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By the Name of
Allah
The Most Gracious
The Most Merciful

See you not that Allah sends down water (rain) from the sky, and We produce therewith fruits
of varying colours, and among the mountains are streaks white and red, of varying colours
and others very black. And of men and moving living creatures, and cattle, in like manner of
various colours. It is only those who have knowledge among His slaves that fear Allah. Verily,
Allah is Almighty, Oft Forgiving.

(The Holly Quran, Suraht Fatir: verses 27 and 28)
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Preamble

In the course of my master program in Electronic Systems and Engineering Management |
became acquainted with the topics of innovation and problem solving through the INNOPSE
project (“Innovation Studio and Exemplary Development of Product Service Engineering” a
three years research project, May 2002 — April 2005, funded by the European Commission
“GROWTH” Programme). In fulfilment for the master degree, my master research project
was the development of concept and the realization of the Innovation Studio. The concept of
the Innovation Studio has been developed based on the results of the best practice case
studies, from a survey conducted for the project, and the basic research conducted on
obstacles impeding innovation.

It was through that research that I was first introduced to TRIZ and other creativity and
innovation management methods and tools and there I had developed the first concept, called
4Ts (Abdalla, 2003; Abdalla et al, 2003), for a systematic process for problem solving and
idea management.

It was then that I realized the interest I have in the process of problem solving and the use of
innovation management methods and tools, especially the TRIZ methodology. It was also
apparent that I needed to deepen my knowledge about the existing methodologies, thus we
had acquired three different software tools that implement the methodology of TRIZ and
implemented them in the Innovation Studio on case studies and new problems. More literature
research was done to broaden my knowledge about TRIZ and problem solving. It was due to
that knowledge that the research problems of this PhD thesis had arose.

Many issues are amidst “hidden” contention and ambiguity in the realm of innovation and
problem solving among researchers. Each claims the supremacy of his/her approach to
problem solving and creativity techniques. None of the published work gave complete and
satisfying answers to many critical issues for the success of problem solving and innovation.
Different combinations of tools have been introduced in different case studies. I have not
noticed, even in an instance, where the author admits the inadequacy of his/her combination
of methods and tools for problem solving. Still issues like problem definition, knowledge
identification and creation, creativity techniques...and many others have not matured and still
beyond complete understanding.

On the other hand, the research has been directed by the goals of the INNOPSE projects. One
of the goals of INNOPSE was to develop a methodology for developing product service
systems (PSSs). The developed methodology was based on the TRIZ tools and knowledge



base. This is where the two strands of research meet. The problem solving and PSS
development research has been joined by the implementation of innovation management
methods and tools.

This is the background for the research reported in this thesis. The research has been
conducted in South Westphalia University of Applied Sciences in Soest, Germany under the
supervision of Prof. Berthold Bitzer from South Westphalia University of Applied Science
and Prof. Danny Morton from the University of Bolton in Bolton, UK.

My aim in conducting this research is not just to fulfil the requirements of the degree and not
only to publish work. Rather I aim at meeting standards of rigorous research to provide
knowledge that contribute in building a theory of excellence that will help researchers,

scholars and experts to come in this field.



Abstract

The research carried out in this thesis dealt with two strands that are closely related in their
research theme. The first is pertaining to problem solving processes, specifically the problem
definition stages, and the second is concerned with the role of TRIZ in developing Product

Service Systems (PSS).

One of the most important developments in innovation management in the recent past is the
systematic approach of making creativity and innovation learnable through generalising
knowledge and best practice for problem solving. Solution generation and evaluation attracted
more emphasis while more important aspects of problem solving lie in the problem
identification and definition stages. TRIZ provided the core of the generalised knowledge and
best practice that many state of the art innovation methodologies look into for problem
solving. This research has investigated the structure of some of these methodologies and their
approaches for the purpose of identifying possible areas for enhancement in the problem
definition stages. The research also presented key findings after analysing 93 case studies that
were published using state of the art methodologies and other proprietary approaches.

These two research activities identified the major shortcomings in problem identification and
definition stages to be related to identifying the root causes and the right system parameters
involved in the root causes as well as the way by which the problem model is drawn and
communicated. The research contributions to this research strand are manifested in a
systematic approach for problem identification and definition called the Problem Construction
Model (PCM). This model provides answers to the identified deficiencies. The research also

reported an evaluation and a comparison of the PCM with other state of the art approaches.

The research for the second strand is centred on the role TRIZ can play in developing PSSs.
The research investigated the state of the art in PSSs development methodologies in terms of
approach, structure and tools implemented. While many of the investigated methodologies
provided organisational and evaluation tools, they stayed short from incorporating TRIZ or
any of its tools in the PSSs development processes and did not tackle the issues in problem
identification and solution. The research contributions in this strand are a concept for
developing PSSs called “Balance” and the development of 40 inventive principles for

developing eco-efficient PSSs.
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