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Abstract
Applying the principles of user-centered development (UCD) in software development practice is not
straightforward. In technology-push type software product development it is not clear how to match
the new product innovation to the future needs of potential future users. Intensive collaboration
between different organizational functions becomes essential. UCD provides valuable tools and
practices as learning mechanisms both for users and for the company. The purpose of cross-functional
interaction is to iteratively define the best possible market for the emerging new product. This study
investigates cross-functional interaction during the early phases of a new software product. The roots
of UCD are in traditional software engineering (SE). However, in a software product company it is
necessary to take a broader new product development (NPD) perspective.

The results indicate that the early phases of software NPD are actually a collaborative learning
process in which representations of the new product are built iteratively, increasing multidisciplinary
knowledge related to the evolving shared object of development. The cross-functionally shared object
is more than the new software product. It is an emerging new vision for the whole new business area.
Both the product and its users-customers-market develop iteratively. Traditionally this is considered
to happen through communication within a cross-functional NPD team. Rather than one cross-
functional team effort, software NPD seems to be a network of cross-functional activities.
Furthermore, in software NPD practice the development of the new business unit may actually
overlay the more established business organization. This has not been visible enough, and part of the
problems with cross-functional interaction may be due to confusion between these two activity
systems during every-day practices. Different mediating representations of the multidimensional
object knowledge become crucial.

The study starts with a summary of a three-year process improvement effort in one case company,
providing the basis for theoretical reflections and analytical generalizations. SE and NPD literature is
reviewed to situate the case within current theoretical understanding. The findings are synthesized
using concepts from cultural-historical activity theory. This study will hopefully provoke the
rethinking of some of the current taken-for-granted issues related to the management of new
emerging software product businesses.

Keywords: activity theory, conceptual development, fuzzy front-end, knowledge
representation, multi-disciplinary team, product-market combination, software business





 Preface 

In autumn 1999 I returned from my maternity leave. I thought I had learned my lessons 
while finishing my Masters and Licentiate theses. I remember thinking that with small 
children home, it would be best for me to concentrate just on teaching. And I did – for 
about one and a half months! In mid-September Timo Jokela asked me if I would be 
interested in joining a Tekes-funded three-year research project related to user-centered 
development. Earlier in my licentiate thesis I had studied an organization from the point 
of view of using information technology to support their evolving work processes. Now it 
was possible to change the perspective and focus on the software companies trying to 
periodically build new versions of this ‘useful’ technology for others. The subject was so 
interesting that I remember thinking that I could also ‘work’ as a researcher yet not 
necessarily strive for a doctoral degree. And I carried this attitude with me for a long time 
– even though I did start to work for the project. 

The areas of both user-centered development (UCD) and software process 
improvement were new to me when I started to work for the project. From the very 
beginning of the project my goal was to develop new tools to support cross-functional 
interaction and hence improve the user-centered development process. It was believed 
that the problems with interaction could be solved by improving the existing processes 
and tools to support these processes. However, even from the initial process assessment 
of the case company, I started to wonder if the approach was appropriate. To me, the 
problem with interaction turned out to be much more complicated. I was not so confident 
about solving the problem of interaction without actually understanding the roots of the 
problems. However, the project schedule did not make room for this type of analytical 
thinking and there we were – taking research actions by building new tools to support the 
interaction. Quite surprisingly, though, the action research worked well and we did 
manage to build an interesting initial solution to the problem. 

After the project, my colleagues encouraged me to report our results as my dissertation 
thesis. As constructive research, I could have reported our initial solution as one possible 
solution. Since the problem turned out to be so complex, our three-year effort could have 
been enough to propose a solution to the problem, even though the implementation of our 
solution did not succeed very well. Evaluation of the solution could be postponed for 
further research. This was too much for me. For three years I had been solving a problem 



 

that was, to my mind, inadequately understood in the first place. All the problems with 
implementation convinced me even more. Therefore, in the end, although I was very 
pleased with our results, I could not defend a claim that our solution would be the answer. 
In my opinion, the problem was more than a question of a ‘company application of’ or 
some ‘extension to’ a UCD standard. I felt this was an indication of a much deeper 
problem. However, digging deeper into this problem would demand more work which, on 
the other hand, was not something to get excited about. Yet during the three-year effort 
there were people dedicating their time and effort to this subject. These were people 
living and working with the actual problems, every day. These people had devoted three 
years to this project in the hope of some relief. Because of these people, I felt it was my 
duty to find some kind of a meaningful conclusion to our hard work. 

During the years of my research I have had an opportunity to work with many talented 
people to whom I would like to express my greatest gratitude here. First of all, my long-
lasting supervisor, Prof. Kari Kuutti, has been the most important supporter of my 
research work and my most important mentor, ever since my Masters thesis. At the 
beginning of this research project, however, there was a moment when I was trying to 
survive without your support. Fortunately though, you realized that it would have been a 
‘mission impossible’ for me. Without you I would never have started this book. Of 
course, your role has been important in arranging the possibilities (i.e., money) for me to 
concentrate on my research. You have also been my guide to activity theory. Despite the 
significance of these things, they will still be dwarfed by something more important. 
There is actually no other person in this whole world who could “comfort Toffle” 
(lohduttaa Nyytiä) the way you have done during all these years. Thank you Kari. 

During the empirical part of this work, an enormous number of people have 
participated in our collaborative effort. First, there were about 40 people from the case 
company whom I have had opportunities to meet, interview, or otherwise interact with. 
Unfortunately, in order to protect the anonymity of the case company, I will not name 
them here. I thank you all with pleasant memories. Having said this, however, there are 
two individuals that I must highlight separately from the others. Pirkko and Eija, with 
your demanding yet appreciative attitude you have provided me with the most 
challenging research field I could ever expect. Eija, did you know that part of my 
motivation for this study has been your persistent questioning of the rationality and 
suitability of the standard HCI process in the context of software product business. 
Pirkko, on the other hand, as you know, you have been the most important sponsor, 
showing me the way to valuable sources of information and expertise in the company. I 
also hope that with this book I have been able to rise to your challenge concerning the 
meaning and importance of ‘work product management’! As you may find out, different 
types of ‘representations of the object knowledge’ do become important mediators, 
especially for cross-functional interaction. Thank you Pirkko, Eija and all of you in the 
company. You have made my days (and sometimes even nights) of research worth the 
effort. 

In addition to the practitioners, I have had a great opportunity to work with many other 
researchers. They have supported my growth in becoming a researcher myself. The 
experience of Prof. Samuli Saukkonen and Prof. Kari Kuutti has been most valuable for 
the whole success of the project. Timo Jokela and Marko Nieminen (both acting 
professors now), as well as Prof. Pekka Abrahamsson, have all been important ‘trend-



 

setters’ for me. And finally, my fellow students in the research project, Netta Iivari, Tero 
Posio, Marjo Tiikkaja, Mikko Rajanen, Mikko Jämsä, Mikael Johnson, Juha “Mox” 
Huuhtanen – all of you have created an enthusiastic and unforgettable team to work with. 
Thank you all. I would also like to thank the other researchers with whom I have 
cooperated only briefly. Prof. Kai Hakkarainen, Lasse Lipponen, Jiri Lallimo and Hanni 
Muukkonen, it was a pleasure to meet you all. 

Actually there are more of these ‘trend-setters’. Ever since I started to study and work 
at the Department of Information Processing Science, I have had the opportunity to share 
in the joy of quite a number of my colleagues and friends achieving their doctoral 
degrees: Kari Kuutti, Ilkka Tervonen, Harri Oinas-Kukkonen, Tapani Kilpi, Janne 
Järvinen, Helena Karasti, Timo Jokela, Tuomo Tuikka, Giulio Jaccuci and Volmar Pipek. 
In addition to Kari and Timo, whom I have already mentioned, a few of them need to be 
acknowledged here as well. Janne, thank you for lending me your copy of the Bootstrap 
book. It was very valuable for the process assessment within the case company. Helena, it 
seems that you have been my role model ever since I inherited your assignment as a 
secretary of the Blanko student union. Despite how busy you have been, almost for 
twenty years now you have always given me time to discuss my work (or private life). 
Being as dedicated to research as you are, your comments and recommendations have 
always been extremely valuable. I can only imagine what this study could have been, if 
only I had dared to disturb you more during your precious first year with Hemmu. Thank 
you Helena. You also helped me to arrange a collaborative workshop for the qualitative 
analysis of my data. This workshop opened my eyes to the limitations of my data related 
to my research interest. I hereby thank also the other participants in that workshop: Anna-
Liisa Syrjänen, Sari Tuovila, Netta Iivari, Juha Iisakka, Mauri Myllyaho, Mikko Rissanen 
and Miikka Laine. Tuomo, as you know, your kind advice concerning the process of 
becoming a doctor has been of great importance for me. However, you have also 
personally provided me with thoughtful comments, when I first started to reflect on my 
experiences in the case. As you may see, your own research on concept design as well as 
with activity theory has also been of value to this study. Thank you Tuomo. 

There are also a few other colleagues and friends whom I would like to thank. Prof. 
Samuli Saukkonen and Prof. Veikko Seppänen have provided me their advice and 
valuable comments, thank you. Netta Iivari has been a fellow student, side by side with 
whom I have had the pleasure to take this rocky journey. Thank you Netta for your 
friendship. I have also appreciated the seriousness with which Sari Tuovila looks at both 
research and life. She has an ability to truly wonder and a desire to really understand 
events and phenomena – essential qualities of a dedicated researcher, in my opinion. 
Thank you Sari for the many thoughtful discussions we have had during these years. 
Finally, Anna-Liisa Syrjänen has taught me what it means to appreciate your own efforts 
and to continue no matter how hard it sometimes may be. Thank you also for the 
discussions concerning this study. Finally, during this time I have also been fortunate 
enough to gain a new relative, luckily one who could actually be considered as a kind of 
mental father for me as well as for many of my fellow students and colleagues. Pentti 
Kerola, I thank you for the discussions related to my studies and for lighting up the initial 
spark of research in me. 

I also wish to thank the external reviewers, Prof. Jacob Buur and Prof. David 
Redmiles, for the time and effort they put into reviewing my thesis. Both of them have 



 

provided me with insightful critique which has been of great value to me when making 
the final changes to this work, and will be when further publishing the results of this 
study. I am sure that the official opponents appointed by the Faculty of Science, Dr. 
Geraldine Fitzpatrick and Prof. Jaakko Virkkunen, will also provide me with challenging 
questions related to my research and thus show me the necessary targets for 
improvement. Mr. Mark Smith has contributed greatly by improving the English 
language of this work. I especially thank him for his thoroughness with the important 
verb “reflect”. I hope I can reflect the lessons learned in my further writings. 

There are also a few important institutions and organizations that have financially 
supported my work. The main three-year research project was funded by the Finnish 
National Technology Agency, Tekes. I was also lucky enough to be a graduate student for 
two and a half years in Infotech Oulu, especially in the Interact research group. The 
Information Technology Postgraduate Education Program for IT professionals of Western 
Finland and Oulu Provinces (Infwest.IT) has provided me with both an opportunity to 
discuss my work with some highly recognized visiting international researchers and a 
place to identify myself as a doctoral student. And finally the Department of Information 
Processing Science (TOL) has, of course, provided me with the context and facilities to 
carry out my everyday practice as a researcher. 

Finally, I want to express my warm gratitude to the most precious people in life – my 
dear friends and family – who have faithfully stood by me even though my mind has 
often been occupied with things of no value to them. Although they have not been 
directly involved with this work, their role has been as significant, if not even more so. 
First of all I thank my parents and Paavo for raising me to appreciate hard work. Nothing 
comes for free. I would also like to thank my deceased dear grandmother Tyyne, whom I 
miss very much. “Who would appreciate your work, if you don’t do so yourself” she said 
to me when I was questioning her careful way of hanging socks to dry. Together with my 
parents she has taught me that whatever I do I should always do my best. Then there have 
been many important close people helping with everyday practicalities, as well as 
providing me important free time either alone or together with Antti. Especially my 
mother and Paavo, Pirkko and Reijo, Tomi and Silja, Tytti and Asko, Eeva, Jussi, Jenny, 
Ani, and Sini. Thank you all. In addition to these practical things the life of a doctoral 
student is a mess in the head. For this, the many evening discussions – on the balcony, or 
the patio, or otherwise in our neighborhood – sometimes lasting until early morning, have 
been very important for me, providing the opportunity to forget work and concentrate on 
more important issues. Asko, Tytti, Tomi, Silja, Maarit, Jouni, Minna, Karri, etc. I do not 
think you can ever understand – or maybe you do – the value of these discussions, 
especially the famous one related to “free will”. Thank you for them and I hope that we 
will have many opportunities to continue them in the future as well. 

Having said all these grateful and appreciative words to highlight the importance of 
many people, unfortunately all possible words fail me in front of Antti, my dear husband. 
Yet I will try my best. How would you imagine the heaven of a doctoral student? Imagine 
working long days. Sitting next to your computer, getting tired, feeling hungry and cold. 
Your neck, back and shoulders are aching. Imagine you go home late in the evening (or 
early in the morning). Someone has taken care of everything there. Your children are 
sound asleep. You take a warm shower, and there is a glass of red wine, some bread and 
fruit ready waiting for you. Later you get your back and shoulders massaged and finally, 



 

the soles of your feet will be tenderly caressed until you fall into peaceful sleep. You may 
keep on imagining, but I have lived it, day upon day! I can never thank you enough, 
Antti, for your unselfish love and care during these years. Thank you, my love. 

In the theoretical analysis of this work I highlight the important relationship between 
some concrete ‘thing’ and an ‘image’ of that thing. People may have differing images of 
the same concrete things. This image is our inner picture of the thing reflected from the 
actual, concrete properties of that thing. I also write that a direct contact with this ‘thing’ 
is the best way to change the image of it. After this hard work is over now, and my dear 
children, Jani and Nina, will hopefully get into more direct contact with me, I hope that 
they will also get a chance to change their current image of me as a ‘roaring lioness’ into 
something more calm and pleasant. Thank you for still loving this ‘wild creature from the 
far-off land’. 

Oulu, February 26, 2006 Tonja Molin-Juustila 
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1 Introduction 

“Interiorization is, as is known, a transition that results in processes external in 
form, with external material objects, being transformed into processes that take 
place on the mental plane, on the plane of consciousness; here they undergo a 
specific transformation – they are generalized, verbalized, condensed, and most 
important, they become capable of further development, which exceeds the 
boundaries of the possibilities of external activity.” (Leontjev 1978, p. 58). 

Software development processes are needed to increase the quality of the product, to 
facilitate human understanding and communication, to support process improvement and 
to support process management – at least according to the IEEE Guide to the Software 
Engineering Body of Knowledge (SWEBOK 2004). International standards for software 
engineering have been developed in order to guide and support the software industry 
(e.g., ISO/IEC 1995, ISO/IEC 1998). Usability is one important quality characteristic of a 
software product. However, many software products today still have obvious problems 
with usability. Because of these problems with software usability, during the 1990s there 
was growing interest towards “usability engineering” in order to focus especially on 
producing usable software products. According to ISO 9241-11 (ISO 1998), usability has 
been defined as “the extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction in a specified context of 
use”. In order to make these characteristics a reality, one important outcome of the efforts 
toward better usability engineering has been the ISO standard for user-centered 
development (UCD1) (ISO 1999). This ISO 13407 standard has been developed to 
complement the existing software engineering standards with a more user-centered 
perspective. 

Integrating a user-centered approach with general software development practices is 
currently seen as a challenge in the industry (see e.g., special issue of Software Process 
Improvement and Practice, April-June, 2003). Despite the recent attempts, the processes 

                                                           
1 The acronym UCD is often considered as meaning “user-centered design”. However, since the ISO standard 
on human-centered design activities covers all the life cycle processes (not just the “design”) of software 
development, I prefer to use UCD as an acronym for “user-centered development”. 
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for UCD have not yet been widely used in the software industry (e.g., Göransson et al. 
2003, Seffah & Metzker 2004, Holzinger 2005). Improvement of real development 
practices in the software industry, although progressing, does not happen overnight – it 
requires hard work. This has been the motivation also for the growing interest towards 
software process improvement (SPI) efforts to improve the process capabilities of the 
software industry in general (see e.g., Thomson & Mayhew 1997). The process standards, 
as reference models, provide the common basis for so-called software process 
assessments (ISO/IEC 1998). In the same spirit, assessments and improvement efforts 
have also been conducted to improve the usability capability of the industry (e.g., Earthy 
et al. 2001, Bevan 2001, Jokela 2004). This study started out as one such effort, although 
the direction in which it has developed is not typical for SPI. 

The ISO 13407 standard was officially published in 1999. However, research on 
usability capability assessments related to UCD had already started to emerge before that 
(see e.g., Jokela 2001). This research used ISO 13407 as a reference model to evaluate 
companies’ process maturity with UCD (see ISO/IEC 2000). In 1997 a Finnish research 
project, UCD-I2 (Saukkonen et al. 2000), was established to improve usability issues in 
the development practices of software-intensive products produced by some Finnish 
software product companies. In that research project, initial capability assessments were 
conducted in order to define the essential improvement areas for the case companies. In 
addition, there was an interest to improve improving the capability assessment models as 
well. Based on the experiences of this two-year project (1997-1999), another research 
project, UCD-II (Kuutti & Jokela 1999), began in 2000 to partly continue the work by 
improving both the usability capability of contemporary development practices and the 
capability assessment models. Even though it was commonly agreed among the partner 
companies that usability is one of the central qualities of a new product, applying the 
principles of UCD at the practical level was not that straightforward. Knowing the 
methods was not enough. The emerging challenge was also to understand the meaning of 
the approach from the business point of view. At the same time, research had also started 
to develop an interest in the uncertain position of UCD professionals in the industry (e.g., 
Bias & Mayhew 1994, Poltrock & Grudin 1994, Lund 1997, Siegel & Dray 2003). Based 
on the experiences of the UCD-I project, a more ‘top-down’ approach was necessary. In 
addition, the practice of developing innovative new software, with not-so-accurate user or 
customer needs, was considered as a special area in need of improvement. (Kuutti & 
Jokela 1999.) 

Multi-disciplinary collaboration is one of the core principles of UCD (ISO 1999). The 
aim is to integrate different perspectives together, typically in terms of the relationship 
between the product and the needs for that product. According to the UCD-II research 
plan, there was a need for clarification of the roles of marketing and development during 
the early phases of the development. It was important to understand how to handle the 
user needs and user information during the customer segmentation and concept 
development activities. The problems with different functional backgrounds and jargon, 
an inadequate view of the process phases and status, and the accessibility of the 
intermediate results and documents were among the areas that required better 
communication and coordination between different organizational stakeholders. (Kuutti 
                                                           
2 UCD-I and UCD-II will be used as pseudonyms for the original projects in order to protect their anonymity. 
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& Jokela 1999.) Based on these experiences in the UCD-I project, the UCD-II project 
took cross-functional interaction (especially between marketing and development) during 
the early phases of user-centered software product development as one of its main focus 
areas for improvement. High-tech product development needs to follow technical 
evolution. In addition, it is necessary to understand and handle the future needs of future 
customers. The result of the early phases of product development should be a product that 
fits the market needs of the time, and helps the company to mature in that business area. 
This is not possible without an intensive collaboration between different business 
functions. As stated in the research plan for the UCD-II project, with a new emerging 
product the interaction between marketing and development becomes an important and 
interesting subject to be researched and improved. 

Different types of business functions become manifest especially in the product 
business context. There are actually many different areas of operation depending on the 
specific discipline or skills demanded. People are grouped according to their areas of 
expertise, and they carry out some common set of tasks. For example, marketing is 
responsible for the ways of marketing the company’s products and services, sales 
concentrates on selling the different products and services, development does the basic 
software engineering work for the software versions and releases, in enterprise solution 
type businesses some kind of customer projects may be in place to implement the actual 
customer solutions in the real use environments, and finally support takes care of 
customer problems during their everyday use of the product. All these functions are also 
central functions from the UCD point of view3. All of them have some kind of interface 
with the potential or real customers. In order to improve the strategic impact of UCD, one 
is obliged to break the boundaries of software engineering and take this more 
comprehensive viewpoint on the new product business functions in general (e.g., 
Rosenbaum et al. 2000). Only this wider perspective provides the necessary context in 
which – and the concepts through which – to understand cross-functional interaction. 

Together with the UCD-II project, this study is an attempt to respond to the needs of 
both research and industry. By improving practices related to cross-functional interaction, 
software companies have better chances of building new products that will respond to the 
needs of their customers now and in the future. As the approach comes from the software 
process improvement tradition, this leads to building (to modeling) a better understanding 
of the processes and their implementation concerning cross-functional interaction, 
especially as related to UCD. During the UCD-II project we made great efforts to 
incorporate this type of improvement. However, as is rather usual in industrial 
cooperation projects, only after the project was there sufficient time and opportunities to 
reflect on our experiences more carefully. This study is a result of that reflection. Initial 
suggestions for the improvement of cross-functional interaction will be provided. 
However, rather than process improvement, these results are based on a more theoretical, 
in-depth understanding of cross-functional interaction during the early phases of user-
centered software new product development. Cross-functional interaction is vital for new 
emerging product business, in order to define a new product innovation that will respond 
to the needs of emerging profitable markets. In this study, the complex problems of cross-

                                                           
3 There are also other typical functions in a business (finance, payroll, accounting), which will not be discussed 
in this study. 
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functional interaction are not solved for good; however, the problem of cross-functional 
interaction is studied from different perspectives, substantially improving our theoretical 
understanding of the origins of the problems and thus also providing the basis for 
possible practical solutions. The results of this study will also suggest challenges to the 
current view of software product development and the business management of new 
emerging products. 

1.1 Research questions and the structure of the study 

The problem area of this study is related to cross-functional interaction during the early 
phases of user-centered software new product development. The main research question 
concerning this issue is: 

 How can cross-functional interaction during the early phases of user-centered 
software new product development be improved? 

In this study, this question is addressed in three parts. First it is approached empirically. 
Within the research setting of the UCD-II project, a plan was developed to approach the 
issue as a process improvement project. In the first part (Chapter 2), I will describe in 
more detail our attempts to solve the main problem during the whole three-year UCD-II 
research project (2000-2002). The main result of the UCD-II project, the MAPID 
(Market-centered Approach to Product Innovation Development) model, introduced some 
principles concerning the early phases of software new product development, and 
practical tools and processes for cross-functional interaction during these phases. The 
existing general process models for (user-centered) software new product development 
could not provide the necessary basis for our improvement efforts during the UCD-II 
project. We needed to collaboratively develop a new shared understanding concerning 
some of the main concepts (e.g., early phases, development processes, and the focus of 
development) and the complex dynamics during the early phases of development. These 
new concepts then became the common ground for our practical improvement efforts – 
i.e., the MAPID principles. With these principles, our understanding of the problem had 
matured. However, we were continuously facing problems with MAPID implementation. 
After the project, it was clear that the problem was not yet solved. There seemed to be 
this continuing incongruity between our new conceptual principles and the current, ‘self-
evident’ practice. With the wisdom of hindsight, the scope of our attempts was too 
narrow. This obviously insufficient understanding of the context in which our 
improvement efforts were carried out motivated me to take a step backwards and to start 
questioning some of these basic concepts. Therefore, two detailed subquestions 
concerning the main problem have been put forward. The rationale for these two 
questions is given in the discussion section concerning the UCD-II research project 
(Section 2.9). 

What is the shared object of software new product development? and 

What are the early phases of software new product development? 



 19

At this point, however, I also realized that the empirical material of the UCD-II project 
was not itself sufficient to answer these subquestions. Although the tensions between 
differing viewpoints (e.g., marketing and development) were visible throughout the 
project, the original research question together with the foundation in SPI tradition had 
limited the empirical material too much. Therefore, in order to exceed the boundaries of 
the empirical material, and to answer these subquestions, a more theoretical approach has 
been chosen. 

First of all a reflective literature review of the current research on the subject area has 
been conducted in order to better understand and complement the empirical data. In the 
second part of this study (Chapter 3) I will try to answer the subquestions with an 
extensive literature review. At the same time this review is also an analytical 
generalization of the empirical results of only one case company (e.g., Yin 2003). The 
literature review was also needed in order to reposition this study within the existing 
research. As indicated before, the UCD-II project was based on the UCD/SPI point of 
view, but during the project this was found to be too narrow4. Issues concerning cross-
functional interaction needed a more comprehensive viewpoint on the context in which 
they emerge. Because during the UCD-II project we had already needed to turn to general 
models for new product development (NPD) in order to understand better the differing 
viewpoints and the ‘scene for interaction’, as well as the development as an 
organizational effort on the whole, it was reasonable to look into this literature more 
carefully as well. The marketing and sales functions in particular seemed to relate to the 
issues from the NPD point of view. The integration of software engineering (SE) and 
NPD became even more attractive after I found the inspiring article by Nambisan and 
Wilemon (2000) asking for “cross-domain knowledge sharing” between these two quite 
distinct fields of research. Although in software product business practices the two areas 
obviously overlap, in research they have been studied by two quite separate research 
communities. The article by Nambisan and Wilemon motivated me to carry out the 
literature review from these two basic perspectives: the SE perspective with a special 
focus on the user-centered approach, and the NPD perspective restricted with a similar 
focus. The purpose of the literature study has been to reflect current theoretical 
generalizations and assumptions related to the complex reality of our empirical case 
experience as well as to deepen our understanding of the tensions between differing 
viewpoints during our UCD-II project. The review has also been an attempt to find out if 
there is any synergy between the two research communities. 

The research fields of SE and NPD are quite broad and diffuse. In order to structure 
this challenging task, as well as to reflect our empirical experiences against this wider 
context, I have taken three logical and more detailed subquestions to further manage this 
theoretical analysis. Since UCD is the main area of research in this study and yet quite a 
new approach to business organizations, it is justifiable to ask: 

What is the role of the user-centered approach during the early phases of software 
new product development? 

                                                           
4 Because of this refocusing of the problem area, the background literature for the UCD-II project is not 
introduced here separately, but the parts still relevant for this study are included in the literature review. 
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Furthermore, since UCD evidently crosses the boundaries of the development function, 
and cross-functional interaction is the special focus area in this study, two more detailed 
subquestions are put forward: 

What is the role of cross-functional interaction during the early phases of user-
centered software new product development? and 

What are the origins of the problems with cross-functional interaction during the 
early phases of user-centered software new product development? 

However, as becomes obvious, even the reviewed literature does not provide sufficient 
insights into all the core experiences in the UCD-II project, even though it does provide –
the literature on NPD in particular – more insight into the research questions. In the third 
part (Chapter 4) an analytical reflection of the UCD-II project and the complementary 
literature, based on concepts from cultural-historical activity theory (CHAT), attempts to 
bring all these different perspectives – the empirical experiences and the current 
understanding of the two research communities reviewed – under a common frame of 
reference, both to provide some meaningful insight into the research questions and to 
move towards possible solutions to the main problem. By answering the same research 
questions again, the CHAT analysis also attempts to fill some of the gaps still remaining 
after the review. During this analytical reflection, however, a particular problem related to 
cross-functional interaction was found: the role of representations. The different types of 
representations and the dynamics related to their mutual relationships turn out to be vital 
for cross-functional interaction. Although this was not my initial research question for the 
theoretical analysis, it will be discussed as part of the CHAT analysis and in the final 
conclusions. 

The overall structure of this study is organized around these three different 
perspectives on the main research question and its subquestions. In this introductory 
section (1.2) the research approach is also explained. Then the three different perspectives 
are discussed, each in their own chapter (Chapters 2-4). In Chapter 5 the results of this 
study are summarized and discussed. 

1.2 Research approach 

This study is a qualitative, interpretive case study (Walsham 1995), the basis of which is 
three years of empirical field work within a single software product company. The 
general essence of empirical field studies in SE is the attempt to learn something useful 
while comparing reality against theory, and to improve theories as a result (Perry et al. 
2000). The setting for the whole UCD-II project already supported a case study strategy. 
The whole project was structured as a real-life process improvement effort in which the 
possibilities of controlling the contextual situations in the field were limited. Contextual 
issues provided many uncontrollable incidents that affected the way the project 
progressed. This study is in the form of practice-oriented research, and cross-functional 
interaction in particular has been considered as “a complex social phenomenon” in search 
of a holistic, qualitative approach. (Yin 2003). In fact, the original setting for the UCD-II 
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project was to support a multiple-case study. However, as will be shown, after only the 
first year of the UCD-II project it became evident that the situation with this one case 
company was unique. The other companies were only starting to implement UCD 
practices, while this company had the basic practices already implemented and in use for 
years. It had started to develop a totally new product innovation and felt that UCD could 
be more useful for the process. Therefore, it is justifiable to think that the problems faced 
by this one company might also be repeated within others later. In this sense the case 
company can be considered as a representative case for the problems of cross-functional 
interaction and their improvement efforts. Rather than a positivist case study and its 
methodological engagements (Yin 2003), a more in-depth interpretive approach 
(Walsham 1995) to the case was justified. Therefore, the research approach of this study 
is based on three different perspectives aiming to explain and to understand cross-
functional interaction during the early phases of user-centered software NPD, as well as 
the problems involved in it and possible areas of improvement. 

The empirical data for this study comes from the UCD-II field work within a single 
case company, which is a medium-sized international sofware product company 
operating on business-to-business product markets. Their new product, which is studied 
in this work, is an enterprise solutions type product (a core product complemented with 
tailored components). In the first part of this study the aim is to describe the contextual 
conditions under which our empirical experience has been gained. Even with such 
enormous efforts to improve cross-functional interaction there were obviously barriers 
that we could not understand. However, to quote Mumford, it is possible that “[t]he 
important end product is greater understanding of the question we are trying to answer or 
the problem we are trying to solve through the research” (Mumford 1991, p. 22). 
Although we were not able to solve the problem sufficiently at the practical level, the 
problem became even more interesting academically. The field work in UCD-II has 
provided the empirical data for further reflection and analysis. In this study I purposefully 
try to detach myself from this material in order to reflect on and learn more about the 
case in relation to current research in the subject area. According to Yin (2003), single-
case studies are generalizable by analytical generalization. From the interpretive case 
study point of view it is not a question of finding a general truth or general laws but more 
of explaning a particular phenomenon in order to capture insights (Walsham 1995). Since 
the new insights are typically based so heavily on the case, Greenwood and Levin 
consider it a great challenge to make generalizations based on these types of insights 
without losing “sight of the world as lived in by human beings” and therefore possibly 
making “the knowledge impossible to apply”. (Greenwood & Levin 2000, p. 97). I try to 
face this challenge by reflecting on and complementing our empirical experiences from 
two different theoretical perspectives. In the literature review the aim is to capture and 
generalize the experiences of the project by analyzing the relationship between the case 
and current theoretical understanding of the phenomenon. I do this by trying to become 
fully aware of the wider context in which the empirical phenomenon took place, i.e., by 
integrating previous research on the main contextual areas of this study: SE and NPD in 
general and UCD in particular. Finally, in the third part of this study I will use the 
cultural-historical activity theory (CHAT) as an analytical framework to further deepen 
and integrate new theoretical findings both from the UCD-II project and from the 
literature review. 
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It does not happen very often that a researcher gets the opportunity to carry out an in-
depth inquiry like this: an inquiry into such delicate activities as the real development of 
a totally new product innovation. The empirical part of this study is based on an intensive 
collaborative effort. Many researchers and practitioners have participated in this effort. 
The results of the UCD-II project are based on an intensive collaboration between many 
parties. I hope I will manage to make this manifest throughout the first part of this study. 
In spite of all this, I am the only person involved in all the events mentioned in this study. 
I have been in personal contact with all the members participating in this project. Over 
the whole three-year project I got to know more and more people from the company. A 
few of them trusted me enough to discuss even their private issues. Thanks to our friendly 
contact people so enthusiastically introducing me to the others in the cafeteria or the 
lunch room, many faces, and some stories behind them, became familiar to me. People 
started to say hello to me, even though we had never met except in the corridor. Some 
even came to ask me what I was doing in the company (believing me to be a new 
employee). This all means that I was lucky enough to get a sense of many of the 
company’s day-to-day practices. That is why I also want to point out the importance of 
myself as providing one more perspective to this study. This study is my interpretation of 
the field work, literature, and activity theory5. Although I have been striving for a 
contextual, holistic, in-depth understanding of the case, my own history and background 
most certainly has affected the perspectives I have chosen for this study as well as my 
abilities to use these perspectives while making the interpretations. 

1.2.1 Empirical material 

The empirical data for this study has been collected with qualitative methods. A case 
study strategy involves the examination of a phenomenon in its natural settings. Typically 
in qualitative research, a variety of empirical material is collected. As an interpretive case 
study, the main method of collecting the empirical experiences in the UCD-II field work 
very closely resembled action research (e.g., Greenwood & Levin 2000, Baskerville & 
Wood-Harper 1996). An in-depth understanding of the phenomenon was gained by the 
researchers working closely with the practitioners while actually trying to solve their real 
problems with cross-functional interaction, i.e., to improve their practice. Both parties 
were very committed to this intensive team effort and to the results of the project. 
According to Greenwood and Levin (2000), in action research, “community or 
organizational stakeholders collaborate with professional researchers in defining the 
objectives, constructing the research questions, learning research skills, pooling 
knowledge and efforts, conducting the research, interpreting the results, and applying 
what is learned to produce positive social change”. The objectives of the UCD-II project, 
too, were iteratively redefined during the whole collaborative effort. The aim was to build 

                                                           
5 In fact, CHAT could also be seen as part of my personal bias. Since I was first exposed to it at the beginning 
of the 90s, the analytical and explanatory power of some of its main concepts (object-orientedness and the role 
of historically and culturally developed tools) has inspired me again and again. Therefore it is very difficult to 
put them aside unless absolutely necessary. I did in fact also consider taking other approaches (such as that of 
the actor-network theory), but after reading the paper by Miettinen (1998), I was convinced by this choice. 
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an understanding of the practice to the extent that is needed in order to make the 
improvement efforts possible. The relevance of new knowledge and initial results was 
evaluated and interpreted together. However, from the point of view of the division of the 
work, it was clear that the researchers would build suggestions for improvement based on 
their theoretical understanding and expertise, while the practitioners would concentrate 
on the implementation practices. These deliberate interventions have been collaboratively 
planned and implemented. The details of this collaboration are presented in the Chapter 2. 

Other methods have also been used to collect the empirical material in order to gain an 
in-depth understanding of the problem area. The decisions to use these methods and 
techniques were not made in advance; rather, as the project progressed, the choices of 
different methods and techniques depended on the circumstances: which ways of 
collecting the data were considered possible, and optimal in the different situations. The 
main events related to the case are listed in Appendix A. The first events were mainly 
related to the usability capability assessment. A total of 8 interviews with 9 individuals 
(one interview with 2 individuals) were conducted based on the assessment protocol (see 
details in ISO/IEC 1998 and ISO/IEC 2000). All the interviews and assessment rating 
sessions were audio-recorded. The other planned interviews were unstructured 
conversations around some predefined topics. During the historical review (see 
Appendix B) the interviews were supported by a simple graphical timeline of the years 
since the beginning of their NPD effort, up to the time of the interview. 

Additionally, there were a few intensive development and evaluation sessions with 
only one or two representatives from the company, which I consider also as interviews 
(see Appendix B). However, since the line between an unstructured interview and a 
conversation is not that clear, there have in fact been many different types of occasions 
for discussions with the company representatives during the project. First of all, all the 
different types of workshops concerning both the project and the developing new model 
of interaction could also be considered as unstructured individual or group interviews. In 
fact, during the three year project it became typical that people were invited to our 
workshops for a few minutes (or hours) to discuss certain specific issues related to our 
project and then leave. Unplanned meetings also took place every now and then with 
individuals from the company or our project, during which a more informal discussion 
around the problem area was more than typical. Unfortunately, however, only a few of 
these were audio-recorded. In conclusion, I consider all the various interactions recorded 
both during the workshop sessions and during other occasions as even more valuable 
material for this study than the few prescheduled individual interviews. 

Every day spent in the field was also a learning situation for me as an observer of the 
daily practices of the software NPD effort in the company. Most of the time, our 
workshops were collaborative efforts with the emphasis on intervention. However, there 
were a few events in which my role as an observer was clear. I participated twice in 
typical marketing events of the company: a trade fair on 13 September 2001 and a trade 
show on 24 September 2001. After the workshop on 28 August 2002, when the focus of 
the project was substantially changed by increasing the implementation responsibility of 
the company, my role was also intentionally changed towards more of an observational 
than a participating one. However, the line between the two is not always that clear. I was 
clearly still a member present at the events (e.g., meetings), yet I was trying to stay in the 
background. Sometimes a few questions were also directed to me. Yet, according to my 
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personal notes (of which I made more after this change than I had during the whole 
period before it) the difference was evident. 

In addition to the material collected for the usability capability assessment and for the 
historical review, at least three different types of documentary material were collected 
during the whole project. For the historical analysis I got the chance to browse the 
company intranet. Of course there are a huge number of documents in such a repository, 
so I had to be very selective in order to set limits for such a “short historical review”. I 
was actually surprised to find that there were so few documents from the very early 
phases of the NPD effort, and that the content of the few seemed to be quite incomplete. 
Therefore, the need for the complementary interviews was unquestionable6. The further 
the development went, the more detailed the documents became. In addition to this 
historical review, during the whole project effort many different types of documents were 
given to me related to our collaborative effort. All the documents were confidential – 
some of them even strictly for me only7. Furthermore, during the project we produced a 
great deal of different types of documentation related both to the subject matter and to the 
management of the project (memos, plans, etc.). 

1.2.2 Literature review 

Writing a multi-disciplinary literature review has been a great challenge. In particular, 
taking a comprehensive, overall view of such an area as new product development and 
other business functions in general has placed great pressure on me to define limits for 
the review without losing the minimum context in which the empirical material becomes 
understandable. My aim has been to improve understanding of the complexities of the 
empirical experiences by integrating the previously quite separate fields of SE and NPD. 
I have also been looking for better ways to conceptualize the subject area based on 
previous research. My unit of analysis has been software NPD, especially focusing on the 
early phases, UCD and cross-functional interaction (see Webster & Watson 2002). During 
my review I have looked for articles somehow related to my topic of interest. I have also 
had two ‘guiding principles’ for my review. The first is related to the process. I started 
from the present (end of 2003 / beginning of 2004) and scanned through tables of 
contents (sometimes also abstracts) backwards to 1999 or 1998 (inclusive) depending on 
the quality of the results. Secondly I also continued the review backwards from the 
articles found through the citations mentioned in them. Occasionally I have also gone 
forward by using the Web of Science8. This second principle has been especially 
important for the review of the NPD field. 

                                                           
6 In fact, there is another problem with using electronic document repositories for the purposes of a historical 
analysis. The “date” of the documents, if expressed in the document, does not always reveal the exact time that 
the document was first, or last, processed. Furthermore, the file date is not trustworthy since it is so easy just to 
resave a document while closing it, even if no changes have been made. 
7 Interestingly, alongside the project, as the people started to trust me more, I also got better access both to more 
confidential materials and to internal events within the company. 
8 http://isi01.isiknowledge.com/portal.cgi?DestApp=WOS&Func=Frame (valid June 2005) 
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For the SE field in general I scanned more systematically the journals of IEEE 
Software, IEEE Transaction on Software Engineering, ACM Transactions on Software 
Engineering and Methodology, Journal of Systems and Software, and Information and 
Software Technology. These are all key journals of the SE literature9 (Glass et al. 2002). 
Since there were so few results I decided also to scan Communications of the ACM as 
well as papers from the International Conference on Software Engineering. In addition I 
trusted my own educational background and comprehension of the basics of this field. 
Furthermore, since my special focus area is the early phases of development I also carried 
out a more careful review of the area of requirements engineering (RE). This is why I 
scanned the journal of Requirements Engineering as well as IEEE International 
Conference/Symposium on Requirements Engineering. For UCD I scanned systematically 
the following sources: Human-Computer Interaction, ACM Transactions on Computer-
Human Interaction, International Journal of Human-Computer Studies, Information 
Technology and People and Interactions, as well as the Conference on Human Factors in 
Computing Systems (CHI). The most interesting articles were found in Interactions, 
which unfortunately does not follow the rigorous writing and referencing practices of 
scientific journals. Therefore, the articles were not as useful as they could have been. This 
may also indicate that problems of this type are only emerging as an object of scientific 
research. 

The strategy for the review of the NPD field was slightly different. Based on the recent 
article by Linton and Thongpapanl (2004), I took the Journal of Product Innovation 
Management as my main source. “If a researcher considers topics in TIM10 that 
traditionally are linked to marketing, such as new product development, Journal of 
Product Innovation Management clearly is the best and most prestigious target journal” 
(Linton & Thongpapanl 2004). Starting from there, I listed interesting and important 
references in a spreadsheet. I also made a note if some articles were mentioned more than 
once. Based on this table I then continued by reviewing also the most interesting and 
most referenced articles. Sometimes I even went further from these. This gave me a total 
of eight full folders of articles, mainly from sources like IEEE Transactions on 
Engineering Management, Journal of Engineering and Technology Management, R&D 
Management, International Journal of Technology Management, European Journal of 
Innovation Management, Management Science, Journal of Marketing, Marketing 
Management and Industrial Marketing Management. However, I cannot say that I have 
reviewed all these journals very systematically. Nonetheless, I believe that from the point 
of view of my subject area I have carried out quite an extensive review of the field, which 
was totally unfamiliar to me at the beginning of this work. 

                                                           
9 In fact, Glass and co-authors (Glass et al. 2002) also mention Software Practice and Experience. However, I 
also scanned this journal to the beginning of 2003, but since no relevant articles were found I decided to drop 
this journal from my review. 
10 Technology Innovation Management 
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1.2.3 Theoretical analysis based on activity theory 

Cultural historical activity theory (CHAT) is a research approach interested in human 
practice – both individual and collective – in terms of developmental processes. It has its 
roots in the cultural historical school of soviet psychology, namely in the studies of L.S. 
Vygotsky (1978), A.N. Leontjev (1978) and A.R. Luria. Today, however, there is a 
growing international community of researchers working around CHAT from many 
different fields (cf., ISCAR – International Society for Cultural and Activity Research; 
see http://www.iscar.org/). In fact, the name ‘activity theory’ is slightly misleading since 
there is no single theory called activity theory; rather, it is more like a common 
framework, a line of theorizing and research with certain common concepts and 
principles (Engeström et al. 1999). A variety of theoretical views about CHAT exist and 
there are different types of practical applications of it. It has developed since its origins 
and is still developing. 

Ideas from CHAT have been used in different fields of research. Learning and 
teaching, including workplace learning, have been its traditional main application areas. 
However, researchers like Bødker (1991b, 1998), Kuutti (1991a, 1991b), Kaptelinin 
(Kaptelinin et al. 1999), Nardi (1996), and Tuikka (2002) have also brought ideas from 
CHAT to the fields of human-computer interaction, computer-supported cooperative 
work, information systems development, and product design. Concepts from CHAT 
provide a promising analytical framework when trying to understand different kinds of 
work practices as historically developing. At the core of CHAT, human activity is always 
considered as an object-oriented activity. For a scientific investigation of any human 
activity, defining its object is a necessity (Leontjev 1978). In this study I will use CHAT 
in order to analyze software NPD activity. I will use different concepts from CHAT only 
as lenses through which I will attempt to deepen my understanding concerning my unit of 
analysis. The concepts that I will use I take mostly as they are from the research done by 
Engeström (e.g., 1987, 1990, 2000) as well as by Miettinen and his colleagues (especially 
Miettinen 1998, also Saari & Miettinen 2001, Lehenkari & Miettinen 2002). This also 
means that I have not gone into the historical background of these concepts unless it has 
been necessary to understand the concepts more deeply. Especially influential for this 
work has been Miettinen’s (1998) concept of object construction. In my CHAT analysis I 
will consider software NPD as a collective work activity with a common object 
constructed through the development actions. 

 



2 UCD-II project: improving cross-functional interaction 

This chapter aims at answering the main research question of this study based on 
empirical field work in the UCD-II research project. The main question was: 

“How can cross-functional interaction during the early phases of user-centered 
software new product development be improved?” 

Business Driven Improvement of User-Centered Design (UCD-II) was a three-year 
(2000-2002) research project funded by the National Technology Agency of Finland11 
(Tekes), which is the main public financier of technology research in Finland. It was part 
of Tekes’s multi-discipline Technology Program for User-Oriented Information 
Technology (USIX12). According to the Tekes web site, “technology programs are used to 
promote development in specific sectors of technology in industry, and to pass on results 
of the research work to business in an efficient way”. The project was based on close 
cooperation with industrial partners13. Hence, within the UCD-II project, there was a 
strong tendency to improve the practices of the software industry in general and the 
participating companies in particular. The main UCD-II project was a cooperative project 
between two research institutes and four companies. 

2.1 Preparing 

According to the UCD-II research plan14 (Kuutti & Jokela 1999), one of the challenges 
for UCD, if it is to have a practical impact in product development, is to improve its 
status in the whole organization; to reconcile UCD with contemporary development 
culture, and also to better understand its meaning for the whole business. A “bottom-up”-
                                                           
11 See http://www.tekes.fi/eng/ and http://www.tekes.fi/english/programmes/index/frontpage.html for details on 
Tekes and its Technology Programmes (both valid June 2005). 
12 See http://websrv2.tekes.fi/opencms/opencms/OhjelmaPortaali/Paattyneet/USIX/en/etusivu.html (valid June 
2005). 
13 Tekes usually finances about half of the costs of programmes, while the second half comes from the 
participating companies (http://www.tekes.fi/english/programmes/what/what.html (valid June 2005)). 
14 The plan drawn up to apply for money from Tekes (National Technology Agency of Finland). 
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style approach to implementation (of UCD practices) was found to be insufficient. The 
early phases of development were also seen as a challenge. New, user-friendly software 
intensive products, as high technology discontinuous innovations (Moore 1991), needed 
better interaction between marketing and development functions. Clarifying their roles 
and taking user information into account during different stages of both the segmentation 
and product concepting processes were seen as important development areas for UCD. 
The plan also listed some of the possible “friction points” in the cross-functional 
communication and coordination during the early phases of development: differing 
backgrounds, culture and jargon among the participants, a lack of knowledge concerning 
the phases and status of the development process, and the availability and management of 
intermediate reports or documents. The core of these problems was seen to be the 
management and distribution of the different types of knowledge emerging during the 
development process – so the need for a new information system development effort was 
also identified. (Kuutti & Jokela 1999). 

The main UCD-II project was divided into two parts: business-driven UCD (LISSU) 
and a new information system – a virtual desk for distributed development projects 
(VIKSU). LISSU was further divided into two goals, one of which (LISSU-2) was the 
development of a model for the interaction between marketing and development 
functions, taking user groups into account during the early phases of development15. The 
result of this part of the project was considered to be a general process model with main 
milestones, intermediate results, UCD methods and practices to be applied, and 
responsibilities and roles for different participants. This model, together with other new 
models developed during the UCD-II project16, was perceived as an important tool for 
improving UCD status in development organizations. The goals of VIKSU were tightly 
connected to the goal of LISSU-2, so that LISSU-2 provided a basis for requirements 
analysis in the new system. See Fig. 1 for an outline of the roles and the relationships 
between the different sub-areas of the UCD-II research project. (Kuutti & Jokela 1999). 

 

                                                           
15 The other goal (LISSU-1) concentrated on usability capability assessment and improvement (Kuutti & Jokela 
1999) 
16 These other models were considered to be models for usability capability improvement and usability 
capability assessment, an evaluation model for change readiness, and a model for defining the business value of 
usability. 
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Fig. 1. The goals of the UCD-II project and their interrelationships. 

As a Tekes-funded research project, there were strong expectations that in addition to the 
research the project should also make a strong contribution to practice. The whole UCD-
II project group was managed by one professor (Samuli Saukkonen). Another professor 
(Kari Kuutti) was also an active participant throughout the whole project. The rest of the 
research group included both doctorate and graduate students from two cities in Finland. 
The research group consisted of mainly two subgroups, one for each city. In the first 
subgroup, I was the main participant responsible for LISSU-2, and was present in all the 
workshops mentioned in this study. Furthermore, at least one of the abovementioned 
professors participated in most of the workshops. Another researcher, who defended his 
dissertation at the end of the second year of the UCD-II project, was responsible for 
LISSU-1 and also participated in many of the first year workshops mentioned in this 
study. The subgroup in the other city was responsible for the VIKSU work. Two 
researchers there were active throughout the project with at least one of them 
participating in most of the workshops with the case company. However, there were also 
other members in the whole research group taking care of some research activities of 
their own and participating in workshops with this case company as well. Details of the 
participants in each workshop are given in Appendix A. The actual three-year (2000-
2002) UCD-II research project with the case company is briefly outlined in Fig. 2. This 
figure also gives the structure for the following discussion of the project putting the main 
events into chronological order. The discussion itself is based on my earlier report 
(Molin-Juustila 2003), in which I documented the final version of the new model (as a 
result of LISSU-2) and its development history. 
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Fig. 2. Outline of the three-year (2000-2003) UCD-II research project in the case 
company. 
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2.2 Starting as process improvement project 

When the research plan for the UCD-II project was reconstructed as a first-year project 
plan, some clarifications were made to the original plan. The approach to be followed 
was clarified as constructive research with iterative development and evaluation of the 
models based on deepening understanding of the company participants’ needs. At the 
beginning, the goals of LISSU-1 were connected to all the industrial partners of the 
project, but the goals of LISSU-2 and VIKSU were connected only to this one case 
company17. The work package for that company was clarified as twofold: to develop 
analytical tools for business improvement from a usability point of view (merging the 
goals of LISSU-1 and LISSU-2) and to develop a new information system to support the 
communication and coordination of distributed product development (VIKSU). I was 
nominated as the person in charge of LISSU-2 and the main contact person for this 
particular case company. 

The project plan also described the main tasks for the three-year project with the case 
company. These were identified as current state analysis (LISSU & VIKSU first year), 
following and consulting the improvement activities (LISSU), analyzing requirements for 
the new system (VIKSU first year), developing the new system with the UCD approach 
(VIKSU), and a final usability capability assessment during the final year (LISSU & 
VIKSU third year). Only the current state analysis was further clarified with a more 
detailed plan. The main activity for the current state analysis was specified as usability 
capability assessment based on the INUSE Process Assessment model (Earthy 1998, 
Earthy 1999). This was carried out regardless of the known problems with the model 
already in the UCD-I project (Kuutti et al. 1998, Jokela 2001). The assessments were 
fundamental to the whole UCD-II project, especially for LISSU-1 (see Jokela 2001). 
Furthermore, the company had participated in the UCD-I project earlier, and now they 
were hoping to get some material for comparison with their earlier assessments (Kuutti et 
al. 1998). Most importantly, this time the focus of assessment was chosen differently. The 
aim was to understand the current UCD status of a new business unit – an emerging, 
important new business area based on their new product innovation. The INUSE model 
for assessment was chosen because it was considered to be the best available model for 
the assessment. It was expected that this type of assessment of a new business area would 
provide the needed understanding concerning the early phases of new product 
development. The current state analysis was supposed to provide the information required 
for the actual improvement activities for the rest of the project. Special attention was to 
be given both to the current cross-functional interaction during the early phases of 
development and to the requirements process. The real improvement plan for the 
company was supposed to be included in the assessment report. The rest of the project 
was considered to consist of following and consulting the progress of the company based 
on the improvement plan, together with the development of the new system (VIKSU). 

From the LISSU point of view the project looked very much like a standard software 
process assessment and improvement undertaking (like IDEALSM in McFeeley 1996, see 

                                                           
17 The original idea was to develop the first model and prototype system with this one company and then 
evaluate and further develop them with other industrial partners. 
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also Zahran 1998), with suitable reference models for the development processes to be 
assessed – namely ISO 13407 (ISO 1999) and ISO 18529 (ISO/IEC 2000) in our project. 
The intention was to develop both the assessment models and the models representing 
UCD practices. The assessment was conducted from June 12 to 16, 2000. According to 
the assessment report (Nieminen 2000, p. 25), there were four areas of possible 
improvements: (1) detection of customers’ broken business processes (current and future) 
with human-centered development methods, since they seem to have a strong strategic 
impact for the whole new product development, (2) taking human-centered issues into 
account in the company’s new requirements management process, (3) integration of 
project-like HCD18 activities into a process-like development environment, and finally (4) 
usability metrics. Since the Chasm model19 (Moore 1991) appeared to be accepted in the 
company as an important strategic business tool, all these improvement areas had a 
common theme: how could a user-centered approach provide support when “Crossing the 
Chasm”. 

The first improvement area was considered important and interesting, but there were 
no clear ideas as to how to proceed with it. Furthermore, when these results were 
discussed in the workshops (August 11, September 22, and September 29, 2000) with the 
company representatives20, it was clear that there was a more urgent need for the 
company to build a clearer picture of all of the new product development processes – in 
fact, of all the new business processes21. This first area of improvement, and usability 
metrics, were seen as only small parts of this whole. Instead, the two other areas were 
heading towards a wider perspective of integrating user-centeredness into the other 
business and development processes. The HCD activities were distributed among 
different functions of the business organization, and there was a need to integrate these 
activities into a more coherent whole. The problem of cross-functional interaction and 

                                                           
18 Note that the acronym HCD comes from the usability capability assessment model (ISO/IEC 2000) and refers 
to “human-centered design” processes. However, the meaning is equivalent to UCD and I will use the acronym 
HCD here just to highlight the role of these improvement activities as resulting from the usablity capability 
assesment. 
19 Moore’s Chasm model (Moore 1991) is a model for high-tech product marketing and selling. Moore’s 
starting point is the curve of technology adoption life cycle for discontinuous innovations (e.g., Rogers 1995). 
This cycle describes the phases through which a market should develop. At the same time it describes how to 
focus the company’s marketing during the different phases. Moore suggests that there is actually a gap between 
the different developmental phases of the market. Each of these gaps represents an opportunity to lose the 
markets, but the most important gap, the “chasm”, is the one that separates the early market “dominated by a 
few visionary customers” (early adopters) from the mainstream market “dominated by a large block of 
customers who are predominantly pragmatists in orientation” (the majority). Crossing this chasm means a 
transition from early markets to mainstream markets. (Moore 1991). 
20 There were two key persons from the case company involved with the project all the time: the head of the 
UCD group and one usability expert from this group. At least one of them was present in all the workshops with 
the company throughout the whole three-year project. The head of the UCD group was our managing “sponsor” 
inside the organization. The usability expert started out as our main contact person representing the whole UCD 
group; however, in the middle of the project she was actually named as the new product’s product manager. 
21 Note that the assessment results and improvement plan was discussed in autumn 2000, quite near the end of 
the first year of the UCD-II project, a year after the initial research plan, and 3 months after the assessment. 
These things are important when understood against the dynamic nature of the early phases of new product 
business. 
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knowledge sharing turned out to be acute. Outlining the organization as a whole became 
the first task of improvement. 

2.3 Figuring out the organization: time of “crisis” 

The case company is a medium-sized international software product company operating 
in business-to-business product markets. It has sales and consulting offices and 
development units in Europe and the US, and partner companies worldwide. The UCD-II 
project was focusing on a new emerging business area with a new product idea. This new 
business area of the company was to provide solutions and services for the market. The 
‘enterprise solutions’ type of products were based on some core product functions 
complemented with tailored components and different kinds of services. One special 
feature of this type of product business is the tension between the unique customer 
solutions and the more generalized core product. It is necessary to define groups of 
limited number of customers with similar needs as a basis for segmented22 solutions for 
these groups. 

The organizational functions of the new business area at the beginning of the UCD-II 
project can be conceptually structured according to their closeness to the customer. Sales 
and delivery units were closest to the clients. They were responsible for sales and 
customer consulting. There were also operations and implementation units producing the 
tailored customer applications based on the core product. These units together were 
expected to have the best knowledge concerning the real users of the product. Then there 
were product delivery units developing the core product. Different subunits represented 
the different layers of the product. The more technical the layer was, the further it was 
from the customer. The UCD group was also one of these subunits. Sales and consulting 
were supposed to give feedback to the more distant units. In this study the product 
delivery units are together considered as the product ‘development’ function. In addition 
to these, there were business development and marketing units, as well as the usual 
central units of the whole company supporting the geographically-distributed functions, 
i.e., support and services, finances, human resources, and central marketing. 

Recent improvements in the company. The company had already started to pay 
attention to usability issues at the beginning of the 1990s. Starting with usability tests, 
they had broadened the scope to the preceding phases of the software life cycle, such as 
specification reviews. Since then there have also been usability experts and visual 
designers working permanently as part of the development function of the company. 
During the UCD-I project the case company had been developing their software 
development activities with user-centered principles (ISO 1999). In particular, the method 
of contextual design (Beyer & Holtzblatt 1998) and an improved user feedback process 
were implemented during that time. Before the UCD-II project was started there had also 
been a “from vision to product” project conducted by the company’s vision group. The 
role of the group was to envision the future of the product(s). The purpose of this project 

                                                           
22 The term refers to “market segment” as an identifiable group of actual customers or prospects with some 
important (defined by the company) similarity (e.g., needs) from the point of view of the product market. 
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was to describe how the ideas for the new product become realized as product properties. 
As a result of the project, issues like scenarios and stories about the new product, the 
segment(s), timing, competition, sales, services, value chains etc. were considered in 
order to provide input for strategic management. The need for a better process for 
requirements management was also recognized and initially modeled (with the name 
“requirements register process”) by the UCD group, just before the UCD-II project had 
properly started. It was their best possible suggestion for the process during that time. 

The new requirements process model described the processes in terms of how 
requirements should be managed and what kind of elements the process should have. 
There was also a new cross-functional “requirements review team” created as part of the 
process. The members of this team represented the most important organizational 
functions of the company: management, marketing, sales, consulting, and development. It 
was this team’s responsibility to make decisions about the new requirements for the 
product, i.e., how to proceed with suggested requirements and plan the roadmap for the 
forthcoming product releases. 

The company had also started to model their other new product development and 
business processes. At that time, their new product was still considered to be in the very 
early phases of the product lifecycle23. The so-called “service/function” process of the 
new product’s development was initially modeled based on continual “streams” (see Fig. 
3). 

Fig. 3. The continual streams (service/function processes) of the case company. 

This model was explained to us in a workshop (April 26, 2000). The Vision / Marketing 
Intelligence stream was mainly for the marketing function. However, every now and then 
a more cross-functional special project, like the “from vision to product” project, would 
be triggered to systematically envision the product’s future. The Requirements 
Management stream meant the new process created, including the cross-functional 
requirements review team. The rest of the streams were more traditional software 
development processes for the selected properties of the new product. The Specification / 
Design stream was supposed to produce the functional specification of the new 
properties. The Implementation of the new properties was managed by projects. Before 
the planned release date the Validation and Testing stream was started. Every new product 

                                                           
23 The company felt that they had not yet crossed the “chasm” with their new product. 
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release, e.g., a new version of the product, was seen as a diagonal cross-section of these 
streams, while the streams were more like the hierarchical levels of the product. Hence 
parallel development was made possible, and different streams could be working with 
different versions of the product. This “stream thinking” was new to the company at that 
time, and the use of these ideas only began in spring 2000. It was clear that there was a 
need for better communication, prioritization, and coordination between different 
functions such as marketing and development. 

The outlining efforts. The purpose of outlining the organization as a whole was to 
model the current situation from the point of view of cross-functional interaction and 
requirements management. This work was started even though it was already clear that 
the company was constantly changing. The organization and its processes were seen 
differently when writing the research plan for the UCD-II project (autumn 1999), when 
planning the assessment (April and May 2000, i.e., when presenting these newly sketched 
process models to us), when conducting the assessment (June 2000), and when planning 
the improvement activities (August and September 2000). The work going on inside the 
organization to improve the dynamic situation and to model the current processes 
continued alongside our UCD-II project. It was decided that UCD-II work should be 
connected to this work, and concentrate on understanding the current problems with 
cross-functional interaction with a user-centered focus (workshops, September 22 and 29, 
2000). A quick, first draft of this outline was supposed to be drawn up24 in less than two 
months. 

Again, when starting the first workshop for the outlining effort (October 12, 2000), 
there had just been some major new changes in the organization concerning the new 
emerging business area, and there were a lot of unanswered questions about the 
consequences of these changes at the functional levels. The core problem of the outlining 
became the time perspective. Should we describe the current situation (partly unknown 
and about to change), the new situation (also unknown at that time), or some kind of ideal 
situation? We concluded with some kind of compromise. From the interaction point of 
view, it was important to concentrate on some perceptions of the roles and their 
information needs for the forthcoming work practices. At the end of the workshop we had 
managed to get an overview of many important roles and their responsibilities, but we 
could not proceed without knowing the company’s plans for the future organization in 
more detail. 

It started to become obvious that the continuing changes were somehow ‘natural’ for 
the early phases of emerging new business. Only very recently had the company ‘felt’ 
mature enough to start to model a more standard organization and processes for the new 
business area25. Any kind of model of the “current state” type, if not impossible, would 
have had fundamental problems. A description of the situation at one short moment of the 
continuum would not turn out to be very valuable for the future. If not produced in a very 
short time, it would already have been ‘old’ when first presented. On the other hand, a 
description of some kind of future ideal would have been too far from the current 
practice. By that time it was also obvious that the usability capability assessment could 

                                                           
24 This was supposed to be done together with the company employees. I was the only person representing 
LISSU and there was another UCD-II member representing VIKSU. 
25 Although in retrospect it is even reasonable to question whether this “feeling” was justifiable. 
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not provide the necessary details concerning cross-functional interaction and knowledge 
management during the early phases of development. The situation with the new, 
emerging business processes was far from being one of stable, standardized processes. It 
was also obvious that an assessment-based approach with a focus on representative 
development projects had not provided the bird’s eye view needed to understand the role 
of a UCD approach for cross-functionally distributed UCD activities. 

Major turning point. Since the assessment failed to provide enough input for the 
improvement plan, the outlining effort was supposed to clear up the situation. Alongside 
this effort, the improvement plan was to be clarified in more detail. On October 17, 2000 
we arranged a workshop26 especially to concentrate on this issue. During this workshop it 
became clear, that there were differing viewpoints of the goals of the UCD-II research 
project. The original point of view was the UCD process improvement perspective, which 
was interested in improving the status of UCD within the organization. But this was in 
obvious conflict with the practical situation in the case company. People were 
accomplishing tasks that also had something to do with UCD issues, but not in such a 
standardized way. The base practices of UCD were already managed in the company, and 
they were now trying to widen the perspective of user-centeredness to the areas of 
business development of a whole new business area. The company representatives 
believed that a user-centered approach would provide business benefits for the new 
product if somehow taken into account during these early phases. This would mean 
crossing the borders of the current UCD standards. In addition to the development 
function, there were many other players (other functions and even partner companies) 
participating in the emerging new business and trying to define a common target. It was 
believed that a user-centered focus might actually even clear this messy playground 
during which many important decisions concerning the future new product were also to 
be made. During these early phases it might be possible to build the usability into the 
core of the new product concept. In addition to following UCD with the pilot and first 
customers, the approach could support the development of the whole new product 
business. It was necessary to find some kind of dialogue between the single customer 
cases and cross-functional definition of the more general product concept. 

These kinds of needs, based on ten years of experience with UCD implementation, 
were very different from the other industrial partners of UCD-II project, who were only 
starting to implement the basic user-centered activities in their development processes. If 
the industry was still struggling with UCD integration in the basic development processes 
(see e.g., Kazman & Bass 2003), integration with other business processes could be seen 
as even more challenging. However, the situation was interesting from the research point 
of view. As quite a unique situation, it was believed that other companies might face 
these same problems later. Since the problems differed from the problems of 
implementing a UCD approach in general, the project plan for UCD-II was not able to 
direct our improvement efforts. There was no common ground between research and 
practice any more. An assessment-based process improvement project was inappropriate. 
We did try to sketch a suitable improvement project for the case company, namely 
building some kind of an information model for the future product: the things that would 

                                                           
26 This time there were also two other members from the case company participating in the workshop: a 
visionary and an architect. 
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belong to the generalized product from the user-centered point of view. This would have 
been a model integrating information from different organizational functions during the 
early phases. But the whole conception of the “early phases” started to be questioned as 
well. There were different viewpoints on the concept. It was obvious that the problems 
with cross-functional interaction, characteristic of the early phases, were not merely 
connected to the early phases related to standardized new product development processes, 
i.e., to segmenting, concepting and requirements management. An iterative UCD 
approach also demands early evaluation and testing with possible prototypes. The early 
phases were not merely connected to development projects with early adopters27 either. 
The problems of these “early phases” seemed to be connected to the whole dynamic time 
of the emerging new business with constant organizational changes and continuous 
product development with early releases of the new product. “Crossing the Chasm” was 
providing a totally different viewpoint to the concept of the early phases, and therefore 
also to the meaning of the user-centered approach for the whole organization. 

It was necessary to reconstruct the whole project with the case company. The needs of 
the company were so new, acute and demanding from the UCD point of view that instead 
of a traditional process improvement project, it was reasonable to dig deeper with this 
one company. We started to follow a more exploratory, action research oriented approach. 
LISSU-2 and VIKSU started to live a life of their own, independent of LISSU-1. We 
began with participative workshops in order to build a common understanding about the 
early phases and the problem of interaction. 

