expertenwissensgebieten iiberwunden werden konnen.
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6 Schlussfolgerungen aus der Transkriptionstheorie

Im Sinne der Transkriptionstheorie, welche Jéger als operative Antwort auf die Di-
spersion des Wissens versteht [jag08], konnte das Metaprojekt StArG verschiedene
Potenziale zur Optimierung des Wissenstransfers zwischen Forschern und Prakti-
kern im Pridventiven Arbeits- und Gesundheitsschutz aufdecken. Die iibergeordne-
te Strategie zielt auf die Integration der Forschung in die unternehmerische Praxis
ab, so dass wihrend der direkten Interaktion moglichst hdufig Gelegenheiten zur
transkriptiven Storungsbearbeitung gegeben und gemeinsame Sprachspiele gebildet
werden. Im Folgenden sollen praktische Losungswege aufgezeigt werden, die das
Metaprojekt StArG aus der transkriptionstheoretischen Perspektive auf die Trans-
ferproblematik ableiten konnte.

Entwicklung und Zugiinglichkeit von Metawissen

Die Komplexitit des Wissens fiihrt zum Retrieval-Problem, der steigenden Unfa-
higkeit relevantes Wissen zeitnah zu identifizieren. Das Metaprojekt StArG bietet
mit dem Online-Portal, der interaktiven Diskussions- und Arbeitsplattform (iDA),
einen fiir alle Akteure des Forderschwerpunktes ubiquitér erreichbaren Raum fiir
Metawissen. Die Navigation ist dabei analog zur Struktur des Forderschwerpunk-
tes angelegt, denn gemdf Ashbys ,law of requisite variety” [Ash56] kann iDA als
System nur Dank dieser Isomorphie die Komplexitit des Systems des Forderschwer-
punktes reduzieren. Jedem wissensproduzierenden Experten ist ein Ablageplatz fiir
Kommunikate zugeordnet und seinem Projekt bzw. der Fokusgruppe untergeordnet.
Der Isomorphismus birgt den Vorteil, sofern das Wissen iiber die Struktur des For-
derschwerpunktes vorhanden ist, gezielt navigieren und Kommunikate abspeichern
oder auffinden zu kdnnen.

Auswahl interaktiver Transfermethoden

Direkte Interaktion wird durch die Transkriptionstheorie als effizienteste und ef-
fektivste Strategie fiir die Bildung gemeinsamer Sprachspiele und den Transfer von
Wissen ausgewiesen, da nur dort das volle Potenzial der Storungsbearbeitung ausge-
schopft werden kann. Zur Identifizierung moglichst interaktiver Transfermethoden
bietet StArG ein Transfermittelportfolio, in dem ca. 60 fiir den Praventiven Arbeits-
und Gesundheitsschutz relevante Transfermethoden hinsichtlich ihrer Interaktivitét
eingestuft wurden. Dieses Transfermittelportfolio steht allen Akteuren des Forder-
scherpunktes zur Verfiigung und stellt die Basis fiir die methodische Vorbereitung
und Durchfiihrung von Veranstaltungen des Forderschwerpunktes, die durch das
Metaprojekt StArG ausgerichtet wurden und werden, dar.

Auswahl der fiir den Rezipienten lesbarsten Transfermethoden

Fiir die Semantisierung von Kommunikaten wurde die rezipientenspezifische Les-
barkeit des Mediums als kritischer Faktor erkannt. Das Projekt StArG bietet Trans-
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ferberatungen an, die im Rahmen von Transferdiagnoseworkshops und durch den
Einsatz des StArG-Strategie-planers gezielt nach den vermuteten Medienpréferen-
zen bzw. Lesbarkeitsanspriichen des Rezipienten fragt. Der Strategieplaner ermittelt
auf Basis der erhobenen Vermutungen iiber die Rahmenbedingungen des Rezipien-
ten, die (wahrscheinlich) lesbarste Transfermethode aus dem Pool des Transfermit-
telportfolios.

Gemeinsames Erstellen von Kommunikaten

Wenn Forschungsexperten isoliert Kommunikate fiir Praxisexperten produzieren,
besteht die Gefahr, dass der Wissenstransfer aufgrund einer partiellen Unverein-
barkeit der verwendeten Expertensprachspiele scheitert [LH09a]. Eine gemeinsame
interaktive Produktion von Kommunikaten fordert die Bildung eines zwischen die-
sen Gebieten vermittelnden Meta-Sprachspiels. Hohepunkt der dritten Jahrestagung
des Forderschwerpunktes Praventiver Arbeits- und Gesundheitsschutz war die ge-
meinschaftliche Verabschiedung des Aachener Impulses, einem Positionspapier, in
dem die bisherigen Ergebnisse und zukiinftigen Forschungsbedarfe des Praventiven
Arbeits- und Gesundheitsschutzes — sowohl aus Sicht der Forschung, als auch aus
Sicht weiterer Akteure und Stakeholder — zusammengefasst wurden. Um ein fiir alle
Beteiligte verstdndliches und konsensfihiges Impulspapier zu erstellen, wéhlte das
Metaprojekt StArG eine moglichst interaktive Methodik aus, die permanente Gele-
genheiten zur interaktiven Storungsbearbeitung und Sprachspielbildung bot. Fiir den
Aachener Impuls wurden zunichst innerhalb der thematisch unterschiedlichen Fo-
kusgruppen im Rahmen offener Diskussionen Textbausteine gemeinschaftlich pro-
duziert. Dies trug zur Bildung eines Meta-Sprachspiels innerhalb der Fokusgruppen
bei. Die erarbeiteten Textbausteine wurden durch ein Redaktionsteam, in dem Ver-
treter der Fokusgruppen (und damit aller Meta-Sprachspiele) versammelt waren,
verkniipft und fiir die endgiiltige Verabschiedung im Plenum vorbereitet. Die Dis-
kussion in Dialogforen und im Plenum trug zur Bildung eines Meta-Sprachspiels
hoherer Ordnung bei, welches allen Projektpartnern und anwesenden Akteuren des
Priventiven Arbeits- und Gesundheitsschutzes zugénglich war und zur Verabschie-
dung eines vom gesamten Forderschwerpunkt getragenen Aachener Impulses als
gemeinsames Kommunikat fiihrte.

Die Experten-Rollen im Produktionsprozess

Die Ergebnisse des Metaprojektes StArG zeigen den transferforderlichen Einfluss
langfristig angelegter Transferpartnerschaften zwischen Forschung und Praxis. Ent-
scheidender als der Einsatz interaktiver Transfermethoden ist vielmehr noch die ge-
genseitige Anerkennung der Forscher und Praktiker als gleichberechtigte Experten
innerhalb der Projektarbeit. Dabei ist zu ,.,reflektieren, dass nicht blof [. .. ] die Wis-
senschaft in ein System der Praxis, sondern auch das System der Praxis in die Wis-
senschaft hinein interveniert” [HSS09]. Demnach sind Kommunikations- und Ko-
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operationsraume in der Projektarbeit zu schaffen, die die Expertise von Forschern
und Praktikern gleichsam in den gemeinsamen Entwicklungsprozess einfliefen las-
sen, um so einen Mehrwert fiir beide Seiten zu schaffen [Val09]. Um die Effizienz
und Effektivitit der Projektarbeit zu steigern, sollten die komplementédren Exper-
tenwissensgebiete frithest moglich allen Projektpartnern zugéinglich gemacht wer-
den. Daher empfiehlt sich eine Integration der Praxispartner in den Produktionspro-
zess des Wissens (Forschung) schon bei der gemeinsamen Antragstellung, so dass
sich die Grenzen zwischen Wissensproduzent und -rezipient — und damit zwischen
Produktion und Vermittlung — zu Gunsten einer gleichberechtigten Transferpartner-
schaft verringern. Dies setzt eine Abkehr von einem Sender-Empfinger-Denken bei
der ,, Transfer“-Arbeit voraus [LHO9b]: es geht nicht um die isolierte Losungssu-
che von Forschung fiir die unternehmerische Praxis mit einem universellen Um-
setzungsanspruch. Vielmehr muss die Spezifik unternehmerischer Notwendigkeiten
und Rahmenbedingungen sowie das Erkenntnisinteresse von Forschung gleichbe-
rechtigt in der kooperativen Projektarbeit beriicksichtig werden.

7 Zusammenfassung

Das Transferproblem des Priventiven Arbeits- und Gesundheitsschutzes erweist
sich als spezifische Symptomatik eines universellen Transferproblems der Produk-
tion und Vermittlung von Wissen, bedingt durch eine Komplexititssteigerung des
Wissens und der Sprachspiele im Zuge der Leistungssteigerung des Wissenschafts-
systems. Die Transkriptionstheorie hilft dabei, weitestgehend unbemerkte Verbesse-
rungspotenziale fiir den Wissenstransfer im Priventiven Arbeits- und Gesundheits-
schutz zu identifizieren, die auf die Kompensierung der Sprachbarrieren zwischen
modularisierten Wissensgebieten abzielen. Ausgangspunkt ist die Erkenntnis, dass
bei der partnerschaftlichen Bearbeitung kommunikativer Stérungen Wissen simul-
tan produziert und vermittelt wird und gemeinsame Meta-Sprachspiele gebildet wer-
den, die wiederum die Erfolgswahrscheinlichkeit des Transfers erhdhen. Zur Aus-
schopfung des Storungspotenzials sollten daher moglichst hdufig Gelegenheiten zu
deren interaktiv-transkriptiven Bearbeitung geboten werden. Eine Strategie zur Er-
reichung dieses Ziels ist die konsequente Integration der Forschung in die Praxis
zum Zwecke der gemeinschaftlichen Produktion von fiir beide Seiten verstiandli-
chen Wissens.
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Strategien und Merkmale
der Innovationsfahigkeit
von kleinen und mittleren Unternehmen

Alan Hansen, Sven Trantow, Anja Richert, Sabina Jeschke

Zusammenfassung Bereits seit einigen Jahren wird die Bedeutung von Innovatio-
nen fiir das Wachstum und den nachhaltigen Erfolg von Unternehmen sowohl in
der Wissenschaft als auch der Politik intensiv diskutiert. Insbesondere der steigen-
de Wettbewerbsdruck sowie sich stindig wandelnde Marktbedingungen und Kun-
denanforderungen stellen sicher, dass langfristig nur solche Unternehmen Erfolg
haben, die die Wichtigkeit von Innovationsfahigkeit fiir den Unternehmenserfolg
erkannt haben. Daher ist intensive Forschung iiber die organisationalen Rahmen-
bedingungen und Faktoren, welche die Innovationsfihigkeit und den Innovations-
erfolg von Unternehmen ausmachen, unabdingbar. Seit 2007 untersucht das vom
BMBEF geftrderte und vom IMA/ZLW & IfU der RWTH Aachen durchgefiihrte
transdisziplindre Forschungsprojekt International Monitoring (IMO) das Thema In-
novationsfahigkeit und seine wissenschaftliche, politische und insbesondere 6kono-
mische Bedeutung fiir Deutschland und Europa. Zu diesem Zweck werden unter
anderem regelmifBig Innovationsworkshops in kleinen und mittleren Unternehmen
(KMU) durchgefiihrt, die darauf abzielen, Strategien und Strukturmerkmale von
Innovationsfiahigkeit zu identifizieren. Wihrend dieser Workshops analysiert das
Projekt IMO die Innovationsprozesse von Unternehmen und forscht zudem nach
Potentialen fiir eine innovationsfreundliche Gestaltung von Arbeits- und Lernpro-
zessen sowie Arbeitsumgebungen, um die Innovationsfihigkeit der Unternehmen
zu verbessern. Dieser Artikel stellt die aktuellen Diskussionen des Forschungsfelds
Innovationsfiahigkeit aus der Perspektive der Personal-, Organisations- und Kom-
petenzentwicklung dar. Dazu werden relevante Forschungsergebnisse aus qualitati-
ven Unternehmensanalysen vorgestellt. Insgesamt skizziert der Artikel neun identi-
fizierte Strategien sowie 35 abgeleitete organisationale Gestaltungsmerkmale, durch
welche Unternehmen ihre Innovationsfihigkeit systematisch steigern konnen. Dies
geschieht vor allem durch die Implementierung organisationaler Rahmenbedingun-
gen, die einerseits die Generierung von Innovationen férdern und andererseits dazu
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beitragen, eine Innovationskultur im Unternehmen etablieren. Aulerdem werden
aktuelle Problemfelder und bisher ungenutzte Innovationspotentiale in Unterneh-
men beschrieben.

Schliisselworter: Innovationsfihigkeit, KMU, Strukturmerkmale

1 Relevanz von Innovationsfihigkeit fiir KMU
im Wirtschaftsraum Deutschland

Innovation ist einer der zentralen Aspekte in der Diskussion um die zukiinfti-
ge Wettbewerbsfihigkeit von Hochlohnldndern wie Deutschland [KSDWO06]. In-
novationen gelten dabei als Schliisselfaktoren, um den komplexen und dynami-
schen Verdnderungen der heutigen Arbeits- und Lebenswelt erfolgreich begegnen
zu konnen. Neuerungen konnen dabei in unterschiedlichen Bereichen erfolgen. Im
Produktbereich- und Prozessbereich werden vor allem neue oder verbesserte Pro-
dukte, Dienstleistungen oder Fertigungs- und Verfahrenstechniken auf den Markt
gebracht [HBROG6]. In der Innovationsforschung werden neben diesen technischen
Innovationen aktuell auch soziale und organisationale Innovationen vermehrt the-
matisiert. Sie beziehen sich auf den Prozess der Entstehung, Durchsetzung und Ver-
breitung von neuen sozialen und organisationalen Praktiken [HJ10]. Soziale und or-
ganisationale Innovationen sind folgenreiche, vom gewohnten Schema abweichende
Regelungen von Tétigkeiten und Vorgehensweisen [GilO0]. Insbesondere in kleinen
und mittleren Unternehmen werden Innovation und Entwicklung zunehmend in den
Bereichen Beratung, Informationsverarbeitung, Forschung und Anwendung voran-
getrieben [Mey05].

Die Wettbewerbsfihigkeit von Unternehmen hingt vor allem davon ab, wie
schnell neue Produkte und Dienstleistungen auf den Markt gebracht und neue, kos-
tensparende Verbesserungen und Prozesse eingefiihrt werden [Kom00]. Die Uber-
lebensfihigkeit eines Unternehmens basiert demnach mehr und mehr auf der Féhig-
keit. Die unternehmerische Steigerung der Innovationsfihigkeit avanciert vor die-
sem Hintergrund zu einem der bedeutendsten organisationalen Strategien bei der
Sicherung der Wettbewerbsfihigkeit und letztlich auch der Unternehmensexistenz
[Bus05]. Nichtsdestotrotz besteht ein erheblicher Forschungsbedarf insbesondere in
Bezug auf eine ganzheitliche Sichtweise auf Innovationen, die den Menschen sowie
die organisationalen Rahmen- und Arbeitsbedingungen als integralen Bestandteil
mit einbezieht.

Die Fihigkeit, Innovationen hervorzubringen wird hiufig als mehrdimensionales
Konstrukt verstanden [Sch09] und als ein die Gesamtorganisation umspannendes
Phianomen charakterisiert [SamO06]:

[...] innovativeness is not one-dimensional but needs to be described and operationalised

along multiple dimensions. These are market- and technology-related changes, organizatio-
nal changes and environmental alternations. [Koc07]

Um sich dem Phiinomen Innovationsféhigkeit zu ndhern, wird vielfach eine Un-
terscheidung in eine organisationale und eine personale Dimension vorgenommen
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[The06]. Innovationsfahigkeit meint damit nicht nur die Fiahigkeit eines Unterneh-
mens, Innovationen hervorzubringen, sondern ist vor allem auch an den Menschen
mit seinem Konnen und seinem Wissen gebunden [Dis05]. Innovationsfihigkeit ist
somit von intra- und interpersonellen Faktoren und von Auspridgungen des Arbeits-
systems — damit sind Arbeitsorganisation, Unternehmenskultur, Fiihrung etc. ge-
meint — abhingig [Win07]. Sie kann folglich als ,,ability of an enterprise’s employ-
ees to generate ideas and to work with these ideas to develop new or improved
products, services, technologies, work processes or markets* [DJKSO01] definiert
werden. Die Antwort auf die Frage, wie die Innovationsfdhigkeit innerhalb eines
Unternehmens gesteigert werden kann, liegt in der Ausgestaltung innovationsfor-
derlicher technischer und organisationaler Rahmenbedingungen, die zur Aktivie-
rung des Mitarbeiter- und somit auch des Humanpotentials beitragen. Vor allem in
kleinen und mittelstandischen Unternehmen ist es wichtig, alle personellen und im-
materiellen Innovationspotentiale in optimaler Weise zu nutzen und in Innovationen
umzuwandeln, da KMU héufig mit grolenbedingten Ressourceneinschrinkungen
(Kapitalausstattung, strategische Unternehmensentwicklung, Bandbreite an Qualifi-
kationen und Kompetenzen der Mitarbeiter, Vernetzung nach auflen, systematische
Marktbeobachtung, etc.) zu kdmpfen haben [KSDWO06]. Im Gegensatz zu Grofun-
ternehmen sind die Aufwendungen fiir Innovationsprojekte in KMU geringer. Aus
diesem Grund scheinen kleinere Unternehmen tendenziell weniger innovativ zu sein
als grofle Unternehmen. Diese Tatsache ist darauf zuriickzufiihren, dass es in KMU
groBerer Innovationsanstrengungen bedarf, um trotz der Ressourceneinschrinkun-
gen innovativ zu sein. Dariiber hinaus sind KMU am Wirtschaftsstandort Deutsch-
land gegeniiber GroBunternehmen stiarker von dem drohenden Fachkriftemangel be-
troffen, da sie bei Berufseinsteigern hdufig als weniger attraktiv eingestuft werden.
Griinde dafiir sind u. a. geringere Gehilter und wenig finanzieller Spielraum fiir in-
novative Aktivititen [ Ver0O7].

Die Innovationsfihigkeit von KMU wird aus diesem Grund einerseits entschei-
dend davon beeinflusst, wie effizient gro3enspezifische Vorteile (hohere interne Ver-
netzung der Mitarbeiter, kiirzere Entscheidungswege, etc.) genutzt werden kdnnen
und wie andererseits mit den Nachteilen der geringeren Ressourcenausstattung um-
gegangen wird. Vor diesem Hintergrund ist es fiir Entscheidungstriger in KMU es-
sentiell, die wichtigsten organisationalen Gestaltungsmerkmale zur Stirkung der In-
novationsfiahigkeit zu kennen und diese bedarfsgerecht in die prozessualen Abldufe
und strukturellen Gegebenheiten des Unternehmens zu integrieren.

2 Das Projekt International Monitoring: Strategien
zum Umgang mit den zentralen Dilemmata
wirtschaftlichen Handelns

Im Rahmen des Forschungs- und Entwicklungsprogramms ,,Arbeiten — Lernen —
Kompetenzen entwickeln, Innovationsfihigkeit in einer modernen Arbeitswelt* for-
dert das deutsche Bundesministerium fiir Bildung und Forschung und der Euro-
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péische Sozialfonds fiir Deutschland eine Untersuchung von zentralen Dilemmata
wirtschaftlichen Handelns, welche sich in der nationalen und internationalen Ar-
beitsentwicklung zunehmend aufbauen. Das am Institutscluster IMA/ZLW & IfU
der RWTH Aachen durchgefiihrte Projekt ,,International Monitoring* (IMO) iden-
tifiziert den Widerspruch zwischen Nachhaltigkeit und kurzfristiger Nutzenmaxi-
mierung als eines der grundlegendsten Probleme bei der Bewiltigung von Manage-
mentaufgaben in profitorientierten Wirtschaftsbereichen. Das klassische Paradigma
des Homo Oeconomicus zielt auf die (kurzfristige) Realisierung des grotmogli-
chen Nutzens, monetédr bemessen also auf die Maximierung der eigenen Gewin-
ne. Diese Maxime zwingt Wirtschaftssubjekte zu einem riicksichtslosen Handeln
und ist mit einem vorausschauenden, verantwortlichen sowie dauerhaft erfolgrei-
chen Management nicht vereinbar [Thi09]. Vor dem Hintergrund organisationaler
Innovationsfihigkeit ldsst sich dieser handlungsimmanente Widerspruch durch vier
dialektische Spannungsfelder beschreiben, welche einerseits durch notwendige Vor-
aussetzungen innovationsfihiger und nachhaltiger Unternehmen und andererseits
durch unterschiedliche Dimensionen von konomischem Druck charakterisiert sind
[HTH10]:

* Verantwortlicher Umgang mit Humanressourcen vs. Kostendruck

» Langfristige Strategien zur Erhohung der Innovationsfahigkeit vs. Erfolgsdruck
» Zeit fiir Lernprozesse vs. Zeitdruck

» Stabilititsbedarf vs. Flexibilisierungsdruck.

Mit Hilfe dieser vier interdependenten Dilemmata (Abb. 1) konnen eine Vielzahl
der diffizilen soziookonomischen Hindernisse und Herausforderungen auf dem Weg
zur Stirkung und Manifestierung der organisationalen Innovationsféhigkeit katego-
risiert werden.

Diese Dilemmata bilden, als Gegenstand der aktuellen und zukiinftigen huma-
norientierten Innovationsforschung, wichtige Schwerpunkte. Das IMO-Projekt un-
terstiitzt die umfangreiche Forschungsarbeit des F&E-Programms mit einem konti-
nuierlichen internationalen Monitoring, bei dem die internen Forschungsergebnisse
aller beteiligten Projekte und alle relevanten Informationen zum Thema Innovati-
onsfihigkeit aus der nationalen und internationalen Forschung, Wirtschaft und Po-
litik gesichtet, analysiert und verdichtet werden. Priméres Ziel des IMO-Projektes
ist es, praktikable nationale und internationale Losungsansitze und Strategien fiir
die Ausbalancierung der Dilemmata zu identifizieren. Auf der 6konomischen Ebe-
ne sind KMU die Protagonisten fiir den Innovationserfolg am Wirtschaftsstandort
Deutschland. Fiir diese Zielgruppe hat IMO zum aktuellen Zeitpunkt neun relevante
Strategien zur ,,Steigerung der Innovationsfiahigkeit* identifiziert:

* Gesundheitsmanagement

» Etablierung von Innovationskulturen

* Nutzung von Wissen- und Humankapital

» Kontinuierliche Kompetenzentwicklung

* Ganzheitliches Innovationsmanagement

* Forderung sozialer und organisationaler Innovationen
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Abb. 2 Zusammenhang zwischen Dilemmata, Strategien und Gestaltungsmerkmalen
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Bei den Strategien handelt es sich im Allgemeinen um steuerbare Verhaltenswei-
sen der Unternehmen, die verschiedene innovationsforderliche Gestaltungsmerk-
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male aufweisen. Um die erforderlichen Gestaltungsmerkmale der einzelnen Strate-
gien bestimmen zu konnen, wurden Innovationsworkshops mit KMU durchgefiihrt
(Kap. 3). Der Zusammenhang zwischen Dilemmata, Strategien und Gestaltungs-
merkmalen ist zusammenfassend in Abb. 2 illustriert.

3 Innovationsworkshop zur Bestimmung
von innovationsforderlichen Strategien
und Gestaltungsmerkmalen

Im Rahmen einer empirischen Datenerhebung wurden insgesamt 10 Innovations-
workshops mit deutschen KMU durchgefiihrt. Bei den untersuchten Unterneh-
men handelt es sich mehrheitlich um Organisationen mit bis zu 50 Mitarbeitern
und einem Jahresumsatz von bis zu 500 Millionen Euro. Der Grofiteil der Un-
ternehmen gehort den Branchen ,,Industrie/Verarbeitendes Gewerbe* sowie ,,Bera-
tung/Sonstige Dienstleistungen an. Die Auswahl der teilnehmenden Unternehmen
orientierte sich an der Vergabe von Auszeichnungen fiir besonders innovatives Ver-
halten. So ermittelt z. B. die Studie ,,TOP 100 jahrlich die innovativsten deutschen
Mittelstdndler anhand einer Benchmark-Analyse der Kriterien innovationsférdern-
des Management, Innovationsklima, innovative Prozesse und Innovation, Innovati-
onsmarketing und Innovationserfolg.

Um aussagekriftige Ergebnisse aus den Workshops zu erhalten, wurde ein
Verfahren zur Unternehmensdiagnose als methodische Grundlage eingesetzt: das
OSTO (offene, soziotechnische, dkonomische) Systemmodell basiert auf der
OSTO-Systemtheorie, die komplexe Systeme und Organisationen als lebende Sys-
teme versteht. Die dem Modell zugrunde liegende Annahme ist, dass sich ein be-
stimmtes Systemverhalten aus dem wechselseitigen Zusammenspiel verschiedener
Gestaltungskomponenten (-merkmale) gibt [Hen]. Dieser Ansatz kann auf das Her-
vorbringen von Innovationen iibertragen werden. Die Kenntnis iiber innovations-
forderliche Gestaltungsmerkmale einer Organisation versetzt Entscheidungstriger
demnach in die Lage, gezielt Einfluss auf Innovationsprozesse nehmen zu kénnen.
Auch Kutter geht davon aus, dass sich Innovationsfahigkeit aus dem proaktiven Ge-
stalten und Beherrschen des stetigen Kreislaufs aus Verbesserungen und Erneue-
rungen ergibt [Kut07]. Unternehmen sind demnach gefordert, durch gezieltes Ein-
greifen in Organisationsprozesse Rahmenbedingungen zu schaffen, die innovatives
Denken und Handeln ihrer Mitarbeiter fordern.

Das Herausfiltern relevanter Gestaltungsmerkmale sowie deren Zuordnung zu
den bereits identifizierten innovationsforderlichen Strategien aus dem Internatio-
nal Monitoring liefert somit einen strukturierten Uberblick iiber eine breite Palette
an Handlungsoptionen im Umgang mit den Dilemmata wirtschaftlichen Handelns.
Dariiber hinaus wurden die Ergebnisse an aktueller Forschungsliteratur gespiegelt
und verifiziert. Die Ergebnisse der Auswertung werden im folgenden Kapitel vor-
gestellt.
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Abb. 3 Gestaltungsmerkmale der Strategie ,,Gesundheitsmanagement*

4 Innovationsforderliche Strategien und Gestaltungsmerkmale

Nachdem die Methodik der Innovationsworkshops skizziert wurde, werden im Fol-
genden Strategien und Gestaltungsmerkmale vorgestellt, die Unternehmen einer-
seits fiir einen effizienten und langfristig erfolgreichen Umgang mit den im ersten
Kapitel beschriebenen Dilemmata einsetzen und andererseits die unternehmerische
Innovationsfiahigkeit steigern konnen. In diesem Kontext werden relevante Erkennt-
nisse aus zehn analysierten Unternehmen beziiglich angewendeter innovationsfor-
derlicher Strategien vorgestellt, die ihrerseits wiederum verschiedene Gestaltungs-
merkmale aufweisen. Insgesamt wurden acht innovationsrelevante Strategien iden-
tifiziert, die im Folgenden einzeln beschrieben werden. Die entscheidenden Gestal-
tungsmerkmale zu jeder Strategie sind in der jeweils dazugehorigen Grafik aufge-
fiihrt.

4.1 Strategie 1: Gesundheitsmanagement

Unbestritten gehort ein betriebliches Gesundheitsmanagement zu den Eckpfeilern
eines verantwortungsbewusst und nachhaltig sozial handelnden Unternehmens. Be-
triebliches Gesundheitsmanagement ist ein wichtiger Wettbewerbs- und Beschif-
tigungsfaktor, da es die Gesundheit, Zufriedenheit und Motivation der Mitarbei-
ter als strategische Faktoren in das Leitbild, die Kultur sowie die Strukturen und
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Prozesse eines Unternehmens einbezieht [Wie02]. Neben verschiedenen betriebli-
chen Angeboten, die auf die Linderung korperlicher Beschwerden abzielen, miissen
ebenso Angebote zur Behandlung psychischer Probleme, auf die viele langfristige
gesundheitliche Probleme zuriickzufiihren sind, in das betriebliche Gesundheitsma-
nagement integriert werden. Auch die Etablierung und kontinuierliche Aufrechter-
haltung der Balance zwischen Arbeits- und Privatleben (besser bekannt unter dem
Schlagwort Work-Life-Balance) féllt in den Bereich des betrieblichen Gesundheits-
managements.

Durch die konsequente Implementierung von priventiven, gesundheitserhalten-
den und gesundheitsforderlichen MaBlnahmen ergeben sich zahlreiche Vorteile fiir
die Innovationsfihigkeit eines Unternehmens, da Mitarbeiter mit einer erhohten Ar-
beitszufriedenheit und Motivation letztlich insgesamt eine hohere Produktivitat und
Leistungsbereitschaft und damit Innovationsfahigkeit aufweisen. Andererseits kann
das Gesundheitsmanagement insofern als ein nachhaltiger Wettbewerbsfaktor an-
gesehen werden, da qualifizierte Mitarbeiter im ,,War for Talents* durch positive
Imageeffekte leichter rekrutiert und langfristig im Unternehmen gehalten werden
konnen [Bun05, FHS03].

4.2 Strategie 2: Etablierung von Innovationskulturen

Bei allen Versuchen und MaBinahmen, die Innovationsfihigkeit eines Unternehmens
zu erhohen, bleiben hiufig die zugrunde liegenden, kulturellen Mechanismen ei-
nes Unternehmens unberiicksichtigt. Dabei zeigen zahlreiche Beispiele unterneh-
merischen Handelns, dass eine Vernachldssigung der Innovationskultur schwerwie-
gende und kostentrichtige Folgen nach sich ziehen kann [Sch03]. Als Basis der
Innovationsfahigkeit eines Unternehmens ist die Innovationskultur vielmehr ,,der
starkste Magnet, wenn es darum geht, die echten Talente und High Potentials zu
gewinnen und zu halten.* [JZ07]. Innovationskulturen werden dabei als Subkultu-
ren der gesamten Unternehmenskultur beschrieben, die als spezifische Grundannah-
men, Werthaltungen, Fihigkeiten und Normen bezeichnet werden, die sich auf das
Bewiiltigen von Innovationsaufgaben beziehen und von den am Innovationsprozess
Beteiligten geteilt werden [The06]. Innovationskulturen konnen vor diesem Hinter-
grund als Nihrboden jedes innovativen Handelns angesehen werden. Hierbei wird
davon ausgegangen, dass der Ursprung jeder unternehmerischen Leistung in der
Begeisterungsfihigkeit der Mitarbeiter sowie der Leidenschaft, dem Engagement
und der Glaubwiirdigkeit der Fiihrungsebene liegt [JZ07]. Die Innovationskraft ei-
nes Unternehmens wird demzufolge nicht nur von Entscheidungstrigern, sondern
insbesondere auch von Mitarbeitern der mittleren und unteren Hierarchieebene ent-
wickelt. Die Basis dafiir muss bewusst und dauerhaft im Rahmen der Etablierung
von Innovationskulturen gelegt werden.