2.4 Building a common understanding 

The purpose of the following months was to conceptualize the problem area together as 
far as a common area of interest could be found and a suitable area for a more traditional 
improvement project could be defined. During the participative workshops there were 
different attempts to approach the early phases and the cross-functional interaction of 
new product development. Between these workshops, two professors, Kari Kuutti and 
Samuli Saukkonen, and I analyzed the discussions and built conceptual models to be 
reflected in the forthcoming workshop. Since Professor Kuutti was one of the first and 
key researchers applying the concepts from CHAT to the information systems research 
field28 – in computer-supported cooperative work (CSCW) and human-computer 
interaction (HCI) – it was natural that the concepts from CHAT were also used in these 
conceptual discussions. Under his supervision I had also become somewhat familiar with 
the theory29. Since the main subject was handling collaborative aspects of new product 
development, it was natural that the concept of object30-oriented collaborative activity, as 
an analytical framework, would have an impact on our thinking. Transforming the object, 
the product, to its outcome was seen by us as the driving force, i.e., the motive, for the 

                                                           
27 This way it was perceived in the workshop October 17, 2000, at least. 
28 (See e.g., Kuutti 1991a, Kuutti 1994, Kuutti 1996, Kuutti 1999). 
29 My Licentiate thesis was also based on CHAT (Molin-Juustila 1998). 
30 An “object” being anything, from a material thing to an intangible idea, shared among the members of a 
community. 
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whole collective development activity. In addition, the transformation process was 
accomplished with a certain division of labor between the members of the community 
sharing the same object. (see e.g., Leontjev 1978, Engeström 1987, Kuutti 1994). 

 ‘Touring around’. There were three areas of concern central to these discussions: 
iterative product development with continuous development processes, evolving 
knowledge concerning the product and the users or customers, and the roles of different 
organizational functions. From the very beginning it was clear that the development 
processes, like organizational functions, were continuous. We concluded with a basic 
hierarchy of four main development processes: product visioning, product concepting, 
product development and customer implementation. It was also realized that the different 
organizational roles interacting, and the organizational knowledge, were somehow 
connected to these main processes. However, in the meeting (January 19, 2001) it was 
clear that product knowledge is hierarchical but it also had many other dimensions. The 
basic conceptual hierarchy of any product release, with levels of visioning, concepting, 
development etc., is not enough. In addition to this, there are also different levels 
concerning the product platform: core product, segmented products, and finally customer 
implementations of the product. Furthermore, the product could also be seen from the 
point of view of one customized customer implementation consisting of the different 
selected parts of the product. Therefore, mapping this diverse knowledge with the 
hierarchical process model would not provide enough insight on the dynamics of the 
actual development practices in the company. After all, it was through the daily practices 
that these different levels and viewpoints were integrated. 

It was decided that it would be necessary to model the milestones through which these 
different knowledge levels emerge and develop, e.g., the (early) phases through which the 
new product business (not only the product) develops. We also realized that the new 
product development greatly resembled an iterative learning process where the new 
product is first envisioned, then defined and produced, and based on the early experiences 
envisioned further etc. We discussed the meaning of organizational roles in terms of this 
view. We came to the conclusion that the traditional view of organizational roles 
considers them as “owners” of some portion of the knowledge concerning the product 
and its development. However, from our emerging new view on this, while roles are 
gathering pieces of information, and documenting their knowledge for communication 
needs, they are also participating in the collaborative process of building a shared view of 
the same knowledge. This knowledge is about to change during the evolution of the new 
business. This change is happening through the interaction between the different roles 
and functions. The early phases, through which the business develops, are the scene for 
the cross-functional interaction. 

First principle: iterative development with continuous processes. After three full-day 
workshops, finally (February 15, 2001) a shared understanding about the early phases and 
the problem area of cross-functional interaction started to emerge. The first conceptual 
version of the new approach was presented (Molin-Juustila 2001). As stated by one of the 
company representatives: “Our participative work seems to show some progress already. 
Finally I feel that we are on the same wavelength” (from the workshop memo). The 
approach was based on three basic principles that we shared. First was iterative 
development with continuous processes (see Fig. 4). In this model, the transformational 
phases of product development form parallel processes through which every new release 
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of the product is created. These processes are repeated iteratively. During any 
evolutionary step, development extends the capabilities and functionality of the software 
to meet the business needs. However, the more abstract the concept of the product, the 
more cross-functional interaction is needed, and therefore other organizational functions 
are also connected to the development. Cross-functional interaction during the early 
phases is a kind of web of responsibilities between continuous functions throughout the 
whole organization in order to match the new product innovation with the market. 
(Molin-Juustila 2001). 

Fig. 4. Continual, parallel processes in a software product development company 
and the iterative nature of software development (Molin-Juustila 2003, p. 22). 

Second principle: during the early phases the profitable new business gets defined. Our 
second principle was taken from the technology adoption model (see Fig. 5) since we 
needed to deviate from the traditional way of phasing the development based on 
transformational processes. Looking from the point of view of market penetration of a 
new high technology product (see Rogers 1995 and Moore 1991) helped us to understand 
how the different organizational functions were connected to the development processes. 
While popularizing the model, Moore had presented his idea of the gaps between 
different consumer groups; especially the gap between early adopters and early majority. 
This gave us a new perspective on the phases of new product development from the user 
(or market) point of view. As a tool for business strategies, it was also a model for the 
early phases of new product business. It is during these early phases, before the early 
majority markets, that the product needs to be developed in close cross-functional 
interaction. We began to see the purpose of the early phases as a time during which the 
company needs to collaboratively define the right business for their new product 
innovation, i.e., to find a profitable product-market-user31 combination with which to 
reach the market of the early majority. During these early phases the company needs to 

                                                           
31 Note that we had also extended the object of this collective development activity in order to integrate the 
differing viewpoints together. In fact, as we went further with the project the “product” part of this combination 
started to be considered as too limiting. In addition to the new software the final “solution” for the customer 
could actually also include parts from partner companies, or the “product” being offered could also mean mere 
services (e.g., differing types of tailoring and consulting “products”), or some kind of combination of these. 
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solve possible problems with market penetration through evolutionary development steps 
of the whole combination. These steps were also seen as strategically important. This 
confirmed our perception of the early phases as a learning process, phases during which 
the company is continuously “concretizing its vision” – our third principle. (Molin-
Juustila 2001). 

 

Fig. 5. Technology adoption life cycle model (Rogers 1995).  

Third principle: concretizing the vision. Concretizing the vision was actually the main 
principle with a more user-centered focus. We started to consider the early phases of new 
high technology product development as the time during which the ideas behind the 
product are becoming more concrete. Again, our thinking was affected by activity 
theoretical concepts (CHAT). According to the theory, the tools of an activity mediate the 
relationship between actors32 and the object. Tools are used when the object is being 
transformed to its outcome. Yet tools also affect the way actors see their object. While 
more conventional thinking considers the new product being produced as a tool in some 
user activity, we started to see the image of this new product, i.e., visions and concepts, as 
a tool for product development itself. Instead of focusing just on the evolving product 
itself, we started to focus on the evolution of this image as well. This change of focus 
might seem only a small one, but in practice it seemed to turn the current way of 
understanding the early phases of product development upside down. Instead of 
producing new versions of the product based on its evolving definitions and 
requirements, the purpose was now seen as producing these definitions and requirements, 
a profitable product concept, with the help of the different representations of the product 
(e.g., product releases and customer implementations). In fact, the product evolved with 
the help of many different contacts between the product representation and the market of 
potential users. Different types of representations of the product (e.g., sales promotions) 
and new product versions and releases are produced to respond to the current ideas. At 
the market interface, these ideas will be tested; they will be reflected and adjusted for 
further development. Development of the product concept therefore becomes 
collaborative and cross-functional. Interaction is needed in order to build and maintain a 
common understanding of the product that is being produced. It could be said that instead 
of concretizing the market needs into the new product, the focus during the early phases 

                                                           
32 The subject of an activity (e.g., Engeström 1987). 
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of development is on understanding the future market needs with the help of the new 
product, i.e., concretizing the product visions. The work during the early phases of 
development aims to define the profitable market for the new product innovation, the 
right customer segment in which it could be possible to gain the interest of the majority. 
Then these assumptions concerning the possible user activities will be tested in real 
customer solutions. (Molin-Juustila 2001). 

Practical meaning of the new principles. At this point in the project we also named the 
initial milestones for the early phases according to these principles: vision pilots, segment 
pilots, first target and next target. Transition from phase to phase was based on important 
decisions related to the status of the product-market-user combination. After the vision 
pilots phase, a decision had to be made to take the development out of the company and 
start to work with real potential customers or pilot customers. The segment pilots phase 
was to continue until the company was able to define the first target segment. During the 
first target phase the company is trying to win the first market segment with the new 
product developed as a response to market needs. The next target phase is seen as the 
phase during which the business should evolve in such a way that the “crossing of the 
chasm” becomes possible. The organization is evolving alongside these phases. The 
responsibilities of the roles participating in the emerging new business are also changing 
accordingly. One element of the move to the next phase is also the planning of the 
organization for that phase. (Molin-Juustila 2001). 

All of these principles attempted to integrate business evolution, product development 
processes (including UCD processes) and the real users and customers. Cross-functional 
interaction was seen as a prerequisite for this kind of approach to happen in practice. The 
approach was user-centered in that it gave a great deal of weight to the real users and 
customers as a knowledge source for the early development of the new product. The 
purpose of the early phases is to build a shared understanding of what is needed in the 
market. Since there was this new ideal approach, it was decided that a short history 
review of the company would be drawn up, according to this ideal view. The purpose of 
this review was to understand how this new, more conceptual approach related to reality. 
It was especially interesting to understand how the early assumptions about users and/or 
customers and their activities had flowed through the company to become properties of 
some real customer solutions. Information about the history was gathered through 
interviews and through historical documents (see Appendix B33) as well as during the 
workshop representing the initial results (May 2, 2001). 

Principles against reality. The history study confirmed our approach, which was based 
on the belief that the new product was more iteratively produced than contemporary 
general NPD models assume. The product seemed to be in a constant “product design” or 
“product concept design” phase. The early versions of the product were implemented for 
the pilot customers. The company was using UCD practices in order to understand the 
needs of these early customers. They were also trying to generalize some market needs 
from these pilots. However, very soon, the company also needed to base their business on 
these very early customers. Sales partners started to demand new product properties in 
order to satisfy their prospects. This creates pressure to maintain a balance between the 
company’s long-term strategies and its everyday business. The needs of the first 
                                                           
33 I was responsible for the gathering of this information. 
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customers were not always in harmony with the selected segments, and there was 
confusion about how to continue. 

As a result of this historical review, it was realized that the history revealed problems 
if trying to follow our new understanding about the early phases. In fact, it deepened our 
common understanding about the problems with cross-functional interaction. For 
example, following the short history of their new product indicated that the initial visions 
concerning the new product had not evolved based on the early customers. Interaction 
was needed in order to achieve a continuous common understanding of the relationship 
between evolving company visions and plans for the future product, and the real 
customers and users. In addition to a learning process, the early phases also started to 
resemble a traditional research process, with the creation and testing of a hypothesis (Kari 
Kuutti’s presentation at the workshop on May 2, 2001). Customer implementations were 
seen as a “scientific” test of the dominant hypothesis. This setting against an identifiable 
process helped us to start to consider the necessary systematics for the new approach. 
There should be a clear connection between current strategic plans and the real customer 
implementations. However, there was a lack of concrete tools of interaction to make this 
happen. It was decided (at the workshop on June 18, 2001) that these kinds of tools 
would be a very good place to start concrete development efforts from both the research 
and the practice point of view. 

2.5 Taking the first actions towards a solution 

At the beginning of the project, the project plan for all of UCD-II had been guiding our 
work. However, since the situation with the case company turned out to be different from 
the status of the other companies, the plan only conveyed what was decided in our 
participative workshops. In the main project plan for the second UCD-II year, the project 
was still divided in two parts, but this time on a different basis. The original division 
between LISSU, as “business-driven UCD” and VIKSU, was now seen as a division 
between model development for improving UCD status in the development organizations 
(LISSU-1), and interaction during the early phases (LISSU-2 and VIKSU). See also Fig. 
6. 
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Fig. 6. The goals of the UCD-II project and their relationships after the first year. 

In the project plan, the problem of new product business with high technology product 
innovation was related to the definition of such a market segment (and user groups) that 
would provide the ground for a new “killer application”. Interaction is needed with the 
potential customers belonging to some segment candidates in order to identify and define 
such a market segment. A new process model was to be developed for the interaction 
needed with the customers and within the development organization34. In a separate 
development plan for the case company, the mission for the early phase’s research was to 
understand the connections needed between different development and business 
processes. It was believed that any high technology product company would gain more 
business benefits from the user-centered approach if they were able to produce the right 
software solutions for not so accurate future needs. The goals for the second project year 
were conceived in the UCD-II project plan as (1) studying the essential interaction 
between all the important stakeholders (not just marketing and development) from the 
user-centered point of view during the early phases of market (not product) development 
(LISSU-2), and (2) developing methods and tools to be used while managing the 
knowledge concerning the users (LISSU-2 and VIKSU). These were further concretized. 
LISSU-2 was supposed to produce a process model of a user-centered approach to new 
product development aiming at the “early adopters” market. The goal was to understand 
the work process through which a user-centered product vision develops, through 
interaction between the different roles involved, into concrete product versions 
supporting some activities of predefined user segments. This model was supposed to 

                                                           
34 In fact, in addition to customers and users, necessary interaction would also include interaction with all the 
stakeholders connected to the object of development, even outside the development organization, such as 
partners etc., cf., also footnote 31. However, in order to have some reasonable limits to this study, interaction is 
considered only inside one organization or between customers (and/or users) and that organization.   
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provide the basis for the virtual desk (VIKSU), which was now seen as a tool supporting 
this distributed UCD. As the product vision evolves through the interaction between 
different roles, tools for the interaction were seen as a central development area for the 
rest of the project. They were conceived as tools for delivering and managing the 
evolution of the knowledge of the whole organization concerning users and their 
activities. 

According to the history study, there had been some very recent changes in the 
company, which were seen as concrete improvements towards our new approach. A new 
tool created by the company CEO, namely a document template called “Solution 
Description” (SD)35, was taken as a starting point for the practical application of the new 
approach (workshop on August 28, 2001). SD was supposed to be produced in a cross-
functional team (SD team) with representatives from marketing, sales and development. 
There were four SD teams founded, one for each of the main market segments already 
defined. SD was supposed to describe the company solution for each segment. SD was 
also seen as a tool for communication both inside and outside the organization. However, 
there was no common structure for these descriptions and not a single description even 
ready to start with. It was only an idea of providing every important stakeholder with all 
possible information, but the content of this kind of overall description had raised some 
confusion. 

It was decided that we would expand the idea of SD to respond to the earlier 
discovered conceptual model of the early phases, and this way connect the work of the 
UCD-II project more tightly to the current practices of the company. We also perceived 
other already-existing “document templates” that needed to be considered as knowledge 
items for the new approach, e.g., product definition and fact sheets. As a totally new 
element, we had also outlined some kind of customer description (CD) template to 
document the real customer cases in order to be able to compare them against the SD. A 
new initial model, called the “market-centered approach to product innovation 
development” (MAPID) model, was presented in the workshop on August 28, 200136 (see 
e.g., Molin-Juustila et al. 2002). The main elements of this model were document 
templates for different types of knowledge – expanded SDs as “segment descriptions” 
and CDs as customer “case descriptions” being the most important – and an initial story 
of processing with these documents while “producing and analyzing the hypothesis” and 
“working with customers”. The core difference with the previous, practical way of seeing 
some of the existing documents was their new purpose as tools for collaborative learning 
as well. The new model was also presented to the company CEO, and the response was 
encouraging: “the approach seems to be logical and promising enough to be further 
developed” (workshop memo). 

The purpose of the rest of the project became to elaborate the details of the new 
MAPID model with different representatives of the company. In the development plan for 
the company, we had already decided to have participative workshops with the company 
once a month. Now we started to consider the need for a closer relationship between me 
and the other members of the organization. We decided at least to involve other people 

                                                           
35 Solution description was meant to document some customer segment information to support the different 
functions, such as sales, marketing and development. 
36 And the name MAPID was given to the approach for the first time. 
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from the case company in our full-day workshops when needed. I also tried to reserve 
days before and after the workshops for different types of development and evaluation 
sessions with many different company representatives (see Appendix A for more details). 

2.6 Action-based development and evaluation of the new tools 

After the creation of the initial MAPID model, the rest of the project seemed again quite 
straightforward. According to the UCD-II project plan, the new model for the early 
phases concentrates on the interaction between business planning, marketing, sales and 
development functions while building and maintaining a shared view of the target market 
segments and the user needs for which the new product would be developed. The model 
consisted of three parts: segment descriptions (SDs) with comments connected to their 
elements, case descriptions (CDs) for customer cases, and an interaction process model. 
Segment descriptions were supposed to describe the company’s current view of each 
market segment, the problem areas and needs of the customers, and a product solution to 
respond to these needs. Comments were seen as points for possible evolution of the 
description. Case descriptions were supposed to document real customer cases with a 
structure comparable to the segment description. The interaction process model was to 
describe the processes through which the segment descriptions (a hypothesis) would 
concretize through case descriptions (as test cases). In the company development plan, 
the goals of LISSU-2 were stated very clearly: to gain tested tools to support the 
interaction between different stakeholders during the early phases of product 
development for the early adopters. The tools were supposed to comprise both the content 
and the processes of the interaction. The iterative development of the model was to 
happen in close connection to its use, and therefore we planned a repeating pattern of 
three stages: development of the model, (case company) acceptance for the new versions 
of the model, and evaluation of the model for further development. 

Starting with segment description (SD) and SD teams. The implementation of such a 
comprehensive, research-based approach at the concrete level of everyday practice has to 
start on a small scale. It is not reasonable, or even possible, to start changing the whole 
company at once. The starting point for the implementation is very much dependent on 
the situation of the case company at that time. The progress of implementation has to 
happen little by little, with each step carefully negotiated with the company 
representatives. Again the SDs, and the SD teams, were taken as a starting point. The 
approach suggested most changes to the marketing, sales and consulting functions, so it 
was natural to start the detailed implementation with these37 (from September 2001 to 
January 2002). As a starting point, there were some evaluative presentations of the 
approach. It was also decided by the company management that researchers should gain 
more insight about the daily activities of marketing and sales functions through 
observations of the different kinds of marketing efforts (e.g., trade shows). At the very 
beginning of these evaluative sessions it became clear that the ideal process of how to 
                                                           
37 However, the implementation was even slower than expected, so the focus of the practical part of the 
implementation never managed to proceed to the details of information sharing about the actual users and their 
activities for product development purposes. 
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work with the new principles and new templates should also be described in more detail. 
This process model should be as concrete as possible and serve the purposes of its 
implementation at the company. 

An agreement concerning the more detailed process model was made in a workshop 
on November 7, 2001, and the refinement of the SD template continued. The first 
attempts to use the template were good input for its development. In the workshop held 
on December 4, 2001, the template was presented to a wide audience of marketing 
people. It was found to be detailed enough as a starting point for implementation. 
However, despite these partial development efforts made to the details of the approach, 
the implementation of the approach was not succeeding very well. One reason for this 
was the confusion of responsibilities. As stated earlier with the problems of current state 
analysis, the company was still continuously changing. Applying some ideal process to 
these changing conditions caused some confusion about roles and their responsibilities in 
the future. There was also confusion about the roles and responsibilities of the existing 
SD teams in the company. 

While presenting the SD template to the marketing people, the purpose was to start 
testing one important element of the practical process model – the commenting process of 
the SDs. However, before this, at least a first draft version of one real SD was to be 
delivered. One SD team was selected as a starting point – from now on referred to as 
“SD-promising-market”. The model supported the team’s work by outlining the whole 
effort and helping to focus the concrete tasks in the near future (e.g., workshop, January 
25, 2002). The company used different kinds of its own practices for collecting 
information about the segment. At this point it was clear that the role of SD was to 
document the results of these different attempts independently of their methods of 
collection. The results were, in a way, collections of answers to some specific questions 
concerning the segment. However, the first results were documented in separate files, 
without any connection to the new SD template38. 

Parallel to this work with SD, two concurrent tasks were started (workshop, January 
25, 2002). It was decided to integrate the new practical process model to the other 
processes of the company, and that a document template for the CD, now “customer 
description”39 was to be elaborated in the same way as SD before it. 

Process integration. The goal of process integration was to continue the earlier 
“outlining effort”, and to make a comprehensive model of the business processes as an 
integrated whole. It was necessary to keep the different organizational functions better 
focused during the early phases of the new product’s development in order to find the 
best possible business for the new product. However, it was no good simply making an 
ideal and conceptual model of this either. A decent compromise was to get an ‘ideal’ 
model as close to the current practice as possible. It was decided that I should follow both 
the work of the selected SD team and the ongoing modeling of the company processes. 
Since it was clear by now that the MAPID processes would cross the functional 
                                                           
38 This already partially supported the splitting of the SD into independent sections, which was only later carried 
out. 
39 It was called Case Description in the first tool set, but was renamed Customer Description to differentiate the 
new concept from the “Case Study” that was part of the company’s existing marketing material. “Customer 
Description” was again meant to be a much wider concept, including internal information about the whole 
history of the customer relationship. 
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boundaries, the more mature model was supposed to integrate the MAPID processes to 
the company’s main business processes and hence to support the company’s continuing 
overall process modeling. 

Virtual teams and customer description (CD). At the beginning of 2002 the company 
had announced another organizational change – “virtual teams”. These teams were seen 
as additional to the earlier SD teams, and supported their work by producing supportive 
material for the sales function. They were intended to support cross-functional 
cooperation between consulting and sales. The first important task of the virtual teams 
was to produce “sales concepts” for the new product. This was supposed to lean on the 
experiences of the consultants concerning the existing customer cases. The aim of these 
virtual teams was to generalize consultants’ experiences into these sales concepts. The 
main difference between a virtual team and an SD team was the members of these teams 
and their relationship with the product. While the SD team was conceptualized as a 
“multi-discipline” team to produce a strategic view of the whole business in some 
segment, the virtual team was a “two-discipline” team to produce sales material for the 
current product. Since the “sales material” meant actually generalized sales concepts 
based on some of the most impressive customer cases, it was natural to start elaborating 
our CD template within one of these virtual teams. The aim was again to make a 
document template for use in practice. 

Confusion around the selected segment in focus. However, very soon the work of the 
selected SD team, SD-promising-market, working on their first real SD, was suspended 
for business reasons (January 2002). Luckily, there was another team to continue with – 
from now on “SD-emerging-market” – and in March 2002 the process of commenting on 
an SD (SD-emerging-market) was started for the first time. There were some 
presentations of the research project and the new practical process model for all the 
virtual teams, since it was these teams that were supposed to comment on the first draft. 
But again this implementation effort did not succeed. This was partly due to the 
abstractness of the model, and partly due to new confusing internal changes within the 
company. The SD template was felt to be too extensive and with the first draft it was 
considered too confusing. It was suggested that the SD should be split into independent, 
more manageable sections (April 2002). However, this was not done at that point in time, 
because we did not feel competent to do it. It was decided that first there should be more 
content in at least one real SD in order to get more insight regarding the splitting effort. 

The confusions with the changing focus for the SD were considered even more 
problematic. There were some internal tensions between different stakeholders. The work 
had started with the one most reasonable segment, SD-promising-market. When this was 
suspended, the SD-emerging-market segment was not as mature as the other one. Doubts 
surrounded the real SD created for this segment. Commenting on such a blurred SD was 
felt to be even more useless. Then, parallel to this commenting, the company announced 
that the “promising-market” should again become the central focus area for the whole 
business, and the work of virtual teams, i.e., the production of sales concepts, was in 
particular given the highest priority by the company management. There was no 
motivation to continue commenting on the first SD draft for “emerging-market”, and in 
fact, the role of the SD teams seemed to vanish. Virtual teams were extended to cover that 
role, now including representatives from management as well as marketing and 
development functions. Therefore virtual teams became the focus of the implementation 
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efforts of our new MAPID approach as well. There was only one virtual team active at 
that time, for the “promising-market”. Meanwhile the CD template also became ready for 
some real customer cases to be documented. It was decided that real CDs of the existing 
key customers of this “promising-market” would be produced. The goal now was to have 
a few of the customer cases documented in order to compare them against each other and 
to find some generalities across them for the SD. 

Other problems with implementation. The work with process integration was still not 
progressing either. This was partly due to the lack of resources but also due to the 
ongoing confusion of such an overwhelming task. A process model of continuously 
changing practices was still partly considered absurd. However, it was decided that 
describing the key roles, clarifying the decision-making process and phasing the product 
development would provide a starting point for the task. There were attempts to model 
the company product processes top-down by integrating various different personal 
views40 into one picture. New, more or less detailed models were presented, yet mostly by 
the researchers and therefore there was an acute need for practical testing. There was also 
a continuing dilemma about the level of idealism in the modeling work. The MAPID 
approach created was a new, idealistic approach with no current implementation. There 
was a lack of collaborative work time to progress with the overall company process 
model. The members of the company were busy doing their everyday work, and the 
researchers were not well enough acquainted with the practice. Furthermore, the other 
implementation tasks were considered more important. In fact, at the practical level there 
was a demand for more systematic support for the SD work by building an agenda for the 
development of the SD (interview with the company CEO June 11, 2002). This agenda 
should have guided the work in and between the virtual team’s (SD team’s) meetings. 
This was taken as the next concrete step for the development. 

The situation with the implementation of the new approach was not very good. Testing 
of the commenting process of the first SD had failed and there was no new SD to start 
commenting on again. In fact, it became obvious, as suggested by one company 
representative, that “it is not possible to draw a strict line between the commenting on 
and the production of the SD”. Consultants were producing and introducing sales 
concepts for the salesmen as belonging to the virtual team’s work41. Busy with these 
concepts, the virtual team did not have enough time for the real CDs. However, the first 
official workshop with the whole virtual team (May 29, 2002) was the first concrete step 
forward. The cross-functional interaction between the different stakeholders was a reality 
during that meeting at least42. 

The new material produced by the virtual team seemed to be more a collection of 
separate knowledge items (files and web links of different kinds) in relation to that 
segment. Finally, in summer 2002, when trying to build the anticipated agenda for the 

                                                           
40 Representatives from marketing, development, quality assuarance, product management, and research. 
41 This work of the virtual team was not very collective at that point. All the company consultants, irrespective 
of the actual SD/virtual team, were focusing on the most important sales concepts for all the company salesmen, 
again independently of the SD/virtual team. Furthermore there were few sales concepts outside the key segment 
also set as central focus areas at that time. 
42 The workshop was organized and managed as a typical workshop of the company. I was present in that 
workshop only as a silent observer (researcher). However, a few times during the full-day workshop some 
questions were also directed to me.  
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virtual team work to systematically develop the SD, the SD was split and a new concept 
of “SD-folder” was created (presented in a workshop, August 28, 2002). SD was still a 
collection of different kinds of knowledge elements, but now instead of one document 
template it was a folder integrating separate files and subfolders. Since, again, there was 
no real SD ready on which to base the split, it was done by grouping the independently 
manageable tasks and responsibilities of the current functional roles of the company. 
However, it was decided that there was no use continuing the development of the already 
idealistic approach or the tools of that approach further if the implementation was not 
progressing. A more systematic touch was needed and the implementation was to be 
managed more intentionally. 

2.7 Handing over the responsibility for the implementation 

In the workshop held on August 28, 2002, a more detailed plan for the last autumn of the 
model development and implementation was made. So-called implementation workshops 
were outlined for the one virtual team. The purpose of these workshops was to continue 
the implementation of the new approach little by little. The workshops, first scheduled for 
every second week, were supposed to evaluate the situation of the segment and decide on 
the tasks for the next two weeks with regard to how to progress with the segment. The 
real CDs of the existing customers were also still seen as part of this segment 
information. It was agreed that the company should take responsibility for the 
implementation since the project was closing at the end of the year and it was obvious 
that the implementation efforts needed to continue after that. 

Even these new arrangements for the implementation did not succeed as planned. The 
first official workshop was held on October 1, 2002 and there were only two whole team 
meetings during the autumn period. This was partly due to the lack of time to get all the 
members together, partly due to the lack of content for these meetings since the tasks 
decided in the first team meeting were too broad to be handled in two weeks with also 
other duties in mind. However, a few interesting experiences were exposed. First of all, 
the virtual team seemed to trigger smaller teams to investigate some limited areas of the 
whole work. The role and importance of subteams was obvious. Along with the first sales 
concepts it also turned out that the new approach with the SD as a product-market-user 
combination for the segment did not take into account the different service concepts of 
the company. The actual enterprise solution of some real customer was often a 
combination of the product with some consulting and tailoring services43. Because of its 
UCD background, the new approach was too focused on the interaction from the 
direction of the development function only, without taking into consideration other 
functions as taking part in producing the final solutions for the customers. There was no 
doubt that this wider perspective on the company’s product and services should be 
thought through in more depth. 

There was also another new discovery of the SD work. The current sales concepts 
were actually describing the customer’s situation after the product had been implemented. 

                                                           
43 Cf., footnote 31. 
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In our new idealized model, this was an “after” part of the so-called “concept 
description” element in the SD-folder. Concept description also had a “before” part as 
describing the customer’s situation and the possible “broken business processes” before 
the new product. This “before” part was also conceptualized as input for the “after” part. 
In this way the new sales concepts also had connections to the CDs. It was realized that 
documenting the existing customer cases was no longer meaningful as input material for 
the generalized “before” description and hence as input material for the generalized sales 
concepts. Sales concepts were actually already the generalized view of the real 
customers. The same people producing the sales concepts would also be producing the 
CDs and the generalized “before” descriptions based on the same personal experiences. It 
was more important to document the forthcoming customer cases in order to get 
evaluative material for the further development of the sales concepts and the whole SD-
folder. The company’s process modeling had just created and presented a new sales 
process (introduced October 16, 2002), which the concept of CD would be easy to 
integrate with. The overall conclusion from this was that the different knowledge items it 
was necessary to integrate in order to build a shared cross-functional understanding of the 
object of development were distributed more clearly among the different everyday 
practices. Collaborative roles were needed to manage the integration of these knowledge 
items. 

During the autumn, work and discussions concerning process integration also 
continued, mainly by following the work done by the company and trying to understand 
how to integrate our new approach into these processes. The main insight gained from 
this effort was that the new approach meant some fundamental changes to the way the 
basic activities of different organizational functions were seen at that time, especially 
during the early phases of development. However, progress with the company models 
was not yet ready for an integrative, comprehensive model of the whole. It was decided 
that it would be more useful to document our current insight into MAPID activities and 
their relationships (in Molin-Juustila 2003), albeit at an ideal level again, as part of the 
overall process modeling work of the company. This more extensive process model was 
seen as the last and most important development effort for the final version of the 
MAPID model. 

At the end of the three-year project with the case company, there were new 
competencies created to continue the implementation of the new MAPID model in 
practice. However, the progress still seemed to be slow, and therefore there might be 
dangers ahead as well. Slow progress may hinder the maturing of the approach and even 
bring it to an end. It seems to be important that all the parties responsible for the 
implementation should first start to understand the core principles behind the approach. It 
is in fact the three core MAPID principles that cause the major changes to the current 
practice. Without understanding their differences compared to the current daily practices, 
the meaning of the new model would not be adopted in practice. The new approach had 
already helped the case company to structure both the early phases of their new product’s 
development and the daily activities of the company connected to this (as expressed by 
one of our main contact personnel in a workshop on September 16, 2002). Furthermore, 
our collaborative research work already supported the interaction between different 
organizational stakeholders by conceptualizing some collective roles and their activities 
and by focusing the work of these collective roles. The core of the tools – a shared 
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understanding of the product-market-user combination, even limited with the view of the 
“product”44 – has provided a valuable meaning and structure for the interaction. As a 
dynamic concept evolving during the early phases of the product market, this shared 
understanding also helps to understand each stakeholder’s role in the big picture. The 
actual members of the company, trying to follow the new MAPID tasks alongside their 
daily activities, did see a new process emerging little by little. As stated in the following 
citations, it was considered as “a learning approach” to the company business, affecting 
all the members of the organization. 

“Again it should be noted that those [the sales concepts] documented for now, are 
just one way to grasp the ideas floating in the air, to find at least some kind of 
formal shape for them to be able to start discussion about the same things or at least 
about the same subject areas […] Yes, they [the separate files planned for the SD-
folder for one segment area] will be produced as quickly as possible now, but 
during this process they will be complemented, improved and developed all the 
time based on feedback, both internal and external feedback; based on feedback, of 
course we are ready to change them […] If our goal is such a systematic knowledge 
management, information sharing, i.e., learning process, it is not generated if we 
cannot first create the small steps – those concrete documents [files for the SD-
folder] are one small step, and they will be produced as soon as possible” (one of 
the customer consultants in the meeting October 1, 2002) 

2.8 The final results of the UCD-II project 

The main result of the project, the final version of the MAPID model, is an iterative 
process model for cross-functional collaboration during the early phases both for 
identifying the market/user needs and for producing a new product artifact to respond to 
those needs. The three core principles of the model form the basis for different kinds of 
practical applications of the model. They have been the driving force behind the practical 
tools developed during the UCD-II project. In order to make the MAPID principles work 
in practice, new, company-wide arrangements for communication and coordination 
during the early phases of the new emerging business are necessary. The final version of 
the model documented our shared understanding at the end of the UCD-II project. It was 
our suggestion for how to improve cross-functional interaction in practice during the 
early phases of user-centered software new product development (see Fig. 7).  

                                                           
44 Again, see footnote 31. 
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Fig. 7. The MAPID approach (Molin-Juustila 2003). 

Software new product development is based on the company’s new idea, a ‘hypothesis’ 
about some business opportunity and product innovation. This opportunity is sharpened 
as a vision of a good product-market-user combination. It is hypothesized that there is a 
potential customer with some kind of broken business process, which could be supported 
with the new technological innovation that the company is capable of offering. There is 
also a hypothetical group of identical customers identified, forming a market for the new 
product. This vision directs the daily activities of the different organizational functions. 
The vision evolves and matures over time alongside these activities. New features45 and 
needs emerge. A better understanding of this combination develops, based on different 
kinds of operations at the market interface, with the early customer contacts. This 
evolution of the vision occurs in cross-functional interaction. Therefore, it is necessary to 
make the different viewpoints visible throughout the organization in order to respect them 
all as part of the common whole. 

To support the collaborative elaboration of the vision, the MAPID model introduces a 
set of conceptual tools as integrated knowledge items. The most important of these tools 
is the concept of “segment description” (SD). SD is supposed to document the currently 
shared assumptions concerning the product-market-user combination and is produced in a 
close cross-functional collaboration. It is possible to have several of these internal 
descriptions for each of the different (generalized) groups of customer types (or markets) 
the company considers. It is not a static truth, but evolves over time based on reflections 
of everyday experiences in the field. The latest version of the SD forms the basis for the 
daily activities of the different functions. In order to iteratively build and maintain these 
shared descriptions, collaborative processes are necessary. 

The MAPID approach complements more traditional development processes. The 
units of the cross-functional collaboration in the final MAPID model are complex, 

                                                           
45 Feature refers to all the main properties of the product i.e., functions and qualities. 
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special-purpose teams as “collective roles” responsible for the shared knowledge items 
and empowered also to participate in company decision-making. Decision-making in 
teams was seen as important for many reasons. It is necessary to combine various types 
of information from different disciplines. There are typically many possibilities to go 
forward, so consensus is necessary in order to gain wide acceptance for the decisions. 
These collective roles coordinate the cross-functional activities, allowing individuals 
from different functions to pool their skills in solving common problems. Collaboration 
also has an influence across functional borders, through the representatives in these 
collective roles. However, at some point of the business evolution, the number of 
members in these roles may become too great for effective teamwork. Then the approach 
suggests using different kinds of subteams to support the work. The purpose of these 
subteams is to focus on some subarea of the core team’s activities. In a smaller team it is 
much easier to participate and share information. The core team can then meet to discuss 
the results of the subteam and make the necessary decisions. The members of these 
collective roles participate in the collaborative activities and take care that these activities 
also have an influence in the daily activities of their own functions. In addition, the 
members of the collective roles take care that the reflection occurs. Representatives of the 
different functions ensure that the comments and feedback will be accounted for in 
further development of the business, in the teams in which they participate. 

Since the focus of the practical-level implementation during the project had 
concentrated only on the concrete work with the new tools, this final version of the 
MAPID model can be seen more as a hypothesis for a new approach based on our 
collaborative learning. It has not been tested in practice. However, the input for this final 
model was, of course, our deepening understanding gained during the implementation 
efforts of the initial versions of the model. Because of its hypothetical nature, I will not 
go into further details by introducing the final model. Instead, I will use the insights 
gained and documented in the model in the forthcoming discussions related to the new, 
more detailed research questions that I will next formulate based on the preceding 
experiences.  

2.9 Discussion and research problem revised 

The UCD-II research project was an effort to improve the UCD capability of the 
company and our attempt to answer the main research problem of this study: 

“How can cross-functional interaction during the early phases of user-centered 
software new product development be improved?” 

The three-year intensive project did improve our understanding concerning the cross-
functional nature of the dynamic process for producing the right software solutions for 
not so accurately defined needs. The most concrete result of the project was the MAPID 
model for the early phases of user-centered software new product development. MAPID 
introduced some conceptual (the principles in Section 2.4) and practical solutions for 
improved cross-functional interaction. However, despite our best efforts to implement the 
new model, there were continuous problems with the implementation that we could not 
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solve during the project. At the end of the project, the situation with the case company 
was still quite complicated and the implementation of the new approach was not 
succeeding as desired. This is also why the new model, and especially the final version of 
it, must be considered more as a hypothesis than a proof-tested answer to the original 
research question. At least two possible reasons can be given for these implementation 
problems. Either the model is insufficient or there are other causes for the implementation 
problems. Since the model was praised on many occasions by the practitioners during the 
implementation efforts, which took almost a year and a half, I started to consider other 
possible reasons for the problems. Since the collaboratively-produced ideas of the new 
MAPID model were received with so much positive enthusiasm, I started to wonder why 
the implementation was not succeeding – not even with a step-by-step approach. 

Starting out as a process improvement project, the goal of the project was seen, quite 
straightforwardly, as to improve the current UCD practices of the case company. Using a 
reference model for UCD capability assessment, it was expected that suitable 
improvement areas could be defined. Usability capability assessments aim at evaluating 
the maturity of the organization in following UCD activities. The assessment aims to 
show how well the company is following some kind of standardized process model (like 
ISO 18529 ISO/IEC 2000) at the time of the assessment. However, the usability 
capability assessment conducted in June 2000 could not provide the details needed for the 
improvement activities. Afterwards it is easy to see some obvious reasons for this. For a 
start, the goal of the whole project was to complement the current reference model from 
the point of view of cross-functional interaction and knowledge management during the 
early phases of development (e.g., milestones, roles and responsibilities and intermediate 
results). This area was already seen as a challenge to the new UCD approach and an 
important area for further research. These problems of cross-functional interaction and 
requirement management were also discussed in a one-day workshop (April 26, 2000) 
with the case company representatives while preparing the assessment. Even though it 
was decided that special attention would be paid to these issues, the actual assessment, 
conducted “by the book”, could not provide enough insight for this. (Cross-functional 
interaction was not a visible part of the reference model). 

While this problem could possibly have been resolved with better research and/or a 
better assessment plan, the second problem, perhaps an even more important one, was 
more connected to the process models in general, and actually also explains the problems 
with the subsequent outlining effort. While an assessment-based approach leans on 
standardized process models as reference models, the situation within the case company 
with the new emerging business area was far removed from a stabilized, standardized 
process model of any type. Any assessment could grasp only one evolutionary time slice 
of a hectic period of emerging new product business with a constantly changing 
organization and processes. Selecting typical ‘projects’ on which to focus an assessment 
of any kind would also be of little (if any) use since without any current process model 
there is no typical project embodying that model either. While the usability capability 
assessments in the industry are based on evaluation of single development projects (see 
also Kuutti et al. 1998), they are not able to provide a bird’s eye view on the meaning of 
the UCD approach for the company as a whole. This is made apparent by the following 
comment made by one of the company representatives after our assessment: 
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“The interviews showed clearly that the model does not very well take into 
consideration short (3- to 4-month) projects that form a part of a longer 
development exercise. These kinds of fast and dynamic projects are becoming a 
standard …” 

Therefore the results of the assessment did not bring much new insight on the problem 
with cross-functional interaction. However, seeing the problems with the project-like 
approach typical for process (improvement) thinking was enlightening. Even more so, the 
dynamic situation within the company helped us to understand the acute problems of the 
company. It was natural that the company felt an acute need for process modeling in 
order to be able somehow to manage such an indefinable situation. 

During the outlining effort it became even more apparent that the continuous changes 
were natural during the early phases of development. Since the assessment-based 
approach to the development effort could not provide the bird’s eye view needed, we 
approached the situation differently. We started the outlining effort with the aim of 
collaboratively integrating different viewpoints together and hence building a shared 
understanding of the whole development effort. However, one interesting finding came 
out from these differing perceptions different participants had, concerning development 
processes as well as the early phases. UCD processes include understanding and 
specifying the context of use, specifying the user and organizational requirements, 
producing design solutions, and evaluating designs against requirements. These were 
generally seen as complementing the well-known software development processes: 
requirements analysis, design, coding, testing, etc., i.e., the processes of the development 
function alone. However, in practice, some of these processes (e.g., the requirements 
process) were crossing the boundaries of the development function. Furthermore, there 
were also many ‘new’ processes not included in these general models yet evidently 
important for user-friendly new products to match some market needs. Already in the 
project plan for UCD-II, important development areas for UCD included early phases 
such as “segmentation” and “product concepting”. Participants from the marketing 
function in particular talked about “market research”, “product definition”, and even 
“launch”. In order to understand the origin of these ‘new’ processes, we needed to turn to 
general models of new product development (NPD) like the one provided by Ulrich and 
Eppinger (2000). This model provided a more comprehensive view of the whole 
development organization with the different organizational functions and their 
responsibilities during the early phases of a development effort. The ‘scene for 
interaction’ was becoming clearer. 

However, there were still some parts missing from the whole picture. There were 
concepts that all the different participants seemed to understand, yet there was no 
correspondence found in the general models we used for UCD, software development or 
NPD. One of those concepts was the process for “prioritization” of the requirements as 
part of the requirements management process. This was very much connected to another 
concept, namely the concept of early product release. And furthermore, connected to this 
“release” concept was also another concept, the pilot customer. All of these concepts 
were, in a way, taken-for-granted details, which were not further clarified. Yet these 
concepts turned out to be especially important from the cross-functional interaction point 
of view. Prioritization was a cross-functional process connected to the roadmap of the 
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future product releases. Early releases were developed closely with pilot customers in 
order to learn both requirements and their priorities for future releases. All of this pointed 
to some confusion with our initial understanding concerning the development processes 
as well as the early phases of the software NPD effort. Difficulties with process modeling 
continued throughout the whole UCD-II project. Providing the “scene for interaction”, 
this also gave me a more detailed research question: 

What are these dynamic early phases of software new product development, in fact? 

It was only natural that in the UCD-II project we started to build a new understanding 
concerning these issues in more intensive collaboration with the case company. From the 
point of view of the MAPID principles, there are also some interesting findings. Iterative 
development processes as such may not be very new from a software development point 
of view. However, their connection to the cross-functional interaction was new. Seeing 
iterativeness from the point of view of the product vision and/or concept was 
enlightening. The vaguer the vision/concept, the more cross-functional interaction was 
needed. Since according to our MAPID principles (the second principle in Section 2.4) 
the “early phases” were considered to be the time before the new product reaches the 
early majority market, the focus of development (during the early phases of iterative 
development) was actually changed from mere “new product” to the business of that new 
product, i.e., the product-market-user combination46. Intensive cross-functional 
interaction was needed in order to build and maintain an adequate fit between the new 
product, its market and the users. Finally, according to the third MAPID principle (again 
Section 2.4), it was the image of this combination that was evolving based on the cross-
functional interaction. Representations of this image were the outcome of the iterative 
production process. Through each representation, the image was to be developed while 
adapted to reflect real contacts with the customers and users in the market. Although each 
of these principles helped us to understand and analyze cross-functional interaction 
during the early phases of new product development, they also point to the confusion 
with the changing focus of the development activity. This became even more apparent 
when starting to elaborate the new tools for interaction. 

Allowing activity theory to have an impact on our thinking, it was natural for us to 
start developing cross-functional interaction from the (conceptual) tools. According to 
activity theory, tools mediate the relationship between actors and the object of an activity. 
Therefore tools are even central when building a shared understanding of the object. This 
was also apparent in this case. Cross-functional communication was being managed 
through the many, though quite indefinable, cross-functional teams (e.g., SD teams and 
virtual teams), with overlapping boundaries and changing participants. The work of these 
teams was carried out either in different types of meetings or between the meetings 
alongside the daily activities of the different participants. These teams were actually 
responsible for some knowledge items somehow related to the object of the development. 
Therefore the whole cross-functional interaction culminated in these knowledge items 
and their combination. Information sharing was commonly seen as important, yet the 
content of this shared information seemed to be shrouded in darkness – throughout our 
whole development effort, in fact. I believe that the problems with implementation were 
                                                           
46 See again footnote 31 for restrictions concerning this new concept. 
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connected to the differing views of the object of development. Certainly something is 
being developed, and also knowledge concerning this something is evolving alongside 
this development. Yet what is being developed is perceived in different ways: the new 
product (or our new product-market-user combination), the new product release, the core 
product, the customer solution, etc. In addition to product knowledge, knowledge 
concerning the users and customers is also evolving. Even knowledge concerning the 
business model for the new business area is evolving. And most importantly, most of this 
knowledge evolves in cross-functional interaction. According to the activity theory, it is 
the shared object of an activity that distinguishes different activities from each other. 
Transforming this object to its outcome gives the motive for the whole collective activity. 
So the concept of the “object” is quite deterministic for the whole development activity, 
and that is why I also started to question: 

What is actually being developed during these early phases – i.e., what is the 
shared object of software new product development? 

Even though the main research question was not sufficiently answered in the UCD-II 
project, it made it possible to put forward these fundamental questions for further 
research. Answering these questions will, I believe, provide a better basis for the 
understanding of the problems concerning cross-functional interaction, and lead the way 
towards potentially better solutions. 



3 Related research and literature review 

In this chapter I try to answer all of the five subquestions of this research with an 
extensive literature review of the software NPD field, focusing especially on the early 
phases, UCD and cross-functional interaction. This review is structured in three parts. In 
each part I will first review literature on the subject in order to find the current 
generalizations and assumptions concerning the special focus area of that part and then in 
the discussion section I will try to reflect and integrate these findings in the unique 
features and experiences of the UCD-II project. In this way I hope to make an important 
comparison between the empirical study and current theoretical understanding of the 
phenomenon, providing a way to generate results from the case that could also be tested 
in other contexts. In Section 3.1 I will answer the subquestions 

“What is the shared object of software new product development?” and 

“What are the early phases of software new product development?” 

Then, in Section 3.2, I will concentrate on the subquestion 

“What is the role of the user-centered approach during the early phases of software 
new product development?” 

Finally, in the third section (3.3) I will focus especially on cross-functional interaction, 
looking for answers to the final subquestions of this study: 

“What is the role of cross-functional interaction during the early phases of user-
centered software new product development?” and 

“What are the origins of the problems with cross-functional interaction during the 
early phases of user-centered software new product development?” 
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3.1 Early phases of software new product development 

In this chapter, a literature review is conducted in order to find answers to the two 
fundamental questions of this study: 

“What is the shared object of software new product development?” and 

“What are the early phases of software new product development?” 

Both software engineering (SE) and new product development (NPD) are recognized 
fields of research in their own right. The object of development and the development 
process of that object are naturally interconnected. In a way, the object of development is 
the basis on which the two fields are distinguished from each other. Therefore it is only 
natural that instead of the object as such, both of the fields concentrate on the 
development activities of their specific object: software (SE) and products in general 
(NPD). This is why I will answer the two research questions in reverse order. Process 
models for SE describe the processes for developing a new software artifact. NPD gives 
an overall framework for the development of any new artifact in a product company as a 
whole. Since software NPD includes both software engineering and new product 
development, the two fields are naturally overlapping and the following review is an 
attempt to find out if there is any synergy between the two. The review is mainly 
structured as progressing from more general process issues towards the more focused 
discussion on the early phases. However, since the two fields seems to have quite few 
points of overlap in the literature47, they are first discussed separately (in Sections 3.1.1 
and 3.1.2) to give an overview of the fundamentals of both fields. Only later (in Section 
3.1.3) is a more synergistic discussion attempted. As becomes obvious, SE is merely 
concerned with the plain development processes of new software artifacts, while NPD 
takes a more comprehensive viewpoint of the product company as a business. 
Approaching the software NPD field with this “business” orientation (in Section 3.1.3) 
provides some interesting insights on the research questions in this study. 

3.1.1 Software development 

Software is part of some computer-based information system, a component of some 
socio-technical system as a whole. SE research advocates a disciplined approach to the 
development of new software. SE as a research field concentrates on the development 
activities of software artifacts. It is 

“(1) The application of a systematic, disciplined, quantifiable approach to the 
development, operation and maintenance of software, i.e., the application of 
engineering to software. (2) The study of approaches as in (1).” (IEEE 1990). 

                                                           
47 As an example see MacCormack 2001 and Nambisan 2003. 
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Based on the SE literature, in this section I will first concentrate on the basics of software 
development and on current approaches to its management (Section 3.1.1.1). After this 
(in Section 3.1.1.2) I will detail the discussion on the early phases of development. 

3.1.1.1 Developing a new software artifact 

Process models for software development describe the framework for the different 
activities needed to produce software artifacts. A formal description of the generic life 
cycle processes for software can be found in the ISO/IEC 12207 standard (ISO/IEC 1995, 
IEEE/EIA 1998). This is a common framework for creating and managing software from 
the conceptualization of ideas and definition of requirements to the software’s retirement. 
In addition to development, this standard also contains the activities of operation and 
maintenance of a software product48. The standard groups the life cycle activities into 
primary processes, supporting processes, and organizational processes. There are five 
primary processes: acquisition, supply, development, operation, and maintenance. The 
development process, which is the focus of this study, defines the activities of the 
organization that defines and develops the software. These are the core activities needed 
to produce a new software artifact. The five primary processes are supported by 
documentation, configuration management, quality assurance, verification, validation, 
joint review, audit, and problem resolution processes. Of these, quality assurance is 
particularly important, since it defines the activities for assuring that the software is in 
conformance with the specified requirements and plans. Verification, validation, joint 
reviews, and audits may be used as techniques for this process. Outside the development 
project there are four organizational processes. The management process defines the 
activities of the management, including project management of the development project. 
The infrastructure process defines the activities for establishing an underlying structure 
for the other processes. The improvement process defines the activities for establishing, 
measuring, controlling, and improving the other processes. Finally, the training process 
defines the activities for providing adequately trained personnel. (ISO/IEC 1995). 

The development process describes the core life cycle activities for producing a new 
software artifact, including requirements analysis, design, coding, integration, testing, 
installation and acceptance49. During requirements analysis the specific intended use of 
the new artifact is analyzed in order to specify the functions and capabilities of the 
software as well as other business, organizational and user requirements. Issues of design 
constraints, safety, security, human factors (ergonomics), interfaces, operations, 
maintenance, and qualifications are also considered. During the design activity, system 
architecture is designed and requirements are allocated among system and software 
elements. A more detailed design is also produced, with external and internal interfaces 
and database descriptions. A test plan with testing requirements and a schedule is 
developed together with the designs. During coding the actual software components are 

                                                           
48 According to the standard, a software product is a set of computer programs and procedures, and possibly 
some associated documentation and data (ISO/IEC 1995). 
49 For reasons of simplicity I have left out the detailed separation of activities for “system” and “software” as 
well as detailed activities for “architectural” and “detailed” design (ISO/IEC 1995). 
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produced, which are all then, during integration, put together with other non-software 
items as well. During testing, the new software is tested against the specified 
requirements. In installation the new system is put into some target environment for use. 
This is also when the acceptance test and review are conducted. (ISO/IEC 1995). 

Waterfall approach. Over the course of time, different approaches, i.e., process 
models, have been provided concerning the order in which the software development 
activities should be implemented in practice. Even over 30 years ago a waterfall model 
for software development became popular. This is a linear, sequential approach. Royce 
(1970) included the steps of system requirements, software requirements, analysis, 
program design, coding, testing, and operations in his model. There were feedback loops 
between each step, and the model was based on an extensive amount of documentation as 
a way to manage the process. Interestingly, it also included a first-version simulation (or 
prototyping) of the entire development process in order to test some of the key 
hypotheses concerning the final outcome. Notable benefits were associated with such a 
model. According to Davis and co-authors (Davis et al. 1988) the use of such a model 
encourages one to specify before building, enables project managers to track progress 
more accurately, demands the generation of documents which can be utilized in testing 
and maintenance, reduces development and maintenance costs, and enables the 
organization to be more structured and manageable. Over time, the steps in this model 
have been extended and clarified, and the development activities in the ISO/IEC 12207 
(ISO/IEC 1995) standard provide a good overview of their current status. The 
development effort of a new artifact seems quite rational. The waterfall approach reduces 
potential uncertainties with development through predefined, stepped phases of 
development. However, the waterfall approach is considered time-consuming. According 
to Boehm (1988), the primary source of difficulty with this type of model has been its 
emphasis on documentation as “completion criteria for early requirements and design”. 
“At any point in the design process after the requirements analysis is completed there 
exists a firm and closeup, moving baseline to which to return in the event of unforeseen 
design difficulties” (Royce 1970). Yet, this is not a very suitable approach for situations 
with a certain degree of uncertainty concerning the requirements. Typical problems 
related to the waterfall approach are: 

− Natural uncertainty; customers do not always know what they want, or it is difficult 
for them to express their needs explicitly. 

− Lack of flexibility; the requirements for the new system are frozen too early, this 
increases the need for late changes, which means that extra work is required. 

− The development process is too slow and document-driven; a lot of effort may be put 
into documents that in the end become unusable. 

− Concrete results are obtained too late; the visibility of development progress to 
customers is low – they do not see an operational system until the end of the 
development process. 

− Changes required in the system are recognized too late; the practice of freezing, the 
slowness of the development process, and the lateness of concrete results tend to 
create immediate enhancement maintenance requirements. (Boehm 1988, Graham 
1989, Iivari 1990a, Sommerville 1995, Pressman 2000). 



 62

Despite these problems, formal waterfall practices are still followed quite widely. With 
complete functional specifications and design, developers write more code per day with 
fewer defects (Cusumano et al. 2003, MacCormack et al. 2003). Providing a simple 
structure to the whole development effort, it has also been a good basis for contracts. 
However, the software being developed is always aiming at a moving target (Davis et al. 
1988). In response to these problems, and inspired by prototyping, other approaches have 
emerged with more iterative, incremental and evolutionary50 process models (Graham 
1989). One early example is the rapid application development (RAD) approach. It 
emphasizes the speed of incremental development by minimizing manual work, and 
concentrates on producing quick prototypes of the new product in order to get early 
feedback from users. It is based on reuse of existing software components and the use of 
automated tools (CASE tools as computer-aided systems engineering) for development. 
(Martin 1991). 

Boehm’s spiral model. The well-known spiral model presented by Boehm (1988) is a 
situation-dependent, risk-driven approach to software development. Software is 
developed iteratively in cycles with the same sequence of steps but with differing 
emphasis. The spiral is initiated by a hypothesis concerning the new software, and the 
whole spiral process is a kind of test of this hypothesis. “At any time, if the hypothesis 
fails the test (for example, if delays cause a software product to miss its market window, 
or if a superior commercial product becomes available), the spiral is terminated” (Boehm 
1988). The spiral is divided into four different groups of related activities (see Fig. 8). 
Each development cycle begins with identification of the objectives, alternatives, and 
constraints. Secondly, the alternatives are evaluated in relation to the objectives and 
constraints. Areas of uncertainty are identified as possible sources of project risk. Next, 
the process concentrates on resolving these risks through some risk-resolution techniques, 
such as user questionnaires, prototyping etc. Depending on the current level of the risk, 
the third step in the cycle is the incremental development of the software product through 
the generic development activities. The further through the development cycles the 
software progresses, the more complete a version is produced. The early cycles may 
concentrate on the initial specifications, concept and prototypes, while later cycles 
concentrate on incremental releases of a more detailed software product. The final step in 
any cycle is validation, and planning for the next cycle. Each cycle is also completed by a 
review including all the parties concerned with the product. The development strategy is 
always chosen based on risk considerations and the effectiveness of various approaches 
to resolve the identified risks. As an example, documents may have varying degrees of 
completeness depending on the current risk level. The spiral process ends with the 
installation of new or modified software. However, operational experience with the 
software may initiate a new hypothesis for a new spiral to begin. The spiral model is a 
kind of overall framework of different approaches. In situations of low uncertainty and 
low risks, the waterfall approach is appropriate. In situations of high uncertainty and high 
                                                           
50 The distinction between the terms incremental and evolutionary is well explained by the old description of 
incremental development and evolutionary prototyping provided in Davis and co-authors (Davis et al. 1988): 
“Whereas incremental development implies that we understand most of our requirements up front and simply 
choose to implement it in subsets of increasing capability, evolutionary prototyping implies that we do not 
know up front all of our requirements, but need to experiment with an operational system in order to learn 
them.” See also Gilb (1988) for an evolutionary delivery model. 
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risks, an appropriate mix of different approaches is most effective. (Boehm 1988). With 
such an expanding nature, the spiral model can, in theory, be applied throughout the 
whole life cycle of the software, and it therefore remains operative until retirement 
(Pressman 2000). 

Fig. 8. The spiral model of the software process (Boehm 1988). 

Despite its comprehensiveness, the original spiral model has not been widely used. More 
recently, it has been extended with Theory W (win-win), a management theory and 
approach, with an emphasis on making the key stakeholders “winners” (Boehm & Bose 
1994). This more collaborative “WinWin spiral model” is found to be successful in 
situations with rapidly moving technology, many candidate approaches, little user or 
developer experience with similar systems, and the need for rapid completition. It is both 
flexible and disciplined. (Boehm et al. 1998). First of all, it adds three front-end activities 
for each cycle: identify the system or subsystem’s key stakeholders, identify the 
stakeholders’ win conditions for the system or subsystem, and negotiate win-win 
reconciliations of the stakeholders’ win conditions. The purpose of these activities is to be 
able to determine the mutually satisfactory key objectives, alternatives, and constraints. 
The model also includes a stakeholder WinWin negotiation approach. “The most 
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important outcome of product definition is not a rigorous specification, but a team of 
stakeholders with enough trust and shared vision to adapt effectively to unexpected 
changes” (Boehm et al. 1998). A less well-known enhancement to the spiral model is 
Iivari’s hierarchical spiral model (Iivari 1990a and Iivari 1990b). It provides a more 
theoretical basis to the approach with three levels of modeling the product: organizational 
(i.e., system in context), conceptual/infological (i.e., implementation-independent 
specification), and datalogical/technical (i.e., technical implementation). The hierarchical 
spiral model is based on two principles (Iivari 1990b). First, the product as a target should 
provide the basic structure for the development process. Second, these three levels of 
modeling represent an appropriate structure for such an approach. The levels define 
baselines and milestones for the process allowing effective status control over the 
process. (Iivari 1990b). 

Iterative, flexible approach in practice. Despite its theoretical extensions and 
justifications, the spiral model, not to mention the hierarchical spiral model, is not the 
most popular development approach used in practice. This type of “speculative” research 
is not accepted among practitioners without positive evidence that it is of use (Finkelstein 
& Kramer 2000). However, the ideas and principles have been useful for many 
subsequent “flexible” approaches. For example, Cusumano and co-authors (Cusumano et 
al. 2003) found that today over 64 % of development efforts in the world break their 
work into subcycles. The widely-used practice of prototyping, or beta-testing (customers 
providing early feedback), has also been associated with more output and fewer defects. 
Flexible practices seem to compensate for incomplete specifications. (Cusumano et al. 
2003). Early prototypes appear to be positively related to both productivity and quality 
(MacCormack et al. 2003). The problem with the original spiral model is that it does not 
provide concrete guidelines or “best practices” for the development of software, i.e., the 
definition of who does what, when and how (cf., Gilb 1988 and Jacobson et al. 1999). 
There are also other approaches, such as concurrent software engineering (Blackburn et 
al. 1996, Blackburn et al. 2000; see also Aoyama 1993)51, but perhaps the most popular 
and practice-oriented development paradigm today is the object-oriented (or component-
based) approach with its widely recognized application, the “Unified Software 
Development Process”52 (Jacobson et al. 1999). 

The Unified Software Development Process53 is a component-based, use case driven, 
architecture-centric iterative and incremental approach. “Component-based” means that 
the software is made of software components (i.e., independent units of software with 
well-defined interfaces). The term “user” refers to someone or something that interacts 
with the software. This interaction is designed by use cases. Instead of the more 
traditional functional specifications, the use case model specifies requirements. “Use case 
driven” relates to the comprehensive role of use cases as the development flows from use 
case specification to use case design, and finally to testing based on the use cases. While 
use cases describe the function of the new software artifact, architecture describes its 
                                                           
51 See Pressman 2000 also for more approaches.  
52 Note, that SWEBOK also mentions a unified modeling language (UML), which has a widespread acceptance 
and has led to a beneficial industry-wide pooling of skills and knowledge (SWEBOK 2004). See also Fugetta 
2000. 
53 Also known as Rational Unified Process® (RUP) which was developed and maintained by Rational® Software 
Corporation, nowadays IBM Rational Software. 
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form. These two are interrelated. Use cases must fit into the architecture and the 
architecture must make each use case possible. “Architecture-centric” means that the 
architecture evolves in parallel to use cases. The new software product is developed 
iteratively, while the whole development effort is divided into smaller slices (see Fig. 9). 
Each iteration results in an increment (e.g., design and/or code). Successive iterations 
build on the previous increment. The whole process repeats over a series of cycles 
making up the life of the new software. Each cycle concludes with a product release to 
customers through phases of inception, elaboration, construction, and transition (see Fig. 
9). Each phase terminates in a milestone, where decisions are made about the future 
efforts. The generic development activities (i.e., requirements, analysis, design, 
implementation, and testing) are the iterative “workflows” carried out in each phase, but 
again, with differing emphasis. Each iteration goes through all these workflows. During 
the inception phase, the idea of the new software is elaborated to become a vision for the 
product. During the elaboration phase, use cases and architecture are specified. Based on 
these, the product is built during the construction phase. In the transition phase, the 
product moves into beta release. Small numbers of users try it and provide feedback. 
Problems are fixed in the general release. (Jacobson et al. 1999). 

Fig. 9. The Unified Software Development Process (Jacobson et al. 1999). 

The principles of SE provide the basis for the different development approaches, but they 
evolve over time (e.g., Davis 1994). Recently, Bourque and co-authors (Bourque et al. 
2002) conducted a multi-phased study on these fundamental principles. Based on the 
study, among the suggested principles most supported by SE experts were: 
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− Establish a software process that provides flexibility 
− Implement a disciplined approach and improve it continuously 
− Invest in the understanding of the problem 
− Since change is inherent to software, plan for it and manage it 
− Since tradeoffs are inherent to software engineering, make them explicit and document 

them 
− To improve design, study previous solutions to similar problems 
− Uncertainty is unavoidable in software engineering. Identify and manage it. (Bourque 

et al. 2002). 

According to this study, flexibility in software engineering processes is considered 
important since most projects deal with accelerated schedules and varying degrees of 
scope as well as with changing and incomplete requirements. Yet too much flexibility 
may lead to not having a process – the “essence” of SE – at all. However, in the study 
there was also concern about the process becoming the end itself, at the expense of the 
product being developed. The investment in understanding of the problem was most 
highly supported. Managing the inherent change was also highly rated, with a high level 
of consensus. Tradeoffs were considered as one way to see constraints, and decisions 
about them should be based on sound analysis of the problem. Learning from the past 
was also strongly supported, yet it was not necessary to restrict it to the “design”. There 
was also some confusion about how to identify the “similarity” between different cases. 
Finally, despite a little confusion about the term “uncertainty”, it was suggested that there 
is more uncertainty in SE compared to other engineering fields, because of its strong 
dependency on human expertise. (Bourque et al. 2002). 

Bourque and co-authors (Bourque et al. 2002) made also other interesting findings. 
First, the respondents felt that multiple perspectives and multiple levels of abstraction do 
not necessarily reduce complexity in development but may in fact cause increasing 
complexity. Second, many respondents were uncertain of the meaning of such principles 
as “managing quality throughout the life cycle as formally as possible” or “setting quality 
objectives for each deliverable product”. Questions were asked about the overall meaning 
of the terms “quality”, “formally” and “possible”. Third, it was clear that producing 
software in a stepwise fashion “is not applicable to all categories of software and 
problems, nor to all phases of the software lifecycle”. Even if there is no clear consensus 
over these fundamental principles54 of SE, as part of the work to define the body of 
knowledge for the SE community (SWEBOK55), these principles give a good overview of 
the current status of the production of software artifacts. 

Issues of SE management. Software development processes are defined for many 
reasons, e.g., increasing the quality of the product, facilitating human understanding and 
communication, and supporting process improvement and management (SWEBOK 
2004). Traditionally, project management has been the common management strategy56 
for the development effort. In order to tackle ongoing problems with failed projects and 

                                                           
54 Or with any other earlier attempts to state the principles (Bourque et al. 2002). 
55 See http://www.swebok.org/ (valid June 2005). 
56 Note that project management even seems to be embedded in the ISO/IEC 12207 standard (ISO/IEC 1995) as 
well as in SWEBOK (SWEBOK 2004) or in the maturity levels of the current cabability models of the 
organizations (see SEI 2002). 
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unsatisfactory products, the SE field has developed a tradition of software process 
improvement (SPI). SPI has become an important tool and field of study (for example, in 
series of conferences such as the International Conference on Product Focused Software 
Process Improvement (PROFES)) for improving product quality. It is based on the 
thinking that the better the processes, the better the organization’s capability to produce 
products; good products are a result of good processes. Software process improvement 
(SPI) has long been used for finding and establishing the “best” practices of SE. SPI aims 
to improve both the efficiency of the SE and the quality of the product, i.e., the 
effectiveness of the processes to respond to the required performance. In SPI it is widely 
accepted that customer requirements are best met with well managed and clearly defined 
processes. Process assessments (e.g., ISO TR 15504 (ISO/IEC 1998)) are conducted to 
evaluate the maturity (see e.g., CMMI SEI 2002) of the company’s processes against a 
predefined reference model of standard processes. Process improvement efforts are 
actions taken to change the current capability, i.e., maturity level, of the processes to 
better meet the reference model. 

Both SE and SPI focus on the development processes of software artifacts. What is 
common to the different development approaches is their historical background in large 
development projects for custom software. The management of software development has 
evolved from project management to process management. However, today an increasing 
amount of software development is carried out for packaged software (Hoch et al. 2000, 
Carmel 1997). Instead of being a mere one-time assignment, approaches need to cope 
with the whole life cycle of product releases. Prevailing uncertainties concerning the 
customers’ needs and demands for faster development cycles call for more flexible 
approaches. In fact, the Unified Software Development Process by Jacobson and co-
authors (Jacobson et al. 1999) already has its roots in the practical needs of product 
business. However, before going into details with these product business issues, I will 
introduce new product development (NPD) and its management (in Section 3.1.2). Even 
before that, however, based on the preceding discussion, I will first start to elaborate, with 
the concept of the early phases. 

3.1.1.2 Early phases of software development 

The goal of software development is to translate the ideas and needs concerning a new 
artifact into working software. Software process models provide the basis for managing 
the development effort of a new software artifact. Since any development effort – i.e., 
typically a project – involves many different activities, it is typically managed by 
grouping interrelated activities into development “phases”. At the end of each phase, 
there is a milestone to review the results of the previous phase and decisions are made 
about moving to the next phase. For example, in the waterfall approach, each 
development activity is also a sequential phase of the whole process. Generally, these 
phases may be further grouped into early or late phases. Early phases may also be called 
“upstream phases” or “front-end phases” (cf., downstream or back-end phases). The costs 
of changes to the software increase the further development proceeds. A good software 
development process is based on the idea that problems are found early in the project in 
order to minimize costly changes later. “Much of the leverage for project success is 
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contained in upstream activities, and knowledgeable software stakeholders ensure that 
projects focus enough attention on upstream activities to minimize problems 
downstream” (McConnell 1998, p. 19). 

So the value of the “early phases” of development is common knowledge for every 
software professional. The earlier we get the system right, the better. However, based on 
the current literature, it is not very clear where to put the line between the early and late 
phases of software development. McConnell continues by saying that the “upstream” 
activities of the project refer to requirements development and architecture, while the 
“downstream” activities refer to construction and system testing (McConnell 1998, p. 
28). In the SE literature there are, however, different approaches to this general grouping 
of software development activities. According to Pressman (2000), development 
activities can be simply categorized into three generic phases: definition (what), 
development (how), and support (change). During the earliest definition phase, the key 
requirements are identified. During development, the software is designed, coded, and 
tested. During support, users are supported continuously and the software evolves 
through corrective, adaptive, enhancive, and preventive changes made. However, 
Sommerville (1995) divides development activities into four groups: specification, 
development, validation and evolution. During specification, the functionality of the 
software, along with constraints, is defined. During development, the software is 
produced to meet the specifications. Then, the software is validated to make sure that it 
responds to customer wants. Finally, during evolution, the changing customer needs are 
handled. 

Requirements process. Based on these approaches, there is no doubt that the early 
phases of software development relate to requirements. Requirements analysis is also the 
first development activity in the ISO/IEC 12207 standard (ISO/IEC 1995). According to 
Sommerville and Sawyer (1997a), requirements definition is the “earliest” activity 
concerning any new software artifact, since requirements express the reason for 
development. The interest in this “what” currently falls under the area of requirements 
engineering (RE) research, a special area of SE that has, starting from the 1990s, grown 
into a recognized field of study of its own (Nuseibeh & Easterbrook 2000). It is the 
process of discovering the purpose of the new system. Requirements describe how the 
new system and/or software should behave. RE is the process of eliciting, analyzing and 
negotiating, describing, validating, and managing requirements. (Sommerville & Sawyer 
1997a). Requirements capture the understanding concerning the customers’ and users’ 
expectations for the new artifact. “A requirement is a feature of the system or a 
description of something the system is capable of doing in order to fulfill the system’s 
purpose” (Pfleeger 1998). According to the ISO/IEC 12207 standard, software 
requirements57 include the functions and capabilities of the software; external interfaces; 
qualification, safety, security, and human-factors engineering requirements; data 
definition and database requirements; installation and acceptance requirements; and user 
documentation, as well as operation and maintenance requirements (ISO/IEC 1995). 
Requirements are typically a complex combination of requirements from different 

                                                           
57 According to the standard, software is part of a system that is an integrated composite consisting of one or 
more of the processes, hardware, software, facilities or people that provides a capability to satisfy a stated need 
or objective (ISO/IEC 1995). 
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sources. The requirements process is fundamentally interdisciplinary between two 
domains: the technical domain of the SE – i.e., the solution domain in this study – and the 
domain of the the different stakeholders (users and customers at least) – i.e., the 
application domain in this study (SWEBOK 2004). 

Requirements elicitation58 relates to requirements sources. “It is the first stage in 
building an understanding of the problem the software is required to solve” SWEBOK 
2004). Stakeholders and sources are identified. Knowledge concerning the application 
domain is acquired. Operational and organizational environment are also characterized. 
Techniques such as interviews, scenarios and use cases, prototypes (from paper mock-ups 
to beta versions), facilitated meetings, and observations are used to capture the 
requirements. (SWEBOK 2004)59. Captured requirements need to be analyzed in order to 
detect and resolve possible conflicts between them and to discover the boundaries of the 
new software. Requirements need to be abstracted and classified in order to be able to 
negotiate their priorities and possible trade-offs. Requirements are analyzed to specify 
system and software requirements (ISO/IEC 1995). Conceptual models are built to 
support communication and to aid in shared understanding. Requirements are described 
by documenting60 specifications in order to be able to review, evaluate and approve them. 
Specifications are the outcome of the requirements process, but the form of the 
specifications varies from formal, standardized documents to less formal “white papers”. 
All the different stakeholders need to validate the requirements in order to make sure that 
they describe the “expected” software to be developed. “Requirements typically iterate 
towards a level of quality and detail which is sufficient to permit design”. Finally, 
requirements management refers to the inevitable changes of requirements during the 
development due to some errors, environmental changes, etc. (SWEBOK 2004). RE is 
considered as a key process of SE as a whole, motivated by the reduced costs of possible 
rework caused by misunderstood requirements. It is based on the notion that when 
requirement errors are found during the early phase of development, it is much cheaper to 
fix them than if found in the testing phase or in use (Nuseibeh & Easterbrook 2000). 
Nuseibeh and Easterbrook consider this front-end activity as a bridge between two 
different domains: the informal world of stakeholder needs (i.e., the application domain), 
and the formal world of software behaviour (i.e., the solution domain) (Nuseibeh & 
Easterbrook 2000). RE strives for order in otherwise poorly understood and diverse 
functional and technical requirements. 

And beyond. In addition to requirements, however, it is not very clear what else should 
be included in these “early phases” during which problems in later phases are being 
minimized. In particular, the group of “development activities” includes software design, 
parts of which are also commonly included in the early phases. Since the requirements 
have been analyzed and specified, the actual construction of the new software artifact 
begins with design activities. The requirements are translated into an abstract description 
of the product to be coded. The most important description is the architecture, i.e., the 
structure of the whole system. As stated by McConnell earlier, at least architecture, and 

                                                           
58 Synonyms for elicitation are capture, discovery, or acquisition (SWEBOK 2004). 
59 See Neill and Laplante (2003) for the current state of use of the different techniques. 
60 In order to provide a clear, consistent, precise and unambiguous statement of the problem to be solved 
(Kotonya & Sommerville 1996). 
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therefore architectural design, still seems to belong to the early phases. Also, in the 
ISO/IEC 12207 standard (ISO/IEC 1995) the more detailed order of development 
activities starts as “system requirements analysis”, “system architectural design”, 
“software requirements analysis”, “software architectural design”, “detailed design”, etc. 
Even though the standard itself does not require a sequential approach to development, it 
is clear that architecture is closely related to requirements (remember also the use case 
driven and architecture-centric unified software development process). Therefore, at least 
architectural design is a design activity belonging to the early phases. In order to analyze 
and elaborate the requirements, they need to be allocated to the components that will 
satisfy them (SWEBOK 2004). 

In addition, there is confusion concerning the very early phases, i.e., the phases before 
the requirements process. The activities that precede even the formulation of initial 
requirements consist of considerations of the intended goals of the new system, its needs, 
possible alternative solutions, the implications of different alternatives for various 
stakeholders, and the ways to take into account the interests and concerns of different 
stakeholders (Yu 1997). Textbooks on SE usually start with a project planning phase 
(Sommerville 1995, Pfleeger 1998, Pressman 2000), during which (among other things) 
the project objectives are negotiated and decided. The software scope and main 
constraints are defined. According to SWEBOK, the requirements process is closely 
related to activities which provide input into the process: marketing and feasibility studies 
(SWEBOK 2004). 

Primary development activities, when followed sequentially, reduce uncertainty 
concerning the final product. However, further confusion arises from iterative 
approaches. In fact, even SWEBOK states clearly of the requirements process that it “is 
not a discrete front-end activity of the software life cycle, but rather a process initiated at 
the beginning of a project and continuing to be refined throughout the life cycle” 
(SWEBOK 2004). It should be seen as “a process involving complex, tightly coupled 
activities (both sequential and concurrent), rather than as a discrete, one-off activity 
performed at the outset of a software development project” (SWEBOK 2004). A recent 
study on the RE processes found, that “the most successful projects performed RE 
activities throughout the project’s duration, while lower-rated RE teams were primarily 
involved during the front-end of the project (Hofmann & Lehner 2001). Especially when 
uncertainty concerning the needs for the new artifact grows, the search for the needs will 
be carried out parallel to concrete development. 

In principle, Boehm’s spiral model covers the life cycle evolution, growth, and 
changes of the new software artifact. Each cycle in the spiral model was grouped into 
four steps with related activities. Before the primary development activities, step three, 
there are the planning activities and risk resolving activities. These activities are repeated 
in every cycle of development. Furthermore, in the WinWin spiral model there are also 
three more front-end activities to identify stakeholders and negotiate their win conditions. 
However, it seems that the risks are related more to the prevailing uncertainty with 
requirements and design during the “early” cycles, than to that during the “late” cycles 
with coding, testing, etc. After all, the whole idea behind the risk-driven approach is to 
concentrate on reducing the risk related to this uncertainty until the end of the 
development. For example, requirements specifications are not always completed at once 
with the same level of detail in every part of the specification. As risk-driven documents, 
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high-risk elements are elaborated first in order first to stabilize them, before focusing on 
the more low-risk elements in detail. Prototyping is used as a risk reduction practice at 
least until the “coding, testing and implementation” cycle of the final product. (Boehm 
1988). Therefore, it could be said that the early phases are related to the risk level of the 
project, which in turn relates to the level of uncertainty related to the requirements of the 
new artifact. Iivari’s hierarchical spiral model (Iivari 1990b) supports this with its main 
phases related to the conceptual levels of the evolving software artifact. 

Unlike the waterfall model, iterative models do not phase the projects according to the 
linear order of the primary development activities. Instead, the names of the phases 
indicate the product’s maturity (Wallin et al. 2002). In the more practice-oriented unified 
software development process (Jacobson et al. 1999), the primary development activities 
are the workflows iterated in each development phase of the new artifact. The first two 
process phases of “inception” and “elaboration” are considered as the early phases (e.g., 
Anderson et al. 2001). They are related to the stability of the new software. “At the end 
of the elaboration phase, the project manager is in a position to plan the activities and 
estimate the resources required to complete the project” (Jacobson et al. 1999). Like in 
the spiral model, the process is risk-driven. “The iterations in the early phases are mostly 
concerned with scoping the project, removing critical risks, and baselining the 
architecture”. These early iterations increase the knowledge concerning requirements and 
risks. (Jacobson et al. 1999).  

Definition. The development project for a new software artifact is traditionally 
managed through development activities grouped as milestone phases. During the early 
phases, increasing knowledge concerning the “problem domain61” becomes crystallized 
into requirements specification and baseline architecture. RE is a “decision-rich problem-
solving activity” (Aurum & Wohlin 2003). Requirements are “statements of need 
intended to convey understanding about a desired result” (Kotonya & Sommerville 
1996). Iterative or not, requirements need to be analyzed and specified during the very 
early phases of software development. They need to be negotiated in order to form a 
shared understanding of the new artifact to be developed. Architecture design, as an 
overall layout of the new system, provides the baseline for more detailed design and 
development, i.e., the actual construction work for the new artifact. Based on the previous 
review, it can be said that conceptually the development effort of a new software artifact 
mainly goes through three phases: requirements analysis and specification (also including 
architectural design), detailed design and development, and implementation / validation 
(see Fig. 10). 

 

                                                           
61 In this study, the problem domain is a combination of both the application domain and the solution domain. 
When considering the development effort as a problem-solving activity, during the early phases there is a need 
to increase knowledge concerning both of these domains. 
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Fig. 10. Requirements analysis and specification as the earliest phases of the three 
main phases of software artifact development. 

In this abstracted view, requirements analysis and specification are considered as the 
early phases of software development. Even with iterative approaches, these early phases 
still refer to the different activities iterated in order to decide on the requirements and 
architecture, i.e., the time during which (and the methods and practices followed to 
ensure) a common understanding is created concerning the purpose of the new artifact 
and the solution that is going to fulfill that purpose. Early phases are related to the 
conceptual part of development, as opposed to more concrete development. Initial 
requirements are ambiguous, incomplete, inconsistent and usually expressed informally 
(Yu 1997). According to Yu, during the early phases a considerable body of knowledge is 
built up, and a deep understanding of the problem domain is gained. The interests and 
concerns of different stakeholders are taken into account. (Yu 1997). However, iterative 
approaches add to this the time perspective during which these issues are not yet clear or 
“stabilized”. “Early phases” relates to the uncertainty concerning the new artifact. There 
are value conflicts and ambiguity between the needs and interests of different 
stakeholders (Yu 1997). “Early phases” relates to the activities used in understanding the 
unknown. It usually takes a certain amount of time, intensive negotiation with different 
stakeholders, and different types of iterative development efforts, to “uncover” this 
unknown. The most difficult part of software development is deciding precisely what to 
build (Brooks 1987). These early phases of development – and the interaction between 
different stakeholders – are critical to the overall success of the new artifact. 

3.1.2 New product development 

Much research in the NPD field has concentrated on different success and failure 
factors62 affecting NPD performance63. According to Ernst’s review (2002), studies by 

                                                           
62 Note that even though there are different types of measures for the NPD peformance (i.e., profitability, cycle 
time, product advantage, market share, etc.) (see especially Cooper & Kleinschmidt 1995b), in this study I will 
not make distinctions on this subject since the interest throughout this study is not so much on the type of 
success but more on highlighting the importance of some certain characteristics (i.e., early phases, market 
orientation and cross-functional integration) for the overall success of NPD.  
63 (E.g., Cooper & Kleinschmidt 1987, Zirger & Maidique 1990, Brown & Eisenhardt 1995, Montoya-Weiss & 
Calantone 1994, Cooper & Kleinschmidt 1995a, Cooper & Kleinschmidt 1996, Song & Parry 1996, de Brentani 
2001; see also Ernst’s review Ernst 2002).  
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Cooper and Kleinschmidt64 in particular have been the most influential in the field. 
According to Cooper (1999), these critical success factors may be classified into two 
groups, dealing with either “doing the right projects” or “doing the projects right”. Doing 
the right projects relates to external, strategic factors such as the characteristics of the 
market, technologies, and competitive situation. Doing the projects right relates to the 
internal arrangements of the development effort. According to Griffin’s review (1997), 
factors important for NPD performance are related to the NPD process, in particular the 
front-end activities, to organization, to the support of top management, and to some 
context-specific issues. A formal NPD process improves the probability of NPD success, 
but the focus on the process issues has moved from merely defining the process to its 
implementation and continuous improvement issues. Griffin also mentions that renewed 
attention is paid to obtaining customer needs. Successful companies have “a slave-like 
dedication to the voice of the customer”65 (Cooper 1999). The organization of NPD is 
complex. Multiple structures are used, but effective implementation of a cross-
functional66 team has been considered particularly crucial to NPD success (see e.g., 
Takeuchi & Nonaka 1986). However, there is no clear definition for the best organization 
or infrastructure for these teams over time and across development projects. Top 
management support relates to the funding and other resources for the project as well as 
to a well-articulated strategy in order to keep the team’s motivation high67. As context-
specific issues, such factors as high-tech versus low-tech and packaged goods versus 
business-to-business goods have been considered. In addition to these, Cooper (1999), for 
example, notices that “delivering a differentiated product with unique customer benefits” 
provides “a superior value for the user”. The speed of the NPD effort has also been 
considered important (e.g., Gupta & Wilemon 1990). However, the correlation between 
NPD success and speed is not clear. Griffin concludes that one does not have to be fastest 
to be highly successful (Griffin 1997, see also Griffin 2002). 

Since the focus in this study is not on the success of the NPD effort68, but on cross-
functional interaction during a UCD effort, in my review of this NPD literature I will 
only concentrate on the process issues (this section), customer and/or market orientation 
issues (Section 3.2.2), and cross-functional integration issues (Section 3.3.2). However, 
since NPD research seems to be so “new” to the SE field (Nambisan & Wilemon 2000), 
my review of this field is more extensive than for the SE field. The structure of this 
section resembles the structure of the SE section. First I will concentrate on the basics of 
NPD and on the current approaches to its management (Section 3.1.2.1). After this (in 
Section 3.1.2.2) I will again detail the discussion on the early phases of NPD. Since the 

                                                           
64 (E.g., Kleinschmidt & Cooper 1991, Cooper & Kleinschmidt 1986, Cooper & Kleinschmidt 1987, Cooper & 
Kleinschmidt 1995b, Cooper & Kleinschmidt 1995a, Cooper & Kleinschmidt 1996). 
65 “The voice of the customer” is the core of the Quality Function Deployment (QFD) process, but has become a 
more overall theme for NPD in general. QFD will be introduced in more detail later, in Section 3.2.2.3. See 
definition for the phrase in footnote 191. 
66 Although she uses the term “multi-functional” (Griffin 1997). 
67 In fact, the role and support of management has been considered very important in many of the papers I will 
refer to (see e.g., O'Connor & Veryzer 2001), but in order to have some necessary limits in my review, I will not 
discuss this issue in detail. 
68 In fact, it is impossible to say anything about the success of the case company’s new product based on my 
data, since the process was still ongoing when the UCD-II project ended. 
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early phases are most obviously related to the uncertainty dominating the development 
effort, the great amount of research in the NPD field related to this uncertainty becomes 
especially interesting. Therefore, I will also review what is known about NPD under high 
uncertainty (in Section 3.1.2.3) and again in more detail its special implications for the 
early phases (Section 3.1.2.4). 

3.1.2.1 Developing a new product 

A high-quality NPD process is found to be one of the most important success factors for 
NPD (Cooper & Kleinschmidt 1995a). As with the waterfall model of software 
development, there is a general model for NPD as well. Basically, an NPD process 
consists of a set of activities by which companies transform their new product ideas to 
concrete new products to be sold on the market. There are a number of long-running 
textbooks on formalized NPD processes from varying perspectives (e.g., Wheelwright & 
Clark 1992, Crawford 1996, Urban & Hauser 1993, Cooper 2001, Ulrich & Eppinger 
2000). They all describe the different phases (or stages) of NPD, through which the 
product is developed for the market. Some of them concentrate more on the marketing 
perspective (Urban & Hauser 1993, Crawford 1996), while others take a more general 
management approach (Wheelwright & Clark 1992, Cooper 2001). Most of the process 
models are also based on sequential progress with strict division of labor between 
different organizational functions. However, there are also more overlapping models with 
cross-functional integration (e.g., Takeuchi & Nonaka 1986, Cooper 1990, Ulrich & 
Eppinger 2000). 

Today, the basic process models are quite mature (Griffin 1997) and many of them 
also quite similar. There are tasks that all NPD organizations need to go through, 
regardless of the exact formal process model: strategic planning, concept development 
and evaluation, concrete product development, testing, and commercialization of the 
product. This is the result of the historical evolution of the overall practice. Recent 
studies on NPD have also shown that the process models are not stable over time. When 
Griffin (1997) studied the trends in NPD, it was found that NPD activities evolve 
continuously, and become more sophisticated during time. One noticeable and dominant 
trend, or paradigm (Gerwin & Barrowman 2002), in contemporary improvements in NPD 
seems to be the idea of integrated product development (IPD), also known as concurrent 
engineering (CE)69. This is an approach to NPD whose fundamental characteristics 
include incremental development, overlapping activities, focus on customers, and use of 
cross-functional teams (Smith 1997, Gerwin & Barrowman 2002). According to the 
abstract in Smith (1997), it (CE) is a kind of “summary of best practice in product 
development rather than the adoption of a radically new set of ideas”. Yet the practices 
form an integrated whole rather than a mere assemblage of different characteristics 
(Gerwin & Barrowman 2002). 

                                                           
69 Although CE seems to be more related to the integration of product design and manufacturing only (Rosenau 
et al. 1996, Hauptman & Hirji 1996), while IPD seems like a more overall paradigm. 
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Stage-gate model. Perhaps the most popular development framework is the stage-
gate70 process model developed by Cooper (1990, 1993, 1994, 2001; see also Shepherd & 
Ahmed 2000). As a result of the preceding NPD success studies, it is a holistic, 
integrative process model for managing development projects based on the simultaneous 
participation of multiple functions. NPD process activities are subdivided into a number 
of stages (see Fig. 11). Each stage includes related, concurrent activities involving 
different organizational functions. As an entrance to each stage there is a gate with 
predefined deliverables and criteria to make decisions (go/no-go) about moving into the 
stage. The gates are used to control the process, and usually a multi-functional group of 
managers makes the decisions. While activities are completed in parallel in each stage, 
the stages are performed sequentially. The number of stages and gates varies, usually 
from four to seven, depending on the company. (Cooper 1990). 

Fig. 11. Cooper’s generic stage-gate model71. 

However, like the waterfall model of software development, the original stage-gate model 
of NPD has also had problems with overlapping stages, strict adherence to following each 
stage and gate, too much bureaucracy etc. (Cooper 1994). As a solution to these 
problems, Cooper sees a more efficient “third-generation” process model evolving, with 
characteristics which he calls the four F’s: fluidity, fuzzy gates, focus, and flexibility. 
Fluidity means that the process is adaptable with overlapping and fluid stages for greater 
speed. Fuzzy gates feature conditional, situation-dependent go-decisions. Focus means 
focusing resources based on prioritization of the entire project portfolio. Flexibility refers 
to the unique features of each project. (Cooper 1994). This all means that the next 
generation stage-gate model is considered more flexible and tailorable to the specific 
needs of different types of projects. However, it also means a more complex process, and 
in particular more complex decision-making (Cooper 1994). 

General NPD. The stage-gate model provides quite a general and simplistic model for 
NPD. Ulrich and Eppinger (2000), on the other hand, provide a well-described approach 
with enough details to understand the whole range of different development activities 
                                                           
70 Cooper referred to this stage-gate model as the “second-generation” model. It has its roots in NASA’s phased 
review process model, which Cooper considered as the “first-generation” model. Cooper considers his stage-
gate model as a cross-functional, “business” extension (from idea to launch) of the merely engineering-oriented 
development model. (Cooper 1994). 
71 From http://www.zanthus.com/databank/innovation/innovation_management.asp (valid June 2005). 
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together with the different roles and responsibilities of the main organizational functions. 
Since, in this work, my interest is especially focused on the details of cross-functional 
interaction, I will now use their model to present the generic model for the NPD process. 

Product development is a cross-functional activity. Ulrich and Eppinger concentrate 
especially on the central functions of marketing, design, and manufacturing72. Marketing 
mediates the interactions between customers and the rest of the company. Among other 
things, marketing is responsible for the definition of market segments, and the 
identification of customer needs. The design function defines the product to respond to 
those needs, while manufacturing takes care of the actual production. (Ulrich & Eppinger 
2000). The new product developed is typically managed as a project and in the project 
team there are several functions involved (see also Brown & Eisenhardt 1995). Each 
member of the team represents the disciplinary skills needed from that function’s 
specialty. 

The general NPD process is a sequence of activities to transform the customer needs 
into the final product. Ulrich and Eppinger divide the generic process into six phases: 
planning, concept development, system-level design, detail design, testing and 
refinement, and production ramp-up (see Fig. 12). Most of these phases are defined in 
terms of the state of the product, although other outcomes also evolve alongside these. 

Fig. 12. The new product development process (Ulrich & Eppinger 2000). 

Planning. Planning includes strategic issues such as assessment of technology 
developments and market objectives. During this phase the target market for the 
product is specified together with business goals and possible constraints. 
Marketing is responsible for articulating the market opportunity and defining 
market segments, while design starts to consider product platform and architecture 
issues. Manufacturing identifies production constraints and considers supply chain 
strategy. 

Concept development. During concept development the needs of the target market 
are identified and alternative product concepts are considered. Concept “screening” 
(or idea screening) is a much-used concept in the NPD literature and refers to a 
special activity during which the different alternatives are evaluated against 
business and market criteria, poor concepts are eliminated, and the remaining 
concepts will be further elaborated (e.g., see Cooper 1990, Crawford 1996). Early 
and stable product definition is often considered as a key to NPD success (Cooper 
1999). Marketing collects the customer needs, and identifies lead users and 
competitive products. Design will investigate the feasibility of product concepts, 

                                                           
72 Note that in software development the “design” and “manufacturing” in a way merge into the single 
“development” function since there is no correspondence for manufacturing in software development. 
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and develop and test experimental prototypes. Manufacturing evaluates costs and 
production feasibility. 

System-level design. During system-level design the product architecture and 
functional specification are defined, together with the assembly scheme for the 
production system. Marketing develops a plan for product options and extended 
product family. Design generates alternative product architectures and defines 
major sub-systems and their interfaces. They also refine the industrial design 
developed in the previous phase. Manufacturing identifies the main suppliers and 
defines the final assembly scheme. 

Detail design. Detail design goes further with the complete product specification. 
Design is responsible for choosing materials etc., while marketing develops the 
marketing plan. Manufacturing defines the production system. 

Testing and refinement. During testing and refinement, multiple reproduction 
versions are constructed and evaluated. There are two general types of prototypes: 
alphas and betas. Alpha prototypes are used to test whether the design works or not, 
or whether it satisfies the key customer needs or not. They are not yet complete 
products, and they are not produced with all the intended parts. Beta prototypes, on 
the other hand, are already real products but are not necessarily produced with the 
intended production system. They are extensively evaluated both internally and by 
some customers. Marketing develops promotion and launch materials, and 
facilitates field testing. Design is responsible for many testing activities and 
implements possible design changes. 

Production ramp-up. Finally, during the production ramp-up the product gets to 
production and at some point it will be launched on the market. (Ulrich & Eppinger 
2000.) 

Contingency factors. Best NPD practices are also context-specific (Griffin 1997), and of 
course the companies vary in the details of their processes. Therefore, there has been 
increasing interest around so called contingency factors related to the NPD process. 
Recent research on NPD seems to be more interested in different types of situational 
factors73 affecting the NPD process74. Development efforts carried out in different 
contexts and environments and under different circumstances require slightly different 
processes in order to be successful. The two most widely discussed contingency factors in 
NPD literature are: project phase (i.e., internal factors) and project uncertainty (i.e., 
external factors) (e.g., the “situational dimension” in Griffin & Hauser 1996)75. There are 

                                                           
73 For example, in their meta-analysis of NPD performance research Montoya-Weiss and Calantone (1994) 
found that NPD performance might depend upon the type of innovation being developed. 
74 (E.g., Souder et al. 1997, Song & Montoya-Weiss 1998, Veryzer 1998a, Khurana & Rosenthal 1998, Zhang 
& Doll 2001, de Brentani 2001, McDermott & O'Connor 2002, Olson et al. 2001, Reid & de Brentani 2004; see 
also MacCormack & Verganti 2003). 
75 (See also Song et al. 1998, Khurana & Rosenthal 1998, Olson et al. 2001, Zhang & Doll 2001 for the “phase” 
and Mullins & Sutherland 1998, Souder et al. 1998, de Brentani 2001, Reid & de Brentani 2004 for the 
“uncertainty”). 
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also other situational factors considered, such as cultural context (e.g., Song & Parry 
1993, Song & Parry 1996, Souder et al. 1997, Xie et al. 1998, Xie et al. 2003), market 
and organizational context (e.g., Khurana & Rosenthal 1998), and the difference between 
service and manufacturing (Atuahene-Gima 1996), but these are outside the scope of this 
study. 

3.1.2.2 Early phases of NPD: the front-end 

Research on the contingency factors related to the project phases has mainly concentrated 
on the special meaning of the early phases for the development. The early phases of the 
NPD process have been considered as the most important phases from the point of view 
of success76. In their much referenced meta-analysis of NPD performance factors, 
Montoya-Weiss and Calantone (1994) found that proficiency in predevelopment 
activities was one of the most consistently reported factors. Cooper and Kleinschmidt 
(1995a) found that “up-front homework” as well as sharp and early product definition 
were important characteristics of a high-quality NPD process. Decisions made during the 
early phases are strategically important, significantly affecting the subsequent phases 
(i.e., design and development, manufacturing and product marketing), and the early 
phases also affect the cycle time of the whole development process (Bacon et al. 1994). 
Therefore, the early phases have been the special focus area for many researchers (e.g., 
Bacon et al. 1994, Moenaert et al. 1995, Verganti 1997, Khurana & Rosenthal 1998, 
Koen et al. 2001, Zhang & Doll 2001, O'Connor & Veryzer 2001, Kim & Wilemon 
2002a, Reid & de Brentani 2004). 

Front-end activities. The early phases of the generic NPD process, also known as the 
“front-end” (or up-front), include many activities related to the purpose of the new 
product and/or development project. The definition of this “front-end” varies in the 
literature depending on how “early” phases are included in the process. For Koen and co-
authors (Koen et al. 2001) it refers to the activities prior the formal stage-gate process. 
For many77 the front-end involves the early process phases, i.e., the planning process. 
This is the time before the development project gets officially initiated and/or before 
project team alignment. Sometimes it is also considered as a readiness to make the 
transition from R&D to operating units (Rice et al. 2002, McDermott & O'Connor 2002). 
Front-end activities also include activities from the concept development phase of the 
development project (Griffin & Hauser 1996, Verganti 1999, Ulrich & Eppinger 2000). 
The review by Griffin and Hauser (which will be discussed more thoroughly in Section 
3.3.2) considers the early phases quite comprehensively as target market identification, 
need identification, idea generation, concept development and selection, and specification 
development (Griffin & Hauser 1996). Interestingly, Ulrich and Eppinger (2000) consider 
only the concept development process as the “front-end”. I believe that they do this only 
because they consider the planning process as a preceding process for the formally 
                                                           
76 (E.g., Cooper & Kleinschmidt 1986, Cooper & Kleinschmidt 1987, Cooper & Kleinschmidt 1995a, Cooper & 
Kleinschmidt 1996, Cooper 1999, Cooper 2001, Bacon et al. 1994, Montoya-Weiss & Calantone 1994, Song & 
Parry 1996, Khurana & Rosenthal 1998, Song & Montoya-Weiss 1998, de Brentani 2001, Koen et al. 2001). 
77 (E.g., Moenaert et al. 1995, Rosenau et al. 1996, Khurana & Rosenthal 1998, Verganti 1999, Zhang & Doll 
2001, Kim & Wilemon 2002a, Reid & de Brentani 2004). 
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approved development project. As such it is more a company business process instead of 
an “NPD process”. However, NPD processes today are specifically linked also to 
business strategy, and more projects now begin with some kind of strategy-setting step 
(Griffin 1997). Almost as a response to this confusion with the whole concept of early 
phases, Reid and de Brentani (2004) talk about early and late front-end activities, where 
the early front-end activities are more related to the problem domain (i.e., initial 
information gathering), while the late front-end activities are more related to the solution 
domain (i.e., idea generation and concept development) (Reid & de Brentani 2004). 

One special characteristic of the general NPD process is that there is a certain point in 
the development life cycle at which changes to the product become difficult, if not 
impossible. In his research on mobile phone development, Ketola (2002) has also 
recently pointed out the importance of the early phases. He approaches this subject from 
the point of view of the “gap” between the early and late phases, i.e., the turning point 
from early to late design. He characterizes the early phases as incorporating the high 
capability and interest of the organization to create new design, or to accept and 
implement changes to existing designs. He expresses the meaning of product 
development as maximizing the number of design improvements in the given timeframe. 
The early phases are the time before a decision is made to apply a more systematic 
method for handling the change proposals. (Ketola 2002, p. 120.) Based on Ketola’s 
approach, the early phases of product development are connected to the organization’s 
readiness or capability to make changes. During the early phases the organization 
maximises innovation, while in the late phase it minimizes change (Ketola 2002). 

In this work, it is enough to consider the front-end in such a way that it covers these 
different nuances of the literature. As in the in-depth case studies by Khurana and 
Rosenthal, front-end activities include product strategy formulation and communication, 
opportunity identification and assessment, idea generation, product definition, project 
planning and executive reviews (Khurana & Rosenthal 1998)78; front-end activities in this 
work also include the concept development activities presented by Ulrich and Eppinger 
(2000). Opportunities are identified and product strategy is decided. Target market 
segments and customer needs are identified and communicated. These needs are 
transformed into several initial product specifications (requirements). These 
specifications “spell out in precise, measurable detail what the product has to do” (Ulrich 
& Eppinger 2000, p. 80). Several product concepts are generated by activities such as 
external searches, creative problem solving within the team, and systematic exploration 
of the various solutions. A product concept is a description of “the technology, working 
principles, and form of the product“ (Ulrich & Eppinger 2000, p. 108). Each concept is 
iteratively analyzed and evaluated, and the most promising concepts will be tested against 
customer needs. Market potential is also assessed. After the final product concept has 
been selected and tested, the product specifications are revisited. Finally a detailed plan 
for the development project is produced. Economical analysis, benchmarking of 
competitive products, and modeling and prototyping are also important activities during 
the front-end activities. The outcomes of these activities are the mission statement, 
customer needs, details of the selected concept, product specifications, economic analysis 
of the product, the development schedule, project staffing and the budget. (Ulrich & 
                                                           
78 Cf., the planning process presented by Ulrich and Eppinger (2000). 
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Eppinger 2000.) During the general front-end activities market knowledge is built and the 
product gets defined before the design and development of the final product begins 
(supporting the two-stage view of the NPD process Moenaert et al. 1995, Olson et al. 
2001). 

Managing the front-end. Khurana and Rosenthal (1998, see also 1997) found that 
managing the front-end activities is not easy. In order to be successful, a holistic approach 
is needed. In their review of the previous literature, they found four groups of different 
success factors related to the front-end. Factors related to product strategy included 
strategic alignment between NPD and strategy, product positioning, and NPD portfolio 
planning. Factors related to product definition included early, sharp definition, 
preliminary market and technology assessment, detailed customer need analysis, 
priorities for product features, and recognizing the need to change definition. The factors 
related to project definition were project priorities, resource allocation planning, and 
planning for technical/market contingencies. Finally, the factors related to organizational 
roles included project manager’s role, team organization and organizational 
communication. Their holistic approach to the front-end means that business strategy, 
product strategy, and product-specific decisions during the front-end need to be integrated 
with each other. Similarly, Bacon and co-authors (Bacon et al. 1994) found that strategic 
alignment of the NPD was critical to success. Furthermore, since the front-end cuts 
across boundaries of responsibility and expertise, making it difficult to manage, the 
integrative role of senior management, in particular executive reviews, was also 
considered important. Finally, according to Khurana and Rosenthal (1998), most of the 
problems concerning the front-end relate to a lack of disciplined execution of front-end 
activities, rather than underlying confusion about what ought to be done. Practices to 
achieve the known success factors seemed to be rare in their study. An alternative 
approach to a formal process was to have an organizational culture based on teamwork, 
where key participants were continuously aware of such key issues as business vision, 
technical feasibility, customer focus, schedule, resources and coordination (typical in 
Japanese companies) (Khurana & Rosenthal 1998). 

Based on their recent review of the different factors affecting the performance of the 
front-end, Kim and Wilemon (2002a, 2002b) clarified some strategical issues of front-end 
management. Again, although difficult, the outcome of the process should provide a well-
defined product concept with clear development requirements and a business plan aligned 
with corporate strategy. Promising ideas are fundamental, so investments in idea 
generation and screening are important. Both a cross-functional team with competent 
people and a capable project leader are important. Senior management must use a broad 
and comprehensive perspective in managing and guiding the front-end activities. Senior 
management’s support and appreciative organizational culture are important factors in 
performance too. The benefits of cross-functional cooperation, as well as cooperation 
with external organizations (e.g., customers or lead users and partners), are numerous. 
(Kim & Wilemon 2002a, Kim & Wilemon 2002b.) Kim and Wilemon also describe 
several (12) issues from the literature, that have been found to be important for the 
management of the early phases. The headings for these fairly general issues are: appoint 
a knowledgeable individual or team to lead the fuzzy front-end; provide support and 
commitment; acknowledge and support product champions; understand front-end 
behavior and decision making on screening; consider many possibilities for fuzzy ideas; 
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build an information system79; formalize and create a holistic process; emphasize 
customer involvement; attain internal cooperation and support; involve senior 
management; cooperate with suppliers and intermediaries; and seek horizontal 
cooperation80 (Kim & Wilemon 2002a). So these are the important areas to consider 
when building competence in management of the front-end process (Kim & Wilemon 
2002b). However, it is difficult to propose any one set of activities, i.e., a process model 
for the front-end (Kim & Wilemon 2002b). 

Characteristic to these different views and models of the front-end is the two-stage 
nature of the process (Moenaert et al. 1995). This view is based on the idea of freezing 
the product definition before detailed design and development. The costs of and time 
taken by changes increases the later they are done in the development life cycle. 
Activities during the front-end cause little expense compared to later activities. Product 
definition should “reflect consensus on the positioning of a product, the role of the 
product in overall business strategy, and the priorities that guide the development team” 
(Bacon et al. 1994). It helps the company to understand the time, costs, and resources 
needed for the development effort (Kim & Wilemon 2002a). The front-end is the phase 
with high uncertainty concerning markets, technology, resources required etc. (Kim & 
Wilemon 2002a). According to Verganti (1997), anticipating81 the impact of design 
choices during the early phases has been suggested as a practice to prevent the company 
from costly and time-consuming late reworks. Therefore, the exchange of information 
with downstream phases, i.e., involving key development roles early in the development 
process, has become the mainstream principle of the early phases (e.g., Verganti 1997). 
However, in practice, the parameters of product definition continue to change during the 
development as well, and managing this change is, according to Bacon and co-authors 
(Bacon et al. 1994) crucial to NPD success. Downstream information is not completely 
known during the early phases. When the uncertainty of the information increases, 
companies need great capabilities to anticipate highly uncertain information; otherwise 
the whole effort may become time wasted and reworks become unavoidable (Verganti 
1997). Next I will concentrate more on this issue of uncertainty, especially high 
uncertainty. 

3.1.2.3 NPD under high uncertainty 

As mentioned earlier, in addition to the project phase, project uncertainty has also been 
considered as an important contingency factor in the successful NPD process. The 
uncertainty faced in a NPD effort is commonly considered from two perspectives: market 

                                                           
79 This issue refers to the gathering, dissemination and use of information concerning technology, markets, 
internal organizational developments and priorities, external developments, and competitors (Kim & Wilemon 
2002a). 
80 This issue refers to cooperation with competitors (i.e., joint ventures, licensing, and strategic alliances) (Kim 
& Wilemon 2002a). 
81 Anticipation “means that the impact of design choices on market requirements, design feasibility, product 
manufacturability, usability, reliability, maintainability, recyclability, and so on, should be analyzed as early as 
possible in the development project” (Verganti 1999). 
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uncertainty and technological uncertainty82 (e.g., Kleinschmidt & Cooper 1991, Lynn & 
Akgün 1998, Souder et al. 1998). While market uncertainty relates to customer needs and 
competitors, technological uncertainty is related to the familiarity with the technology 
and processes used for NPD. The new product is supposed to provide a solution for a 
certain set of needs for a certain set of customers. A certain set of technologies is used to 
deliver that solution. The degree of uncertainty, high or low, is related to the amount of 
information or knowledge concerning these subject areas. High market uncertainty means 
that there is a great deal of information lacking concerning customers, their needs, and 
competitors. It also means that the company may need new skills or the new product may 
need a totally new marketplace to evolve (Garcia & Calantone 2002). Mullins and 
Sutherland (1998) found that when companies operate in highly uncertain markets they 
even face a situation in which potential customers cannot easily articulate needs that a 
new technology would fulfill. Furthermore, NPD managers are uncertain about the 
market opportunities that a new technology offers. High technological uncertainty means 
that there is a lack of information concerning how to use the new technologies. It may 
require a paradigm shift in thinking about the technology, either in the product itself 
and/or in the production process (Garcia & Calantone 2002). The goal of NPD under high 
uncertainty is to develop new, superior products with unique features for emerging new 
markets. Therefore, research has shown that the general NPD differs depending on the 
level of uncertainty under which the company operates (e.g., Song & Montoya-Weiss 
1998, Veryzer 1998a, de Brentani 2001). 

Market uncertainty is of special importance for this study. As found by McDermott 
and O’Connor (2002), even with radical new technology it is more the level of market 
uncertainty that determines the development process. The manner in which the 
development effort is managed, and the challenges that are faced, vary depending on 
whether the market exists or requires development. Customer needs evolve in market 
uncertainty. Mullins and Sutherland (1998) studied the specific practices that allow 
companies to address the various levels of market uncertainty. With high market 
uncertainty, market research should focus more on probing than measuring. The 
involvement of prospective customers while generating new ideas and the use of 
prototypes (see also Souder et al. 1998, Veryzer 1998a) early in the NPD process may 
help the company to identify the evolving customer needs and market opportunities. 
Large-scale, quantitative market research should focus primarily on determining market 
size and price points. (Mullins & Sutherland 1998.) 

Two basic product types: radical and incremental. The discussion about uncertainty 
also highlights the link between uncertainty and the type of product under development. 
In NPD research, it has been necessary to classify the product according to the 
uncertainties. Different product types are distinguished according to the innovativeness or 
“newness” of the product, which is also related to project uncertainty (Song & Montoya-
Weiss 1998). The newness of the product reflects the amount of experience with the 

                                                           
82 Moenaert and Souder (1990) present a more detailed classification of the sources of uncertainty in terms of 
consumer uncertainty, technological uncertainty, competitive uncertainty and resource uncertainty. However, 
following others (e.g., Lynn & Akgün 1998, Souder et al. 1998), I will use the more general division between 
market and technology uncertainty. Market uncertainty combines consumer and competitive uncertainties, 
while technological uncertainty combines technological and resource uncertainties. 
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product from the perspectives of both the company and its customers (Olson et al. 1995). 
Even though there is no common agreement on the exact way to make these 
classifications (Garcia & Calantone 2002), the different product types seem to form a 
continuum between two extremes: radical new products (discontinuous innovations) and 
incremental new products (continuous innovation). Depending on the approach, the 
accuracy of the classification and the number of the different product types may vary83. 
Radical new products differ substantially from existing products. Typically, the 
discussion related to radical products refers to high uncertainty. This means that there is a 
lot of uncertainty about the market and/or technological issues. As an example, 
uncertainty is very high when the purpose of the NPD effort is to address a new set of 
needs for a new set of customers, involving technologies not used before (Griffin & 
Hauser 1996). Incremental products, on the other hand, are related to low uncertainty 
concerning both market and technological issues. There has also been discussion about 
whether newness (or uncertainty/familiarity) should be considered at the company 
(micro) level or at the industry (macro) level (Garcia & Calantone 2002). At the industry 
level the product is new to the whole industry, or even to the world, while at the company 
level the product is only new to the company or to its customers. 

Since my subject is not involved at the core of this discussion, I will only use the main 
distinctions between radical products and incremental products (see also McDermott & 
O'Connor 2002). However, I have to agree with Garcia and Calantone (2002, see also 
Ernst 2002) that, because of the inconsistency of the constructs used in the literature84, it 
is difficult to gain a coherent and organized view of the different types of products and 
their development processes, not to mention the fact that when there is no distinction 
made in the papers discussing the subject area (see e.g., Montoya-Weiss & Calantone 
1994, where only 31.9% of the studies stated the type of innovation being examined), one 
has to wonder whether the findings are applicable to both of these extremes or only to the 
incremental type of product, which is mostly the ‘taken-for-granted’ type in relation to 
the traditional process models. Therefore, I will also use “really new” as a synonym for 
radical, though I am aware of the distinction made by Garcia and Calantone (2002) 
between these two types. For them, radical new products are very rare (see also Rice et 
al. 1998), since they cause both market and technological discontinuity (e.g., automobile, 
airplane, cellular phone, Internet), while really new products cause only one or the other. 
From the point of view of this study, it is enough to consider, as is continually repeated in 
the NPD literature85, that the effective NPD process under high uncertainty is different 
from that under low uncertainty. Therefore, in this study, development of a radical new 
product means development of a product under high uncertainty having at least some 
industry-level discontinuity, and therefore I believe that using “radical” and “really new” 

                                                           
83 (E.g., Lynn & Akgün 1998, Kleinschmidt & Cooper 1991, Veryzer 1998a, Song & Montoya-Weiss 1998, 
Mullins & Sutherland 1998, de Brentani 2001, McDermott & O'Connor 2002, Rice et al. 2002, Garcia & 
Calantone 2002). 
84 There are, in particular, a great number of synonyms used for “radical”, such as “really new”, “discontinuous 
innovation”, “breakthrough”, “new-to-the-world”, “revolutionary”, and “disruptive technology”. For 
“incremental”, the synonym “evolutionary” is sometimes used. However, “evolutionary” is also often used as 
the intermediate classification between the two extremes, so I prefer the term “incremental” for this extreme. 
85 (E.g., Lynn et al. 1996, Song & Montoya-Weiss 1998, Veryzer 1998a, de Brentani 2001, McDermott & 
O'Connor 2002). 
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as synonyms will also be in line with Garcia and Calantone’s typology. Development of 
incremental new products means development under low uncertainty and is based on 
existing technology for existing markets (e.g., new versions of Microsoft Office). 

Radical NPD86. Both technology and market uncertainty are high for radical new 
products. Customers’ needs, product requirements, and competitors’ actions are unknown 
for the companies, and there is a considerable lack of skills for the development of the 
new technology. (Song & Montoya-Weiss 1998). Radical new products are initially also 
unfamiliar to the customers and involve changes in their current behavior (Veryzer 1998a, 
Garcia & Calantone 2002). However, there is also more potential for higher levels of 
success87 (Song & Montoya-Weiss 1998, Kleinschmidt & Cooper 1991). According to the 
review by de Brentani (2001, see also McDermott & O'Connor 2002), radical NPD is 
different from incremental development in many product-, market-, company- and 
process-related issues. The new product to be developed needs to be superior to 
incremental products, since customers face a high purchase risk. The product is also 
typically more complex, increasing the likelihood of errors. From the market perspective, 
competition is less critical for the radical NPD since the companies may have an 
opportunity to redefine markets based on their innovation (see also O'Connor 1998, Day 
1999). From the company perspective, the fit with competencies and other resources is 
especially interesting. Radical NPD typically has a lower fit due to the high uncertainty 
and the lack of prior experience. Senior managers as “visionaries” and product 
“champions” are also important drivers of the development. Finally, the process of radical 
NPD seems to be different from the traditional process. (de Brentani 2001.) 

There are also others who share this view of a different development process for 
radical new products (e.g., Lynn et al. 1996, Song & Montoya-Weiss 1998, Veryzer 
1998a, Rice et al. 1998). Radical NPD is characterized as having long time horizons88 
and being highly uncertain and unpredictable. There are periods of seemingly going 
nowhere, and development stops and starts many times. Idea generation occurs 
throughout the process (Rice et al. 1998). Participants and priorities change. External 
factors matter a great deal. Instead of “targeting and developing”, it is more a question of 
“exploring and experimenting” (Rice et al. 1998). The markets are just emerging. 
According to in-depth field investigations of eight discontinuous research projects, 
Veryzer (1998a) found that the NPD efforts of radical new products are not managed by 
the traditional, formal and structured process, yet there is some pattern and logic in the 
approaches. The development process for radical new products is more exploratory and 
                                                           
86 Discussion on radical NPD makes much reference to a multi-disciplinary study conducted by the Radical 
Innovation Research Group at the Lally School of Management and Technology (in the Rensselaer Polytechnic 
Institute), in Troy, NY (e.g., O’Connor, Leifer, McDermott, Rice, Veryzer). It was formed in 1994 to study the 
differences of radical NPD compared to more conventional NPD. Their study is mostly based on longitudinal 
research of 12 radical innovation projects in large, established companies (e.g., IBM, Nortel Networks, General 
Electric, DuPont and Texas Instruments). The results of this work have been published in many acadamic 
papers as well as in a book for managers (Leifer et al. 2000). 
See http://www.lallyschool.rpi.edu/programs/index.cfm?p=6 (valid June 2005). 
87 See also (Kleinschmidt & Cooper 1991), who found that the relationship between success and product 
innovativeness is actually U-shaped. Both highly- and less-innovative products do well, but the problems lie 
with the products in the middle (Kleinschmidt & Cooper 1991). 
88 Although the development of new high-technology products may even take less than three years (Souder et 
al. 1997; see also Mullins & Sutherland 1998, and Carmel 1995). 
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less customer-driven (see also O'Connor & Veryzer 2001). The process presented by 
Veryzer will now be described in brief (see Fig. 13). 

Fig. 13. Discontinuous product innovation process (Veryzer 1998a). 

Dynamic drifting phase. The exploration of different technologies may take years 
or be shelved until technical advances provide possible solutions for problems. 

Convergence phase. The convergence of various technologies toward a new 
application is driven by two key forces: 1) a determined champion or “visionary”, 
and 2) a critical mass of contextual factors such as company turbulence, personnel 
reassignments, funding and resource availability, alliances, etc. These two forces 
provide direction for the development. 

Formulation phase. Product requirements are conceptualized and possible 
applications and customers are considered. There is little direct input from 
customers or market research up to this point. Attention is focused on the technical 
differential advantage that the new product will offer over existing products and 
technologies rather than customer benefits and commercial opportunities. 

Preliminary design phase. The first true specifications are produced. Some 
information is gathered concerning user requirements and product use through 
informal market research methods (e.g., observation). 

Evaluation preparation phase. For the first formal project review the initial product 
architecture is determined with possible product applications. Even with a high 
level of uncertainty, in order to make a strong case for continuing the project a 
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cursory market or business analysis is carried out in order to show the commercial 
viability of the product. 

Formative prototype phase. After the first review, the focus shifts to the building of 
an application prototype. This type of prototype precedes even the alpha 
prototypes. It also precedes opportunity analysis, assessment of market 
attractiveness, market research, and financial analysis (Veryzer 1998b). It is much 
more exploratory and used for formulating ideas as well as evaluating the particular 
applications. Furthermore, since there is a need for additional information 
concerning specifications and customer needs, some informal market research 
activities may also be conducted. 

Testing and design modification phase. With the formative prototype it is possible 
to start testing. As the prototype reaches a stable point, testing with customers (e.g., 
lead users) may also begin. The development process may cycle through these 
phases until a technical solution has been validated that seems to satisfy the 
requirements and specifications that have emerged during the process. 

Prototype and “commercialization” phase. The development process now shifts 
toward producing a commercial product. At this point, the product usually gets 
transferred from R&D to an operating unit, and the focus of the development shifts 
from technical differential advantage to one that reflects more of a customer benefit 
orientation. The development process starts to resemble the general NPD process. 
(Veryzer 1998a.) 

So the process is affected by the uncertainty of suitable applications for the new 
technology and the greater distance from the market in terms of time and customer 
familiarity with the product. In reality, the phases described overlap with each other, and 
the management of the process is not as formal as with general NPD processes. The early 
phases of radical NPD are needed before the more traditional process can start (Veryzer 
1998a). The importance of the product champion, and of individuals in general89, has also 
been recognized by many others90. Prototyping is essential to radical NPD (see also Lynn 
et al. 1996). Recently it was found to be even more effective for radical NPD than for 
incremental NPD, possibly due to its ability to reduce uncertainty (Tidd & Bodley 2002). 
Often it is difficult to get effective feedback from the users without the aid of a prototype 
(Bacon et al. 1994, see also Veryzer 1998b). Yet the prototyping in radical NPD is 
different from more traditional prototyping. It takes place much earlier compared to 
alpha, beta or gamma tests, and the purpose of it is to learn about both the product and the 
market (Lynn et al. 1996, Mullins & Sutherland 1998). 

Learning process. As early as 1986, Takeuchi and Nonaka (1986), in their famous 
Harvard Business Review article, presented a new model for radical NPD based on the 
idea of a more flexible and dynamic, “iterative experimentation” approach, which 

                                                           
89 There are actually many important roles individuals play during radical new product development: idea 
generation, championing, project leading, gatekeeping, sponsoring or coaching, opportunity recognizing and 
project alumni (old members of the project) (O'Connor & McDermott 2004). 
90 (E.g., Nonaka & Takeuchi 1995, Dougherty & Hardy 1996, Rice et al. 1998, O'Connor & Veryzer 2001, 
McDermott & O'Connor 2002, Markham 2002, O'Connor & McDermott 2004, Reid & de Brentani 2004). 
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“encourages trial and error and challenges the status quo. It stimulates new kinds of 
learning and thinking within the organization” (Takeuchi & Nonaka 1986). The 
characteristics of the process were: built-in instability, self-organizing project teams, 
overlapping development phases91, multilearning, subtle control, and organizational 
transfer of learning. They also pointed out the importance of these characteristics as an 
united whole (Takeuchi & Nonaka 1986). Subtle control referred to a process with 
enough checkpoints to prevent the process from chaos. Similarly Rice and co-authors 
(Rice et al. 1998) found that clear communication of the aims was a way of “setting 
boundaries” for such an unpredictable and uncertain process. Otherwise “subtle” control 
meant such things as self-control or peer pressure. “Multilearning” refers to trial-and-
error based learning along two dimensions: across multiple levels (individual, group, 
organization) and across multiple organizational functions (i.e., individuals gaining 
experience in areas other than their own) (Takeuchi & Nonaka 198692). Later, in their 
famous book, Nonaka and Takeuchi (1995) developed this multilevel learning approach 
into a model of a “knowledge-creating company”. The shared understanding which 
comes as a natural result of the interaction between members of the development team 
was seen as analogous to collective, organizational knowledge creation – the core of 
continuous innovations and successful NPD under high uncertainty (Nonaka & Takeuchi 
1995). There is a link between the world outside and inside the company. Information 
and knowledge outside the company is accumulated and shared widely inside the whole 
organization. This knowledge is then converted into new products that are taken outside. 
The process of knowledge creation starts from individuals, and it is very much based on 
the view of knowledge as primarily individual “tacit”93 knowledge which needs to be 
transformed into organizational knowledge through collaborative interaction: dialogue, 
discussion, experience sharing, and observation (Nonaka & Takeuchi 1995, p. 13). 

There are also others who share this view of NPD as a learning process (e.g., Lynn et 
al. 1996, Song & Montoya-Weiss 1998). Since this radical NPD seems to be very much 
linked to front-end activities (Zhang & Doll 2001, Cooper et al. 2002, Reid & de 
Brentani 2004), I will discuss this in more detail in the next section. The front-end of 
radical NPD has some special features of its own. For example, Song and Montoya-
Weiss (1998) found, in their comparative study of the development processes of radical 
and incremental NPD, that the front-end processes – strategic planning and business and 
market opportunity analysis – of radical new products differ from those of incremental 
products. Proficiency in business and market opportunity analysis may be even 
counterproductive for radical new products94. Instead proficiency in strategic planning 

                                                           
91 Note the connection to concurrent engineering (e.g., Nonaka & Takeuchi 1995, p. 119). 
92 For more details on the characteristics, see the original article (Takeuchi & Nonaka 1986). 
93 Something not easily visible and expressible, highly personal and hard to formalize, difficult to communicate 
or to share with others (subjective insights, intuitions, and hunches). “[…] tacit knowledge is deeple rooted in 
an individual’s action and experience, as well as in the ideals, values, or emotions he or she embraces.” (Nonaka 
& Takeuchi 1995, p. 8.) 
94 Recently Li and Atuahene-Gime (2001) partially confirm this by finding that marketing’s influence in radical 
NPD may have a dysfunctional impact on NPD performance (in China). However, they do not make any 
distinction between different development phases, which may have provided a more in-depth picture from the 
point of view of this study. 
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activities has a positive effect. With incremental products these two were totally the other 
way around. (Song & Montoya-Weiss 1998.) 

3.1.2.4 Early phases of radical NPD: linking technology to markets 

In connection to the discussion about the differences between radical and incremental 
NPD, i.e., about the uncertainties under which the development occurs, there is also the 
discussion about the whole business as either market-pull or technology-push. A market-
pull type of business (or market-driven development) means that product development is 
based on an identified market opportunity and aims at satisfying these predefined needs. 
It means that the market “pulls” the decision-making related to the development (Ulrich 
& Eppinger 2000). A technology-push type of business (or technology-driven 
development) means that the company starts with a new technology invention and tries to 
define a proper market in which to apply it. The technology “pushes” the decision-
making related to the development (Ulrich & Eppinger 2000). Technology-push projects 
embody high market uncertainty due to uncertainty with potential application areas for 
the new technology (Herstatt & Lettl 2004). Therefore, it has been considered as an 
approach that does not take into consideration the customers’ (or markets’) perspective, 
and is also considered weak in meeting market demands. 

Additional front-end. Linking technology to markets therefore becomes one of the 
core issues of radical NPD (Dougherty & Heller 1994, Lynn et al. 1996, Mullins & 
Sutherland 1998, O'Connor & Veryzer 2001, Bond & Houston 2003). Most of the 
traditional, general NPD process models are suitable for market-pull situations, and they 
need to be modified for technology-push type development. The more general NPD 
process is unsuitable until uncertainty is sufficiently reduced (Rice et al. 1998). 
According to Ulrich and Eppinger (2000, p. 21), during the front-end planning phase 
there is an additional step, in which the technology needs to be matched with the market 
opportunity, while the rest of the process then follows the generic process model. 
Similarly, Cooper and co-authors (Cooper et al. 2002) see the need for a “discovery” 
stage to be added to the front of their stage-gate process model. The process model for 
radical NPD presented by Veryzer (1998a) is a more elaborate example of this type of 
“extra” or “extended” front-end for radical new products. There are also others who share 
this view (e.g., Rice et al. 1998, Reid & de Brentani 2004). 

Research concerning this front-end uncertainty is also related to so called “fuzziness” 
(Kim & Wilemon 2002a, Zhang & Dillon 2003, Reid & de Brentani 2004). The level of 
this fuzziness gradually diminishes during the NPD effort (Kim & Wilemon 2002a). 
Although the front-end activities may also be somewhat fuzzy in incremental NPD, the 
front-end of radical NPD is definitely fuzzy. Very recently, Reid and de Brentani (2004), 
while proposing a new model for the very “fuzzy95” front-end of radical NPD, 
concentrated on the key role played by individuals. For incremental NPD, the structured 
problems or opportunities are laid out at the organizational level and then directed to 
individuals for information gathering. However, if the development of radical new 
                                                           
95 Fuzzy front-end here relates to the very early time before even the first official group meeting to discuss the 
new product idea (Reid & de Brentani 2004). 
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products is considered more from the technology innovation perspective, the timing and 
likelihood of organizational-level involvement is more likely to be at the discretion of 
individuals. Individuals within the firm are combining new information with previous 
knowledge. Individuals perform in a boundary-spanning function first, by identifying and 
understanding emerging patterns in the environment, and then as gatekeepers by deciding 
on the value of sharing the gathered information with the rest of the organization (see also 
O'Connor & McDermott 2004). The information search is unstructured, and takes place at 
the individual level during the front-end of really new products. The front-end proceeds 
through a series of decisions over three interfaces: boundary, gatekeeping and project. At 
the boundary interface, individuals make distinctions regarding an unaddressed market 
need or a new technology path. This is the starting point for building new organizational 
knowledge. At the gatekeeping interface, individuals begin to examine the value of 
sharing the new information with others. This is the point at which information is 
evaluated in terms of its relevance to the organization. Finally, at the project interface, 
after individuals share the new information, ideas start to be handled within the formal 
decision-making process of the company. (Reid & de Brentani 2004.) The process has 
similarities with the knowledge creation model presented earlier by Nonaka and Takeuchi 
(1995). However, while the flow of the innovation in more traditional development 
moves from strategy process to innovation, in radical NPD it first moves from individuals 
to organization. In fact, Reid and de Brentani describe some form of separate “fuzzy-
fuzzy” front-end phase before even the more general “fuzzy” front-end approach of 
radical NPD. 

Reducing uncertainty. All of this points toward the fact that linking technology to 
markets is a very difficult and indefinable process for radical NPD. In addition to ill-
defined and evolving new technology, there is also an ill-defined and evolving market 
(Lynn et al. 1996, O'Connor & Veryzer 2001, McDermott & O'Connor 2002). It is 
difficult to define exactly what the fuzzy front-end includes and where these additional 
front-end phases actually merge with the rest of the organization and the more traditional 
approach: in a linear fashion (as a transition from R&D to other business units) or in a 
more vague process of modifying the focus of development (Veryzer 1998a, Cooper et al. 
2002, Rice et al. 2002). Instead of presenting a clear process model, many researchers 
seem to focus more on the fuzziness of the front-end. According to Kim and Wilemon, 
depending on the external and internal situation of the company, there is a certain 
“approval level” of fuzziness, at which the more concrete development project may be 
initiated96. At that point, management is ready to make commitment (Kim & Wilemon 
2002a). Before that point, the focus is on uncertainty reduction97 (e.g., in Moenaert et al. 
1995, Rice et al. 2002). However, under high uncertainty, “reducing the uncertainty to 
such an extent as to identify the best target market for a technologically driven innovation 
and have confidence in the proper mix of the product’s functionality, human interface, 
                                                           
96 The approval level is affected by tolerance for risk-taking, strategy, technology readiness, existence of 
available recources for the development, culture, degree of project risk, and pressure for development speed 
(Kim & Wilemon 2002a). Rice and co-authors (Rice et al. 2002) discuss project maturity in similar terms. 
97 Note that although Moenaert and co-authors (Moenaert et al. 1995) mean uncertainty concerning the task at 
hand (task analyzability and variability), they also connect task uncertainty with market and technology 
uncertainty. The task uncertainty of marketing or R&D is high if market or technology uncertainty is high, and 
vice versa (Moenaert et al. 1995). 
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pricing, and market positioning is extremely difficult, and sometimes nearly impossible” 
(Mullins & Sutherland 1998). While uncertainty is always high during the early phases of 
development, with a radical new product it is even higher (e.g., Verganti 1997). 
According to Lynn and co-authors (Lynn et al. 1996), the market and technology for the 
new product may look entirely different at the end of the process than at the beginning. 
Even the vocabulary used to describe the process may be inappropriate. As an example, 
missing the “target market” is something to be expected during the process, rather than 
thinking of it as a failure. On the contrary, one way to look at the early phases is to 
consider them as a vehicle for identifying the target market. (Lynn et al. 1996.) 