Zur Etablierung von Innovationskulturen finden sich verschiedene Gestaltungs-
merkmale in Unternehmen, die sowohl von der Fiihrungsebene als auch von den
Mitarbeitern selbst umgesetzt werden miissen. Beispielsweise ist eine effiziente und
effektive Kommunikation zwischen den Organisationsmitgliedern zentraler Treiber
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Abb. 4 Gestaltungsmerkmale der Strategie ,,Etablierung von Innovationskulturen*

einer innovationsforderlichen Kultur, da diese das Innovationsgeschehen im Unter-
nehmen entscheidend fordert und verdndert. Auch eine produktive Fehlerkultur ist
Bestandteil einer Innovationskultur, da nur durch den toleranten und bewussten Um-
gang mit Fehlern Kreativitit und Ideenreichtum geférdert werden kann.

4.3 Strategie 3: Nutzung von Wissen und Humanpotential

Neben materiellen und finanziellen Ressourcen ist Wissen einer der wichtigsten
Faktoren fiir den Geschiftserfolg von Unternehmen. Im Zuge der Verschiebung
von der Produktions- zur Dienstleistungs- und Wissensgesellschaft nehmen Wis-
sen und Humanpotential im Vergleich zu traditionellen materiellen Ressourcen
rasant an Wert zu und sind entscheidende Triebfedern von Innovationsprozessen
[AHMO5, SvdBHOS8, Sam06]. Der Mensch gewinnt dabei im Unternehmenskontext
mit zunehmender Notwendigkeit der Fokussierung auf nachhaltige Wettbewerbs-
faktoren an Bedeutung [SvdBHO8]. Die systematische und zielgerichtete Nutzung
vorhandener interner Humanressourcen sowie deren verantwortungsvolles Manage-
ment sind daher zentrale Bezugspunkte einer nachhaltigen und innovationsforderli-
chen Unternehmensstrategie. Da das interne Wissen personengebunden ist und da-
mit fiir Unternehmen eine knappe und fragile Ressource darstellt, wichst sowohl die
Bedeutung der Sicherung und Strukturierung von Wissen als auch dessen Transfer.
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Abb. 5 Gestaltungsmerkmale der Strategie ,,Nutzung von Wissen- und Humanpotential

Diversity-Aspekten kommt bei der Frage nach der effizienten Nutzung von Wis-
sen und Humankapital ebenfalls eine besondere Rolle zu, da sich die Wissensba-
sis eines Unternehmens durch eine moglichst grofle Vielfalt an Mitarbeiterpoten-
tialen steigern ldsst. Diversity steht aus unternehmerischer Sicht fiir die Integrati-
on von Menschen mit u.a. unterschiedlichem Alter, Geschlecht und Fihigkeiten
und somit fiir eine Vielfalt von Mitarbeiterpotentialen [HD(09]. Durch eine optima-
le Ausschopfung des Kreativititspotenzials aller Mitarbeiter sowie die Integration
von Diversity-Aspekten in den Unternehmensalltag kann die Innovationsfihigkeit
eines Unternehmens signifikant gesteigert werden. Diversitidt kann demzufolge als
Ressource fiir Innovationsfahigkeit angesehen werden, da sie von der produktiven
Vielfalt der Attribute der Mitglieder einer Organisation ausgeht und die Wissensba-
sis eines Unternehmens erweitert [DRLvS0S].

4.4 Strategie 4: Kontinuierliche Kompetenzentwicklung

Da die Initiierung und Umsetzung von Innovationen keineswegs nur auf dem Wis-
sen von Entscheidungstridgern und Spezialisten beruht, ist ein hherwertiges Lernen
aller Mitarbeiter fiir die Innovations- und Zukunftsfahigkeit eines Unternehmens
von grofer Bedeutung. Hinzu kommt, dass Menschen in Zukunft linger arbeiten
werden als je zuvor und im Laufe ihres Berufslebens heterogene Aufgaben iiber-
nehmen, die einen Prozess der kontinuierlichen und lebensbegleitenden Kompeten-
zentwicklung fordern und férdern [fHO6].
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Abb. 6 Gestaltungsmerkmale der Strategie ,,Kontinuierliche Kompetenzentwicklung*

Unternehmen miissen daher bei allen Beschiftigten einen Prozess der systema-
tischen und lebenslangen Kompetenzentwicklung unterstiitzen [fH06]. Zusétzlich
muss aufgrund des Ausscheidens élterer Mitarbeiter langjdhriges Erfahrungswissen
frithzeitig gesichert und an neue Mitarbeiter weitergegeben werden. An die Stelle
der einmaligen Berufsqualifikation tritt deshalb ein lebenslanges Lernen im Pro-
zess der Arbeit, durch welches das Wissen und die Fahigkeit dieses anzuwenden,
stindig angepasst und erweitert werden konnen. Dabei geht es primér darum, die
Kontextbedingungen in Unternehmen gemif der identifizierten Gestaltungsmerk-
male so einzurichten, dass sich die Wissenstridger hinsichtlich des Erwerbs und der
Weitergabe von Wissen moglichst frei entfalten konnen. Allerdings haben Lern- und
Kompetenzentwicklungsmafinahmen nur wenig Sinn, wenn das erworbene Wissen
nicht unmittelbar am Arbeitsplatz angewendet und die berufliche Handlungskompe-
tenz im Unternehmen trainiert werden kann. Arbeiten und Lernen miissen deshalb
integral miteinander vernetzt werden. [PMO6].

4.5 Strategie 5: Ganzheitliches Innovationsmanagement

Gutes Management ist bei Innovationen genauso relevant wie in allen anderen Be-
reichen der Unternehmensfiihrung [ENO7]. Aus diesem Grund hat das obere Mana-
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Abb. 7 Gestaltungsmerkmale der Strategie ,,Ganzheitliches Innovationsmanagement*

gement eine wichtige Flihrungsaufgabe fiir erfolgreiche Innovationsaktivititen im
Unternehmen. Damit Innovationen und Ideen im Unternehmen iiberhaupt entste-
hen konnen, miissen top-down die richtigen Stellschrauben gedreht werden. Nur,
wenn die Fithrungsriege signalisiert, dass sie fiir Ideen und Kreativitit offen ist und
in Neuerungen investieren will, kann das Innovationspotential des gesamten Unter-
nehmens ganzheitlich ausgeschopft werden. Der Erfolg oder Misserfolg von Inno-
vationsvorhaben hiingt damit davon ab, welchen Stellenwert das Management dem
Innovationsgeschehen tatsdchlich beimisst [Pos].

Das Ergebnis eines gelungenen Innovationsmanagements liegt dabei in der er-
folgreichen Platzierung von Produkten oder Dienstleistungen am Markt. Hieraus
ergibt sich die wesentliche Aufgabe des Innovationsmanagements: die systemati-
sche Unterstiitzung des gesamten Innovationsprozesses von der Generierung neu-
er Ideen bis hin zur Umsetzung neuer Produkte, Dienstleistungen oder Prozesse
[MDOQ9]. Hierbei wird davon ausgegangen, dass das Innovationsmanagement die
,»dispositive Gestaltung von einzelnen Innovationsprozessen [Hau97] zur Aufga-
be hat. Dariiber hinaus definiert das Innovationsmanagement Strategien und Ziele,
trifft Entscheidungen, bestimmt Informationsfliisse, stellt soziale Beziehungen her
und wirkt auf Personen ein, um Entscheidungen zu realisieren [Pos]. Wichtig fiir
ein erfolgreiches Innovationsmanagement in Unternehmen ist, dass die Fiihrungs-
ebene Entscheidungen wéhrend des Innovationsprozesses schnell trifft und somit
die schnelle Umsetzung von Innovationen unterstiitzt. Zusétzlich sollte das Mana-
gement Bereitschaft signalisieren, in Innovationen zu investieren, d. h. z. B. finanzi-
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Abb. 8 Gestaltungsmerkmale der Strategie ,,Offnung von Innovationsprozessen®

elle Mittel fiir Innovationsvorhaben zur Verfiigung zu stellen oder neue Mitarbeiter
fiir Innovationsvorhaben einstellen.

4.6 Strategie 6: Offnung von Innovationsprozessen

Unternehmen sind in Zeiten des steigenden Wettbewerbsdrucks zu immer kiirze-
ren Innovationszyklen bei gleichzeitig sinkenden F&E-Budgets dazu gezwungen,
ihre Innovationsprozesse zu 6ffnen, um durch die Einbeziehung externer Partner
ihre Innovationsfahigkeit zu erhohen [GE]. Innovationsaktivitdten vollziehen sich
demnach nicht mehr nur im Unternehmen selbst, sondern miissen als interaktiver
Prozess zwischen Unternehmen und Markt gesehen werden, dessen Ziel es ist, das
kreative Potential unternehmensexterner Quellen ganzheitlich zu nutzen). Offene
Innovationsprozesse gehen iiber die Grenzen von Unternehmen oder Abteilungen
hinaus und binden verschiedene Akteure als Ideengeber, Konzeptentwickler und
Innovationsumsetzer in die Gestaltung von Innovationen mit ein. Auf diese Weise
konnen Innovationshemmnisse wie Kostendruck, fehlendes Risikokapital oder man-
gelndes innerorganisationales Humanpotential reduziert werden. Der Erfolg einer
Innovation basiert folglich zu einem grolen Anteil auf der Fiahigkeit des Unterneh-
mens, entlang aller Phasen des Innovationsprozesses Netzwerke mit externen Ak-
teuren einzugehen [RP]. Als Kernprozesse werden der Outside-In, der Inside-Out
und der Coupled-Prozess definiert. Dabei reichert der Outside-In-Prozess das in-



76 Alan Hansen et al.

Flache
Hierarchien

Teamarbeit
INNOVATIVE und
FORMEN DER Teamlernen
ARBEITS-
ORGANISATION
Abteilungs-
interna
Flexibilitat
Arbeitszeit fur
Entwicklungs-
ideen

Abb. 9 Gestaltungsmerkmale der Strategie ,,Innovative Formen der Arbeitsorganisation*

terne Wissen des Unternechmens mit externem Wissen von Kunden, Lieferanten und
Partnern an. Hierzu zihlen auch das aktive Transferieren von Technologien und Pro-
zessen aus anderen Unternehmen und Universitéiten. Der Inside-Out-Prozess hinge-
gen unterstiitzt Kommerzialisierung, wobei durch Lizensierung vorhandene Ideen
rascher auf den Markt und Technologien besser multipliziert werden konnen. Der
Coupled-Prozess beinhaltet eine Kopplung der Integration und Externalisierung von
Wissen zum Zweck der gemeinsamen Entwicklung, bei der eine Balance zwischen
Geben und Nehmen den Kooperationserfolg bestimmt [GE06]. Eine wichtige Auf-
gabe im Zusammenhang mit der Offnung von Innovationsprozessen besteht in der
Aus- und Weiterbildung von Unternehmens- und Kundenkompetenzen. In diesem
Zusammenhang miissen neue Fihigkeiten identifiziert und ausgebildet werden, die
ein effizientes kommunikatives und strategisches Handeln an der Schnittstelle zwi-
schen Unternehmen und Kunden sicherstellen [PI09].

4.7 Strategie 7: Innovative Formen der Arbeitsorganisation

Die Modernisierung der Arbeitsorganisation aufgrund grundlegender Verdnderun-
gen der Arbeitswelt erscheint immer wieder als Thema bei Arbeitnehmern, Mana-
gement und politischen Entscheidungstrigern [Tot04] (vgl. Griinbuch 1997: 128,
zit. n. [Tot04]). Ausgangspunkt dieser Verdnderungen ist der zunehmende organisa-
tionale als auch individuelle Flexibilisierungsdruck sowie die sich stindig dndern-
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den Anforderungen an das arbeitende Individuum. Betrachtet man die Arbeitswelt
unter den Bedingungen globalisierter, dynamischer Okonomien und stindiger Fluk-
tuationen bei der Nachfrage von Waren und Dienstleistungen, dann ist sie geprigt
von zunehmendem Flexibilisierungsdruck hinsichtlich austauschbarer Kompeten-
zen und anpassungsfihiger Arbeitsformen. Damit Unternehmen und Menschen in
diesem neuen Umfeld motiviert, handlungs- und vor allem innovationsfihig bleiben,
bedarf es umfassender Modifikationen der Arbeitsorganisation, die nicht mehr am
Paradigma der Kostenreduktion und schlanker Prozessgestaltung orientiert, sondern
auf die Nutzung und Forderung des Humankapitals ausgerichtet sind [fHO7]. Vor
diesem Hintergrund miissen Unternehmen innovative Formen der Arbeitsgestaltung
einfiihren, die Freiraume zum Lernen er6ffnen (z. B. Teamlernen) und Méoglichkei-
ten zulassen, Fahigkeiten zu entfalten (z.B. Teamarbeit). Auch flache Hierarchi-
en, bei denen im Gegensatz zur steilen Hierarchie verstdrkt auf Eigeninitiative und
-verantwortung gesetzt wird, gewinnen zunehmend an Bedeutung.

4.8 Strategie 8: Management der Ungewissheit

In Abhingigkeit von spezifischen organisationalen Rahmenbedingungen erfordern
die ansteigende Turbulenz, Dynamik und Komplexitiit der Unternehmensumwelt die
Ausbildung neuer Kompetenzen auf individueller und organisationaler Ebene. Fiir
die Unternehmensfithrung und Mitarbeiter gleichermaBen werden Entwicklungen
und Veridnderungen der personlichen Arbeitssituation immer schwerer kalkulier-
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Abb. 11 Qualitative Verteilung von Gestaltungsmerkmalen nach Strategien

und planbar. Diese Situation der permanenten Ungewissheit und Unvorhersehbar-
keit trifft Unternehmen besonders da, wo sie kompetitiv und innovationsfihig sein
miissen [Gro02]. Vor allem Innovationsvorhaben und -prozesse erfordern eine hohe
Risikobereitschaft und grofles Vertrauen in das Unplanbare — Innovativ ist nim-
lich meistens nur das, was eben nicht vorhersehbar ist [Gro99]. Der Umgang mit
Ungewissheit wird damit zu einer zentralen Fahigkeit, um unter flexiblen und dy-
namischen Bedingungen innovationsfihig bleiben zu konnen. Fiir den erfolgreichen
Umgang mit Ungewissheit sowie fiir die Umsetzung von Innovationen ist diesténdi-
ge Aktualisierung der eigenen Kenntnisse notwendig. Die untersuchten Unterneh-
men begegnen der Ungewissheit vor allem mit einer zielgerichteten Marktforschung
und dem Vertrauen in die Selbstorganisation jedes Mitarbeiters. Auch das Erschlie-
Ben z.T. branchenfremder Mirkte, d. h. das Ablassen von der Fokussierung auf ein
Marktsegment, hat sich als Mittel zur Bewiltigung des Unplanbaren bewéhrt.

Insgesamt konnten anhand der qualitativen Auswertung der Workshops 35 inno-
vationsforderliche Gestaltungsmerkmale identifiziert und mit Strategien verkniipft
werden. Den Strategien ,,Etablierung von Innovationskulturen® (6), ,,Kontinuierli-
che Kompetenzentwicklung® (5) sowie ,,Ganzheitliches Innovationsmanagement*
(5) konnten verhiltnisméBig viele Gestaltungsmerkmale zugeordnet werden. Dem-
gegeniiber weist die Strategie ,,Forderung sozialer und organisationaler Strate-
gien” (0) keine relevanten Merkmale auf (vgl. Abb. 11).
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5 Problemfelder und ungenutzte Innovationspotentiale

Obwohl die Strategie ,,Forderung sozialer und organisationaler Innovationen* im
Kontext des IMO-Projektes als addquate Unternehmensstrategie zur Steigerung der
Innovationsfahigkeit identifiziert wurde, wird sie bei der Ergebnisdarstellung nicht
beriicksichtigt. Daraus ist zu schliefen, dass Unternehmen die im Zusammenhang
mit sozialen und organisationalen Innovationen stehenden Innovationspotentiale
(noch) nicht ausreichend wahrnehmen.

Soziale und organisationale Innovationen werden demnach in der Unternehmens-
praxis wenig und zumeist nur in Bezug auf technische Innovationen zur Kenntnis
genommen und analysiert. Mit dem Wandel zur Wissens- und Dienstleistungsgesell-
schaft sowie der wachsenden wirtschaftlichen und beschéftigungspolitischen Be-
deutung zeichnet sich aber ein Paradigmenwechsel im Innovationsverstindnis und
-system ab [Bul06]. In der Folge dieses Paradigmenwechsels veridndert sich das Ver-
stindnis von technologischen, sozialen und organisatorischen Innovationen. Zielte
der Begriff , Innovation* bisher primér auf die natur- und ingenieurwissenschaftlich
geprigte Hervorbringung neuer Produkte und Verfahren ab, werden in Zukunft so-
ziale und organisationale Innovationen stirker in den Fokus riicken [HKSO0S8]. Unter
sozialen Innovationen werden von bestimmten Akteuren bzw. Akteurskonstellatio-
nen ausgehende intentionale, zielgerichtete Neukonfigurationen sozialer Praktiken
verstanden, mit dem Ziel, Probleme oder Bediirfnisse besser zu 16sen bzw. zu befrie-
digen, als dies auf der Grundlage etablierter Praktiken moglich ist [HJ10]. Organi-
sationale Innovationen sind hingegen auf erfolgreiche strukturelle, prozessuale oder
humanorientiere Neuerungen der Modifikationen innerhalb von Organisationen be-
zogen. Es zeigt sich jedoch, dass diese ,,weichen* Arten von Innovationen sowohl
in der Praxis als auch in der Forschung immer noch zugunsten einer einseitigen Be-
trachtung von technikorientierten Produktinnovationen vernachlissigt werden. Dies
ist insofern bedenklich, als dass aktuelle Studien [HS10] zeigen, dass insbesondere
organisationale Innovationen enormen Einfluss auf Produktivitit, Innovationsfahig-
keit sowie die Gelingenswahrscheinlichkeit von technischen Innovationen haben.
Fiir eine nachhaltige und effiziente Implementierung von sozialen und organisatio-
nalen Innovationen sind zukiinftig vor allem folgende Barrieren zu tiberwinden:

* Geringes Bewusstsein fiir die innovative Praxis und ihren Nutzen bei Mana-
gern/Entscheidungstriigern, Sozialpartnern und Unternehmensberatern

* Mangelnder Zugang zu evidenz-basierten Ansitzen, die interorganisationale
Lern- und Innovationsprozesse unterstiitzen

* Widerstinde auf der mittleren Fithrungsebene, die sowohl die Ausfiihrung als
auch die Verantwortung organisationaler Verinderungen tragen muss.

Fagerberg beschreibt die Variabilitit des Innovationsbegriffes als eines seiner zen-
tralen Kennzeichen: ,,One of the striking facts about innovation is its variability
over time and space. It seems, as Schumpeter. . . pointed out, to ‘cluster’ not only in
certain sectors but also in certain areas and time periods* [FMNO5]. Im Hinblick
auf den Erhalt bzw. die Steigerung der Innovationsfihigkeit bei KMU ist es not-
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wendig, den beschriebenen Paradigmenwechsel bei der Gestaltung organisationaler
Rahmenbedingungen und Arbeitsabldufen stirker zu berticksichtigen.

6 Zusammenfassung und Ausblick

Innovationen zu generieren ist vorrangiges Ziel fiir Unternehmen, nicht nur im
industriellen Wettbewerb. Die tendenziell steigenden Ausgaben fiir die Generie-
rung neuer Produkte belegen die grolen Hoffnungen, die mit Innovationen verbun-
den sind. Die erfolgreiche Umsetzung von Ideen in den alltdglichen Gebrauch ei-
ner Organisation ist somit eine der zentralen Management-Aufgaben der heutigen
Zeit. Entscheidungstriger sind mehr denn je gefordert, innovationsférderliche Rah-
menbedingungen zu schaffen, die dazu fiihren, dass insbesondere das vorhandene
Wissens- und Humanpotential der Mitarbeiter aller Hierarchieebenen stirker iden-
tifiziert und genutzt werden kann. Der Artikel beschreibt neun Strategien, die in
dieser Hinsicht fiir eine gezielte Ausgestaltung eines Unternehmens genutzt werden
konnen. Dariiber hinaus wurden im Rahmen von Innovationsworkshops mit inno-
vativen KMU praktische Gestaltungsmerkmale zu jeder Strategie eruiert. Die hier
skizzierten Ergebnisse sind als ,,Gestaltungskatalog® zu verstehen, der Entschei-
dungstriagern bestimmte Handlungsoptionen aufzeigt, um die Innovationfihigkeit
seines Unternehmens zu steigern. In diesem Zusammenhang ist zu beachten, dass
die Strategien und Gestaltungsmerkmale in wechselseitiger Beziehung zueinander
stehen und sich gegenseitig verstdrken oder beeintrichtigen konnen. Aus diesem
Grund ist die strategische Ausrichtung zur Stirkung der Innovationsfihigkeit nicht
in einem generalisierbaren Vorgehensmodell zu fassen. Vielmehr miissen die je-
weiligen spezifischen Gegebenheiten (UnternehmensgréBe, Unternehmensumwelt,
Mitarbeiter, Struktur, Fiihrungskultur, etc.) pridzise analysiert werden, um sich an-
schliefend passgenauer Strategien und Gestaltungsmerkmalen bedienen zu konnen.

Die Innovationsfahigkeit eines Unternehmens umfasst die Vielfalt der Kompe-
tenzen, die notwendig sind, um Neues zu entwickeln — von der Idee bis zur Reali-
sierung. Verbesserungen in Bildung, Ausbildung sowie die Kompetenzentwicklung
in der Arbeit sind entscheidende Grundlagen zur Stiarkung der Innovationsfihigkeit.
Denn: Innovationen werden von Menschen gemacht. Dies bestétigen auch die iden-
tifizierten Gestaltungsmerkmale, die sich zum Grofteil direkt oder indirekt auf die
Féhigkeiten und Kompetenzen der im Unternehmen handelnden Menschen bezie-
hen lassen.

Ungenutzte Innovationspotentiale ergeben sich v.a. im Zusammenhang mit so-
zialen und organisationalen Innovationen, die trotz ihrer wachsenden Bedeutung
hiufig nur als Voraussetzungen, Begleitumstinde oder Folgen technischer Innova-
tionen zur Kenntnis genommen werden. Dabei ergeben sich insbesondere durch die
steigende wirtschaftliche und beschiftigungspolitische Bedeutung des Dienstleis-
tungssektors vielfiltige Optionen. Die vordringliche zukiinftige Forschungsaufgabe
ist zum einen die Analyse der Wechselwirkungen und zum anderen der Synergiepo-
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tentiale zwischen den identifizierten Gestaltungsmerkmalen. Dariiber hinaus miis-
sen die Gestaltungsmerkmale durch weitere quantitative Studien verifiziert werden.
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Design and Application of a New Workshop
Concept on the Development of an Innovative
Transport Unit

A New Way of Knowledge Sharing

Sebastian Jursch, Eckart Hauck, Richard Ramakers, Sabina Jeschke,
Klaus Henning

Abstract For a product-oriented project, the product development in particular the
design and decision phase is of a high relevance. In this phase and based on the
identified requirements, ideas and solutions are summarized, evaluated and filtered.
In the interdisciplinary research project “TelliBox™ (within the 7th work program of
the European Union) an innovative container for the intermodal transport has been
developed. Within the consortium the diversity of ideas and images to realize such a
container was huge and common approaches, particularly for the filtering and com-
bination of the best possible solutions, seemed not very promising, since they were
not able to integrate all participants into the process. Thus, the procedure of solution-
finding and filtering turned out to be rather inefficient and uneconomical. Therefore
a new workshop concept was developed that allowed to summarize, evaluate and
filter solution proposals. The concept was used for a heterogeneous project consor-
tium, with divergent desires and requirements, during the solution development. The
workshop’s aim was to consolidate the individual images and ideas of the 25 partic-
ipants (researchers, developers, operators, freight forwarders, etc.) and to define of
about three to five plausible solutions. These had to fulfill all technical requirements
and needed to be accepted by all stakeholders before they were worked out in de-
tail and finally decided on. The workshop concept was split in five communication
levels (“Dialog”, “Inner Dialog”, “Exchange within Groups”, “Exchange between
Groups” and “Exchange within the Consortium”) where different processes were lo-
cated. These processes involved several methods like speed dating, morphological
analysis, poster session etc. accompanied by methodical working phases like indi-
vidual work, group work or even work in the whole consortium. This new approach
to the creation of ideas and the sharing of knowledge showed that solution find-
ing processes can be shortened and that the integration of all relevant participants
lead to an innovative and feasible solution. Thus, the product development was ac-
cepted by all parties and was successfully accomplished without any compromises
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concerning the requirements. The fact that all project partners were able to present
their own ideas and discuss them without any prejudices promoted the approval and
acceptance of the decisions made. Through their involvement the partners were also
much more interested in the next steps of the project.

Key words: Knowledge Sharing, Workshop, Product Development, Transport

1 Introduction

1.1 Initial Situation of Freight Transport

In the last decades intermodal freight transport was driven by the changing require-
ments of global supply chains. The improved integration and compatibility between
modes provided the necessary scope for a sustainable transport system and the pro-
motion of intermodality offered the opportunity to improve rail, inland waterways
and short sea shipping. Presently, these options are seldom used, because they do not
allow door-to-door delivery. In future the operation grade of carriers will increase
significantly and the European Commission prognoses a suboptimal load of rail and
waterways compared to the undue quantity of road transports [Com06].

The road transport system is almost overloaded and currently does not offer
enough potential for technological enhancement to face the future increase in traf-
fic. Hence, balancing the modes of transport i.e. intermodal transport is crucial for
European transport policies. Today’s transport system has to face various challenges
in terms of safety, reducing traffic congestion and the improvement of loading pro-
cesses and interoperability of available transport modes. Furthermore the creation
of a sustainable transportation system for Europe depends on the cooperation of op-
erators along the transport chains. For a competitive intermodality the quality and
flexibility of interfaces between modes and national transport chains needs to be
increased. Additionally, transport costs may be reduced by pursuing the trend to-
wards high-volume loading units. Concerning the dimensions of the loading units,
some transport modes may not meet the requirements of every cargo. The lack of
standardization of intermodal loading units inhibits the connectivity of modes and
generates costs e.g. through the requirement of special transshipment technologies.

Especially developed transport solutions, like the high-cube containers or jumbo
semitrailers and loading facilities, for example curtain-side swap-bodies or boxes
with liftable tops, were introduced to the market. However, those single solutions
often can only be used for special applications and require special operational tech-
nologies so that extra costs arise.

The success of intermodal transport solutions compared to road transport sig-
nificantly depends on the cost efficiency of loading processes, the improvement of
interoperability and the exploitation of a maximized cargo area.

European policies and socio-economic changes had a strong impact on the de-
mand on transport. Despite the positive development of the modal split, intermodal
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Fig. 1 Necessary requirements for the new transport unit

transport is hampered by technical constraints particularly when it comes to the
standardization of the loading units and transshipment technologies. Therefore in-
termodal transport lacks all-purpose products.

Currently, many different loading units are used in European freight transport.
ISO-Containers, swap-bodies and semitrailers have been adapted for certain pur-
poses and markets. A general tendency to enhance loading units affects the max-
imization of the cargo area and the facilitation of loading and transshipment pro-
cesses. These loading units differ in their dimension and stability as well as their
usability regarding handling, transport and loading processes.

The project “TelliBox — Intelligent MegaSwapBoxes for advanced intermodal
freight transport” was launched due to the increasing demands from politics and
society to counteract the trend towards increasing freight transport on roads. It fo-
cused on the development of an all-purpose loading unit, applicable in intermodal
transport of road, rail, inland and short sea shipping. The aim was to optimize the
concept and design of swap-bodies by combining the advantages of containers and
semitrailers for a sustainable intermodal freight transport. This new transport unit
will also represent an optimal solution regarding technical feasibility. The objectives
of this project were based on the experience of logistic companies, who have been
operating in intermodal freight transport for years.

Such a transport unit needed to face several requirements regarding its design and
functionality (see Fig. 1). One objective was the introduction of the transport unit to
the intermodal market and the long-term positioning of new units, which have to be
able to compete with long-established loading units and unimodal solutions.



88 S. Jursch et al.

1.2 Initial Situation of the Product Development in Transport

Companies, who want to be successful on the market, face some major challenges.
Not only do they have to ensure that their product meets the consumer’s desire, but
they also have to consider the quality and the costs of the product development.
For the economical design of a product the development has to be achieved with
minimal expense and in the shortest time possible. At the same time the product is
expected to be of high quality. It for example has to be made of high-quality indus-
trial components to reduce expensive repairs and expenditure of time. Furthermore,
a high product performance and product capacity have to be ensured in order to
guarantee safety and reliability. These are the basic requirements, which can limit
companies in their search of ideas for new products. In order to develop products in
the most effective way, an adequate approach beginning early in the development is
therefore needed to obtain the best solution and most suitable strategy.

The application of innovative solution-finding-methods (to generate new inno-
vative products) is essential for the survival of a company. But this is no longer an
exclusive task for the research and development department. It has become a trans-
sectoral process in which the demands of intern divisions like the marketing de-
partment, the manufacturing department, the financial department, the suppliers and
the assembly as well as the client’s or customer’s wishes has to be considered. The
appropriate implementation of these demands and wishes into the product design
allows a faster progress in development, product launching and cost reduction.

Nowadays problems become more and more complex. Companies have to rely on
the knowledge and support of their staff and stakeholders. Now the question is what
is the most attractive and effective method to share knowledge and create solutions?

A variety of different engineering and idea-finding approaches can be found
in literature and practice. Methods like the theory of inventive problem solving
(TIPS/TRIZ) [Orl05] or the developing-method due to Pahl/Beitz [PB07] — to name
just a few — have become very popular, as well as the stage-gate-method [Coo002].
Further, one has to mention the technical attractiveness [Stu03] method, which com-
bines the design and decision phase, the value benefit analysis [Zan70] and the sen-
sitivity analysis [Ves07] to identify the most attractive solutions.

All these approaches show considerable disadvantages, such as extreme expenses
considering time and effort and therefore costs, accompanied by little flexibility,
high complexity or lack of motivation caused by delayed success or failure.

For example, the major disadvantage of the TRIZ-method is the extensive train-
ing in advance due to the complexity of the method. So it is a very time-consuming
and costly process. Furthermore, an expert of the TRIZ method is needed to mod-
erate the solution-finding-process by whom the participants may be unconsciously
manipulated towards a certain direction. Whereas, the ETA-method is character-
ized by a high inaccuracy and error rate due to a vague estimation of probabilities.
The method invented by Pahl and Beitz tends to increase the overall complexity
as soon as the scope for functional sharing is reduced. This often leads to manu-
facturing problems, such as a higher parts count. Cooper’s stage-gate-method fails
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because of the tension between the organization and development stage. His origi-
nal method did not deal with the solution-finding-process and the technical attrac-
tiveness with its sensitivity analysis and value benefit analysis is too abstract for
the partners from industry. The value benefit analysis by Zangenmeister however is
problematic when it comes to the reduction of solution alternatives, with more than
one decision-maker. This leads to difficulties in the criteria selection and raises costs
due to delays. It proved to be impossible to achieve the desired result just with one
of those well-known methods.

2 Methodology for the Development
of an Innovative Transport Unit

The aim is to find an optimal and technical feasible solution followed by the con-
struction of a prototype. An interdisciplinary European consortium consisting of
operators, logistic enterprises, manufacturers and research institutes are involved in
the development of a transport unit as a compromise between existing solutions and
new innovative approaches. The European research project, TelliBox aims to gener-
ate an applicable and custom-oriented intermodal transport solution by encouraging
dialogue between industrial and scientific partners.

The developed scientific methodology (see Fig. 2) is subdivided into six essen-
tial phases. At the beginning of the development of a new transport unit an extensive
analysis phase was implemented. This included the analysis and prioritization of all
technical, operational and constructive requirements of the new transport unit and
the development of a solution space. This phase was important to guarantee the de-
sign of a system that was most suitable for intermodal transport. The solution space
considered new approaches and component technologies which are on the market to
create variants. It is essential that all partners of the consortium are involved.

Within the second phase, the new workshop design was used to create possible
solutions. A combination of various methods like speed dating, morphological anal-
ysis etc. was used. As a result of the design phase approximately three concepts,
which appeared to be the most suitable (technically and operationally) for the trans-
port system, were formed. The third phase comprised the elaboration of the chosen
variants of the transport unit and the adapted chassis. In addition, simulation meth-
ods like the ’finite element method” were used for further analysis of the design.

Before a prototype is built, the solutions were evaluated in the next phase. Within
this evaluation phase, the concept of the best design was chosen and a prototype
based on this design is setup. For this purpose different calculations of economic
efficiency were carried out and the usability of all concepts was evaluated.

After the identification of the most economically, operationally and technically
suitable design the prototype of the transport unit is produced within the fifth phase.
The last phase comprises the testing of the prototype for all transportation modes
(road, rail, short sea and inland shipping), and the handling processes in terminals.
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Fig. 2 Methodology for the development of an innovative transport unit

In addition, tests concerning the loading and unloading of freight are carried out.
The result of the test phase delivers an evaluation of the quality of the prototype
that considers both technical and operational aspects. Recommendations are then
developed to optimize the system.

The results of the testing phase are used to improve the prototype of the trans-
port unit. Therefore, an optimization loop is integrated within the methodology. The
recommendations are used as a foundation to improve the design within the third
phase. However, the optimization of the prototype should not involve a complete re-
design of the transport unit, rather the modification of individual components. After
reengineering, the prototype is tested and evaluated like beforehand.

Because of the above mentioned problems of finding and generating new solu-
tions for the development of a new transport unit, the paper will focus on the design
workshops, which belong to the most important phase, the design phase (Fig. 3).
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3 Design of the Workshop Concept

A new workshop concept, also called “Decision on Designs Workshop”, was de-
veloped to be used in the design stage for the solution development (Fig. 4). The
workshop begins with drafts of possible solutions and ending with a clear definition
of plausible solution hypotheses, which have to be accepted by all stakeholders. At
the same time, these solutions have to meet all technical requirements.

Afterwards, the solutions are elaborated in detail and thereafter evaluated regard-
ing criteria like profitability, usability etc. before an optimal solution can be chosen.

It is intentioned to take individual ideas and images to form one accepted solu-
tion. This involves a lot of communication and exchange between all participants,
which is why the workshop concept is divided into different levels of communi-
cation [LeMO1]. These levels are the “Inner Dialog”, the “Dialog”, the “Exchange
within Groups”, the “Exchange between Groups” and the “Exchange within the
Consortium”. In these five levels of communication different process methods are
used, where feedback is allowed at all times. These methods and processes follow
a defined sequence and go through different levels. The first level describes the
“Inner Dialog” where the individual is concerned with its own ideas and solutions.
Within this level the “Own Drafts” method is used, where each person has to develop
its own drafts to solve the formulated problem. “Improvement & Documentation”
is reserved for the improvement of e.g., the own draft and the documentation of the
feedback and the draft itself. This process can also be applied in other communica-
tion levels.

The second level “Dialog” deals with the dialog between two persons. This leads
to an intensive exchange and is realized by the use of the speed dating method. This
method was employed here, since the key factors cost, time and effort played a major
role in the development of the workshop concept. The original speed dating strategy
for busy professionals to optimize the time they spend while dating, is modified for
the industry to offer a more efficient way to share knowledge and find solutions.
The aim is to get acquainted with all of the design concepts and to discuss them in
a structured way.

The third level “Exchange within Groups” incorporates the communication, ex-
change and working within a group of a defined size. One method used is the mor-
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Fig. 4 Design of the workshop concept

phological box. It presents solution possibilities and is therefore a useful instrument
for an overview and selection. The morphological analysis was designed for multi-
dimensional, non-quantifiable problems, where causal modelling and simulation do
not function properly or not at all. Fritz Zwicky developed this approach to a, as
it seems, non-reducible complexity [ZW67, Zwi69]. In this case the morphological
box offers the possibility to indicate the totality of the conceivable solutions for a
given problem. Therefore the variable creation elements (= parameter) of poten-
tial solutions have to be set. They are arranged as a preliminary column in a table.
Behind every parameter all conceivable concrete execution possibilities (= char-
acteristic) are listed. Single solution alternatives originate from the fact that one
chooses a characteristic from every parameter line and connects them with each
other. The genetic principle of the solution finding is the systematic combination.
The process step “Synthesis” means the combination and synthesis of solution ap-
proaches as well as ideas. The process “Naming” should strengthen the connection
to the developed solution by giving the product a name. In the “Modeling” process
a model is built. This shows possible chances and risks of every concept as well
as the working principle of the design itself. It also provides a better understanding
of form, functions, dimensions etc. “Detailing” means the detailing and refinement
of the worked out solutions. This process might have to be accomplished after the
workshop in a defined time frame. Because of the complexity of the problem and
especially of the solution several investigations are required. These investigations
can be too time-consuming to be handled within the workshop.

The fourth level “Exchange between Groups” is primarily concerned with the
communication and the exchange between the groups. Here, for example the process
“Poster Session” is located [Bri96]. The individuals can question the representative
on the presented solution and thus are able to solve there own issues.

The last level “Exchange in Consortium” means working, communication and
exchange within the whole consortium. The process “Presentation” guarantees the



Design and Application of a New Workshop Concept 93

same level of information for all individuals through the presentation of the results
etc. in front of the consortium.

4 Application of the Workshop Concept

In this case, 25 participants, using a newly designed workshop concept, worked out
a solution for a new intermodal transport unit that fulfils all technical requirements
and is accepted by all stakeholders At the beginning, every workshop-member, irrel-
evant whether being a technician, consultant, scientist, businessman etc., sketched
his/her possible solution and made a draft of an own transport unit. Here, they could
use the already elaborated ideas and solutions of the solution space or they gen-
erated new ones by themselves or simply combined different possibilities. These
drafts were used right at the beginning of the workshop. Afterwards the speed dating
method was applied. The aim was to get acquainted with all of the design concepts
as well as to discuss them in a structured way. To guarantee this structured approach,
every participant received a “date plan”, a list of evaluation criteria and a form for
remarks, improvements and feedback. The “date plan” ensured that all participants
had the chance to “date” all members of the workshop. A common approach and
understanding was ensured through the evaluation criteria and its description. The
form provided a standardized way of reporting.
Each participant was alternating between:

A: Presentation of the design to the partner and the reception feedback.
B: Listening to the presentation of the partner’s design and then giving feedback.

The speed dating was split into two parts. Each part was followed by an im-
provement and documentation loop where the participant could precise, adjust and
specify his design.

The speed dating part itself was followed by group work. The hosts built small
groups of three or four persons based on the analogy of designs and the expertise
of each participant. Aim of this work group session was to put all idea and solution
proposals in a morphological box. The filled morphological boxes of every group
were presented and discussed within a plenary session in order to obtain the same
level of information. After a new improvement and documentation loop the solu-
tions were synthesized in groups according to a provided requirement specification.
The group also had to define a way how these requirements can be fulfilled or why
they were doomed to fail. Additionally, every group had to name their solution to
promote the identification with their product and own work. To exchange informa-
tion each group prepared a poster of its design and presented it within the poster
session. The received feedback and suggestions were implemented in the following
improvement loop that gave the group the opportunity to improve their design.

During the last part of the workshop the group had to undertake two tasks simul-
taneously. One was to build a model of the concept on a scale of 1 : 32 made of balsa
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Fig. 5 Developed solution of the new transport unit

wood where they had to include the essential features of the design and on the other
was to document the concept and the solution in detail.

Next the detailing of the concepts and the filtering by methods e.g., profitability
analysis and usability studies, to one final design took place (Fig. 5).

5 Conclusion

This novel approach for the creation of new solutions and knowledge sharing proves
that solution finding processes can be abbreviated while simultaneously all relevant
actors are integrated. As our example showed all drafts were introduced at the be-
ginning by the speed dating method within the short timeframe of only three hours
— which equals an accumulated speech time of fifty hours. Such an efficient and in-
tensive information exchange process cannot be achieved by other approaches since
information exchange processes usually take far too long or do not obtain compara-
ble results due to the absence of suitable conversation guidance.

Thus this innovative approach allows a successful product development with the
acceptance of all parties, since it encourages the participation of all project part-
ners in the whole solution-development-process and gives them the possibility to
contribute their own ideas and to discuss them without prejudice. In this way the
mutual acceptance towards the final decision on a design is increased. Furthermore,
the new method promotes the interest in the next steps of the project, since all project
partners are involved.
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Trust Is Good, Control Is Better
An Open Innovation-Controlling for SME

Jessica Koch, Eckart Hauck, Ingrid Isenhardt

Abstract Until now the practical work concerning Open Innovation was focused on
the conceptual and use-oriented field. Both the methods and their potentials are de-
picted but there is no research on the cost-effectiveness of Open Innovation and the
applicability of its methods — especially in Small and Medium Enterprises (SME).
Currently SME have no instrument helping them to decide whether they should
adopt Open Innovation. Hence it is necessary to create such an instrument to give
the SME support to decide if “the formal discipline and practice of leveraging the
discoveries of others as input for the innovation process through formal and infor-
mal relationships” [RP08] is worthwhile. In this paper the research project “Invoice
— Efficiency of Open Innovation for Small and Medium-sized Enterprises” is pre-
sented. Within this project the Institute for Management Cybernetics e.V. (IfU) and
the Technology and Innovation Management Group (TIM) at RWTH Aachen Uni-
versity develop an instrument to control Open Innovation-methods in SME.

Key words: Open Innovation, SME, Controlling, NOWS, Critical Success Factors

1 Open Innovation

The successful generation of innovation is a company’s constant assignment, espe-
cially for the numerous technology-oriented SME in Germany [Sch05]. The reason
is the rapid technical change and with this the decreasing development times of
products. Enterprises have to keep up with these changes otherwise they will not
be able to be competitive anymore. Due to that, the pressure to innovate is rising.
Therefore the ability to develop innovation is the key for lasting company success
[SchO5]. Furthermore, many enterprises are not able to bring their new product de-
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velopments onto the market [Fra07]. As a significant development within innovation
management in the last couple of years is the amplified comprehension of external
contributors such as customers, suppliers, researchers and universities can be ob-
served [Che03]. They are involved in the entrepreneurial innovation process. Due
to the businesses’ objective of achieving a successful generation of innovation the
development process is opened for external players during all phases of the product
development process. Therefore the involvement of external players begins with the
idea generation phase and ends with the product and prototype test phase [Che03].
The Danish enterprise Lego for example is adopting Open Innovation. They started
the integration of the external knowledge of their stakeholders into their process of
innovation in the late 1990s when Lego launched the Mindstorms (programmable
robots). Some consumers were able to crack the source code and published it on the
internet. Lego decided to seize this chance and use the consumers’ knowledge to
create the second generation of Mindstorm robots [Wil07]. Users, who extend the
range of applications of existing products, develop them further and create their own
prototypes, are known as Lead-Users [TWOS].

Open Innovation is also used successfully in some SME. Many enterprises use
this form of innovating products unconsciously: they take part in public-aided re-
search projects for example. Consequently they integrate researchers into their in-
novation management. Beside the short resources the disclosure of a part of their
knowledge means also a problem for SME. To focus on the main issue it could be
said that SME neither know how to use the Open Innovation-strategy nor how much
of their knowledge they have to externalize without risking too much of it. A method
which proves the effectiveness and efficiency of Open Innovation-techniques still
does not exist.

2 The Research Project Invoice

The instrument to control Open Innovation-methods which has to be developed in
the research project “Invoice” will be based on the use-oriented cost-effectiveness
evaluation by Weydandt [Wey00]. By using this tool it will be possible to take mea-
surements both ex ante (to aid the decision-making process concerning the imple-
mentation of Open Innovation in SME) and during the process of innovation. Also
it allows analyzing “hard” and “soft” factors of the Open Innovation-measures. The
conventional measurement-tools of the cost-effectiveness (for example the ROI) will
be replenished by implicating the benefit of Open Innovation in SME. To achieve
the aim of designing the new controlling concept especially for SME and helping
them to integrate and use the Open Innovation-strategy, it is necessary to analyze
the special characteristics of small and medium sized enterprises.

According to Gassmann and Widenmayer [GW 10] the special barriers respective
the integration of Open Innovation in SME are the Not-Invented-Here-Syndrome
(NIH-Syndrome) as well as the Not-Sold-Here-Syndrome (NSH-Syndrome). Both
have to be removed. The NIH-Syndrome describes the non-observance of external
knowledge, which is quite known (cf. Katz/Allen 1982). The “hoarding” of internal
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Fig. 2 The 3-Level-Model of the innovation controlling based on Hilgers and Piller, 2009 [HP09]

knowledge inside the enterprise in order to avoid the intellectual property to leave
the enterprise and its commercialization is known as the NSH-Syndrome [GW10].
Hence the characteristics of SME will be analyzed and, after this, critical success
factors concerning the SME’s management of innovation will be identified. This
would be necessary to come up with the requirements which have to be fulfilled by
an instrument to control Open Innovation-methods. The instrument, to secure both
the measurement of the Open Innovation’s effectiveness as well as the measurement
of its efficiency, will be based on a Balanced Scorecard (BSC) approach. A special
challenge of this integrated measurement is the development of key figures which
could map all the perspectives inside the innovation process as well as the integra-
tion of external knowledge into the entrepreneurial value chain (Fig. 1).

At the end of the research project “Invoice” a control loop based instrument,
which controls the effectiveness and efficiency of Open Innovation-projects in SME,
will have been developed. Figure 2 shows how the developed performance mea-
surement system has to map the three aspects effectiveness, efficiency and cost-
efficiency of Open Innovation processes [HP09].
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3 The Open Innovation-Controlling

The controlling instrument, which will be developed in the research project Invoice,
has to support three levels of the Open Innovation-process:

1. It has to support the decision process, if the SME should use Open Innovation or
not.

2. It has to manage the whole Open Innovation-process.

3. It has to be able to evaluate the process at the end to find out, if Open Innovation
was the right way.

This article focuses on supporting the decision process, if the SME should use
Open Innovation or not. For this a value-oriented cost-effectiveness estimation is
needed. The costs and benefits of using Open Innovation have to be evaluated by
the SME before they decide if they should use it in the context of a current problem.
This evaluation provides a basis for the decision.

The developed method has to combine the classical analysis of investment in
monetary terms with relevant non-monetary variables or the so-called soft factors
in the profitability analysis. This approach needs to be considered in comparison to
the classical economic efficiency approaches: these conventional approaches limit
themselves basically to the quantifiable objectives in terms of monetary data, e.g.
costs and revenues (so called “harder” factors). In contrast, the new approach has
to consider non-monetary objectives such as time, quality, flexibility, employee per-
spectives or enterprise environment to be evaluated in terms of money.

To create such a supporting instrument the Value Oriented Cost-Effectiveness
Estimation (NOWS) could be used as a basis [UHS04]. It consists of seven phases
which form the basis for all participation-oriented processes as well as the learning
processes [Ung98] of all participants and also the organization. In the phase “Con-
stitution of the Interdisciplinary Investment Team”, a representative team is created
from executives and employees who are affected by the measures and strategies;
this team conducts the whole evaluation, implementation and reflection process.
During the phase “Current-Situation-Analysis”, the existing skills and competen-
cies in the enterprise are identified; in the “Target-Situation-Analysis™ phase, the
necessary competencies are derived from the strategic objectives, and are identified
and classified according to the necessity of reaching them. Step 4 “Compilation of
Measures” defines individual strategies, which are then tested for their economic
efficiency in the “Investment calculation and evaluation” phase. This is the core
phase of the NOWS. Within this phase the costs and benefits of the investment get
defined and assigned, if they are direct, indirect or difficult ascertain to their prob-
ability of occurrence is high, medium or low. The evaluation is concluded by the
decision to implement one or several strategies. The benefits as well as the costs
get summarized in a 3 X 3-matrix containing the occurrence probability and the as-
certainability. Afterwards costs and benefits get monetized and accumulated from
direct ascertainability and high probability of occurrence to difficult ascertainability
and low probability of occurrence. Afterwards the accumulated costs and benefits
get displayed in a NOWS chart. The intersection point of the cost graph and the
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benefit graph shows a trend concerning accomplishing or refusing the investment
(Fig. 3). It is recommended in the “Implementation” phase, that participants from
the Interdisciplinary Investment Team directly accompany the process, so that the
advice for the evaluation of strategies is directly incorporated into the transfer pro-
cess. In the “Reflection” phase, the Interdisciplinary Investment Team appraises the
experiences gathered during the process (planning, evaluation, implementation and
supervision), and it issues recommendations on possible actions for the next im-
plementations, or for the realization of subsequent training and further education
processes.

4 Present Results

The following critical success factors respective opening the organizational borders
as well as absorbing and integrating external knowledge were worked out based
on a comprehensive literature search concerning SME, innovation management and
Open Innovation. These factors are necessary to create one or more scenarios for
the NOWS-workshops. Currently the project team interviews some of the project-
related SME to corroborate the literature search. One enterprise is exemplified as the
interviewed SME; in the following it will be called enterprise A. The company is
a specialist in the three fields of IT support, individual software development as well
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as business process and IT consulting. The corporation has 10 employees and has
references from the last 21 years. It has no R&D-department; rather it researches on
behalf of its clients in Germany. It is important to mention that market fluctuations
directly effect fluctuations within the enterprise, because the integration in a cor-
porate group as a buffer doesn’t exist. These are the central topics of the interview
guide, each focusing the (open) innovation management:

» Description of activities concerning the integration of external knowledge within
the innovation process

» Strategies and culture

* Operational and organizational structure

* Methods and tools

» The staff’s competences and attitudes.

It has to be pointed out that there is no clear distinction between the following
factors. The culture of an enterprise is for example affected by its internal communi-
cation. Furthermore the single success factors alone aren’t essential for the success
of Open Innovation-measures but their combination is.

Due to the literature search the entrepreneur is classified as a key personality and
therefore as a success factor in SME. He would develop Open Innovation-measures
but just if he is convinced that this strategy of innovation is successful. Hence the
entrepreneur as a leader should be sensitive both for internal as well as external sig-
nals. He has to be able and willing to absorb business relevant information. Also the
information has to be separated in the ones which are important for the day-to-day
business and those which are relevant for the future business. Also this information
has to be ranked concerning their importance [Ber89]. Furthermore being open for
the future is a crucial factor concerning an innovation-supporting leadership. The
adaptability of the entrepreneur is one of the most important requirements to clas-
sify him or her as a success factor.

Most innovations are the outcome of systemic and strategic plans [Spd10]. For
this reason the most innovative SME in Germany make a note of their innovation
strategies, reveal it to their employees and discuss it periodically [Spdl0]. An-
other important aspect is the active encouragement of the team spirit. This could
be achieved by an incentive system [Sch10]. It could be summarized that the Open
Innovation-approach has to be supported by the SME’s entrepreneur. This aspect
was verified in one of the first interviews within the project-related committee. The
director of the interviewed enterprise A told us that developing and challenging the
innovation activities by the entrepreneur is indispensable (Interview, 14.02.2011).

According to the literature the innovative working climate is another critical suc-
cess factor. In 2009 for example the enterprise Harro Hoflinger Verpackungsmaschi-
nen GmbH was nominated as the innovator of the year [Spd09]. This SME got the
most points because of its innovative working climate (amongst others). The atmo-
sphere there is characterized by the direct contact between the employees and the
costumers. Hence a distinctive sense of responsibility concerning the employees is
fixed in this SME [Spd09]. Very important is the participation and empowerment of
the employees by allowing them to submit their own proposals. By analyzing techni-
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cal and product-related processes as a team, the employees and the costumers work
already in early phases of the innovation process (based on Lead-User workshops)
together. Doing this they reduce the risks and adopt the products successful in the
market [Spd09]. This example intensifies the assumption that a motivating innova-
tive climate could be characterized as a success factor concerning Open Innovation
in SME. The director of the interviewed enterprise A describes the organizational
culture of his SME as an open one. The SME’s external partners for example are
allowed to join the internal meetings. Very important is the fact that every employee
accepts that the external help is part of the performance and the value chain. From
the director’s point of view this culture encourages the absorption and integration of
external knowledge (Interview, 14.02.2011).

Another success factor is a flat hierarchy. This becomes apparent by the SME
Spreadshirt:

Flat hierarchies, a lot of space for creativity and an individual influence quicken the ideas,
which make Spreadshirt so successful. [Spr10]

These facts were confirmed in the interview with enterprise A (Interview,
14.02.2011).

5 Conclusion and Forecast

Until now there didn’t exist any approaches concerning the controlling of Open
Innovation-measures, especially for SME. Some of the existing approaches are clas-
sified as important substructures for following research projects but they do not
comply with the control instrument requirements to act as a decision support for
SME. Hence the research project “Invoice” has to develop an instrument to control
Open Innovation-methods with regard to secure both the effectiveness and the ef-
ficiency of Open Innovation in SME. The first part of an integrated instrument to
control Open Innovation-methods should be based on the method of the Value Ori-
ented Cost-Effectiveness Estimation (NOWS) by Weydandt [Wey00]. This method
will be used and refined in workshops with SME of different industries. The costs
and benefits of different Open Innovation-methods (for example lead-user-method,
innovation platforms or ideas competitions) will be measured by the employees, to
conduct an ex-ante cost-effectiveness estimation of the respective Open Innovation-
measurement. Within these workshops two graphs will visualize a first trend, if an
Open Innovation-investment is worthwhile or not. Furthermore the program shows
it’s users until which point this investment would be worthwhile. Referring to these
workshops a controlling concept concerning the planning, regulating and control-
ling of the whole Open Innovation-process will be developed. Within an integrated
performance measurement a tool will be developed, which will be able to eliminate
and monitor performance indicators of Open Innovation-measurements. A special
challenge of this integrated performance measurement is the development of key
figures which could map all the perspectives inside the innovation process as well
as the integration of external knowledge into the entrepreneurial value chain.
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Achieving IT Security
in a Telematic Rescue Assistance System

Matthias Miiller, Daniel Schilberg, Sabina Jeschke

Abstract Many of the main causes of death such as heart attack and stroke usually
strike outside of hospitals. Therefore patient outcome depends to a large extent on
the quality of preclinical care. In order to improve it, Telematic Rescue Assistance
Systems (TRAS) are being developed. They transmit vital signs, audio and some-
times video data from the rescue team to an emergency physician at a remote site,
thus enabling this specialist to assist in diagnosis and treatment. Not only is spe-
cialist expertise brought to the emergency site, but also time to definite treatment is
reduced, as specialists are involved earlier and hospitals can be informed in advance
about incoming patients. The proper functioning of such systems depends on the
correct handling of highly sensitive patient data. While there are numerous method-
ologies for achieving IT security for large organizations, none exists for small dis-
tributed medical systems such as TRAS. After comparing several methodologies,
the IT baseline protection methodology [SecO8b] was chosen for its ability to pre-
scribe specific IT security measures and applied to a TRAS currently in development
in Aachen.

Key words: IT Security, Telematic Rescue Assistance System, Emergency Medical
Services

1 Introduction

In preclinical emergency medicine there frequently is a lack of timely medical ex-
pertise at the emergency site. Unlike many other countries in Germany, the Emer-
gency Medical Services (EMS) employ emergency physicians who travel to the pa-
tient’s location. The number of missions involving EMS physicians has more than
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sultation with the
mpelence center

Fig. 1 An example of a Telematic Rescue Assistance System

doubled since 1990 [SBB04]. Unfortunately, this increase in demand was accom-
panied by a decrease in the number of physicians available [Mar08], thus further
aggravating the situation. Not only are EMS physicians often sent out although this
is not really indicated, but when their presence is indicated e.g. for decision-making,
their manual abilities are needed in less then 15% of all missions [SBRT09]. As-
suming that they received all relevant information, diagnosis and treatment could be
decided at another location than the emergency site.

As shown in Fig. 1, Telematic Rescue Assistance Systems (TRAS) deliver patient
information such as vital signs, audio and video data instantly to any relevant insti-
tution. Shortening the time between an emergency incident and definite treatment
improves patient outcome, e.g. in heart attack or stroke [HMGO03]. Also, the EMS
physician does not lose time shuttling between ambulance station, emergency site
and hospital in cases in which his physical presence is actually not needed. The ben-
efits of TRAS are greatest in rural areas where EMS are sparse and large distances
make traveling to the patient time-consuming.

In Aachen, Germany, researchers from the ZLW/IMA at RWTH Aachen Univer-
sity and the University Hospital Aachen, along with the engineers from P3 com-
munications and Philips Healthcare, are developing a TRAS in the Med-on-@ix
(medonaix.de) project. Their aim is to give an EMS physician at a remote site, the
Competence Center (CompC), all the data needed to make timely informed deci-
sions on diagnosis and treatment [PGHO9]. Various vital signs, audio, photo, video
data are transferred by a portable solution directly from the patient’s location.
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Similar to other distributed systems, risks are often found in recently developed
components that have not been time proven [MPHO09]. In TRAS the major novelty of
the system lies in the ways existing IT components are integrated and made to work
together. Therefore patient treatment in TRAS depends more on IT than in common
EMS. Like other areas IT security is subject to a limitation of available resources.
Therefore an approach needs to be chosen that allows resources to be spent as effec-
tively as possible, while still ensuring the security of patient data. TRAS consist of
several components that are connected to one another, using mostly wireless tech-
nologies. The majority of the system functionalities e.g. the visualization of vital
signs are not provided by a single component, but by the successful combination of
several components at the emergency site, ambulance and CompC. As the system
becomes more elaborate, the attainment of IT security becomes more difficult.

In Sect. 2, different approaches for achieving IT security in TRAS are examined
and one is chosen. In Sect. 3, the structure of the TRAS Med-on-@ix, including its
IT assets and applications, is analyzed. In Sect. 4, security needs are identified and
the protection requirements are gathered. Safeguards are determined using modules
provided by IT baseline protection methodology in Sect. 5. Since IT security is
subject to changes in technology as well as to the specific needs of a system, it
needs to be reviewed periodically. That process is laid out in Sect. 6. This paper
closes with a conclusion in Sect. 7.

2 Choosing a Methodology

Currently, no methodology for the establishment of IT security exists for TRAS.
TRAS are being developed by research consortia, (e.g. DREAMS [SDW00], Stro-
keNet [SGKT08], Stroke Angel [ZRM108]) and small and medium enterprises (e.g.
SHL telemedicine, ER-Link, Ortivus). They publish mostly clinical results. Regard-
ing IT security only single measures are mentioned rather than a methodology.
Ortivus [PBCT03] recognized the need for guarding against malicious code and ac-
quired an IT security product for its telemedicine device [Hoe09]. SHL telemedicine
[RMS*09] merely states that it follows “generally accepted industry standards” and
that it utilizes “secure server software SSL” [tel10].

Hitherto, no methodology has been designed for small medical systems such
as TRAS. There are several approaches for big organizations, yet usually they are
defined in abstract terms in order to not subject them to technological change. The
methodologies Common Criteria, the ISO 27000 standards family, COBIT and IT
baseline protection are examined in more detail.

Common Ceriteria is a standard for the certification of IT security, which is de-
scribed in ISO 15408. It aims to specify IT security, so that buyers can easily state
requirements, vendors can work towards fulfilling them and independent third par-
ties can evaluate the fulfillment of them. Unfortunately, it is very generic and gives
little specific advice on what steps to take to achieve IT security. It also has been
criticized as being too costly and too focused on paperwork [Jac07].
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| IT structure analysis |

| Assessment of protection requirements |

| Modelling |
I
2 v
IT assets already in use: Planned IT assets
| model = test plan model = development plan

Fig. 2 Creation of an IT security concept according to IT baseline protection [Sec05]

The ISO 27000 standards family tries to foster best practices in information se-
curity management, similar to what the ISO 9000 standards family does for quality
management. ISO 27002 focuses mainly on the steps necessary to establish a func-
tioning security management system and anchor it in the organization [SecO8b].
ISO 27001 allows the certification of IT security standards comparable to the one
of ISO 9000 for processes. The ISO 27000 family contains important aspects of
successful IT security management, but is also very generic and not descriptive.
ISO 27799 adapts ISO 27002 to the medical field. Unfortunately, like ISO 27002, it
is very generic and offers little practical advice. Annex A of ISO 27799 lists com-
mon threats in the medical field, which also apply to TRAS, such as the difficulty of
keeping outsiders such as patients from accessing areas where medical infrastruc-
ture is located.

Control Objectives for Information and related Technology (COBIT) aims to
align IT governance with the main business processes [RYC04]. It encompasses
many fields, of which IT security is a small section [VS05]. Its IT security part is
based on ISO 27002, and since the goal is overall IT governance it focuses espe-
cially on control and measuring points. It is aimed at large corporations and, like
ISO 27002, it is too general.