When the level of uncertainty increases, new knowledge is needed, which makes the 
process more closely resemble a learning process (Lynn & Akgün 1998, Nonaka & 
Takeuchi 1995, Song & Montoya-Weiss 1998, Lynn et al. 1996). Lynn and co-authors 
(Lynn & Akgün 1998, Lynn et al. 1998) state that compared to other innovation 
strategies, a learning-based strategy is the best strategy for radical NPD98. Compared to 
incremental NPD, Veryzer’s model for the front-end phases of radical NPD require more 
effort in identifying product opportunities and establishing the suitability of new 
technologies (Veryzer 1998a). According to Song and Montoya-Weiss (1998), radical 
NPD means iterative learning from the market as customer requirements and 
technological capabilities co-evolve. This is also why strategic planning is so important 
(see also Rice et al. 1998). The uncertainty of the situation needs to be given some 
boundary guidelines, which also need to be revisited periodically as the situation 
progresses. (Song & Montoya-Weiss 1998.) Business and market opportunity analysis 
including detailed market studies (identifying market trends, market potential, customer 
preferences and competitive activity) contributes to the product definition and 
positioning. Too much emphasis on this activity for radical new products has a negative 
impact on the product’s success. Customer needs are not well-defined and competitors’ 
capabilities are not clearly established. It is more likely that development of radical new 
products will mean extensive consumer education and iterative learning from the market 
as customer requirements and technological capabilities co-evolve. (Song & Montoya-
Weiss 1998, see also Rice et al. 2002.) 

Based on their four in-depth case studies of successful radical NPD process, Lynn and 
co-authors (Lynn et al. 1996) have suggested that perhaps the most difficult task in 
radical NPD is to develop an understanding of the “triple-headed” uncertainties 
concerning market, technology and timing99. They found that companies developing 
radical new products were following an iterative process of “probing and learning”. 
Companies develop their products “by probing potential markets with early versions of 
the products, learning from the probes, and probing again”. The first implementation of 
the new product was not an important end to the process but only the first step in a 
process, followed by a series of market experiments and appropriate modifications. The 
process is also composed of multiple phases, but based on a different premise. The logic 
is far more experimental than it is analytic. Instead of asking if the product under 

                                                           
98 Other strategies compared were speed (or pioneer), market (or customer), technology, process and 
quantitative strategies (Lynn & Akgün 1998, Lynn et al. 1998). 
99 “The time until the customer is ready to adopt the new technology and the suppliers are able to produce the 
product – and produce it cost-effectively” (Lynn et al. 1998). 
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development is the right product, a radical new product developer asks “what steps can 
we take that will generate maximum information about the product and market and how 
do we incorporate that information into our product development?” The basis of this 
“probe and learn” process of NPD is in the experience gained through trials. In order to 
keep it within the limits of the available resources, management needs to decide on the 
most promising trials based on the prevailing strategic context. (Lynn et al. 1996.) This 
kind of learning-driven process has been successfully used by different companies with 
successful radical NPD process (Lynn et al. 1998). 

Similarly, Mullins and Sutherland (1998) found that with rapidly changing markets, 
i.e., under high uncertainty, an effective practice was to focus on continual probing and 
“questioning”100: testing the fit between the new product concept and the customer needs 
(cf., prototyping). In the generic NPD process the technology-market fit is ensured 
through iterations of concept and market testing before the final launch of the new 
product. However, in the situation with high uncertainty, “rather than trying to “get it just 
right” before launch, they would instead get the product into the market as quickly as 
possible. They would then react to customer input in order to update the product, 
modifying it to better meet the usage patterns that emerged in the marketplace.” (Mullins 
& Sutherland 1998.) According to a recent article by Rice and co-authors (Rice et al. 
2002), technical development is often redirected “as a result of new learning from initial 
market entry and as the product is customized for specific application”. Probing and 
learning continues even during and after the transition process from the NPD project to 
the operating unit – Rice and co-authors (Rice et al. 2002) use the term “application 
migration”. Therefore companies need capabilities that allow them to quickly adapt to the 
inevitable changes (see also Bacon et al. 1994, Verganti 1997). However, according to 
Verganti, care should be taken with this type of reactive approach. Without any 
anticipation (of downstream information during the early phases), the time and costs of 
the rework may get high (Verganti 1997). Even though high anticipation may be 
insufficient and unnecessary, Verganti suggests that both anticipation and reaction101 are 
needed (Verganti 1999). In order to properly combine these mutually interrelated 
approaches, based on his case studies Verganti introduces the so-called “planned 
flexibility” approach. This is the project-specific flexibility of the process, with the ability 
to “(1) early and clearly define the specific critical areas of a given project102, and (2) 
early and explicitly plan for and trigger reaction measures to manage those critical areas” 
(Verganti 1999). For example, instead of considering early prototyping as a test of early 
solutions, it is more about “stimulating proactive thinking”. Critical areas do not relate 
merely to the complexities of different phases (i.e., knowledge areas) but to those special 
areas that could create problems when integrating the different phases later during the 

                                                           
100 The questioning of users’ needs, the questioning of emerging market niches and current product 
configurations, the questioning of how today’s products should be supplemented by those of tomorrow, and the 
questioning of the size and timing of human and capital resource commitments necessary to pursue these 
potentially attractive, but risky, markets (Mullins & Sutherland 1998). 
101 As opposed to anticipation, reaction means “that early decisions are taken without intensively anticipating 
downstream information, and most choices are delayed until late in the project, when information is available 
and uncertainty decreases” (Verganti 1999). 
102 Critical areas are the most uncertain and relevant elements in the product life cycle, and they would demand 
costly and time consuming rework if detected and handled late in the project (Verganti 1997). 
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product life cycle. Verganti found that high levels of flexibility could only be achieved if 
the company has high anticipation capabilities. Planned flexibility is especially suitable 
for the early phases. (Verganti 1999.) 

Linking technology to markets has recently also been related to team vision (O'Connor 
& Veryzer 2001, Zhang & Doll 2001, Lynn & Akgün 2001). When Zhang and Doll 
(2001) presented their causal model between fuzzy front-end and NPD performance, they 
suggested that team vision was a mediating variable for this relationship. For them, team 
vision is “a shared purpose and plan of action that clarifies strategic fit and sets clear and 
realistic project targets and priorities, creates a sense of commonality that permeates the 
group, and gives coherence to diverse activities.” (Zhang & Doll 2001, p. 99.) In order to 
cope with uncertainty, the project team should focus on knowledge sharing and vision 
building. Different types of uncertainty need different skills and activities. A strong, 
common team vision, based on shared knowledge, is needed to synthesize these 
collaborative activities. Nonaka and Takeuchi (1995) also highlight the importance of 
vision as an enabling condition for organizational knowledge creation: “The most critical 
element of corporate strategy is to conceptualize a vision about what kind of knowledge 
should be developed and to operationalize it into a management system for 
implementation” (Nonaka & Takeuchi 1995, p. 74). However, Lynn and Akgün (2001) 
studied NPD vision at the project level, and found that even though an effective project-
level vision includes vision clarity, vision agreement/support and vision stability, the 
vision varies depending on the innovation type (incremental, evolutionary or radical). 
Vision clarity is more important for really new products, while vision stability and 
support are important for more incremental products. O’Connor and Veryzer (2001) 
found that in addition to motivation and insight, an important third element of any 
visioning process was “elaboration”. The ways of operationalizing the vision were 
especially important in order to link the new technology with market opportunity. 
Prototypes, co-development alliances with potential users, and the building and testing of 
the business model were key examples of elaboration (O'Connor & Veryzer 2001). They 
also found that vision – or “technology-market insight” – for a really new product does 
not arise through a single creative leap, but develops over time and requires focus, 
discipline, energy, and the involvement of many people. Vision is built and sustained 
through a variety of mechanisms, and there are a number of roles that individuals play in 
creating and evangelizing a vision throughout an organization. However, most 
interestingly, they found that visioning is a market learning method for radical new 
products. During the early phases, visions undergo a process of validation and internal 
acceptance that may depend heavily on reaching out beyond the familiar customer/market 
set of the company. (O'Connor & Veryzer 2001.) 

Important focus areas. Despite the growing understanding concerning the nature of the 
practices for the early phases of radical NPD, linking technology to the markets, i.e., 
learning the fit (or the vision of it) does not happen without problems. Bond and Houston 
(2003) have classified some barriers to a successful linking process: technology and 
market barriers, strategy and structure barriers, and social and cultural barriers. 
Technology and market barriers relate to the overall possibilities and profitableness of the 
NPD effort. From the point of view of this study, the technology-market linkage is 
especially important, i.e., the degree to which the technology can be matched to customer 
demand within a potential market opportunity. Strong customer orientation is considered 
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critical. Involving both marketing and technology personnel in the process is also 
important. Strategy and structure barriers relate to the technological capabilities, 
strategies and structures during the concrete linking process. Too much commitment to 
the current approach, i.e., inertia in organizational structure and communication patterns, 
causes barriers to any change other than incremental change and therefore inhibits the 
linking process. Cross-functional conflicts are also well known to NPD research, and 
cause problems when trying to leverage new strategies across the different business units. 
Social and cultural barriers relate to the different frames of reference, values, and goals of 
the people in different functions. Instead of eliminating the specialization that creates 
these interpretive and communicative barriers, companies should encourage rich 
interaction between the functions with a view to learning from each other. (Bond & 
Houston 2003.) From the point of view of this study, the “strong customer orientation” 
and cross-functional interaction become particularly important focus areas when trying to 
overcome these barriers in the linking process. However, they are special subject areas to 
be discussed only later, in the forthcoming sections (3.2.2 and 3.3.2). Next I will focus on 
the specialties of software NPD. 

3.1.3 Software new product development 

Studies of software NPD seem to look at the different product or development types as a 
line with two ends and with variations in the middle. The two ends have been called by 
different names: custom or contract vs. product development (Grudin 1991a), customized 
vs. general products (Sommerville 1995), custom or packaged software (Carmel & 
Becker 1995), custom or made-to-order vs. packaged products103 (Sawyer 2000, Sawyer 
2001a), custom-made vs. generic or consumer products (ISO 1999), and professional 
services vs. product business (Hoch et al. 2000), to name but a few examples. The reason 
for such a division comes from the nature of the software business and its successful 
management (Hoch et al. 2000). I will conceptualize these two ends in my study, from 
the business point of view, simply as either contract104 business or product105 business 
(see Fig. 14). In contract business, software is produced specially for a certain, known 
customer. In product business, software is produced in software houses and sold to a 
market of many possible customers. I do not want to give the types of businesses in 
between any names. Instead, the line represents a spectrum of possibilities between the 
two ends. Depending on the company’s position in relation to the two ends, in order to be 

                                                           
103 Though Sawyer also gives other synonyms for both: “one-off” for custom or made-to-order, and 
“commercial” and “shrink-wrap” for packaged software (Sawyer 2001a). 
104 I also considered the term “project” business as an alternative term for this, but since product development is 
also typically managed as project(s), I think that the term “contract” is better in distinguishing the differences 
between the two business types. 
105 In fact, there are some problems with the term “product” as used in the literature. As pointed out by Carmel 
and Becker (1995), the term has been used to describe any system that is delivered to a customer. This causes a 
“semantic misfortune”, as they call it, which makes it difficult to distinguish between the two types in the 
current literature. In trying to highlight the difference of product business in relation to “software as product” in 
general, there are many synonyms used for the “product”: packaged software, shrink-wrapped software, 
commercial-off-the-shelf (COTS) software, or simply commercial software business (Sawyer 2000). 
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successful, the company needs also to consider their management strategies accordingly. 
The “secret of the success” is the mastering of this balancing act (Hoch et al. 2000, p. 
242).  

Fig. 14. The two ends of software business types. 

Product business has been further divided by Hoch and co-authors (Hoch et al. 2000) 
based on the type of the product. According to the historical development of the product 
business, there are, strategically, two different types of software products: enterprise 
solutions software and mass-market packaged software. As with the two ends of software 
business types, these two generalized types of product business also differ, in terms of 
their success factors. Enterprise solutions always need some customization while mass-
market packaged software does not. There are fewer copies, but at a higher price, sold in 
enterprise solutions business than in mass-market product business. The different types of 
businesses (contract, product and enterprise solutions businesses), differ in the degree of 
productization (high in product business, low in contract business). (Hoch et al. 2000.) 
Enterprise solutions may be seen as moving to the left from the product business end of 
the line of different business types. They are, in a way, a mixture of both ends, although 
with more emphasis on product business. Enterprise solutions providers build standard, 
complete software solutions with some level of productization for some typical business 
processes of organizations. However, the solutions typically need also plenty of 
customization. While both ends of the line need a management strategy of their own, 
enterprise solutions businesses, like the other types of business in the middle, need to 
understand their role as integrating the two (Hoch et al. 2000). 

Grudin (1991a) presented three different paradigms for software development. 
Although his main interest was not in different business types, his concern for the 
interaction between users and developers makes an interesting addition to the discussion. 
The three paradigms were competitively bid contract development, product development, 
and in-house and custom development. Grudin points out that the difference between 
these three paradigms comes from their relation to the interaction between users and 
developers. In competitively bid contract development (i.e., acquisition), customers 
prepare initial specifications themselves and award the contract to the developer company 
with the most appropriate bid. In product development there is uncertainty about the 
users, and they often remain unknown until the product is marketed. And finally, in in-
house or custom development, both users and developers are known at the very 
beginning. Although the reality is not that straightforward, and actual development 
projects may appear as mixtures of these paradigms, it seems as though the current 
differences between different business types may be related to their relationships with 
customers and users (see also Grudin 1996). Recently this has also been suggested by 
Hosalkar and Bowonder (2000) in their study on critical success factors for different 
types of development projects. 

Contract business Product business 
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3.1.3.1 Special characteristics of software NPD 

The division of the different business types between contract and product business also 
affects the business and development processes of software companies. Until the 
development of personal computers, most software was produced only on a contract 
basis: custom-made solutions were produced for one customer at a time (Hoch et al. 
2000). Independent software companies can be traced back even to the 50s and 60s. 
Several large software projects (especially the SAGE air defense system and the SABRE 
airline reservation system106) with many subcontractors paved the way for the business 
evolution. (Hoch et al. 2000.) Since a single and completely new product was built for a 
specific customer and for a specific purpose, the development process became the main 
concern for the management. This type of business has been central to the evolution of 
software project management and development methods (Grudin 1991a). Process 
definitions (e.g., ISO 12207 (ISO/IEC 1995) could be seen as results of this historical 
development of the field and the crystallized knowledge accumulated over time. Some 
elements of the old remain under the surface of the new. As an example, the monolithic107 
waterfall model (Graham 1989), which was an answer to the problems faced in the early 
massive projects, became the foundation for many succeeding approaches. Going through 
all the general life cycle processes is still typical for the one-time effort of contract 
business. The waterfall model with written specifications is actually a very good 
approach to the management of contracts (Grudin 1991a). However, it is also possible to 
follow other, more iterative, approaches. The focus of the business management is on the 
development project and on the continuous improvement of the development processes. 

Even though the software product business can also be traced back to the 60s, the 
products were mainly business-to-business-type enterprise solutions based on mainframes 
and midsize computers. The packaged software business for the mass markets emerged 
only after the development of personal computers in the 80s. Separating the development 
of the operating system from the development of the hardware (with the IBM PC) opened 
up a mass market for software products. (Hoch et al. 2000.) Product companies develop 
and market software for many potential customers. While the success of contract business 
is based on the success of the individual projects, in product business it is the position in 
the market and the amount of the product being sold that counts. 

Product business vs. contract business. Sawyer (2000) suggests that software product 
business (packaged software) differs from contract business (information systems) in 
terms of their industry forces, software development approaches, cultural milieu and 
development teams (see Fig. 15). I will not elaborate further on each of the listed 
differences, but a few of them are worthy of more detailed discussion. 

                                                           
106 The SAGE project began in 1949, hired over 50% of the programmers in the U.S. at that time, and lasted 13 
years. IBM’s SABRE project began in 1954, lasting 10 years and employing 200 software engineers (Hoch et al. 
2000). 
107 Monolithic means that the model regards development as one large process to be considered in its entirety 
(Graham 1989). 
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 Packaged software Information systems 
Industry Time-to-market pressures Cost pressures 
 Success measure: profit, market 

share, mind share 
Success measures: satisfaction, 
user acceptance, ROI 

Software Development Line positions Staff positions 
 User is distant and less involved User is close and more involved 
 Process is immature Process is more mature 
 Somewhat integrated design and 

development 
Separated design and 
development 

 Design control via coordination Design control via consensus-
building 

Cultural Milieu Entrepreneurial Bureaucratic 
 Individualistic Less individualistic 
Teams Less likely to have matrix/project 

structure. More likely to be self-
managed 

Matrix managed and project 
focused 

 Involved in entire development 
cycle 

People assigned to multiple 
projects 

 More cohesive, motivated, jelled Work together as needed 
 Opportunities for large financial 

rewards 
Salary-based 

 Likelier to be small, collocated Grow larger over time and tend to 
disperse 

 Share a vision of their product(s) Rely on formal 
specifications/documents 

Fig. 15. Summary table of differences between packaged software and custom IS 
development (Sawyer 2000, see also Carmel & Sawyer 1998). 

Product business has different kinds of success measures to contract business. Rather than 
user satisfaction and acceptance, market share and a positive awareness of the product in 
the target market is important108. Issues of market segmentation (usage rates, customer 
capabilities, customer technology, customer preferences, customer requirements, and 
customer demographics) and target market become important (Carmel & Becker 1995). 
Sawyer also points to the difference in the interaction between users and developers. 
Customers are often unavailable, remote or unknown (Carmel & Becker 1995, see also 
Grudin 1991b). Because of the distance, product companies are likely to use different 
types of intermediaries (external consultants, customer support staff, marketing, etc.) as a 
link between the two (Carmel & Becker 1995). There is a need to define target customers, 
lead users, future users and test users, yet there is no marketing interface in the process 
models used for contract business (Carmel & Becker 1995; see also Sawyer 2000). 

                                                           
108 See also a recent article in IEEE Software (Messerschmitt & Szyperski 2004) for ROI (return-on-investment) 
issues related to software production. 
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Furthermore, the excellence and maturity of the development processes is not as 
important for the product business as it is for the contract business109. In his studies on 15 
product companies, Carmel (1993) found that most companies were allocating little effort 
to specifications, design, process documentation, or testing procedures. Written 
documents tended to be brief. This may be due to the fact that documents in product 
business are usually produced internally for internal purposes, while in contract business 
they are part of the external communication in the contracted process (Sommerville 
1995). (Sawyer 2000.) 

The focus in software product business is on the product itself (see Grudin 1991a). 
The main goal is to bring a new, “differentiated110” (Carmel & Becker 1995) product to 
the market. Time to market becomes an important measure for development111. The 
shorter the required time to market the less time is left for involving people in exploring 
the emerging product ideas (Gordijn & Akkermans 2003). This is also connected to the 
important role of some special individuals in the process. Company visionaries drive the 
iterative development. This is a typical embodiment of the individualistic work culture 
characteristic of the product business. Instead of a one-time development effort, the new 
product evolves through successive releases. The development teams in product business 
are also smaller and more stable. While in contract business people may vary according 
to the project and the phase the project is in, in product business individuals are involved 
in the development over several releases. They work together towards business goals 
concerning the product, while in contract business it is the one project goal that is the 
focus. As a consequence, the development team in product business is more contention-
oriented, with highly talented experts, than consensus-oriented. (Sawyer 2000, see also 
Carmel & Bird 1997 and Carmel & Sawyer 1998 on development teams.) 

Software NPD differs from SE and NPD. Both contract business and product business 
are constructing new software artifacts. Therefore, it is only natural that they both try to 
follow the standard processes of SE. However, depending on the context, the processes 
and their management are different. Strategic management and marketing issues are 
critical to product business, while human resource management and SE are important for 
contract business. (Hoch et al. 2000.) The purpose of the development in product 
business is based more on market considerations than on single customer demands. 
Instead of doing a good job with the life cycle processes, there is a need to manage the 
life cycle of the product. This goes beyond the one-time development effort and software 
project management, i.e., the work of the development function of a business 
organization. Rather than the project managers, the evolution of the software product is 
more in the hands of a product manager or some company visionaries. Instead of mere 
software development, there is a need for more interdisciplinary new product 
development (Davis & Zweig 2000, Wallin et al. 2002). 

                                                           
109 According to Carmel (1993), “on average, packaged software has half as many defects per line of code, and 
the best package software has defects that are several orders of magnitude less than the best traditional software. 
Perhaps there is more than one way to achieve an acceptable level of quality.” 
110 To become different from the competitors, product companies need to consider issues like price, 
differentiated features, performance, conformance, reliability, style, services, and image (Carmel & Becker 
1995). 
111 Although Carmel (1995) found that reduction of cycle time is less important because of the market rhythm 
(twelve to twenty-four months) of continued releases. Customers are less eager to upgrade more frequently. 
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However, software NPD differs also from traditional NPD. The product is different. It 
has characteristics that are different than those of physical products (Pressman 2000): 

− Software is developed or engineered; it is not manufactured in the classical sense. 
− Software doesn’t “wear out”. There are no spare parts for software, although it will 

undergo changes during its life. 
− Even today, most software continues to be custom built (rather than component based). 

Carmel and Becker (1995) also mention Brooks’ concept of invisibility (Brooks 1987) as 
an important characteristic of software. Because of the invisible nature, communication 
through representations becomes more complicated. Instead of being a physical artifact, 
software is an information transformer: “It is producing, managing, acquiring, modifying, 
displaying, or transmitting information” (Pressman 2000). In that sense, it also resembles 
the creative nature of copyright products (Carmel 1997). Software is like a mediator to 
control some physical apparatus, other software or some technical environment in acting 
like a product. 

Both traditional NPD and software NPD develop a new product, but the approaches 
are different because of the differences in these characteristics of the product. Even 
though the manufacturing phase of NPD is missing, the development does not end in the 
final outcome of one-time production. There is a special “evolution” phase for the 
changing software. The evolution of the product, with new versions and releases, gives 
the rhythm to the process. It is typical to have new releases announced every now and 
then. So the process is highly iterative, which is much easier for software than for 
physical products (Carmel & Becker 1995). This evolutionary nature causes most of the 
differences between software NPD and traditional NPD. For example, while NPD for a 
radical new product may take from 10 to 20 years, development of the first version of a 
new software product may take only 2 to 3 years (Carmel 1995). However, building new 
software from scratch (rather than using ready-made components) also means that there 
are extra uncertainties affecting software NPD. 

In the software product industry, excellence in development processes is not enough 
for commercial success. It is also necessary to carefully evaluate different business 
issues, such as the market, competitors, strategy, and resource availability. (Wallin et al. 
2002.) Yet software NPD must cope with considerable uncertainty concerning such issues 
of conventional NPD as the nature and extent of customers’ needs and the chosen new 
market-technology combination (Mullins & Sutherland 1998). Therefore, from the point 
of view of NPD, software NPD resembles radical NPD more closely, i.e., flexible 
approaches under high uncertainty (MacCormack et al. 2001, MacCormack & Verganti 
2003). In fact, it has been suggested that the software industry can be considered as the 
“prototypical high technology industry”, and as a “forerunner” in the high technology 
domain since many characteristics of the high technology domain tend to appear first in 
the software industry before appearing elsewhere (Nambisan 2002 referring to Hoch et 
al. 2000). Among other things, the software industry is characterized by a high rate of 
innovation, high knowledge intensity, and rapidly shrinking life cycles (Nambisan 2002). 
Traditional, incremental NPD models too closely resemble the inflexible, sequential 
waterfall model of software development (Wallin et al. 2002). Software NPD is more 
related to technology-push than market-pull types of business (Carmel & Sawyer 1998). 
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3.1.3.2 Developing new software products 

According to Carmel and Becker (1995), the process model for software product 
development should: 

Develop incrementally to improve product design and reduce risk. 

Evaluate and minimize risk. Evaluate alternatives at each incremental juncture and 
minimize commitment of capital, time, and labor at each stage of the process. Once 
the risks are evaluated, employ risk reduction techniques such as: prototyping, 
mock-ups, proofs-of-concept, simulations, usability labs, and benchmarking. 

Be sufficiently clear in delineating the specific stages and their order. An adequate 
level of decomposition of the process is required to serve as an appropriate guide in 
order to tackle the complexity of the process. 

Have built-in customer involvement. The package process model requires the early, 
continuous, active involvement of customers to assure that the software product fits 
customer needs and induces innovation. 

Accommodate rapid development. Time-based competition is becoming 
increasingly important. New process models in a number of disciplines call for 
concurrent models for precisely this reason. 

Incorporate cross-functional inputs. Marketing, QA112, computer-human interface 
specialists and other specialty areas representing different “user types” (e.g., 
platform specialists) need to be defined within the model. 

Be highly iterative. Incremental and post-incremental models have incorporated 
repeating loops for design refinement and requirements discovery. 

Incorporate methods to reach near zero-defect products. The model must make 
explicit not only the traditional testing stages, but paths to take if defect levels are 
unacceptable. (Carmel & Becker 1995.) 

Two-stage approach. Carmel and Becker also present their process model for software 
NPD (Carmel & Becker 1995). In their model, the development is phased in two non-
overlapping loops: “the requirements loop” and the “quality loop”. The requirements loop 
focuses on iterative development of product features. Through different types of 
evaluations (screening, prototyping) the product ideas and concept become iteratively 
specified. It also addresses the need for cross-functional and customer involvement. In 
the quality loop the design and code and test activities iterate to produce the incremental 
releases of the product. Transition between the loops goes through a stage called “freeze 
specifications”. Requirements become specified as the outcome of the requirements loop. 
During the quality loop of development, these requirements stay unchanged. The 
“freezing” is considered important for the overall quality of the software, which is 
                                                           
112 QA = Quality Assurance 
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captured through a thorough testing process against the frozen specifications. The model 
incorporates many of the NPD practices in the software development practices. In the 
requirements loop idea inputs may come from many different sources in addition to 
customers (e.g., technology standards in the market, competitors, and market research). 
Decision points like initial screening and go/no-go are also added to the process. 
Furthermore, the quality loop includes alpha and beta tests, typical for the software 
product industry. 

However, as they also state themselves, the freezing practice of Carmel and Becker’s 
model, which follows a so-called zero-defect (or bug-free) principle, is not very popular 
in product business. It is undesirable because of the early commitment to a set of 
requirements which may already be obsolete upon delivery (Bourque et al. 2002). 
“Customer requirements are difficult to formalize and thus specifications may be 
incomplete and fuzzy” (Carmel & Becker 1995, p. 56). Especially with really new 
technologies, companies are also uncertain how to turn the new technologies into 
products that customers need (Mullins & Sutherland 1998). Hence they are pressured to 
add new features continuously during the whole life cycle of the product, which increases 
the complexity of the product. Although the idea behind the thorough requirements loop 
is to reduce uncertainties, more popular approaches take this uncertainty as a specific, 
inherent characteristic of software NPD. Because of the worldwide success of the 
company, perhaps the most well-known model for software NPD today is the “synch-
and-stabilize” approach of Microsoft. It was especially developed for hectic markets with 
complex products, short lifecycles, and competition based around evolving product 
features. (Cusumano & Selby 1995, Cusumano & Selby 1997.) “Users’ needs for many 
types of software are so difficult to understand and that changes in hardware and software 
technologies are so continuous and rapid, it is unwise to attempt to design a software 
system completely in advance” (Cusumano & Selby 1997, p. 55). Even though the 
approach does not guarantee on-time or bug-free products, it makes it possible to build 
large-scale products relatively quickly and cheaply (Cusumano & Selby 1995, Cusumano 
& Selby 1997). 

Synch-and-stabilize. The synch-and-stabilize (see Fig. 16) process iterates among 
design-build-test with customer interactions during the development. Based on 
Microsoft’s flexible, entrepreneurial philosophy, “not to adopt too many of the structured 
software-engineering practices commonly promoted”, the company has tried to 
implement a product development style with small, parallel teams. The essence of 
“synch-and-stabilize” is to continuously synchronize (daily or weekly) the incremental, 
iterative development work of the parallel teams, and to periodically stabilize the product. 
While building large-scale products, these small teams function together as a single large 
team. At the same time, it allows teams a freedom to innovate as well as a mechanism to 
test the product with customers for further refinement of the product. (Cusumano & Selby 
1997.) In a way it incorporates the best practices from the different evolutionary 
approaches discussed in Section 3.1.1.1, while reconciling them to the product business 
context. In the reduction of time to market, the idea of applying concurrent engineering to 
software engineering is either nothing new (e.g., Aoyama 1993). 
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Fig. 16. Overview of the synch-and-stabilize development approach (Cusumano & 
Selby 1995, Cusumano & Selby 1997). 

Planning Phase: Define product vision specification, and 
schedule. 
 Vision Statement Product and Program management use 

extensive customer input to identify and prioritize product 
features. 

 Specification Document Based on vision statement, 
program management and development group define feature 
functionality, architectural issues, and component 
interdependencies. 

 Schedule and Feature Team Formation Based on 
specification document, program management coordinates 
schedule and arranges feature teams that each containing 
approximately 1 programmer, 3-8 developers, and 3-8 testers 
(who work in parallel 1:1 with developers). 

 Development Phase: Features development in 3 or 4 sequential 
subprojects, that each results in a milestone release.                            
 Program managers coordinate evolution of specification. 

Developers design, code, and debug. Testers pair with 
developers for continuous testing. 

 Subproject I First 1/3 of features (Most critical features and 
shared components). 

 Subproject II Second 1/3 of features. 

 Subproject III Final 1/3 of features (Least critical features). 

Stabilization Phase: Comprehensive internal and external testing, 
final product stabilization, and ship.                                                      
 Program managers coordinate OEMs and ISVs and monitor 

customer feedback. Developers perform final debugging and 
code stabilization. Testers recreate and isolate errors. 

 Internal Testing Thorough testing of complete product within 
the company. 

 External Testing Thorough testing of complete product outside 
the company by “beta” sites, such as OEMs, ISVs, and end 
users. 

 Release Preparation Prepare final release of “golden master” 
disks and documentation for manufacturing. 
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According to the model (Fig. 16), the process begins with a vision statement. This is the 
marketing vision for the product produced jointly by the product manager (marketing) 
and program manager113; with a very new product other team members may also be 
involved114 (Cusumano & Yoffie 1998, Cusumano & Yoffie 1999). The product manager 
is especially responsible for the market research and marketing plan. Then program 
management is responsible for the preliminary functional specification that outlines the 
product features in sufficient depth to organize a schedule and the teams. Users’ needs are 
structured into individual features which are then, based on the priorities assigned to 
them, allocated to subproject teams (Cusumano & Selby 1995, p. 188, Iansiti & 
MacCormack 1997). The functional specification is not a fixed document. During the 
development, the teams may revise it (by 30% or more at Microsoft) as they learn. 
During the planning phase prototypes may also be built in order to test and clarify the 
specifications. During development more emphasis is put on the code than the 
documents. Both product and project are divided into parts; typically three (or four) 
subprojects with milestones for prioritized, partial implementation of the new product. 
All the feature teams go through the design-build-test cycle for these stabilizing 
milestones. Major errors are fixed as if this internal release was a real product release. 
Communication between the teams is continually controlled through a centralized 
product database with automated tests and build scripts. During the stabilization phase, 
the complete product is extensively tested (alpha and beta releases) for the final release. 
(Cusumano & Selby 1995, Cusumano & Selby 1997.) The work is guided by the 
following principles: 

− Divide large project into multiple milestone cycles with buffer time115 and no separate 
product maintenance group. 

− Use a “vision statement” and outline feature specifications to guide projects. 
− Base feature selection and priority order on user activities and data. 
− Evolve a modular and horizontal design architecture, mirroring the product structure 

in the project structure. 
− Control by individual commitments to small tasks and “fixed” project resources.  
− Work in parallel teams but “synch up” and debug daily. 
− Always have a product you can ship, with versions for every major platform and 

market. 
− Speak a “common language” on a single development site. 
− Continuously test the product as you build it. 
− Use metrics data to determine milestone completion and product release. (Cusumano 

& Selby 1997.) 

These principles bring discipline and control to the process. It is a mixture of structure 
and flexibility (Cusumano & Selby 1995). Because of the flexible process, investment in 
                                                           
113 Note that not all companies have such functional responsibilities as program management (e.g., Netscape) 
(Cusumano & Yoffie 1999), however, this Microsoft model gives both an extensive enough and a public, well-
known description of a current approach to product business.  
114 Netscape’s development group included engineering, marketing, and customer support staff (Iansiti & 
MacCormack 1997). 
115 Buffer time (20 to 50% of total project time) gives time to respond to changes and to unexpected difficulties 
or delays (Cusumano & Selby 1997). 
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modular and scaleable architecture for the product in particular is considered critical 
(MacCormack 2001, MacCormack et al. 2001, MacCormack & Verganti 2003). Even 
unspecified innovative experiments remain under control because of the synchronizing 
and stabilizing practices. Under conditions of high technological and market uncertainty, 
early feedback is essential in order to learn (MacCormack & Verganti 2003). Based on 
new information, even the most basic decisions concerning the product may be 
continually revised (Iansiti & MacCormack 1997, p. 111). This synch-and-stabilize 
strategy “revolves around identifying mass markets quickly, introducing products that are 
“good enough” (rather than waiting until something is “perfect”), improving these 
products by incrementally evolving their features, and then selling multiple product 
versions and upgrades to customers all around the world” (Cusumano & Selby 1995, 
Cusumano & Selby 1997). For example, the first prototype of Nestcape’s Navigator did 
not include all the intended functions, but “captured enough of the essence of the new 
product to generate meaningful feedback” (Iansiti & MacCormack 1997). Gradually, new 
functionality was added as a response to the constant stream of this feedback information. 
As suggested by Mullins and Sutherland (1998), firms operating in markets with a high 
level of uncertainty require NPD practices that can reduce the risks, manage uncertainty, 
and increase the likelihood of new product success. The synch-and-stabilize approach 
matches well with the practices Mullins and Sutherland suggest to address uncertainty 
and risk in rapidly changing markets. Market research should focus more on “probing116” 
than on measuring. The company should get the product onto the market as quickly as 
possible in order to benefit from customer feedback for further modifications. (Mullins & 
Sutherland 1998.) 

Internet-speed software development. The synch-and-stabilize approach has evolved 
since the late 1980s. Recently, it has been considered that this type of flexible 
development approach for new software products is finally demonstrating the worth of an 
evolutionary approach – especially in the Internet software industry (Iansiti & 
MacCormack 1997, Cusumano & Yoffie 1999, MacCormack 2001, MacCormack et al. 
2001, Baskerville et al. 2003). Note that this should not be confused with the emerging 
interest towards “web engineering”, which is considered as a multi-disciplinary field of 
study for more disciplined development of Internet-based applications (see e.g., 
Murugesan & Deshpande 2001, Deshpande & Hansen 2001, Ginige & Murugesan 2001b, 
Pressman 2000, p. 813)117. The “Internet software industry” refers to accelerated 
development, which introduces certain special characteristics to flexible development 
approaches. The time between releases becomes even shorter. Companies need to work 
more intensively with a selected group of customers in order to get better feedback 
(external design reviews) early in the planning phase and in testing. Therefore, customers 
become more integrated in the whole development practice. With frequent technological 
changes, companies need to adopt early and iterative code reviews in order to write better 
code but also to spread knowledge among developers. Finally, the evolving web 
                                                           
116 This is based on the findings of Lynn and co-authors (Lynn et al. 1996) concerning market knowledge of 
discontinuous innovations. They found that instead of conventional market analysis, their (four) case companies 
followed a “probing and learning” process. 
117 “Web Engineering involves the use of scientific, engineering, and management principles and systematic 
approaches with the aim of successfully developing, deploying, and maintaining high quality Web-based 
systems and applications” (Murugesan & Deshpande 2001, preface). 
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technology itself makes it possible both to better share and elaborate with common 
electronic documents, and to “revolutionize” beta testing118. (Cusumano & Yoffie 1998, 
Cusumano & Yoffie 1999.) As an example, the sequence of frequent beta versions 
enabled Netscape to react to the feedback and changes in the marketplace while still 
working on the product’s design. MacCormack and his colleagues found that 1) an early 
release of the evolving product design to customers, 2) daily incorporation (daily builds) 
of new software code and rapid feedback on design changes, 3) a team with broad-based 
experience of shipping multiple projects, and 4) major investments in the design of the 
product architecture are the main development practices for success. (MacCormack 2001, 
MacCormack et al. 2001.) The most striking of their findings was that the best-
performing companies placed a low-functionality version of the product in customers’ 
hands at the earliest opportunity. This is considered as part of a search process focused on 
major sources of uncertainty. Early customer feedback is appreciated, rather than 
spending too much time on features that would later have to be changed (Cusumano & 
Yoffie 1999). However, in order to define an appropriate set of these “experiments”, and 
to interpret their results, the company has to rely on human experience. For MacCormack 
and co-authors this means experience especially based on higher-level learning within 
several different project (or platform) generations, i.e., technical solutions and their 
potential applications. (MacCormack et al. 2001.) 

Recently, Baskerville and co-authors (Baskerville et al. 2003) have presented eight 
practices that characterize these “Internet-speed” software development processes. Even 
though these practices are quite similar to the synch-and-stabilize approach, there are 
some interesting supplements and additions: 

− Develop in parallel.  
− Release more often. 
− Depend on tools.  
− Implant customers in the development environment.  
− Establish a stable architecture. 
− Assemble and reuse components. 
− Ignore maintenance. 
− Tailor the methodology daily. (Baskerville et al. 2003.) 

Parallel development of releases does not refer merely to parallel development of 
different product features. It also means that different development activities are 
conducted simultaneously, yet sequentially on different releases (see also Cusumano & 
Yoffie 1999). Jalote and co-authors (Jalote et al. 2004) referred to this as a “timeboxing” 
approach. Development is arranged for releases in phases of fixed durations, or “time 
boxes”. For each iteration, the functionality that is to be developed for that release is what 
can be fit into that time box. Multiple releases are developed concurrently. As an 
example, at the time of their case study in two product companies, Poltrock and Grudin 
(1994) found that one of the companies was “supporting two releases of the system, 
implementing a third version, designing a fourth, and planning a fifth”. When the first 
stage, e.g., requirements analysis, of the first time-box-release is completed, this activity 

                                                           
118 Launching frequent early betas and getting electronic feedback instantly with millions of users (Cusumano & 
Yoffie 1998). 
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is started again for the next, while other activities are developing the previous release 
further (in terms of design, coding, etc.). The core of the timeboxing approach is that 
each iteration is of equal duration. (Jalote et al. 2004.) While the current software 
industry is based on new versions released at fairly fixed time intervals, Internet-speed 
processes are expected to be even faster119. Contemporary development tools and 
environments are used extensively to speed up the process. Implanting customers in the 
process means that customers move their normal working environments closer to the 
development and hence they participate more closely with developers throughout the 
whole development life cycle. Fast and flexible development needs fixed yet scalable 
product architecture. Product components need to be reusable, interoperable and 
integratable. They may be built in-house or by subcontractors, or even purchased off-the-
shelf. While maintenance work in the synch-and-stabilize approach was, in a way, 
embedded in the continuous evolution of the product, maintenance in Internet-speed 
processes seems to be even totally ignored as the software is often replaced with newer 
versions developed from scratch120. Finally, the processes and methods vary considerably 
among different companies. While operating at Internet-speed, with time being the 
dominating character, companies adjust processes on a daily basis, even. None of these 
practices is new as such, but in their extreme form, their coexistence seems to be the 
unique characteristic of Internet-speed development. (Baskerville et al. 2003.) 

Baskerville and co-authors (Baskerville et al. 2003) also relate these flexible practices 
of Internet-speed development to the recent interest towards “agile” approaches to 
development (Cockburn 2002, see also Abrahamsson et al. 2002, Abrahamsson et al. 
2003). Extreme programming (XP) (Beck 1999, Beck 2000) is perhaps the best-known 
example of these “light methodologies”. As opposed to institutionalized processes, these 
approaches emphasize the role of individual developers and their relationships with other 
individuals (e.g., other developers or customers). Instead of discipline and formality (e.g., 
specifications and designs), agile principles value informal communication, 
collaboration, and individual experience. All software processes require good teamwork, 
and developers practice parallel development. Furthermore, instead of heavy 
documentation, they highlight the importance of simple and clear code. Agile approaches 
are considered to be customer-oriented. Their purpose is to provide best possible value 
for the customers. This is realized through close and direct collaboration between 
customers and developers, as well as through frequent releases in order both to respond to 
the changing requirements and to get feedback concerning customers’ satisfaction with 
the current product. (Baskerville et al. 2003.) 

According to Lycett and co-authors (Lycett et al. 2003), agile approaches emphasize 
the crafted aspects of software development over engineering. While engineering 
approaches tend to define manageable processes that can be standardized both within and 
across organizations, agile approaches favor an ad hoc way of responding to different 
situations (Lycett et al. 2003). Although inherent change of the software and 
understanding the problem in order to come up with a “right” set of requirements are 

                                                           
119 Because the Internet was the channel of distribution, Netscape was able to do this in three-month windows 
(Cusumano & Yoffie 1999). 
120 Note that this finding is supported by the statement that “software is retired quickly and replaced with newer 
versions developed from scratch” (Baskerville et al. 2003). 
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essential for agile approaches too, the specific development situation affects the effective 
use of different development practices. Agile methods are simple instantiations of the 
practices that seem to work. (Baskerville et al. 2003.) However, because these agile 
approaches are still novel, and they seem to require a considerable cultural change (Lycett 
et al. 2003), they are not yet widely recognized as standard approaches for development. 
More than providing concrete guidance, agile approaches today offer some abstract 
principles for development (Abrahamsson et al. 2003). According to Baskerville and co-
authors (Baskerville et al. 2003), Internet-speed practices actually implement agile 
principles, which give high priority to speed, responsiveness, and improvisation. It has 
also been suggested (Avison & Fitzgerald 2003), that the software industry is, today, 
living in a post-discipline (or post-methodology) era. The old approaches are considered 
as outdated and inappropriate for new demands. But there is the danger of going back to 
the old days of the undisciplined era with lack of control, standards and training (Avison 
& Fitzgerald 2003). Based on the review of NPD research, I consider these new 
approaches simply as ways to handle the high uncertainty concerning markets and 
technology during the early phases of development. Even though processes are 
considered less important than delivering products quickly, as these businesses evolve, 
process quality also gradually becomes an issue (e.g., Cusumano & Yoffie 1998, p. 294). 

In general, flexible development processes are associated with better performance in 
the contemporary software product industry (MacCormack et al. 2001). According to 
Iansiti and MacCormack (1997),  

 “Product development flexibility is rooted in the ability to manage jointly the 
evolution of a product and its application context. The goal is to capture a rich 
understanding of customer needs and alternative technical solutions as a project 
progresses, then to integrate that knowledge into the evolving product design. The 
faster a project can integrate that information, the faster that project can respond to 
changes in the product’s environment.” (Iansiti & MacCormack 1997, p. 112). 

So the core value of the flexible development approach is in its ability to continuously 
generate new information about this interaction between application context and 
technological possibilities. Continual feedback is also related to this. 

 “To acquire and use this information, the development process must be able to 
sense customer needs, to test alternative technical solutions, and to integrate the 
knowledge gained of both markets and technologies into a coherent product.” 
(Iansiti & MacCormack 1997, p. 112). 

Sensing the needs of customers and the market is the first element of a flexible process, 
followed by continual feedback alongside the evolving product. First of all, this requires 
intensive links to the market and customers, “links that range from broad experimentation 
with many customers to selective experiences with a few lead users”. Second, there is a 
need for a rapid, evolutionary development approach based on early and frequent 
releases. (Iansiti & MacCormack 1997, see also MacCormack et al. 2001.) Acquiring and 
integrating the new knowledge is a social process. Although there are increasing numbers 
of tools to support such a multi-disciplinary collaborative effort, e.g., company intranets, 
they are certainly not able to support all aspects of such “integration between an 
emerging design and its applications context” (MacCormack et al. 2001). There are also 
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issues like priorities of features and tradeoffs between dissenting opinions of 
‘experienced individuals’ that need to be considered continuously in order to respond to 
the requirements of efficiency and speed. Before going into detail concerning the link to 
the application context as well as multi-disciplinary collaboration, I will elaborate on the 
early phases of software NPD further and then finish with a concluding discussion for 
this whole chapter on software NPD. 

3.1.3.3 Early phases of software NPD 

The early phases of software NPD differ from both the early phases of software artifact 
development and the early phases of general NPD. The early phases of mere software 
development form the bridge between the vague application domain and the more 
concrete construction of the software. This means reducing the uncertainty and risk 
concerning the solution domain. During the early phases, different stakeholders negotiate 
in order to come up with a common and stabilized understanding concerning the 
requirements and architecture of the new product. When following iterative approaches, 
the more concrete construction processes overlap with these conceptual processes, yet the 
early phases are conceived as the time before the product becomes conceptually more 
stable. The early phases of NPD refer more explicitly to the time before detailed design 
and development. This definition also recognizes the importance of business strategy and 
the need for market knowledge. Even further, there are additional early phases for so 
called radical NPD, i.e., technology-push type development under high market 
uncertainty. In order to reduce the uncertainty, an iterative probing and learning process 
is employed as a vehicle for identifying the target market – or at least a shared team 
vision of it. In software NPD these two areas integrate in a way that sets up some unique 
characteristics for the effort. 

Linear view. If taking a linear process view, the early phases of software NPD are 
quite similar to both SE and NPD in general. As in SE, the requirements process also 
belongs to the early phases of software NPD. Even taking into account the iterative 
nature of software development, there is at least conceptually a kind of two-stage 
approach as in general NPD. This is most explicit with the “requirements loop” and the 
“quality loop” in the model by Carmel and Becker (1995). Freezing requirements was a 
step between the two. As in the early phases of product development, the requirements 
loop and freezing are related to the planning and conceptual design of more general NPD. 
However, although Carmel and Becker recognize the strategic and cross-functional nature 
of the requirements loop, their emphasis on requirements slightly narrows the more 
extensive “planning” phase of general NPD with product strategy, economical analysis, 
benchmarking with competitive products, and target market definition. The quality loop, 
on the other hand, is quite similar to detailed design and development in general NPD. 
Even though Carmel and Becker do not specify the role of architecture in their model, 
requirements analysis, functional specification and architectural design all belong to the 
activities of the “conceptual design phase” of a software product (Catledge & Potts 
1996). 

In a similar way, although without such a hard-and-fast line between the two, the 
synch-and-stabilize approach (Cusumano & Selby 1997) has the “planning” and 
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“development” phases. The planning phase does not mention a “requirements” process as 
such, but instead the vision statement and initial specification of the features and 
architecture for the new product are produced. However, the vision statement, in 
“defining the goals for a new product and ordering the user activities that need to be 
supported by the product features”, definitely relates to the “requirements” of the product. 
Even more clearly, specification is related to the conceptual design. Conceptually then, 
reproducing and simplifying the development effort of a new software product from the 
general NPD model (e.g., Ulrich & Eppinger 2000), the main phases for software NPD 
could be seen as: planning and requirements, conceptual development, detailed design 
and development, and market launch (see Fig. 17). As with vision statement and 
specification, there is a conceptual difference between the phases of planning and 
requirements and conceptual design. While conceptual design is more related to the 
solution domain and to abstractions concerning the essence of the product (i.e., the 
product concept), the planning and requirements phase relates more to the vague 
application domain with differing viewpoints and multi-disciplinary negotiation 
concerning the needs for the new product. 

Fig. 17. The requirements and concept development as the early phases of the four 
main phases of software NPD. 

Iterative approach. When following flexible approaches to software NPD, however, these 
main phases are repeated iteratively. There is, furthermore, a unique feature in the process 
that also seems to belong to the “early phases”: the essential practice of “early feedback”. 
“Investments in architectural design, early technical feedback, and early market feedback 
have a stronger association with performance” (MacCormack & Verganti 2003). This 
becomes even more evident when considering the more agile approaches. In the synch-
and-stabilize approach the planning phase, i.e., vision statement and initial specifications, 
gives guidance for the process, while enabling changes based on the early feedback. 
However, in agile approaches these pre-conceptual phases seem to be totally lacking, and 
instead the more collaborative process seems to rest totally on the iterative, frequent 
feedback practice. 

This is actually related to a special, unique set of characteristics concerning the 
requirements process in software NPD. Recent research on RE has started to pay 
attention to this issue121. The core of iterative development with overlapping conceptual-
concrete activities is the priority-order of the features to be negotiated. There is a 

                                                           
121 (E.g., Dahlstedt et al. 2003, Damian & Zowghi 2003, Higgins et al. 2003, Carlshamre 2002, Regnell et al. 
2001, Höst et al. 2001, Sawyer et al. 1999, Potts 1995). 
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continuous stream of new ideas and requirements coming from different sources122 (e.g., 
in Higgins et al. 2003). Iterativeness is a form of learning process. While the unstructured 
problem space is being explored, the developers’ understanding of it also deepens 
(Nguyen & Swatman 2003). However, the iterativeness of product development is 
different from the more traditional RE, i.e., from the mere “cycles of construction and 
reconstruction” of a requirements model (Nguyen & Swatman 2003). 
Reconceptualization of the customers’ requirements happens during the life cycle of the 
whole product, not merely during the life cycle phases for the one outcome. The one 
outcome in software NPD is called a product release. Requirements need to be assigned 
to different, forthcoming releases of the (new) product (e.g., Baskerville et al. 2003). The 
early releases go out with only the top-priority features (Cusumano & Yoffie 1999). This 
all creates special, release-independent activities of requirements management, 
prioritization and release planning (Sawyer et al. 1999, Regnell et al. 2001, Carlshamre 
2002, Dahlstedt et al. 2003, Higgins et al. 2003). 

Release planning becomes a major determinant of success for software product 
development. While planning and scheduling releases, optimal subsets of requirements 
are selected for each release based on their business value, i.e., the value to the customer 
is weighted against resource demands and other issues such as time-to-market 
considerations (e.g., Carlshamre 2002). Requirements need to be prioritized for selection 
purposes (Dahlstedt et al. 2003, Regnell et al. 2001). Instead of managing requirements 
through requirements specifications, a centralized database of requirements is favored in 
order to gather and store the requirements for future releases (Dahlstedt et al. 2003, 
Carlshamre 2002, Higgins et al. 2003). Instead of fixed requirements it is the delivery 
date with optimal requirements that is fixed. Release planning for software NPD is a 
complex activity, during which many different aspects will compete with each other. The 
business value of the product does not merely mean the value to the customer alone, but 
instead these issues need to be set against overall business strategies and the 
technological possibilities available. Release planning becomes a continuous effort 
related to the conceptual part of product development. (Carlshamre 2002.) Even though 
this type of systematic RE process is not yet widely recognized as common among 
product organizations, there is some evidence of cultural change towards that direction 
(e.g., Kauppinen et al. 2004). 

However, together with the specialties of the centralized management of requirements 
and release planning, the more concrete processes of design and development become 
even more intertwined (Sawyer 2000). This means that even though, compared to two-
stage NPD, the life cycle processes of software NPD overlap with each other, a 
constructional gap starts to emerge between the conceptual and concrete processes (e.g., 
Grudin 1993). Aurum and Wohlin (2003) talk about organizational activities of RE, in 
which the decisions are made, and project activities of RE, in which these decisions are 
implemented. A flexible process makes it possible to delay decisions concerning the 
product concept (Iansiti & MacCormack 1997); see also the stabilization phase in the 
synch-and-stabilize approach. Each product release implements only some prespecified 
parts of the evolving product concept. An implementation ‘factory’ works on the 
currently selected features. At the same time, companies stay responsive to new 
                                                           
122 In addition to customer requirements there are requirements coming from market analysis, etc. 
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information arriving continuously throughout the development and early releases. (Iansiti 
& MacCormack 1997.) Similarly to the general SE models, the phasing is related to the 
evolution of the artifact (the product), and the early phases of development are related to 
the conceptual understanding concerning this artifact. However, the life cycle of the 
whole product is different from the life cycle of only one outcome. The iterative design-
build-test cycle, i.e., the culture of ‘daily builds’, means that, at least in principle, the 
product always exists as a whole. According to Microsoft’s principles, the product is even 
always ready for shipment (Cusumano & Selby 1995, Cusumano & Selby 1997). 
Therefore, the process becomes twofold: to interpret new information and to implement 
the corresponding changes concerning the evolving product (MacCormack 2001). The 
length and intensity of the early phases becomes even more related to the uncertainty 
concerning the product (Cusumano & Yoffie 1998, p. 254). As in the synch-and-stabilize 
process, the stable parts of the product concept may be scheduled for implementation 
while conceptual development may continue with the parts with higher uncertainty 
(Cusumano & Selby 1995). 

Definition. The definition of the early phases in software NPD context is no longer 
that simple. With the release-independent RE process the distinction between the 
conceptual part and the concrete part of development is not enough. The conceptual part 
continues until the product is withdrawn from the market, still perhaps changing its 
nature at different points of its evolution. MacCormack and co-authors (MacCormack et 
al. 2001) found three important milestones for Internet software products: the point at 
which the first prototype is presented to customer, the point at which the various 
component modules are integrated for the first time into a partially working system, and 
the point at which the first beta release is made available to customers. They consider 
these “evolutionary” milestones as points in time at which new information becomes 
available. While the first prototype and beta release provide customer and market 
feedback, the first integration provides important technical feedback. Prototypes give 
feedback during the conceptual phase, while the beta release gives feedback on the 
functioning of the product in its actual use context. This makes it possible to 
“synchronize” the evolving product “with the evolving needs of the market, generating 
new information on both the performance of existing features and on the potential for 
new features which could significantly enhance the product offering”. (MacCormack et 
al. 2001.) However, based on the preceding discussion these milestones are related to one 
market release of the product, not to the whole life cycle of the product. 

There is a versioned staged model for the software life cycle (Rajlich & Bennet 2000) 
which takes this further. In their model, Rajlich and Bennet recognize five distinct stages 
for the software (product) life cycle: initial development, evolution, servicing, phaseout 
and closedown. During initial development, the first functioning version of the product is 
built. During evolution, the product is extended, possibly with major changes, while 
during servicing it is extended with minor changes only. When in the phaseout phase, the 
company has decided no longer to provide servicing, and finally, in the closedown phase, 
the product is withdrawn from the market. When the development is based on an 
evolutionary, versioned approach, the phases are repeated from the evolution phase for 
each version. (Rajlich & Bennet 2000.) However, from the point of view of this study, it 
would be too restrictive to consider the concept of early phases only as the initial 
development phase (possibly with the three evolutionary milestones provided by 
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MacCormack and co-authors (MacCormack et al. 2001). Since many of the major 
changes and learning concerning the uncertainties of the product belong to the evolution 
phase as well, this phase should be considered as an early phase too. Companies may 
release the new product either after the initial development phase or only during the 
evolution phase after the product has reached certain level of stability (Rajlich & Bennet 
2000). However, since the versioned approach is based on repetitive evolutions, 
confusion still remains concerning early and late evolution. An exact definition for the 
early phases of software NPD seems to be lacking, yet the management of these special 
times of high uncertainty seems to be somehow different from more traditional methods. 
In the following discussion I will continue the issue, with reference to our empirical 
UCD-II project. 

3.1.4 Discussion 

The preceding review has been an attempt to answer two of the most fundamental 
subquestions of this study: 

“What are the early phases of software new product development?” and 

“What is the shared object of software new product development?” 

The goal was to find synergy between the current SE and NPD literature. The goal of 
product development is to build a new artifact based on some ideas and needs concerning 
that artifact. Development of any new artifact is done through certain development 
activities, i.e., processes. Both of the research fields highlight the importance of these 
formal development processes. Traditionally, a development project has been considered 
as the main unit of analysis and management. In order to manage the project, process 
models are used to grasp the development activities as a whole and to give them some 
order, i.e., to phase the project. The phasing of the development processes is one of the 
key strategies of management in splitting the whole project into smaller, manageable 
pieces. Independently of the different process models available, what is being developed, 
i.e., the object of development, determines the main structure for these development 
processes. The evolutionary phases of this object provide manageable phases for the 
development as well. 

The early phases are typically related to the fuzzy time at the beginning of any 
development project. The early phases are related to uncertainty concerning the object 
and their importance is typically rationalized with reference to the high costs associated 
with possible late changes caused by inaccurate or even faulty assumptions. The degree 
of uncertainty is related to the body of knowledge concerning the object. Special 
activities (e.g., prototyping) have been developed to reduce uncertainty: to uncover the 
unknown. During the early phases of any development project the main uncertainties 
concerning the object are reduced and a common understanding as well as a shared vision 
of the object is built and specified (i.e., the conceptual part of development) among the 
members involved in the project for further, more concrete development. Reducing 
uncertainty is a complex communication and negotiation process requiring multi-
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disciplinary interaction. The transition from phase to phase typically happens through 
different kinds of checkpoints at which current results are evaluated and decisions are 
made concerning the next phase. 

Software development in the core of software NPD. The ISO/IEC 12207 standard for 
software engineering describes the primary development activities – the SE processes – 
required to produce a new software artifact. Even though a linear, simple model has been 
considered good for managing one-time development efforts, recently different types of 
iterative, fast and flexible models have been particularly favored in order to manage the 
inherent change of the software. The core of this iterativeness is the early, quite uncertain 
hypothesis made about the object, with the development activities continually testing and 
refining this hypothesis, to reduce the prevailing uncertainties. This is done by producing 
different types of representations of the artifact according to the hypothesis. The iterative 
development effort as a whole is then managed by different cycles of iterations until the 
new artifact is released for real use. Therefore, the phasing of development is based on 
the evolutionary phases of the new software artifact (cf., e.g., the three levels of modeling 
the product in Iivari’s hierarchical spiral model). 

The early phases of software development are related to the conceptual parts of 
development iterations. This is the time during which a considerable stable body of 
knowledge is built (or increased) concerning the purpose of the new artifact (application 
domain) and the solution fulfilling that purpose (solution domain). Requirement 
specifications and architecture design were seen as the main outcomes (“crystallized 
knowledge“) of these multifaceted communication endeavors. However, these two 
concepts typically belong only to the solution domain. Furthermore, as “statements of 
needs”, requirements specifications only capture the final results of the decisions made 
during the multi-disciplinary negotiations. They document the common understanding 
concerning the solution. Considering the history of software development, this is only 
natural since the application domain is there to be captured; in other words, it is already 
known and definable at the beginning of the project. The sources of knowledge 
concerning the application domain are known beforehand, and the purpose of the early 
phases has been to specify this knowledge into such a form that would support more 
concrete development efforts for the new artifact. The development is seen as merely 
responding to the “given” needs out there. The object of development is quite commonly 
perceived as the new artifact (function and form) or at least some kind of evolutionary 
representation of it (e.g., specification, architecture, prototype, etc.), i.e., the product. 
During the early phases the product is made to fit the customers’ needs. 

NPD – extending the view. In the NPD field this type of development approach is 
called market-pull – as opposed to technology-push. The meaning of this difference is 
understandable when considering NPD as a more comprehensive approach to the 
development of any kind of product. In addition to the development process issues, NPD 
also includes strategic business issues (like market and competitors) concerning NPD. 
Critical success factors of NPD were seen as those related to either “doing the projects 
right” or “doing the right projects”, while the SE field has concentrated mainly on the 
former of these. Interestingly, these latter issues are exactly the special concern during the 
important front-end phases of NPD development. The need for this type of wider (“bird’s 
eye”) view was also apparent in our UCD-II project. While SE concentrates mainly on 
process issues, in the NPD view it is only one of the core business processes – a 
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development process for a certain type of product (software). In addition to this 
“development function”, as a cross-functional activity NPD encompasses other important 
business processes (functions) of a product company as well, for instance marketing. 

Perhaps due to this more comprehensive role of NPD, the research in the field has 
recently paid attention to the different contingency factors affecting successful 
development. Development processes may be affected by different contextual issues. The 
original ideas of Boehm’s situation-dependent spiral model are somewhat similar to this 
in the SE field. Depending on the level of uncertainty, the spiral model provides a 
framework for choosing the appropriate (development) activities for each development 
iteration. Interestingly though, uncertainty has also been a subject of much research in the 
NPD field, as one of the most central contingency factors – together with the early phases 
of development (or “predevelopment” phases). The two are related (uncertainty is 
reduced during the early phases) and this is also where the distinction between market-
pull and technology-push comes into the picture. 

When widening the perspective from SE to NPD, something interesting can be noticed 
concerning the early phases: new processes are added to the early phases. More cross-
functional planning and concept development is needed in order to ensure the “right 
project”. Requirements specifications and architecture design belong only to the system-
level design phase in the general NPD process model and to the responsibility area of the 
development function. During the antecedent phases, strategic issues are considered and 
the needs for the new product are studied against these considerations (e.g., idea and 
concept screening). Most of these strategic issues belong to market considerations for the 
new artifact, and traditionally fall under the responsibilities of the marketing function. 
This is apparent in software NPD as well, and was visible in our UCD-II project. This 
also means that in addition to technology, the market also becomes another source of 
uncertainty. When market uncertainty is low, the situation with software NPD is quite 
similar to SE, the only difference being that the input for the requirements comes mainly 
from marketing instead of directly from the customers. The application domain is 
“known”. Market opportunity is identifiable, and needs are definable at the very 
beginning of the development effort. The market pulls the decision-making process 
concerning development. During the early phases, the new product is made to fit market 
needs. However, when market uncertainty is high, there is a great deal of information 
lacking concerning suitable applications for the new technology. The proper market is 
only emerging. The technology pushes the decision-making process because of this 
distance to the market. According to the NPD literature, this also affects the development 
processes. After all, there is a need for different types of activities to define a proper 
market for the new technology instead of collecting market information from current 
markets. 

While the early phases are related to the uncertainty of the object, the processes 
existing for reducing this uncertainty also reveal the object, in a way. While the reduction 
of uncertainty in SE seems to have its focus on the new product, uncertainty in general 
NPD has, more clearly, two perspectives: market (customers and competitors) and 
technology. Actually, in NPD research, technology uncertainty is related both to the 
product itself and to the technical process of producing the product. From the point of 
view of the object of development then, the shared object in NPD could be seen as a 
product-market pair. This is in line with our findings in the UCD-II project, where the 
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object of development was extended into a product-market-user combination. This also 
means that the object becomes more cross-functionally shared between development and 
other functions. While transition from phase to phase in SE is based solely on the 
evolution of the software artifact, in the NPD field these transitions are seen more as 
multi-disciplinary decision points (“gates”), where other issues of concern (market) are 
also integrated in the evolution of the product. However, in software NPD the concept of 
product release is confusing both from this object point of view and therefore also from 
the early phases point of view. 

Special complexities of software NPD. The concept of product release was also related 
to the widening gap between the conceptual part of development123 and the more concrete 
part of development. I believe this is a major cause of the confusion with management 
due to its relationship to the concept of project. While the development effort as a whole 
has typically been perceived and managed as a project124, software NPD becomes more 
of a continuous process until the withdrawal of the product from the market. Even though 
the evolution of the product (releases) may be managed by (release) projects, the 
important conceptual part of development becomes release independent. This means that 
it is also dropped out from the control of the project. While many iterative concrete 
development efforts may still be managed as projects (typically inside the development 
function), these projects are based on a roadmap developed and outlined outside the 
development function in a so-called release planning process. The conceptual part of 
development as a cross-functional effort becomes more continuous in nature, the phasing 
(i.e., management) of which is no longer that clear. Its connection to the concrete 
development also becomes obscure. In a market-pull type business situation it may be 
enough to quickly “sense the needs of customers and the market” (by using established 
market research methods and techniques) at the beginning of the process and then 
manage the rest of the process by stabilizing this conceptual part every now and then (as 
in the synch-and-stabilize model) for a new release. These product releases give the 
rhythm to the development and to the evolution of the object as a whole. However, when 
the level of uncertainty gets higher, especially concerning market issues, simply “time-
boxing” this part of development seems not to be enough. Different types of activities (or 
processes) are needed to discover the unknown, the management of which should be 
based again on the evolution of the object. 

When the level of uncertainty concerning the object is high, in NPD – especially in 
radical NPD125 – new processes are added to the front-end with a more flexible 
development approach emphasizing “probing and learning”. This is especially interesting 
from the point of view of software NPD, where these types of iterative approaches seem 
to be current “best practice”. Yet the distinction between radical product and incremental 
product (or market-pull and technology-push) seems totally lacking from the current 
software NPD literature. I believe that this is due to this twofold nature of the NPD 
object, which is not very clear in the current software NPD. It may be the case that the 
concrete part of development for a new software product (artifact) could be exactly the 

                                                           
123 I.e., the early phases as currently defined in this discussion. 
124 The conceptual part of development in the iterative approach of SE ends at least when the project ends. 
Similarly, the general NPD process ends when production begins. 
125 Both market and technology uncertainties are high. 
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same in both situations (radical or incremental). Change, as inherent in software, makes 
the product complex and uncertain to develop. This is why it is natural to use iterative, 
flexible processes. However, the object of this iterative development seems to be the 
mere product instead of the product-market pair. When market uncertainty is low this 
may not be important, since iterative development by its very nature allows small 
changes to be made even when “new information comes in” later in the process. The 
current ‘best practices’ for flexible software NPD seem to be suitable especially in 
market-pull businesses for mass-market software products126. However, based on our 
UCD-II project, when market uncertainty is high this view of software NPD becomes 
insufficient, and therefore the details of this radical NPD become highly interesting127. 

As an additional front-end process, the iterative approach in radical NPD aims at 
reducing the uncertainties concerning the object to a level that is acceptable for a move to 
a more linear approach. The development is still striving for an early and stable definition 
of the product as early as possible, to provide a basis for more concrete, linear 
development. Iterativeness is needed only in the front-front-end to link the technology to 
the markets. After this, a more traditional approach is appropriate128. This is a complex 
and indefinable process. Both the product and the market are evolving. In NPD research, 
an analogy with the learning process has been drawn. Reducing uncertainty means 
learning new knowledge. Development is focused on different types of learning activities 
intended to increase knowledge concerning the product-market fit. The aim is to get the 
product to the market as quickly as possible. Prototyping is used to learn about both the 
product and the market. In software NPD this part of the development seems currently to 
be managed by increasing customer involvement. Having a close relationship with 
customers during the iterative development – i.e., integrating early feedback into the 
process – is expected to assure that the product fits with customers’ and/or users’ needs. 
In fact, the new agile methods, with their even closer relationship between developers 
and user and rapid, continuous feedback, could be seen as an instantiation of “radical 
NPD” within software NPD. The process is less definable, due to the informal nature of 
the communication and collaboration. However, the focus of the process is still on the 
product. The evolving understanding and the new knowledge gained through such a 
process is again integrated directly into the product itself. The problem with this lies in 
the fact that the customer (or user) is not the same as the market. The customer only 
represents the market. The approach might work when the market is known. However, 
with only emerging markets it is not possible to be sure if the customers (or users) chosen 
for this close relationship are the “right” ones. During the early phases of development, 
                                                           
126 Note that the issue of the market becomes even more important when considering enterprise solution type 
products, which was the case in our UCD-II project. The difference between mass-market products and 
enterprise solution type products comes from their different relationship to the market. The market needs to be 
specified more clearly for the latter than for the former. With enterprise solution type products there are higher 
levels of uncertainty concerning the market. 
127 Note that there are recent studies where the flexible ideas of software NPD have been brought to the NPD 
field (see e.g., MacCormack et al. 2001). However, I believe that exactly due to these differences in the object, 
care should be taken with such transitions. It may not be as simple as expected. For example, the costs of late 
changes may be better managed with a software product than with a “manufactured” product – although the 
further one moves through the development the more resources are used in software development as well. 
128 Although today some ideas behind integrated product development, like incremental development and 
overlapping activities, share some principles of flexible software NPD too. 
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customers may even be unavailable or they might have difficulties in articulating their 
needs. 

All of this leads towards a situation where, in order to manage the whole life cycle of 
software NPD, in particular the early phases under high uncertainty, the object of iterative 
development should be reconsidered, i.e., extended from mere product to include market 
issues as well. Until market uncertainties are lowered – to some appropriate level – the 
object of this learning process should be, as in radical NPD, the product-market pair. 
When the conceptual part of development becomes more continuous in nature, instead of 
predefined processes the activities used should be selected based on the uncertainty 
concerning the object (product-market pair). A new basis for phasing the effort is also 
needed. With the extended object of development, the management of the effort cannot be 
based on the evolution of the artifact alone. In the UCD-II project we approached this 
issue with the technology adoption model (Moore 1991), which was, from the point of 
view of this discussion, a justifiable approach addressing the twofold nature of the object 
of development. In the MAPID model, the early phases were based on releases, but from 
the point of view of their relationship to market evolution. Although we did not use the 
concepts of this discussion in the model, the uncertainties were considered to be high 
until the majority markets were reached with the product. This also meant that, in the 
MAPID model, while managing the progress of software NPD, the evolution of the 
product was integrated with the evolution of the market. There was no correspondence 
found for this type of approach in either of the research fields reviewed. 

Answering the questions based on the review. Based on the preceding discussion it is 
now possible to give a definition for the early phases of software NPD. The early phases 
are related to the uncertainty concerning the object of development and therefore refer to 
the conceptual part of the development effort. During the early phases this uncertainty is 
reduced by increasing knowledge related to both the application domain and the solution 
domain in order to build and specify a common understanding and a shared vision of the 
object. The shared object of software NPD can simply be defined as the product-market 
pair. However, when examining the details of radical NPD, the definition of the shared 
object, especially during the early phases of development, is no longer as clear. 

From the point of view of the learning process, NPD research highlights the key role 
of individuals (see Section 3.1.2.4). Individuals are in the center while increasing the 
knowledge (especially concerning the application domain) and sharing it with others in 
the organization. Therefore, individuals also play a key role in reducing uncertainties, 
unlike in a market-pull type business, where activities for increasing application domain 
knowledge are more established. Software NPD also recognizes the importance of 
individuals but more from the point of view of a driving force instead of a ‘learning 
mechanism’. Since the mechanisms of project management do not cover the management 
of a release-independent requirements process, it is the product manager or some 
visionary who actually manages the whole development effort. These special individuals 
‘know’ the purpose and they ‘own’ the vision for the product development efforts. In the 
synch-and-stabilize model it is the vision statement that directs the development. This 
statement is, in a way, a marketing vision about the features and their priority order. 
Because of the market-pull type of situation, established methods may be used to collect 
the needed information from the market. However, this driving force of the vision has 
also been an important issue in radical NPD research. The learning process of linking 
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technology to markets has also been related to visioning, but more from a collective point 
of view. Vision, as a shared common purpose and plan of action, clarifies the insights and 
assumptions concerning the product-market fit. During the early phases, while reducing 
uncertainties, focus should be given to this vision. The clearer the vision129, the more it 
directs the learning process, i.e., the activities to reduce uncertainties. Yet the elaboration 
of the vision (with prototypes, co-development with customers, etc.) was also seen as an 
important process during the early phases of development, including activities for 
validation and internal acceptance. Since the object of activities distinguishes different 
activities from each other, there is some confusion as to whether this vision should also 
be considered as an object, at least during the early phases. 

Leaving this issue of the object until the more theoretical analysis based on CHAT (in 
Chapter 4), there is another issue of concern during the early phases that needs to be 
highlighted. In order to reduce uncertainties, decisions need to be made about the proper 
activities needed to increase knowledge concerning the object. In the radical NPD field as 
well as in our MAPID approach this was also related to the indefinable nature of the 
processes. In fact, in NPD research it is clearer that in addition to product-market issues, 
especially during the early phases there are also other issues of uncertainty, e.g., the 
process and the organizational arrangements. Both of these were also apparent in our 
UCD-II project. Instead of a predefined process model, the evolving object in a way 
determines the forthcoming activities needed. It is not that clear what the “learning” 
activities during the early phases, to find and define a proper market for the evolving new 
technology, would be. Therefore, it is reasonable to start thinking about the sources of 
this new knowledge. Interestingly, both of the fields highlight the importance of customer 
(or user) orientation and cross-functional interaction. These are the subject areas of the 
sections that follow.  

3.2 User-centered approach to software new product development 

The user-centered approach to development is one of the core issues of this study. It is the 
context in which the problems with cross-functional interaction were confronted and 
therefore also the context in which the discussion on cross-functional issues must be 
considered. In this section, I will concentrate especially on this user-centered approach to 
development. A literature review is conducted in order to answer the research question: 

“What is the role of the user-centered approach during the early phases of software 
new product development?” 

Again, the following review is mainly an attempt to find synergy between the two 
fields of research: SE and NPD. This time, however, the review is organized only in two 
parts, one for each research field. This is logical since the core concept of the user-
centered approach has its foundation in only one of these (SE), and in terms of the 
research question the two fields are even less connected than with the process issues. 
Actually, as will be seen, the concept of the user-centered approach has its roots more 

                                                           
129 Note, that the vision, not the visionary, directs the learning process. 
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widely in the whole field of development of computer-based artifacts (e.g., information 
systems development, human-computer interaction, and SE). However, because of the 
main classification of this review (between SE and NPD), literature on the user-centered 
approach is reviewed under the “SE” theme. Even though the user-centered approach 
seems to be quite absent from the NPD literature, there is, interestingly, another concept 
with a similar status: the concept of market orientation. After reviewing NPD literature on 
this subject around ‘creating superior value for the customers’, it may come as something 
of a surprise that the two are as separate as they in fact are. 

3.2.1 User-centered approach in software product development 

Currently the ISO 13407 standard encapsulates the core principles of the user-centered 
approach to software development. These principles will be discussed in Section 3.2.1.2. 
However, before that I will review some background for the concept (Section 3.2.1.1). In 
the third section (3.2.1.3) I will concentrate on the issue of the early phases and how the 
user-centered approach is related to the requirements process in particular. However, as 
will become obvious, especially in terms of the early phases, the concept of the user-
centered approach is related more closely to mere SE than to software NPD as discussed 
in previous section (Section 3.1). This is why in the last section (3.2.1.4) I will especially 
review how the concept is currently manifested in the literature on software NPD. 

3.2.1.1 Related fields and background 

It is nothing new to focus on users in systems and software development. For more than 
two decades now, since computers started to become tools for people not involved with 
their development, user focus and knowledge concerning users has been a problem and 
subject area for many different fields of study. Information Systems (IS) and especially 
Human-Computer Interaction (HCI) are the main areas of research concerning the human 
side of computer-based systems (e.g., Ehn & Löwgren 1997). Both of these traditions 
deal with the relationship between humans and technical systems. Their shared goal is to 
understand how systems can be developed and implemented so as best to fit with user 
and organizational needs, but until the very recent attempts at cross-disciplinary 
interaction these two lines of research have developed quite separately (Zhang & Dillon 
2003). Furthermore within SE, RE and iterative development approaches in particular – 
as discussed in the preceding sections (e.g., Boehm 1988, Jacobson et al. 1999, 
Cusumano & Selby 1995) – have been concerned with finding the best ways to integrate 
the knowledge areas of use and software development in order to build systems that will 
respond to users’ needs. 

Information Systems (IS). An information system (IS) is a computer-based system for 
certain users in a certain organizational context. IS development (ISD) has typically been 
contract-based development for a known customer. This is also why such issues as the 
organizational context of the new IS, and organizational (or user) needs have always been 
central in ISD. Development of a new IS is typically considered as a problem-solving 
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activity requiring a multi-disciplinary approach. Attention has also been given to the 
possible implications and changes caused by new systems. In the course of time, many 
different methodologies have been developed for ISD. According to Iivari and 
Hirschheim (1996), these different methodologies may be classified into more abstracted 
“approaches to ISD” according to the similar assumptions and principles they embody. In 
order to show the variety of contemporary approaches, they give a representative 
classification of eight different types of approaches130. Together with technical issues, six 
of these approaches also imply some degree of organizational or social thinking related to 
the IS131. Later, when characterizing the intellectual core of eleven different approaches 
(Iivari et al. 2000/2001), at least four of these approaches seem to have some degree of 
special concern for more human (or user) centered issues: the socio-technical132 
approach, the infological approach, soft systems methodology (SSM), and the 
Scandinavian trade unionist approach. 

 Since the 1960s, the socio-technical approach (e.g., Mumford 1987, Mumford 2000) 
has had a more institutional status than the others. In addition to technical needs, in order 
to “provide an approach for IS development that enables future users to play a major part 
in the design of the system” (Iivari et al. 2000/2001), the socio-technical approach to 
development also takes organizational, economical and social needs into consideration 
(Mumford 2000). The ETHICS method (effective technical and human design of 
computer-based systems) in particular has been developed to support the socio-technical 
approach (Mumford 1983). Together with the socio-technical approach, the infological 
approach has also concentrated on joint development of the technical and social issues of 
IS. Particularly in Scandinavia, the ISAC method (Lundeberg et al. 1981) was influential 
during the 1970s and 1980s. Amongst other things, the goal of the approach was to 
“ensure that really needed information systems are developed”: systems that “give a 
positive contribution to the organization” and that “users understand” (Iivari et al. 
2000/2001). Later, SSM (Checkland 1985, Checkland & Scholes 1990), also close to the 
socio-technical approach, offered a general “learning methodology to support debate on 
desirable and feasible changes” while IS was considered as “a system to support the truly 
relevant human activity system” (Iivari et al. 2000/2001). In particular, the Multiview 
method (Wood-Harper et al. 1985, Avison & Wood-Harper 1990) was developed to 
support this approach. 

Finally, the goal of the Scandinavian trade unionist approach (see Bjerknes et al. 1987, 
Floyd et al. 1989, Ehn 1988) was to “develop conditions for effective worker 
participation” (Iivari et al. 2000/2001). The Scandinavian tradition is known for its 
ambition to bring democracy to system development, favoring participation and 
worker/user influence in the development process (Ehn & Kyng 1987, Ehn 1993). 
Looking for new ways to organize the development process, this tradition counted the 
knowledge within trade unions as an important resource for the so-called “collective 
resource approach” (Ehn & Kyng 1987). While emphasizing the quality of working life, 
worker control over the system’s use, as well as its development, was promoted. 

                                                           
130 Although these are not necessarily mutually exclusive, due to their partly parallel evolution. 
131 Information Modelling, Decision Support Systems, Sociotechnical approach, Infological approach, Soft 
Systems Methodology, and Trade unionist approach. 
132 They actually use the word “sociotechnical” without the dash in the middle, but I prefer to use the dash. 
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Computers were seen as tools and support for skilled workers (Bødker et al. 1987), and 
systems development was regarded as only part of a larger organizational development 
process (Ehn & Kyng 1987). Participation has been the core aspect of this tradition in 
bringing the users’ point of view of the systems into the development. Later, participatory 
design (PD) continued with the practical side of this research, i.e., concentrating on the 
techniques and methods for the involvement of users (Schuler & Namioka 1993a). PD 
concentrates on full collaboration between users and developers during the early phases 
of development in order to base the development on full understanding of the real needs 
and work practices of the users. Users are considered as the best experts on the 
knowledge area of their needs and of the context of use. (Greenbaum & Kyng 1991.) 
User involvement is considered even more critical for success than following a 
disciplined development approach (Schuler & Namioka 1993b). 

Human-Computer Interaction (HCI). While the IS field has been concerned with the 
relationship between the social and technical aspects of a new system – contextual issues 
– as well as with the democratic participation of users (or workers), focusing on usability 
has not been that important (Grudin 1991a). Concern with the usability issues of a 
technical system has, on the other hand, been the core area of HCI research. HCI has 
been a multi-disciplinary (e.g., psychology, anthropology, sociology, computer science, 
engineering) research subject for over 20 years133 now (Marcus 2002, Karat & Karat 
2003, see also Hartson 1998). The historical foundation of HCI was in “software 
psychology”: striving for a general description of human beings’ interaction with 
computers (as a guideline for developers) and usability evaluation (Carroll 1997). In the 
background there have also been studies on human factors (in North America) and 
ergonomics (in Europe) (Karat & Karat 2003, Kuutti 2001). These research traditions 
studied human capabilities and limitations in relation to complex technologies (including 
computers), which were, at the time, either surpassing human capabilities to operate them 
or causing mental and physical pressures through process automation. The main concern 
of these studies was the human experience while interacting in different ways with 
computer-based systems. Decisions to allocate system functions between humans and 
computers were based on knowledge concerning the information processing 
characteristics of both humans and automation technology. Methods and theories from 
cognitive science were applied, and during the 1980s initial HCI research started to focus 
on a variety of issues concerning the development of human-computer interaction in 
particular. Issues of raw technology (e.g., for pointing, and speech recognition), interface 
styles, the use of technology, and methods for design of usable systems became the focus 
areas of early HCI research (Karat & Karat 2003). 

Usability research in HCI may be described as having two conceptual areas of focus 
(e.g., in Carroll 2002, Hartson 1998), which do however overlap with each other. First 
there is the initial focus on a usable system or interface. This branch of the research 
concentrates on issues concerning the human side of the interface as well as interface 
technology. Even though human-computer interaction and interface issues are central to 
usability, I will not concentrate on these issues in this study. From the point of view of 
this study, this core branch of ‘traditional’ HCI research brings new techniques, methods 

                                                           
133 The first ACM SIGCHI (Special Interest Group on Computer-Human Interaction) conference was held in 
1983. 
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and guidelines for the concrete development activities, especially for “easy to use” 
software interface development. This branch of HCI has been concentrating on individual 
use acts of the systems being developed: first with mainframe computer systems and later 
with personal computers. However, this concentration on interface134 issues alone has 
been considered too narrow a perspective from the point of view of developing usable 
systems (Carroll 1997). 

The second branch of usability research in HCI, namely the focus on the development 
process of usable systems and software (Carroll 2002), is the main area of concern in this 
work. The core of this branch of the research is to take users into account when producing 
systems. While the first focus was on the usability as an important feature of the new 
artifact, this other focus concentrates on the practices to produce these usable artifacts. 
The HCI community has been able to produce standards and guidelines for developing 
human-computer interaction. Initially, knowledge concerning a system’s usability was 
gained through evaluative studies in laboratory settings, which ended up both as 
guidelines for development and better methods and techniques for evaluation. More 
recently, this development-oriented branch of research has evolved further as other 
traditions and fields of research have started to influence this area. One of these forces 
has been the positive experiences of user participation or user involvement, first coming 
from the Scandinavian tradition mentioned earlier, and later leading to growing interest in 
PD. However, there have been also other trends emerging which suggest that usability is 
not merely a user-friendly interface. 

Towards a user-centered approach135. At the end of the 1980s at least two central 
issues started to emerge. First, it was necessary to pay more attention to the context of 
use. Instead of mere cognitive processes, interaction with computers was seen as a 
situated, even ad hoc action related to users’ social work practices (Suchman 1987). 
Interest grew concerning the social and physical circumstances under which individual 
actions take place. Instead of seeing humans merely as information processing 
components of a wider system with characteristics of their own, attention was given to 
issues of motivation, membership in a community, and the setting in which humans act 
(Bannon 1991). For example, by seeing users as “active agents” (instead of passive 
objects) Bannon showed the meaning of context for the development of usable systems. 
Instead of controlled experiments in laboratory settings, Bannon highlighted the 
importance of in situ workplace studies. It was necessary to observe users’ ongoing 
experiences with the product in their natural work context. Early contextual studies 
consisted of such field studies of usability (Whiteside et al. 1988). However, Bannon 
(1991) also highlighted the shift in the interest of the HCI community, towards moving 
the actual users and developers closer together during the development. This also had 
connections to IS research and especially to the participatory design tradition. While at 
the same time there was growing interest towards the real goals and needs of the users 
(e.g., Norman & Draper 1986), field studies started to emerge which sought to 
incorporate data and understanding about users’ work practices into development, e.g., 

                                                           
134 In fact, today it seems that the focus of HCI is changing from the interface to “user experience” (Bardon et 
al. 2002, Gulliksen & Lantz 2003, Vredenburg 2003). 
135 See also (Karat & Karat 2003) for the historical evolution of UCD. 
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contextual design (Holtzblatt & Beyer 1993, Holtzblatt & Jones 1993, Beyer & Holtzblatt 
1998). 

In addition to widening the scope of interest, another trend towards more practice-
oriented issues also started to emerge. The well-known early principles for designing 
usable systems were provided by Gould (1988, see also earlier versions in Gould & 
Lewis 1983, Gould & Lewis 1985), a researcher at IBM136. The four principles for 
“good” computer systems development were: 1) early and continual focus on users, 2) 
integrated design (all aspects of usability), 3) early and continual user testing137, and 4) 
iterative design (Gould 1988). Following these principles would lead to “useful, usable, 
desirable computer systems – ones that people can easily learn, that contain the functions 
that allow people to do the things they want to do, and that are well liked” (Gould 1988). 
The principles linked user-centered practices more closely to overall industrial 
development practice and also slightly broadened the scope of usability from a mere 
“easy to use” interface to the whole interaction within the work context. This was also 
closely related to the emerging stream of interest, namely the practice-oriented studies of 
usability engineering (UE) (Whiteside et al. 1988). 

According to a recent review of the history of user-centered systems design (see 
dissertation Göransson 2004), the initial methods and techniques of HCI were the results 
of mainly “theoretical” academic research, and they became the special knowledge areas 
of usability experts. Contemporary, psychology-oriented HCI was considered to have an 
overly scientific orientation, rather than a practical orientation (see also Carroll 1997). 
When starting to encompass the whole life cycle of development, in order to have more 
practical relevance, there was a pressure to integrate usability issues more closely into the 
common activities of developers, i.e., to find more engineering-oriented methods and 
techniques for usability. This “usability movement” (Gould 1988) started to follow more 
closely the SE tradition (Göransson 2004). There was a need for methods and tools that 
could be readily comprehended, quickly learned, and reliably operated during the 
complex task of interaction development (Butler 1996). UE emerged, concentrating on 
different kinds of techniques as separate parts of a UCD process: usability evaluations, 
prototyping, user involvement, etc. (Whiteside et al. 1988, Wixon & Wilson 1997, 
Nielsen 1993, Mayhew 1999a). UE started to integrate the emerging principles of a user-
centered approach coming from different directions. It provided a more systematic 
approach to building usability into products (Nielsen 1993, Mayhew 1999a). Evaluation 
still played a key role in UE, and it took place many times during the development 
lifecycle. (Nielsen 1993, Mayhew 1999a). The three principal types of evaluation that 
have emerged are user-based empirical evaluation (e.g., questionnaires, observation, and 
usability tests), usability inspection (e.g., heuristic and guidelines-based evaluations or 
walkthroughs), and model-based evaluation (e.g., GOMS models) (Sears 2003, see also 
Butler 1996). However, in response to accusations of evaluation-based “polishing” of 
almost-ready products, UE also promoted attention to users even during the early phases 
of development. 

                                                           
136 In fact, IBM has been one of the core industrial players promoting the user-centered approach (e.g., Gould 
1988, Karat & Karat 2003, Vredenburg et al. 2002, Berry et al. 2003), together with Digital (e.g., Whiteside et 
al. 1988). 
137 Later (Gould et al. 1997) this was named “empirical measurement”. 
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Both of these emerging issues were influencing the evolution of what I will call a user-
centered approach to development138. In the literature this approach has commonly been 
abbreviated as “UCD”. Considering “usability” as the outcome of the process, other 
abbreviations such as UCSD (user-centered system development/design), HCD (human-
centered development/design) or even UE could be, and have been, used as synonyms for 
UCD. However, since there is some confusion around the term and no exact definition 
has been given to the concept, from the point of view of this study, I would like to 
consider the “user”-centered approach as a slightly wider concept than mere “usability” 
engineering. While it concentrates on the development of usable systems, UE has 
however been more concerned with ease of use and user interface issues (Whiteside et al. 
1988, Nielsen 1993, Wixon & Wilson 1997, Mayhew 1999a). However, I would like to 
consider the concern for the user’s total satisfaction with a product (see ISO 1999, Earthy 
et al. 2001), something slightly more than mere usability. According to the ISO standard, 
usability means the “extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction in a specified context of 
use” (ISO 1998). While this definition specifies the knowledge areas that developers need 
to know when developing usable systems (Göransson 2004), it also seems to relate 
usability to such issues as the real needs of the users and the context of use.  

In addition to broadening the concept from mere interface issues alone, UCD is also 
seen as a more common framework for the whole development process from a user-
centered viewpoint (Carroll 2002, Earthy et al. 2001). As such, I consider UCD as a 
development approach for usable systems, in which the real needs of real users drive the 
development. In addition to separate user-centered development practices, UCD is a 
framework integrating them into a user-centered approach to deliver products. It has the 
user in the focus, but not just their interaction with computers but the whole work 
practice of the users. Having a practical orientation, UCD as a framework is mostly 
related to some core principles as well as to some of the practical tools, methods and 
standards139 developed in order to take users into account when developing new products. 

In terms of the historical development of IS and HCI, the IS field started to give 
attention to the social side of technical systems, while early usability-centered HCI with 
concrete guidelines and heuristics took the more narrow viewpoint of individual users 
and their relationship with technical systems. Both of the fields have their origins in times 
during which development mainly consisted of individual projects of new systems for 
certain customer organizations. IS developed methodologies for taking the needs of the 
organizations into account. Since then, IS has maintained its focus on information 
systems within organizations, typically also in the area of contract business. As the use of 
personal computers grew, HCI’s interest in individuals in a way ignored the 
organizational issues around individuals, and concentrated on the interaction and usability 
issues of any system (Grudin 1993, Grudin & Markus 1997). This general perspective of 
HCI and concentration on the user interface was perhaps more suitable for the growing 

                                                           
138 Note that I prefer to use “development” instead of “design”. In the new product development/design 
tradition, both of the terms are suitable since “design” also refers to the whole development of a new artifact, 
but in software development there is a possible confusion with the term as referring only to a design subphase 
of the whole software development life cycle. 
139 (ISO 9241-11 ISO 1998, ISO 13407 ISO 1999, and ISO TR 18529 ISO/IEC 2000; see also Bevan 2001). 
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market of PC-based mass-market software products (Hoch et al. 2000). Usability 
experts140 (see e.g., Curtis & Hefley 1994) and usability laboratories started to emerge 
(see special issue of Behaviour & Information Technology 1994141, Nielsen 1994). Hence 
the usability movement and especially UCD as a branch of HCI could be seen as a 
response to the loss of interest in both the organizational context and actual development 
practices as an integrative whole. As a more practical approach, the concern for the 
development of more usable systems, the developers’ point of view, was also a welcome 
link to the maturing world of SE. UCD was complementing the prevailing SE processes 
(Nielsen 1993, Mayhew 1999a, Butler 1996, Earthy et al. 2001). Therefore, during the 
1990s, UCD grew into an important focus area of usability research (Karat & Karat 
2003), as it started to acknowledge the developers and to provide structure for their user-
centered work processes in place of the mere principles and design guidelines of the 
traditional, more ‘interface-centered’ HCI research (Gould 1988). It is also interesting to 
see that while UCD provides a bridge for usability issues and the user-centered approach 
from HCI to SE, it is also bridging another gap, namely the gap between SE and IS 
(Göransson 2004, p. 51). UCD is becoming a kind of hybrid of these two. Instead of mere 
engineering of the software, it is also highlighting the importance of understanding the 
context of use of that software, i.e., the software-based information system as a whole. 
UCD is developing (or integrating) systematic, “engineering” practices to ensure that 
knowledge concerning user needs and other contextual issues of the new “IS” becomes 
managed as part of the whole development process. 

Today UCD has become a comprehensive, integrated approach to application 
development (Butler 1996). UCD has been concentrating on the development processes 
for producing usable systems and integrating this perspective into contemporary industry 
practices (Karat & Karat 2003). The ISO 13407 standard on human-centered design 
processes for interactive systems was a major step forward in this work. It provided, at 
last, a concrete complement to existing practices which covered all the different life cycle 
phases through which a new software artifact was developed (ISO 1999, Karat & Karat 
2003)142. The existing SE processes were very much established before the usability 
movement (Grudin 1991a, ISO/IEC 1995), and therefore, at least in principle, the new 
standard strengthened UCD’s position within the software industry (Earthy et al. 
2001143). It was also taken as a framework for the combination of many different user-
centered methodologies, and their alignment with other development processes (Maguire 
2001b). In fact, inspired by software process improvement (SPI) research, UCD today 
has also developed into research and standards for assessing the usability capability of 
development organizations (ISO/IEC 2000144, Earthy et al. 2001, Jokela 2001). UCD, i.e., 

                                                           
140 Or “human factors/user interface specialists” or “interface engineers”, etc. 
141 Vol. 13, No. 1-2, January-April, 1994. 
142 The main activities of the ISO 13407 standard are: to understand and specify the context of use, to specify 
user and organizational requirements, to produce design solutions, and to evaluate designs against requirements 
(ISO 1999). 
143 Although the bridging between the two fields in practice is still in its infancy. See for example the series of 
workshops hosted by the IFIP Working Group 2.7/13.4 (User Interface Engineering): “Bridging the SE & HCI 
Communities” (http://www.se-hci.org/bridging/index.html (valid June 2005)). 
144 ISO TR 18529 is a usability maturity model to be used together with the ISO 13407 process model, and it is 
meant for the process assessment of user-centered design (Earthy et al. 2001). 
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the user-centered approach to development, represents the concept of a development 
approach with a user-centered attitude (as in Göransson 2004). Knowledge concerning 
the real needs of the real users drives the development, while UCD principles and 
practices are followed. 

3.2.1.2 The principles of the user-centered approach 

UCD has become a prevailing paradigm for managing the design and development of 
usable products (ISO 1999). To repeat, according to the ISO 9241-11 standard usability 
means the “extent to which a product can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a specified context of use” (ISO 
1999). From the point of view of this study, UCD as a focus on users means that 
knowledge concerning real users and their real needs is integrated into the life cycle 
processes of development. In order to be satisfactory, the system should respond to the 
needs and requirements of all the potential stakeholders of the system (Nielsen 1993). 
According to the ISO 13407 standard, the main principles of UCD are: 

− the active involvement of users and a clear understanding of user and task 
requirements, 

− an appropriate allocation of function between users and technology, 
− the iteration of design solutions, and 
− multi-disciplinary design. 

Appropriate allocation of function between users and technology has always been a core 
issue in HCI. Although it is perhaps the most important principle from the point of view 
of users’ final satisfaction with the product, from the point of view of this study it belongs 
to the more concrete part of development. Since the focus of this study is more on the 
early phases, i.e., the more conceptual part of the development, I will concentrate more 
on the other principles. Active involvement of users could actually be seen as a fifth 
principle of its own (see also Gulliksen et al. 2003). The reason for the involvement of 
users is basically twofold. First, users are valued as a source of knowledge concerning 
users, their tasks, and the context of use, in order to understand and specify the 
requirements (as in the first principle). Second, users are involved as evaluating the 
(suggested) solutions. This becomes more visible in the third principle. An iterative 
approach is favored in order to iteratively specify the users’ requirements and evaluate 
suggested solutions against these requirements, independently of the phase of 
development. This principle is based on the idea that it is not possible to get the product 
right the first time, and that the organization should therefore “manage life in a sea of 
changes” (Gould 1988). Feedback from “the real world” is considered as a valuable 
source of information for further development. Multi-disciplinarity means to have as 
many different skill areas and viewpoints involved (in addition to users) in order to make 
appropriate trade-off decisions. (ISO 1999.) In addition to these, I would still highlight 
the principle of “early focus on (prospective) users” provided by Gould (1988, see also 
Nielsen 1993, p. 17). I believe that it is important to remember this principle, especially 
when thinking about the more technology-push type development involved in new high 
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technology innovations. Initial decisions about who the users will be, what the new 
artifact should do, and how the users would benefit from it should drive the development 
from the very beginning. During the iterative development phases it is more than likely 
that these initial decisions need to be changed. However, this change would be managed 
as a natural part of the whole development effort. To conclude – and in awareness of the 
problems of defining the approach (e.g., Karat 1996) – it could be said that the user-
centered approach to software development is an endeavor toward a development 
practice (guided by user-centered principles) that will produce new software to fit well 
with the real needs and requirements of well-known users. 

3.2.1.3 Early phases and the user-centered development approach 

The core issues of UCD relate to two main areas concerning the confusing and 
conceptual early phases of product development. First, evaluation conducted by real users 
has always been part of the user-centered approach145. Feedback, especially early 
feedback, was also found to be essential for flexible approaches to product 
development146. As part of the conceptual work activities, the early feedback in UCD 
means that (early) evaluation should provide feedback for further development by 
comparing the evolving product (i.e., scenarios, mock-ups, prototypes, early versions, 
etc.) with potential users’ expectations (ISO 1999). Feedback during the conceptual part 
of the work is also connected to the second issue, which will be elaborated more 
thoroughly, namely the relation to requirements. 

From the point of view of understanding and specifying requirements, in UCD it is the 
users who are considered to be the best source of knowledge related to the application 
domain. To know who the users are, and what they really want, and to understand their 
context of use in order to integrate this knowledge to functional and other requirements, 
are the special focus areas of the user-centered requirements process (ISO 1999). The 
needs and requirements for the new product are supposed to be elicited from the real 
users. However, while this “user-and-domain-informed” (Lewis et al. 1996) approach has 
recently concentrated on integrating the approach with the traditional SE processes, the 
process of RE (as part of SE) actually encompasses the same field already (e.g., in 
Hutchings & Knox 1995). RE is a kind of “engineering”-oriented process refinement to 
the system analysis of the IS field. While Nielsen justifies UE by its ability to reduce cost 
overruns in software projects by preventing such problems as “frequent requests for 
changes by users, overlooked tasks, users’ lack of understanding of their own 
requirements, and insufficient user-analyst communication and understanding” (Nielsen 
1993, p. 5), at the same time Kotonya and Sommerville from the RE field state that “the 
failure of software to satisfy the real needs of customers is the most visible manifestation 
of the problems of establishing an adequate set of requirements for a software system” 
(Kotonya & Sommerville 1996). 

                                                           
145 (E.g., Grudin 1991b, Holtzblatt & Beyer 1993, Butler 1996, Hartson 1998, Helander et al. 1997, Wichansky 
2000). 
146 (E.g., in Cusumano & Selby 1995, Cusumano & Yoffie 1998, MacCormack et al. 2001, Iansiti & 
MacCormack 1997, MacCormack & Verganti 2003). 
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Traditional RE has focused very closely on the fundamental activity of the modeling147 
of requirements (e.g., Nuseibeh & Easterbrook 2000, Yu 1997). However, recently there 
have been some interesting extensions to this tradition. First of all, research on RE has 
started to pay more attention to organizational issues and to the context of use148. 
“Understanding users, their needs and how they operate within the context of the 
proposed system and as part of the wider organizational setting can greatly increase the 
likelihood of successful projects, particularly in terms of increased real-world accuracy 
and completeness of the requirements document” (Coughlan & Macredie 2002). This also 
leads to another enhancement, namely the recognition of differing viewpoints on 
requirements149. While traditional RE has been considered as an area for developers only, 
the need also to support stakeholder negotiation has been acknowledged because of their 
often-conflicting requirements (Coughlan & Macredie 2002). Communication is needed 
for a more comprehensive understanding of the problem space. This more socially-
oriented viewpoint “advocates an emergent and collaborative nature to requirements, 
suggesting that they do not simply exist in the social setting awaiting capture, but emerge 
as part of ongoing interactions and negotiations between participants”. Finding the 
requirements is not an easy task. Extensive communication is needed in order to build a 
shared understanding among the participants, since without such an understanding, the 
user needs will not be addressed. (Coughlan & Macredie 2002.) Interest towards a more 
direct link between customers and developers, e.g., user participation, has also emerged 
(e.g., Saiedian & Dale 2000). 

So, like UCD, RE also seeks to reduce uncertainties during the early phases of 
development. The world of indefinite requirements is very complex and inconsistent. 
Even at best, the final decisions for the solutions are always some kind of compromise or 
trade-off between alternative possibilities. However, the decisions need to be made. 
While traditional, model-oriented RE has mostly concentrated more on the concrete “late 
phase” of RE, with the decisions already made, there has recently been interest in the 
“early phase”, where the aim is to support the more abstract world of reasoning with 
differing interests and alternatives (Yu 1997, Kotonya & Sommerville 1996). Both RE 
and UCD, as well as IS, recognize the importance of widening the scope from mere 
technology to the organizational context of users. However, instead of highlighting the 
users as the main source of knowledge, RE also places equal weight on other important 
viewpoints interested in the outcome (e.g., Kotonya & Sommerville 1996). While this is 
done in the hope of reducing uncertainty concerning the requirements, in fact it further 
increases the complexity by introducing more – often differing – ideas, viewpoints, or 
“value propositions” (as in Gordijn & Akkermans 2003). Effective multi-disciplinary 
communication, and the use of participative methods, becomes emphasized in order to 
reach a shared understanding. However, there is no easy way to come up with such a 
common understanding. Very often the customers and actual user do not even know what 
they want. The final solution is something that requires trade-offs between social and 
                                                           
147 See, for instance, the editoral in Requirements Engineering journal’s special issue on model-based 
requirements engineering (Menzies 2003). 
148 (E.g., Potts 1997, Andreou 2003, Coughlan & Macredie 2002, Galliers & Swan 2000, Coakes & Coakes 
2000, Cherry & Macredie 1999). 
149 (E.g., Coughlan & Macredie 2002, Nuseibeh et al. 2001; see also research on viewpoints Kotonya & 
Sommerville 1996, Sommerville & Sawyer 1997b, Viller & Sommerville 2000). 
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technical issues. Normally neither the developers nor the users are experts in both the 
application and the solution domain, but they need to learn the other in order to be able to 
reach a mutual understanding. This takes time. Therefore, both RE and UCD 
acknowledge the fact that less certainty concerning the solution demands a more iterative 
approach, with continuous feedback. 

In a way, it could be seen that both RE and UCD are on their way towards something 
common (see also Kujala 2002). While RE is coming out of the technical world of 
software engineers and processes, UCD, on the other hand, is promoting the user focus to 
the developers in the process world. Interestingly, RE is also considered as a “multi-
disciplinary” and “human-centered” process in SE (Nuseibeh & Easterbrook 2000). I 
would say that UCD, and especially the ISO 13407 standard, is at least one step ahead on 
this road. Perhaps, with its orientation towards iterative evaluation of the solution 
proposals against the requirements, UCD takes a more comprehensive viewpoint on the 
whole development. It jumps out of the RE process and integrates the user-centered 
approach with other processes (e.g., design and testing) as well. While RE is iterative 
only within the requirements process, the iterativeness of UCD covers the whole life 
cycle of development. “Human-centered design process should start at the earliest stage 
of the project, and should be repeated iteratively until the system meets the requirements” 
(ISO 1999). 

From the point of view of the early phases, then, both RE and UCD favor a multi-
disciplinary approach with an adequate mix of participants representing the problem 
domain. While in principle RE takes a more comprehensive view of the differing 
viewpoints of multiple stakeholders concerning the whole problem domain, UCD 
concentrates only on human and organizational requirements. However, as a complement 
to SE, in principle it does not exclude this wider perspective of the RE process, but 
complements it by highlighting the special importance of real users as sources of 
application domain knowledge. Perhaps this is also why UCD is greatly influenced by the 
socio-technical movement of IS, e.g., in methods (task analysis, stakeholder analysis, 
field studies, prototyping, etc.; in Maguire 2001b) and in advocating user involvement150 
as in participatory design. However, there is one more interesting feature peculiar to 
UCD, namely the early focus on users, meaning the time when the “initial concept for the 
product or system is being formulated” (ISO 1999). There is no such conception 
necessary in RE, or even in IS. I believe that this is the inheritance from UCD’s roots in 
traditional HCI, and in fact a very central one, when considered from the point of view of 
software NPD. Traditional HCI has attracted a great deal of interest, especially within the 
product business (Grudin 1993, Grudin & Markus 1997). 

“Software Engineering was formed to address issues in managing large projects, 
often the result of competitive contract awards; Information Systems has focused 
on the internal development of systems by large user organizations; and Human-
Computer Interaction has focused on issues arising from developing commercial 
off-the-shelf software.” (Grudin & Markus 1997). 

                                                           
150 In fact, RE too has recently paid attention to the more socially-mediated approaches in contrast to more 
traditional structured processes (Galliers & Swan 2000). 
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While these different fields are moving closer to each other, UCD, as a critique of the 
mere evaluation movement of HCI, naturally highlights the importance of an early focus. 
This “confusion” brings us to one of the core issues of this study, i.e., to the special 
characteristics of the user-centered approach in software NPD. 

3.2.1.4 User-centered approach in software NPD 

The HCI background is very influential when looking at UCD in product development. 
Traditionally, usability research in HCI has mainly focused only on the user interfaces 
(Baecker & Buxton 1987, Helander 1988; see also Myers 1994, Butler 1996). This is 
natural in the light of a market with many different users and user groups. Focusing 
generally on human-computer interaction and computer dialogs has been, in terms of 
history, a natural step forward in paying attention to the usability of the new systems 
(Grudin 1993). While leaning on general theories that will suit a large number of users, it 
has been natural to look at cognitive psychology and other, individual-centered 
approaches. During the spread of personal computing in the 1980s, it was possible to 
ignore the social and organizational concerns of software products, since the product 
market was for applications used by individuals (Grudin 1991a). Focusing on interface 
issues provided sufficient qualitative distinctions to gain success in the market. Because 
of this background in a particular knowledge area, usability has also been considered as a 
special area of expertise in product organizations (Siegel & Dray 2003). Traditionally, 
this has been a more proscriptive than prescriptive role (Lewis et al. 1996). Laboratory 
experiments, heuristic evaluations, and expert reviews as well as user interface design 
and company standards have been the typical areas of operation of these usability 
experts151. 

As discussed in the process section (3.1.3), the flexible approaches typical of software 
NPD resemble the technology-push type of development with high market uncertainty. It 
has also been suggested that the traditional HCI approach to product development is also 
too technology-driven. Compared to the UCD approach, there is not enough contact with 
the expected users during the whole development process (Vredenburg 2003.). UCD, on 
the other hand, is considered fundamentally as a user-driven “outside-in” approach, with 
real users involved during all phases of development (Vredenburg 2003). Even though 
there have been some counter-arguments (e.g., Heinbokel et al. 1996), UCD has also 
been considered beneficial (Vredenburg et al. 2002, see e.g., Parker & Sinclair 2001). In 
addition to interface and evaluation issues, attention is also given to the organizational 
context of use (e.g., Nardi 1996). Together with this evolution of the focus in research 
and design (Grudin 1990, Grudin & Markus 1997), the sphere of operations of usability 
experts has also evolved152 (e.g., Karat 1997).  

Confusion around the “context of use” in software NPD. In addition to evaluations, 
usability experts have started to conduct different types of field studies with the help of 

                                                           
151 (E.g., Curtis & Hefley 1994, Rosenzweig 1996, Anderson et al. 2001; see also Stewart & Travis 2003). 
152 Although there might also be some cultural differences between the U.S. and Scandinavian countries 
(Borgholm & Madsen 1999). I believe that this is partly due to their historical background: HCI in the U.S. and 
participatory approaches in Scandinavia. 
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methods from social sciences. In addition to interviews and observation, ethnographic 
studies (e.g., Lewis et al. 1996, see also Fields & Wright 2000 the special issue of the 
International Journal of Human-Computer Studies) and contextual inquiries with close 
contact with users have been favored as a way of gaining a deeper understanding of the 
context of use and users’ needs. Recently there have even been attempts to integrate 
ethnography with usability testing, in so-called “ethnographic field trials” (Dray et al. 
2002), where user experience with the product is evaluated longitudinally in their natural 
work setting over time. Furthermore, in order to understand the real needs and 
requirements of the users, participative approaches with some specified users have also 
been favored (e.g., in Borgholm & Madsen 1999, Bødker & Buur 2002). In fact, the 
methods used in the flexible development approaches (Section 3.1.3) to involve users 
more closely in development by either “implanting” their normal working environment 
into the development environment (Baskerville et al. 2003) or with close face-to-face 
collaboration in an agile way (see e.g., Abrahamsson et al. 2002), could also be seen as 
implementations of a user-centered approach. Instead of reference groups of customers, 
these flexible approaches highlight intimate access to real users when capturing fuzzy and 
fast-changing requirements. 

However, this context of use, as a central area of concern for UCD (ISO 1999) has 
been considered confusing in software NPD. As important as it is, it is not very clear 
what to do about it (Karat & Karat 2003, p. 535). This is unsurprising, since the origins of 
the approach are in the market-pull type of contract-based business. “Today, product 
development projects in particular have acquired the same motivation to involve users 
that in-house development projects had 10 years ago” (Grudin 1991a, p. 63). Yet the 
focus on users differs depending on the software business type. In contract business the 
users are known, and there is often even a preliminary specification to start with. In 
product business, on the other hand, at the beginning of the development there are only 
some preliminary ideas about who the potential users are (Grudin 1991a). Even in 
market-pull type business, the relationship between one and many users or customers is 
confusing. The context of use usually refers to some specified users. However, when one 
has to deal with a large customer population, products must be applied in diverse 
organizations, and the product is “as good as the accuracy of the contextual assumptions 
made by its designers” (Potts 1995). Even within the same context, there might be many 
types of users. In fact, there is also confusion between the user and the customer (see e.g., 
Poltrock & Grudin 1994). Customers buy the product but they are not necessarily the 
ones who use the product, or experience the product (as in Berry et al. 2003). Although 
usability is important, increasing total value for the customer is critical for competition 
(Messerschmitt & Szyperski 2004). It is natural that users and customers do not always 
share all their needs concerning the product153. And furthermore, in product development 
there is not just one specified customer but a market of potential customers154. Involving 
users in product development means involving some representative sample of the 
potential users (e.g., Butler 1996, Vredenburg 2003). Especially under high market 

                                                           
153 ‘Customers’ may be more interested in productivity or operational cost issues than usablity (Messerschmitt 
& Szyperski 2004). 
154 In fact today, with the World Wide Web, there might be enormous amounts of potential users (Deshpande & 
Hansen 2001). 
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uncertainty, care must be taken when selecting suitable representatives (MacCormack 
2001). The chosen set of users may be too limiting (Grudin 1993). In addition, there are 
recent indications that the whole concept of context of use is broadening (Karat 1997, 
Dray 2000, Thomas & Macredie 2002)155, causing further complexity within the issue. 

This all goes back to the requirements process. Contextual studies with real users are 
expected to deepen the developers’ understanding concerning the real needs and 
requirements of the real users. In software NPD, however, this conceptual part of 
development has become a special release-planning process, where a continuous flow of 
requirements are gathered and prioritized for the forthcoming product releases. The 
process was clearly separated from the more concrete part of development. From the 
point of view of UCD, this means that the control of the whole process is also lost156. The 
main functionality of the new product is defined (by a different group of people) before 
even the development team is formed, causing a distinction between the functionality of 
the product (i.e., the conceptual part of development) and its interface (i.e., the concrete 
part of development) (Grudin 1993). Another important characteristic of the flexible 
approaches was also the ability to change development priorities as customers or 
technologies change during the development effort (Cusumano & Yoffie 1998, p. 308). 
The conceptual part of development in software NPD became more of a cross-functional 
process with (as in NPD) additional concerns for strategic issues as well. The issue of 
requirements gets a new meaning while, in addition to the development function, the 
requirements process is linked to other organizational functions too – like marketing and 
sales (Hutchings & Knox 1995). According to Hutchings and Knox, requirements are 
seen as the outcome of a multi-disciplinary decision effort collaboratively reflecting 
customer experience (Hutchings & Knox 1995). To be able to manage the UCD process 
as a whole, UCD professionals157 need to switch between the conceptual part and the 
concrete part of development.  

Unclear position of UCD professionals. In product organizations (at least in 
established ones), UCD professionals have mainly been considered as people with a very 
limited area of expertise in development, often forming their own special unit or, as 
Mayhew put it, a “usability engineering function”158. Providing tools and methods for 
usability development (Maguire 2001b, Rosenbaum et al. 2000, Vredenburg et al. 2002), 
UCD professionals have been connected to different development projects based on the 
needs of the projects as well as the resources available (Borgholm & Madsen 1999). They 
are included in development areas such as requirements analysis and product planning 
and specification, in the development and evaluation of prototypes and systems, in the 

                                                           
155 E.g., the whole technical environment of use (e.g., home environment), and changing demographics of the 
users (e.g., young children and elderly people). 
156 Unfortunately, this conceptual part being traditionally the responsibility of the marketing function, in the past 
this has often also meant that the RE process has been almost totally missing in software NPD (see e.g., 
Kauppinen et al. 2004). 
157 I will now use this term as a synonym for other terms (e.g., usability experts/specialists/engineers or 
UI/HCI/UCD or human factors specialists) used related to the people in organizations with special knowledge 
concerning human-computer interaction and user-centered development issues (see also Karat & Karat 2003). 
158 (Mayhew 1999b; see also Borgholm & Madsen 1999, Siegel & Dray 2003, Vredenburg et al. 2002, and the 
special section on the diversity of UCD practitioners Dykstra-Erickson 2001). 
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design of documentation and training, in installation, and in user support159. However, 
even though the industry is still in the phase of adopting and implementing UCD 
processes160, when implemented, the position of UCD professionals in the company is not 
always very fortunate (e.g., Poltrock & Grudin 1994) 161.  

Apart from the usability evaluations and field studies, “the inherent dynamics of 
specialization within a corporate context” has led to a situation in which UCD 
professionals feel that they do not have enough influence on the final solutions (Siegel & 
Dray 2003). Gaining a more powerful role and getting involved earlier in the 
development project is considered problematic, because in product organizations UCD 
professionals do not usually study the requirements. It is within the field of other 
functions (Siegel & Dray 2003), typically marketing. Contrary to the suggestions of the 
UCD principles, the final product should not respond to the requirements stated by the 
representative – perhaps even participative – users only. Instead, product development is  

“always done within a context of design trade-offs and limited resources. We are 
certainly justified in focusing some attention on user involvement, but we must do 
so while keeping in mind the difficult necessity of multi-disciplinary 
communication.” (Karat & Karat 2003, p. 540). 

The challenge is that UCD addresses issues which fall under different organizational 
functions (Earthy et al. 2001). From the point of view of the conceptual part of 
development (i.e., the early phases of development), this means that in addition to users 
or UCD, other organizational functions are also sources of knowledge for requirements 
(Kauppinen et al. 2004), or value considerations (Boehm 2003). Some of the knowledge 
sought out through UCD activities may actually be gained by market research162 (e.g., 
Siegel & Dray 2001). Marketing collects detailed data on customers and users in different 
target markets, etc. (Nielsen 1993, p. 85). Yet they do not employ any methods familiar to 
usability experts, and it is possible that their results are poorly communicated to the 
development (Nielsen 1993). The same also pertains to evaluation. Direct contact with 
users during the usability evaluations provides feedback not only for the current product 
release. “A newly released product can be viewed as a prototype of future products” 
(Nielsen 1993, p. 110). Early feedback on the performance may also be considered as a 
strong link to the target market (MacCormack et al. 2001, MacCormack 2001). 
Furthermore, more “passive” sources like user complaints, modification requests, and 
calls to help lines may provide valuable feedback for future development (Nielsen 1993), 
not to mention trade shows and training courses. Interestingly, these same indications 
appear in discussions on the “holistic user interface” for a product. Instead of a mere 
human-computer interface, a holistic user interface refers to “all parts of the product the 
user sees and interacts with” (e.g., packaging, manuals, CDs, installation, customer 

                                                           
159 (Carroll 2002, see also Strong 1995, Hartson 1998, Vredenburg et al. 2002, and the special section in CACM 
Madsen 1999). 
160 (E.g., Aucella 1997, Dray & Siegel 1998, Tudor 1998, Metzker & Offergeld 2001, Radie & Young 2001). 
161 Interestingly, it seems that implementing a UCD approach in organizations follows a somewhat similar 
progression to the expertise itself (e.g., in Radie & Young 2001). 
162 Although traditional market research may be of limited value (MacCormack 2001). Instead, early feedback 
(MacCormack 2001) and qualitative market research approaches (Cusumano & Selby 1995) seem to be 
preferred. 
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support, training, etc.) affecting the user experience of the whole product. (Haw 1998.) 
The final product is the outcome of a “complex integration of many perspectives and 
considerations: business and market factors, technological possibilities and constraints, 
design constraints and trade-offs, and deep understanding of users and their interaction 
with the technology“ (Siegel & Dray 2003). 

While UCD professionals feel uncertain about their position in the organization, there 
have been also remarkable discussions on “justifying the costs” of usability and the user-
centered approach (e.g., Bias & Mayhew 1994, Lund 1997, Donahue 2001). Other 
functions (e.g., management, marketing, sales) should recognize the possible contribution 
of UCD. They should realize the potential of the tools and methods as alternative ways to 
gain market information (e.g., Lewis et al. 1996). It has also been suggested that UCD 
professionals should learn the language and skills of business management (e.g., Stewart 
2002). The value of the approach might be best appreciated when the role of UCD 
professionals is seen as interdisciplinary (Rosenzweig & Ziff 2003) and the approach is 
considered as supporting the company’s revenue strategy with return on investment 
increasing over time (Lewis et al. 1996). In order to overcome the barrier of being just a 
separate expertise area among other functions, Siegel and Dray suggest that UCD should 
be considered more like a “meta-issue” having broad implications for the work of a large 
cross-section of the whole company. Instead of just “influencing” the bottom line, it 
should directly determine it (Siegel & Dray 2003). This all means that in order to follow 
UCD principles and to produce successful products, UCD needs to cross borders – 
borders between conceptual and concrete parts of development as well as borders 
between different organizational functions163. 

Recent attempts to cross borders. There have been some recent attempts to further 
develop the standard UCD processes (Jokela 2001, Gulliksen et al. 2003, Vredenburg 
2003), which are interesting also from the point of view of this study. First, the context of 
use has been one of Jokela’s (2002, 2001) focus areas in his studies on usability 
capability improvement164. Jokela has developed the ISO 13407 reference model further 
by “splitting” the process of understanding and specifying the context of use into two 
separate processes. He adds a totally new process for “identification of user groups”, and 
multiple instances for the “context of use” process. The process for user group 
identification overlaps a great deal with the more traditional work of the marketing 
function. The purpose of that process is to identify each of the different groups of users 
and the number of users in these groups (Jokela 2002). As such, it relates more widely to 
the area of defining the user, customer and perhaps even market needs and requirements 
for the new system165. Then, to make multiple instances of “context of use” visible, 
Jokela’s refinement of the model enters the area of product development further, by 
possibly accounting for many possible customers instead of only one. So this “splitting” 
indicates an important change needed when moving from an SE-oriented approach to a 
more general approach also suitable for software NPD. Jokela’s refinement to the model 

                                                           
163 (E.g., in Hutchings & Knox 1995, Haw 1998, Siegel & Dray 2003, Rosenzweig & Ziff 2003; see also Grudin 
et al. 1987). 
164 This work was also done in the UCD-II research project. 
165 This is unsurprising, since the industrial partners of the UCD-II research project were all companies in the 
product business. 
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also makes a strong and clear distinction between the more traditional area of HCI 
research, user interaction design, and UCD. User interaction design is not, as such, a sign 
of a UCD since it is considered as a more natural process of contemporary development 
of systems with user interfaces, even without any kind of user-centered approach (Jokela 
2002). Jokela has also recognized the need to extend the approach from merely dealing 
with the development project166 to include such organization-wide areas as infrastructure 
(i.e., resources) and business strategy. The latter means that the business benefits of 
usability should be understood and utilized at the strategic level of business planning. 
(Jokela 2001.) 

Gulliksen and co-authors (Gulliksen et al. 2003) has mentioned issues such as a 
professional and user-centered attitude as important principles of UCD. While a 
professional attitude refers to the fact that there is a need for different sets of skills and 
expertise throughout the whole development effort, a user-centered attitude means that all 
the people involved should be committed to the importance of UCD. (Gulliksen et al. 
2003; see also Bevan 1999.) UCD denotes a cultural change providing an alternative 
development approach with activities, practices and methodologies appropriate for 
different phases of development (see e.g., Tudor 1998, Dray & Siegel 1998, Mayhew 
1999b). UCD is linked to “product planning, quality, reduced risk, efficiency, and 
innovation” (Siegel & Dray 2003). However, there are problems on the way. There are 
fundamental differences (e.g., in perspective, reward structures, and expertise; see 
Rosenzweig & Ziff 2003) between the different organizational functions. As Siegel and 
Dray point out, there is a structural problem here, since it is very difficult to interfere with 
“business as usual” (Siegel & Dray 2003). Adopting the user-centered approach may 
require substantial organizational change (Grudin 1991a). It is at least necessary to pay 
more attention to cross-functional interaction. 

Finally, Vrendenburg (2003, see also Berry et al. 2003) presents an interesting 
overview of the progress of IBM’s user-centered approach. Their “user engineering” 
(UE167) approach is a practical attempt to integrate UCD processes into product 
development. Rather than a user-driven approach, they call it a business-value-driven 
approach. They manage to integrate the UCD approach in the processes of collecting 
market and business requirements as well. Their design process starts with the collection 
of relevant market definition (including target markets, types of users, prime competitors, 
market trends, high-level needs and preferences, etc.). Then detailed information is 
collected from representative users within the target markets. Together with conceptual 
design, they also start the design of the so-called “user experience”168. Their new user-
centered approach to product business tries to ensure that “the design of offerings is 
based on a combination of factors that contribute to the business value rather than being 
based solely on user input” (Vredenburg 2003, p. 520). UCD is integrated into their 
development processes with particular focus on the early phases (Vredenburg 2003, p. 
518). Although their attempt to integrate UCD into the whole development organization 
                                                           
166 Which he calls “usability engineering” (Jokela 2004). 
167 Note that there is a risk of getting confused with the abbrevations UE and UCD here. UE means the user-
centered approach to product development (Vredenburg 2003); UCD also seems to be different from the ISO 
13407 standard (Berry et al. 2003). 
168 The day-to day interaction of the user with all aspects of the whole system solution – everything the user sees 
and touches (Vredenburg et al. 2003, Vredenburg 2003). 
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is not unique (e.g., Hammar Cloyd 2001), Fig. 18 provides an interesting characterization 
of the progress from a “traditional” product development approach to their current user-
centered approach as “UE” (cf., footnote 167), through their earlier version of a more 
traditional “UCD approach”. A few of the differences are worth mentioning in more 
detail. 
 
Traditional Approach UCD Approach UE Approach 
Technology driven User driven Business value driven 
Component focus Solutions focus Enterprise focus 
Limited multidisciplinary 
cooperation 

Multidisciplinary team work Multidisciplinary role-based 
work allocation 

No specialization in user 
experience 

Specialization in user 
experience 

Specialization in all disciplines 

Some competitive focus Focus on competition Detailed focus on competition 
Development before user 
validation 

Development of user-validated 
designs only 

Engineering of user-validated 
models 

Product defect view of quality User view of quality System view of quality 
Limited focus on user 
measurement 

Prime focus on user 
measurement 

User measurement driven 

Focus on current customers Focus on current users and 
customers 

Focus on all stakeholders 

Fig. 18. Progression from traditional to UCD and then to UE (cf., footnote 167) 
approach (Vredenburg 2003). 

Instead of being just a user-driven approach, this product-oriented approach broadens the 
perspective to include business value. Market and business requirements are considered 
to be as important as user requirements. Instead of mere user input, the final outcome of 
the process is based on a combination of different factors affecting business value. Their 
new approach also extends the principle of multi-disciplinarity. Instead of a multi-
disciplinary team working towards a shared goal, they seem to concentrate on the 
integration of different skill areas. In many ways, this new approach seems to integrate 
the otherwise separate UCD practices into a more comprehensive, integrated UCD in the 
NPD context. The incorporation of multi-disciplinary team roles seems like a step 
forward toward a more cross-functional approach. However, Vrendenburg also notes that 
there are not yet many companies who have this kind of overarching end-to-end process 
in place. (Vredenburg 2003.) This also seems to be an engineering type of approach 
supporting the market-pull type business more, while demanding among other things that 
“there must be absolute clarity on business goals and vision for an offering, such that a 
UE team can be focused and directed” (Berry et al. 2003). This type of systematic 
approach may not be suitable for the more fuzzy early phases of very new products with 
high market uncertainty. Therefore it becomes interesting to review the NPD literature on 
this issue, i.e., to examine whether the concept of market orientation would again provide 
a more comprehensive understanding of this issue.  
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3.2.2 Market orientation in new product development 

For more than 20 years now, it has been widely recognized that knowledge concerning 
customers’ needs and wants is an important factor for NPD success169. For example, 
Cooper and Kleinschmidt (1995a) found that a market-oriented approach with customer 
involvement was one of the key characteristics of a high-quality NPD process. Focus on 
customers has also been one of the key fundamentals of the integrated product 
development (IPD) paradigm (Smith 1997). In fact, as early as 1969 Myers and Marquis 
(Myers & Marquis 1969 in Zirger & Maidique 1990) found that the most important factor 
for new product success was “identifying and understanding the user’s needs” (Zirger & 
Maidique 1990). In order to be successful, new products must provide significant value to 
the customer (Zirger & Maidique 1990170). Further studies have confirmed that strong 
market orientation171 is a significant characteristic of the ‘top performers’172 – 
increasingly so for radical new products (Salomo et al. 2003)173. Atuahene-Gima (1995) 
found that in addition to market performance, market orientation positively affected many 
of the NPD process activities174. In fact, Langerak and co-authors (Langerak et al. 2004) 
found that, rather than having a direct effect, market orientation affects NPD performance 
especially through its positive relationship to the proficiency of development activities – 
front-end activities in particular. 

Typically, in a product company, market orientation has been the special area of the 
marketing discipline. Marketing has been responsible for the two-way link to the outside 
world: bringing in the knowledge concerning customer needs and requirements, finding 
applications for the new technologies, and promoting sales (e.g., Griffin & Hauser 1996). 
Even though the roots of NPD are in the more technology-driven R&D domain, the need 
for a more customer- and market-oriented focus (during the late 1970s and early 1980s) 
highlighted the importance of the marketing knowledge and research (Nambisan 2003; 
see e.g., Srivastava et al. 1999). Therefore, major research on this subject matter also 
refers to marketing activities and is mostly published in the marketing literature. This 
section is organized into eight subsections. First (in Section 3.2.2.1) there is a short 
discussion showing the central meaning of this overarching concept. Following that (in 
Section 3.2.2.2), the most fundamental issues and definitions for the concept are 
discussed. In the third subsection (3.2.2.3), a review of perhaps the most well-known 
                                                           
169 (E.g., Cooper & Kleinschmidt 1986, Cooper & Kleinschmidt 1987, Cooper & Kleinschmidt 1995a, Cooper 
& Kleinschmidt 1995b, Cooper 1999; see also review Ernst 2002). 
170 According to Zirger and Maidique (1990), value can be measured in several ways: superior technical 
performance, lower design costs, a set of unique features, and superior product quality and reliability.  
171 In the NPD literature, there are a great deal of synonyms used for the term “market orientation”, such as 
market-driven, customer-driven, customer-oriented, customer-focused and marketing-driven (Biemans & 
Harmsen 1995). 
172 (E.g., Ruekert 1992, Jaworski & Kohli 1993, Slater & Narver 1994, Han et al. 1998, Ottum & Moore 1997, 
Langerak et al. 2004, Narver & Slater 1990, Atuahene-Gima 1995, Deshpandé et al. 1993; see also Ernst 2002). 
173 Note that there might be differences according to the perspective from which it is evaluated (marketing, 
R&D, or manufacturing) (Kahn 2001). Interestingly, Kahn found that only marketing managers perceived 
market orientation as significantly important for NPD performance. 
174 Market orientation has a positive impact on the proficiency of the predevelopment activity, the proficiency of 
the launch activity, service quality, product advantage, marketing synergy and teamwork, but not on technology 
synergy (Atuahene-Gima 1995). (See footnote 287 for an explanation of this synergy). 
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practical approach to market orientation, QFD (quality function deployment), is given. As 
will be seen, market orientation is a much wider concept than mere customer orientation. 
In the fourth subsection (3.2.2.4), this distinction is discussed in order to build the 
groundwork for more detailed discussion of customer orientation. First (in Section 
3.2.2.5), the also quite well-known Lead User Method is presented as one practical way 
to gather customer knowledge. After that (in Section 3.2.2.6), especially the relationship 
between customer orientation and market uncertainty is discussed again as the 
groundwork for the most essential discussion from the point of view of this study, namely 
market orientation in relation to radical NPD (Section 3.2.2.7). Until the last subsection, 
the review concentrates mainly on the gathering of market (or customer) knowledge. 
Therefore, in the last subsection (3.2.2.8), it is necessary to widen the scope of market 
orientation towards cross-functional integration. 

3.2.2.1 Market orientation and performance 

According to Biemans and Harmsen (1995), market orientation has been related to 
factors such as: 

− The degree of contact with the market/customers during product development. 
− The degree of up-front marketing. 
− Representation of the marketing function in the development process. 
− Knowledge about markets and competitors. 
− Having marketing competence. 
− The use of advanced market research techniques. 
− The degree of product superiority (from the customer’s point of view). (Biemans & 

Harmsen 1995.) 

Cooper and Kleinschmidt, the two grand old men of NPD research, have already shown 
the importance of market research and market orientation to the NPD effort (Cooper & 
Kleinschmidt 1986, Cooper & Kleinschmidt 1987, Cooper & Kleinschmidt 1995b; see 
also Montoya-Weiss & Calantone 1994, Ernst 2002). Four of their five key principles175 
for high performance are connected to market knowledge, and also to the early phases of 
development176 – i.e., to the core area of this research. 

First, in order to gain product advantage, the companies should build products with 
better value for money for the users and superior benefits for the customers, as well as 
higher product quality (as defined by the customer). 

“The key to this door177 lay with the customer: understanding what a benefit is; 
what superior performance is; what quality really means; and what customer value 
depends on. These are fundamental questions that can only be answered by seeking 
customer inputs throughout the project.” (Cooper & Kleinschmidt 1995b). 

                                                           
175 The fifth being the cross-functional integration discussed in the next section (Cooper & Kleinschmidt 
1995b). 
176 (Cooper & Kleinschmidt 1995b; see also Biemans & Harmsen 1995 for an analysis of the relationship 
between market orientation and key success factors for NPD found by Cooper). 
177 Technological prowess is the door to arriving at the superior value product (Cooper & Kleinschmidt 1995b). 
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Second, companies should build in this “voice of the customer”178 at every phase of the 
development project. Having “excellence in marketing” means quality execution of 
marketing activities from idea generation to launch. It should be an integral characteristic 
of every NPD effort involving “the preliminary market assessment, the detailed market 
studies (e.g., user needs-and-wants studies, concept tests, and competitive analyses), 
customer tests of the product (field trials), and the test market or trial sell in a quality 
fashion” (Cooper & Kleinschmidt 1995b). Third, quality execution of the up-front 
“homework”, i.e., predevelopment activities, is fundamental to the success. This means 
proficiency in the product definition activities that precede the concrete development 
phase of the product: the initial screening, the preliminary technical and market 
assessments, detailed market studies (market research), and the business/financial 
analysis. Fourth, and finally, before the concrete development of the product begins, as an 
outcome of the predevelopment activities the company should get a “sharp, 
comprehensive and agreed” product definition (target market, product concept, user 
benefits, positioning strategy, and product requirements and specifications). (Cooper & 
Kleinschmidt 1995b.) 