The IT baseline protection [Sec08b, Sec08a, Sec08c], developed by the German
Federal Office for Information Security, specifies the general ISO 27000 IT security
standard family further and gives practical advice in its application. Also, it pro-
vides practical steps toward the certification to different security levels including
ISO 27001. It is a reference work containing recommendations for secure handling
of information and IT in a wide range of industries. Companies such as Daimler,
Siemens, BASF and Deutsche Lufthansa apply it to meet safety requirements for
IT as well as local health services like hospitals, medical practice and health insur-
ance companies [Sec09]. The approach is depicted in Fig. 2. First, the existing IT
infrastructure is analyzed. The main IT assets and their locations are listed as well
as the main applications they provide. In order to assess security needs, the main
applications are classified according to criticality to business success. Then, they
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are mapped to the IT assets they use. If an application such as the visualization of
vital signs is critical, then the computer on which the vital signs are displayed and
the room where it is located at are also critical. The IT system is modeled using
IT baseline protection modules [Sec05]. These modules describe the most common
threats and their safeguards for each component, e.g. laptops or servers. Based on
these modules a test plan and a development plan for the system are created.

Whereas ISO 27000, Common Criteria and COBIT deal mainly with the setting
up and running of an IT security management system, IT baseline protection gives
specific details of how to achieve IT security. It also recommends additional safe-
guards that can be taken in order to establish a higher level of IT security. For these
reasons the methodology used in this paper follows the one set out by IT baseline
protection.

3 IT Structure Analysis

In accordance with the IT baseline protection methodology [Sec08b], an IT struc-
ture analysis is carried out. First, the hardware used in the system is surveyed. In
order to do so, a list of all network components is compiled. It includes relevant
information such as a unique identifier, a description, the platform they run on, the
site, who they are connected with, the user and the technology employed. The list
for the TRAS Med-on-@ix is given in Table 1. The components include medical
devices such as the electronic stethoscope and the patient monitor, as well as the
communication unit. They are distributed across the emergency site, the ambulance
and the CompC. Since most of the hardware is standardized, it can be gathered quite
easily. After identifying the hardware components, a list of locations and their IT as-
sets is compiled. This holistic approach according to the FSI layer model [Sec05] is
necessary because administrators often treat IT security in terms of security gadgets
such as firewalls and neglect the danger of granting outsiders access to the rooms,
where important hardware is located. In medicine it is especially difficult to keep
outsiders such as patients and their relatives from rooms and devices with critical
patient information [Sta08].

Vital organizational processes such as accounting depend on the proper function-
ing of IT applications. In the case of TRAS these processes include videos, photos,
audio, vital parameters and other applications that the remote EMS physician needs
in order to make a sound decision on patient diagnosis and treatment. An excerpt
of the applications of a TRAS, the type of information they handle, their respective
users and the IT systems they run on is given in Table 2.

Figure 3 shows the IT structure of the TRAS developed in Med-on-@ix. As can
be seen, important IT security aspects have already been planned and implemented
at an architectural level [MPHO09, PGH09, PGH10]. Communication between the
emergency site and the CompC is carried out via VPN in order to ensure the confi-
dentiality and the integrity of patient data. An extra computer at the CompC provides
the remote emergency physician with access to outside clinical databases.
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Table 1 IT assets of the Tras Med-on- @ix

M. Miiller et al.

No Description Platform Site Connected with User Technology
T1 GSM audio device Emergency CompC EMS staff ~ GMS/UMTS,
site ISDN
PC1 Private Branch Linux CompC ISDN network, CompC staff TETRA, ISDN,
Exchange (PBX) local VoIP SIP/RTP
PC4 Communication  Linux CompC Internet, Local Fiber connec-
unit 2 (data center) data center tion to RWTH
data center
PC7 Communication  Linux Emergency Internet UMTS,
unit 1 site HSDPA,
HSUPA, GPRS
PC8 Tablet PC Windows Emergency Communica- EMS staff =~ WLAN
XP site tion unit 1 (WPA2)
M1 Electronic stetho- Emergency Communica- EMS staff  Bluetooth 2.0
scope site tion unit 1
KA1 Mobile video Emergency Communica- EMS staff, =~ WLAN
camera site tion unit 1 remote EMS (WPA2)
physician
Ka2 MICU camera MICU Communica- EMS staff, WLAN
tion unit 1 remote EMS (WPA2)
physician
T2 Bluetooth headsets Emergency Communica- EMS/CompC Bluetooth 2.0
site, CompC tion unit 1,2 staff
M2 Patient monitor Emergency Communica- EMS staff =~ WLAN
site tion unit 1 (WPA2)
PC5 Remote EMS phy- Windows CompC Local data Remote EMS LAN
sician computer ~ XP center physician
PC6 TNA external Windows CompC Internet Remote EMS LAN
computer XP physician
PC2 Central server Linux CompC Local data Administra- LAN
services (data center) center tors
PC3 Web services Linux CompC Local data Administra- LAN
(data center) center tors
T3 Telephone CompC PBX Remote EMS
physician
T4 Fax CompC PBX Remote EMS
physician
Drl Printer CompC Remote EMS  Remote EMS
physician com- physician
puter
Dr2 MICU printer MICU MICU Hub EMS staff  LAN
PC2 User DB Linux CompC Local data LAN
(data center) center
PC2 Mission DB Linux CompC Local data Remote EMS LAN
(data center) center physician
PC2 DB Med Linux CompC Local data Remote EMS LAN
(data center) center physician
PC2 Coverage DB Linux CompC Local data Administra- LAN
(data center) center tors
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Table 2 Applications of Tras (Excerpt)
No. Application Type of in- User IT system
formation
Video and Photo
Al Video capturing A/V Remote EMS physician Mobile/MICU camera

A2 Video transmission (live) A/V

A3 Displaying videos
A4 Remote control of cam-
era

A5 Photo capturing
A6 Buffering photos

A7 Transfer photos

A8 Displaying photos

AV

T

A/V
A/V

AV

AV

A9 Control of digital camera T

A10 Archiving of video and A/V

photos

Vital signs
A17 Recording of vital signs

A18 Transmission of vital
signs

A19 Display of vital parame-
ters in CompC

A20 Auscultation with stetho-

scope
A21 Transfer of the stetho-
scope data

A22 Reproduction of stetho-
scope data

A23 Archiving of vital signs

Pa

Pa

Pa

Pa

Pa

Pa

Pa

Remote EMS physician

Remote EMS physician
Remote EMS physician

Remote EMS physician
Remote EMS physician

Remote EMS physician

Remote EMS physician

EMS staff

Remote EMS physician
EMS staff
Remote EMS physician

EMS staff
Remote EMS physician

Remote EMS physician,

EMS staff
Remote EMS physician

Remote EMS physician

Communication unit 1, 2,
(PC7, PC4)

(No suggestions) (PC1)

Remote EMS physician
computer (PCS5)

Remote EMS physician
computer (PCS5)

Digital camera
Communication unit 1
(PC7)

Communication unit 1,2
(PC7, PC4),

PBX (PCI)

Remote EMS physician
computer (PCS5)

Digital camera
Mission DB (PC2)

Patient monitor

Communication unit 1,2
(PC7, PC4),

PBX (PC1)

Remote EMS physician
computer (PC5)

Electronic stethoscope

Communication unit 1,2
(PC7, PC4),

PBX (PC1)
Headset

Mission DB (PC2)

Pa: Patient data, A/V: Audio/Video data, T: Technical Data
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Fig. 3 The IT structure of the TRAS Med-on-@ix

4 Assessment of Protection Requirements

The IT protection required depends on the criticality of the applications to the orga-
nization. If an application is highly critical, then the IT security of the hardware it
runs on is also highly critical and not everybody should have access to it. In order
to assess the criticality of different applications, categories for assessing criticality
have to be defined. These categories are defined qualitatively. A quantitative assess-
ment would more often than not be cumbersome, inaccurate and time-consuming,
while at the same time instilling a false sense of control [SecO8b]. The protection
requirement categories for the TRAS Med-on-@ix are shown in Table 3.

The security level of different applications was examined by a survey of experts.
These included EMS physicians and developers from both within and outside the
project. Each expert individually assessed the security needs of the applications ac-
cording to the following categories: legal violations, impairment of informational
self-determination, impairment of personal integrity, impairment of work processes,
negative internal and external effects and financial implications. Table 4 shows the
results of the survey for video and photo applications. The median was used to
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Table 3 Protection requirement categories

Low Impairment is not likely
Normal The effects of damages are limited and manageable
High The effects of damages can be significant

Very high The effects of damages can reach an existentially
threatening catastrophic level including death

Table 4 Protection needs of videos and photos

Aspects Protection needs of videos and photos
Low Normal High Very high Sum

Violation of laws/regulations/contracts
Impairment of informational self-determination
Impairment of personal integrity

Impairment of work processes

Negative internal or external effects

[o R B O R
W o O W o o
N W WY AR
N A W W
PO =D W
O O ®© O O ©

Financial implications

Median

aggregate what the experts thought. The IT security needs differ according to the
aspects that are examined.

IT baseline protection proposes using the maximum principle: the highest IT
security need of all aspects determines the overall security need of an application.
For instance, as the security need is determined to be high for video and photo data
from a legal standpoint, its overall security need is considered to be at least high.

Almost all the data that are captured, transmitted and visualized are patient data.
The survey showed that at an aggregate level the IT protection required for this data
are high, because of their confidentiality and their relevance to patient treatment. As
aresult, all IT assets that process them, which include all IT assets bar the computer
of the EMS physician for external access, require a high IT security protection level.
All locations contain IT assets that have a high IT security need and thus also require
a high protection level.

5 Selection and Adaption of Security Measures

The aim is to establish a comprehensive checklist of the most common IT security
threats and safeguards for the IT system without the hassle of going through a risk
analysis for the most common threats. Also, a piecemeal approach, in which for ex-
ample a top-notch firewall is combined with an operating system that is not updated
regularly, is to be avoided. In order to achieve this, the system is modeled with mod-
ules that already describe threats and safeguards for the different IT components
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Table 5 IT assets in Med-on-@ix and their respective modules
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No. Description BSI module

Infrastructure module

Other module

Tl GSMaudio B.3.404 Cell phone
device
PC1 Private B.3.401 PBX
Branch B.3.101 General server
Exchange B.4.5 LAN connections
(PBX) of an IT system via ISDN
PC7 Communica- B.3.301 Security gateway
tion unit 1 (firewall)
B.3.101 General server
PC4 Communica- B.3.301 Security gateway
tion unit 2 (firewall)
B.3.101 General server
PC8 Tablet PCs  B.3.203 Laptop
M1 Electronic
stethoscope
KA1 Mobile video
camera
Ka2 MICU cam-
era
T2 Bluetooth
headsets
M2 Patient moni-
tor
PC5 Remote EMS B.3.201 General client
physician B.5.3 E-mail
computer
PC6 TNA external B.3.208 Internet PC
computer

B.2.10 Mobile worksta-
tion
B.2.1 Building

B.2.2 Electronical wiring
B.2.3 Office

B.2.10 Mobile worksta-
tion

B.2.1 Building

B.2.2 Electronical wiring
B.2.5 Data archive

B.2.9 Data center
B.3.302 Routers and
switches

B.2.10 Mobile worksta-
tion

B.2.10 Mobile worksta-
tion

B.2.10 Mobile worksta-
tion

B.2.10 Mobile worksta-
tion

B.2.10 Mobile worksta-
tion

B.2.1 Building

B.2.2 Electronical wiring
B.2.3 Office

B.2.10 Mobile worksta-
tion

B.2.1 Building

B.2.2 Electronical wiring
B.2.3 Office

B.2.1 Building

B.2.2 Electronical wiring
B.2.3 Office

B.1.5 Privacy policy
(reason: personal data)

B.1.5 Privacy policy
(reason: personal data)
B.2.12 IT cabling
B.4.6 WLAN

B.1.5 Privacy policy
(reason: personal data)
B.4.6 WLAN

B.1.5 Privacy policy
(reason: personal data)
B.2.12 IT cabling

B.1.5 Privacy policy
(reason: personal data)
B.4.6 WLAN

B.1.5 Privacy policy
(reason: personal data)
B.4.6 WLAN

B.1.5 Privacy policy
(reason: personal data)
B.4.6 WLAN

B.1.5 Privacy policy
(reason: personal data)
B.2.12 IT cabling

B.1.5 Privacy policy
(reason: personal data)
B.4.6 WLAN

B.1.5 Privacy policy
(reason: personal data)
B.1.5 Privacy policy
(reason: personal data)
B.2.12 IT cabling
B.1.5 Privacy policy

(reason: personal data)
B.2.12 IT cabling

[Sec05], Module B.2.10, for example, describes a mobile workspace. Threats are
mentioned in order to raise awareness where possible pitfalls lie, e.g. for mobile
workspaces one threat is the inappropriate handling of passwords (Threat T.3.43).
Safeguards for the component are listed, e.g. the observance of rules concerning
workstations and working environments (safeguard S.2.136).
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The modules are classified according to the parts of system they describe: uni-
versal application aspects, infrastructure (e.g. B.2.10), IT systems, networks and IT
applications. Universal application aspects apply to the system as a whole, e.g. the
IT security process itself, organization and personnel, and have to be applied once to
the whole system. Then, IT components are modeled individually. Threats are clas-
sified according to their origin, e.g. T.3.43 belongs to category T3 human failure.
Safeguards, meanwhile, are classified according to the moment when they should
be implemented, for instance during operation (e.g. S.2.136). Based on the IT struc-
ture analysis and the resulting security needs, the TRAS Med-on-@ix was modeled
(see Table 5). The IT baseline protection modules are at the heart of its IT security
concept.

6 Information Security Process

IT security is not established once, but it is subject to change, and thus the IT
security concept has to be updated periodically [SecO8b, Sec08a, SecO8c, Sta05].
Exploits are discovered by intruders and closed by software vendors continuously.
Also, IT infrastructure is subject to change as new devices are bought and sold
and new applications used. Additionally, one of the most important steps toward
achieving an adequate level of IT security is not the creation of an IT security con-
cept itself, but rather initiating and continuing an IT security management process.
This includes the setting up of an IT security management, which helps to ensure
that the creation or update of an IT security concept, the implementation of miss-
ing safeguards and the maintenance in ongoing operations are carried out properly.
Also, it has to control whether existing defined measures are being applied cor-
rectly, whether measures are still adequate and whether the structure of the system
has changed.

Often it is not possible to apply all measures at once. Some guidance is given
in the prioritization by the BSI itself, which can help to choose the measures to
be implemented. The security of the information that is vital to an organization is
the responsibility of the top management of an organization. Yet it has been proven
helpful to name a person responsible for the operational aspects of IT security.

7 Conclusion

IT baseline protection allowed achieving a checklist of IT security safeguards for
the TRAS Med-on-@ix, as well as its components, rapidly. Due to its systematic
approach, all main applications and IT assets were identified and safeguards were
defined for them. Not all IT security safeguards recommended by IT baseline pro-
tection were implemented. The requirements are quite exhaustive, and the security
level it aims to attain as well as its costs can be high. Therefore it is helpful to start



116 M. Miiller et al.

with the requirements marked A at first and then proceed to the ones classified as B.
IT security costs resources and the decision of whether or not to take certain precau-
tions has to be made on an individual basis. It is not advisable to apply all safeguards
of the methodology blindly. For some parts, such as the electronic stethoscope, no
IT baseline protection modules existed. Modules such as the Bluetooth headset can
be used for such components. Many of its safeguards such as data encryption are
applicable, although it was not specifically developed for the medical field. Further
research may include whether the specific threats of the medical field such the ones
pointed out in Annex A of ISO 27799 can be applied to the security concept devel-
oped for TRAS. The research presented in this paper could be used as the basis for
a methodology to reduce IT security risk as well as hardware and software risk in
the development of TRAS, helping to achieve an overall security level early in the
design stages of a TRAS.
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Reducing Hardware Risks in the Development
of Telematic Rescue Assistance Systems:
A Methodology

Matthias Miiller, Patrick Loijens, Daniel Schilberg, Sabina Jeschke

Abstract In developed countries many of the main causes of death such as heart
attack and stroke usually strike outside of hospitals. Therefore patient outcome de-
pends to a large extent on the quality of preclinical care. In order to improve it,
Telematic Rescue Assistance Systems (TRAS) are being developed. They transmit
vital signs, audio and sometimes video data from the rescue team to an emergency
physician at a remote site, thus enabling this specialist to assist in diagnosis and
treatment. Not only is specialist expertise brought to the emergency site, but also
time to definite treatment is reduced, as specialists are involved earlier and hospitals
are informed in advance about incoming patients. Due to their use in emergencies,
risks to the proper functioning of TRAS hardware have to be kept as low as possi-
ble. Adequate methods for risk assessment have to be chosen, since the use of an
inadequate method can result in a cumbersome resource-intensive process, while at
the same time major risks are being overlooked. This paper proposes a methodology
for reducing hardware risks in the development of TRAS.

Key words: Remote Diagnostics and Care, Ehealth, Mhealth Services and Portals,
IT Services and Technologies for Rural and Poor Areas

1 Introduction

In preclinical emergency medicine there frequently is a lack of timely medical ex-
pertise at the emergency site. Unlike many other countries in Germany the Emer-
gency Medical Services (EMS) employ emergency physicians who travel to the pa-
tient location. Due to an increase in both the total number of EMS missions and the
share involving EMS physicians, the number of missions of EMS physicians has
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sultation with the
mpelence center

Fig. 1 An example of a Telematic Rescue Assistance System

more than doubled since 1990 [SBB04]. Unfortunately, the increase in demand was
accompanied by a decrease in the number of physicians available [Mar08], thus fur-
ther aggravating the situation. Not only are EMS physicians often sent out although
this is not really indicated, when their presence is indicated e.g. for decision-making,
their manual abilities are needed in less then 15 % of all missions [SBR*09]. Pro-
vided they received all relevant information, diagnosis and treatment could be de-
cided at another location than the emergency site.

As is shown in Fig. 1 TRAS can deliver patient information such as vital signs,
audio and video data instantly to any relevant institution. Shortening the time be-
tween an emergency incident and definite treatment improves patient outcome, €.g.
in heart attack or stroke [GdLAO4]. Also, the EMS physician does not lose time
shuttling between ambulance station, emergency site and hospital in cases where
his physical presence is actually not needed. The benefits of TRAS are greatest in
rural areas where EMS are sparse and distances make travelling to the patient time-
consuming.

Technical risks of TRAS, including hardware, software and IT security risks,
have to be kept as low as possible — ideally during the development process
[MPHO9]. TRAS are used in the physically rough field of emergency medicine.
Hence, reliable system hardware is the physical basis of TRAS. An abundance of
different methods for the identification of hardware risks is available, each method
associated with its own advantages and drawbacks. Choosing an ineffective method
is a waste of resources and leads to a cumbersome process. Even worse, it instills
a false sense of security, because major risks are being overlooked [Com03]. Using
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a feasible methodology has the benefit of applying methods proven effective leading
thus to higher product quality. Up till now no methodology to reduce hardware risks
for TRAS existed. Therefore it was unclear which of the many existing methods
was suited to analyze them. In this paper we propose a methodology for reducing
hardware risks in the development of TRAS.

Firstly, existing methods are examined and classified according to their suitability
to reduce risks in different circumstances (Sect. 2). Next, common characteristics of
TRAS are described and the span of methods is narrowed down to the ones suiting
TRAS (Sect. 3). The methodology for TRAS is then applied to a currently developed
system (Sect. 4).

2 A General Methodology for Technical Systems

At the beginning the objective of the risk analysis and the parameters of the system
examined are established. The objective may range from a swift cursory estima-
tion of risks to a thorough, detailed and therefore lengthy analysis of the system.
The parameters of analysis such as the dependence between the failure rates of the
subsystems are determined. Then based on these the methods for risk analysis are
selected and applied to identify risks. Finally risks are evaluated and measures for
their reduction are determined.

The principal methods to reduce technical risk can be classified as either deduc-
tive or inductive. A deductive method explores possible causes of an undesired effect
e.g. system failure, whereas an inductive method studies the effects of an undesired
cause e.g. component failure. In theory both inductive and deductive methods ap-
plied individually should successfully identify risks. In practice they complement
each other by examining the system from different perspectives. Therefore to re-
duce hardware risks, as a rule a mix of inductive and deductive methods is used
[ComO3].

Based on the work from Biegert [Bie03] common methods are classified ac-
cording to their ability to identify risks with different system characteristics and at
different stages of the development process. The methods are classified according to
their approach, their objective, their risk assessment, their underlying model, their
purpose and their field of application (Table 1).

Deductive methods include Fault Tree Analysis (FTA), Reliability Block Dia-
grams (RBD), Checklists, Technique for Human Error Rate Prediction (THERP),
Petri nets and formal methods. FTA is widely used for identifying the causes for
a chosen top-event e.g. system failure [Com06b]. RBDs help to model failure be-
havior of system components and can serve as input for a FTA [Com06c]. A simple
way to identify known hazards is provided by checklists, which are mainly based on
experience, either from previous analysis or when damage occurred. THERP, com-
ing from the field of Human Reliability Analysis, aims at integrating the impact of
human error into a quantitative analysis [SG83]. Markov Analysis is used to model
changes between different system states [Com06d], whereas Petri nets are used to
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Table 1 Classification of Risk Reduction Methods
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U [=]

: Not suitable for field of application

model a system using the model elements places and transformations [Mur89]. Both
deduce future system behavior based on their models. Formal methods describe the
system with mathematical formulas [Bie03], yet they are very complex and thus

prone to errors.
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Inductive methods include Failure Mode and Effects Analysis (FMEA), Hazard
Analysis Critical Control Point (HACCP), Event Tree Analysis (ETA), Preliminary
Hazard Analysis (PHA), prediction of failure rate, Hazard and Operability study
(HAZOQOP) and Situation-based Qualitative Modelling and Analysis (SQMA). FMEA
is widely used for examining how failure modes of components affect overall system
functionality [Com06a]. Based on FMEA, HACCP has since been widely adopted
as a safety standard in the food industry [fSO1]. ETA facilitates the analysis of event
chains [0D00] and may serve to complement FTA and FMEA. PHA is employed at
an early design stage to analyze the system at a high level [fNe85]. Failure rates of
new electrical components may be predicted based on known failure rates of existing
ones [Com96]. HAZOP, originally invented for the chemical industry, is used to
identify and evaluate problems in processes [Com01]. SQMA analyze hazards on
the basis of a qualitative model of the system [Lau96].

3 A Methodology for Telematic Rescue Assistance Systems

The general methodology presented in Sect. 2 needs to be specified further in order
to fit TRAS. Firstly the objective of analysis is set and common properties of TRAS
are characterized along Table 1. Then the number of methods is narrowed down.
Thus a specific methodology for TRAS is provided.

In the development phase risks are mainly reduced by lowering the failure rate
of subsystems and components. The principal failures in the context of TRAS are
damage to the patient, the personnel, the technical system or its surroundings. The
methodology should be able to check for compliance with safety requirements.
TRAS are complex, as they consist of many diverse subsystems and are intricate in
both structure and behavior. The hardware components are distributed on the emer-
gency site, the ambulance, the server site and the competence center. The system
applies existing components in a field and a combination they were originally not
developed for and is thus novel. Due to its novelty the system is subject to frequent
changes during the early stages of the development process, and if models are used
they have to be modified very often. As model-based methods depend on a more or
less stable model, brainstorming-based methods are preferred to model-based ones.
There is a considerable independence between components, since the architecture is
modular [PGHO9]. As a result the methods must be able to identify hardware risks
in complex, novel systems early on in the development process.

In Table 2 the governing characteristics and the methods that do not comply
with them are colored in grey. The methods not directly applicable to TRAS are
ETA, THERP, SQMA, formal methods, failure rate prediction, RBD, and Check-
lists. Markov analysis and Petri nets would be suitable according to the criteria, but
are model-based and thus too cumbersome to be applied early on in the development
process.

Thus the methods adequate for risk identification are HAZOP, FMEA, FTA, PHA
and HACCP. Of these only FTA is an inductive method. ETA, RBD and checklists
may still be used as add-ons. Often an FTA is combined with an ETA to identify
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Table 2 Risk Reduction Methods According to Their Suitability for TRAS
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different failure modes. In order to acquire reliability data as input for FTA and
FMEA RBDs may be used. Often checklists are already employed in emergency
medicine.

We propose the following combination of methods to identify risks in developing
stages of TRAS: PHA, FTA and ETA. Firstly a PHA identifies areas of major risks
to obtain an overview of the system. Based on these findings an FTA is performed,
with the worst case being the complete failure of a critical component. For specific
time-sensitive risks such as network availability an ETA is carried out. Measures for
reducing technical risks are specified.
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The success of risk reduction depends to a large degree on gathering expert
opinion. These experts include emergency physicians, paramedics, project leaders,
telecommunication experts and manufacturers of medical devices. Qualitative infor-
mation is usually collected in workshops with experts. Quantitative information may
be obtained by measuring network coverage and network availability, by comparing
existing components with the newly developed ones and by retrospective studies of
past emergency missions.

4 Application of the Med-on-@ix System

The TRAS methodology is adapted to the application example Med-on-@ix
[SBR109]. In Aachen, Germany, researchers from the Institute of Information Man-
agement at the RWTH Aachen University and the University Hospital Aachen along
with the engineers from P3 communications and Philips Healthcare are developing
a TRAS in the Med-on- @ix project (www.medonaix.de). Their aim is to provide an
EMS physician at a remote site with the data needed to make timely, informed deci-
sions on diagnosis and treatment [PGH10]. The basic structure of the Med-on- @ix
system is shown in Fig. 2.

Audio and video signals as well as vital signs are captured at the emergency site
and in the ambulance and sent to an experienced emergency physician at a remote
location. Data is transmitted locally via WLAN and Bluetooth, over larger distances
via 2G and 3G wireless networks as well as via Terrestrial Trunked Radio (TETRA).
A tablet PC provides the user interface for documentation, visualization of vital
signs and system control. Vital signs, photos, audio and video data are displayed at
the competence center.

The combination of PHA, FTA and ETA was applied to identify risks in the de-
velopment stage of Med-on- @ix. During the PHA failure modes were identified and
their probability and their potential impact evaluated. This evaluation was carried
out qualitatively using five categories with the probability ranging from improbable
to highly probable and the potential impact ranging from negligible to catastrophic.
An inhomogeneous prioritization according to Mil-Std-882 [fNe85] was used to
prioritize risks. The audio connection, the communication unit and the tablet PC
used for all controls as well as data entry were identified as critical components. An
excerpt of the results of the PHA is shown in Table 3.

The PHA helped to identify numerous hazards and failure modes. The use of
a moderator proved to be the key for a successful identification of hazards, striking
the balance between letting participants focus on the details of a particular hazard
and keeping the team from veering to far of its original objective. In order to achieve
this, the moderator refrained from participating actively in the brainstorming pro-
cess.

Based on the PHA the FTA was performed. In order to gather further information
and consider more perspectives, the experts who participated in the FTA were not
the ones who carried out the PHA. The level of abstraction at which the PHA ex-
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Table 3 Excert from Preliminary Hazard Analysis

[Hazard Causes S |W [Prio|Reduction Measure

Mabile Headset

Reduced basis for diagnosis Failure of communication 1lc 4|Reserve headsets on the

via headset vehicle, cellular phone

Unauthorized interference with Lack of encryption 1|d 7|Use of cryptographic techniques

data transmission

Distortion of diagnosis / treatment|Distortion of communication| 2|c 8|Software algorithms for data
integrity, Bluetooth 1.0 devices
hardly any disturbance

Distortion of communication MNoise 2|c 8|Integration testing, field tests

Mo energy Battery Empty 2|c 8|Reserve headsets on vehicle

Battery is not charging Charger does not work 2|d 12|Control LED for loader, spare
battery on vehicle

amined the system proved too coarse for the FTA. Therefore components were split
into their separate functions e.g. when examining telecommunications. The ETA
was used for a more detailed analysis of 3G coverage based on the FTA. Although
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important data such as how network coverage translates into available bandwidth
and how much of this bandwidth is really needed were not available, the ETA al-
lowed anticipating loss of system functionality in areas with little coverage. In 96 %
of the area coverage was sufficient for the live transmission of vital signs and in
70 % of the area it was enough for live video.

5 Conclusion

A methodology for the reduction of hardware risks of TRAS was proposed and
successfully applied to the Med-on-@ix system. While categorizing the methods,
the work of Biegert was found to be consistent with DIN 60300-3-1 [ComO3] and
other relevant norms. In the application example PHA, FTA and ETA successfully
identified risks qualitatively. Quantifiable data will become available during the test
phase and remaining risks will be assessed quantitatively. Further research includes
the estimation of the workload needed to carry out each method and the identifica-
tion of software support for the different methods. Also the methodology to reduce
hardware risks should be incorporated into a general methodology reducing other
major sources of technical risk in TRAS as well such as software and IT security.
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Open Innovation als Zukunftsstrategie
fiir kleine und mittelstindische Unternehmen

Thilo Miinstermann, Jessica Koch, Raphaele Bruch, Ingrid Isenhardt

Zusammenfassung Grofle Unternehmen wie IBM und Lego gelten als erfolgreiche
Vorreiter in der aktiven Einbindung von Kunden und externen Ressourcen in die
Wertschopfung des Unternehmens. Open Innovation wird als Erfolgsstrategie der
Zukunft gefeiert und von der sich verindernden Unternehmensumwelt gefordert.
Doch ist ldngst nicht klar, welche Chancen und Risiken sich daraus fiir kleine und
mittelstindische Unternehmen (KMU) ergeben. Eine Betrachtung der Dimensionen
Mensch, Organisation und Technik (MOT) zeigt deutlich, dass enorme Verdnderun-
gen auf den Ebenen Technik und Mensch stattgefunden haben und noch stattfinden
werden, die KMU zu einer Organisations- und Strategieanpassung zwingen. Daher
ist es das Ziel dieses Beitrags, typische Merkmale von KMU systematisch nach den
MOT-Ebenen untergliedert aufzuzeigen und erste Hinweise zu geben, wo die Chan-
cen und Risiken dieser Entwicklung liegen kénnen.

Schliisselworter: Open Innovation, KMU, MOT-Ansatz

1 Wer macht eigentlich Open Innovation?

Hiufig wird gemutmaBt, dass Open Innovation — das derzeitige Schlagwort im Kon-
text von moderner Innovationsfihigkeit und neuen Unternehmensstrategien — im
Wesentlichen eine Strategie fiir die groen Konzerne sei. Oder Open Innovation
wird mit nutzergenerierten Inhalten a la Wikipedia gleichgesetzt und die Anwen-
dungsmoglichkeiten ausschlieflich im Internet gesehen (wie bei Flickr, YouTube,
MySpace, Facebook und Co.). Tabscott & Williams (2006) [TWO06] zeigen hinge-
gen eine grofle Bandbreite von Entwicklungen auf, die mit dem Phinomen Open
Innovation zusammenhéngen. Sie reichen von Open Source Initiativen iiber die Be-
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teiligung von Nutzern an Produktentwicklungen bis hin zu kooperierenden Unter-
nehmensnetzwerken mit offen gelegten Standards.

IBM beispielsweise geht mit groBen Schritten voraus: Bereits vor Jahren hat
IBM die Entwicklung eines eigenen Serverbetriebssystems eingestellt und begon-
nen, jihrlich Millionen Dollar in die Weiterentwicklung des freien Open Source
Betriebssystems Linux zu investieren [TW06]. Dabei handelt es sich um eine Soft-
ware, fiir die IBM nicht die Rechte besitzt und die jedem Mitbewerber zu Verfii-
gung steht. IBM hat erkannt, dass in der heutigen Zeit eine eigene Serversoftware
kein Alleinstellungsmerkmal mehr darstellt und eine Beteiligung an einer weltwei-
ten Entwicklergemeinschaft effizienter ist. Dariiber hinaus versucht IBM die besten
Programmierer weltweit iiber jahrliche Wettbewerbe und grof3e Events zu entdecken
und fiir sich zu gewinnen.

Lego war zunichst tiberrascht, als Ende der 90er Jahre ihre erste Generation der
programmierbaren Mindstorms Roboter hdufiger von Erwachsenen als von Kindern
genutzt wurden, der Quellcode des Betriebssystems innerhalb weniger Wochen ge-
knackt war und im Internet veroffentlich wurde. Statt sich mit Unterlassungsklagen
und vermehrter technischer Absicherung gegen die Entwicklung zu wehren, hat Le-
go die aktiven Mindstorms-User als Innovationsquelle gesehen. Schliellich tiber-
trafen die von diesen Nutzern umgesetzten Funktionen das von Lego beabsichtigte
Potenzial um Lingen. Fiir die nichste Generation der Roboter wurden die kreativs-
ten und besten Nutzer aktiv ins Entwicklungsteam integriert [Wil07].

Weitere grofSe Namen wie BMW oder Novartis werden haufig fiir ihre modernen
und offenen Innovationsansétze gelobt. Doch im Zusammenhang mit Open Inno-
vation stellen sich die folgenden Fragen: Haben KMU mit einem viel kleineren
Nutzerkreis und weniger offentlicher Aufmerksamkeit die gleichen Chancen? Gibt
es fiir Nischenprodukte oder Einzelteile von Zulieferern auch sog. Lead-User! und
wie konnen diese identifiziert werden?

Ein Blick in die Praxis lidsst erkennen, dass auch bei KMU beachtenswerte Er-
folgsbeispiele fiir die aktive Einbeziehung von Nutzern oder Partnern in den Wert-
schopfungsprozess existieren:

Die Firma Threadless vertreibt T-Shirts und hat dabei fast alle wertschdpfenden
und risikobehafteten Titigkeiten an die Kunden ausgelagert. Uber ein Webinterface
gestalten die Kunden die T-Shirts selbst, verbessern und bewerten sich gegenseitig.
Threadless stellt seinen Usern die Infrastruktur zur Verfiigung und iibernimmt die
tatsdchliche Herstellung. ,,Die Kunden iibernehmen die Werbung, stellen die Mo-
dels und Photographen fiir die Katalogphotos und werben neue Kunden* [RPOS].
In Deutschland verfolgt die Firma Spreadshirt das gleiche Geschéftsmodell erfolg-
reich.

Der Automobilzulieferer Webasto stellt Dachsysteme, Standheizungen und Kli-
maanlagen her und hat damit traditionell wenig Kontakt zu den Endkunden (den
Autofahrern). Viel bedeutender ist hingegen der Kontakt zu den Automobilkonzer-
nen. In Zeiten zunehmenden Marktdrucks ging Webasto aktiv auf die Endkunden

' Als Lead-User werden solche Kunden und Nutzer bezeichnet, die Grenzen existierender Produkte
ausloten, diese weiterentwickeln und so héufig eigene Prototypen kreieren [TW06].
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zu. Das Unternehmen identifizierte Lead-User aus den eingehenden Kundenanfra-
gen und lud diese zu ,,Innovationswochenenden* ein. Pro Wochenende konnten im
Rahmen von Workshops mehr als 100 neue Ideen entwickelt werden [LD10], von
denen Webasto heute profitiert.

Dariiber hinaus betreiben viele KMU lidngst unbewusst Open Innovation. Die Be-
teiligung von KMU in 6ffentlich geforderten Forschungsprojekten, wie beispiels-
weise die der Arbeitsgemeinschaft industrieller Forschungsvereinigungen (AiF),
stellt eine aktive Einbeziehung von Forschern in die Innovationsprozesse von KMU
dar. Davon konnen die Unternehmen profitieren, miissen sich fiir die Teilnahme an
den Projekten aber immer ein Stiick weit 6ffnen und auch die wissenschaftliche Ver-
offentlichung von Projektergebnisse zulassen. Doch die Erfahrung zeigt, dass die-
se Form der Wissensoffenlegung vor allem Vorteile fiir die Unternehmen mit sich
bringt. Genauso ist die seit Jahren forcierte Bildung von Clustern seitens Industrie
und Politik wie auch der Wissenschaft nichts anderes als eine Aktivitit auf dem Weg
zu gemeinsamen, kooperativen Innovationsprozessen mehrerer Unternehmen.

Open Innovation ist demzufolge gar nicht neu. Piller merkt an, dass ,,ein Grossteil
der funktionalen Neuheiten auf Entwicklungen fortschrittlicher Nutzer zuriickgeht.
Dies gilt bereits seit den Anfiangen der Industrialisierung [...]* [Pil07]. Es stellt
sich also die spannende Frage, was genau neu ist und ob wirklich die Notwendigkeit
neuer Strategien auf nahezu alle Firmen, insbesondere KMU zukommt. Oder geht es
einfach nur um ,,eine moderne Version des Vorschlagwesens* [Wil07], die durch ein
paar neue Internettechnologien unterstiitzt wird? Zur Beantwortung dieser Fragen
muss systematisch analysiert werden, wo die tatsidchlichen Neuerungen liegen und
wie diese mit den typischen Merkmalen von KMU zusammenhéngen. Einen ersten
Néherungsschritt bietet daher der folgende Abschnitt dieses Beitrags, welcher sich
mit der systematischen Betrachtung der drei Dimensionen Mensch, Organisation
und Technik beschiftigt.

2 Open Innovation unter Beriicksichtigung der Ebenen Mensch,
Organisation und Technik

Das Thema Innovation wird mittlerweile ganzheitlich unter Einbezug der drei wich-
tigen Ebenen Mensch, Organisation und Technik betrachtet. Bei Open Innovation
hingegen liegt der Fokus der derzeitigen Diskussion noch auf der Technik wéhrend
der Mensch als bedeutender Akteur sowie die hinter dem Innovationsprozess ste-
hende Organisation hédufig nur am Rande betrachtet werden. Dabei ist fiir KMU,
insbesondere fiir die Offnung ihrer Innovationsprozesse, die ganzheitliche Betrach-
tung von Mensch, Organisation und Technik von besonderer Bedeutung.

Die Verdnderungen der jiingeren Vergangenheit im Bereich der Technik liegen
auf der Hand und haben die Diskussion um Open Innovation mafgeblich geprigt
[RPO8, How06, Hip05]. So haben die kontinuierliche Optimierung von Computern
sowie die Offnung des Internets fiir den privaten Gebrauch (wichtig sind hierbei
auch die Zurverfiigungstellung von Breitbandanschliissen und die Einfiihrung von
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Homo Zappiens Homo Sapiens

twitch speed < > conventional speed
multi tasking < > mono tasking
non linear approaches < > linear approaches
iconic skills first < > reading skills first
connected < > stand alone
collaborative < > competitive
active < > passive
learning by playing < > separating learning and
playing
instant payoff < > patience
fantasy < > reality

Abb. 1 Homo Zappiens vs. Homo Sapiens [VV06]

kostengiinstigen Flatrates) zu einer vernetzten digitalen Welt gefiihrt, die von der
neuen Generation akzeptiert und genutzt wird. Web 2.0 Technologien wie Wikis,
Blogs, Tagging oder Content-Management-Systeme haben maf3geblich dazu beige-
tragen, Nutzer an der Entstehung und Weiterentwicklung von Software- und Inter-
netangeboten zu beteiligen.

Kunden oder Nutzer treten folglich nicht mehr nur als Konsumenten auf, son-
dern gleichzeitig als Produzenten, wofiir Toffler bereits Ende der achtziger Jahre
den Begriff des Prosumers geprigt hat [Tof87]. Bekanntestes Beispiel hierfiir ist
Wikipedia. Die Nutzer dieser Onlineenzyklopiddie konnen sowohl Wissen konsu-
mieren als auch schaffen, indem sie selbst einen Eintrag verfassen uns somit ihr
Wissen fiir andere zur Verfiigung stellen. Bei genauer Betrachtung lassen sich noch
weitere aktuelle Verdnderungen in der Dimension Mensch ausmachen. Schon in
jungen Jahren ist es fiir die Menschen heutzutage selbstversténdlich, sich in virtu-
ellen Welten zu bewegen und sich schnell auf Neuerungen im Bereich der Technik
einzulassen. Diese ,,neue‘ Generation zeichnet sich dadurch aus, dass sie auf digita-
lem Wege stindig miteinander vernetzt ist und kommuniziert. Des Weiteren spielen
Fantasie und spielerisches Lernen eine wichtige Rolle. Wichtigste Eigenschaft im
Zusammenhang mit Open Innovation ist jedoch der Drang, sich aktiv an allem, was
um sie herum geschieht, zu beteiligen und dies auch umzusetzen sowie das erlangte
Wissen zu teilen. Veen [VV06] bezeichnet diese heranwachsende und nun erstmals
den Arbeitsmarkt erreichende Generation als ,,Homo Zappiens* und konstatiert ihre
grundlegend anderen Denk-, Lern- und Verhaltensmuster. Abbildung 1 stellt diese
den Eigenschaften des ,,alten* Homo Sapiens gegeniiber.

Bei der Betrachtung der Ebene Mensch wird so schnell deutlich, dass hier ein
Wandel stattgefunden hat und weiterhin stattfindet, auf den sich die Unternehmen,
insbesondere bei der Offnung ihrer Innovationsprozesse, einlassen sollten, um Open
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Prosumer,
Homo Zappiens,
Lead User
Strategien fiir die
Nutzung der veran- Computer,
derten Ressourcen in Internet,
den offenen Innovati- Web 2.0,

onsprozessen e Wikis, Blogs

Abb. 2 Aktuelle Trends in den Dimensionen Mensch, Organisation und Technik

Innovation fiir sich erfolgreich einsetzen zu kénnen. Bei der ndheren Betrachtung
dieser Gegebenheiten kommt die Frage auf, ob mit der neuen Generation von Mitar-
beitern ,,Closed Innovation* nicht sogar so gut wie unmdglich wird, da diese Art des
Innovationsmanagements den grundlegenden Herangehensweisen der neuen Gene-
rationen wie etwa dem ,,Homo Zappiens* widerspricht.

Auf den ebenen Mensch und Technik stehen den Unternehmen folglich nicht nur
die externen Ressourcen zur Verfiigung, um Open Innovation einsetzen zu kénnen
sondern die bereits erfolgten Verinderungen erzeugen Druck, die Ebene Organisa-
tion den neuen Gegebenheiten anzupassen (vgl. Abb. 2).

Hier sei noch einmal betont, dass fiir ein erfolgreiches offenes Innovations-
management alle drei Ebenen von grofler Bedeutung sind. Mensch, Organisation
und Technik unterliegen aus unternehmenskybernetischer Sicht einer gegenseitigen
Abhingigkeit. Wenn in einer der drei Ebenen eine Verinderung oder ein Soll-Ist-
Ungleichgewicht vorliegt, hat dies Einfluss auf die beiden iibrigen Ebenen. Die Ver-
dnderung eines der Elemente bewirkt in der Regel keine grundlegende Entwicklung
der Innovationsfihigkeit. Das Zusammenspiel der drei Ebenen sowie die Riickfiih-
rungen untereinander sind der Schliissel zu einer erfolgreichen Innovationsstrategie.

Zurzeit fehlen den Unternehmen, insbesondere den KMU, Strategien zur Vor-
bereitung ihrer Mitarbeiter auf offene Innovationsprozesse sowie fiir deren Umset-
zung. Ein Grund hierfiir ist die Ressourcenknappheit der KMU. So fehlt es bei-
spielsweise an Kapital und Arbeitskréften, um sich ndher mit Open Innovation zu
beschiftigen und eine geeignete Strategie zu entwickeln bzw. die Unternehmensor-
ganisation anzupassen [Mey06, Mug98, PPS00, LVvK]. Ein weiterer Grund kann
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sein, dass die Verdnderung, die mit einer neuen Generation Mensch, dem Homo
ZappiensQ, den Unternehmen bevorsteht, von der ,,Fiihrungskriften der alten Gene-
ration‘‘ noch nicht wahrgenommen wird.

Dabei ist zu bedenken, dass es gerade fiir KMU zukiinftig zwingend notwen-
dig sein wird, den Open Innovation-Gedanken aufzunehmen und zu vertiefen, um
gegeniiber anderen Unternehmen wettbewerbsfihig zu bleiben. Der folgende Ab-
schnitt zeigt daher die speziellen Merkmale von KMU auf und leitet daraus erste
Ideen fiir die Einordnung dieser in ihre Stirken, Schwéchen, Chancen und Risiken
in Bezug auf die Offnung des Innovationsprozesses ab.

3 Merkmale kleiner und mittelstiandischer Unternehmen

Angesichts des Gedankens, dass die Verwendung von Open Innovation immer un-
umginglicher wird, aber auch nicht zwingend neu fiir KMU ist, bedarf es einer ge-
nauen Betrachtung der Merkmale von KMU. Es konnen Erkenntnisse erlangt wer-
den, ob z. B. Organisationsstrukturen kompatibel mit der Strategie sind und ob es
Maoglichkeiten gibt Open Innovation effizient zu nutzen. Um die Potenziale zur Off-
nung des Innovationsprozesses zu identifizieren, werden zunichst die wesentlichen
Eigenschaften, die ein KMU von einem GroBunternehmen abgrenzen, erhoben.

Zunichst konnen zur Abgrenzung verschiedene Definitionen anhand quantita-
tiver Mal3stibe herangezogen werden (vgl. HGB; Europdische Kommission, IfM
Bonn, etc.). Laut Europédischer Kommission setzt sich die Groflenklasse der KMU
aus Unternehmen zusammen ,,[. .. ] die weniger als 250 Personen beschiftigen und
die entweder einen Jahresumsatz von hochstens 50 Mio. EUR erzielen oder deren
Jahresbilanzsumme sich auf hochsten 43 Mio. EUR belduft.” [KomO06]

Mittels quantitativer Kriterien kann eine erste Orientierung zur Differenzierung
zwischen KMU und GrofBunternehmen stattfinden. Die Messung Skonomischer
ZahlengroBen ist zwar relativ genau durchfiihrbar, ldsst jedoch keinen Einblick in
das Wesen und die Eigenschaften von KMU zu. Durch die Identifikation von quali-
tativen Merkmalen konnen die charakteristischen Faktoren unter Annahme des M-
O-T-Gedankens deutlicher dargestellt werden. Denn gerade die organisatorischen
und sozialen Faktoren spielen die entscheidende Rolle fiir die Ermittlung der Po-
tenziale zur Durchfiihrung von Open Innovation. Die in der Literatur, unter an-
derem von Pichler/Pleitner/Schmidt (2000) [PPS00], Pfohl (2006) [Pfo06], Mug-
ler (1998; 2008) [Mug98, Mug08], IfM Bonn (2010), Gelshorn/Michallik/Staehle
(1991) [GMS91], Siemers (1997) [Sie97], Lindermann et al. (2009) [LVA*] hiufig
dargelegten qualitativen Merkmale® werden im Folgenden dargestellt (Tab. 1).4

2 An anderen Stellen auch unter den Stichworten Generation N oder Netgeneration angesprochen.
3 Ausgegrenzt werden jene Faktoren, die keinen Bezug auf das Innovationsmanagement haben.
4 Es muss beachtet werden, dass die aufgefiihrten Faktoren nicht fiir alle KMU zutreffen, da z. B.

die Unterscheidung nach Branche und Standort nicht einbezogen wird. Des Weiteren konnen einige
Merkmale als Kontingenzfaktoren identifiziert werden.
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Tabelle 1 Merkmale von KMU

MENSCH
Unternehmer

In der Person des Unternehmers ist zugleich die Funktion des Eigentiimers und Leiters des
Unternehmens vereint (Einheit von Eigentum, Leitung, Entscheidung, Risiko und Kontrolle);
Unternehmenskultur wird von Unternehmer bestimmt; Innovationsbereitschaft hingt von der
Personlichkeit des Unternehmers ab; Hingabe an Unternehmen; starke emotionale Bindung;
patriarchalische Fiihrung; geringe Bedeutung strategischer Planung; mangelnde betriebswirt-
schaftliche Kenntnis

Mitarbeiter

Mangel an Personal; wenig funktionsspezifische Mitarbeiter hinsichtlich betriebswirtschaftli-
cher Aufgaben; Fachwissen liegt in einem Bereich; Mitarbeiterzufriedenheit; hohe Motivation;
Flexibilitat der Mitarbeiter; Netz von personlichen Kontakten zu Kunden, Lieferanten und re-
levanter Offentlichkeit

ORGANISATION

Hohe Flexibilitdt beziiglich der Unternehmensorganisation; traditionelle Organisationsformen
(Linienorganisation); kaum Aufgabendelegation; geringer Formalisierungsgrad; flache Hierar-
chie; geringe Arbeitsteilung; enger und informeller Kontakt zwischen der Unternehmenslei-
tung und den Mitarbeitern; kurze und iiberschaubare Informationswege; hohe Partizipation und
wechselseitige Abstimmung der Mitarbeiter (Sozialcharakter des Unternehmens)

TECHNIK

Knappe Ressourcenausstattung; keine dauerhafte institutionalisierte F&E- Abteilung; intuitiv
ausgerichtete F&E; wenig Verwendung von Web 2.0; beschrinkter Einsatz von Informations-
und Kommunikationstechnologie (IKT)

SONSTIGE

Leistung
Individuelle, differenzierte Erbringung; keine Ausnutzung von ,.economies of scale” (keine
Massenproduktion)

Situation
Zeitmangel; schwieriger Zugang zu Kapital; meist nur regionale Tétigkeit; Abhéngigkeit von
groBeren Firmen, die meist als Abnehmer fungieren; schwieriger Schutz von ,,intellectual pro-
perty*; geringer Markteinfluss; Unternehmen wird stark von unsicheren externen Einfliissen
tangiert;

Innovation

Uberproportionale Belastung durch Fixkosten der Innovationen; relativ kurzer Zeitraum zwi-
schen Erfindung und wirtschaftlicher Nutzung; geringe Diversifikation des Risikos; interne In-
novationsfinanzierung

Bevor einige Merkmale herausgegriffen und im Hinblick auf das (offene) In-
novationsmanagement niher betrachtet werden, sei betont, dass es sich bei den in
der Tabelle aufgelisteten Merkmalen um Extremformulierungen handelt, die in der
Realitit selten so vollstindig in einem KMU zusammenkommen.

Die individuelle, differenzierte Leistungserbringung sowie der enge personliche
Kontakt zu den Kunden geben bereits erste Hinweise, dass Open Innovation in ei-
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nigen KMU (héufig unbewusst) vollzogen wird. Der Mangel an Ressourcen, insbe-
sondere an Kapital, zwingt die Unternehmen in vielen Fiéllen zur Kooperation mit
externen Wissenstridgern. Da in KMU vorherrschend kurzfristig-intuitiv angelegte
F&E Abteilungen vorhanden sind, pradestiniert dies KMU fiir die Integration eines
offenen und kooperativen Innovationsprozesses [ GEO5]. Die Nutzung von externen
Wissenspotenzialen, in Form von Technologie- und Wissenstransfer bedeutet fiir
KMU eine Moglichkeit, dem Nachteil der knappen Ressourcen beziiglich Personal
und Kapital entgegenzuwirken [Mey06, Mug98, PPS00, LVvK]. Das Wissen kann
nicht nur zur Identifikation von Bediirfnis- und Losungsinformationen und zur Er-
weiterung der eigenen F&E genutzt werden, sondern auch um die marktbezogenen
und technologischen Unsicherheiten zu erkennen. Jedoch steht dem gegeniiber, dass
Techniken des Wissenserwerbs, wie Informations- und Kommunikationstechnologi-
en hiufig lediglich zur Unterstiitzung des Tagesgeschiifts genutzt werden [LVA™].

Dem Menschen innerhalb des Unternehmens wird eine besondere Bedeutung
beigemessen. Die zentrale Stellung des Unternehmers kann sich sowohl positiv
als auch negativ auf das Potenzial von Open Innovation in KMU auswirken. Auf
der einen Seite zeichnet sich die Einheit von Eigentum, Entscheidung, Leitung und
Kontrolle bei gleichzeitigen kurzen Informationswegen, durch eine schnelle Reak-
tionsfihigkeit beziiglich Umweltverinderungen und einer potenziellen Flexibilitit
in der Unternehmensorganisation aus [Das94]. Auf der anderen Seite wirkt sich die
alleinige Entscheidungsbefugnis bei fehlerhaften Beschliissen, beispielsweise be-
ziiglich einer Abwehrhaltung gegen externes Wissen (NIH-Syndrom) oder falscher
Innovationausrichtung, auf den gesamten Erfolg des Unternehmens aus [Mey06].
Weiterhin steht die mit der Nutzung von Web 2.0 verbundene Selbstorganisation im
Widerspruch zu dem vorherrschenden patriarchalem Fiihrungsstil des Unternehmers
und der daraus folgenden mangelnden Partizipation der Mitarbeiter [LVA™].

Die Implementierung einer Open Innovation-Strategie bedeutet gerade fiir tradi-
tionell gefiihrte Unternehmen einen erheblichen Wandel. So muss der Unternehmer,
welcher womdglich Jahre erfolgreich mit einer internen Produktentwicklung war,
bereit sein, das externe Wissen anzunehmen. Er muss sich dem Wandel des Men-
schen auBerhalb seiner Unternehmensgrenzen bewusst werden, sowie den Glauben
ablegen, dass neue Technologien, wie Web 2.0 keinen zukiinftigen Einfluss auf ihr
Unternehmen haben werden [LVA™]. Weiterhin sollte der Unternehmer einen ge-
wissen Mut zum Risiko haben, um eine Open Innovation-Strategie zu implemen-
tieren. Nicht nur aufgrund der mangelnden Risikodiversifikation, sondern auch auf-
grund des schwierigen Schutzes von ,,interlectual property“, kann sich Angst vor der
Offnung des Innovationsprozesses beim Unternehmer verbreiten [RD91, GW10].
Dennoch muss dieses Risiko gegeniiber dem Risiko der Diskontinuitéten in Techno-
logie und Bediirfnissen und dem daraus folgenden Versdumnis abgewogen werden.
Voraussetzung hierfiir ist, dass KMU explizit definieren miissen, wo sie sich 6ffnen
konnen und wo es weiterhin gilt, Wissen zu bewahren, um Erleinstellungsmerkmale
zu erhalten.

Ein weiterer Faktor auf der menschlichen Ebene ist das Wissenspotenzial. Der
zentrale Unternehmer griindet oder agiert mit seinem Unternehmen héufig in dem
Fachgebiet, in welchem er seine Ausbildung genossen hat. Auch das Wissen der
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Mitarbeiter liegt vorwiegend in einem speziellen Bereich. Dies impliziert, dass in
KMU meist ein ausreichendes Potenzial an Wissen zur Erfindung neuer Techno-
logien vorliegt. Doch mangelt es KMU aufgrund der starken Technikorientierung
an Kapazititen in Bezug auf Herstellungsverfahren, Marketing und Strategie, um
eine Innovation effizient in den Markt einzufiihren [LPYP10, Not94]. Dies wirft
einen neuen Aspekt der Open Innovation-Strategie auf. KMU haben scheinbar das
Potenzial im F&E Bereich und arbeiten auch in vielen Féllen bereits mit Kunden
zusammen, jedoch fehlt es an einer Zusammenarbeit in der Kommerzialisierungs-
phase [LPYP10].

Der Organisation wird bei Innovationsprojekten ebenfalls eine besondere Auf-
merksamkeit gewidmet, da sie eine entscheidende Kraft fiir die Innovationstétig-
keit von Unternehmen reprisentiert [Sie97]. Aufgrund der offenen und personlichen
Kommunikation innerhalb der KMU kann der Aufwand des Abstimmungsbedarfes
zwischen den verschiedenen Bereichen des Unternehmens reduziert und effizienter
gestaltet werden [Mug98]. Durch die Flexibilitét der Organisation knnen die durch
die Implementierung einer Open Innovation-Strategie hervorgerufenen strukturel-
len Verdnderungen des Unternehmens mit geringen Kosten bewiltigt werden. Im
Hinblick auf die Verwendung und Integration von externem Wissen wird ein gut or-
ganisierter Innovationsprozess meist unumginglich [VdVdJVdR09]. ,,Mit dem Ein-
satz von Web 2.0 stehen Unternehmen vor einem fundamentalen Wandel in Rich-
tung selbstorganisatorischer und partizipativer Strukturen* [LVA™]. Faktoren, wie
der Mangel an Zeit, verlangen, dass bei der Suche mit modernen Kommunikations-
mitteln eine strukturierte Vorgehensweise angewandt wird. Es muss eine Balance
zwischen Innovation und tiglichen Aufgaben gefunden werden [VdVdJVdRO09]. So
impliziert dies auch wiederum einen Wandel auf der menschlichen Ebene. Mitarbei-
ter miissen in Richtung der neuen Informationssuche ausgebildet werden. Es sind
zunehmend neue Rollen mit speziellen Aufgabenbereichen fiir Open Innovation zu
vergeben. Eine Kernaufgabe fiir die Mitarbeiter liegt darin, die Kooperationspart-
ner zu erkennen, effizient das Angebot externen Wissens zu nutzen und wichtiges
Wissen von belanglosem zu separieren [GW10]. Demzufolge steht dem Mangel an
Personal und Zeit die Anforderung, neue Aufgaben neben den operativen Titigkei-
ten zu bewiltigen, gegeniiber.

4 Zusammenfassung und Ausblick

Beispiele wie Threadless und Webasto zeigen, dass bereits einige KMU durch die
Implementierung einer Open Innovation-Strategie einen erheblichen Wettbewerbs-
vorteil erlangen. Um eine Open Innovation-Strategie einzufiihren, miissen sich
KMU iiber den Wandel innerhalb der Dimensionen Mensch, Organisation und Tech-
nik bewusst werden und ihre Potenziale identifizieren, erfolgreich auf den Wandel
reagieren zu konnen. Der M-O-T Ansatz verdeutlicht, dass den Entwicklungen in
den Dimensionen Mensch und Technik und dem Zusammenspiel der drei Faktoren
eine hohe Aufmerksamkeit gewidmet werden muss. Es ist unumgénglich, dass mo-
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derne Technik neue Moglichkeiten der Zusammenarbeit iiber Unternehmensgrenzen
hinweg ermoglicht und dass eine Generation auf den Arbeitsmarkt dringt, die in
Bezug auf Kommunikation, Kooperation und Informationsverarbeitung neue Wege
beschreitet.

Die Merkmale von KMU geben insbesondere Hinweise auf interne Stirken und
Schwichen zur erfolgreichen Durchfiihrung einer Open Innovation-Strategie. Die
wichtigsten sind hier noch einmal zusammengefasst: Die Separierung von wichti-
gem und unwichtigem Wissen sowie zu teilendem und zu ,,versteckendem® Wissen
muss als Aufgabe erkannt und in der Unternehmensstruktur als neue Kernaufgabe
abgebildet werden. In der Umsetzung von Innovationen sind KMU aufgrund ihrer
spezifischen Struktur und Kultur hiufig schneller und kostengiinstiger. KMU soll-
ten ihre Netzwerke (Kunden und wissenschaftliche Partner) in der Kommerzialisie-
rungsphase besser nutzen.

Daher wird das Institut fiir Unternehmenskybernetik in Zusammenarbeit mit dem
Lehrstuhl fiir Technologie- und Innovationsmanagement der RWTH Aachen Uni-
versity im Rahmen des AiF-Forschungsprojekts ,,Invoice* auf Basis der zuvor auf-
gefiihrten Merkmale eine SWOT-Analyse durchfiihren, welche die Unternehmens-
situation in Bezug auf Open Innovation auf anschauliche Weise darlegt. Mittels der
SWOT-Analyse konnen die potenziellen Treiber einer Open Innovation-Strategie er-
fasst und die zuvor angeschnittenen potenziellen Chancen und Risiken weiter aus-
gefiihrt werden.
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Strategic Implementation
of Open Innovation Methods
in Small and Medium-Sized Enterprises

Sabine Schwab, Jessica Koch, Paul Flachskampf, Ingrid Isenhardt

Abstract Over the last decades, an increased appreciation of external contributors
within the product development process can be noticed as a significant develop-
ment within innovation management. This open form of innovation is summarised
under the concept of Open Innovation. Yet, it is difficult to apply it to small and
medium-sized enterprises (SME) as they struggle to implement these Open Inno-
vation methods. It is therefore very important to develop appropriate organisational
forms for these enterprises. In this context, the article describes both the environ-
mental changes and the specific characteristics of SME as well as their impact when
using Open Innovation in SMEs. The goal of this article is to develop a first concept
for the implementation of Open Innovation methods into the innovation manage-
ment of SME.

Key words: Open Innovation, H-O-T Approach, SME, Conceptual Framework

1 Introduction

The successful generation of innovation is one of a company’s constant challenges,
especially for the numerous technology-oriented SMEs in Germany [Sch05]. The
reason is the rapid technical change and the shortened development periods of tech-
nical products. Enterprises must keep up with these changes. Otherwise they will
not be able to create effective and efficient innovations and — with regard to this —
be competitive, because strong innovation ability is the key for a company’s suc-
cess and the increase of the company’s value [Sch05]. Furthermore, due to a lack of
information and knowledge concerning the appropriate methods, many enterprises
cannot bring their new product developments to the market [Fra07]. Over the last
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years, the increased appreciation of externals as contributors (customers, suppliers,
researchers, and universities) to the innovation process has been a significant devel-
opment within innovation management [Che03]. Due to the businesses’ objective of
generating innovations the development process is opened up to external contribu-
tors. These will be involved from generating the idea across developing a concept
and the product, testing the product and the prototype to launching the final prod-
uct [Che03].