This all points towards market orientation being a critical factor for successful NPD 
(Biemans & Harmsen 1995). Strong market orientation means strong market research 
efforts and proactive identification of customer179 needs (Ernst 2002). The focus is on the 
early phases of development, but the integration of market knowledge throughout the 
different development activities is also considered important. In addition to the more 
conceptual activities for product definition, market orientation is also related to 
evaluation activities, with different types of market tests running parallel to the 
development activities: concept testing (customers’ reactions to a new product concept), 
prototype testing180 (customers’ evaluation of the alpha, beta and/or gamma prototypes), 
pretest market (simulation of a shopping environment), test market (limited launch), and 
launch (predicting future sales based on early sales data) (Ozer 1999). For example, a test 
market is typically conducted with an already fairly stable product in a carefully selected 
part(s) of the target market to gain information concerning the market share and sales 
forecasts as well as marketing variables etc. Market orientation is more than “marketing 
orientation” (Slater & Narver 1998). While “marketing” refers only to the marketing 
function in the company, market orientation becomes an organization-wide issue of 
“creating superior customer value181”. 

3.2.2.2 Fundamentals of market orientation 

Many definitions of market orientation have been provided (Kohli & Jaworski 1990, 
Narver & Slater 1990, Ruekert 1992, Deshpandé & Farley 1998). For Kohli and Jaworksi 

                                                           
178 See quality function deployment (QFD) later in this chapter (3.2.2.3). 
179 Note that the concept of ‘customer’ is ambiguous. Depending on the type of business, it may refer to users, 
consumers (also the ones who use the product), clients (the ones who buy the product), or even retailers and 
distributors (the ones through whom the product is sold) (Kohli & Jaworski 1990). 
180 Cf., e.g., Microsoft’s synch-and-stablize approach. 
181 Cf., footnote 170. 



 139

(1990), market orientation is the implementation of the marketing concept. The marketing 
concept means that the purpose of any company is to define the needs and wants of the 
customers in the target markets and to “satisfy those needs more effectively and 
efficiently than competitors” (Slater & Narver 1998). Market orientation is: 

“the organization-wide generation of market intelligence pertaining to current and 
future customer needs, dissemination of the intelligence across departments, and 
organization-wide responsiveness to it.” (Kohli & Jaworski 1990). 

Market intelligence is more than customers’ expressed needs. It also takes into 
consideration factors that may affect those needs, e.g., competition182 and government 
regulations (see also Bacon et al. 1994). It may be generated through many formal and 
informal means, by collecting either primary data or data from secondary sources (e.g., 
consultants). In addition to direct contact with customers, sales reports, customer 
databases, trade press, etc. are also used. In order to respond effectively to the gathered 
information, market knowledge needs to be disseminated and communicated (either 
formally or informally) throughout the other activities in the company. “It provides a 
shared basis for concerted actions by different departments.” Responsiveness to gathered 
and disseminated market intelligence means the selection of the target markets, producing 
products that respond to the needs, as well as distributing and promoting the products “in 
a way that elicits favorable end-customer response”. (Kohli & Jaworski 1990.) In the 
same way, Narver and Slater found three behavioral components of market orientation – 
customer orientation, competitor orientation, and interfunctional coordination (Narver & 
Slater 1990). 

Market orientation has also been considered as a fundamental part of corporate culture 
(Narver & Slater 1990, Deshpandé et al. 1993, Homburg & Pflesser 2000, Langerak et al. 
2004). Deshpandé and co-authors (Deshpandé et al. 1993) focused merely on the fact that 
information about the needs of customers is not enough. It is more the deeply-rooted 
values and beliefs in the organization that should actually support such a customer focus 
and pervade the organization. They believe that market orientation183 is a “set of beliefs 
that puts the customer’s interest first, while not excluding those of all other stakeholders” 
(Deshpandé et al. 1993). Market orientation is “the organizational culture that most 
effectively and efficiently creates the necessary behaviors for the creation of superior 
value for buyers” (Narver & Slater 1990). Day (1994a) talks about organizational 
capabilities becoming market-oriented. The overall objective of market orientation is “to 
demonstrate a pervasive commitment to a set of processes, beliefs, and values, reflecting 
the philosophy that all decisions start with the customer and are guided by a deep and 
shared understanding of the customer’s needs and behavior and competitors’ capabilities 
and intentions, for the purpose of realizing superior performance by satisfying customers 
better than competitors” (Day 1994a). Later in their generalization and synthesis of 
market orientation measures, Deshpandé and Farley (1998) go even further by suggesting 
that rather than in “culture”, market orientation becomes manifest in a set of customer-

                                                           
182 Note that in addition to understanding and evaluating customers’ needs, i.e., market potential, market 
orientation also includes the assessment of the competitive situation. 
183 Actually they talk about customer orientation, but from the point of view of this study their customer 
orientation is equal to market orientation (Deshpandé et al. 1993). 
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oriented “activities”. However, market orientation has been considered as a major, but 
also difficult, cultural shift from a more engineering-oriented culture. Homburg and 
Pflesser (2000) provide a more detailed description and structure of the fundamental 
components of market-oriented culture (the basic values, norms, artifacts and behaviors). 
According to Biemans and Harmsen (1995), the issue of market orientation is concerned 
with the extent to which the company is market-oriented, rather than simply whether it is 
market-oriented or not. 

Despite the many definitions given to the concept, they all seem to agree on 1) the 
focus on customers, 2) the focus outside the company boundaries, 3) the responsiveness 
to customers, and 4) the fact that there are also other forces that shape customers’ needs 
and expectations (e.g., competitors) (Jaworski & Kohli 1996). This type of “market 
sensing” activity needs to be embedded within the company in order to better anticipate 
and respond to continuously changing market requirements (Day 1994a). In practice, 
these principles of market orientation are implemented through ‘market-oriented’ 
activities. Cooper (2001) presents nine marketing activities that are mandatory in order to 
have a strong market orientation in NPD with the voice of the customer built in: 

Customer-based idea generation. Working with lead users184 and key customers to 
identify problems, gaps, and emerging opportunities for new solutions. 

Preliminary market assessment. An early, relatively inexpensive step designed to 
assess market attractiveness and to test market acceptance for the proposed new 
product. 

Market research to determine user needs and wants. In-depth, face-to-face, and on-
site interviews with customers to determine customer needs, wants, preferences, 
likes, dislikes, and buying criteria, as inputs to the design of the new product. 

Competitive analysis. An assessment of competitors – their products and product 
deficiencies, prices, costs, technologies, production capabilities, and marketing 
strategies. 

Concept testing. A test of the proposed product – perhaps as a virtual product or 
protocept – to determine likely market acceptance. 

Customer reaction during development. Continuing concept and product testing 
throughout the development phase, using rapid prototypes, models, and partially 
completed products to gauge customer reaction and seek feedback. 

User tests. Field trials or beta tests using the finished product (or commercial 
prototype) with users to verify the performance of the product under customer 
conditions and to confirm intent to purchase and market acceptance. 

                                                           
184 See the Lead User Method later in this chapter (3.2.2.5). 
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Test market or trial sell. A mini-launch or “soft launch” of the product in a limited 
geographic area or single sales territory as a test of all elements of the marketing 
mix, including the product itself. 

Market launch. A proficient launch, based on a solid marketing plan, and backed by 
sufficient resources. (Cooper 2001, pp. 120-121.) 

Langerak and co-authors (Langerak et al. 2004) also recently found that market 
orientation was positively related to proficiency in strategic planning, idea generation and 
idea screening185. Like in earlier studies, they found that market orientation does not, in 
fact, have a significant direct positive effect on NPD performance, but a mediated effect. 
In addition to innovation (Han et al. 1998) and learning (Slater & Narver 1995), market 
orientation also has a positive effect on these predevelopment activities, during which an 
in-depth understanding of customers’ needs and market attractiveness is developed 
(Langerak et al. 2004). 

Despite the great amount of research around the market orientation issue, less research 
has been carried out about the specific methods and tools appropriate for NPD practice 
(Tidd & Bodley 2002). There are many different techniques for market research and 
evaluation, such as surveys, focus groups186, concept testing methods187, conjoint 
analysis188, Delphi analysis189, quality function deployment (QFD), and lead users, as 
well as the different types of market tests related to the development process (prototype, 
pretest, test market). Recently, Tidd and Bodley (2002) listed a number of tools for NPD 
practice and studied their actual use. For idea generation and problem-solving during 
product development they identified approaches (methodologies) such as quality function 
deployment (QFD), design for manufacture (DFM), rapid prototyping, and computer 
aided techniques (CAD/CAM). For concept generation they listed surveys and focus 
groups, latent need analysis190 and lead users, close customer-developer relationships, 
competitive analysis, industry experts and consultants, extrapolating trends, building 
scenarios, and market experimentation as the best-known approaches (tools). Finally, for 
product commercialization and review they mention customer co-development, test 
marketing, and the use of alpha, beta and gamma test sites. 

However, as a single method and tool, many of these different activities (like surveys 
or focus groups) in themselves are not enough for ‘full’ market orientation. In order to be 
considered as a market-oriented company, the processes of gathering, disseminating and 
using market knowledge ought be more systematic (Day 1994a) – like in QFD. 

                                                           
185 Idea screening did not, however, affect NPD performance directly, only through its positive effect on 
strategic planning and idea generation (Langerak et al. 2004). 
186 Six to ten participants with a facilitator in an open and in-depth discussion about a new product (Ozer 1999). 
187 According to Ozer (1999): analogies, expert opinions, intentions, multiattribute models, focus groups, and 
scenario analysis/information acceleration. 
188 Conjoint analysis is a marketing research method for analyzing consumer trade-offs (i.e., the trade-offs 
among competing product options). An interested reader may find Green and co-authors (Green et al. 2001) 
useful. 
189 Delphi analysis is a method for coming up with a consensus among many different participants. An 
interested reader may find Rowe and Wright (1999) and Okoli and Pawlowski (2004) useful. 
190 “To uncover the unarticulated requirements of customers by means of their responses to symbols, concepts 
and forms” (Dimancescu & Dwenger 1995 in Tidd & Bodley 2002). 
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Furthermore, prototyping is more a typical process task of development than a special 
indication of market orientation. However, from the point of view of a user-centered 
approach to NPD, many approaches like “lead users” or “close customer-developer 
relationships” are relevant. Tidd and Bodley (2002) mention that deep market analysis 
and close relationships with lead customers were the most important approaches for novel 
products. Although they found that QFD was perceived as being of surprisingly low use 
and usefulness by the sample managers, QFD is perhaps the best-known approach for 
increasing the customer or market orientation of NPD. Nambisan (2003) mentions QFD 
and the Lead User Method as the two of the marketing discipline’s most critical 
contributions to NPD. Since QFD is considered as a systematic method to align market 
requirements with all the process phases of NPD, I will next describe it in more detail. 
However, customer involvement issues are even more closely related to the user-centered 
approach. Therefore, I will later also go into more detail concerning the Lead User 
Method (mentioned also in Cooper’s market-oriented activities, Cooper 2001). 

3.2.2.3 QFD 

As a response to the “scientific management approach” to product development (which 
includes, for example, overly-isolated functional departments;  see Govers 1996), quality 
function deployment (QFD) fosters cross-functional interaction and better attention to 
customers. It is a planning and communication (Hauser & Clausing 1988) process of 
transforming “the voice of the customer191” into all phases of NPD. Originally a Japanese 
process improvement for ‘quality’ design192, during the 1980s this approach spread to the 
U.S. and other countries, becoming a recognized and established193 practice particularly 
in successful NPD. (Chan & Wu 2002.) Although it has also been used in the software 
business as a total quality management (TQM) implementation tool for improving the 
requirements process (see e.g., Haag et al. 1996, Liu 2000), it has been considered 
especially effective in the NPD field of physical products (Cristiano et al. 2001). The 
basic idea behind QFD is to better respond to customers’ needs. Organizations should 
stop developing products based on their own impressions of what is required, and instead 
turn their attention to real customer requirements (Day 1993, Govers 1996). The primary 
application fields for QFD have been product development, quality management, and 
customer needs analysis, yet today the approach has also been expanded to deal with 
many other processes of a product company (Chan & Wu 2002). 

The QFD process. QFD represents a customer- and market-oriented process for NPD 
in which product specifications (hows) are based on customer needs (whats) and 
competitive analysis (whys) (Chan & Wu 2002). Instead of using the traditional systems 
for customer input, e.g., sales and marketing, QFD forces an organization to get in touch 
with the real customers. Their real wants and needs become the driving inputs for 

                                                           
191 “The voice of the customer is a hierarchical set of “customer needs” where each need (or set of needs) has 
assigned to it a priority which indicates its importance to the customer” (Griffin & Hauser 1993). 
192 (See the history of QFD, e.g., in Chan & Wu 2002 or Appendix E of ReVelle et al. 1998). 
193 See e.g., the US QFD Institute http://www.qfdi.org/ (valid June 2005), founded in 1993, and the International 
Council for QFD http://www.icqfd.org/ (valid June 2005), founded in 1997 (Chan & Wu 2002). 
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development (Day 1993). Customer needs analysis (customer attributes) is the first step 
in the process (Hauser & Clausing 1988). Organizations talk to their customers (Day 
1993). Customers’ perceptions of quality are also needed (ReVelle et al. 1998). The 
requirements, as “the voice of the customers”, are systematically converted to product 
characteristics194 (i.e., “qualities”) by the development teams in order to become the basis 
for further design (i.e., “action items”) (Day 1993). The most commonly-used technique 
of QFD is the “House of Quality” matrix195 (Hauser & Clausing 1988), where both the 
requirements (rows) and product characteristics (columns) are presented and 
supplemented by customers’ assessment of competitive products and additional technical 
considerations196 (e.g., tradeoffs). The mutual relationships between requirements and 
product characteristics are evaluated (with symbols), and based on the matrix objectives, 
with priority considerations, are set for each product characteristic. The principle of this 
matrix may be reproduced further by making the ‘hows’ of the matrix the ‘whats’ of a 
next, more detailed matrix for concept selection or product design etc197. In this way, the 
voice of the customer moves through the whole chain of development. This method may 
be applied even in other areas such as business planning, problem solving and test 
planning (Day 1993), but I will concentrate only on this more traditional QFD. The aim 
of the House of Quality is to get people in product companies to think along the ‘right 
lines’. (Hauser & Clausing 1988, Day 1993, Govers 1996, ReVelle et al. 1998.)  

According to Day (1993), the QFD approach aims to change the focus of development 
from reactive, corrective work to more “proactive” design work. More investment in the 
conceptual design of the product would decrease the number of changes needed in the 
prototyping phases and after (Day 1993). As an example, in the software field, QFD has 
been considered as a way to reduce maintenance work and to release resources for NPD 
(Haag et al. 1996). Improvement in quality leads to higher productivity with fewer 
changes, reduced defects, and less rework (Liu 2000). According to ReVelle and co-
authors (ReVelle et al. 1998), QFD melds three concepts into a single approach: 

− Transition from Customers’ Jargon to Technical Specifics. 
− Rational Representations of Linkages between the Customer and the Design. 
− Knowledge Gained from a Multifunctional, Interactive Design Team. 

QFD provides a well thought-out, integrated set of activities for transforming customers’ 
needs and wants into technical specifics, even including customers’ stated importance 
rankings. At the same time it provides graphical and structured tools for representing 
these linkages. Together with close collaboration between different organizational 
functions, it tries to guarantee that no factors get overplayed or ignored by others, but that 
collaboration in a diverse, knowledgeable team results in robust design. (ReVelle et al. 
1998; see also Özgener 2003 for the teamwork.) QFD is a process with which the 
company is able to make the necessary trade-offs between customers wants and needs 
                                                           
194 A variety of terms may be used for this, e.g., design requirements, technical requirements, product criteria 
(Day 1993), or engineering characteristics (Hauser & Clausing 1988), but for the purposes of this study I choose 
“product characteristics”. 
195 Originally a “Quality Table” (ReVelle et al. 1998). 
196 These technical considerations were represented at the top of the matrix within a triangle-shaped matrix that 
looked like a roof, thus the name “House of Quality” (ReVelle et al. 1998). 
197 Originally this was referred to as “Quality Deployment” (ReVelle et al. 1998). 
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and a company’s desires and capabilities to respond to those needs (Govers 1996). Some 
other benefits of QFD include the shortening of NPD cycle time and improvement in 
documentation of the development process (Özgener 2003). 

Details of market orientation. When starting a new NPD effort, companies following 
QFD need to be in touch with the people who will buy and use the product in order to 
ascertain the voice of the customers. Once this is known, other customer information may 
be gained through more traditional surveys, customer tests, complaints, competitive 
evaluations etc. First, the target market needs to be established in order to decide who the 
customers are who will be contacted. This means that basic market research needs to 
precede the process. The knowledge of the customers’198 wants and needs are gained 
through a survey – with or without product samples. (Day 1993.) In addition to the 
marketing function, other functions also bring their demands (both strategical and 
operational) for the customer data to be collected (Griffin & Hauser 1993). It is 
recommended that an outsider market-survey organization should be responsible for this 
survey, in order to maintain confidentiality and anonymity, yet some representatives from 
the company should also help to conduct the survey in order to hear the real comments 
(Day 1993). 

Obtaining knowledge concerning the customers’ needs is the most difficult and critical 
part of the process. It is essential to understand the customers’ true wants without 
influencing them with the company’s own expectations. (Govers 1996.) There are 
different ways to conduct such a survey: focus groups, interviews199, questionnaires, 
observations, etc. The survey should continue until the “root wants” are found. The actual 
comments of the customers are further shortened when entered into the matrix, but care 
must be taken with consolidation and abbreviation in order to retain the “essence” of the 
different voices. Items of a similar nature are often grouped together in the matrix (e.g., 
by using an affinity diagram200 team process). (Day 1993.) However, some major 
difficulties with QFD are related to the understanding of the customer requirements and 
to the size of the matrices (e.g., ReVelle et al. 1998). While the matrices should be kept as 
small as possible – between 25 to 50 requirements (Day 1993) – this is not very 
straightforward with typically 200-400 initial need statements (Griffin & Hauser 1993). 

When the rows of the matrix are finally ready, a new survey is conducted (typically a 
questionnaire), in order both to evaluate the importance of different voices and to carry 
out an evaluation of competitive products (Day 1993). Again, this is not without its 
problems. Firstly, customer satisfaction is a complex issue (Griffin & Hauser 1993). 
Griffin and Hauser found that there is no single best method for the collection of 
importance information, partly because measuring a customer’s satisfaction with a 
product is always debatable. A product may be the leading brand in the market, yet have a 
satisfaction measure lower than other products in the same category. Asking customers to 

                                                           
198 “Customers” refers to users as well as buyers, e.g., anyone interested in the product. 
199 “In a typical study between 10 and 30 customers are interviewed for approximately one hour in a one-on-one 
setting” (Griffin & Hauser 1993). 
200 “The advantage of a consensus process is that it assures group buy-in to the structure; the disadvantage is 
that there is no assurance that the team’s structure represents how customers think about their needs or make 
decisions” (Griffin & Hauser 1993). It has also been found that groupings (that reflect the use of the product) 
made by customers are appreciated more than groupings (that reflect the development of the product) made by 
the team (Griffin & Hauser 1993). 
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rate a product that they are already using creates a “self-selection bias”, where customers 
prefer the product they have chosen for themselves. This will produce a low correlation 
between customer satisfaction and market share. Higher satisfaction could be expected in 
a niche market than in a large market with diverse customers (Griffin & Hauser 1993). 
Secondly, competitive analysis may be difficult with a very new product. There may be 
no products available for the analysis (Day 1993). In such a situation, Day recommends 
an “in-house” evaluation, especially with high technology breakthrough software 
products. 

“Users of current software programs of the same genre can respond with their 
wants, needs, likes, and dislikes based on their current level of experience, but 
usually there is no effective way to generate comments involving visions about 
future ideas. Because customers cannot give competitive evaluations, the in-house 
review of the best current offerings is often the best avenue to develop the initial 
knowledge of the market opportunity for the new product.” (Day 1993). 

In such a situation, the company should also find different ways to develop the customer 
voice; by using potential products similar to the new concept and comparative 
evaluations of various prototypes of different concept variations (Day 1993, p. 172). 

Based on a survey of QFD’s usage and successful application (Cristiano et al. 2001), 
the specific tools of QFD were not considered as significant as the overall extent to which 
QFD emphasizes the customers. 

“What matters most seems to be management fundamentals like top management 
support, investing sufficient resources in understanding what the customers want 
from the product, and keeping those customer desires in front of engineers as they 
design the product.” (Cristiano et al. 2001). 

Keeping in touch with the voice of the customers should be an ongoing process (Day 
1993). However, according to Kaulio (1998), QFD is a so-called “design for” type of 
method, where the products are designed on behalf of the customer. Customers are 
objects from whom the customer data is elicited for development. Unlike in other 
methods (e.g., user-oriented product development, consumer idealized design, Lead User 
Method and participatory ergonomics), customers are involved in the process only during 
the initial front-end requirements process. QFD is a process that supports the 
representation, structuring and processing of the customer data as well as deductively 
transforming this information into design details. (Kaulio 1998.) 

3.2.2.4 The importance of customer knowledge 

Market-oriented companies have superior capabilities in their “inside-out” processes 
connecting the company to its environment (e.g., customers, competitors, suppliers and 
partners) (Day 1994a). However, acquiring market knowledge also means that the 
company has competence in market information processing (Ottum & Moore 1997, Li & 
Calantone 1998). The concept of market orientation is identical to the concept of market 
information processing when considering the latter as both the acquisition and 
dissemination of market information, as well as the utilization of that information 
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(Jaworski & Kohli 1996). In fact, this kind of ‘any form and time of utilization’ view 
gives a broader scope for the approach than mere “responsiveness” to market intelligence 
(Jaworski & Kohli 1996). 

Market knowledge, as defined by Li and Calantone (1998), is organized (as a result of 
systematic processing) and structured (items of data are connected to form useful 
meaning) information about the market. They refer to the activities that generate and 
integrate this market knowledge as the (unique) “market knowledge competence” of the 
company. Furthermore, Li and Calantone make a clear distinction between knowledge 
concerning customers and that concerning competitors, which both need different sets of 
activities for information generation201. QFD seems like a typical example of their 
customer information processing activity, including customer-seller interaction (e.g., 
meetings, interviews and workshops), analytical procedures for interpretation (e.g., 
identifying, structuring, prioritizing), and activities for integrating the knowledge into a 
new product design (Li & Calantone 1998). However, QFD also includes activities for 
gathering information concerning the competitors. Generation of competitor knowledge 
is important for the company in benchmarking its market position202 (Li & Calantone 
1998). However, this competitor knowledge is beyond the scope of this study. It is 
important to know that, from the point of view of NPD, market knowledge encompasses 
both customer and competitor knowledge (e.g., in Bacon et al. 1994), but for the 
purposes of this study it is reasonable to concentrate only on customer knowledge. 

There are also other indications suggesting the special importance of customer 
knowledge for NPD. Han and co-authors (Han et al. 1998) found that, of the three 
components of market orientation (customer orientation, competitor orientation, and 
interfunctional coordination), customer orientation is the dominant factor for innovation 
performance. Later, Kahn (2001) also found that customer orientation in particular was 
perceived as significant for NPD performance by marketing managers. Zirger and 
Maidique (1990) had already stated that in order to understand the value of a new product 
to customers, the company must have close contact with the end user. When studying the 
differences between technology-based companies in the United States (U.S.) and New 
Zealand (N.Z.), Souder and co-authors (Souder et al. 1997) found that the N.Z. 
companies appeared to be performing better than the U.S. companies. They suggest that 
this is partly due to their higher emphasis on the behaviors of their users (following 
relationship marketing with customer-focused NPD) and their superior abilities to act 
accordingly. It could be said that, rather than being market-oriented, they were more 
customer-oriented, i.e., they had close relationships with their customers. 

Market orientation as the processing of customer information is a question of the 
different activities used to gather, disseminate and use of customer knowledge. According 
to Narver and co-authors (Narver et al. 2004), research on market orientation to date has 
mainly concentrated on so-called “responsive market orientation”. Responsive market 

                                                           
201 Since the object of perception is different, a different set of cognitive activities is needed (Li & Calantone 
1998). 
202 “A firm with more competitive information is able to use its knowledge in several ways, including pitching 
its strengths against a competitor’s weakness, internalizing a competitor’s strengths by imitation, or nullifying a 
competitor’s strengths by product differentation” (Li & Calantone 1998). 
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orientation addresses the expressed needs of customers, while “proactive203 market 
orientation” focuses on their latent needs, i.e., opportunities for customer value of which 
the customer is unaware. Concentrating merely on the expressed needs may hinder the 
company’s ability to attract customers in the long run, especially when gradually more 
and more companies are becoming (responsively) market-oriented. Responsive market 
orientation is not sufficient: proactive market orientation is also needed for successful 
NPD. Proactive market orientation is the key to continuous competitive advantage. 
(Narver et al. 2004.) One way to discover these latent needs may be through careful 
observation of customer behavior. Proactive market orientation means that the 
organization has processes for learning about the latent needs of both current and 
potential new customers (Narver et al. 2004). According to Day (1994a), in addition to 
the “market sensing” process there is also need for a “customer linking” process. 
Customer linking requires skills and processes through which a “mutually satisfactory 
collaboration” may be achieved. Customer linking leads to close communication and 
joint problem solving. “Suppliers must be prepared to develop team-based mechanisms 
for continuously exchanging information about needs, problems, and emerging 
requirements and then taking action. […] joint problem solving displaces negotiations.” 
Communication also occurs at many levels and across organizational functions. The 
sales204 function may become responsible for coordinating other functions. Furthermore, 
in addition to the scheduling of deliveries, new management processes are needed for 1) 
joint production planning and scheduling, 2) management of information system links, 
and 3) mutual commitments to the improvement of quality and reliability. (Day 1994a.) 
The Lead User Method is one well-known method for linking customers to NPD. 
Alongside the “voice-of-the-customer”, Nambisan also mentions the “lead user” theme as 
another of the most critical contributions of the marketing discipline to NPD (Nambisan 
2003). Narver and Slater (e.g., Narver et al. 2004) also consider the Lead User Method as 
a way to discover latent needs. 

3.2.2.5 Lead User Method 

Like QFD, the Lead User Method (von Hippel 1986, Urban & von Hippel 1988) aims to 
move a technology-push type NPD into more market-oriented, or more customer-oriented 
practice. The Lead User Method has been used especially in idea generation and concept 
development for very new, high technology products (e.g., von Hippel 1986, Olson & 
Bakke 2001, Lilien et al. 2002). The main areas of concern in the Lead User Method are 
the customers from whom the information is collected as well as the type of information 
collected (Lilien et al. 2002). 

While traditional market research approaches (and QFD) collect information from a 
random or typical set of representative users or customers in the intended target market, 

                                                           
203 Note that this “proactive” is different from the concept of proactive when refering to the early phases of 
development. Here proactive refers to a market-oriented approach in which the company tries to “lead” the 
customers to find their latent needs instead of merely responding to their expressed needs. 
204 Note that Day mentions only the sales function (Day 1994a). I would prefer “marketing and sales” here. 
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the Lead User Method focuses on “users at the leading edge of the target market205” 
(Lilien et al. 2002). Leaning on innovation diffusion theories (see e.g., Rogers 1995), lead 
users are the early adopters, the ones whose needs of today will become general market 
needs only months or years in the future (von Hippel 1986). They “1) face needs that will 
be general in a marketplace – but much earlier than the others, and 2) gain special benefit 
by obtaining a solution to their unique needs” (von Hippel 1986). They are not too 
familiar with the existing products or “constrained by their real-world experience” in the 
way customers at the center of the target market are (Lilien et al. 2002). On the contrary, 
lead users have real-world experience with conditions unfamiliar to most, therefore they 
have experience of potentially novel product concepts (von Hippel 1986). This “living in 
the future” makes them more capable of envisioning novel needs or solutions (Lilien et 
al. 2002) and serves as a “need-forecasting laboratory” for market research (von Hippel 
1986). 

“Lead users found outside of a target market often encounter even more extreme 
conditions on a trend relevant to that target market. They may, therefore, be forced 
to develop solutions that are novel enough to represent “breakthroughs” when 
applied to the target market.” (Lilien et al. 2002, p. 1044). 

Unlike typical customers as objects of market research on experiences with some existing 
products, lead users have experience of the future need (Urban & von Hippel 1988). It is 
also expected that while these lead users feel the most need for the new products, they are 
also the ones most keen on finding the solution (Urban & von Hippel 1988). When 
gathering customer knowledge, the more traditional approaches focus only on the wants 
and needs of the customers. However, the Lead User Method also collects information 
about their ideas for possible solutions (Lilien et al. 2002). New product ideas in 
traditional approaches are generated by the development team. In the Lead User Method, 
users are seen as the “initial developers” of new products (Lilien et al. 2002). 

When trying to identify potential lead users, Urban and von Hippel (1988) suggest that 
a high expected benefit from finding the solution is a good indicator of a potential lead 
user. Therefore they recommend looking for users with evidence of their own product 
development206, with a high degree of dissatisfaction with the existing product, and who 
have a market position as early adopters (Urban & von Hippel 1988). However, lead 
users, as early adopters, differ from the mainstream users. Therefore it is also necessary 
to consider the relationship between lead users and typical users in the mainstream target 
market (von Hippel 1986). Hence Urban and von Hippel (1988) suggest that more 
traditional market research with concept test procedures (e.g., prototyping von Hippel 
1986) should be followed with a more representative sample of users from the target 
market. However, care must be taken in creating the “right conditions” for the test users 
as well as in providing enough time for the difficult adoption (von Hippel 1986). 

                                                           
205 Or other “advanced analog” markets with similar problems in a more extreme form (Lilien et al. 2002). 
206 Research by Morrison and co-authors (Morrison et al. 2000) supported this by showing that product 
innovation activities are to be found among lead users. They also found that these lead users were also more 
willing to share their experiences (Morrison et al. 2000). 
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A recent version of the Lead User Method involves four phases, which are briefly 
introduced below based on Lilien and co-authors (Lilien et al. 2002), also referring to 
some earlier work. 

Phase 1: Goal Generation and Team Formation. Three to five experienced people 
from the company’s marketing and technical units start to work on an ideation-goal. 
Over four to six months the team, along with relevant company stakeholders, 
selects the target market for the new product and “the type and level of innovation 
desired”. 

Phase 2: Trend Research. The Lead User team identifies and learns about the 
market and technical trends in the field. They begin with conventional information 
sources, but then they start to interview leading experts, “people who have a broad 
view of emerging technologies and leading-edge applications” in the field. 
Important trends are selected “associated with promising new product 
opportunities” (von Hippel 1986). 

Phase 3: Lead User Pyramid Networking. In this “pyramid networking exercise” 
the Lead User team identifies and learns from the users at the leading edge of the 
trends selected. This is based on idea that people with a strong interest in a topic 
tend to know people more expert than themselves. The suggested solutions of the 
lead users become the preliminary concepts (or attributes of the concepts) for the 
new product (von Hippel 1986). 

Phase 4: Lead User Workshop and Idea Improvement. In the Lead User workshop, 
invited lead users work with the company personnel in a joint effort to improve the 
preliminary new product concepts. It is also possible to come up with totally new 
concepts. Typically, of the 10 to 15 participants, only one third comes from the 
company. Data from different lead users is pooled for new product concepts (Urban 
& von Hippel 1988). As an output from the process, the final concepts are 
evaluated in terms of technical feasibility, market appeal, and management 
priorities. (Lilien et al. 2002). 

There are a few empirical studies providing evidence of the utility of the Lead User 
Method for NPD (Urban & von Hippel 1988, Herstatt & von Hippel 1992, Olson & 
Bakke 2001, Lilien et al. 2002). In the first implementation effort of the method, Urban 
and von Hippel (1988) proved that it was possible to identify such lead users and to 
produce a superior new product concept in a joint effort with them. This was further 
evidenced in the study with 3M (von Hippel et al. 1999, Lilien et al. 2002). Herstatt and 
von Hippel’s study (1992) showed initial evidence that the method is faster (mainly due 
to the joint, cross-functional nature of the effort) and cheaper than more traditional 
market research methods. Lilien and co-authors (Lilien et al. 2002) found that 
development projects using the Lead User Method seem even to produce new product 
ideas that have more commercial potential than traditional methods. The ideas are more 
novel, with significantly higher market share and more strategic importance – i.e., 
potential new-to-the-world breakthrough products (Lilien et al. 2002). However, their 
study was carried out in a company (3M) where the method was used in advance of the 
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target market definition, a practice contrary to prior reported usage of the method (Lilien 
et al. 2002). 

Compared to QFD, the Lead User Method is more interested in idea generation for 
radical NPD. Like the user-centered approach to development, it involves customers 
more closely in the development process. According to Kaulio (1998), the Lead User 
Method is a “design by” type of approach, together with participatory ergonomics. Like 
the “design with” type of user-oriented method, it is an iterative approach, in which 
concepts and prototypes are developed parallel to each other and evaluated systematically 
throughout the whole development process. However, it is more participative. The 
distinction between developers and customers is vaguer. Customers are more actively 
involved. Customers actually suggest solutions to their own problems. Developers are 
more like facilitators enhancing product design conducted by the customers themselves. 
Therefore, the Lead User Method more closely resembles a participatory approach. 
(Kaulio 1998.) 

However, the Lead User Method is not without its problems. Olson and Bakke (2001) 
discovered that, despite the success of the method, the biggest weaknesses of the method 
are its time pressures and lack of resources. The Lead User Method requires a great 
amount of effort in order to find, qualify, and recruit both the experts for trend analysis 
and the lead users207 for concept generation. In addition, with very new products, it is felt 
that not even the lead users are far enough ahead of the general market. The leading edge 
users still have limited knowledge concerning the technological possibilities, and 
therefore their suggestions tend to be simpler. However, the opposite is also possible. The 
lead users might be too far away from the average, so that it is unlikely that the average 
customer would follow the same path (Olson & Bakke 2001). Nonetheless, it was felt that 
the Lead User Method could be both a method to bring the “voice of the customer” into 
the process as well as a method to improve the communication between marketing and 
development by supporting marketing in providing more relevant information for 
development (e.g., better ways to identify the customers most likely to need the new 
product features) (Olson & Bakke 2001). 

3.2.2.6 Market uncertainty and customer orientation 

In principle, market or customer orientation supports the market-pull type of business. 
The more certainty there is with the market and the customers, the more appropriate 
‘market’-oriented approaches are for the gathering, dissemination and use of market 
knowledge (e.g., QFD). When the uncertainty concerning market knowledge increases, 
approaches to knowledge acquisition seem to become more customer-oriented, with 
closer and more intensive relationships with the customers208 (e.g., focus groups and lead 
users). Gales and Mansour-Cole show that the frequency of user interactions increases 

                                                           
207 When facing large user populations with relatively rare instances of innovation by users, Morrison and co-
authors (Morrison et al. 2000) suggest a networking process (i.e., asking a small number of users to nominate 
likely candidates). See also (von Hippel et al. 1999) on networking. 
208 Note that it is market newness in particular, not technical newness, that leads to the use of more intensive 
market research methods (Callahan & Lasry 2004). 
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when the level of (unknown209) uncertainty is higher – especially during the early phases 
of NPD. Generally, greater uncertainty is associated with increased information 
processing activity (Gales & Mansour-Cole 1995). This means that the ways to reduce 
uncertainty will differ depending on the level of market uncertainty. Recently, for 
example, it was found that ordinary users, compared to more technologically advanced 
users, contributed more original and valuable ideas for a new product (Magnusson 2003, 
Kristensson et al. 2004). The need for customer input increases as market uncertainty 
rises (Salomo et al. 2003, Callahan & Lasry 2004), and there is empirical evidence that 
involving customers leads to improved performance (e.g., Bacon et al. 1994, Lilien et al. 
2002, Kristensson et al. 2004). Although he was studying new service development, 
Alam (2002) found that managers state many reasons to actually involve users: superior 
and differentiated product (most important), reduced cycle time, user education, rapid 
diffusion, improved public relations, and long-term relationships with users. 

As the level of uncertainty and the ways of increasing customer knowledge are 
connected, there are also different degrees of this customer involvement, ranging from 
“least intense” (e.g., through interviews) to “extremely intense” (Alam 2002; Brockhoff 
(2003) describes the degrees of customer involvement as ranging from “involvement by 
advisor” to “involvement by strong control”210). Alam’s study on new service 
development provides a good general description of these. Passive acquisition of input 
refers to a situation in which the customer takes the initiative, e.g., to suggest a new idea. 
Information and feedback on specific issues refers to the company taking the initiative for 
information or feedback. Extensive consultation with users refers to a situation in which 
users are involved through some kind of planned process with predefined objectives (e.g., 
focus groups). Finally, representation refers to users becoming members of the 
development team. The more intensive the customer involvement, the more expensive, 
time-consuming, and difficult to manage it was found to be (Alam 2002). 

Interestingly though, it was recently found (Danneels 2003) that the closer the 
relationship with customers gets, the less market-oriented the company actually becomes. 
A closer relationship increases the company’s commitment to current customers and at 
the same time reduces their attention to potential new customers and markets. Based on 
the “model of customer orientation enactment211” Danneels shows how, along with a 
more specific definition for the market and the customers, and closer relationships with 
these customers, the focus on customers may result as too narrow a view of the market.. 
“The same process that enables the firm to develop efficient transactions with its market 
restricts environmental inquiry and limits available options”. (Danneels 2003.) These 
companies tend to perform poorly as fully market-oriented businesses, becoming more 
customer-led businesses (see Slater & Narver 1999). For Slater and Narver (1998), 

                                                           
209 “Unknown uncertainty” represents a different sort of information processing problem compared to “known 
uncertainty” – information gathering that focuses simply on gathering more information will be fruitless. 
Problem solvers will need to pursue totally new types or sources of information. Information is not readily 
available, requiring more extensive information processing. (Gales & Mansour-Cole 1995.) 
210 “Involvement by advisor” refers to interviews while “involvement by strong control” refers to made-to-order 
products (Brockhoff 2003). 
211 Customer orientation enactment is an iterative (trial-and-error) process, where understandings about the 
customers lead to certain activities in the company, which again lead to refined customer understandings based 
on their feedback on the actions taken (Danneels 2003). 
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customer-led business is too short-term an approach, focusing on customers’ expressed 
needs and demands. Traditional market research methods are used to understand these 
perceptions of the customers when confronted with ‘real’ experience with the products or 
new concepts. The closer the relationship, the deeper the knowledge that is gained. 
(Slater & Narver 1998.) The methods closest to customers are qualitative, interactive, 
dialog-oriented activities with intensive informal interaction (Salomo et al. 2003). Based 
on the knowledge gained, the NPD effort tries to build better new products as a 
“reaction” to those customers’ articulations (Slater & Narver 1998.) Direct interaction 
with customers does not answer questions related to market segments, for example 
(Workman 1995). Market orientation is a wider concept than customer orientation 
(Jaworski & Kohli 1996). According to Ernst (2002) this customer involvement should be 
conceptually separated from market orientation.212 

From the point of view of high technology, radical NPD, i.e., typically more the 
technology-push type of business, this is even more interesting. In principle, the concept 
of market orientation does not just focus on current markets (Day 1999, Slater & Narver 
1998). In fact, market-oriented companies try to understand the evolution of the markets. 

“Compared to customer-led businesses, market-oriented businesses scan the market 
more broadly, have a longer-term focus, and are much more likely to be 
generative213 learners.” (Slater & Narver 1998). 

Together with customer-led businesses, market-oriented businesses also listen to the 
voice of the customers (Slater & Narver 1998). 

“However, they recognize that different types of customers provide different types 
of information. Moreover, those voices are only one source of information on 
which plans and strategies should be based.” (Slater & Narver 1998). 

So, it is not a question of choice between either customer-led or market-oriented, but the 
two are on the same continuum of market learning and response behaviors, at the 
opposite end from technology-push. Both of them are related to the customers. Market 
orientation is at one end of the continuum, while customer-led business is placed in the 
middle. (Slater & Narver 1999; see also Connor 1999.) Although the methods used for 
both customer-led business and market orientation may be the same, the purpose of their 
use is slightly different. However, until now the discussion has been focused on market 
orientation and especially customer orientation in general. From the point of view of this 
study, it is justifiable to attempt a more detailed review of market orientation especially 
related to radical NPD. 

                                                           
212 However, Ernst (2002) does this in support of customer involvement, while market orientation is more about 
the idea of “customer as a demander”.  
213 As opposed to adaptive learners; generative learning here relates to new ways of looking at the world while 
adaptive learning relates to learning under the current, dominant world view (Slater & Narver 1995). 
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3.2.2.7 Market orientation in radical NPD 

Generally, market orientation is based on the market-pull premise that the market and the 
customers are at least initially known (e.g., von Hippel 1986, Bonner & Walker 2004).  

“The projections of future performance on which these analyses rest are predicated 
on assumptions about the future size and growth rate of the market, the pace and 
degree of success of the technology development, progress made by competitors 
and competing technologies, and the impact of exogenous variables like 
government regulations – all of which are highly uncertain in the discontinuous 
domain.” (Lynn et al. 1996). 

Under high uncertainty, with radical new products, even the strategy to get closer to the 
customer faces it limits (e.g., Lynn et al. 1996, Callahan & Lasry 2004). At some point, 
when the uncertainty is very high214, the customers (especially the end-user customers 
Callahan & Lasry 2004) seem to have less relevant and reliable information to provide 
(Moenaert et al. 1995, Lynn et al. 1996, Callahan & Lasry 2004) – at least when 
following traditional market research methods (see e.g., Workman 1995, Trott 2001215). 

The development of radical new products is more technology-push-based. Direct input 
from customers, not to mention market research, is rare, if not totally missing, until the 
preliminary design of the new product (Veryzer 1998a, O'Connor 1998; see also Gales & 
Mansour-Cole 1995, Moenaert et al. 1995). Marketing’s influence during the early phases 
of radical NPD may be even dysfunctional (Song & Montoya-Weiss 1998, Li & 
Atuahene-Gima 2001216). Instead of marketing people, “scientists were the first ones to 
approach potential users” (McDermott & O'Connor 2002). Bacon and co-authors (Bacon 
et al. 1994) also found that successful high technology NPD teams relied on direct 
contact between the development team and customers. Market uncertainty is not the 
prominent issue until technical uncertainty is decreased (O'Connor 1998). Uncertainty is 
not simultaneously reduced: parts of the uncertainty are temporarily suspended while 
attention is focused on other problems (McDermott & O'Connor 2002). After all, during 
the early phases of radical NPD, the market (customers as well as competitors) is mostly 
unknown. Development is based on some initial assumptions, usually by the visionary or 
a champion, about the potential application of the new technology as well as about 
customers (Veryzer 1998a). As well as the technology, the market is also “ill-defined and 
evolving” (Lynn et al. 1996). However, during radical NPD “the time and financial 
investment for market development are underestimated” and initial assumptions may turn 
out to be wrong (Rice et al. 2002). Both market-pull and technology-push forms of 
development need to gather, share and use the market knowledge (Ottum & Moore 1997, 
Jaworski & Kohli 1996, Herstatt & Lettl 2004). Otherwise the technology-push type of 
approach might become an unprofitable activity in isolation. However, the traditional 
                                                           
214 In fact, the importance of user input decreases for high levels of both overall newness and mere market 
newness of the product, but not with high levels of mere technical newness of the product (Callahan & Lasry 
2004). 
215 Trott outlines a conceptual framework to evaluate the circumstances under which the market research may 
hinder the development of discontinous new products (Trott 2001). 
216 C.f also footnote 94 (the distinction between different development phases and/or marketing practices is not 
that clear). 
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methods used may not be sufficient (e.g., Lynn et al. 1996, Salomo et al. 2003). The 
situation and the approaches needed are different217. Herstatt and Lettl (2004) provide a 
nice crystallization of the differences between market-pull and technology-push 
approaches from the point of view of market orientation (see Fig. 19). 

Innovation driver
Criteria 

Technology Push Market Pull 

Potential market applications Unknown Known 
Customer’s experience None present Present 
Early integration of the 
customer 

Difficult Not difficult 

Change in customer behavior Usually necessary Not necessary 
Customer education Usually necessary Not necessary 
Market entry time point Uncertain Relatively certain 
Type of market research “Exploratory” market 

research 
Conventional market 

research 
Innovation process “Probe and Learn” process “Stage-Gate” process 

Fig. 19. Market-related characteristics of technology-induced development projects 
(Herstatt & Lettl 2004). 

All in all, market orientation means sensitivity to the forces that shape the market 
(Jaworski & Kohli 1996). While market-pull strategies find traditional market research 
activities useful (i.e., proficiency in business and market opportunity analysis (Song & 
Montoya-Weiss 1998)), technology-push approaches demand more qualitative 
approaches218 in order to identify possible application areas for the new innovation as 
well as estimate the potential of these initial markets219 (Veryzer 1998a, Veryzer 1998b, 
Mullins & Sutherland 1998, Sultan & Barczak 1999, Herstatt & Lettl 2004). Insight for 
existing new market(s) for the new product “must be grounded in intimate understanding 
of customer behavior, latent needs, changing requirements and deep-seated 
dissatisfactions with current alternatives” (Day 1999). The purpose is to reduce 
uncertainty (Sultan & Barczak 1999). Salomo and co-authors (Salomo et al. 2003) talk 
about “intelligence generation activities” instead of market research. Identifying new 
markets is “an exploratory and creative process demanding different competencies, 
methods and information” (Herstatt & Lettl 2004). “The people involved in such a 
process must possess both the capability and desire to be able to extrapolate from the 
current market situation as well as bringing into the analysis all potential application 
functions where the technology could play a role” (Herstatt & Lettl 2004). There are 
usually many potential application areas for new innovation, and therefore finding the 
most attractive ones is not an easy task. 
                                                           
217 (Veryzer 1998a, O'Connor 1998, Song & Montoya-Weiss 1998, O'Connor & Veryzer 2001, Herstatt & Lettl 
2004). 
218 According to Davis (1996), the limitations of qualitative methods (e.g., focus groups, in-depth interviews, 
customer visits) are the use of small numbers of respondents with a lack of representativeness and the 
possibility of manipulation by dominant personalities. 
219 I.e., “proficiency in strategic planning” (Song & Montoya-Weiss 1998). 
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Qualitative market knowledge. There are no standard approaches used to gain 
qualitative market knowledge. The points of view of some key persons are sought220, and 
professional conferences as well as demonstrations or evaluations with the early 
prototypes are seen as “market probes” of the new product (Rice et al. 1998). Again, 
since the uncertainty is high, methods going closer to the customers (e.g., interviews, 
focus groups, customer visits and lead users) are recommended and used221. In fact, they 
are even considered more effective for radical new products than for incremental 
products (Tidd & Bodley 2002). According to Ernst (2002), the advantage of customer 
involvement increases when the customers have a high economic attractiveness or 
specific characteristics such as those of a lead user. In addition to customer involvement 
there are also other methods used that try to deepen the understanding concerning the 
market, customers and users. These are methods like ethnographic research222 (video 
ethnography), observational studies of product use, and immersion of development team 
members in the user environment (Martin 1995, Veryzer 1998b). These types of 
approaches typically involve all the members of the development team (e.g., marketing 
and engineers) (e.g., Cooper et al. 2002). Veryzer found that the utility and quality of the 
customer data improved a great deal when developers participated in these customer 
research activities (Veryzer 1998b). 

Customer involvement, especially during the early phases of radical NPD, is not 
without its problems223. First, it is not very clear who the potential customers are (e.g., 
Mullins & Sutherland 1998, Herstatt & Lettl 2004, Lynn et al. 1996). Companies have 
problems in locating and defining the “right” users for their new product ideas (Adams et 
al. 1998). Care should be taken when selecting customers for participative approaches 
both because the market responsiveness of NPD seems to rely on these few close 
customer contacts, and because the process seems to be quite unstructured, more guided 
by change than based on objective criteria (Biemans & Harmsen 1995). Second, there is 
uncertainty about the potential benefits of the new technology for the customers (e.g., 
Veryzer 1998b, Mullins & Sutherland 1998, Herstatt & Lettl 2004). However, the 
benefits do have a considerable impact on customer evaluations of the product (Veryzer 
1998b). Third, the customers are usually unable to express their needs or preferences with 
regard to radically new technology because they lack experience connected to its use, or 
they are unable to see beyond the current situation224. Market research on the product-
market fit is difficult if customers do not have experience – i.e., a frame of reference – on 
which to base their evaluations (Herstatt & Lettl 2004). (Veryzer 1998a, Veryzer 1998b.) 
Together with unknown benefits this easily leads to resistance to the new product or 
focusing on irrelevant issues (e.g., the importance of aesthetics) that have nothing to do 

                                                           
220 E.g., leading members of the technological community, senior management at both the corporate and 
business unit levels, and line managers connected to the customer base (Rice et al. 1998). 
221 (E.g., Bacon et al. 1994, Veryzer 1998a, Veryzer 1998b, O'Connor 1998, Mullins & Sutherland 1998, Day 
1999, Sultan & Barczak 1999, Cooper et al. 2002, Herstatt & Lettl 2004, Danneels 2004). 
222 Cooper and co-authors (Cooper et al. 2002) mention phrases like “camping out”, “fly on the wall” and “day-
in-the-life-of” as characterizing this type of research. 
223 See, for instance, the examples of Motorola, GE, Corning, and Searle (Lynn et al. 1996), where the 
traditional market research methods combined with lead customers were not sufficient for successful radical 
NPD. 
224 (E.g., Workman 1995, Veryzer 1998b, Herstatt & Lettl 2004, Lynn et al. 1996, Mullins & Sutherland 1998). 
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with the real requirements (Veryzer 1998b) – even more so since, together with the 
changing technology, there is usually also a need for a change in the current practices of 
the customer (e.g., Veryzer 1998b, Herstatt & Lettl 2004). This is also the reason 
companies may need to educate the potential customers about the possible uses and 
applications of the new product (Zirger & Maidique 1990, Song & Montoya-Weiss 
1998). Finally, secrecy and proprietary issues often restrict the interaction with the 
potential customers. The type and amount of information provided for the customer must 
be carefully weighed against the usefulness of the effort. (Veryzer 1998b.) 

Close involvement with customers has also led to criticism of too much customer 
orientation at the expense of innovation. Although Campbell and Cooper (1999) found no 
difference between customer partnership and in-house development in terms of NPD 
performance225, customer partnership improved the product’s advantage and the quality 
of the process. Unfortunately this research was not specifically focused on radical NPD. 
In radical NPD, some evidence has been provided against the usefulness of customer 
input (e.g., Martin 1995, Veryzer 1998b, Lynn et al. 1998). According to Day (1999; see 
also Danneels 2004), this could be related at least to two “misconceptions” concerning 
market orientation226. First, as an overreaction to an overly internal focus, technology-
push companies tend to switch to the opposite. They start to blindly follow the customers 
whatever their needs and wants. The company’s resources are wasted on uncoordinated 
efforts. There is no discipline with which to set priorities for the markets or the product 
features. There tend to be only a few selected (potential) customers with a considerably 
strong influence (Bonner & Walker 2004; see also O'Connor 1998). This leads to the 
problems of a customer-led business described earlier. However, a market-oriented 
business is not the same as a customer-led business (Slater & Narver 1998). Getting 
closer to the customer should always be a strategic decision, weighed against its 
implications (Macdonald 1995). The problems with this very easily lead to the second 
misconception: to totally ignore the customers (as the critics do) (Day 1999). This is 
particularly typical of technology-push companies and it is often based on a skeptical 
belief that customers never come up with breakthrough ideas (see e.g., Workman 1995). 
R&D people do not seem to share the positive perceptions of market orientation of their 
marketing colleagues (Kahn 2001; see also Atuahene-Gima & Evangelista 2000). Market 
or customer orientation is not considered to be as important for radical NPD as it is for 
incremental NPD (e.g., Atuahene-Gima 1995, Veryzer 1998b). Yet its general importance 
for NPD is often repeated in the NPD literature227, and Atuahene-Gima also states that 
market orientation is highly important within an environment with intensive market 
competition and high industry hostility, as well as during the early phases of the product 
life cycle (Atuahene-Gima 1995). 

All of this goes back to the tension between market orientation, customer orientation 
and technology orientation (cf., Section 3.2.2.6), only this time from the other direction. 
                                                           
225 In Campbell and Cooper (1999), performance was measured by financial impact, whether the product opened 
up a strategic window of opportunity, and timelines of the project. 
226 In fact, Day (1999) presents three misconceptions. The third one, “oblivious to the market”, refers to the 
situation in which the company, once market-oriented, has lost its focus after years of operating under the same 
positioning concept. 
227 (E.g., Jaworski & Kohli 1993, Cooper & Kleinschmidt 1995a, Ottum & Moore 1997, Li & Calantone 1998, 
Langerak et al. 2004). 
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There is a tension between customer involvement and innovation capabilities. Recently, 
Bonner and Walker defined customer relational embeddedness as the degree to which the 
set of influential customers involved in the NPD project had close ties with the NPD 
organization prior to the start of the project. Strong embeddedness was found to be 
related to better performance, enabling more effective collaboration and a deeper 
understanding of customers’ problems and needs. Long-standing relationships with 
customers228 also bring the trust needed for secret NPD projects (Brockhoff 2003). 
However, with radical new products the best sources for innovation seem to be the 
“weaker” ties. Knowledge heterogeneity, the degree of diversity of product-related 
information and competencies among the most influential customers, seems to be 
positively related to radical NPD success. However, with such a diversified mix of 
influential participants there may be problems in gaining a deep enough understanding 
because ties with the company are too weak. (Bonner & Walker 2004.) However, again, 
the problem seems not to be the close relationships with the customers as such. Perhaps 
surprisingly, Bonner and Walker found no support for a negative relationship between 
customer relational embeddedness and radical new product advantage (Bonner & Walker 
2004). It is, again, a question of how this close relationship is used, or how the concept of 
customer (or market) orientation is understood. 

While technology leadership may be necessary for many industries, it must be married 
with market orientation in order for the opportunity to be fully realized (Lynn et al. 1996, 
Day 1999). According to Day, rejecting market and customer focus shows an 
overemphasis on solution and inability to identify the problems that the customers are 
facing. Companies must be continuously learning, and refining their judgments 
concerning customer behavior, needs and requirements through both broad scanning and 
experimentation. (Day 1999.) The newer the technology, the further away it is from the 
market in terms of both time and customer familiarity with the product (Veryzer 1998a). 
Under high uncertainty, closer relationships with customers are needed in order to reduce 
the uncertainties. At the same time, “the further away from market introduction a 
technology is the more difficult it is to know when customers are ‘mature’ enough for a 
technological innovation or when problems from a technological point of view are 
eliminated” (Herstatt & Lettl 2004). In-depth understanding may actually support the 
difficult process of linking technology to markets.  

Other sources of market knowledge. This discussion has so far concentrated only on 
customer involvement as a way to gather market knowledge for radical NPD. Although it 
seems to be an important tool for the market-oriented development approach, there are 
also other means through which companies practicing radical NPD try to generate market 
knowledge and reduce market uncertainties (e.g., see Cooper et al. 2002). According to a 

                                                           
228 This involvement with customers is also related to one important field of study in the marketing literature, 
namely relationship marketing. For example, Athaide and co-authors (Athaide et al. 1996) found that marketing 
relationship activities reflect dimensions such as product customization (including codevelopment activities), 
information gathering on product performance, product education/training, ongoing product support, proactive 
political involvement, product demonstration/trial, real-time problem-solving assistance, and clarifying the 
product’s relative advantage, many of which could also be seen from the point of view of iterative NPD. 
However, even though studies on relationship marketing highlight the importance of information exhange and 
collaboration, they are not typically related to NPD and will not be reviewed in this study (Gruner & Homburg 
2000). 
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recent study by Herstatt and Lettl (2004), methods such as roadmapping and information 
acceleration are found successful as “anticipative” market research approaches. Next I 
will briefly discuss these two, just to give an impression of them as two examples of 
different options. 

The technology roadmapping method (TRM) is used for long-range planning, 
commonly in product planning to link the evolution of the technology with 
different product generations. More generally, roadmapping supports the 
integration of technology developments with business planning. It is a structured 
approach for “exploring and communicating the relationships between evolving 
and developing markets, products and technologies over time”. It provides a focus 
for scanning the environment as well as a means of tracking the performance of 
new technology. Developing a technology roadmap is a challenging task. The 
roadmap describes, typically in a time-based layered structure, the evolution of 
markets, products and technologies (or other chosen areas of interest229) together 
with the necessary linkages between them. Hence the method in a way integrates 
both market-pull and technology-push type approaches. The method is primarily 
developed for internal use in the company, although external expertise may be used 
when focusing on the different layers. The information for the roadmap is typically 
produced in several workshops with many different participants. “The process 
brings together people from different parts of the business, providing an 
opportunity for sharing information and perspectives and providing a vehicle for 
holistic consideration of problems, opportunities and new ideas”. The roadmap 
describes a chosen field of inquiry. Other common approaches such as Delphi and 
scenario planning are also closely related to roadmapping. (Phaal et al. 2004.)  

Information acceleration (IA) is an approach based on the idea of using multimedia 
stimuli – virtual representations to be more specific – in gathering information 
concerning customer reactions and preferences for radically new products. 
“Multimedia representations of potential new products can be developed earlier, 
quicker, and with less cost than actual prototypes”. They are also usually more 
“real” than mere concept descriptions, providing a bridge between conceptual 
descriptions and physical prototypes. Information acceleration is one form of 
virtual representation. It is also a kind of scenario analysis, as the idea behind this 
computer-simulated purchasing is to put the customer into the context of some 
future scenario while forecasting future sales. The information acceleration method 
combines traditional market research with a virtual buying environment providing 
the simulated “use” experience of the future. The environment simulates the 
information (showroom visits, television advertising, newspaper articles, interactive 
videotapes of other representative customers’ comments, virtual prototypes to try 
out, etc.) that would be available to the test customer at the time of deciding on the 
new purchase (in that future context). (Urban et al. 1996, Urban et al. 1997.) 

                                                           
229 These are not the only possible layers, although they are the most typical. The content of the issues to be 
explored is dependent on the unique situation of the company as well as on the purpose and scope of the 
roadmapping process (product planning, strategic planning, long-range planning, program planning, process 
planning, etc.) (Phaal et al. 2004). 
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Forecasting typically happens in the very early phases of radical NPD, before any real 
contact with the market or customers (even lead users) (O'Connor 1998). Since 
roadmapping, like many other approaches of this type (see e.g., “major revenue 
generator” event, as presented in Cooper et al. 2002), is far away from the customers, not 
to mention the users, it is also outside the scope of this study. By contrast, information 
acceleration is one type of prototyping technique230. As already discussed (see Section 
3.1.2.3), prototyping is a widely used practice, especially in radical NPD231. According to 
Tidd and Bodley (2002; see also Gruner & Homburg 2000), prototyping was the most 
common and useful technique (especially for radical NPD). Customers may actually be 
involved in many phases of development (Gruner & Homburg 2000, Brockhoff 2003)232. 
Callahan and Lasry (2004) found that the importance of customer input is high both 
before and after the actual development of the product. “Customer intensive research 
methods are most used during trials and testing” (Callahan & Lasry 2004). In fact, more 
customer-oriented research is done during the prototyping phase than in earlier phases, 
and it may be that collecting meaningful market and especially customer information may 
be possible only after the construction of a first prototype (Bacon et al. 1994, Veryzer 
1998b). 

There are many different methods for new product evaluation (Ozer 1999). 
Prototyping, or more generally modeling the new product, may actually be used for many 
different purposes, and information acceleration is actually a form of prototyping during 
the earlier, concept testing phase (Ozer 1999). Again, care must be taken when deciding 
how much weight to give to this type of early prototyping and customer feedback 
(Veryzer 1998b). However, in addition to predicting a new product’s market performance 
(e.g., market testing), for radical new products in particular the early (formative, 
exploratory) prototypes may be used to understand and learn about the market233. 
According to Rice and co-authors (Rice et al. 1998),  

“[T]he primary evaluative question that drove our projects took the form: “What is 
the magnitude of the impact this technology can have on the market?” or “What 
will this technology enable?” or “Can this technology deliver the magnitude of 
benefit that is needed?” The focus of this […] set of questions is on the return of 
new value, in a variety of ways, to the market. The long-run profit potential was 
assumed to be significant, even though not currently quantifiable, as long as the 
value/impact/magnitude could be answered affirmatively.” (Rice et al. 1998). 

During the early phases of radical NPD, prototypes are the ‘vehicle’ of the iterative 
probing and learning process (Lynn et al. 1996).  

Learning the technology-market fit. All the preceding discussion indicates that market 
orientation is possible for radical NPD as well. In fact, from asking R&D managers about 

                                                           
230 Note that prototyping in NPD research typically refers to tangible, real prototypes of the product usually 
made later in the development process. 
231 (E.g., Veryzer 1998a, Bacon et al. 1994, Lynn et al. 1996, Mullins & Sutherland 1998, Sultan & Barczak 
1999). 
232 Customer involvement during the different development phases resembles a U-shape diagram, being high 
during the front-end and prototyping but low in the middle, during concrete development (e.g., in Gruner & 
Homburg 2000). 
233 (Lynn et al. 1996, Veryzer 1998a, Veryzer 1998b, Rice et al. 1998, O'Connor 1998). 
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their perceptions of the importance of selected knowledge areas, Gupta and Wilemon 
(1996) found that understanding customer needs was their top priority (97%), followed 
by market development monitoring234 (90%). The original idea for the new product may 
come from inside or outside the company, but the idea may be refined by following a 
market-oriented approach, i.e., “the concept can be refined via market intelligence235, and 
assessments of the concept’s commercial success can be made through market studies” 
(Jaworski & Kohli 1996; see also Workman 1995 on “refinement”). Technology 
leadership may be a necessary condition for successful NPD, but it has to be connected 
with market orientation to become superior (Lynn et al. 1996, Li & Calantone 1998, Day 
1999). Customer information is the most critical information for successful high 
technology NPD (Bacon et al. 1994). During the early phases of radical NPD, the 
technology needs to be linked to the markets (cf., process Section 3.1.2.4) and therefore 
market orientation needs to be integrated in the complex radical NPD process. For 
example, early prototyping during this iterative learning process was seen as “stimulating 
proactive thinking” (Verganti 1997) while reducing uncertainty concerning the link 
between technology and emerging markets. However, without modifications traditional 
integration mechanisms such as the QFD process may be too heavy to be followed, due to 
the high uncertainty concerning the information gathered (e.g., Verganti 1997, Veryzer 
1998a). Customer needs and requirements co-evolve with technology (Song & Montoya-
Weiss 1998). Qualitative market research is used to anticipate initial knowledge 
concerning markets. Early prototypes are introduced to some initial market and a series of 
market experiments are run with these prototypes in order to learn from customers’ 
reactions (e.g., Mullins & Sutherland 1998). Both qualitative research techniques and 
early prototyping link customers more closely to the process. The change from 
technology-driven NPD to market-driven NPD means a shift from an emphasis on the 
technically superior product to “a solution that enables customers to experience the 
maximum value and benefit from its use” (Srivastava et al. 1999). 

Market orientation as the processing of market information (its gathering, 
dissemination, and use) supports the learning process of radical NPD. Market orientation 
places the foci of learning outside the company (Sinkula 1994). Companies learn about 
their market continuously (Day 1994b) through the different activities processing the 
market knowledge. Market orientation does not mean a blind focus merely on the current 
markets, but relates also to emerging markets (e.g., Narver & Slater 1990, Day 1999). 
Companies also need capabilities in identifying new customers and their needs. Market 
knowledge develops over time, and therefore market orientation is seen an antecedent for 
learning (Slater & Narver 1995), i.e., a complement to the learning process of radical 
NPD. Proactive market orientation in particular brings the needed “outside-in” 
perspective to the otherwise too “inside-out” approach of the more technology-push type 
of NPD (Narver et al. 2004). Being market-oriented means focusing on activities that 
help to gain a deep enough understanding of the customers for confidence in decision-
making (Day 1999). Companies learn through their transactions with the customers 
(Danneels 2003). They learn by interpreting the customers’ responses to their actions. 

                                                           
234 Monitoring market development also showed the largest gap between perceived importance and current 
capabilities (Gupta & Wilemon 1996).  
235 Market intelligence can be generated from both internal and external sources (Jaworski & Kohli 1996). 
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Understanding about the market and the technology-market mix emerges and develops in 
the continuous dialogue with the customers (e.g., Lynn et al. 1996). However, caution 
must be made not to become too self-limiting. Environmental scanning for attractive 
alternative customers outside the current market segment(s) needs to continue as well236. 