Large enterprises with adequate resources, especially staff and other assets, can
already flexibly organise their innovation management, adapting it to their dynamic
environment and using Open Innovation. The question is whether SMEs with fewer
resources and smaller user groups (often due to offering niche products) can adapt
their organisation and adopt Open Innovation successfully.

Therefore, the Institute for Management Cybernetics e.V. (IfU) and the Tech-
nology and Innovation Management Group (TIM) at RWTH Aachen University
work together on the research project “Invoice — Efficiency of Open Innovation
for Small and Medium-sized Enterprises”, promoted by the Consortium of Indus-
trial Research Associations (Arbeitsgemeinschaft industrieller Forschungsvereini-
gungen, AiF). Within this project, the institutes develop a tool to control Open In-
novation strategies in SME.

This paper focuses on one part of the mentioned tool, more precisely the process
of selecting the adequate Open Innovation method(s). The structure is as follows:
Sect. 2 describes the state of the art concerning the three aspects human, organisation
and technology (the so called H-O-T approach), Open Innovation and its methods.
Section 3 deals with a first conceptual framework for the implementation of Open
Innovation methods supported by the mentioned H-O-T approach. The final section
will give the conclusion and future prospects.

2 State of the Art

2.1 The H-O-T Approach

To clarify the importance of system-oriented thinking and acting as well as adapting
the organisation to the changes with regard to the human and technology aspects,
the so called H-O-T approach will be introduced.

The H-O-T approach emphasises the interdependency among the basic aspects
of an enterprise: the humans, the organisation, in which they operate, and the tech-
nology which surrounds them. New production systems or rather functions promise
success if they are meant to optimise the implementation of technology. This also
includes the design of the organisation and the qualification of the employees which
shows the importance of optimisation.

First of all, the human aspect has to be considered due to its influence on the or-
ganisational and technology aspects as well as its ability to control both. Within the
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relationship between humans and technology, it is very important that technology
is not regarded as a practical constraint but as a creative assignment. On this note,
technology is meant to be a function as a tool for the human action [Har0O5]. The
machine, for example, is considered as the extended arm of the human. In addition,
the machine should be regarded as such in order to improve human abilities and
competences.

The connection between the human and organisational aspects is characterised by
two types of living systems. The alternating structurally interconnected development
processes are the centre point of these two. Within the H-O-T approach, the organi-
sation is understood as a living social system. Social systems consist of the individu-
als’ communication which corresponds to their acting. Therefore, people are a very
important factor for the success of the implementation of a new system. By means
of the way they react to changes, they can encourage or deny changes [MTMOS].

2.2 Open Innovation

For the purpose of this paper, Open Innovation is defined as “the formal discipline
and practice of leveraging the discoveries of others as input for the innovation pro-
cess through formal and informal relationships [RP09]”. It is in contrast to a clas-
sical closed process in which enterprises only use ideas and technical competences
which are available in their own domain. In addition, they only use competences of
well-known partners who are integrated in their network [Che03].

The objective of Open Innovation is to receive information about need and the
respective solution involving external users. Von Hippel describes need information
as the way customers or other problem solvers show the enterprise which kind of
product or service should be generated [Hip94]. The information, which shows the
enterprises how to create new products or services, — also provided by the problem
solvers — is called solution information [Hip94]. By implementing external knowl-
edge, the enterprise employs a wider field to identify ideas and solutions [Pil03].

The main idea of Open Innovation is to collect needed information through ac-
tive integration of customers and users into all phases of the innovation process,
instead of the classic measurement of market research or trend scouting. In this
context, needed information is the information about customer needs and market
demands. Through the use of a network of external experts, the search for a solution
is supposed to be optimised. Solution information forms the basis for activities of
product engineers in the innovation process. This consolidation does not occur in
the form of cooperation between research and development, but through an open
appeal to an undefined network of contributors. Thus, they assist in the develop-
ment of assignments. This effect is well known as interactive adding value or crowd
sourcing [RP09, How06, Hip05].

Open Innovation concentrates on the enterprises’ abilities in order to avoid
market-oriented and technological uncertainties especially at the early stage of the
innovation process. However, it is meant to identify and integrate knowledge in this
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process still outside the entrepreneurial borders. In this context, Open Innovation
should increase the effectiveness as well as the efficiency in the innovation pro-
cess.

2.3 Methods to Implement Open Innovation

Several methods for the implementation of Open Innovation strategies have already
been developed. Some of the existing methods will be described briefly in the fol-
lowing paragraphs and used for a first conceptual framework in Sect. 3.

The Lead-User-Method is a qualitative procedure. The method aims at the iden-
tification and active implementation of selected users in order to generate the in-
novation of new products and projects [Hip94]. Lead-User-Workshops promote the
creative customer and operator potential through utilising peer effects [LHvHOS].

Many Open Innovation approaches are based on User-Innovation and Co-Design
Toolkits [FP04]. On the one hand, these Toolkits are production configurations
which determine a customer tailored production specification in order to receive
a high variant diversity (mass customisation). On the other hand, the Innovation-
Toolkit’s objective is to enable current and potential customers to bring new and
creative products or product variants about. First of all, the objective of the Toolkit’s
implementation is to provide a tool to the user which helps to create own ideas and
solutions. Yet, the main focus of this tool is to identify the users’ needs.

Communities of Open Innovation argue that innovation is mostly the result of the
cooperation among several contributors. They work to achieve the goal set as well
as the creation of new ideas within a virtual community. In terms of a Commons-
Based-Peer-Production [Ben06], online communities are particular successful in the
field of Open Source software. Also, within the innovation process, existing virtual
communities can be observed.

In terms of an Idea-Competition, the creativity and quality of the participants’
contributions are supposed to be stimulated. In this context, a reward is an addi-
tional incentive to participate. The applicability of the Idea-Competition method is
quite broad and ranges from a continuous introduction as an open platform to an
individual assignment to solve specific technical problems [Ern04].

Another method has its origin in the Not-invented-here-syndrome (NIH) that
deals with the disregard for already familiar knowledge but from another ori-
gin [KAS82]. There may have been the chance to transfer solutions for their problem
from other sections of the enterprise or from its external environment. But when
enterprises are looking for familiar solutions, in most cases, they are looking for
research fields in which they already operate. In research, the problem of the solely
local search is named as Local Search Bias (LSB) [KA02]. Both NIH and LSB can
be resolved through Open Innovation.

The identification and integration of external knowledge in the innovation pro-
cess also provides many opportunities for SMEs. Furthermore, they are an important
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strategic factor in terms of the high strategic meaning of innovation ability. For ex-
ample, the reduction of Time-to-Market and Cost-to-Market are of particular impor-
tance [RP09]. The reduction of Time-to-Market means the shortening of the period
from the beginning of the development phase to the market launch. The reduction of
the Cost-to-Market refers to the product costs from the product development process
to the market launch.

In summary, the focus of the investigations for the field of Open Innovation con-
centrates on conceptual and application areas. Within this research field, the bigger
part of the investigation deals with large enterprises; SMEs have not received much
attention as of now. Therefore, it is crucial to create an appropriate organisation
form for SME which allows on the one hand for the incorporation of Open Inno-
vation methods and on the other hand for the application of these strategies. The
arrangement of proper enterprise structures can only be effected through a com-
prehensive consideration of the three aspects, human, organisation, and technology,
which will be explained in the following section.

3 A First Conceptual Framework for the Implementation
of Open Innovation Methods in SMEs
Based on the H-O-T Approach

The first two sections showed that the Open Innovation methods, introduced by the
changes in the technological and human aspects, will become an important way
to generate new products and services and to achieve the enterprises’ sustainable
success also for SMEs.

Based on the H-O-T approach, the mentioned aspects influence one another and
also the third one: the organisation. Therefore, this section will discuss how SMEs
have to change their organisation, especially concerning their innovation manage-
ment, and adapt it to the changes in the human and technology aspects. To relate
the following aspects to the special conditions of SMEs, their characteristics are
compiled and have to be analysed with regard to Open Innovation. It will then be
possible to decide, whether organisational structures are compatible with the Open
Innovation methods and if there is a chance to use it efficiently. As a first step, the
characteristics which separate SMEs from large enterprises, will be identified and
discussed.

In order to be able to comprehend the correlation between the characteristics and
the three aspects of the H-O-T approach as well as the conceptual framework in
Sect. 3.2 some basic information about the changes for each of the three aspects,
human, organisation, and technology, is given:

Already at the end of the 1980s, Toffler introduced another term to describe a new
generation of humans: the “prosumer” — the cross between customers and produc-
ers [Tof87]. The users of the online encyclopaedia Wikipedia for example consume
and create knowledge. On the one hand they read the articles of other users; on the
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other hand they create their own articles and share their knowledge. This “new” gen-
eration is characterised by digital networking und communication. The “prosumer”
need not exist nor does he play a decisive role in every SME. But analysing and
discussing this problem is beyond the scope of this paper.

These changes as well as the discussions of Open Innovation were brought for-
ward by many technological innovations (e.g. [RP09]). Some examples are the con-
tinuous optimisation of computers and the opening of the internet for personal use.
At the same time, technology is characterised by open applications of the Web 2.0,
Wikis, Blogs, etc. These innovations have been causing a connected digital world
which is accepted and used by the new generation (cf. the mentioned “prosumer”).

To achieve their sustainable success, companies must respond to these changes
and adapt their organisation to them.

3.1 The Characteristics of SMEs as Opportunities and Threats
Concerning the Implementation of Open Innovation Strategies

There are several definitions in terms of quantitative classification [cf. e.g. European
Commission]. These quantitative classifications allow for a first differentiation be-
tween SMESs and large enterprises. It is possible to take exact measurements of such
economic data but the characteristics of an SME do not necessarily become evident.
It is required to identify qualitative factors. In a second step, these qualitative fac-
tors have to be clarified by using the H-O-T approach. Especially the organisational
and social factors are important to identify the SME’s potentials concerning Open
Innovation. The following paragraphs show and discuss some generally accepted
qualitative factors of SME referring to innovation management, which were com-
piled from several references. All of the listed characteristics in the next subsection
are extremes. In the reality, they do not necessarily all exist in parallel in one single
SME although every SME combines many of them.

3.1.1 Human

The human is one of the most important elements in SMEs. Especially the central
position of the entrepreneur has an effect — both positive and negative — on the im-
plementation and success of Open Innovation. The unity of property, management,
decision, risk, and control in conjunction with short information paths allows for
fast reactions concerning external changes and also a flexible organisation [Das94].
This aspect shows a first connection between the human and the organisational as-
pect. Otherwise the entire success of the SME is impaired by potentially wrong
decisions by the entrepreneur, for example declining the implementation of external
knowledge (Not Invented Here-Syndrome, NIH [KAS82]), or by wrong innovation
methods [Mey06].
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One of the problems concerning the implementation of Open Innovation in SME
is the risk aversion of the entrepreneur, especially to the opening of the innovation
process. This is caused and tightened by the difficult protection of the SME’s “in-
tellectual property” (e.g. [Wid10]). The entrepreneur has to decide, whether it is
riskier to share the internal knowledge or to miss adapting to the external changes
and requirements.

Both the entrepreneur’s and his employees’ knowledge is limited to a specific
field. In addition to this, there is a lack of staff to develop manufacturing methods
and strategies for successful launches [Leel0].

It is necessary to train the employees concerning the new ways to search for
information. The implementation of Open Innovation causes new roles with specific
requirements. Some of the new main tasks are to identify cooperation partners, use
the offered external knowledge efficiently and separate important knowledge from
irrelevant [Wid10].

The networking aspect — especially personal contact to the customers — is a very
important requirement for the implementation of Open Innovation.

3.1.2 Organisation

Some SMEs are working with their customers already. The missing point is the
implementation of external knowledge in the phase of commercialisation [Leel0].

Another important aspect concerning innovation activities in enterprises is
project organisation [Sie97]. Because of the informal and personal communication
between the management and the employees in SMEs, the coordination of the vari-
ous departments is organised very efficiently [Mug98]. The organisation in SME:s is
characterised by high flexibility. Hence, the structural changes inside the enterprise
due to the implementation of Open Innovation could be managed without incur-
ring high costs. One of the most important elements concerning the integration of
external knowledge is to manage well-organised innovation processes [dVea(09].

Using Web 2.0, enterprises have to create more self-organised and integrated
structures [Lin09]. Because of lacking resources and factors like time, the use of
modern communication media has to be well-structured. The balance between cre-
ating innovations and handling daily tasks is crucial [dVea09]. This is related to the
changes to the human aspect.

Particularly, traditionally managed SMEs undergo a revolution by implementing
the methods of Open Innovation. Hence the entrepreneur, who was successful by
using closed innovation strategies for the last years, must be prepared to implement
external knowledge. He must accept and use the changes of the enterprise’s envi-
ronment and the new technologies, e.g. Web 2.0, because they definitely will have
an impact on the SME’s future [Lin09].

All these aspects point out the connections between the three aspects human,
organisation and technology.
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3.1.3 Technology

The R&D department — if there is such a department — plans short-term and works
intuitively. Thus, this constitutes another good point to integrate an open and co-
operative innovation management in SMEs [GEO5]. SMEs could use the external
knowledge to receive more information about requirements and solutions as well as
to expand their R&D activities.

Furthermore, using external knowledge gives SMEs a chance to overcome their
handicap of limited resources concerning staff and capital (e.g. [Lin09]).

It is also possible to identify uncertainties concerning markets and technologies.
This is accompanied by the fact that methods of acquiring knowledge (e.g. infor-
mation and communication technologies) often only support the day-to-day busi-
ness [Lin09].

3.2 A Concept for the Implementation
of Open Innovation Methods

The next step is to develop a first concept for the implementation of Open Innovation
methods into the innovation management of SMEs. In this process the characteris-
tics mentioned (see Chap. 3.1) will be brought together with the H-O-T approach.
Then, suggestions as to choosing the adequate Open Innovation method(s) depend-
ing on the respective characteristic values of the SME will be offered. The following
Fig. 1 illustrates this idea.

In this paper, two examples for types of SMEs and the resulting suggestions
concerning the implementation of Open Innovation methods will be described.

The first type of SME is a traditional managed enterprise. The entrepreneur is
very risk averse and adheres to his traditional views and procedures. New technolo-
gies — like web 2.0 — are not used in his SME. According to the H-O-T approach
the levels human and technology aspects inside the enterprise are not compatible
with the changes outside the enterprise. Probably, the employees are not sensitive
to the identification of useful external knowledge. Hence, it is not advisable to start
an open appeal to an undefined network of contributors. Therefore, some kind of
Lead-User-workshop would be advisable. The SME should invite some customers
or suppliers and discuss a special product — existing or prospective.

The second type of SME is managed by an entrepreneur, who favours and exem-
plifies an open organisational culture. New technologies are used in all departments.
His employees work in interdisciplinary teams and the communication between the
teams is assisted for instance by periodical meetings. Due to the knowledge and
use of new information and communication technologies it would be possible to
implement a virtual community or an internet platform to start idea competitions.
The open communication inside the SME will support the process of separating and
implementing usable external knowledge.
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Fig. 1 Supported process of choosing Open Innovation adequate methods

These two types of SME are just examples. A lot of other aspects have to be
considered. The type of customer contact is another important factor for a recom-
mendation concerning the implementation of Open Innovation methods. It is also
possible to use modifications of Open Innovation methods in some SME.

4 Conclusion and Outlook

In the face of globalisation, the pressure to be innovative has been increasing ex-
ponentially. Especially SMEs must prove a high innovation ability in order to be
competitive. Open Innovation provides new methods and approaches to the inno-
vation process. With Open Innovation, SME get better access to information about
need and respective solutions. Given this fact, SMEs receive the chance to improve
the efficiency and effectiveness within their innovation processes. Several research
projects have already generated some methods for the implementation of Open In-
novation methods. These methods generally focus on the human and technology
aspects. But a method which supports the changing process of an SME’s organi-
sation — which includes the enterprises’ structures and processes — is still missing.
SME need to be prepared for a generation of younger people who accept technical
innovations and operate in virtual worlds. Their point of view with regard to tra-
dition and their adherence to standards do not represent the same anymore as they
used to in traditionally led enterprises. Instead, SMEs receive an adaptable, highly
capable of multi-tasking, collaboratively working type of human.

The conception of Sect. 3.2 is just one part of the tool to control Open Inno-
vation in SMEs. Before matching the SME’s characteristic values with the H-O-T
approach and choosing the adequate method(s), the SME has to decide whether
it should use Open Innovation or not. This part will be based on the use-oriented
cost-effectiveness evaluation by Weydandt [Wey00]. Furthermore, a third part has
to facilitate an ex-post target-performance comparison. These last ideas will have to
be followed and put to practice in the next years.
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Modular Software Architecture Approach
for a Telematic Rescue Assistance System

Sebastian Thelen, Marie-Thérese Schneiders, Daniel Schilberg, Sabina Jeschke

Abstract German emergency medical services are in need of new solutions to their
care system in order to cope with raising mission numbers and a reduction of avail-
able physicians for emergency care. As countermeasure to this development the
research project TemRas investigates the introduction of a Telematic Rescue As-
sistance System. Supported by this system, physicians located in a teleconsultation
center advise multiple paramedics teams during their emergency missions. Usage
of this system must be unobtrusive for the supported paramedics in order to enable
optimal patient care. The proposed software architecture addresses this by enabling
a seamless integration of existing medical devices and their communication proto-
cols for real-time data transmission between emergency scene and teleconsultation
center. To ease the integration of the resulting heterogeneous application infras-
tructure in the teleconsultation center, a message bus is introduced which provides
a qualified integration point for such environments.

Key words: Telemedicine, Emergency Medical Services, Software Architecture

1 Introduction

German Emergency Medical Services (EMS) are experiencing increased mission
numbers combined with a shortage of trained EMS physicians especially in rural
areas. This development threatens the quality of patient care in the established Ger-
man two-tiered EMS model where Mobile Intensive Care Units (MICUs) — each
consisting of an ambulance vehicle staffed with two paramedics — are supported by
EMS physicians if need is indicated [BHMO8]. The German research project Med-
on-@ix provides a possible solution for this problem by investigating how to sup-
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port paramedics in patient care while an EMS physician has not yet arrived on the
emergency scene [SBRT09]. The support is given by means of a Telematic Rescue
Assistance System (TRAS) enabling skilled EMS physicians located in a telecon-
sultation center (hereafter called tele-EMS physicians) to be provided with patient
vital signals, auscultation data, photos, real-time video and bidirectional voice com-
munication from the emergency scene [PGHO09].

Research objectives in the project Med-on-@ix focused mainly on the following
aspects:

» Testing medical support capabilities of such a TRAS

* Defining requirements for TRAS

* Implementing a TRAS prototype for evaluation which enables the support of one
MICU by one tele-EMS physician.

During the one year evaluation phase at the end of the project Med-on-@ix,
the supported MICU was accompanied by an additional EMS physician to secure
patient care, allowing for the introduction of additional equipment and to reduce
requirements on the TRAS concerning application usability. In August 2010 the
follow-up research project TemRas started, targeting the following aspects:

» Refining the medical support processes

* Advancing the developed TRAS in order to enable simultaneous support of mul-
tiple MICUs

* Preparing system design for a possible commercialization of the TRAS.

A field test with the duration of one year will be performed at the end of the
project TemRas. During this field test two physicians will be on duty in the telecon-
sultation center, advising five MICUs — this time without being accompanied by an
additional, dedicated EMS physician — in their day to day missions.

The major challenges addressed by the TRAS’ adapted software architecture
concern the absence of standards for data exchange or compliance with these stan-
dards by existing devices used by MICUs as well as to manage the communication
for different applications. The development of the TRAS software architecture pre-
sented in this paper is based upon the architecture designed in project Med-on- @ix
but follows a new modular approach to cope with these problems. Based on other
approaches to TRAS architectures and related considerations, the new approach of
the TRAS architecture is presented in this paper.

2 Related Work

This section gives a brief overview of the software architecture designed in the
project Med-on-@ix. It also discusses related approaches to the problem of con-
necting devices located at an emergency scene with a teleconsultation center for re-
mote diagnostics, which is the main focus of most published work addressing TRAS
software architectures. A short discussion motivates the new architecture approach
presented thereafter.
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The software architecture used in Med-on-@ix as described by Protogerakis et
al. [PGHO09] is based upon a hybrid middleware combining messaging and stream-
ing transports to connect all system components. The middleware uses Remote Pro-
cedure Calls (RPC) implemented with the help of the object oriented framework
Internet Communication Engine (ICE) by vendor ZeroC for communication be-
tween different peers. A robust Internet Protocol (IP) network, connecting emer-
gency scene and teleconsultation center, is realized by using multiple mobile net-
work links combined with multipath routing [HBO7]. This middleware concept fa-
cilitates the use of dynamic compression and data prioritization settings depending
on mobile network quality. An inherent drawback of this approach is that all client
applications have to be adapted to the middleware’s interfaces or adaptors have to
be provided to connect a device with the middleware. To avoid this drawback is the
major focus of the new, modular architecture approach described in this paper.

Another approach presented by Shaikh et al. [SMMMO09] focuses on a service
oriented architecture using XML messages and the Simple Object Access Protocol
(SOAP) to connect mobile clients to central diagnostic facilities. This design does
not cover the transmission of real-time data like video, voice calls or continuous vi-
tal signals. Likewise, Lamberti et al. [LMSZ03] propose the use of web technologies
like XML messages and XSLT transformation to interchange information between
mobile clients, in-hospital workstations and storage services. The usage of existing
standards for medical data exchange including Vital Signs Information Representa-
tion (VITAL, ENV 13734) and Digital Imaging and Communications in Medicine
(DICOM, ENV 12052) eases the integration of Hospital Information Systems for
information exchange.

Pavlopoulos et al. [PKB 98] proposed and successfully tested a preclinical EMS
support system using a single Global System for Mobile Communications (GSM)
channel for medical data transmission and a second one for voice communica-
tion. Similar to the approach of Protogerakis et al. [PGH09], client devices were
interfaced to enable communication via a specific Transmission Control Protocol
(TCP)/TP based application protocol. Connection losses are reported to be a major
problem in this setting.

Alesanco and Garcia [AG10] address the issue of real-time Electrocardiography
(ECG) data transmission over unreliable mobile networks by proposing a new com-
munication protocol on the application layer using User Datagram Protocol (UDP)
at the transport layer. They conclude that TCP transports over a 3G mobile network
channel are not suited for real-time transmission of ECG waveforms.

Common to the described approaches is the need for client applications and de-
vices to be able to directly communicate with the middleware either by implement-
ing its interfaces or via special adapters understanding both, the client’s and middle-
ware’s interfaces. At this layer, standards as used by Lamberti et al. [LMSZ03] play
an important role to reduce the need for application and device adaption. RPC mech-
anisms like SOAP or as used by ICE provide only limited support for the addition of
new functionality without the need for major modification of existing applications.
Instead, the use of a message bus for such scenarios has been established with the
advent of Enterprise Integration Patterns [HW04].



156 S. Thelen et al.

3 Modular Architecture Approach

3.1 Brief Requirements Summary

Protogerakis et al. [PGHO09] presents basic requirements which guided TRAS devel-
opment in the project Med-on-@ix. To continue the TRAS development, an initial
requirements adaption has been performed, following a participative development
approach as described by Schneiders et al. [SSJ11]. The resulting major improve-
ments which have to be provided by 7emRas can be summarized as follows:

* An integrated working environment is required, which automatically connects
the applications used by the tele-EMS physician to the devices of the MICU
he/she currently supports.

* A highly automated documentation system that gathers as much data from the
diagnostic devices as possible and that queries missing information from the tele-
EMS physician.

* The MICU’s paramedics cannot be equipped with burdensome additional equip-
ment compared to their usual equipment outside of TRAS implementation: Vital
signals measurement unit must be integrated into the defibrillator; communica-
tion units providing data and voice connection between the paramedics on-scene
and the teleconsultation center must be miniaturized; no tablet computer or com-
parable notebook can be carried by the paramedics.

* The TRAS should be integrated seamlessly into the MICU’s equipment in order
to avoid additional workload for the paramedics by introducing the TRAS.

3.2 Software Architecture

The new architecture addresses the new requirements posed on devices which are
used on the emergency scene by facilitating the usage of existing diagnostic devices
without requiring their adaption to a common middleware. This differs to exist-
ing approaches which require the adaption of devices to communication protocols
enforced by the middleware. The following aspects form the modular architecture
approach’s core:

* Enabling transparent usage of proprietary communication protocols to connect
endpoints between the emergency scene and teleconsultation center without the
need for adaption to the middleware

* Providing an easy integration point for components with the middleware to allow
their automatic control for mission management without enforcing the need for
integration.

All real-time data streams for continuous vital signals transmission, ausculta-
tion recordings, video and bidirectional voice communication will bypass the mid-
dleware, dissolving the need for handling streaming in the middleware. Quality of
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Fig. 1 Modular architecture approach for transparent connection of 3rd party devices

Service features, that Protogerakis et al. [PGH(09] intended to be handled by the
streaming part of the middleware, will either be performed on the transport layer of
the data links between emergency scene and teleconsultation center or directly by
the applications if supported.

This reduction of responsibilities for the middleware facilitates the use of ex-
isting messaging solutions to handle mission management, mission documentation
and application control. A message broker using the Advanced Message Queuing
Protocol (AMQP) was chosen as central message bus of the middleware to promote
the use of open standards. This provides a simple integration point for software com-
ponents and likewise 3rd party applications if their integration with the middleware
is desired. This concept is depicted in Fig. 1.

The robust IP network, which already has proven its practicability in project Med-
on-@ix, forms the basis for the transparent usage of proprietary communication
protocols. The Mobile Communication Units establishing the network via multiple
mobile data links are undergoing miniaturization and enhancement to enable the
simultaneous support of multiple emergency scenes.

Applications used by the tele-EMS physician have to be compatible with the ex-
isting communication capabilities of devices used on the emergency scene. In many
cases, this requires the usage of proprietary applications which has the advantage of
using existing and proven software in the teleconsultation center. A drawback is the
missing standardization for the integration of these applications into the tele-EMS
physicians’ workplaces to allow the required degree of automation. In the short term,
individual solutions for this integration have to be implemented. A standardized
component model which allows the embedding of different 3rd party applications
into an automation framework would provide a solution for this problem.
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4 Conclusion

A new approach to TRAS software architecture is presented that facilitates mod-
ularity by providing a qualified integration point for optional integration — instead
of enforcing the connection of devices and applications to a common middleware.
A major advantage of this heterogeneous approach is the simple usage of existing
medical devices and applications. The targeted goal to deliver an integrated working
environment to tele-EMS physicians currently requires the integration of 3rd party
applications by different means. Open standards for the communication with medi-
cal devices or a standardized component model for the data displaying applications
would diminish this need. The development as well as the establishment of such
standards is an important task for future work in this research area.
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Emergence of Innovation
Eleven Strategies to Increase Innovative Capability

Sven Trantow, Alan Hansen, Anja Richert, Sabina Jeschke

Abstract The economic situation of today forces organizations to innovate on a con-
tinual basis. Therefore the central aim of a sustainable management of innovation
is to increase the innovative capability of a company in order to establish a system
of continuous innovation. The article deals with the fundamental questions of the
nature of innovation and gives a holistic view of how innovations emerge in enter-
prises. Against the background of central dilemmas of economic acting, it describes
eleven transdisciplinary and practice-oriented strategies for companies to cope with
the dilemmas, strengthen their own innovative capability and so establish a system
of continuous innovation. The following insights are intermediate results of the Ger-
man research and development project “International Monitoring” (IMO).

Key words: Innovative Capability, Innovation Strategies, Economic Acting,
Dilemmas, Innovation Management, Modern Working Environment

1 Introduction

What enables enterprises to continuously induce innovations? Against the back-
ground of rising pressure to innovate within the world of economy and work [RS10]
this question plays an increasingly important role. When looking for an answer,
approaches from traditionally process and output-oriented innovation manage-
ment [MDO09] are only of limited help. Oriented mainly on product development
phases, these concepts do indeed support an individual innovation process, but do
not show what preconditions have to be met in order to have an organization contin-
uously — not only punctually — initiate innovation processes and induce innovations.
On today’s saturated global markets this very capability to innovate continuously
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is advancing to be the decisive competitive factor. The realization of one — or even
more than one — good idea is not enough. Enterprises have to innovate permanently
and create differences e.g. concerning their products, operation or business models
in order to be and stay economically successful [Hub05]. To establish a sustain-
able innovation management therefore means to establish a system of continuous
innovation by boosting the companies’ innovative capability.

The research and development project “International Monitoring”! (IMO)
funded by the German Federal Ministry for Education and Research (BMBF) and
the European Social Fund (ESF) monitors and analyzes transdisciplinary insights
on the topic of innovative capability. One main focus lies in the analysis of spe-
cific conditions and areas of tension (dilemmas) of the modern work environment
and on the identification of strategies that can help especially small and medium-
sized enterprises (SME) to manage these dilemmas and strengthen their innovative
capability. By means of various instruments of knowledge monitoring” the IMO
project has identified five dilemmas as central challenges of economic acting and
countered them with eleven organizational strategies to cope with these dilemmas
and to strengthen the capability to innovate constantly.

The present article deals with the fundamental questions of the nature of innova-
tion and their generation in enterprises. The following article firstly asks the basic
question what innovations are how they emerge in organizations. Against the back-
ground of the identified dilemmas it describes eleven transdisciplinary and practice-
oriented strategies for SMEs to cope with the dilemmas, strengthen their own inno-
vative capability and so establish a system of continuous innovation.

2 Two Necessary Criteria for Innovation

What is innovation? In spite — or even because — of the omnipresence of the term
innovation on scientific, economic and political levels there is no unified idea of its
meaning. The certainty that innovation is the key to long-term global competitive-
ness seems to be equally strong as the uncertainty about what sort of key we are
looking for:

It only seems appropriate that, in times of economic challenge, global competition, and an
overabundance of similar products and services, leaders would turn to innovation as the
new corporate mantra. Unfortunately, the concept of innovation has been so widely used
and misused that many people are now confused as to what it really is. [Dun02]

! The IMO Project is carried out by the institute cluster IMA/ZWL & IfU of RWTH
Aachen University. The project runs until 2012; accordingly the findings described in the ar-
ticle are preliminary results. Further information on the project can be obtained online at
www.internationalmonitoring.com

2 For its transdisciplinary monitoring activities the IMO Project uses e.g. national and international
expert study groups, innovation workshops in German SME, online questionnaires, in-depth inter-
views, virtual conferences, expert reports and trend studies, as well as summer and winter schools.
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To make the notion of innovation a little more palpable we most of all need essential
criteria that help to distinguish whether something is an innovation or not. For the
purposes of this article two criteria seem sufficient:

* Quality of profit, and
* Long-term effectiveness.