Learning was also highlighted by Hughes and Chafin (1996) in their “value 
proposition process” model. This is a front-end extension to the generic NPD process, in 
order to concentrate more on managing uncertainties while adding value for customers 
and users. The model is based on continuous learning concerning the different value 
issues. The new product idea is converted to a value proposition. The process consists of 
a value proposition cycle and an integrated screening methodology, i.e., value proposition 
readiness assessment. The value proposition cycle consists of four iterative loops 
reflecting the central knowledge areas of the value proposition: questions like “do 
customers care?”, “do we care?”, “can we beat the competition?”, and “can we do it?”237. 
These questions are continuously repeated and the proposition is updated based on a 
series of screens conducted in each of the four loops. The value assessment through the 
screening process is like “a process for organizing knowledge and moving ahead, even 
when there is no consensus”. This continuous looping and screening assures the multi-
functional team (also including customer representatives) that it is responding to changes 
in the market, thereby making the process look more like a continuous learning process. 
(Hughes & Chafin 1996.) It also enhances the team’s ability to determine whether a 
proposal is feasible. By making customer value central to the process, the value 
proposition process begins the transformation of the organization to a “market driving” 
organization and a change in the culture from being internally focused to being externally 
focused. (Hughes & Chafin 1996.) During a market-oriented, continuous learning process 
for radical NPD, uncertainty is reduced by increasing market knowledge in order to better 
link the evolving new technology to the emerging market. 

3.2.2.8 Beyond market knowledge 

Discussion in this chapter on market orientation, especially concerning radical NPD, has 
mainly concentrated on issues of gathering market or customer knowledge. When 
considered as part of the company’s learning activity, market knowledge is actually based 
on experience, experimentation, and information from many different sources (e.g., 
customers, competitors, partners, etc.) (Slater & Narver 1995). Especially during the very 
early phases of radical NPD there is a great deal of “reliance on internal data and 
informal networks of people throughout the relevant business units” (O'Connor 1998). 
The reason for this is “to learn and understand the hurdles required of the initial 
technology or more about markets that are unfamiliar to the development group, but with 
whom a business unit may have some indirect relationship”. (O'Connor 1998.) In order to 
support learning, the scope of the market orientation must be broadened to include all 
stakeholders and “to encompass all sources of knowledge and ideas pertaining to 

                                                           
236 If the feedback does not include information concerning non-customers, it will contribute to a narrowing 
view of the market, which again may hinder the search for potential new markets (Danneels 2003). 
237 I.e., the knowledge areas related to both market and technology. 
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customers and customer value creating capabilities” (Slater & Narver 1995). Market 
orientation has always also been related to interdepartmental dynamics (Kohli & 
Jaworski 1990, Jaworski & Kohli 1993), or interfunctional coordination (Narver & Slater 
1990). While processing market information, i.e., gathering, disseminating and using it 
(Ottum & Moore 1997, Jaworski & Kohli 1993) throughout the whole development 
organization, different organizational functions need to cooperate. 

Narver and Slater (1990) have considered interfunctional coordination as the third 
component of market orientation, the other two being customer and competitor 
orientation. In the same way, Li and Calantone (1998), when defining their concept of 
market knowledge competence, consider the marketing-R&D interface process as the 
third component of the concept in addition to customer and competitor knowledge 
processes. This process was needed to integrate the market knowledge acquired. In fact, 
they found that this is probably the most influential of the three processes (Li & 
Calantone 1998). The marketing-R&D link could be seen as a kind of ‘enabling force’ for 
market information processing. From the learning perspective, the sharing and use of 
market information is even more important (Maltz & Kohli 1996, Ottum & Moore 1997). 
Ottum and Moore (1997) found that the level of cross-functional integration affects the 
amount of market information shared and used. Gathering and sharing the market 
information is not enough: the use of that information, i.e., the new knowledge gained 
throughout the company, is even more essential for NPD success (Ottum & Moore 1997). 
Bacon and co-authors (Bacon et al. 1994) found that information gathered during the 
early phases must be integrated into the decision-making processes concerning the new 
product design. Kohli and Jaworksi (1990, Jaworski & Kohli 1993) considered 
interdepartmental dynamics as antecedent to market orientation, which in turn has been 
considered as antecedent to organizational learning (Jaworski & Kohli 1993) as well as to 
innovation (Hurley & Hult 1998). In fact, Hurley and Hult also consider the emphasis on 
learning, participative decision-making, support and collaboration, and power sharing as 
antecedents to the innovativeness of the company (Hurley & Hult 1998). As O’Connor 
(1998) found that the organizational structure may actually be the one “serving as a 
market learning tool”, and as Adams and co-authors (Adams et al. 1998) consider most 
barriers to market learning to be related to cross-functional interaction238, market and 
customer orientation in successful NPD is most certainly related to cross-functional 
integration – even more so when the “total amount known” about the market is found to 
be more important to the NPD success than the market learning during the NPD project 
(Ottum & Moore 1997). However, further discussion on this core issue of market 
orientation belongs to the final review section (3.3). 

3.2.3 Discussion 

The preceding review was an attempt to answer one of the subquestions of this study: 

“What is the role of the user-centered approach during the early phases of software 
new product development?” 

                                                           
238 Yet gaining only limited attention in product development research (Biemans & Harmsen 1995). 
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Since the core concept of UCD comes from the SE field, it was interesting to see what 
happens when the perspective is widened to NPD. The fuzzy early phases of software 
NPD were related to the uncertainty concerning the object of development. During this 
conceptual part of development, knowledge concerning both the application domain and 
solution domain is increased through certain activities reducing uncertainty, or learning 
activities. This knowledge culminates and becomes expressed as object knowledge. 
Recently, both of the research fields have been highlighting the importance of giving 
more attention to users or customers and their needs. This means that from the point of 
view of the object, special attention is given to the knowledge concerning the application 
domain and to the sources of this knowledge. 

User orientation. According to the ISO 13407 standard, UCD complements the 
general SE processes. UCD processes are integrated with the overall development 
processes and therefore UCD as a whole is managed as part of SE. As discussed in the 
process section (3.1.4), from the point of view of application domain knowledge this 
means that UCD is related to the traditional SE world with a market-pull type of business 
orientation, where the application domain is initially known at the beginning of the 
development. This means that the sources of knowledge concerning the application 
domain are already known, or at least conceivable, at the beginning of the effort. UCD 
highlights the importance of real users as the best source of this knowledge. In gathering 
this knowledge, UCD strives for close relationships between developers and users. 
During the early phases of development (the conceptual part of development), UCD is 
most explicitly connected to a continuous requirements process with as early feedback as 
possible. UCD provides practices, methods and tools, for reducing uncertainty 
concerning the (user) requirements of the new product. 

Based on the preceding literature review, it seems that in the context of software NPD 
too, UCD strives for closer relationships between developers and users (or customers). 
However, instead of integrating UCD practices under the control of the “complementary 
SE process” as a whole, currently in the software NPD context the control of the UCD as 
a whole seems to be offloaded onto the UCD professionals (or function). As they have 
limited, special expertise, however, the position of these professionals becomes more 
marginal from the more comprehensive point of view of the NPD process in general. 
Naturally, this also affects UCD professionals’ ability to control the UCD process as a 
whole. Complementing the SE process is basically insufficient because UCD practices, as 
well as the SE process, extend to NPD as a whole. In the light of this, the recent attempts 
to widen the UCD process model become understandable. It is reasonable to integrate and 
coordinate the different methods and tools of UCD in the software NPD context too (as 
UCD professionals do), yet achieving a similar status to that of SE, i.e., becoming an 
organizing principle, a “complement”, to the software NPD effort as a whole, is quite 
naturally questionable. First of all, the structural gap between the conceptual and concrete 
parts of development is more explicit in the software NPD context. The conceptual part 
of development in particular, as a release planning process, is more independent and 
cross-functional in nature. In addition to user requirements, other issues, like market 
considerations, need to be considered. In this context, the sources of application domain 
knowledge are more diversified, as are the practices used to gather new information. 
UCD provides only part of the methods and tools needed for reducing uncertainty: the 
ones focusing on real users and their requirements. 
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In addition, as was also discussed in the process section, because of the missing 
twofold nature of the object of development (the product-market pair), current software 
NPD is more market-pull in nature than radical NPD – the processes of which otherwise 
correspond considerably. During the early phases, however, software NPD is also actually 
more technology-push than the current practices expect, i.e., there is more uncertainty 
with the application domain than expected, like in radical NPD. From this point of view, 
UCD is a welcome improvement towards more market-oriented development. Even the 
recent flexible approaches to development, based on closer relationships with customers 
and early feedback, could also be considered as implications of (at least partial) UCD. 
However, the high market uncertainty, i.e., the unknown application domain, causes some 
problems with this. For example, in our UCD-II project it turned out that the demands of 
the marketing and sales department were sometimes in conflict with the user needs 
confirmed by some representative user participating in UCD practices. This is also where 
the recent attempts for a “cultural” change (or organization-wide commitment) turn out to 
be interesting. From the point of view of software NPD it is not that clear what the 
culture that needs to be changed is. It is clear that any technology-push type of approach 
needs to focus more outside the company, and UCD provides some kind of an answer. In 
our UCD-II project, too, we felt this need for an organization-wide culture focusing on 
users. However, based on this review, it has become obvious that during the early phases 
of very new high technology product development market uncertainty is too high to be 
able to follow the principles of overly “market-pull” type processes. From this point of 
view, it would actually be the (overly market-pull) culture of the UCD that needs to be 
changed. As already pointed out in the process section (3.1.2.4), under high uncertainty 
the development process becomes more of a learning process. UCD should also be seen 
as an approach supporting this learning. However, seeing only the product (instead of the 
product-market pair) as the object of this learning process is too narrow. In order to link 
the new technology to the market, the market should also become the object of this 
learning process. UCD takes a partial step forward by focusing on users as part of the 
application domain. However, these users (or customers) are actually representatives of 
the market. If the market is unknown, without a (market) learning process, an important 
part of the application domain remains unknown. This is where the concept of market 
orientation from NPD provides more insight. 

Part of market orientation. Market orientation is an organization-wide issue, even 
suggested as a fundamental part of corporate culture – significantly different from 
technology-push culture – generating organizational systematics – i.e., activities and 
capabilities – that strive for maximum benefit for the customers. Together with UCD, 
during the early conceptual part of development customers are valued both as a source of 
knowledge for the development and for evaluation purposes. If the object of development 
is widened to include the product-market pair, the concept of market orientation in the 
more comprehensive context of NPD becomes an interesting addition to help understand 
UCD from the business point of view. It helps to position UCD in this wider context. 
Market knowledge is not just knowledge about customers but also includes other issues 
that may affect this knowledge, e.g., competitors. In addition to users, there are many 
other diverse sources of application domain knowledge. There are many different ways to 
gather and process this market information. Like UCD, market orientation strives for 
closer relationships between developers and customers. In order to bring the “voice of the 
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customer” into the process, there are different ‘degrees of contact’ with the 
market/customers. While fundamentally supporting a market-pull type of business, 
market orientation is considered as responsive to the application domain already known, 
or at least definable, at the very beginning of the development process. However, at the 
same time market orientation has become an issue in the more technology-push type of 
context as well. From the point of view of the early phases of software NPD, market 
orientation in the radical NPD context is most interesting. 

Market orientation in radical NPD could be simply defined as an approach that tries to 
link the new technological possibilities to the market based on deep understanding of the 
market and potential customers’ needs. That is, in the context of more technology-push 
oriented development, market orientation highlights the importance of customer value 
and market knowledge. This also means that market orientation needs to be integrated in 
the complex learning process typical of radical NPD. In the same way that UCD is a 
complement to flexible and iterative SE, market orientation could be seen as a 
complement to the continuous learning process of radical NPD. Under high market 
uncertainty, there is less knowledge concerning the application domain, and therefore 
market orientation highlights the market as the focus of learning. During the early phases 
of radical NPD, the knowledge needed for a profitable product-market fit sharpens little 
by little. Activities to gather this market knowledge and to initiate contact with the 
customers are important and should become an integral part of the whole process. The 
less knowledge concerning the market the more important (if not even critical) it 
becomes to involve customers. The more uncertainty there is with the market the more 
intensive relationship with customers is favored. In this way it is possible to gain a deeper 
understanding of their needs and requirements. This is also where UCD comes in. While 
extending the UCD principles in our MAPID model it was clear that, from the point of 
view of the active involvement of users, there was a need for at least some appropriate 
representatives of possible future users (in some initially perceived market) of the new 
product. However, as the relationships with these few customers get closer there is a 
danger of becoming too customer-oriented, i.e., “customer-led”, by them, instead of 
market-oriented. 

Market orientation and technology orientation were seen as two ends of a continuum, 
where customer orientation was in the middle. That means that for a technology-oriented 
organization, customer orientation, and therefore user orientation too, is on the way 
towards market orientation yet with only a limited focus on customers. This also means 
that in radical NPD, though a step towards customer orientation is necessary in learning 
about the market, care must be taken not to become too customer-led. Especially during 
the early phases of radical NPD, instead of increasing customer knowledge as “the real 
and only knowledge” from the “right” customers, the activities used to gather that 
knowledge should be seen as “subactivities” of a more organization-wide market 
orientation. From the point of view of UCD this means that instead of having a close 
relationship with the user in order to gather the real needs and requirements, this close 
relationship should also be seen as an activity for learning about the most attractive 
market (customer knowledge), i.e., reducing market uncertainty. This is also where we 
were heading in our UCD-II project. We found that one of the main tensions between 
different organizational functions came from this confusing relationship between users 
and customers representing a market. The selection of representatives is not a 
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straightforward task. Furthermore, as also stated in the NPD literature, there was a need 
for cross-functional interaction in order to evaluate the overall value of some ‘real’ needs 
and requirements against a more diversified set of other, maybe even conflicting, ‘real’ 
experiences. 

Answering the question based on the review. Based on the preceding discussion it is 
now time to give an answer to the question concerning the role of UCD in the context of 
the early phases of software NPD. UCD is part of a market-oriented product development 
culture, meaning both concrete development with UCD principles and conceptual 
development with a user-centered attitude. Users are valued as the most important source 
of knowledge concerning the application domain. During cross-functional concept 
development,the methods and tools for UCD are an addition to the already existing pool 
of methods and tools for reducing uncertainties. Especially under high market 
uncertainty, UCD means learning the link between the technology and the emerging 
market by providing tools and methods to get closer to customers and real users. UCD is 
partly a question of implementing market orientation into a traditionally more 
technology-oriented context. Like our work in the UCD-II project, this answer is actually 
widening the concept of UCD from the SE context to the software NPD context. 
Although still seeing the focus on users as valuable, it is clarifying UCD’s position in the 
new product business context. As a partial implementation of a market-oriented culture, 
interestingly, cross-functional interaction also becomes an important issue. 

Cross-functional interaction has been considered as a third component of the whole 
concept of market orientation; together with customer and competitor orientation. This 
means that one of the core issues in market orientation is the dissemination and 
communication of market knowledge across organizational functions. Cross-functional 
interaction is needed in order to transform customer needs into the technical 
specifications of the new product. This is also what we found in our UCD-II project 
concerning UCD. In our final MAPID model we made the statement that cross-functional 
interaction was needed in order to manage the UCD processes as a whole across 
functional boundaries. Better integration of the conceptual and concrete parts of 
development was needed if we want to follow UCD principles in an NPD context. As 
important as this still may be, based on this review, it is the cross-functional nature of the 
conceptual part of development that is perhaps even more important. According to the 
literature on market orientation, cross-functional interaction and negotiation is needed 
when knowledge from different sources needs to be consolidated. A deep enough 
understanding of the customer needs and requirements will perhaps provide the necessary 
confidence in this typically cross-functional decision-making process. High uncertainty 
with the market knowledge and the diversity of the sources of that knowledge makes 
room for possible conflicts. Showing the central role of this cross-functional interaction 
in market-customer-user orientation is perhaps the most important finding from the NPD 
literature for this work, and will be reviewed more carefully in the next section. 
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3.3 Interaction during the early phases of user-centered software new 
product development 

This final section of the literature review aims to find answers to the last two 
subquestions of this study: 

“What is the role of cross-functional interaction during the early phases of user-
centered software new product development?” and 

“What are the origins of the problems with cross-functional interaction during the 
early phases of user-centered software new product development?” 

In every business organization, organized human activity gives rise to two fundamental 
and opposing requirements manifest in organizational structure: the division of labor and 
coordination (Minzberg 1993). There is no single best way to structure an organization. It 
is an everlasting problem of management to be able to define the most effective way to 
manage the interrelationships among different parts of each unique company. Unit 
grouping is one of the most powerful means of coordinating work in the organization; it 
provides strong coordination within the unit, yet creates problems when coordinating 
between the units. However, in typical business practice, especially when the 
organization grows, functional departmentalization becomes one of the most used 
structures (Hellriegel & Slocum 1991), being based on skills standardization as a 
“coordination mechanism”239. This causes the fundamental problem of cross-functional 
integration, i.e., a need for different kinds of “liaison devices”. According to Minzberg, 
the four basic types of liaison are liaison positions, task forces and standing committees 
(or “meetings”), integrating managers, and matrix structure. (Minzberg 1993.) 

Both of the main research fields of this review (SE and NPD) highlight the importance 
of multi-disciplinary interaction. However, interestingly, they seem to have a slightly 
different orientation. With contract-based IS development as its background, the unit of 
analysis in traditional SE has been the project team. Multi-disciplinary teams are 
considered as a way to combine different knowledge domains related to the development 
effort. On the other hand, because of its more comprehensive perspective, problems with 
functional departmentalization have been a more natural point of view in NPD research. 
The following review is structured again into two main sections, one for each main 
research field. 

3.3.1 Interaction during user-centered software product development 

In this section I will concentrate on cross-functional issues in the SE field. Since multi-
disciplinary design is one of the core principles of UCD, I will start my review from the 
concept of the multi-disciplinary team in UCD, but extend it to the context of SE in 
general and RE in particular (Section 3.3.1.1). After this I will turn my attention to 
                                                           
239 When the work is so complex that it is not possible to standardize either the work processes or the outputs, 
standardization is based on skills (Minzberg 1993). 
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software NPD. First the concept of cross-functional interaction is introduced as an analog 
to the multi-disciplinary team (Section 3.3.1.2). Then, I will give two slightly different 
examples of a cross-functional team in software NPD practice. The case of Digital 
(Section 3.3.1.3), mainly based on Hutchings and Knox (1995), is a good and 
characteristic description of reengineering the RE process towards a more cross-
functional effort. However, from the point of view of this study, the context of more 
traditional NPD is too restrictive. The case of Microsoft (Section 3.3.1.4), mainly based 
on Cusumano and Selby (1995) is again a more representative description of software 
NPD. These two examples aim to provide a basis and motivation for a more general 
discussion on cross-functional teams in software NPD (Section 3.3.1.5). From the point 
of view of UCD it is not just the organizational functions that need to interact. UCD 
further complicates the issue while striving for a closer relationship between developers 
and users. The sixth section (3.3.1.6) concentrates on this issue. As will be discussed, 
there are different ways to increase knowledge concerning the application domain (e.g., 
through direct or indirect links with the customer or users), and cross-functional 
interaction is needed in order to build a common understanding of this knowledge and a 
shared vision for the new product. Therefore in software NPD the conceptual part of 
development, i.e., release planning, becomes a social process of cross-functional 
negotiation (Section 3.3.1.7). 

3.3.1.1 Multi-disciplinary teams 

Multi-disciplinary design, one of the four principles of UCD, states that “multi-
disciplinary teams should be involved in a user-centered design process” (ISO 1999). The 
teams may be small and the roles involved may include: end-user; purchaser, manager of 
user; application domain specialist, business analyst; systems analyst, systems engineer, 
programmer; marketer, salesperson; user interface designer, visual designer; human 
factors and ergonomics expert, human-computer interaction specialist; technical author, 
trainer and support personnel (ISO 1999). So there are quite a number of different areas 
of expertise involved. In order to keep the team small, individual team members may 
cover several of these areas or viewpoints. Diversity is favored in small teams in order to 
make appropriate trade-off decisions (ISO 1999). With more extensive knowledge and 
skill bases, the team will also bring additional creativity and ideas. In the project plan, it 
is recommended that time is also reserved for team communication (reconciling potential 
conflicts and trade-offs). (ISO 1999.) 

Although the importance of the multi-disciplinary team has been repeated many times 
(e.g., in Rosenbaum et al. 2000), a recent survey of UCD professionals by Vredenburg 
and co-authors (Vredenburg et al. 2002) provides some confusing, yet interesting, 
findings concerning this multi-disciplinary team. The most common size of a project 
team, 10 people, gives the impression of an extremely multi-disciplinary practice. 
Furthermore, 86% of respondents considered their representative project to be multi-
disciplinary. However, only 5% of the respondents considered the team as multi-
disciplinary after being presented with a definition of a multi-disciplinary team as having 
more than three different disciplines represented. This means that the UCD professionals 
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consider three or fewer disciplines enough. In fact, as the real number of team members 
ranged from 3 to 100 in the study, there must be many members of the team representing 
the same discipline (e.g., according to the study 27% of the members are UCD 
professionals). According to the job titles of the respondents in the survey (unfortunatly 
these titles were not reported in the paper itself), the study found that 21% of the teams 
were multi-disciplinary based on the definition given earlier. Although this is slightly 
better than the perceptions of the respondents, as Vredenburg and co-authors state: “this 
raises a question of what makes a team multidisciplinary”. 

Different knowledge areas represented. Different types of people are involved in a 
typical software development project. A project team involves company managers, 
project manager, engineers, end users, customers and other stakeholders interested in the 
outcome to represent the different skills and knowledge areas needed for a successful 
project (e.g., Pressman 2000). Furthermore, the areas of experts may be specified in more 
detail, in terms of requirements analysts, architects, designers, programmers, testers, 
trainers, etc. (Carmel & Bird 1997, Pfleeger 1998). Project teams may also include 
specialists for quality assurance and marketing (Carmel & Bird 1997). In an ideal 
situation, the participants of the team represent the “right” distribution of knowledge 
needed for successful completion of the project (Walz et al. 1993). Expertise is the most 
important resource for the development project (Faraj & Sproull 2000). These different 
people working on a common project need to “agree to a common definition of what they 
are building, share information, and mesh their activities. They must have a common 
view of what the software they are constructing should do, how it should be organized, 
and how it should fit with other software systems already in place or undergoing parallel 
development.” (Kraut & Streeter 1995). Typically, these common issues are handled in 
project meetings, while individual tasks are carried out by individuals (or subgroups) 
outside these meetings. 

Although it is not stated explicitly in the ISO 13407 standard, UCD also aims at a 
direct link between developers and users, at least “appropriate representatives” of users 
(ISO 1999). This is connected to the principle of user involvement. Users are valued as a 
source of knowledge for the requirements and as evaluators of different representations of 
the product (specifications, mock-ups, prototypes, etc.). However, the direct link between 
users and developers highlights the close relationships between the two. Direct, face-to-
face contact is important for a more thorough understand of users, their context of use, 
the problems they face, and their needs. “The effectiveness of user involvement increases 
as the interaction between the developers and users increases” (ISO 1999). According to 
Gould (1988), “achieving direct contact with potential users is much better than 
exclusively relying upon intermediaries, such as marketing research people”. The closest 
relationship is realized by including users and customers, at least to some extent, as 
participants in the same multi-disciplinary team (e.g., participatory design). “The 
experience of the end users cannot be effectively mediated by representations of work or 
representatives of users” (Kyng 1995). Users bring the knowledge about the application 
domain and requirements into team negotiations. 

Very recently, Dittrich and Lindeberg (2004) found in their intensive field study 
(although the case studied was an in-house development project, rather than a product 
development project) some descriptive characteristics of successful cooperation between 
users and developers. The project was successful when users were not seen as mere 
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informants or evaluators but full members, the application domain experts, of the team. 
Close cooperation between users and developers provided the grounds for mutual 
understanding and trust, which again supported the learning process for evolutionary 
development. Common design artifacts, e.g., documents, interface sketches, prototypes 
etc., also contributed to the cooperation by providing common ground for discussions and 
communication. Different types of meetings, e.g., both informal chats and working 
meetings, were occasions to talk about the project (and the artifacts). Characteristic of 
these meetings was the changing participation of the team members depending on the 
type and focus of the meeting. (Dittrich & Lindeberg 2004; see also Walz et al. 1993 on 
software project meetings.) 

The social process of RE. The requirements process – especially gathering, 
interpreting and analyzing requirements – is fundamentally a multi-disciplinary process 
(Nuseibeh & Easterbrook 2000, SWEBOK 2004). Users, customers, project managers, 
engineers, marketing people, etc. are all possible people for participation in development, 
in addition to the developers (SWEBOK 2004). The purpose of the process is to build 
products that will satisfy users’ and customers’ needs. A multi-disciplinary team provides 
the benefits of several different viewpoints. Since it is not possible to satisfy the 
requirements of everyone, acceptable trade-offs need to be negotiated (SWEBOK 2004). 
The success of the process depends on “how well people communicate and work 
together” (Saiedian & Dale 2000). Requirements are typically also quite ambiguous. The 
more innovative the new product, the more ambiguous the requirements and the more 
multi-disciplinary interaction is needed (e.g., Gordijn & Akkermans 2003). The RE 
process is therefore essentially a communication and negotiation process (Curtis et al. 
1988) from the interaction point of view. Participants in the multi-disciplinary team have 
different perspectives and often even conflicting goals, which makes it difficult to reach 
an agreement (Nuseibeh & Easterbrook 2000). Among other things, poor communication 
has been suggested as a problem (Saiedian & Dale 2000, Coughlan & Macredie 2002). 

Different viewpoints are grounded in different backgrounds and knowledge bases. 
Galliers and Swan (2000) have studied RE as a socially mediated process where the 
knowledge needed for decision-making is gained through “formal and informal intra- and 
inter-organizational communication networks” (Galliers & Swan 2000). Much of this 
knowledge relies on individual sense-making or is socially constructed. This type of 
viewpoint puts the emphasis on individual cognition and interpretation. Interpretation is 
the assignment of meaning to the data gathered (e.g., Beyer & Holtzblatt 1998). 

“Designs are built on the interpretation of facts, […] [i]nterpretation is the chain of 
reasoning that turns a fact into an action relevant to the designer’s intent. From the 
fact, […] the designer makes a hypothesis, an initial interpretation about what the 
fact means or the intent behind the fact. This hypothesis has an implication for the 
design” (Beyer & Holtzblatt 1998, p. 57). 

Exceptional (highly knowledgeable or experienced) individuals are at the heart of the 
different types of coalitions exerting authority on team decisions (Curtis et al. 1988). 
Individuals are members of different social networks. Collaborative decision-making is 
based on knowledge that is grounded in these networks of participating individuals. 
(Galliers & Swan 2000.) The benefits of these networks are most obvious when the 
uncertainty of the project is high (Kraut & Streeter 1995). Difficulties with multi-
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disciplinary negotiation are often related to the rationales behind the individual 
viewpoints (e.g., Boehm et al. 1998). A close relationship with users (or their 
representatives) has been suggested as one solution, in order to have their perspective 
available and to base decisions on their real experiences240. As Hofmann and Lehner 
(2001) found, the most successful RE teams always involve an ongoing relationship with 
customers and users. According to Saiedian and Dale (2000), 

“What is important is recognizing the participatory necessity of the customer in 
defining their requirements to us. This philosophy needs to become a standard part 
of our development goals – one that is accepted as an absolute need, not a nice to 
have, and one that is budgeted for in time and schedule.” (Saiedian & Dale 2000). 

Requirements are not considered as something out there to be captured but emerge in 
“ongoing interactions and negotiations between participants” in the process (Coughlan & 
Macredie 2002; see also Walz et al. 1993, Curtis et al. 1988). According to Coughlan and 
Macredie, in order to be successful, each participant should feel ownership of the results. 
For many, the goal of the RE process is to produce a shared and documented 
understanding of the requirements in models and specifications (e.g., Crowston & 
Kammerer 1998, Lang & Duggan 2001, Nguyen & Swatman 2003; see also Hofmann & 
Lehner 2001). Boehm and co-authors (Boehm et al. 1998) have developed the spiral 
model of software development towards a WinWin spiral model with a negotiation-based 
approach to RE. Based on their case study, they found that the most important outcome of 
the RE process is not the precise specification, but “a team of stakeholders with enough 
trust and shared vision to adapt effectively to unexpected changes” (Boehm et al. 1998). 
Others have also found that a successful RE process builds a shared vision (e.g., Curtis et 
al. 1988, McCarthy 1995, Saiedian & Dale 2000). The vision develops over time, in the 
same way as requirements. Members of the team learn from each other by sharing 
knowledge of the different domains – typically in a discursive practice241 in a meeting 
context (Walz et al. 1993). 

The idea of a small team (fewer than ten participants) is prevailing in the software 
development literature (Carmel & Bird 1997). It is much easier for these small teams to 
build a so-called collective mind242 (Crowston & Kammerer 1998). However, this type of 
all-embracing development team, combining different knowledge areas, is not that clear 
in a software NPD context, i.e., when the level of social analysis goes beyond the project 
level (Curtis et al. 1988, Carmel & Sawyer 1998). For example, Sawyer (2001b) has 
recently argued that existing models for intragroup conflict in software development, 
focusing primarily on conflicts between developers and users (see e.g., Kjaer & Madsen 
1997), may be inadequate for product development. Instead of building consensus within 
the team, people may keep on with their counter-arguments even after decisions are made 

                                                           
240 (E.g., Walz et al. 1993, Kraut & Streeter 1995, Hutchings & Knox 1995, Beyer & Holtzblatt 1998, Saiedian 
& Dale 2000, Lang & Duggan 2001, Coughlan & Macredie 2002). 
241 Curtis and co-authors (Curtis et al. 1988) found discursive practice to be even crucial for large software 
projects. 
242 Collective mind theory, originally presented by (Weick & Roberts 1993), is a result of individuals’ “heedful” 
behaviors of “(1) contribution (an individual member of a group contributes to the group outcome), (2) 
representation (an individual builds internal models of the group), and (3) subordination (an individual puts the 
group’s goals ahead of individual goals)” (Crowston & Kammerer 1998). 
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(Zachary 1998). At some point in time, when the chosen direction (“armed truce”) loses 
its relevance, the opposition, which has been present but suppressed, emerges (Zachary 
1998). 

3.3.1.2 From multi-disciplinary team to cross-functional interaction 

The concept of a “project team” relates to a team gathered for a certain task and for a 
certain, limited time period. The team is typically considered as a group of individuals 
working together towards a shared goal. Based on their mutual division of labor the 
development (project) activities are conducted according to a project plan. Actual work 
activities are delegated to individual participants or subteams according to the special 
expertise area of their profession (Curtis et al. 1988). For example, usability 
professionals’ knowledge concerning users’ preferences is both their contribution to and 
their justification for participating in the development process (Borgholm & Madsen 
1999). Both the development team as a whole and the subteams rely on informal 
interactions and joint problem-solving to bring the different expertise to bear (Faraj & 
Sproull 2000). Research tends to highlight the importance of communication, 
coordination, balance of member contributions, mutual support, effort, and cohesion 
(Hoegl et al. 2003)243 between the individuals in the team. However, from the point of 
view of this study, it is not the social process of individuals working as a project team that 
is interesting, but the overall interaction between the different knowledge domains 
needed for development (see e.g., Clegg et al. 1997). 

Integration of different knowledge domains. The integration of the different knowledge 
domains is needed for a productive completion of a product development effort (Curtis et 
al. 1988, Walz et al. 1993). Yet the number of these different knowledge areas seems to 
be increasing alongside with technical and industrial progress. As an example, UCD 
brings its own new demands for the skills and viewpoints needed, e.g., visual and 
industrial designers, human factors, cognitive psychology, anthropology (see e.g., 
Borgholm & Madsen 1999, Vredenburg 2003). With Web Engineering there seems to be 
almost an explosion of these new areas such as hypermedia and hypertext engineering, 
information engineering, information indexing and retrieval, etc. (Deshpande & Hansen 
2001, Ginige & Murugesan 2001b, Pressman 2000, p. 832): 

“Web Engineering […] is also an explicit acknowledgement of the multi-
dimensional nature of Web applications, encompassing technical computing, 
information structuring, navigation and management, network performance and 
security, legal and social issues, graphic design, multiplicity of user profiles, and 
the varied operational environments.” (Murugesan & Deshpande 2001, preface). 

Such a large number of expertise areas may come into conflict with the idea of a small, 
cohesive project team (Dubé 1998). Even if individual members were chosen based on 
their expertise in more than one area, it may become impossible to find sufficient 
numbers of such exceptional, interdisciplinary individuals. One possible solution is to 
organize a core team with extra “peripheral” (Carmel & Bird 1997) members, like users, 
                                                           
243 The facets of “teamwork quality” (Hoegl et al. 2003, originally defined in Hoegl & Gemuenden 2001). 
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included according to the demands of individual phases or tasks of the development (e.g., 
in Walz et al. 1993, Dittrich & Lindeberg 2004). In large software projects the project is 
divided into several subteams working on different parts of the system (Curtis et al. 1988, 
Carmel & Bird 1997). In business organizations, however, it is typical that the individuals 
representing different specialties involved in the development represent a cohesive group 
of their own profession. Instead of being staffed for a certain project, individual members 
involved in the development effort represent these “line positions” of the company 
(Carmel & Sawyer 1998). This type of compartmentalization aims at efficient division of 
labor in the development effort (Kraut & Streeter 1995), while the development of the 
special skills becomes more concentrated (Borgholm & Madsen 1999; see also Minzberg 
1993 as discussed in the introduction to this chapter). Even though some of the 
professions, e.g., programming and testing, typically lie under the control of one 
organizational unit, i.e., the development function, there seems to be a tendency to 
separate some – like UCD professionals244 – from the software engineers into a separate 
organizational function (unit) of their own245. 

UCD professionals in software product companies. Considering the context of 
software NPD, and especially the distinction between the conceptual and concrete parts 
of development, the implications of this functional departmentalization become clearer. 
As depicted in Fig. 20 (see #1 in the figure), traditionally in the NPD context it is the 
marketing function that has represented the customer (Curtis et al. 1988, Poltrock & 
Grudin 1994, Hutchings & Knox 1995). It has been typical for marketing (and sales) to 
communicate the customers’ needs (ambiguous and also often quite unstable) to 
development through written documents, leaving room for misinterpretations. Concrete 
development of the product then took place by the development function based on the 
given product specifications without any real experience of the customers (Grudin 1993). 
Sometimes the initial needs and requirements were also renegotiated with marketing 
during the concrete development phase. 

 

                                                           
244 See also (Lyytinen & Robey 1999) on IS development (i.e., companies in contract business), where special 
units like organizational development, quality assurance, methodology design, and risk assessment were also 
“walled off” from core processes and therefore considered as barriers to effective learning in IS development. 
245 (Borgholm & Madsen 1999, Siegel & Dray 2003, Vredenburg et al. 2002, Mayhew 1999b; see also Haw 
1998). 
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Fig. 20. A simplistic description of software NPD and the role of UCD professionals 
in relation to the other organizational functions traditionally responsible for the 
development. 

In this context, UCD professionals also represent the customer – the users. However, they 
are also trying to bridge the gap between developers and users. In addition to the 
conceptual part of development, the operational field of UCD professionals also 
encompasses the concrete part of the process (see #2 in Fig. 20). Grudin (1991b) suggests 
that the more traditional structure and processes of the product company may actually 
systematically obstruct the more user-centered view. Developed as a complement to 
existing development processes, UCD overlaps with many of the traditional SE 
processes. Therefore the overlap with the development function is natural246 (e.g., 
Poltrock & Grudin 1994, Borgholm & Madsen 1999, Metzker & Offergeld 2001). 
However, UCD is not an issue for the development function and UCD professionals only 
(Gould 1988, Haw 1998), since some of the life cycle processes of SE are actually 
separated from the development function. During the conceptual part of development, the 
overlap with UCD professionals and the marketing function becomes important. Siegel 
and Dray (2001) discuss the paradigmatic difference between marketing and UCD. The 
traditional role of marketing is to act as a link between the customer and the development 
function. In fact, the product manager often represents the marketing function. “Whereas 
UCD practitioners preach the need to introduce knowledge about the customer into 
design as early as possible, marketing has been doing it all along”. Marketing also 
traditionally has the resources for and knowledge about methods and practices to study 
people and learn about the customers (i.e., market research methods). In fact, according 
to Siegel and Dray, these many similarities between the two explain the prevailing 
confusion about the organizational position of UCD activities such as usability 
evaluation, for instance. UCD could also be positioned inside the marketing department 
“on the basis of shared methodology and infrastructure”. Marketing provides mediated 
knowledge about the customers to product planning, yet marketing also often make the 
main decisions concerning the product concept. Marketing at least “owns” the 
requirements and leads the requirements process. The concern for usability is only one 

                                                           
246 Note that this also reflects the historical development of the UCD approach, which focused initially merely 
on interface issues which belong to the concrete design and development part of development (Grudin 1993). 
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element in the whole concept, hopefully given a high priority in trade-off decisions. 
(Siegel & Dray 2001.) 

While marketing focuses on the overall market fit with the product, according to 
Siegel and Dray, UCD is more focused on the implementation issues of the product. The 
focus of marketing is also more strategic (trends, product opportunities, product mix, and 
perception of the company and its products) at the population level instead of the 
individual level, while UCD focus more on tactical issues of product details, aiming at 
user satisfaction. The primary role of marketing is to determine what is needed to sell the 
product, not to tackle usability issues (Poltrock & Grudin 1994). 

“The consumer of marketing input is traditionally the executive who has authority 
for deciding what product opportunities to pursue and how to position the company 
and its products in the market. The consumer for UCD input during the design 
phase is the designer, engineer, or development manager who needs help defining 
specific design solutions.” (Siegel & Dray 2001). 

So also the knowledge captured and mediated to the development function is of a 
different type. Marketing emphasizes subjective data and opinions related to large 
samples (representing different potential purchasing groups), while UCD highlights the 
importance of a deeper understanding, which it is only possible to gain through small 
“samples” (representing technology experience and usage). When determining user needs 
for the new product, marketing highlights the expressed needs while UCD is concerned 
with behavioral observations. Both of them have a legitimate role in the larger context, 
and interdisciplinary collaboration is needed when the company is aiming for useful and 
usable products. (Siegel & Dray 2001.) 

Functional boundaries. Unfortunately, having separate organizational functions for 
different knowledge domains leads also to emerging boundaries between the areas. These 
boundaries may result in physical (even geographical), organizational, or social barriers 
that reduce both opportunities and willingness to share information or to learn across 
these boundaries (Poltrock & Grudin 1994, Kraut & Streeter 1995). Marketing and 
development are actually not the only functions related to UCD. People responsible for 
documentation, training, and support may also be separate from others (Poltrock & 
Grudin 1994, Cusumano & Selby 1995)247. As the complexity of the work increases, 
functional departmentalization is unavoidable (Minzberg 1993). Organizational functions 
form professional cultures of their own. In fact these cultures are very strong, as a result 
of formal education and training programs as well as of ongoing professional activities 
(memberships in associations etc.) (Carmel 1999). When studying large software 
projects, Curtis and co-authors (Curtis et al. 1988) found that competing coalitions were 
primarily formed when the team had participants from different organizational 
functions248. The following finding by Kraut and Streeter is a good example of the 
meaning of not having these boundaries. 

“The co-organization of requirements and development – the placement of these 
functions under a single line of management – allows for more frequent 

                                                           
247 In fact, the current trend towards outsourcing increases the number of boundaries, and therefore the 
complexity, even further. 
248 Although they use the words “organizational divisions” (Curtis et al. 1988). 
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communication among the personnel responsible for these functions.” (Kraut & 
Streeter 1995). 

People tend to share information and communicate most frequently with their own team 
members, less frequently with other teams or functions, and much less with external 
relationships (Curtis et al. 1988). A team may be “unable or unwilling to commit to 
decisions that fall outside its area of competence, about which it lacks crucial 
information, or in areas where it is not empowered to act” (Catledge & Potts 1996). In a 
small team there is also “a manageable number of communication links” between the 
members (Carmel & Bird 1997). Yet UCD activities cross functional boundaries, and 
therefore cannot be left under the control of one team (function) only. 

As found by Faraj and Sproull (2000), successful team performance does not merely 
result from having the “right” people on the team: the expertise needed must be 
coordinated249 by that team – including the external expertise250. Participants in the 
development effort representing different organizational functions have their own 
understanding concerning the requirements and the new product. As discussed earlier, 
especially in situations with high uncertainties, like software NPD, the social networks of 
these participants also become important (Kraut & Streeter 1995, Galliers & Swan 2000). 
Just as Bødker considers the interaction between developers and users as a multitude of 
boundary-crossing activities (Bødker 1998), user-centered software NPD becomes a 
collaborative activity crossing functional boundaries. In the software NPD context, the 
term “multi-disciplinary” interaction is replaced by “cross-functional” interaction (e.g., 
Minzberg 1993), i.e., interaction between experts on the main business functions like 
marketing, engineering, UCD and management (e.g., Beyer & Holtzblatt 1998, Hutchings 
& Knox 1995, Rosenbaum et al. 2000). Mere usability has many aspects (e.g., the 
interface, reading materials, training, installation, support, advertising) that most certainly 
cross the disciplinary boundaries of organizational functions, even organizational 
boundaries (Gould 1988). Instead of a multi-disciplinary team there is a cross-functional 
team. However, accomplishing mutual trust based on close relationships, and forming a 
shared, common understanding about vision and purpose in an integrative, discursive 
practice – the characteristics of a small project team – is no longer that easy with these 
cross-functional teams (Curtis et al. 1988). 

3.3.1.3 Cross-functional team at Digital 

The detailed case study by Hutchings and Knox (1995) concerning product requirements 
process reengineering at Digital Equipment Corporation provides a good basis for 
discussion of the cross-functional nature of the conceptual part of user-centered software 

                                                           
249 Expertise coordination refers to activities of recognizing where the expertise is needed, knowing where it is 
located, and bringing it to bear (Faraj & Sproull 2000). 
250 In their recent study, Segelod and Jordan (2004) found that external links like the press, fairs and conferences 
are especially important for the product business. Still, the most important external linkage in their study was 
the linkage with customers. 
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NPD and the role of cross-functional team in this context251. The first team was built as a 
response to the problems of the more traditional division of labor between the main 
functions, where the software being developed is passed from one function to another 
(see e.g., Dubé 1998). While marketing people can build an understanding of customers’ 
buying behavior, this is not enough for the development function trying to understand the 
use of the new product (see also Curtis et al. 1988). Conflicts between the parties were 
common when trying to prioritize the requirements. As a response to these problems, a 
cross-functional team with the direct involvement of customers was implemented. In 
addition to customers, the functional perspectives considered important for the team 
were: marketing, product management, field personnel, engineering, system integration, 
test engineering / quality assurance, manufacturing (note that the company also produces 
physical products), purchasing, and field support252. After together building “awareness 
of the cross-functional dependencies by having each participant share their perspective”, 
“listen to each other”, and “derive the points of common focus”, and identifying the 
candidate target market and customer representatives, the requirements process was 
divided into subtasks, each with a different set of demands concerning the presence of the 
team members. For example, for “comparing chosen solutions against competition” only 
members representing marketing, product management, engineering and system 
integration were needed.  

The advantages of the cross-functional team were obvious. It reduced 
misunderstandings between the functions and increased respect for the value of multiple 
perspectives. No one function holds all the answers and no one function can be successful 
alone. Among other things, the team’s analysis of customer information centered on 
crystallizing the spoken and unspoken customer needs, prioritized according to market 
potential and engineering feasibility. However, there were also problems with the first 
type of cross-functional team. Not all the team members felt ownership of the methods 
used for producing the different outcomes of the subtasks. Neither could they find the 
motivation to participate in producing the typical outcomes of the subtasks, i.e., mainly 
engineering deliverables (specifications, design, prototypes, etc.). Therefore, it was 
difficult to hold the cross-functional team together. Instead, the cross-functional team 
dissipated over time, the busy marketing function being the earliest to depart. They did 
not see much of their contribution showing up in the engineering-oriented requirements 
process. Their own deliverables – e.g., marketing messages, marketing channels, and 
pricing models – were not included as tasks of the cross-functional team. Dubé (1998) 
also reports problems with cross-functional teams that are too large. Such a team leads to 
unproductive meetings where discussions often center on issues of interest to only a few 
people. Most of the people in the group investigated by Dubé were uncertain why they 
were included and, as at Digital, fewer people started to attend the team meetings. (Dubé 
1998.) 

As a solution, Digital started to look differently at both the development effort and the 
concept of the product under development. The process was now seen more as “a map of 

                                                           
251 This discussion mainly refers to Hutchings and Knox. If other references are used, they will be mentioned as 
referred. Otherwise the whole section is based on (Hutchings & Knox 1995).  
252 For some products participants from sales and service, and key partners were also needed (Hutchings & 
Knox 1995). 
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the product development terrain, serving as a guide” rather than a set of prespecified 
tasks. The product was also seen from a wider perspective, including marketing 
messages; sales engagement; distribution channel; pricing, packaging, and licensing 
policy; and warranty and service agreements. This concept of the “whole product”, 
referring to the whole experience of the customer, was considered especially important 
for cross-functional interaction. Interestingly, this has also been discussed in UCD 
research (e.g., Gould 1988, Rosenzweig 1996, Haw 1998, Vredenburg 2003). Gould 
(1988) had already considered the usability of a product to be related to such things as 
user interface, reading materials, language translations, advertising, support, etc. He 
introduced the principle of “integrated design”, referring to a practice where all these 
cross-functional aspects of usability are evolving in parallel. Haw also talks about a 
holistic product interface for shrink-wrapped software products, referring to the user’s 
experience of the product (Haw 1998). All the parts of the product interface (e.g., the box, 
manuals, instruction sheets, CD, installation, support, and training) should have equal 
importance. This will evidently lead to collaboration with UCD professionals, technical 
writers, marketers, support staff, and trainers. (Haw 1998; see also Vredenburg 2003.) 
Rosenzweig talks about a common look and feel, referring to the integrative effort needed 
to ensure that all the collateral material (marketing, user interface, documentation, etc.) as 
well as all the products of the company belong to the same “family”(Rosenzweig 1996).  

This example of the cross-functional team at Digital describes well the cross-
functional nature of the RE process in the software NPD context. However, from the 
point of view of this study, this is not enough. The RE process is only one, albeit quite 
central, element of the conceptual part of the development process. As situated in the 
traditional market-pull NPD context, the development effort at Digital, with its “frozen 
customer requirements” (p. 78) and, although not mentioned explicitly, its resemblance to 
a one-time (project-like) development effort, is too limiting from the perspective of this 
study, i.e., an iterative and flexible development approach. For example, continual 
release-based development is more heavily based on different types of feedback. The 
conceptual part of software NPD development encompasses all the different activities 
needed to form a common understanding about the application domain and a shared 
vision of the product. 

3.3.1.4 Cross-functional interaction at Microsoft 

As a second representative example for further discussion, I will briefly illustrate cross-
functional interaction at Microsoft Corporation according to Cusumano and Selby (1995). 
The five “key functional disciplines” of a typical product unit are product planning (the 
people in charge of product planning and marketing), program management (the team 
responsible for writing down product specifications), software development, testing, and 
user education (the group that prepares product documentation). In addition, there are a 
few things that are good to know concerning the organization of the whole company (see 
Fig. 10.). The company is divided into four operating groups, each with four to seven 
different divisions. One of these groups, the “Application & Content Group” has a 
division for “Desktop Applications” including the product units for the main Microsoft 
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products: Office, Word, Excel, etc. So the product units are actually at the third level in 
the organizational structure under the CEO. Also worth mentioning is another main group 
right under the CEO, the “Sales and Support Group”, which is the home, for example, of 
the centralized “Product Support Services Division”. The customer support engineers 
here provide technical assistance to users, and analyze customer feedback. (Cusumano & 
Selby 1995.) 

Fig. 21. The position of the product units in Microsoft’s organizational structure. 

Microsoft holds program review meetings for each product unit (project) every three 
months or so, to which the product unit sends one or two key people from each of the five 
functional areas. To avoid overcompartmentalization within product units, individual 
members of the functions work as small “multifunctional teams”, with overlapping 
responsibilities. The main integrator of the whole development process is the program 
manager. In addition to product specification (describing the different features of the 
product), the program manager is responsible for the product schedule, development 
process, implementation trade-offs (features to include or exclude), and overall 
coordination of the development. The core technical specialty lies in the three functions 
of program management, development and testing. As small “feature teams”, these 
people work together in close cooperation to actually produce the new features and 
products for the market. Program managers work side by side with developers, although 
they also oversee the whole project. However, program managers have no formal 
authority over the developers or testers. The product specification evolves through 
detailed discussions, and prototypes built in the team. (Cusumano & Selby 1995.) 

Being responsible for the product specification, the program manager also acts as a 
key link to the fourth function of the multifunctional team, product planning (and 
marketing). “Program managers work closely with product planners to make sure that 
each new product has a distinctive “vision”. Together they write up a vision statement 
that incorporates inputs from developers, customer support, and other sources, including 
senior managers such as Gates” (p. 78). The vision statement outlines product features 
and includes issues like “product packaging, pricing, and positioning in the marketplace 
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relative to other products” (p. 89). Product planners represent the marketing discipline. 
They work closely with product managers (who are also marketing specialists) in order to 
define new ideas or features for the product. Product planners are also responsible for the 
analysis of competitors and market trends for the vision statement (although product 
managers also do some of this analysis). However, the actual marketing function is 
separated from any single product unit in its own centralized unit for all the key 
applications (see Fig. 21). This “Desktop Application Marketing” unit is the home for 
most of the product managers253. Product managers oversee the “business” by 
recognizing market opportunities and taking responsibility for the marketing and sales 
process. They create sales forecasts based on the product plans for each product. 
However, product managers also “take responsibility for the trade-off between 
functionality and ship date” and “aggressively represent the customer in the product 
development process” (Cusumano & Selby 1995, p. 89). 

The fifth function in the multifunctional team of the product unit is user education. 
These people prepare the manuals and the help documentation. However, they do not 
provide any support services for the product as these are centralized under the control of 
the “Sales and Support Group”. Microsoft also has a “Centralized Usability Lab” 
common to all divisions under the “Applications & Content Group” (see again Fig. 21). 
This is where the usability tests for preliminary versions of different products are 
performed. Again, program managers of the product units are the link to the usability 
lab254. Obviously, the trade-off decisions concerning product features are a 
multifunctional effort. Marketing people (product planners and product managers) and 
program managers “tend to drive the functionality required in application products” (p. 
190). However, in order to avoid problems with prioritizing, for feature selection and 
further prioritization in the development schedule, they rely on a special activity called 
“activity-based planning”.  

“Activity-based planning begins with a systematic study of user activities for 
actions like writing letters or doing a budget. It then evaluates features in terms of 
how well they support important or frequent user activities. The benefits are more 
rational discussions of feature trade-offs, better rankings of what customers want to 
do, more focused debates on whether a particular feature facilitates a particular 
task, more readable specifications, and better synchronization among marketing, 
user education, and product development.” (Cusumano & Selby 1995, p. 227). 

Activity-based planning is a user scenario modeling technique for understanding 
customers’ real needs for the product and whether a particular feature manages to respond 
to those needs efficiently. User scenarios are broken down into “activities”, which are 
then mapped to features in Microsoft’s products, to features in competitors’ products, and 
to different customer profiles (novices, advanced users, etc.)255. Microsoft found this type 
of technique for the multifunctional decision-making process better than earlier attempts 
focusing on either customers’ requests, or mere market research data, not to mention large 
group meetings with program managers, developers, testers, and personnel from user 

                                                           
253 Some of them still work in product planning as part of product units. 
254 See (Muller & Czerwinski 1999) for a more recent article on usability work at Microsoft. 
255 Cf., also the discussion on QFD in the previous section. 
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education, product support, and marketing. During these meeting the “winners” were 
usually the ones with the strongest voices. (Cusumano & Selby 1995.) 

This activity-based planning is again a good example of the role of a ‘cross-functional 
team’ in the software NPD context. The team is needed in order for it to take 
responsibility over some subtask (in this case prioritizing the requirements) of the 
development effort demanding cross-functional knowledge integration. Different 
subtasks of activity-based planning are conducted by some kind of subteams of a multi-
disciplinary team of the whole product unit (or even cross the unit boundaries). The same 
happens at a more general level of the whole development effort. Certain key individuals 
(like the program manager and product manager) act as integrators between separate 
subtasks of development (e.g., product planning, development, usability tests, and 
marketing). These are the great “visionaries” for the product, yet – through frequent 
meetings with the subteams (like feature teams) – they also take care that their visions are 
actually integrated into the final product (Carmel & Sawyer 1998). According to Carmel 
and Sawyer, instead of relying on consensus-building between all the important 
stakeholders of the development effort (project), product development relies on the vision 
of these few key individuals (Carmel & Sawyer 1998). Instead of one cross-functional 
team, there are several cross-functional teams responsible for some subtasks of the whole 
software NPD process connected to that vision. 

3.3.1.5 Cross-functional teams in software NPD 

Carmel and Sawyer (1998) have concentrated on the differences between the 
development teams of contract business and product business256. Compared to a 
traditional project team, developers in the software NPD context form a more self-
directed work team, i.e., “a group of interdependent employees who share many of the 
roles traditionally thought of as defining a supervisor”. Instead of a heterogeneous project 
team striving for consensus, this type of small257 and more focused core team is more 
cohesive by nature. Typically, the members of these teams work permanently together 
and are likely to be physically co-located. The members of the team are the same over 
several releases of the product (Sawyer 2001b). Over time, these individuals grow to 
become the “masters of the application domain”, naturally sharing their vision of the 
product. Carmel and Bird (1997) explain three reasons for such small teams in product 
companies: a proactive policy for small teams, a product development project concerning 
only a minor release, and team permanency instead of ad hoc teams. Similarly, Carmel 
and Sawyer explain the reasons for such a phenomenon by pointing to the entrepreneurial 
and highly individualistic cultural milieu of product business, which appreciates small 
teams of dedicated and hard-working individuals with exceptional talents. Traditional 

                                                           
256 Note that Carmel and Sawyer actually use the terms “IS” teams and “packaged teams” but in order to keep 
my presentation consistent with the earlier discussion, I will use my own terms. 
257 Typical team size ranges from 4 to 14 (9 as an average): a team leader (reporting to the product manager), a 
technical leader, and a relatively small number of developers. According to Carmel and Bird, the median is five, 
and teams tend to include more than nine members only when the firm size is well into the hundreds (Carmel & 
Bird 1997). 



 182

project teams, on the other hand, have a more temporary structure, with members 
representing a wide variety of knowledge areas, from different locations, based on the 
knowledge needs of that one-time development effort. (Carmel & Sawyer 1998.) 

Carmel and Sawyer provide a very valuable insight into the characteristic differences 
of these different types of development teams. However, from the point of view of 
integrating the different tasks and knowledge areas needed for the development effort as a 
whole, concentrating just on the development team level is not enough. As is obvious by 
now, the concept of the team is not as simple as being either a traditional, large project 
team of software development (in contract business) or a small development team of 
product development. Defining the development team in the software NPD context is not 
that straightforward a task (Grudin 1991a)258. The separation between the conceptual and 
concrete parts of development together with the traditional division of labor between the 
organizational functions, partly explains this phenomenon. Research on teams in the 
software NPD context tends to focus on the teams of the development function only (e.g., 
Sawyer & Guinan 1998). In addition, teams (project team, usability group, etc.) are 
constructed differently depending on the organizational structure (Borgholm & Madsen 
1999). In both business types, there are actually subteams of teams conducting subtasks 
under the control of these assigning teams259. However, in the software NPD context, 
with such a flexible and iterative development approach as synch-and-stabilize at 
Microsoft, there is no manageable “project team” for the development effort as a whole, 
with clear beginning and end points (e.g., in McChesney & Gallagher 2004). Instead, the 
development effort is more continuous, an ongoing process (or program) organized as a 
group consisting of several teams each concentrating on different aspects of the 
development effort (McChesney & Gallagher 2004). When new issues arise in a product 
company, instead of a subtask there are actually several possible ways to delegate the 
issue further: temporary assignments, a special team, a new position or even a new 
specialized department (such as UCD) (Siegel & Dray 2003; see also Minzberg 1993 as 
discussed in the introduction to this chapter). 

The members of the different teams carry the knowledge needed for development 
(Zachary 1998). The basic principle that individual members do not have all the 
knowledge needed for the whole development effort remains, no matter how the work is 
organized (Walz et al. 1993). A typical core team may include representatives from all the 
key functions, where each member of a core team is responsible for bringing the 
knowledge of the core team back to their own functional group and different functions 
take care of the actual tasks in parallel (Dubé 1998). In practice, however, different 
functional areas of expertise need to be integrated only for certain subtasks of the whole 
development effort. For example, during the requirements process at Digital, there were 
different subtasks for which different combinations of the functional perspectives were 
needed (Hutchings & Knox 1995). Most of them were needed in order to understand the 
needs and to gather customer information; however, customers and support staff were not 

                                                           
258 “Functionality is defined by management or marketing before the project team is formed, project 
memebership changes over time, and the developers of different user interface components […] often 
communicate very little.” (Grudin 1991a). 
259 (E.g., Curtis et al. 1988, Poltrock & Grudin 1994, Hutchings & Knox 1995, Catledge & Potts 1996, Carmel 
& Bird 1997, Dubé 1998, Borgholm & Madsen 1999, McChesney & Gallagher 2004). 
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needed when comparing solutions against the competition, and marketing was not needed 
when “defining top-level subsystem dependencies and commitments” (Hutchings & 
Knox 1995). Instead of one core cross-functional team controlling the work of different, 
separate functions, in order to integrate all the necessary knowledge areas needed, there 
are actually many different cross-functional teams, in varying combinations, working on 
the same product (Sawyer 2001b, Regnell et al. 2001, McChesney & Gallagher 2004). 
Often even “the product” is only one module (or subsystem) that must be integrated into 
some product as a whole (Sawyer & Guinan 1998). This confusion with the concept of 
the team may also explain some of the problems with the concept of the 
“multidisciplinary team” in the study conducted by Vrendenburg and co-authors 
(Vredenburg et al. 2002) concerning UCD professionals (see Section 3.3.1.1). 

When the level of analysis rises above the team level, the problems of keeping some 
of the teams small (Carmel & Bird 1997) also becomes understandable. According to 
Carmel and Bird, the teams tend to grow when: the product being developed is large and 
complex (even advanced); the company grows and gets older, with a tendency to become 
more bureaucratic260; the managerial/cultural legacy of the company is in large projects; 
and the company follows traditional project management approaches with ad hoc teams 
with less commitment and overall product responsibility (Carmel & Bird 1997). When 
the unit of analysis in the software NPD context is a permanent team, companies 
“become vehicles for different teams to realize their aims” (Zachary 1998). Each team 
has its own task assignment which needs to be integrated with other tasks for the new 
product development effort as a whole. As an example, at the Eastman Kodak Company a 
cross-functional team (with representatives from marketing, development, quality 
assurance, documentation, human factors, user interface design, and usability) was put 
together to build company guidelines for the common look and feel of their products and 
collateral material (Rosenzweig 1996). This assignment was further divided into several 
subtasks of cross-functional subteams. One eary after finishing their task, the core team 
was reconvened to make necessary updates for the guidelines. However, this time the 
members of the team were slightly different. (Rosenzweig 1996.) Problems emerge both 
when trying to integrate the necessary knowledge areas needed for the different tasks and 
when trying to integrate the different team tasks together as a whole (e.g., Catledge & 
Potts 1996). The same problems come into force as with large contract-based IS projects 
where the project involves many participants over a long period of time with different 
entry and exit points (Walz et al. 1993, Robey & Newman 1996). When the teams 
concentrate on their subtasks, they may not see the connection to the whole development 
effort. These team tasks start to form boundaries in relation to other team tasks. (Robey & 
Newman 1996; cf., boundaries between organizational functions (Section 3.3.1.2).) 
Permanent members of one team are unwilling to deal with new knowledge (coming 
from outside or from new members) after they have come to a closure in the learning 
phase of their own task assignment (Walz et al. 1993). Subteams may not share the goals 
and interests of other teams, or even their parent team (Grudin & Markus 1997). 

                                                           
260 Although I would say that it starts to look more like a business organization, rather than small 
entrepreneurship (as in Minzberg 1993). “A small start-up has few resources and less division of labor, with 
greater flexibility. […] [Y]ounger organizations are less likely to have organizational practices or structures that 
are historical legacies.” (Grudin & Markus 1997). 
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“Generally speaking, in organizations of any size and structural complexity, 
subunits exhibit a fair degree of “goal displacement,” in pursuing goals and values 
that make sense to the subunit, but that do not necessarily advance the overall 
interests of the organization.” (Grudin & Markus 1997). 

Yet it is exactly this integration of the different subtasks that comprehensive user-
centered software NPD demands. The UCD principles and activities need to be integrated 
at the level of these different team tasks. To further complicate the issue, the interaction 
needed in UCD is not just the interaction between different knowledge areas inside the 
company. Active involvement of users, i.e., UCD’s ambition for closer relationships 
between developers and users, introduces an additional aspect to this web of fuzzy 
relationships in the software NPD context. Next I will concentrate on this issue in more 
detail. 

3.3.1.6 The links between developers and users 

As discussed earlier, both the RE process and especially UCD highlight the importance of 
a direct link between developers and (appropriate representatives of) users261. User 
involvement is commonly seen as an important success factor in software business, 
especially during the early phases (e.g., in Hoch et al. 2000, Kujala 2002, Kujala 2003). 
In the requirements process, a close relationship between the two provides the necessary 
basis for trade-off decisions. However, this close relationship is not that easily created, 
and the whole concept of the “direct link” is actually more diverse. Keil and Carmel 
(1995) have studied the links between customers (also including users) and developers in 
both contract business and product business262. They define the links as different type of 
“techniques and/or channels that allow customers and developers to exhange 
information” during the development effort, especially during the requirements process. 
There are many links available, and the links actually used differ according to the 
business type (see Fig. 22). Marketing and sales, user and focus groups, and trade shows 
are used only in product business while facilitated teams and MIS intermediaries are used 
only in contract business. In any development effort, many of the different links may be 
used. (Keil & Carmel 1995.) 
 

                                                           
261 (E.g., Gould 1988, Bannon 1991, Grudin 1991a, Schuler & Namioka 1993a, Borgholm & Madsen 1999, 
Saiedian & Dale 2000, Kujala 2002, Coughlan & Macredie 2002). 
262 Keil and Carmel use the terms “custom environment” and “package development environment” (Keil & 
Carmel 1995). 
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Link 

 
Description 

Commonly used in: 
P=Package C=Custom 

Facilitated team A facilitated, structured workshop with customers 
(e.g., JAD) that is typically used to elicit 

requirements. 

C 

MIS intermediary One who defines corporate customers’ goals and 
needs to designers and developers. 

C 

Support line The unit that helps customers with day-to-day 
problems (also known as customer support, 

technical support, help desk). 

P/C 

Survey Textual surveys administered to a sample of 
customers. 

P/C 

User-interface 
prototyping 

Customers are exposed to a demo, or early 
version, to uncover user-interface issues. 

P/C 

Requirements 
prototyping 

Customers are exposed to a demo, or early 
version to discover system requirements. 

P/C 

Interview One-on-one with end-user; open-ended or semi-
structured. 

P/C 

Testing New requirements and feedback stemming from 
testing. Does not include bug detection. 

P/C 

Email/bulletin 
board 

Customers post problems, questions, and 
suggestions to a bulletin board or through email. 

P/C 

Usability lab Specially constructed labs for taping and 
measuring user subjects at work. 

P/C 

Observational 
study 

Customers are followed for an extended period to 
learn what they do (e.g.,, ethnographic, protocol 

analysis). 

P/C 

Marketing and 
sales 

Representatives regularly meet customers (current 
and potential) to listen to suggestions and needs. 

P 

User group Customer groups convene periodically to discuss 
software usage and improvements. 

P 

Trade show Customers are exposed to mock-up or prototype 
and asked for feedback at a trade show. 

P 

Focus group A small group of customers and a moderator are 
brought together to discuss the software. 

Discussion is loosely structured. 

P 

Fig. 22. Customer-Developer links (Keil & Carmel 1995, p. 35)263. 

The world of different links. While promoting direct relationships between users and 
developers, Gould (1988) stated that “you can’t figure out what people want, need, can 
do, and will do without talking with them”. However, this type of direct relationship does 
not necessarily mean that the user should be a member of the development team (e.g., 
Kujala 2002). It can also mean that the developers (or representatives) may participate in 

                                                           
263 Note that UCD is not yet recognized as a function of its own like marketing and sales, if the usability lab is 
not considered as such. 
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the users’ world (Holtzblatt & Beyer 1993). Contextual design (Beyer & Holtzblatt 
1998), other types of (ethnographically informed) field studies, and customer visits etc. 
are also different ways to involve users. In fact, some consider these approaches even 
better for gaining a deep understanding of the users’ world since users are not taken out 
of the real context of use (Whiteside et al. 1988, Holtzblatt & Beyer 1993, Hutchings & 
Knox 1995). Therefore, the degree of user involvement differs (e.g., interviews, field 
studies, participatory design) (Grudin 1993, Borgholm & Madsen 1999, Kujala 2003). In 
participatory design, selected users take part in many ways during the whole life cycle of 
the development processes. A direct link to users is recommended, yet the extent to which 
this is needed is not that clear (Grudin 1991a, Karat 1997). The degree of involvement is 
somewhere between that of an information source and that of collaboration (Damodaran 
1996, Borgholm & Madsen 1999, Kujala 2002). 