In order to elaborate on these two criteria it seems convenient to start out from
a definition of innovation as general as possible. Stephen Lundin has given such,
and defines innovation as “fashioning something new and of potential value from
anovel idea” [LunO8].

An innovation thus has to show some kind of “potential value”. The criterion
quality of profit now scrutinizes in more detail what sort of value is in question here.
As defined by Schumpeter [Sch34], traditionally the economic benefits and, as the
understanding of innovation in the past has been highly product-oriented, primarily
monetary profits and marketability have been addressed [Wit10]. Still, during the
transition from industrial to knowledge and service society an increasingly holistic
notion of innovation establishes itself that integrates a multitude of other sorts of
innovation besides product innovation [THJ11, Gar10].

The increased importance of e.g. social, cultural, scientific and organizational in-
novation [HJ10, Now08, Ram10, Ram09] leads to a decreasing importance of eco-
nomic criteria to assess innovation. Social innovation, for example, which in the end
are always aimed at fundamental changes in human behavioral patterns [HKS08],
can neither be sensibly assessed with criteria of market launch nor with monetary
profit. Neither do organizational innovations always aim at increasing corporate per-
formance or at a better efficiency of production processes. The implementation of
occupational safety and health regulations as well as the establishment of environ-
mental standards are primarily focused on the augmentation of social resp. ecologi-
cal sustainability. Marketability and economic success by themselves therefore can-
not do justice to an expanded and holistic understanding of innovation. The quality
of the profit coming from an innovation can be of an economic, but also of a social
and ecological nature.

The criterion long-term effectiveness now introduces a temporal component that
has not been mentioned in Lundins definition but is introduced here as an essen-
tial criterion. After all, not every new and realized idea becomes an innovation
overnight. Thus, if one wants to know what an innovation is one always simulta-
neously ask the question when an innovation is. Already Schumpeter made clear
that innovations are not snap-shots or flash lights but exhibit a far-reaching impetus
for change — like the often cited transition from stage-coaches to railways [Sch34].
New products, however technologically advanced they are, do not simply become
innovations by being placed on the market — they have to establish themselves for
a longer time so that their impetus for change can take effect. The same is to be said
for all other kinds of innovation. The fact that it can never be determined a priori but
only in retrospect whether something is or is not an innovation is less a disadvantage
of the long-term effectiveness criterion but rather a fundamental characteristic of the
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uncertainty of innovation: “The insecurity inherent in innovation corresponds to the
openness of the future” [Now08].

Combining the illustrated criteria quality of profit and long-term effectiveness,
the term innovation becomes a bit more concrete and can be described in a holistic
sense as follows:

Innovation is the realization of new ideas that contribute to sustainable changes.

3 Innovation as an Emergent Phenomenon

Generally speaking, there are three different types of answers to the question how
innovations come to be:

* A human-centered perspective
* An organization-centered perspective
* A technology-centered perspective.

The human-centered perspective starts out from the viewpoint that people are
the “sole source of innovation” ([Klo04], translated by author). In this sense the
innovative capability of any organization only depends on the innovative capability
of its employees [Lun08].

The organization-centered perspective focuses on corporate processes and struc-
tures to explain the genesis of innovation. By means of best practice exam-
ples [PWO04, Gunl1], process-oriented models of innovation management [TB09,
Coo010] and theoretical concepts like organizational learning [AS95], absorptive ca-
pacity [CL90] or dynamic capability [Tee09] general characteristics and instruments
of innovative organizations are unveiled.

For the technology-centered perspective innovations emerge primarily as devel-
opments of new technological possibilities. This perspective especially underlines
the connection between innovation and research and development activities. Here,
the technological type of innovation serves as a paradigm and is accorded a higher
relevance compared to all other types of innovation [Ram10].

The three depicted perspectives have in common that they do offer explanations
and controlling possibilities for generating innovations, but in detail run into danger
of simplifying the complex emergence conditions and thus to distort the character-
istics of innovation. Innovation is neither the mere realization of creative ideas nor
simply a result of technological development processes or organizational proper-
ties. The World Wide Web, for example, would certainly not have been innovated
by CERN in Geneva if human, organizational and technological aspects had not
colluded. In fact, one of the most influential innovations of modern times emerged
explicitly from the interweavement of the specific intra-organizational problems of
chaotic information flow at CERN, the extraordinary competence of Tim Berners-
Lee and the technological achievement of hypertext [Ber89]. To limit the genesis of
the World Wide Web to one single of these dimensions would be equal to a reduc-
tionist fallacy.
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In order to establish a holistic understanding of innovation and thus to make
possible a holistic management of innovation an integration of the described
perspectives and consequently the observation of the complex interrelationships of
all relevant human, organizational and technological aspects is necessary [HHLO09].
From a holistic and system-oriented perspective innovation is always the result
of the fundamental interdependence of these dimensions and of the processes
resulting from them. Innovation therefore has to be regarded as an emergence
coming from the whole socio-technological system that induces it. The fact that
this system can neither be mastered nor accurately controlled is mirrored in the
insight that innovation is not plannable and controllable, either [Now08, Sch06].
Against this background a sustainable innovation management is not simply
oriented on processes of product or technology development. It does not start with
generating ideas, but first of all asks what human, organizational and technological
developments have to be created in order to make a system continuously induce
innovation and to reach a high degree of innovative capability. In this sense, one
can record:

The innovative capability of companies comprises the complex interrelation-
ships between the human, organizational and technological requirements to
continuously induce innovations.

Whilst taking into account the outlined characteristics of the notion of inno-
vation the description can be specified:

The innovative capability of companies comprises the complex interrelation-
ships between the human, organizational and technological requirements to
continuously induce and realize new ideas which contribute to sustainable changes.

4 Obstacles on the Way to Innovative Capability:
Dilemmas of Economic Acting

Shadowed against today’s pressure to innovate, innovative capability has become
one of the most important success factors for sustainably safeguarding the competi-
tiveness of enterprises and whole economies [DEKS06]. To increase the innovative
capability, organizations need holistic and practical strategies that are oriented to-
wards real-life challenges of economic acting. In order to describe the main chal-
lenges for companies on the way to strengthen their innovative capability the re-
search and development project “International Monitoring” (IMO) has identified
one meta-dilemma and four corresponding dilemmas that constitute elementary
problems of economic acting in general and for innovative capability in particu-
lar [HTH10].?

3 Basis for the identification of these dilemmas was an online-survey of German and international
experts dealing with the topic of innovative capability [BSH09].
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Thus, the meta-dilemma of today’s world of work and business lies in the in-
compatibility of the doctrine to maximize short-term profits and the principle of
sustainability — a contradiction that is rooted in two basic assumptions of economic
acting:

* On the one hand the (neo-)classical reduction and concentration of en-
trepreneurial goals onto maximizing one’s own monetary profits [Fri70]. This
radically market-oriented maxim in today’s fast-moving financial and economic
systems is joined with a breathlessness of acting stemming from constant pres-
sure to succeed. In this perspective, enterprises pursue purely economic goals.

* On the other hand the understanding of the limits of growth and the resulting de-
mand for responsible economic action that safeguards a sustainable global sys-
tem [MRMOS5]: The future-oriented principle of sustainability crosses traditional
boundaries between disciplines and pursues a holistic approach that extends the
economic perspective by social and ecological views. Here, the growing global
consciousness for environmental and social affairs does not only lead to a re-
vival and integration of the notion of sustainability, but increasingly appreciates
sustainability as a competitive advantage of itself [Mic06].

The reductionist principle of (short-term) realization of maximum profits forces
economic subjects to act ruthlessly and is inconsistent with anticipatory, responsible
and permanently successful management [Thi09]. This is why the meta-dilemma of
economic acting denotes one of the most fundamental problems when dealing with
management tasks in profit-oriented areas of economy.

On the background of organizational innovative capability this action-immanent
conflict can be described by four dilemmas which are characterized on the one hand
by necessary prerequisites for sustainably innovative enterprises and on the other
hand by decisive dimensions of economic pressure in everyday business:

» Responsible use of human resources vs. cost pressure

* Long-term strategies to increase innovative capability vs. pressure to succeed
* Time for learning processes vs. time pressure

* Need for stability vs. flexibilization pressure.

These dilemmas illustrate main challenges economic actors in today’s world of work
and business have to manage. Their fundamental structural feature is that they can-
not be completely resolved or eliminated. The four dimensions of economic pres-
sure are constitutive for a market economy. They are essentials of a healthy and
productive competition and as such they are drivers of economic performance and
dynamism. Therefore, the real challenge for economic actors is not to eliminate
them, but to find appropriate strategies to manage the dilemmas efficiently and thus
to increase the innovative capability of companies in a sustainable way.

Subsequently we will first outline the dilemmas and their basic characteristics.
Section 5 then will introduce eleven strategies for SMEs that help to manage these
dilemmas. Figure 1 gives an overview of the dilemmas and the corresponding strate-
gies.
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Fig. 1 Overview of organizational strategies to increase the innovative capability of a company
against the background of central dilemmas of economic acting.

4.1 Dilemma 1: Responsible Use of Human Resources
vs. Cost Pressure

The dilemma describes the requirement for a comprehensive, prospective and re-
sponsible management of personal knowledge potentials, skills and competences
under simultaneous economic pressure to cut expenditures. This challenge conse-
quently is located within the social dimension of the question of sustainability and
primarily, but not exclusively, relates to how organizations deal with human poten-
tial.

Overcoming with a purely technology-centered and product-oriented approach
toward innovations enhances the value of immaterial factors within innovation pro-
cesses. With the notion of innovative capability people and consequently social pro-
cesses as decisive enabling factors of innovations increasingly get into focus. The
transition to a knowledge and service society makes people as carriers of knowl-
edge and skills become a highly important innovative and competitive factor. In
contrast to this increased appreciation of the human factor organizations faced with
increasing cost pressure still often resort to reduction of labor cost and short-term
profit maximization instead of aiming for sustainable safeguarding the future. The
paradigm change in the perception of the employee from yesterday’s cost factor to
today’s asset has by far not been implemented into economic practice yet.
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4.2 Dilemma 2: Long-Term Strategies
to Increase Innovative Capability vs. Pressure to Succeed

The dilemma describes the increasing demand for basic structural and processual
changes in organizations to strengthen innovative capability while being faced with
the necessities of quick success. Here, success must not be measured in purely fi-
nancial terms, but as a general correspondence of the results of long-term change
processes with the individual target settings.

Management reasoning often remains reductionist and figure-oriented, leading to
the fact that soft factors of organizational changes that foster innovative capability
bear only little weight in decision processes. Still, complexity and dynamics within
the working world as well as the importance of intangible assets are increasing.
Consequently new approaches and methods are necessary to give answers to the
central question of how economic decision-making has to adapt to complex change
processes.

4.3 Dilemma 3: Time for Learning Processes vs. Time Pressure

The dilemma describes the individual and organizational necessity for learning and
development processes under conditions of increasing time constraints on work. On
the one hand it addresses time pressure for the individual leading to stress, insecu-
rity and growing psychological strains right up to Burnout syndrome. On the other
hand, enterprises faced with globalization, growing dynamics and a flexibilization of
economy also have to deal with increasing time pressure in their operative everyday
work. This often shows in neglect of development and change processes, a lack of
customer service or in an innovation-hampering corporate culture. Here time pres-
sure, especially on the organizational level, mirrors the economically determined
pressure for success, cost reduction and flexibilization.

As innovations decisively depend on the human potential of employees and the
readiness of enterprises to evolve, a lack of learning processes resulting from time
pressure in operative tasks constitute considerable obstacles to innovative capabil-
ity. Against this background, the individual is faced with the question of compat-
ibility of working and learning under the tight conditions of a modern work envi-
ronment. From the entrepreneurial view, new ideas on integrative design of learning
and working environments are necessary. They have to allow for both a responsible
and innovation-friendly handling of human resources and the adaptation of organi-
zational processes and structures to new requirements in globalized economy and
a changing work environment.

4.4 Dilemma 4: Demand for Stability vs. Flexibilization Pressure

The fourth dilemma describes the demand of individuals and organizations for
safety of current and planning of future processes. At the same time they face an in-
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creasing economic and social pressure towards continuous change, permanent adap-
tation and the according disintegration of existing structures. Besides the structural
perspective of flexibilization the dilemma also focuses on the processual view of
dynamics, acceleration and change.

The effects of increased flexibilization for the working and private life of in-
dividuals are serious, from general social acceleration to individual psychological
illness. Still, flexibility is the prerequisite for a maximum of capacity to act, self-
determination, freedom and creativity — highly important characteristics when deal-
ing with uncertainty that is inseparable connected to innovation. This is why it is all
the more crucial to find a balance between flexibility and stability as well as between
dynamics and deceleration.

S Innovation Strategies for SMEs

Against the background of the stated main challenges of economic acting this sec-
tion outlines eleven strategies that especially SMEs can apply to manage these in-
terdependent dilemmas and strengthen their innovative capability. There are two
reasons why the particular focus on SMEs is of special interest. Firstly, small
and medium-sized enterprises are the protagonists for innovation success in Ger-
many [DJBT07]. However, despite their major importance and their enormous num-
ber — 99,6% of all enterprises in Germany are SMEs [fM09] — there are only a very
few studies focusing on innovation in SMEs [Neu08]. Secondly, the tight resource
allocation of SMEs compared to large enterprises (e.g. equity base, strategic busi-
ness development, bandwidth of qualifications and employee competences, outside
networks, systematic market observation) entails that SMEs are forced to opti-
mally identify and utilize their innovation potential through adept strategic acting.
Their success is decisively dependent on whether it is possible to create innovation-
friendly framework conditions that significantly support the emergent character of
innovations. How exactly these framework conditions look like can only be deter-
mined through taking into account the specific characteristics and circumstances of
the individual enterprise. Management therefore is required to identify fitting strate-
gies for their individual business situation and to implement them into everyday
working life via concrete measures.

In this sense the following eleven strategies identified by the “International Mon-
itoring” project serve as an orientation aid or navigation map to increase the inno-
vative capability of organizations:

Health and Prevention Management
Establishment of Innovation Cultures

Use of Knowledge and Human Potential
Holistic Innovation Management

Fostering Social and Organizational Innovations
Opening of Innovation Processes

AN
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Continuous Competence Development

Integrative Design of Work and Learning Environments
Work-Life-Balance

Innovative Forms of Work Organization

Management of Uncertainty.

= o 0o

Subsequently, these strategies will be described in detail. At the same time, we
will elaborate on their importance for corporate innovative capability and derive
some recommendations for action to implement these strategies into entrepreneurial
practice.

5.1 Health and Prevention Management

Increasing flexibility and dynamism in the modern working environment and the as-
sociated acceleration and complexity of working processes are tough challenges for
the physical capacity and psychical resilience of employees. At the same time, com-
panies are faced with the task of matching working requirements with the needs of
an ageing workforce due to demographic change [Zai08]. Occupational health and
prevention management can partially absorb these effects. On the one hand, it en-
compasses a design of everyday work that advances and protects employees. On the
other hand, it is aimed at personnel progress and competence development in order
to sustainably preserve employability, creativity and innovativeness. The mainte-
nance of health thus has to be integrated into the vision and culture of companies as
a decisive strategic factor for innovative capability.

Today, many types of physical and mental illnesses can be significantly reduced
through measures for health maintenance [WHOOS5]. Nevertheless, their strategic
implementation has a relatively low priority in current company practice [HKHO7].
Only close to a fifth of all businesses thus actually carry out measures for maintain-
ing health within their organization. This figure is alarming especially against the
background that periods of absenteeism due to (chronic) illness and lack of motiva-
tion are both on the increase [Ric09]. In the medium term this development leads
to economic under-performance and an absorption of the innovative capability that
consequently cause considerable financial burdens in the companies concerned.

In many cases health and prevention management is not taken seriously because
it monetarily only pays off in the long run. However, it covers much more than
protection against the flu or safety in the work place. It can be seen as a partial
strategy, which is integrated in the overall corporate and innovation strategy on the
basis of health reports [Pfa08]. Through the linking of various internal and external
pieces of information in the health report (e.g. effectiveness of measures, available
resources, individual stress levels), recommendations can be derived for present-
ing to decision-makers in companies (ibid). Findings on physical complaints are
taken into account in this process in exactly the same way as psychic imbalances,
to which many long-term health problems can be attributed. For health and preven-
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tion programs to achieve the desired success, they must be built on the participation,
conviction and willingness of the employees.

Starting from these findings, Meyer (2006) [Mey06] proposes a 3-phase concept,
which introduces a health and prevention management in three stages: Short-term
health management primarily comprises the recognition, elimination and avoid-
ance of current illnesses and accidents through behavioral and situational preven-
tion [HKHO7], e.g. regarding to the workload and work organization. Medium-term
health management aims at encouraging the employees to adopt a consciously sus-
tainable and healthy lifestyle, e.g. through corporate leisure activities. Long-term
health management is above all targeted at the avoidance of physical long-term con-
sequences and psychic problems especially by establishing a corresponding com-
pany culture.

5.2 Establishment of Innovation Cultures

Innovative capability and a system of continuous innovation, especially in SMEs,
are built on an organizational culture of innovation:

The only thing which cannot be copied and which is simultaneously a breeding ground
for producing new successful product, service and business models again and again is the
culture of innovation of a company. And it is also a very important factor in marking out
companies in the fight to recruit the brightest candidates. ([JZ09], translated by author).

In order to draw up measures for establishing an innovation culture, the current
company culture needs to be investigated as systematically as possible and be fo-
cused on the overarching company strategy. This is because without considering the
underlying cultural mechanisms of any company, unexpected and highly undesired
consequences can occur. Cultures are formed as the linking element of the members
of a group, looking for a purpose and integration. Every company culture is therefore
made up through a pattern of common basic premises, which the group has learnt
to adopt when mastering their problems, which has been shown to succeed and is
thus accepted as binding: and which is therefore passed on to new members as ratio-
nally and emotionally the correct approach for dealing with such problems [Sch10].
Innovative cultures are subcultures within the company culture, which define pre-
cisely those specific basic assumptions, values, capabilities and norms related to
coping with innovative tasks and which are shared by the majority of members of
the company staff involved in the process of innovation.

A key aspect of an innovative culture is the avoidance of obstacles. In optimum
circumstances, the company promotes bottom-up innovation processes and thereby
encourages its employees to participate in developing innovations and sets up pro-
moters’ networks, which increase the probability of innovations succeeding [KKO07].
Innovations cannot continuously be generated top-down. The genuine force of inno-
vation comes from below. That is why in an effectively operating innovative culture,
it is possible to advance all kinds of ideas, irrespective of where they are coming
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from [JZ09]. In this context, the middle management has a key role because it oper-
ates as multiplier of visions and stimuli within the whole company.

The establishment of a professional error management system in which mistakes
are constructively tolerated and not sanctioned [JZ09] is a prerequisite for an ef-
fectively operating innovation culture. It ensures that the organizational structures
are focused in such a way that they encourage and do not hinder creativity and the
implementation of ideas.

The generally observable trends towards internationalization and globalization
necessitate the formation of multi-cultural teams of various kinds. Innovation or
project teams should consequently be distinguished by a mixture of various person-
nel profiles and roles due to this development. The company management should
likewise promote inter-cultural cooperation to use diversity as a source of innova-
tion, while the needs of employees from abroad should be ascertained and taken
into account [Sch10, WSHO7, SN96]. Especially SMEs are faced with a particular
challenge in this regard due to increasing internationalization and a frequent lack of
international experience [JZ09].

Innovations today are no longer driven forward just by the creativity of the mem-
bers of an organization. They are much more the result of a new quality of cross-
linkage, within as well as outside the company. The innovative organization is thus
no longer split into parts divided against each other, but is integrated and thus unites
people in a permeable and transparent structure, e.g. through the establishment and
authorization of internal and external networks, the cooption of representatives from
all departments involved in the process (cross-functional cooperation) or the system-
atic surveying of customers’ opinions [JZ09, TS07].

5.3 Use of Knowledge and Human Potential

Knowledge and human potential are highly important factors for the company’s suc-
cess in innovating. As part of the shift from an industrial to a knowledge and service
society, and due to the lack of skilled workers in consequence of the demographic
change they rapidly increase in value and become the decisive drivers for innovation
processes [AHMOS, Sam06]. Against this background, it is no wonder that intellec-
tual resources have already become the most valuable assets of a company [Edv97].
A systematic and targeted use of these intangible assets and an associated sustain-
able management of human resources are therefore key factors to strengthen the
innovative capability of a company. In the long run, only such companies will be
successful, which succeed in systematically generating competitive advantages from
the utilization of their internal resources [SvdBH09].

Investments into the immaterial assets of an enterprise have to be regarded as
substantial leading indicators for the sustainable success of the enterprise on the
market. Depending on the branch of the enterprise one can calculate with a lead
time of about four years until misguided developments in immaterial assets express
themselves in the commercial viability and thus in corporate results. Dealing suc-
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cessfully with intangible assets thus forces at least a medium-term perspective of
all management activities and requires holistic management approaches [Nag09].
An Intellectual Capital Management (IC-Management) is dealing with the system-
atic use and management of intangible company resources. It aims at identifying,
structuring and evaluating currently available intangible assets in order to use this
information for strategic decisions and measures for organizational development.

Intellectual capital is based on a holistic understanding of immaterial assets
and consists of person-related human capital, organization-linked structural capital
and intermediary relationship capital [KL08, BB0O3]. Human capital comprises the
knowledge, skills, competences and behavioral patterns of all employees of a com-
pany like qualifications, social competences, motivation or leadership skills. Struc-
tural capital indicates all organizational structures and processes that are used to
accomplish everyday working tasks. Examples for structural capital are corporate
culture, cooperation and communication processes or technological infrastructures.
Relationship capital contains all external stakeholders that play a role in business
activities of a company, such as customer and supplier relationships, cooperation
partners or investors.

One main target of IC-Management concepts is the interlinking of human capital
and structural capital [BBO03] so that it is possible to transfer person-related knowl-
edge in structural capital on the one hand, and to use the structures of the company
for the strategic development of the human capital on the other hand. Within this
process, not just the use of knowledge and human potential is the focus of con-
sideration, but also the creation of working conditions which promote learning and
therefore a further development of these resources.

Managing the intangible assets resp. the intellectual capital of an organization is
a decisive factor for its innovative capability and an important indicator for sustain-
able competitiveness in knowledge and service societies. To meet the requirements
of a holistic approach, it is necessary to integrate the IC-Management in currently
existing management concepts [Nag09].

5.4 Holistic Innovation Management

Science and business are in agreement that the skill of innovating must be under-
stood as a complex, multi-dimensional concept, representing a phenomenon span-
ning the entire organization [Sch09, Sam06]. Innovative capability must accord-
ingly be understood on the basis of the complex interrelations of all relevant hu-
man, organizational and technological aspects of a company — including market- and
technology-related changes as well as environmentally caused changes [Koc07].
Although holistic innovative management is increasingly being identified as the
decisive factor in any long-term company strategy for increasing innovative capabil-
ity, decision-makers in SMEs still tend to focus on a traditionally technology- and
product-oriented perspective on innovations, largely excluding the human and orga-
nizational dimension [HTH10]. Failing to recognize the linkages of human, organi-
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zational and technological aspects as well as the interdependent processes resulting
from these complex interactions inhibits the innovative and competitive capability
in the longer term. As these multi-layered processes can only be planned, controlled
or foreseen to a very limited extent, this means that conducting innovative manage-
ment holistically is all the more difficult.

In order to establish a holistic perspective on innovative processes, including
the human and social components as well as organizational operating and working
conditions as of equal importance, companies must create the conditions which en-
able a system to continuously induce innovations [THJ11]. The success or failure
of innovative activities is crucially determined by the value placed on innovation
processes by the management of a company.

For this reason, the management level needs to promote and esteem creativity
and ideas throughout all levels of staff as well as undertake on-going investments
in organizational modifications. It is important to create operating conditions which
promote innovation to make use of the human and relational capital of all actors at
every single level within a hierarchy. Successful innovative management processes
which focus on the holistic picture further encompass the clear definition of strate-
gies and targets, rapid decision making as well as the establishment of sustainable
social.

The close linkage and agreement of the company strategy with the innovative
strategy should likewise be obvious within the organization. Innovative strategies
must be made explicit in order to facilitate an external assessment of the strategy
as well as access to external sources of financing. Flexible innovative routines e.g.
on-going innovations circles, which are based on revising continuously fluid meth-
ods, practices and procedures, as well as regular innovative activities through inter-
disciplinary teams are characteristics of an enterprise which has concentrated on its
management of innovation in a holistic manner [KSDWO06].

The establishment of a culture which tolerates mistakes being made and active
involvement in shaping the innovation strategy of the stakeholders concerned at all
staffing levels are equally as important. Beyond this, in addition to internal factors
determining the ways processes run, the drivers of business innovative processes are
particularly required to analyze environmental factors influencing innovation. The
latter encompasses, e.g. understanding the innovative strategies of competitors, the
involvement of the structural and cultural company environment as well as the use
of networking and cooperative potentials.

Companies must see holistic innovation management as a cross-sectional task
aiming to investigate and evaluate innovative developments within and outside of the
company, to uncover implicit knowledge and to generate new knowledge through
the creation and implementation of external innovations. Understanding innovations
as a result from a complex interaction of human, organizational and technological
factors is a key feature of company strategies striving for a permanent increase in
innovative capability as well as aiming at sustainable economic growth and human
resource management.
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5.5 Fostering Social and Organizational Innovations

In view of the transition from the industrial to the knowledge and service soci-
ety, social and organizational innovations are increasingly gaining in significance,
while technological innovations are losing their innovation monopoly [HKS08]. In-
tangible, non-financial assets (e.g. individual skills, tacit knowledge, relational and
human capital, intra-organizationally generated routines and procedures) essentially
form the source of companies’ sustainable capabilities to compete and face the fu-
ture and play a significant role in line with a company strategy aimed to perma-
nently induce innovations and which is based on a high degree of innovative capa-
bility [HTH10, SvdBHO09].

The concept of social innovation encompasses all consciously generated re-
configurations of social practices, processes, structures or patterns of behavior
which are aimed at delivering the satisfaction of needs or solution of problems in
a better way than already established methods are enable to [HKSO08]. Examples are
ecoconscious behavior, overcoming of traditional role allocations between men and
women or the opening of innovation processes (see Sect. 5.6). Organizational inno-
vations refer on the other hand to structural or processual modifications which have
an impact on company practice. Examples of organizational innovations are flexible
project management, family-friendly working patterns, the conscious formation of
diversity teams or self-organized team work.

Although current outcomes of studies [HS10] show what important influence es-
pecially organizational innovations have on productivity, innovative capability and
economic growth as well as the probability of success of technological innovations,
the importance of social and organizational developments has largely been ignored.
This has resulted in considerable innovative potential not being recognized and uti-
lized. For this reason, rethinking needs to take place, aimed particularly at the esti-
mation of the decisive importance of social and organizational developments for the
innovative capability of a company. Companies are required to initiate social and
organizational innovation processes to support and sustain economic and also social
capabilities to cope with future demands [Gil00].

Fostering social and organizational innovations plays a central role even as a ba-
sis or precondition for product innovations or inventions. Protagonists in company
practice and innovative research must develop an understanding of the fact that tech-
nological progress is essentially made possible by social learning processes and that
the latter are also absolutely crucial for technological innovative processe. Compa-
nies which consciously implement social and organizational innovations into their
company strategy create scopes of action regarding the inducement of complex sys-
tem innovations which do not just represent simple production-focused passing fads,
but sustainably improve basic service provision processes, information and commu-
nication techniques or organizational work processes in ways (cf. ibid: 27 et seq.).

Identifying social and organizational innovative potentials is especially crucial
for the surviving of SMEs, as their competitive and innovative capabilities particu-
larly depends on the bundling of personnel and intangible innovative potentials. Re-
source limitations caused by size, such as capitalization, staff diversity or personnel
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development opportunities compel SMEs to adopt efficient innovative operations,
covering the utilization of all potentials for innovation.

The integration and fostering of social and organizational innovations contributes
in the medium and long term to a significant increase in innovative capability. Stake-
holders and decision-makers in economy and politics need to recognize that modi-
fying human patterns of behaving and thinking as well as changing organizational
processes and working procedures conceal a powerful force for innovation. The key
to a sustainable innovative capability lies in the insight that the highest asset of
a company is its intangible innovative potential [fHEOS].

5.6 Opening of Innovation Processes

Current social trends such as increasing digitalization, growing competitive pres-
sure through globalization, the proceeding connection of knowledge, shortening of
product life cycles and the associated pressure to innovate as well as the extension of
customer focus all support a modified understanding of innovation, which is charac-
terised by new relationship patterns between socio-economic stakeholders [GEO06].
Companies increasingly tend to open up their innovation processes in order to inte-
grate internal as well as external stakeholders in innovation projects from the very
start.

Open innovation processes are characterized by the fact that they cross over the
boundaries of departments and organizations. They contain three core processes:
The Outside-In-Process describes the process of the integration of external knowl-
edge into the innovative processes of the company. The creative potentials of cus-
tomers, suppliers and partners are actively injected into the company and rendered
useful for the quality of the innovation process [GEO6]. In particular, lead users,
that is to say, especially innovative consumers with extensive market knowledge and
a feeling for future trends, are to be involved in the Outside-In-Process in generating
new ideas, products and services [Hip86]. The Inside-Out-Process on the other hand
covers the externalisation of internal knowledge, which can serve the company, e.g.
by earning licensing fees for patents, which cannot be used for the actual operational
activities of the company. Strategically valuable, unique resources of the company
are thus regarded as the starting point for justifying competitive advantages [RP06].

A link between Outside-In and Inside-Out is represented by the Coupled-Process
which connects the internalisation of external know-how with the externalisation
of company-internal knowledge, so as to guarantee a balance between give and
take [GEO6]. Non utilized innovative potentials outside companies are released
by the opening up of innovation processes. Factors such as cost pressure, lack of
risk capital or company-internal human potential can thus be countered through
this [RPOS]. The integration of external actors in the value creation chain should be
focused throughout the entire innovation process, from the generation of ideas to the
later phases as well as product launch to ensure that, e.g. an added value to classical
marketing is achieved.
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The understanding of the role of the customer likewise underpins a basic shift
from the consumer to the innovator. Customers are no longer just perceived as pas-
sive consumers of products and services, but are acknowledged as an active-creating
part of the innovation process, through whom the previously predominant focus on
the customer is extended by the aspect of customer integration. Decision-makers in
companies are required to recognise innovation projects as an interactive process be-
tween company and market, so as to fully realise the innovative potential of external
actors (cf. ibid).

In order to establish this new understanding of roles in the strategy and self-
understanding of companies, a fundamental change needs to occur in the patterns of
thought and behaviour among all the actors involved in the innovation process. Ex-
isting concepts also need to be defined anew. Potential innovators must acquire new,
individual skills, especially in terms of soft skills and social competences. These
include product competence in matters of detailed knowledge of products, services
and market situations in order to recognise future needs and trends and increase
motivation to take part in the innovation process. Technical competence is of equal
importance, meaning that actors can be involved in the development of application-
focused solutions with the aid of knowledge about technological requirements and
possibilities. Beyond this, potential innovators need managerial and team compe-
tence in order to create the conditions for effective cooperative work in innovation
networks to focus on the target setting of the innovation process as well as imbuing
open innovation processes with the strong leadership and structure, which it requires
in spite of its self-organising character [P109].

Organizations are also faced with the challenge of designing operations and com-
munication at the interface between company and customer in a strategic man-
ner [PI0O9]. Open innovation networks and communication platforms, e.g. through
web-based applications, innovation circles, open-source-communities or crowd-
sourcing, have to be set up. In this connection toolkits for open innovation pro-
cesses in order to access the implicit knowledge of stakeholders must be developed:
endeavors by large companies such as Audi, Adidas or BMW are already bearing
fruits, while other companies are even based exclusively on the concept of open
innovation (e.g. MySQL, Skype SA, Zagat). Especially in the computer games in-
dustry, the use of principles such as open source is enjoying exceptionally great pop-
ularity and shows the immense possibilities of open innovation processes [RP05].

5.7 Continuous Competence Development

As part of the demographic change, employees will need to work longer and un-
dertake a wide variety of tasks in the course of their professional life, which will
require and encourage a process of a continuous and life-long development of skills
and competences. In view of the growing economic dynamism and the unavoidable
ageing of the workforce, companies are no longer just concerned with recruiting
young, qualified and capable employees and then retaining these in the company,
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but with supporting a process of systematic and life-long learning and competence
development for all employees [fHE0G].

In this process, an ageing workforce presents both risks and opportunities for
companies. The increasing departure of older employees can lead to a considerable
loss of human potential, as years of knowledge gained from experience is lost, if
companies do not retain this in time and pass it on to new employees. The question
of knowledge protection due to the loss of aged employees thus becomes an urgent
problem [Nag09]. Managers as well as employees need to be convinced they should
no longer focus on the risks of an ageing workforce, but should particularly aim to
make use of having a wider age differentiation available [Tik11].

The key issue in managing an age-diverse workforce is the transfer of know-
that and know-how between the different generations. Practical knowledge gained
from experience and specific skills of older employees can be implemented sys-
tematically and combined with the knowledge freshly acquired by next generation
employees. In particular, e.g. teams with members from mixed generations, learn-
ing integrated within the working process and reflections on and the recording of
knowledge gained from experience plays an important role in this context [GmbOS].
The mutual competence development of young and older employees within work-
ing processes thus becomes an important key to use synergy effects and increase the
company’s innovative capability.

The necessity of lifelong learning and the trend to dynamic professional biogra-
phies as a consequence of flexible job markets lead to a changed profile for individ-
uals in terms of requirements and qualifications. Purely technical qualifications de-
cline in importance, while key qualifications and general life skills acquire a grow-
ing importance for companies. Key qualifications such as the capacity for team
work, communication skills, social and intercultural competences, creativity, re-
silience, personal learning competence etc. provide the necessary professional flexi-
bility to remain capable of being over the whole working life [EK04, Opa08]. These
changes in working requirements offer new opportunities for the (re)integration of
staff with few qualifications, as many of them frequently have a large store of tacit
skills.

Examples for tacit skills are a feeling for technical and organizational procedures,
being aware of disturbances on the basis of diverse information such as noises or
knowledge of informal practices which deviate from what is planned, but which are
necessary and effective in achieving practical outcomes. Developing these skills and
forms of knowledge can therefore offer new ways of promoting the targeted poten-
tial of those with few qualifications in view of the transformation of the knowledge
society and the demographic developments [Bau(09]. In the future, the question will
thus be even more strongly one of involving all employees in lifelong learning pro-
cesses and also consciously taking account of groups of persons such as those with
few qualifications, those who have got out of the habit of learning and older em-
ployees [ZF06].

As the initiation and implementation of innovations is just rooted in the knowl-
edge of decision-makers and specialists, high-quality learning experiences for all
employees are very important to strengthen the innovative capability of a company.
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A system of specific learning and competence development measures contributes
significantly to the targeted promotion and use of human potentials for innovation,
supports the individual for maintaining long-term employability and is a competitive
advantage in the war for talents.

5.8 Integrative Design of Work and Learning Environments

The necessity of continuous learning and competence development in order to
strengthen the innovative capability conflicts with the increasing time pressure of
the economic and everyday life. To cope with this dilemma, organizations have to
overcome the traditional separation of working and learning. Learning processes
have to be systematically integrated in daily working routines and into the corporate
culture:

The accelerating rate of change in business forces everyone in every organization to make
a choice: learn while you work or become obsolete. [Cro10]

Companies which still strictly separate their learning and working environments
from each other are increasingly distancing themselves from modern forms of in-
novative organizational practice. Innovation work does not come about without ef-
fectively designed company-internal learning processes [ESO1]. Measures of work-
integrated learning make possible that employees learn at their workplace. At the
same time they reduce the efforts of transfer that are connected with traditional and
external forms of learning. Employees are enabled to develop their skills and qual-
ifications with regard to the specific problems or situations they are dealing with in
their work processes [BH09].

Work-integrated learning mediates necessary work-specific knowledge which the
employees develop through handling of their everyday tasks. The learning venue is
the workplace within the entrepreneurial context itself so that learning processes can
be designed as an active and problem-solving perusal of authentic demands in real-
life work and production processes [THJ11]. Companies have to ensure that those
training forms corresponding to the contents of work are made attractive to their
employees. This can, e.g. occur through ensuring the provision of adequate learning
times, the compulsory implementation of further training in the company strategy,
material preconditions for financing further training as well as generally convincing
staff that they are suited to benefit from the qualifications and knowledge to be
gained. In addition, variation in methods and media as well as a learner-centered
perspective are significant factors, when it comes to prepare employees to develop
their competences continuously within the working process.

Whereas formal learning opportunities decline in importance since it lacks flex-
ibility, practical relevance and efficiency regarding time and money, focus should
be directed to extending informal learning settings. Informal learning protects
application-related knowledge and enables the actors to organize and control their
learning themselves in terms of task-based skill development. Formal learning pro-
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cesses in every day working life cover, for example, quality circles, milestone meet-
ings, forms of computer-based learning or blended learning as well as coaching,
supervision and hospitation. Examples for informal learning processes in compa-
nies are internet researches, use of blogs, fora and wikis, collegial assistance, as
well as taking on new work tasks, e.g. in the form of job rotation. Microtrainings
are defined as short, interactive and flexible forms of work-integrated learning that
support informal and non-formal learning processes at the same time. They are tak-
ing advantage of the different states of knowledge and expertise of employees to
encourage active learning and transfer knowledge between people.
Work-integrated learning is learning of practice not learning about practice. In
order to focus attention on these forms of practice-oriented learning, the recognition
of informal qualifications and practical competences by management is essential.
In addition, opportunities must be afforded for cooperation and communication be-
tween the actors in the working process and to develop autonomy and a sense of
responsibility for learning processes in the company. Decision-makers are required
to design work contents transparently as well as to guarantee a variety of demands
within the work tasks to be accomplished. The requirement for employees to partic-
ipate in design processes and the evaluation of learning opportunities is likewise an
important factor in designing integrative work and learning environments.

5.9 Work-Life-Balance

The profound and dynamic changes in the working world are huge challenges for the
mental stability and employability of people [Dah09]. The necessary flexibility of
employees requires measures for establishing and continually maintaining the sen-
sitive balance between working and private life in order to foster the productivity
and innovativeness of every employee and thereby of the whole company. Work-
Life Balance can accordingly be defined as a multi-dimensional driver of innovative
capability, as a balance between working and private life brings success both for
individuals and organizations. What is constantly involved in this, both from a posi-
tive as well as a negative perspective, is the strong connection between the different
dimensions of life, which were originally viewed as contrary to each other [MNO7].
The former borders between work and life become blurred which makes the estab-
lishment of a sustainable balance much more difficult.

In this context, companies are faced with the challenge of developing
generation-specific and individually adapted concepts and measures for Work-Life-
Balance [BMFO08]. Organizational measures contain, e.g. work-time models to meet
specific needs, an individually adapted work organization, concepts for flexibilizing
the place of work, services to support a preventive healthcare and possibilities for
child care during working hours [BMF08].

An example of a holistic Work-Life-Balance concept which provides support
for employees in making professional and family life compatible was developed
by the Deutsche Bahn AG primarily in form of specific work-time concepts and



Emergence of Innovation 181

possibilities of teleworking. A further family-friendly measure to support the Work-
Life Balance includes the cooperation with “Familienservice”, an agency operating
across the country which is specialized in passing on offers of care. Furthermore,
the call center of the DB in Duisburg has a company kindergarten at its disposal,
whose offers are very gladly taken up by the employees [BMFOS].

The targeted implementation of measures for securing Work-Life Balance leads
to an increase in work place satisfaction and motivation as well as to higher produc-
tivity and innovativeness. Such measures need to be seen as a decisive competitive
factor, as losses in the area of qualified specialists can be avoided and the recruit-
ment of personnel is facilitated through the enhanced attractiveness of the com-
pany [BMFO5b, FS03]. Potentials for reducing costs also result from the reduction
in re-procurement or fluctuation costs, transition costs, re-integration costs and the
costs incurred through absenteeism [BMFO05a].

It can be recorded that a Work-Life-Balance maintains a sustainable productivity
and innovativeness of the employees and therefore increases the innovative capabil-
ity of a company. The establishment of this balance is primarily based on the struc-
tural circumstances in the working and private environment in combination with
individual and mental factors like state of health, stress level and resilience [MNO7].

5.10 Innovative Forms of Work Organization

As a decisive answer to the increasing flexibilization pressure a profound transfor-
mation of the organization of work is permanently discussed amongst employees,
managers and political decision-makers [Tot04]. The dynamism of individual occu-
pational biographies, mobility, flexibility, but also the balance of family and working
lives are aspects of this challenge. To enable people to remain healthy, employable
and motivated in this new environment, comprehensive modifications are required
in terms of individual and organizational forms of work, which are no longer simply
focused on paradigms of cost reduction and lean process designs, but on the efficient
utilization and enhancement of human resources [fHEO07].

The globalized, dynamic economy of today and constant fluctuations in the de-
mand for goods and services lead to an increasing pressure to be more flexible in
terms of transferable skills and adaptable forms of working. Strategies designed to
enhance flexibility, such as flexible working times, part-time employment and tem-
porary work, are used in business practice to enable companies to adjust the volume
of their workforce to the variations in demand [fHE06]. Employees consequently
have to learn to cope with flexible employment relationships, encompassing more
working times at weekends, during the year and according to individual choice. Indi-
vidually adapted strategies for providing flexibility in this process certainly present
advantages for employees, e.g. when working time regulations enable them to fulfill
private and family commitments comprehensively [Tot04].

The question how the individual and organizational need for stability can be
met under the increasing flexibilization pressure and the increasing acceleration of
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working processes can be answered with High-Road approaches to work organi-
zation [ETO7]. Whilst older Low-Road approaches focus on retaining competitive-
ness mainly through reducing short-term costs, High-Road approaches aim to place
a company in the position of being continuously innovative and competitive. This
can be achieved by encouraging the engagement of employees in such a way that it
improves the quality of work and at the same time leads to a fulfilling and health-
ier work in the long run [fHEO7]. Modern High Road approaches are consequently
aimed at being sustainable and promise to provide a balance between quality of
work and productivity as well as between stability and flexibility [KOO07].

An example of the successful introduction of innovative forms of organizing
work is provided by the Volkswagen Group. The company developed the concept
of the “Breathing Company”: the various forms of breathing that are available for
employees encompass flexibility in terms of hours, shifts and working days per
week. Besides the concept of the “Breathing Company”, however, there are fur-
ther examples of innovative work organization within the Volkswagen Group like
the continuous improvement process, creative occupational concepts and a dynamic
remuneration system [fHEO6].

A healthy balance between operational flexibility and personal stability can be
achieved through a modernization of the organization of work. The increasing pres-
sure to be flexible is, however, accompanied by a loss of stability and security for
employees and companies despite the advantages of new models of working in
terms of time and organization. Against the background of the increasing need to be
flexible and the acceleration of processes, dangers of imbalance arise, especially if
the measures to bring about flexibility are implemented unilaterally for (economic)
company purposes. A company culture which is adverse to innovation, the creation
of dog-eat-dog attitudes but also an overexpansion of the limit of performance and
the health impairments associated with this have to be taken into consideration as
possible consequences of an imbalanced and excessive flexibilization.

5.11 Management of Uncertainty

The dynamic developments and changes in the economic world bring along that
company’s top management has to deal more and more with aspects of uncertainty.
Even technical production processes have frequently come to be characterized by
uncertainties and outcomes which cannot be anticipated. The permanent lack of cer-
tainty about the future leads to companies equipping themselves with corresponding
strategies for potential, unexpected developments and having to adapt organizational
principles as well as processes. Coping with what cannot be planned for, i.e. deal-
ing with situations and demands which cannot be foreseen in advance is a task for
management and for every employee [Sch05, B6h05]. These challenges can only be
met by the interaction of organizational and personal development.

Managing uncertainty is becoming a core skill, as it enables people and compa-
nies to promote innovations under flexible and dynamic conditions. Especially inno-
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vative processes require a high willingness to accept risk and confidence in dealing
with events that cannot be planned or foreseen: Dealing with innovation is always
dealing with uncertainty [Now08]. Traditional approaches in innovation manage-
ment that are oriented on a precise planning and controlling of innovation processes
run into danger to hinder innovations rather than promoting them [Boh11]. Against
this background, a paradigm shift in managing uncertainty is required: from the re-
ductionist approach to master and eliminate uncertainty to the systemic approach
to efficiently cope with uncertainty. What cannot be planned for must become the
norm, not by seeing it as something to be repressed, but as something to be con-
fronted head-on [BPS04].

Effective strategies for overcoming uncertainty derive from subjective practical
knowledge and other implicit knowledge. Practical knowledge is gained through in-
dividual experiences and practical action and is therefore linked to persons and situ-
ations [BOh0S5]. The continuous development of this kind of knowledge can only be
acquired through learning within the working process, as it ensures to be up to date
and specifically connected with the practical working tasks [EPB06]. A completely
rational acting that is oriented at controlling and planning is consequently not suf-
ficient for managing the unplanable. Instead, subjective and experience-led forms
of acting are required. The necessary skills and competences can only be devel-
oped through learning processes that are oriented to practical acting [BPS04]. The
aim of these learning processes is the systematic-methodological linking of gener-
alized technical knowledge with the ability to relate general knowledge to concrete
circumstances in practice and to supplement this with the knowledge gained from
experience required for this [B6h05]. The step to manage uncertainty without elim-
inating its innovative power is a step to establish a system of continuous innovation.

6 Outlook

Innovation is a key factor for competitiveness on today’s dynamic global markets. In
order to safeguard this competitiveness in the long run organizations have to show
a high degree of innovative capability in order to permanently — not just punctu-
ally — induce innovations. As innovations, understood in a holistic manner, emerge
from the complex interrelations between human, organizational and technological
preconditions of an enterprise, a sustainable innovation management starts out in
designing these very preconditions in order to finally establish a system of continu-
ous innovation. Against the background of central dilemmas of economic acting in
modern working environments, the research and development project “International
Monitoring” (IMO) has identified eleven core strategies to strengthen the innovative
capability and thus the competitiveness of organizations.

The identified strategies aim at creating overall innovation-friendly framework
conditions that support the establishment of a system of continuous innovation. They
foster the emergent character of innovation and take account of the fact that innova-
tive employees need an environment that facilitates creativity and learning processes
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and which is characterized among others by cooperation, openness, trust and error
tolerance. Attention has to be paid to the fact that the strategies have complex recip-
rocal effects and have to be implemented individually or in combination according
to the specific internal and external situation of an enterprise, so that they primarily
serve as a type of orientation aid and navigation map especially for SMEs. To de-
duce concrete measures for organizations it is necessary to diagnose the individual
situation of the specific enterprise and consequently to react to identified deficits.

During the further course of the IMO-Project relevant and concrete design fea-
tures of the strategies will be identified. The features offer both an orientation matrix
for decision-makers and implicate practicable approaches for the realization of con-
crete measures to strengthen the innovative capability. Furthermore, a web-based
strategy planner is under construction that offers a self-serviceable individualized
diagnosis of the innovative capability of SMEs and additionally gives concrete rec-
ommendations for action regarding the implementation of certain strategies and de-
sign characteristics.

Against this background the following questions are of particular interest for
further research on strategies that increase the innovative capability of companies:

* Which configuration features and change activities constitute the strategies?

* How can SMEs use these strategies to generate and develop framework condi-
tions that establish a system of continuous innovation.

* What are decisive interdependencies between the strategies?
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Innovative Capability — An Introduction
to this Volume

Sven Trantow, Frank Hees, Sabina Jeschke

Abstract The capability to innovate in an on-going manner is emerging as a deci-
sive key factor in today’s complex and dynamic world of business and work — the
ability to stay competitive is becoming identical with the ability to innovate. As an
introduction to the collection of essays, this contribution discusses both the origins
as well as the characteristics of innovation and provides an underlying definition of
innovative capability. Building on this, key challenges for business operations are
outlined, which must be overcome, if innovative capability is to be enhanced on
a sustainable basis.

Key words: Innovative Capability, Innovation, Innovative Capacity, Organizations,
Formation of Innovations

1 Innovative Capability and the Genesis of Innovation

“The only constant is change”. After 2500 years Heraclitus’ insight seems to be
more relevant than it ever was. The economic world of today is enticing, with its
high, perhaps even excessive, levels of dynamic and complexity. The huge eco-
nomic growth in threshold countries, uncontrolled technological progress and un-
precedented global networking are all leading to serious fluctuations in entire market
areas and national economies, to a shorter planning time and an economic frame-
work which is growing ever more complex. Just how such confusion arising from
complexity can result in human powerlessness was forcefully demonstrated by the
global financial crisis [fin]. The free fall and comet-like resurgence of the global
automotive industry is striking evidence for how incredibly dynamic, volatile and
unpredictable markets and corporate environments have become [WKT*11].
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How then can decision-makers in economics, politics and science deal with these
conditions? How can we retain our capacity to act effectively without ourselves
becoming the puppets of a system whose internal dynamic has long since outgrown
our capacity of rational cognition [Hen92]?

In this turbulent environment, innovation is the new old magic formula to sur-
vive, act and compete efficiently in the long run [Sch34]. By now the term comprises
much more than just new products or technological developments. Innovation rather
suggests “being the new, state-of-the-art navigation map that offers orientation on
the uncertain journey into a fragile future” [Now08]. Therein lays the hope of a self-
confidential and responsible handling of a future that cannot be planned and is con-
stantly changing. Innovation thus rises to become the actual essence of economic
success. On a practical business level, this fundamental elevation of its significance
leads to a kind of innovation pressure [RS10] — anyone who is not innovative enough
will fall by the wayside!

But what constitutes an innovative company? Or, to be more precise: what is it
that enables a company to continuously induce innovations? One thing is sure: they
do not arise out of nothing. Product and service innovations, for example, are fre-
quently based on existing products or services (incremental innovations): Microsoft
Windows 8 is a successor to Windows 7, and the German E-Postbrief is a hybrid
letter which combines the security of a conventional letter with the speed of a digi-
tal e-mail. What comes next is the result of what has gone before — is that really all
there is to it? Could Windows 8 exist without the host of excellent software devel-
opers who work for Microsoft? Would the E-Postbrief stand a chance of success if
the Deutsche Post AG did not already have recourse to an extensive infrastructure
for logistics and postal services? So, beside technology human and organizational
influences play a decisive role in the genesis of innovations. This connection still
becomes clearer in the case of radical innovations. The World Wide Web would
definitely not have been invented at CERN if the serious problems they were hav-
ing with chaotic information flows [Ber89] had not coincided with the structured
brilliance of Tim Berners-Lee. The most far-reaching innovation of the 20th century
arose from the intertwining threads of these special intra-organizational circum-
stances and problems at CERN, the exceptional talents of Tim Berners-Lee and the
technological development of hypertext — limiting the genesis of this fundamental
innovation down to one of these dimensions would effectively be an error of reduc-
tionism, and obscure the actual nature of how innovations come about. They are
neither merely the results of processes of technological development or improve-
ment nor are they simply the realization of creative ideas. But by taking a holistic
view of innovations and considering the many facets of their origin and kind we
can see them as emergences of the entire socio-technological system which induces
them.

So when we ask what enables companies to induce innovations, we are actually
enquiring about the complex interaction between human, organization and technol-
ogy [HHLO9]. Every innovation is always the result of a complex interweaving of
these three dimensions and the interdependent processes which emerge from them.
The idea that it is possible to monitor these processes precisely in a company or
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even control them at all is a widespread misconception. And it is the same modern
misconception which attempts to persuade us that innovations can be planned and
controlled [Now08, SBB106], that they could be initiated, implemented and con-
trolled, but only with the right kind of management. Of course, management — of
whatever kind — can be a part of the innovative process. But innovations are not
created on the drawing board, nor by working through check lists or phase mod-
els. Innovations emerge from the complex thinking, acting and interacting of people
going about their everyday work under certain framework conditions. In the con-
text of the modern industrial nations’ transition to knowledge- and service-based
societies and the associated “paradigm shift in the innovation system” ([Bul06];
translated by author) it is particularly important that the traditional technology- and
product-oriented perspective on innovation develops into a holistic view which ac-
knowledges the key role of people and their working conditions in the concept of
innovation [Sch07, how].

A holistic understanding of innovation, therefore, takes into account more than
simply the management of the processes of product or technological development. It
does not even begin with the generation of ideas, but poses the far more fundamental
question of what conditions need to be created for a system to continuously — not just
intermittently — induce innovations. These are the conditions which constitute inno-
vative capability, which can relate to individuals, companies, networks and teams
and to whole societies' as a multidimensional construct with many levels [HTH10].
Against the background of today’s complex dynamic world of business and work, it
has risen to become one of the most important success factors in safeguarding the
competitiveness of companies and entire national economies [DEKS06]: The ability
to succeed in the market-place in the long run is more and more based on the ability
to innovate. Summing up one can record that:

* Organizations need to induce innovations, to remain long-term competitive in
a turbulent market environment.

* Seen in the context of a holistic understanding, innovations are emergences from
socio-technological systems, and as such cannot completely be planned, steered
or controlled.

» The innovative capability of companies comprises the complex interrelationships
between the human, organizational and technological requirements to continu-
ously induce innovations.

2 Not Everything is Innovation

In order to identify the conditions required to produce innovations on a continual
basis and thus be able to refine our concept of innovative capability, we first need
to specify the fundamental characteristics of innovations. Therefore the question is:

! Thus, for example, international benchmarking systems such as the German Innovation Indicator
(http://www.innovationsindikator.de) or the Innovation Union Scoreboard
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what exactly is actually to be induced? What is an innovation? Remarkable though
it may seem, the term innovation has the particular quality of describing a generally
recognized key success factor in today’s economic and working environment, with-
out ultimately clarifying what it refers to. Innovation has long been one of a large
stock of management buzz words, stylized into a kind of savior-figure [Pae03] with
the power to generate growth, create jobs, tackle crises and promote prosperity in
society. The ubiquity of the word and its inflationary use [kru] are leading to an over-
expansion of its meaning. As the term is watered down it is still unclear whether the
term innovation is merely loaded with optimism or whether it really possesses the
desired power to change something:

It only seems appropriate that, in times of economic challenge, global competition, and an
overabundance of similar products and services, leaders would turn to innovation as the
new corporate mantra. Unfortunately, the concept of innovation has been so widely used
and misused that many people are now confused as to what it really is. [Dun02]

The first thing we need is a criterion by which to differentiate between innovation
and non-innovation. It has been clear since Schumpeter that new ideas, products or
technological discoveries alone do not constitute innovation. For him, innovation
had to have the power to effect a far-reaching change with regard to economic de-
velopment — for example, the transition from the mail coach to the railway. Mar-
ket application and the commercial success that comes with it are therefore fre-
quently used as essential criteria [Wit10]. However, as we depart from a product-
and technology-centered perspective and establish a holistic concept of innovation,
these criteria are also far from definite. Social innovations, for example, [HJ10] in
other words fundamental changes to our patterns of behavior, are not designed to
be put on the market at all, and any financial profit can only be estimated very
roughly, if at all. Organizational innovations, such as the introduction of safety at
work regulations or the establishment of environmental standards, often focus more
on increasing social or environmental sustainability than on economic success —
although that can also turn out to be very appreciable [San05, Ram09].

It makes sense, then, to look beyond purely economic factors in our assessment
of the consequences of innovations. Bullinger and Schlick therefore define innova-
tion as “problem solution which uses a new approach to produce a profit. [...] It
comprises the entire process from the idea via development and production through
to market launch or realization” ([BSO2]; translated by author). The criterion of
economic success can thus be replaced by the more general idea of profit, and the
launch of a product on the market by the realization of a new approach or a new
idea. Here, though, both the profit and the realization must incorporate an additional
time dimension. A purely short term profit or the implementation of an idea on only
a temporary basis would not have the power to cause an economic, social, or en-
vironmental change which is necessary to be considered as an innovation — a new
business model which is introduced but cannot establish itself on the market is no
more an innovation than a quality management system which only raises the qual-
ity of a product in the first two weeks. The time component emphasizes the central
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characteristic of the uncertainty and unpredictability of innovations — whether some-
thing is an innovation or not can never be determined a priori, but only in retrospect.
If we extend the notion of profit beyond the economic dimension, and include social
and environmental aspects, and then add the criteria of the power to effect change,
we can describe a holistic concept of innovation as follows:

+ Innovation is the realization of new ideas that contribute to sustainable” changes.

» The innovative capability of companies comprises the complex interrelationships
between the human, organizational and technological requirements to continu-
ously induce and realize new ideas that contribute to sustainable changes.

3 Dilemmas of the Modern Working Environment

In 2007 the German ministry of education and research initiated a research and de-
velopment program entitled “Working — Learning — Developing skills. Potential for
Innovation in a Modern Working Environment” (“Arbeiten — Lernen — Kompeten-
zen entwickeln. Innovationsfahigkeit in einer modernen Arbeitswelt”, or A-L-K for
short) [BMBO7]. In a transdisciplinary approach to research, the program, which
currently comprises more than 100 joint projects, enables companies and employ-
ees to identify and successfully implement conditions, which foster innovations.
The program is based on the sustainability-oriented concept of innovation which
includes, besides the economic success, the social progress as a criterion for inno-
vation [BMBO7]. This recognition of the one-sidedness of purely economic criteria
for assessment — and therefore criteria which are usually strictly based on figures — is
gaining wider acceptance in the contexts of academic and economic policy. The idea
that economic and social benefits are considered as well, in other words the basic
principle of the social market economy [MA76], gets more and more important.’
On the other hand, these attempts at a more integrative approach are confronted
with the harsh realities of a financial capitalistic world economy. In the day-to-day
competition of global business neither social nor environmental benefit will ulti-
mately decide a company’s future — the only critical factor is economic success. In
this context it is inevitable that stakeholders in the world of business focus primar-
ily on the economic profits. Additionally, the dynamics and complexity of today’s
global markets reduce the time given for planning to such an extent that it is not
always possible to focus on a long term action strategy. On the one hand, economic
pressure forces companies and their employees to realize profits as swiftly as pos-
sible. On the other hand, economic and environmental conditions are changing so
rapidly that it is no longer possible rationally to assess the longer-term side effects,

2 Sustainability is meant here in the context of the three-column model, which adds a social and an
economic column to the original environment-related concept [enq] (cf. [Bra00], 75).

3 Correspondingly the European growth strategy is founded upon the notion of smart, sustainable
and inclusive growth [eur].
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long-distance effects and repercussions of any given activity. The upshot of this fun-
damental uncertainty is that economic activity is focused on maximizing short-term
and usually monetary profits.

As part of the German A-L-K program, the “International Monitoring”* research
and development project (IMO) has identified this area of tension between sustain-
ability and short-term profit maximization as the meta-dilemma of the modern work-
ing environment, and therefore as a paradigmatic challenge for activity conducive
to innovation. Squaring the circle of economic activity rests on the impossibility of
reconciling the doctrine of the homo oeconomicus with attempts to achieve sustain-
ability. The underlying economic maxim of rapidly realizing the greatest possible
profit is pressing economic actors to behave in a unilaterally monetarist and reckless
way which is incompatible with a far-sighted, responsible and long-term successful
management [Thi09]. One may ask, whether the neoliberal subordination of social
responsibility” in the long run primarily leads to its dissolution.

The reasons why economic actors often focus on the short-term maximization of
profit despite the widespread efforts to achieve sustainability can be described with
reference to four dimensions of economic pressure:

* Cost pressure

* Pressure to succeed

* Time pressure

* Flexibilization pressure.

The IMO project has contrasted these dimensions with four basic conditions for
socially and economically sustainable organizations that are highly capable to in-
novate [HTH10]. The result is four interdependent dilemmas which can be seen
as elementary problems inherent in economic activity in general and in reinforcing
innovative capability in particular (cf. Fig. 1)®:

* Responsible use of human resources vs. cost pressure describes the require-
ments of a comprehensive, anticipatory and responsible management of personal
knowledge potentials, skills and competences under the simultaneous economic
pressure to cut costs.

* Long-term strategies to increase innovative capability vs. pressure to succeed
describes the increasing pressure on companies to make fundamental changes to
structures and processes in order to strengthen their innovative capability whilst
being required to quickly achieve objectively measurable success.

4 The IMO project is being run by the institute cluster IMA/ZLW & IfU of the RWTH Aachen
University. The overall aim of the joint project is to establish ongoing International Monitoring
(IMO) and the action areas associated with it, on the topic of innovative capability, to support
development of the content of the BMBF F&E program “Working — Learning — Skills. Potential
for Innovation in a Modern Working Environment” (ALK), as well as contributing to increasing
the sustainable competitiveness of Germany and Europe in the global context.

3 “The social responsibility of business is to increase its profits” [Fri70].

6 Beyond that, the dilemmas also provide a framework of reference which helps the IMO project
to structure inter- and transdisciplinary knowledge on the topic of innovative capability and give it
a common context [TSHJ10].
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