In addition to direct links, Keil and Carmel (1995) talk about indirect links, where “the 
customer and developer do not deal directly with one another but communicate through 
intermediaries or customer surrogates” (see also Grudin’s work, e.g., Grudin 1991a, 
Grudin 1991b, Grudin 1993)264. Some links are indirect by nature, like marketing and 
sales, whereas other links may become indirect if both parties are not involved (like 
developers in user interface prototyping). In fact, instead of coming from customers and 
users, many requirements for a new product come from marketability considerations, 
usage patterns, or comparisons with competing products (Potts 1995). Indirect links may 
take many forms – systems analysts, support personnel, value-added resellers, consultants 
(internal and external), standard organizations, trade shows, conferences, marketing, 
developers themselves265, non-representative customers, managers instead of users, etc. – 
many of which are even quite formalized in product companies (Grudin 1991a, Grudin 
1993, Keil & Carmel 1995). Note that, in fact, representatives of the customer (typically 
managers) may be considered as intermediaries to real users (Curtis et al. 1988, Grudin 
1991a, Poltrock & Grudin 1994, Keil & Carmel 1995) and in the same way UCD 
professionals or the UCD function may be considered as an intermediary to development 
(e.g., in Borgholm & Madsen 1999266). 

Successful projects in Keil and Carmel’s study used more than three links, especially 
more direct links267. Unsuccessful projects tend to form an over-reliance on 
intermediaries or customer surrogates. Interestingly, there are more links found for 
product business than for contract business, but they were more indirect by nature. 
Intermediaries are particularly widely-used in product business – often even webs of 
intermediaries (as many as six layers). “Over 90% of the projects relied, at least in some 
way, on the marketing and sales link for customer input and requirements” (see also Hoch 
et al. 2000, p. 112 for the importance of marketing); the marketing and sales link is 
totally missing from contract business. The “support line” was also more heavily used in 

                                                           
264 In the RE process, too, Kotonya and Sommerville (1996) talk about direct and indirect viewpoints. 
265 Note that when a product company is doing field studies (i.e., a link considered as direct link) not all the 
developers go out to the field but only a few, with the best expertise for the job (Holtzblatt & Beyer 1993). 
266 In fact, Borgholm and Madsen (1999) also talk about the closeness of collaboration between the usability 
group and the developers. “If the usability group is involved throughout the development process, the 
collaboration is closer […]” (Borgholm & Madsen 1999). 
267 However, at some point the marginal value of additional links drops off (around six to seven links) (Keil & 
Carmel 1995). 
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product business than in contract business. Note also that prototyping was much more 
commonly used in contract business than in product business. (Keil & Carmel 1995.) 

Confusion around intermediaries. Keil and Carmel give two reasons not to use 
intermediaries: 

“First, intermediaries can intentionally or unintentionally filter and distort 
messages. Second, intermediaries may not have a complete understanding of 
customer needs.” (Keil & Carmel 1995). 

Especially when taking the user point of view (rather than the customer point of view), 
intermediaries do not have the in-depth knowledge needed. The main contacts of 
marketing are actually with the users’ managers, and neither of the two have sufficient 
experience of the use context (Poltrock & Grudin 1994). As in the global RE process, 
“indirect sources of requirements lead to a lack of understanding of the rationale behind 
requirements and the ways in which users are using a particular functionality” (Damian & 
Zowghi 2003). Interestingly though, direct links (facilitated teams, prototyping and 
interviews) were considered most effective mainly in contract business, while in product 
business only two of the four links were direct (support lines and user groups). If there 
are problems with user involvement even in contract business268, there are certainly 
problems in product business (Grudin 1991a). 

Perhaps ironically, one important obstacle to a direct link in product companies is the 
traditional division of labor. Because of the intermediaries – that bridge the gap between 
developers and users or customers – most developers are actually physically and 
organizationally separated from the customers269. Traditionally, functions other than 
development are in contact with customers and users, e.g., marketing, sales, training, and 
field support (Grudin 1991b). In fact, in global software business, with customers all over 
the world, the possibilities of direct links between users and developers becomes even 
more problematic (Damian & Zowghi 2003). There are also worries that developers may 
become too influenced by non-representative customers or they might somehow damage 
the relationships with customers. Furthermore, user involvement may discourage 
customers from buying the current product version, create false expectations, threaten 
legal rights to patents, and leak information to competitors. (Poltrock & Grudin 1994.) 

Leaning on Grudin (1991a), Keil and Carmel explain the reasons for these differences 
between business types as coming from special characteristics of the customer as well as 
the business. In contract business there are relatively small numbers of customers 
identifiable before development actually begins270, while in product business there is a 
much larger and more dispersed customer base and more difficulties in the identification 
of customers. If they are identifiable, there might still be additional problems in 
motivating users to participate (Grudin 1993, Grudin & Markus 1997). Kyng also reports 
on problems such as willingness and competence in the product company itself to 
cooperate with users, as well as inadequate resources directed to cooperation (Kyng 
                                                           
268 Users do not know what they want, or they cannot articulate it; there may be too many users; there may be 
confusion concerning the new way of carrying out existing tasks provided by the new product, etc. (Kujala 
2002). 
269 (Curtis et al. 1988, Grudin 1991a, Grudin 1991b, Holtzblatt & Beyer 1993, Carmel & Sawyer 1998). 
270 The effort is to define as wide a set of customers as possible instead of specific or characteristic users. 
“Choosing one seems to eliminate others.” (Grudin 1993, p. 108). 
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1994). From the business point of view, in product business the links also reflect more 
clearly the ongoing relationship needed for release-based development, while in contract 
business the focus is more on the initial one-time development effort. In contrast to the 
“overwhelming” praise for direct links, Keil and Carmel question the necessity of such 
links for “conveying information associated with enhancements to existing products”. 
Kujala (2003) has also noted that the different ways to involve users have different cost-
efficiency measures, so care must be taken when considering direct involvement. Direct 
links may be needed only for certain types of product development efforts, new products 
or major enhancements (see also Grudin 1993). Furthermore in some cases, like support 
line, the indirect link may in practice be quite close to the developers. (Keil & Carmel 
1995.) To conclude, intermediaries are one way to communicate knowledge concerning 
users and their needs to development (Grudin 1991b). 

Links to application domain knowledge. Based on this discussion on the links between 
customers and developers, it is obvious that in software NPD practice no single function 
(e.g., UCD or marketing) forms the link between users and developers, but that this is 
done by a set of collaborative activities (see again Fig. 22) belonging either to the 
conceptual part of development or to the concrete part of development. Some of these 
tasks are also cross-functional. During the conceptual part of development, these ‘team 
tasks’ aim at capturing knowledge concerning the needs and requirements and building a 
shared understanding of the product concept (or a vision of it). In general, marketing 
tasks form a link to customers while UCD tasks form a link to real users. Cross-
functional team tasks are needed to integrate the different knowledge areas – to develop 
the same understanding of the customer and users and a shared vision for the new product 
(Holtzblatt & Beyer 1993, Vredenburg 2003). Instead of any single customer, the 
application domain knowledge resides in these cross-functional teams (Potts 1995). 
However, only some of these tasks271 may implement direct links between real users and 
developers272, like some of the subtasks of the RE process at Digital, when the users were 
considered as members of the subteam. Another good example of cross-functional 
subteams and subtasks, with or without users, is the practice of contextual design 
(Holtzblatt & Beyer 1993, Beyer & Holtzblatt 1998). The primary reason for involving 
users is to have them as experts of knowledge concerning their real needs and 
requirements, i.e., the application domain (e.g., Bannon 1991, Kujala 2003). However, 
this does not exclude other possible ways of gaining this knowledge, like the ‘poorly 
rated’ intermediaries, such as marketing, with methods and techniques of their own, e.g., 
market research273. As Bannon concluded in his famous article on human actors, it is 
from the mutual interaction of the different perspectives, including users, “that good 
design may emanate” (Bannon 1991). Therefore, all the different team tasks during the 
conceptual part of software NPD are possible sources for requirements, and prioritization 

                                                           
271 Damodaran (1996) presents different mechanisms for involving users in the decision-making process which 
could all be seen as possible “team tasks with a direct link to users”: membership of steering/advisory 
committees, membership of design team, membership of problem-solving groups, consultation with individuals 
or groups, prototypes/simulations, and quality assurance procedures. 
272 (E.g., Grudin 1991b, Grudin 1993, Kyng 1994, Hutchings & Knox 1995, Damodaran 1996, Borgholm & 
Madsen 1999). 
273 According to Keil and Carmel (1995), the poor rating for marketing may actually be due to the “traditional 
antipathy between the technical and sales function found in many firms”.  
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of the requirements, i.e., release planning, requires a huge amount of cross-functional 
negotiation across the different subtasks as well. 

3.3.1.7 Release planning – a social process supported by tools 

Gould (1988) suggested, with the “integrated design” principle, that all aspects of UCD 
should be placed under one focus. However, the functional division of labor (Poltrock & 
Grudin 1994), along with the gap between conceptual and concrete development 
activities (Grudin 1991b, Grudin 1993) makes this extremely difficult (see also Siegel & 
Dray 2003), even placing it in “conflict with deeply rooted aspects of organizational 
structure and process” (Grudin 1991a). Issues of UCD have “fuzzy organizational 
boundaries and potentially unlimited scope when related products are considered” 
(Poltrock & Grudin 1994). Especially during the conceptual part of development, UCD 
needs to pervade into the already complex process of release planning, where the 
requirements for the new product are often proposed and invented rather than elicited 
from customers (Potts 1995). In addition to users and usability, there are also other issues 
of concern in product business to be negotiated when defining a new product: business 
and market issues, technological issues, and design constraints and trade-offs (Siegel & 
Dray 2003). Product definition is “a battle of trade-off” (Saiedian & Dale 2000). 
Especially with very new products this must be done under high uncertainty. Referring to 
Rittel and Webber (1984 in Carlshamre 2002), Carlshamre characterizes release planning 
as a “wicked problem”: 

− Wicked problems have no stopping rule. The solving stops when the solver runs out of 
time, money or patience, and thinks ‘this is good enough’. 

− Wicked problems have better or worse solutions, but no optimal one. 
− Every wicked problem is essentially unique. Despite long lists of similarities with a 

previous problem, there is always an additional distinguishing property that is of 
overriding importance. 

− Wicked problems have no objective measure of success, and there is no immediate test 
of a solution. 

− Wicked problems require iteration – every trial counts. 
− Wicked problems have no given alternative solutions – these must be discovered and 

compared. 
− There is no definitive formulation of a wicked problem. To define the problem is the 

same as defining the solution. (Rittel & Webber 1984 in Carlshamre 2002.) 

The value of any release is hard to define. Judgments are always relative and participants 
discover new properties as they plan. Therefore, release planning does not resemble any 
analytical problem-solving approaches. (Carlshamre 2002.) However, in order to be able 
to make decisions concerning the future releases, as in the traditional requirements 
process, the members of the different cross-functional team tasks during the conceptual 
part of development need to build a common understanding of the requirements274 (e.g., 
Walz et al. 1993, Crowston & Kammerer 1998, Coughlan & Macredie 2002) and “a 
                                                           
274 Without this understanding the requirements will not be addressed (Coughlan & Macredie 2002). 
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common vision of the problem” (Saiedian & Dale 2000). According to Coughlan and 
Macredie, knowledge needs to be exhanged by using tools which facilitate knowledge 
sharing and communication. A wider dispersion of the members involved means more 
problems with interaction. Poor communication may manifest itself in articulation 
(inability to express information), misunderstanding (many interpretations of the same 
information) or conflict. (Coughlan & Macredie 2002.) 

Increasing and sharing knowledge in release planning. Achieving a common 
understanding in the software NPD context is challenging. Without a traditional RE team, 
the “dispersion” in a product company is at a totally different level of complexity. In a 
product company, there is a continuous stream of requirements coming from the different 
sources (e.g., Grudin 1991b, Dahlstedt et al. 2003, Higgins et al. 2003). There is a set of 
different (cross-functional) activities as a means of increasing knowledge concerning 
customers and users in many different ways. In addition to the links described in Fig. 22, 
competitors’ products, suppliers or even literature are also sources of new requirements 
(Higgins et al. 2003). Often during the process, too, it may be found that more 
information about the stated requirements is needed (Carlshamre 2002), so the 
participants in the process need to decide on the correct sources for this additional 
information and they may initiate new (cross-functional) tasks for eliciting this 
information. Grudin (1991a) paid attention to the adequacy of the different indirect links 
between developers and users, and in the same way the challenge in product business is 
the adequacy of the many different collaborative activities to acquire knowledge 
concerning the market, customers, and users. 

The information from the different sources needs to be integrated for collective 
analysis, and priorities between requirements need to be decided – typically in a separate 
cross-functional activity of its own (Regnell et al. 2001, Dahlstedt et al. 2003). These 
decisions are often compromises between competing forces (Poltrock & Grudin 1994). 
Instead of mere knowledge management, in product development it is a question of 
managing preferences and expectations (e.g., in Damian & Zowghi 2003). According to a 
study by Hofman and Lehner (2001), prioritization of requirements was the most difficult 
task in the RE process. Damian and Zowghi found that geographical distance even 
widens the communication gaps already existing between functional departments (see 
also Damian & Zowghi 2003). The most successful RE teams have an ongoing 
collaboration with the different stakeholders (Hofmann & Lehner 2001). Like the 
requirements process, release planning is a social process (Galliers & Swan 2000, 
Coughlan & Macredie 2002, Dahlstedt et al. 2003). According to Sawyer and Guinan 
(1998), instead of the production process (i.e., the concrete part of development), this 
social process (the conceptual part of development) becomes the core of the product 
development effort. No matter how difficult it might be, members of the product 
company need to collaborate within and across the different teams (Curtis et al. 1988, 
McChesney & Gallagher 2004) – even across geographical boundaries (e.g., Carmel 
1999, Damian & Zowghi 2003). 

Recently methods and automated tools have also been developed to support release 
planning275. Some of these concentrate mainly on managing the relationships between 
different aspects of the requirements (e.g., Lang & Duggan 2001, Carlshamre 2002), with 
                                                           
275 (E.g., Yeh 1992, Boehm et al. 2001, Lang & Duggan 2001, Carlshamre 2002; see also Höst et al. 2001). 
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the aim of finding an optimal set of requirements for the next release. Others also support 
the negotiation process (e.g., Boehm et al. 2001). However, these systems are often based 
on overly simplistic views of release planning as a structured and rational process 
(Carlshamre 2002). According to Galliers and Swan (2000), this means that the 
requirements process is underpinned by assumptions of unitary and objective information 
requirements, and they propose a different approach based on assuptions of “pluralism” 
and “subjectivity”. 

“[U]nitary assumptions […means…] that information requirements are geared 
towards a single set of goals or objectives which can be specified and which are 
uniformly adhered to throughout an organisation; […] [A]ssumptions of 
objectification […means…] that all knowledge relevant to information 
requirements can be codified and formalized into IT systems. […] [P]luralism, [… 
means that…] social actors within organizations do not all adhere to the same 
unitary objectives; [S]ubjectivity […means that…] much of the knowledge relevant 
to information requirements analysis is tacit or socially constructed” (Galliers & 
Swan 2000). 

Although Galliers and Swan focus on requirements analysis from the perspective of IS 
development, their formal and informal intra- and inter-organizational communication 
network for knowledge development is also relevant here. Requirements are not awaiting 
to be captured, “but emerge as part of ongoing interactions and negotiations between 
participants” (Coughlan & Macredie 2002). Individuals rely as much on information 
diffused through informal, social networks as on information coming from more formal 
sources. Much emphasis is given to the differing requirements of different individuals 
and to the interpretative nature of information. Tools supporting this process should 
“reveal individuals’ subjective beliefs regarding problems and likely solutions”, and 
“encourage self-reflection and negotiation among individuals with different areas of 
expertise and different interests”. Furthermore, support is also needed for the translation 
of the knowledge gained through different sources into specific solutions. (Galliers & 
Swan 2000.) 

The importance of meetings. It seems that interaction in product companies happens 
most importantly through different type of meetings276. Meetings between teams tend to 
be more formal than meetings within a team (Poltrock & Grudin 1994). A meeting allows 
its participants to share information and learn from each other (e.g., from other 
disciplines) (Walz et al. 1993). From the UCD point of view there is a big difference if 
the meetings are attended by customers (or any other intermediaries) instead of real users 
and by marketers instead of developers (Grudin 1991a). Just as the meetings in a clearly-
defined project tend to be task-oriented (Walz et al. 1993), meetings, or workshops, in a 
product development company are related to the subtasks assigned to subteams. As an 
example, at Netscape “advanced planning meetings” (APM) helped to bring executives, 
engineers, and marketers together to begin brainstorming features and release plans for a 

                                                           
276 (E.g., Walz et al. 1993, Catledge & Potts 1996, Beyer & Holtzblatt 1998, Sawyer & Guinan 1998, Borgholm 
& Madsen 1999, Dittrich & Lindeberg 2004, Damian & Zowghi 2003, Dahlstedt et al. 2003). Note that I use the 
word ‘meeting’ very widely here, including different types of get-togethers of two or more people (e.g., 
workshops). 
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new product (Cusumano & Yoffie 1999). Examples of more formal meetings are different 
types of status and quality review meetings, and inspections (e.g., Kraut & Streeter 1995). 

Meetings are also essential means by which to build relationships, by 

“meeting face to face, shaking hands, working shoulder to shoulder, sharing a 
drink, building trust. Personal, face to face relationships are formed in kick-off 
meetings, milestone meetings, celebratory meetings, and through bridges: the 
traveling manager, the short foreign assignments, the cultural liaisons, the 
expatriate assignments.” (Carmel 1999, p. 141). 

Personal, face-to-face contacts are essential for resolving cultural (and also professional 
and functional) misunderstandings. Creating a common, shared vision is best done in 
person. Different types of meetings are also suggested as ways to strengthen the social 
processes277 of collective mind building in product companies (Crowston & Kammerer 
1998). Release planning is difficult without a common understanding of the requirements, 
trust between the different participants, and open discussion of interests, all of which is 
best achieved through informal communication (Damian & Zowghi 2003). Meetings are 
types of “encounters” in a dynamic and social development process, marking the 
beginnings and ends of “episodes” (Newman & Robey 1992). Although Newman and 
Robey focus on the relationship between users and analysts in IS growth their model for 
the social process provides some general understanding concerning the importance of 
meetings and other encounters in the interaction between the different parties. As 
“established social patterns are predicted to persist in the absence of social encounters” 
(Newman & Robey 1992), meetings are the most likely time for changes in the current 
course of cross-functional interaction. Across the many different teams, key members of 
the organization tend to become important nodes in these “knowledge networks” 
(Cusumano & Selby 1995, Curtis et al. 1988, McChesney & Gallagher 2004). Face-to 
face meetings are still a common practice, although video- and audioconferencing 
systems and computer-supported meeting environments (“meetingware” Carmel 1999, 
Damian & Zowghi 2003) have also been developed and used to support different kinds of 
meetings. However, not all the members of the teams always attend all the meetings, and 
information may be lost between the meetings (Walz et al. 1993). 

Other ways to support interaction. There are also other more general means to 
enhance team performance and support the team when coping with the problems of 
interaction. Writing about global teams, Carmel (1999) talks about “centripetal forces”278 
that pull the global team together, making it more effective. Although the core focus of 
analysis for Carmel are global development teams with some special characteristics and 
problems of their own – like cultural (national) differences and geographic dispersion – 
many of the problems – such as coordination breakdown, loss of communication richness 
(referring to the inevitable use of communication media other than face-to-face contact), 
and loss of “teamness” – in effect seem similar to those of a product company in 
general279. Some of the centripetal forces may also be considered useful for cross-
                                                           
277 I.e., socialization, conversation, and recapitulation (Crowston & Kammerer 1998). 
278 “Centripetal force” is the opposite of “centrifugal force”, which Carmel defines as “force that propels things 
outwards from the center as it disperses developers to the far corners of the world”. Centrifugal forces are the 
problems that pull the global software team apart and therefore inhibit its performance. (Carmel 1999.) 
279 See also recent study by Damian and Zowghi (2003) for challenges in the global RE process. 
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functional interaction (see also Kraut & Streeter 1995, Crowston & Kammerer 1998, 
McChesney & Gallagher 2004)280. Like meetings, these social phenomena are other types 
of encounters through which two or more parties interact (Newman & Robey 1992). 
Electronic communication tools, i.e., telephone, voice-mail, e-mail, discussion groups 
and intranets (or other internal networks), are media for supporting both formal and 
informal cross-functional interaction. For example, e-mail has been an important tool for 
interaction at Microsoft (Maguire 1994). Intranets and company web sites are also 
especially central these days (e.g., Cusumano & Yoffie 1999, Hofmann & Lehner 2001). 
In addition to these, other “general” collaborative technologies support the team 
processes even further. 

“Collaborative technology supports the team’s information access: finding, sorting, 
processing, and retrieving the information that members need to solve a problem. 
Collaborative technology can support deliberation: the classic problem-solving 
activities of identifying the problem, evaluating alternative solutions, selecting a 
desired plan, and then monitoring its implementation. Moreover, collaborative 
technology can help organize the team’s workflow: routing objects from one person 
to another in need of work, review, or authorization.” (Carmel 1999, p. 94). 

One important objective of generic collaborative technology is to serve as a repository of 
shared data (documents, code, bug reports, etc.) accessible to any member of the team – 
i.e., a “team memory”. For example, shared requirements databases may include status 
information like “assigned, coded, answered, verified”, and may be used for task 
allocation and status control as well as for relating different subtasks to their parent tasks 
(McChesney & Gallagher 2004). Some teams even build special rooms for the 
collaboration on and publishing of shared information (see e.g., Holtzblatt & Beyer 
1993281, Hutchings & Knox 1995, Sawyer et al. 1997). Interestingly, Bødker and Buur 
(2002) suggest that UCD professionals should actually be in charge, in order to facilitate 
the cross-functional design process of what they call a “design collaboratorium” – a 
rebuilding of the traditional usability lab towards support for the early phases of 
development (Bødker & Buur 2002). Electronic group calendars and project management 
software together with task lists (and/or FAQs McChesney & Gallagher 2004) have also 
been found to be useful for coordinating and supporting the work of several people. 
Furthermore, different techniques for organizational transparency (member profiles etc.) 
help members to position themselves in relation to others (Carmel 1999). 

Carmel also considers product architecture as one of the main centripetal forces of 
effective team work (Carmel 1999). As for the flexible development process in general, 
modular product architecture with minimum interdependencies is important for the 
division of work between the team members. Product architecture is related to one very 
traditional form of support for any team’s work, i.e., different types of written or 
graphical documents. Formal specifications are the primary means of communication 
across organizational functions as well (e.g., Poltrock & Grudin 1994). Requirements 
specifications are at the core of the RE process and have served as the common basis for 
                                                           
280 Interestingly, Carmel also considers the different development process models as ways of supporting social 
interaction (Carmel 1999). 
281 Note that Holtzblatt and Beyer see this way of sharing data also as a link to customers: the people in the 
room get “into contact with the customer” (Holtzblatt & Beyer 1993). 



 194

collaboration and negotiation about requirements (Bubenko 1995, Nuseibeh et al. 2001). 
While a document-driven process is also used in product business, instead of these 
release-dependent specifications it is becoming more common to have a list of all release-
independent requirements, or even a database of requirements, to be shared throughout 
the whole company (Yeh 1992, Regnell et al. 2001, Higgins et al. 2003, Dahlstedt et al. 
2003)282. The formal structure typical of specifications is used for single requirements 
(e.g., Higgins et al. 2003, Dahlstedt et al. 2003). As an example, in Higgins and co-
authors (Higgins et al. 2003) a so-called “requirements template” was created in order to 
enhance multi-disciplinary understanding of the many different aspects of the 
requirements (e.g., rationale and acceptance criterion). 

More generally, specifications or templates could be considered as different types of 
representations of the product (Kyng 1995, Bødker 1998)283 or of the application domain 
(Holtzblatt & Beyer 1993). Representations are physical artifacts that capture “a few 
intentionally selected qualities of that which is represented” at the time of their creation 
(Kyng 1995). According to Bødker (1998), representations contain ideas and information 
concerning the product under construction. Instead of abstract descriptions they try to 
make the ideas and viewpoints more concrete in order to provide a common basis for 
discussions. They reflect the expectations and experiences of their creators and, 
depending on their formality, they are more or less open to interpretation. In the same 
way, representations concerning the application domain try to make the current 
understanding more concrete. However, care must be taken when these – typically 
context-related – representations are used across boundaries. (Bødker 1998; see also 
Beyer & Holtzblatt 1998, Crowston & Kammerer 1998.) As an example, consider the 
following extract from Damian and Zowghi (2003) (BM = business management group, 
MR = marketing requirements (the outcome of the BM describing features of the new 
product and used as basis for requirements negotiation), RS = requirements specification 
(more detailed, technical requirements by developers): 

“BM acted as the “surrogate customer” […] developers found the level of detail 
provided by BM as insufficient and the MR [document] itself as difficult to use as a 
vehicle for decision making, prioritisation or negotiation. […] [D]evelopers were 
asking for detailed technical specifications when this information was not available 
to BM. This triggered the so-called “requirements capture” sessions […], of which 
the results (technical requirements) were captured in RS and sent for review to BM. 
[…] [D]ocumentation became the only communication means […] [D]evelopers 
noted unanimously that the BM’s knowledge of business and user requirements 
would significantly improve the common understanding of requirements and saved 
time on trying to guess what the actual rationale or meaning of requirements were. 
This also resulted in BM finding it difficult to comprehend the sheer quantity of 
detailed requirements that were developed without their direct involvement. […] 
[T]he specification produced on one side, with the ambitious goal of sharing 
technical knowledge and expertise, and of aiding in the prioritisation, validation 
and negotiation of requirements with BM failed.” (Damian & Zowghi 2003). 

                                                           
282 In addition, there are typically also databases for customer requests and feedback. 
283 Representations are tools, methods and notations used to capture aspects both of the emerging new product 
and its needs (Bødker 1998) and of work to be supported by that new product (Kyng 1995). 
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Representations mediate different relationships (e.g., developers – users, developers – 
developers, developers – managers, developers – other functions, etc.) during the 
development work, meetings, and other tasks. Therefore, representation must be specific 
enough to establish a shared context and to enable a shared experience among the 
overlapping activities of the participants. (Bødker 1998.) In addition to product 
architecture and requirements specifications and templates, usability test reports, posters, 
video recordings (i.e., typical outcomes of usability activities (Borgholm & Madsen 
1999)), prototypes, mock-ups, etc. could all be considered as representations supporting 
the team when building a common understanding of the product under development. 
Different representations reflect the different viewpoints on the “common object”. 

Confusion remains. However, there is some confusion with all of these means of 
supporting cross-functional interaction. Meetings, shared representations and other tools 
for collaboration all typically support the work at the team level. Yet there are problems 
even at team level. Specifications, for example, have turned out to be insufficient for 
cross-functional communication (e.g., Curtis et al. 1988, Poltrock & Grudin 1994). Curtis 
and co-authors (Curtis et al. 1988) found “the dialectic process” to be “crucial for 
clarifying issues”. As is obvious by now, cross-functional interaction also needs to be 
supported across team boundaries. The concept of team (and subteam) does not provide a 
very good unit for the analysis. Traditionally it has been the project manager who has 
been largely responsible for building and keeping a shared vision and common goal 
among the team members (Carmel 1999). However, as already discussed, in a product 
company the concept of the project is confusing, and the responsibility of the ‘project 
manager’ may also be dispersed to “team leaders” or “function managers”. Although the 
subteams may be small and cohesive, integrating subteams together for some parent team 
leads to a bigger team. In a product company, it is usual to have “management chains of 
communication” (Poltrock & Grudin 1994). There is no project manager with a 
perspective encompassing all the aspects of the development process as a whole, and 
UCD professionals are even less likely to have this wider perspective (Grudin 1993). At 
some point, the boundaries between the different functions or teams gain more strength, 
making their integration more difficult – and therefore also complicating the integration 
of the new product development effort as a whole. Despite the difficulties, it is exactly 
this comprehensive viewpoint on the whole life cycle of development (i.e., on the 
integration of the different subtasks), that is needed for UCD, in order to ensure that the 
iterative development of the product will respond to the real needs and requirements of 
known users. Especially during the conceptual part of software NPD, this culminates in 
the interaction across team boundaries in order to be able to build a common 
understanding and shared vision between members of the whole organization. As cross-
functional integration is one of the core areas of NPD research (Nambisan & Wilemon 
2000), it is now time to turn to that literature to gain more insight into this issue. 
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3.3.2 Cross-functional integration in new product development 

In this section I will review cross-functional issues in the NPD field. Cross-functional 
integration284 in NPD relates to the interdisciplinary nature of NPD. A single craftsman 
can handle the process from customer needs to the final offering just by himself. He is 
also the one innovating with new ideas and carrying these ideas into new offerings. He is 
capable of combining the knowledge of what is needed with the knowledge of how to 
develop it. However, when the business organization grows, it starts to departmentalize 
(Minzberg 1993). Particular individuals represent one or more functions, usually 
involving specialized education, training, and experience (Ulrich & Eppinger 2000). 
Different units start to concentrate on certain areas of expertise. They also develop and 
follow the progress of their own disciplinary expertise area. However, at the same time 
these functional groups of people start to lose direct contact with other groups (Minzberg 
1993). As natural integration and communication between the functions decreases, the 
skills from idea generation to the concrete development (e.g., coding) of a new product 
diverge. The craftsman’s expertise concerning the whole process is lost. (Griffin & 
Hauser 1996.) 

The ideas of cross-functional integration also often go together with the “Integrated 
Product Development” (or concurrent engineering) paradigm (cf., Section 3.1.2.1); 
instead of having structured phases of development the responsibilities overlap (e.g., in 
Zhang & Doll 2001). “Integration and coordination mechanisms are at the heart of 
process effectiveness and the outcomes of shorter lead-time, higher product quality, and 
low cost of manufacturing” (Hauptman & Hirji 1999). Often, a cross-functional team is 
seen as the most effective organization structure to accomplish integration in practice 
(Smith 1997). So, in fact the core of IPD seems to be cross-functional integration, since 
the alternative would be “to have strong organizational separation between design, 
manufacturing and marketing”. 

The review is organized into four sections. I will start by reviewing the literature on 
the importance and purpose of cross-functional integration in overall NPD success 
(Section 3.3.2.1). After that I will briefly discuss the most common barriers to integration 
recognized in the field (Section 3.3.2.2). In the third section (3.3.2.3) I will concentrate 
more carefully on the different ways cross-functional integration has been realized in the 
NPD field. Finally, in Section 3.3.2.4, I will review the radical NPD literature on the 
cross-functional issue in particular since, according to my earlier discussions, software 
NPD is mostly related to this area of NPD research. The last section (3.3.2.5), as an 
epilogue to the whole NPD review, is a concrete case example of cross-functional 
integration in a product company. 

                                                           
284 Note that I will use ‘interaction’ and ‘integration’ mostly as synonyms in this study. In the NPD literature 
these two terms are defined more clearly (see later in this section). Although ‘integration’ can be considered as 
a broader term including both interaction and collaboration (Kahn & Mentzer 1998), in this study I use both 
with the same meaning. In fact, I even prefer the term ‘interaction’. Despite the fact that my interest definitely 
lies in ‘integration’ from the NPD point of view, I consider this ‘integration’ as the basis of interaction. It could 
be said that my focus is on “collaborative interaction”. However, in this review section, I use these terms as they 
are used in the NPD literature. 
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3.3.2.1 Importance and purpose 

For more than 20 years, NPD research has been repeating the importance285 of cross-
functional integration to NPD success286. For example, Cooper and Kleinschmidt (1995a) 
found that the best performers in NPD used high-quality cross-functional teams. 
According to the recent review by Ernst (2002), the most essential organizational factors 
for successful NPD were: 1) a cross-functional NPD team; 2) a strong and responsible 
project leader; 3) an NPD team with responsibility for the entire project; 4) the 
commitment of the project leader and the team members to the NPD project; and 5) 
intensive communication among team members during the course of the NPD process. 

Cross-functional integration has been recognized as important by others as well. 
Together with customer orientation, another key finding of Myers and Marquis (Myers & 
Marquis 1969 in Zirger & Maidique 1990) as early as 1969 was the importance of 
“information generated and diffused internally” for successful NPD (Zirger & Maidique 
1990). One of the core characteristics of the flexible NPD process presented by Takeuchi 
and Nonaka (1986) was a self-organizing, autonomous project team of members with 
varying functional specializations. Zirger and Maidique (1990) state that without 
conscious efforts of integration, “information critical to the product’s form and functions 
are likely to be lost, particularly as an organization grows in complexity and diversity”. 
Song and Parry (1997a) found that cross-functional integration had the largest total effect 
on success compared to other internal and external factors such as the level of marketing 
or technical synergy287, the level of competition, and the NPD process (Song & Parry 
1997a). 

Cross-functional integration is needed in order to maximize the joint contribution of 
different functions to the overall goals of the company (Leenders & Wierenga 2002). 
Although each function has responsibilities of their own, they also share responsibilities. 
For example, marketing and R&D are both important when setting new product goals, 
identifying opportunities, resolving trade-offs, and understanding customer needs288. Both 

                                                           
285 Note that there might be differences according to the perspective from which it is evaluated (marketing, 
R&D, or manufacturing) (Kahn 2001). Kahn found that only manufacturing managers perceived 
interdepartmental integration as significantly important for NPD performance. 
286 (E.g., Souder 1981, Souder et al. 1998, Gupta et al. 1985, Gupta et al. 1986a, Takeuchi & Nonaka 1986, 
Ruekert & Walker 1987, Zirger & Maidique 1990, Dougherty 1992, Wheelwright & Clark 1992, Moenaert et 
al. 1994, Montoya-Weiss & Calantone 1994, Brown & Eisenhardt 1995, Cooper & Kleinschmidt 1995a, 
Cooper & Kleinschmidt 1996, Griffin & Hauser 1996, Griffin 1997, Kahn 1996, Kahn & Mentzer 1998, Song 
& Parry 1997a, Song et al. 1997, Song et al. 1998, Jassawalla & Sashittal 1998, Xie et al. 1998, McDonough 
2000, Li & Atuahene-Gima 2001, Olson et al. 2001, Millson & Wilemon 2002, Ernst 2002, Leenders & 
Wierenga 2002). 
287 The ability of the development effort to build on the existing marketing/technological resources and skills 
(e.g., Cooper & Kleinschmidt 1987). 
288 Gupta and co-authors (Gupta et al. 1985) identified 19 areas for the joint involvement of R&D and 
marketing: setting new product goals and priorities, budget proposals for both, establishing product 
development schedules, generating new product ideas, screening new product ideas, finding commercial 
applications for R&D’s product ideas/technologies, customer requirements of new products, regulatory and 
legal restrictions on product performance and design, test marketing results, feedback from customers regarding 
product performance on a regular basis, competitors’ moves, modifying products according to marketing’s 
recommendations, developing new products according to marketing’s needs, designing communication 
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of them participate in decisions on product positioning and feature delivery (Griffin & 
Hauser 1996). Cross-functional integration has also been considered as important in 
reducing the cycle time of NPD (e.g., Gupta & Wilemon 1990, Griffin 1997, Sherman et 
al. 2000, McDonough 2000289). However, Olson and co-authors (Olson et al. 2001) found 
that, in fact, the relationship between cross-functional cooperation and performance is 
more complex and depends on the situation, i.e., the phase of development, the 
innovativeness of the new product, and the functions actually operating. Gupta and 
Wilemon (1990), for example, found that, especially during the early phases of 
development, cross-functional integration (including customer involvement) is necessary 
for developing clear product requirements. Olson and co-authors (Olson et al. 1995), on 
the other hand, found that there is a “greater need for cross-functional exchange of ideas, 
information, and other resources” especially when the difficulty of the development effort 
increases, i.e., under high uncertainty. These two situational factors will be further 
discussed later in this section. 

Recently, Millson and Wilemon (2002) considered organizational integration as 
involving both internal (functional departments) and external (customers and suppliers) 
cooperation, and communication with the NPD team (see also Souder et al. 1998, 
Sherman et al. 2000290). Although the importance of external cooperation seems to be 
increasing (see e.g., Gupta & Wilemon 1996), more typically in NPD research cross-
functional integration concerns the integration between the primary functions291 such as 
research and development (R&D), marketing and manufacturing292. Finance and sales are 
also frequently involved (Ulrich & Eppinger 2000). From the point of view of this 
research, it is interesting to note that much of the prior research has focused especially on 
the relationship between marketing and R&D (or between marketers and engineers Shaw 
& Shaw 1998)293. This relationship has been considered as critical for successful NPD, 
ensuring that the company “understands user needs and effectively translates these needs 
into solutions for the customer” (Zirger & Maidique 1990). Success is considered as a 
function of market uncertainty reduced by marketing and technology uncertainty reduced 
by R&D, together with the integration of the two (Moenaert & Souder 1990). The 
evidence of the positive effects of cooperation between marketing and R&D is “strong, 
                                                                                                                                                
strategies for the customers of new products, designing user and service manuals, training users of new 
products, and analyzing customer needs. 
289 Recently, McDonough (2000) found that the most frequently mentioned reason for moving to a cross-
functional team approach was to improve speed to market. 
290 According to Souder, Sherman and others (Souder et al. 1998), less attention in research has been given to 
the integration between customers and R&D. They consider this relationship as slightly different from the 
R&D-marketing relationship. They found that this relationship also has a positive effect on NPD performance 
(even more so than the R&D-marketing relationship Sherman et al. 2000). This is also closely related to 
relationship marketing (see e.g., Athaide et al. 1996), and, of course, to market (or customer) orientation. 
291 Depending on the company, functions may in fact be classified differently; at the most general level they are 
called marketing, sales and manufacturing, yet at a more specific level they may be called market research, 
human factors engineering, design, testing, etc. (Ulrich & Eppinger 2000). 
292 (E.g., Zirger & Maidique 1990, Griffin & Hauser 1992, Cooper & Kleinschmidt 1995a, Kahn 1996, Kahn 
2001, Ottum & Moore 1997, Song et al. 1997, Song et al. 1998, Jassawalla & Sashittal 1998, Olson et al. 2001, 
Xie et al. 2003; see also Urban & Hauser 1993, Crawford 1996, Ulrich & Eppinger 2000). 
293 (E.g., Souder 1981, Gupta et al. 1985, Gupta et al. 1986a, Moenaert & Souder 1990, Moenaert et al. 1994, 
Moenaert et al. 1995, Parry & Song 1993, Song & Parry 1993, Song & Parry 1997b, Workman 1995, Griffin & 
Hauser 1996, Jin 2001, Li & Atuahene-Gima 2001). 
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consistent, common across a variety of methodologies”, and seemingly applicable to 
NPD regardless of the product type or industry (Griffin & Hauser 1996). 

Important relationship with market orientation. Gupta and Wilemon (1996) found that, 
by working closely with marketing (or customers), R&D would have better opportunities 
to gain knowledge of customers, markets and commercialization processes. From the 
point of view of this study, the importance of cross-functional integration, especially for 
market orientation (cf., Section 3.2.2), is of special interest (e.g., Kohli & Jaworski 1990, 
Narver & Slater 1990, Maltz & Kohli 1996, Ottum & Moore 1997, Srivastava et al. 1999, 
Narver et al. 2004). For Narver and Slater (1990), interfunctional coordination was 
actually a third component of market orientation (together with customer orientation and 
competitor orientation). As recently pointed out by Narver and co-authors (Narver et al. 
2004), the benefits of market orientation, especially proactive294 market orientation, 
“cannot be realized in bureaucratic organization”. Based on marketing information, cross-
functional coordination is needed to “create superior value for the buyers” (Narver & 
Slater 1990). Cross-functional integration is also considered as an important antecedent to 
market orientation (Jaworski & Kohli 1993). The drawbacks of not integrating are also 
very much connected to market orientation. Day (1999), for example, found that in an 
excessively “customer-led” process (cf., 3.2.2.6) the lack of integration would lead to 
chaos, with each function gaining their own insights concerning the customer needs, i.e., 
multiple “voices of the customer”, yet lacking a shared discipline to set priorities between 
the different voices. 

In addition its direct effect on success (e.g., Song & Parry 1997a, Leenders & 
Wierenga 2002), Ottum and Moore (1997) found this indirect effect of cross-functional 
integration even more important. There was a stronger relationship between market 
information processing (especially its usage) and new product success, while integration 
was important in increasing the sharing and use of this market information (Ottum & 
Moore 1997). Wren and co-authors (Wren et al. 2000) also found in their cross-national 
study that cross-functional integration significantly improved market orientation (market 
intelligence295 and customer orientation), while there was also a direct positive 
relationship between market orientation and new product success296. More generally, 
Song and Parry (1997a) found that cross-functional integration positively affects the 
competitive and market intelligence of the company, as well as its marketing and 
technical proficiency, each of which also has (direct or indirect) effects of their own on 
overall success. Song and Parry also consider cross-functional integration as a key driver 
in diffusing market and customer knowledge among the members of an NPD project 
team. Srivastava and co-authors (Srivastava et al. 1999) suggest that in order to put 
market orientation into effect, marketing activities must be integrated (or embedded) with 
activities in the other core business processes that “explicitly contribute to generating and 
sustaining customer value”. Cross-functional integration is therefore needed in order to 
implement market orientation throughout the whole company. Interestingly, Deshpandé 
and Farley (1998) define market orientation as “the set of cross-functional processes and 

                                                           
294 Cf., footnote 203. 
295 The generation and dissemination of market knowledge (Wren et al. 2000). 
296 Note that market orientation itself also has an indirect effect on NPD performance (e.g., Atuahene-Gima 
1995, Langerak et al. 2004). 
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activities directed at creating and satisfying customers through continuous need-
assessment”. 297 

Definition of cross-functional integration. Recently, Leenders and Wierenga (2002) 
defined integration in the NPD context as “the degree to which there is communication, 
cooperation, and a cooperative relationship”. However, there is no consensus on the 
definition of integration (Kahn 1996, Kahn & Mentzer 1998). In their influential work, 
Ruekert and Walker (1987) consider interaction as a form of open social system with “a 
group of two or more individuals or organizational entities (e.g., work groups, 
departments, functional areas, or organizations) that interact and exchange things of value 
on a regular basis”. Also important is that each function preserves their individual 
orientations. “The objective is not to eliminate their functional specialization” (Moenaert 
& Souder 1990). For many, integration refers to the efficient transition and sharing of all 
kinds of information (or material) through the various development phases298. This view 
emphasizes meetings and information flow between functions (Kahn 1996, Kahn & 
Mentzer 1998). It refers to the use of the information transferred and other transactions 
across boundaries (like decision-making) during the NPD effort (e.g., Griffin & Hauser 
1996). Kahn and Mentzer refer to this type of integration more precisely with the term 
“interaction” (Kahn & Mentzer 1998). However, even though some level of interaction 
might be necessary (Kahn 1996), Kahn and Mentzer found no positive relationships 
between mere interaction and NPD performance (Kahn & Mentzer 1998; see also Kahn 
2001). 

There are studies that point to the special importance of cross-functional market 
information processing, i.e., the gathering, sharing and especially use of market 
information299. “Understanding customer wants and needs ultimately comes down to a 
company’s capabilities for gathering and using market information” (Ottum & Moore 
1997). Yet the concepts of “sharing” and “using” market information already go a little 
further than mere interaction. They refer to the value and meaning of the information. 
Functional groups are also active in creating new knowledge, combining different 
expertise, skills, and resources with accumulated knowledge obtained during the NPD 
effort, all of which also depend on each member’s perceptions of the value of the 
information received (Song et al. 2001; see also Atuahene-Gima & Evangelista 2000). 
Shared knowledge across functional groups is the key objective of integration (Hoopes 
2001). Therefore, in addition to communication and information sharing, cross-functional 

                                                           
297 Note that cross-functional integration has also been found to be important for relationship marketing (see 
e.g., Athaide et al. 1996). “Implementation of a relationship marketing strategy requires the coordination of 
several different functional groups in the selling organization. […] Consequently, the quality of a firm’s 
relationships with its customers is a reflection of the internal coherence that exists between its various 
functional units.” From the point of view of relationship marketing, all the company’s personnel who interface 
with customers are actually “marketers”, and should therefore be sensitized in identifying potential market 
opportunities, and adequately trained in relationship management (listening, negotiation, and joint problem-
solving skills). (Athaide et al. 1996.) 
298 (E.g., Gupta et al. 1986a, Ruekert & Walker 1987, Zirger & Maidique 1990, Moenaert & Souder 1990, 
Moenaert et al. 1994, Moenaert et al. 1995, Griffin & Hauser 1992, Urban & Hauser 1993, Maltz & Kohli 
1996, Fischer et al. 1997, Song et al. 2001). 
299 (E.g., Kohli & Jaworski 1990, Narver & Slater 1990, Jaworski & Kohli 1993, Slater & Narver 1995, Maltz & 
Kohli 1996, Ottum & Moore 1997, Adams et al. 1998). 
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integration also means some degree of cooperation300 – or joint involvement (the term 
used by Xie et al. 2003). 

Kohli and Jaworksi (1990) found that generating market intelligence is not the 
exclusive responsibility of a marketing function. R&D people also go to scientific 
conferences, and might themselves have direct relationships with customers. Therefore, 
gathering market intelligence is more a collective activity throughout the whole 
organization. (Kohli & Jaworski 1990.) Kahn and Mentzer (Kahn 1996, Kahn & Mentzer 
1998) found that in addition to the interaction perspective, there is a “collaboration” 
perspective highlighting the importance of teamwork and collective goals, as well as 
mutual respect. Collaboration “focuses on working together, having mutual 
understanding, having a common vision, sharing resources, and achieving collective 
goals” (Kahn & Mentzer 1998). However, although appealing, collaboration is not 
always the most promising alternative. 

“Collaboration would decentralize authority to empower lower levels of 
management to work with other departments, which might be problematic if 
centralized decision making is preferred. Collaboration also encourages informal 
interdepartmental efforts, which are unstructured in nature. This may confuse 
employees over their roles […] contribute to employee confusion […] and 
contribute to employee frustration. A third issue is that collaboration is an involved 
process, which may not provide immediate results because of time and resources 
spent to participate in interdepartmental training and other interdepartmental 
activities. Such training and activities without immediate results might be 
undesirable from upper management’s perspective.” (Kahn & Mentzer 1998, p. 55). 

Despite the possible drawbacks, Kahn and Mentzer found a strong and significant 
(positive) relationship between collaboration and NPD performance (Kahn 1996, Kahn & 
Mentzer 1998). In fact, Kahn and Mentzer (1998) define “integration” as a composite 
definition of both interaction and collaboration301. However, it is not easy to integrate the 
work of people with different disciplinary backgrounds. In order to understand the root 
causes of the problems of cross-functional integration, it is interesting to look at the NPD 
literature concerning the different barriers to effective integration. 

3.3.2.2 Barriers to integration 

When examining market orientation, Jaworski and Kohli found that interdepartmental 
conflict prevents cross-functional sharing and use of market intelligence (Jaworski & 
Kohli 1993). In their literature review, Griffin and Hauser (1996) grouped the different 
barriers to integration (between marketing and R&D) into five groups: personality, 
cultural thought worlds, language, organizational responsibilities, and physical barriers. 

                                                           
300 (E.g., Takeuchi & Nonaka 1986, Olson et al. 1995, Olson et al. 2001, Kahn 1996, Kahn & Mentzer 1998, 
Maltz & Kohli 1996, Fischer et al. 1997, Hoopes 2001). 
301 According to Kahn (1996), the two modes of integration come from different underlying business 
philosophies: interaction from transaction-based philosophy and collaboration from relationship marketing 
philosophy (note the focus on the marketing discipline).  
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Next I will follow their structure for these barriers, together with some references to more 
recent or otherwise notable research on these subjects. 

Personality barriers refers to the natural interpersonal distance between people 
from different functions (e.g., goal differences302 and/or different time 
orientation303; see also Gupta et al. 1986a, Song & Parry 1997b) causing barriers to 
mutual understanding. In her multiple case study, Dougherty (1992) found that 
differing thought worlds304 (as an “interpretive scheme” of the functions) is one 
major barrier to integration. Later, Fischer and co-authors (Fischer et al. 1997) talk 
about psychological distance hindering the communication across functional 
boundaries. Often though, these are more perceptual barriers between stereotypes 
than actual personality differences (see e.g., Gupta et al. 1986b). Shaw and Shaw 
(1998) found that personal feelings and personality were not considered as a major 
reason for the existence of conflict between marketers and engineers. In any case, 
these personality barriers are quite hard to eliminate. Jassawalla and Sashittal 
(1998) found that cross-functional teams “represent microcosms that accurately 
reflect the macro-environment, and display the interpersonal and group dynamics 
that characterize the larger culture”. This leads to the second barrier. 

Cultural thought worlds relate to the cultural stereotypes but are even more closely 
connected to the background of these stereotypes (e.g., training). The world views 
of these stereotypes are usually reinforced in the cultures of different functions. 
They build their own lenses through which they look at the organization and 
interpret its goals305. Shaw and Shaw (1998) found that a high proportion of 
engineers describe the conflict between marketers and engineers mostly in terms of 
differences in education and training (see e.g., Workman 1995). Different thought 
worlds have their own systems of meaning through which they create 
interpretations of the common whole (Dougherty 1992). According to Dougherty, 
the market-technology issues are separate, thus “limiting the possibility of a 
comprehensive understanding”. Functions also often lack understanding of each 
other’s role (Ottum & Moore 1997). Ottum and Moore found that resolving 
interfunctional conflict is a successful mechanism for cross-functional integration. 
Fischer and co-authors (Fischer et al. 1997) found that “relative functional 
identification”306 affects integration by lowering the levels of communication 
frequency and bidirectionality. Xie and co-authors (Xie et al. 2003) have recently 
focused on goal incongruity, i.e., the extent to which different functions subscribe 
to different goals, and its effects on cross-functional integration. They found that 

                                                           
302 Marketing’s focus is on meeting customer needs, while R&D’s focus is on exploiting new technologies 
(Maltz & Kohli 2000). 
303 Marketing prefers the short time horizon of incremental projects, while R&D prefers the long time horizon of 
advanced projects (Griffin & Hauser 1996). 
304 A community of persons engaged in a certain domain of activity who have a shared understanding about that 
activity (Dougherty 1992). 
305 “[T]he differences in these orientations, beliefs, and practices may be necessary and even beneficial in 
conducting their own individual functions, but when it comes to making joint decisions, these differences may 
act as barriers to effective integration” (Gupta et al. 1986a). 
306 The extent to which managers feel a sense of connection with their function compared with the organization 
as a whole (Fischer et al. 1997). 
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goal incongruity negatively affects the quality of cross-functional information307 in 
particular (Xie et al. 2003). In order to overcome this barrier, as well as the 
personality barrier, NPD research simply suggests that the different functions 
should learn to understand and appreciate the thought world of others. 

Language barriers also arise from the previous barriers, yet the focus is on the 
terms used and their meanings. They very easily lead to misunderstandings of the 
customer needs or, even worst, frustration with the whole communication process 
when the level of detail provided (marketing) does not respond to the level of detail 
needed (R&D). Song and co-authors (Song et al. 2001) found that greater attention 
should be given to the quality of the information exchanged between different 
functions, as greater satisfaction levels of the information receiver were related to 
better performance. Marketing in particular needs to improve market information 
provided to R&D in order to increase their satisfaction level (Song et al. 2001; see 
also Moenaert & Souder 1990)308. 

Barriers with organizational responsibilities relate to the traditional differences in 
task priorities and responsibilities between the functions in the past (e.g., success 
measures and rewarding). These formal structures, supported over time with special 
practices, become blocks on the way to change towards more integration. 
Dougherty suggests that the organizational routines (another “interpretive scheme” 
of organizational functions) are another major barrier to integration. First, 
interdepartmental relations reflect narrow roles and limited relationships, hindering 
more collective efforts. Favoring predetermined definitions of technology-market 
issues reduces collaborative efforts in searching for new information. And finally, 
following prevailing company standards does not always fit with the new situation, 
with its demands for questioning these prevailing routines as well as for more 
collaborative learning. (Dougherty 1992). 

Finally, physical barriers refers to the physical distance between the functions. 
Physical separation reduces information exchange and chance meetings. Shaw and 
Shaw (1998) found that the level of integration is significantly lower when 
marketers and engineers are located in different buildings rather than in the same 
building.  

Maltz (1997) pointed out that there are some relationships between the barriers. For 
example, personality barriers or cultural barriers may affect language barriers and 
organizational relationships. From the point of view of this study, it is enough to realize 
that all these barriers point to the difficulties encountered when aiming for cross-
functional integration (Dougherty 1992), and that the different ways to accomplish actual 
integration are ways to eliminate or circumvent these barriers. 

                                                           
307 Quality meaning the extent to which credible, accurate information is disseminated in a timely fashion across 
functional boundaries (Xie et al. 2003). 
308 For example, Workman (1995) considered that most of the tension between marketers and engineers “arises 
over the level and type of information each wants from the other”. 
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3.3.2.3 Forms of integration 

Cross-functional integration is needed in order to reduce the situational uncertainties of 
the NPD effort. One of the most extensive overviews of cross-functional integration309 is 
the review and analysis by Griffin and Hauser (1996). In their review, they combine and 
extend the previous research and the conceptual models of integration, especially 
between marketing and R&D (see e.g., Gupta et al. 1986a and Ruekert & Walker 1987) 
into a model of their own – a causal map of integrating mechanisms (see Fig. 23). This 
model is particularly aimed at integration problems and their proposed solutions. The 
model is based on three dimensions. The right amount and type of integration depends on 
the unique situation of the company (situational dimension). There are different actions a 
company can take to achieve the integration needed (structural/process dimension). And 
finally, the actual integration achieved in relation to integration needed will have some 
impact on the performance of the NPD effort (outcome dimension). I will use this model 
as the basic structure for the rest of my review concerning cross-functional integration in 
NPD research. I will start with the different ways to achieve integration. I will 
concentrate especially on the organizational structure, but will also introduce the five 
other structure/process dimensions. Later, in Section 3.3.2.4, I will move onto the 
situational dimension, i.e., to the core issues from the point of view of this study: the 
early phases of NPD under high uncertainty (i.e., radical NPD). 

                                                           
309 At least according to a recent article by Leenders and Wirenga (2002). It has also been appreciated by others 
(Jin 2001). 
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Fig. 23. Causal map for studying the project-level marketing/R&D interface (Griffin 
& Hauser 1996, p. 201) 310. 

A quote from Moenart and Souder (1990) puts the purpose of different forms of 
integration nicely: 

“It is only through the implementation of integration mechanisms that various 
functions assigned to an innovation task group can become a social network, that is, 
a social structure in which people are enjoined by a variety of relationships.” 
(Moenaert & Souder 1990, p. 97). 

                                                           
310 The basic framework of these three dimensions comes from Ruekert and Walker (1987), who refer to 
research on the system-structural perspective as a way of looking into a social system by exploring the 
relationships among its environment, its organizational structure and process, and its outcomes. There are 
contingent relationships among the dimensions. Performance is dependent on the fit between the system’s 
internal characteristics and its environment. Therefore, these three dimensions could also be considered suitable 
for exploring the whole NPD effort (not only the project level); the new product is an outcome of a certain 
structure/process combination (where a cross-functional team is only one type of “organizational structure”), 
which (hopefully) is the best fit for some specific situational factors. This type of framework has been quite 
influential as a conceptual framework for studies on cross-functional integration. 
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Griffin and Hauser grouped different approaches to integration into six categories: 
relocation and physical facilities, personnel movement, informal social systems, 
organizational structure, incentives and rewards, and the formal integrative management 
process. Since the problem of integration is inherently related to functional 
departmentalization, I will start with the organizational structure. 

It is clear that integration is connected to the people in organizations (and their roles), 
i.e., to the organizational structure. Organizational structure “reflects the division of work 
according to functional specialities” (Olson et al. 1995). Integration requires collective 
actions to create shared understanding from different functional perspectives (Dougherty 
1992). Organizational structure may or may not support this type of cross-functional 
integration. According to Griffin and Hauser (1996), functional organization inherently 
violates cooperation across functional boundaries. The primary responsibility for the 
development passes sequentially from one function to another, while the joint effort is 
coordinated by upper management (Ottum & Moore 1997). Moenaert and Souder (1990) 
grouped the structural approaches to integration into boundary-spanning (e.g., liaison 
roles, task forces, integrating roles) and boundary-eliminating (self-contained tasks) 
mechanisms. Today, however, project management and cross-functional (project) team 
structure is the most typical way to manage successful NPD efforts311. 

Cross-functional teams. There are studies that consider collaboration and cross-
functional teams as especially effective contributors both to the integration as well as to 
the overall success of the NPD effort312. For example, Xie and co-authors (Xie et al. 
1998) found that, as a conflict resolution approach, collaboration, i.e., a situation in 
which “participants work collaboratively toward a win-win solution by bringing all 
relevant issues into the open, sharing information and analyzing the situation 
objectively”, positively affects the success of NPD313. However, the concept of cross-
functional teams is not that clear. There are actually many different ways to organize the 
NPD project team to come up with this cross-functional team (see e.g., Ottum & Moore 
1997, Ulrich & Eppinger 2000). This is connected to the matrix structure as an 
integration mechanism, where the organization uses many different types of 
“organizational groupings” (Minzberg 1993). While in functional organizations, 
functional experts are managed by functional managers, in matrix organizations these 
individuals become more or less managed by project managers as well. Depending on the 
relative power between these managers, a matrix organization may be structured 
differently, with variations from functional matrices to project matrices (e.g., Ottum & 
Moore 1997). Functional experts are only part-time members of the NPD project, while 
retaining a connection to their own functional specialization (Griffin & Hauser 1996). 
The project manager actually performs the integrating activity (Griffin & Hauser 1996, 
Ottum & Moore 1997). In matrix organizations, managers have joint power regarding 
assignments of personnel, their work activities, salaries and promotions etc. (Ottum & 
                                                           
311 (E.g., Wheelwright & Clark 1992, Gupta & Wilemon 1996, Griffin 1997, Shepherd & Ahmed 2000, Ulrich 
& Eppinger 2000, McDonough 2000, Leenders & Wierenga 2002). 
312 (E.g., Olson et al. 1995, Kahn & Mentzer 1998, Griffin 1997, Leenders & Wierenga 2002, Maltz & Kohli 
2000, McDonough 2000). 
313 However, when the level of conflict is very high they suggest that a competitive approach, i.e., a situation in 
which “power is used to get one’s own way regardless of the wishes of the other party”, is more influential (Xie 
et al. 1998). 
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Moore 1997); this causes difficulties with the balance between project and functional 
responsibilities (Griffin & Hauser 1996). Therefore, in contrast to the pure functional 
organization, the purest form of a project team is an autonomous cross-functional team. 

An autonomous project team is considered to be a team whose members are formally 
assigned and dedicated full-time to that one project under the control of the project 
manager only, while the functional managers have no formal involvement in the project 
(Takeuchi & Nonaka 1986, Griffin & Hauser 1996, Ottum & Moore 1997). As opposed to 
a functional organization, the members of this project organization all work together 
during most of the different phases of the project. The work is more focused, and instead 
of following established practices, for efficient teamwork the team is allowed to create 
their own practices and procedures (Wheelwright & Clark 1992). The idea behind such 
centralization is to avoid the confusions of matrix structures and therefore solve a number 
of integration problems (Griffin & Hauser 1996). Ernst (2002) suggests that the 
autonomous team is needed in order to avoid the possible negative effects of the daily 
routines of the different functions. 

Although its focus is on QFD teams, a recent description of the cross-functional team 
provided by Özgener (2003) gives a good overview of the overall purpose of a cross-
functional team in NPD. Collective experience is needed for solving complex problems 
and making decisions concerning them. Different participants are brought to the team to 
represent different perspectives on the task at hand. The team consists of individuals from 
all disciplines that could have a positive impact on the development. In an ideal situation, 
individuals, as representatives of their function, are empowered to speak for the interests 
of the whole function and therefore empowered to make decisions on behalf of the 
function. When decisions are made, the whole function should be committed to the 
decisions through that empowered representative. In the team, these individuals need to 
develop a common orientation towards the task, and a shared goal. Typically this requires 
coordination and facilitation efforts (by the team manager). The more self-managed and 
autonomous the team, the better the chances of consensus building. During the process, 
team members learn from each other and break the boundaries of the functions. (Özgener 
2003.) 

Confusion with cross-functional teams. Isolating members from their functional 
department – the concentrated disciplinary knowledge base and its evolution – may also 
weaken the expertise and knowledge base of the team, especially with projects of long 
duration and high uncertainty (Griffin & Hauser 1996). Cross-functional teams may 
lower the relative functional identification (Fischer et al. 1997). 

“[T]eams do not, in and of themselves, reduce technical or market uncertainty. 
Other mechanisms, such as technical problem-solving, experimentation, market 
research, and testing must be used to reduce uncertainties. Teams […] don’t 
necessarily increase the amount of information available, even though they 
encourage better utilization of information already available” (Griffin & Hauser 
1996). 

Creating a cross-functional team does not guarantee a cross-functional focus throughout 
the whole organization, i.e., cross-functional responsibility over the whole development 
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effort, as Karlson and Ålström found when studying lean product development314 
(Karlsson & Åhlström 1996; see also Dougherty & Hardy 1996). They also found other 
problems with cross-functional teams, such as reluctance to set aside the time necessary 
to work with the project, difficulties choosing the right individuals for the right tasks, 
problems allocating the necessary resources for the tasks, and the risk of split loyalty 
between functional department and task-oriented project (Karlsson & Åhlström 1996). In 
fact, according to Ottum and Moore (1997), the matrix structure may be more suitable for 
situations where both market and technological considerations need special attention 
(Ottum & Moore 1997). After all, functional organization tends to be good for the 
development and retention of in-depth expertise in the specific functional areas (e.g., 
Ulrich & Eppinger 2000). 

To further complicate the concept of the cross-functional team, in NPD it is typical to 
distinguish between the core team and some kind of extended or support team (e.g., 
Crawford 1996, Khurana & Rosenthal 1998, Ulrich & Eppinger 2000). The core team is a 
small and effective group of main members meeting regularly, while the extended team 
may include many other part-time members. The core team may also be supported by 
members from partner companies or consulting companies, etc. (Ulrich & Eppinger 
2000). According to Moenaert and Souder (1990), “from an uncertainty reduction 
perspective, the boundaries of the task group315 can never be fully determined”, and 
therefore the informal networks of individuals are also part of the team. Recently, Millson 
and Wilemon (2002) studied organizational integration between the NPD team and other 
internal or external groups. They found that for many companies a most sufficient 
technique for cross-functional integration was actually a weekly new product meeting “to 
communicate about the NPD project and for different functions to take ownership of the 
challenges of their own subject” (Millson & Wilemon 2002)316. Frequent meetings have 
also been important characteristics of high-quality development teams in the studies of 
Cooper and Kleinschmidt (1995a). They are also the most common mechanisms for 
sharing market information (Sultan & Barczak 1999). In fact, meetings also enable the 
company to maintain a functional structure while achieving better cross-functional 
integration (Smith 1997). As in software NPD, different types of regular joint meetings 
become an important form of integration317. Both Karlsson and Åhlström (1996318) and 
Bacon and co-authors (Bacon et al. 1994) found that, in order to improve the cross-
functional focus of the whole company, there is also a need for regular meetings of 
management representatives from different functions. Dougherty and Hardy (1996) 
suggest that active and deliberate open strategic conversations between senior and middle 

                                                           
314 Lean product development is related to lean production and refers to a coherent whole of different 
techniques, such as supplier involvement, concurrent engineering, use of cross-functional teams, integrated 
(instead of coordinated) functions, the use of at least a heavyweight team structure (in which the project 
manager has direct access to and is responsible for the work of all team members; see also footnote 343), and 
strategic management of the project (Karlsson & Åhlström 1996).  
315 They use the term “task group” as a synonym for cross-functional team. 
316 Recall also the importance of meetings in software NPD (Section 3.3.1.5), as well as task forces and/or 
committees (Minzberg 1993) as the “liaison devices”.  
317 (E.g., Souder 1981, Gupta & Wilemon 1990, Leenders & Wierenga 2002, Workman 1995, Karlsson & 
Åhlström 1996, Dougherty & Hardy 1996, Rein 2004; see also Athaide et al. 1996). 
318 Studying lean product development implementation. 
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managers are needed to improve “the strategic meaning” of product innovation. Today, 
these cross-functional “review boards” seem to be more the rule than the exception for 
successful NPD (Shepherd & Ahmed 2000319). 

Other forms of integration. Organizational structure is critical to cross-functional 
integration (Gupta et al. 1986a). However, although they are perhaps the most important 
mechanism for integration (Maltz & Kohli 2000), cross-functional teams do not address 
all the problems of – i.e., barriers to – integration (Griffin & Hauser 1996). As an 
example, the choice of functions involved directly affects the knowledge base of the 
team. More generally, organizational structure is only one way to improve integration and 
must also be supported by other means of integration. (Griffin & Hauser 1996.) The 
amount of integration needed depends on the situation in which the NPD effort occurs 
and the actual success is a function of both the need for integration and the amount of 
integration achieved (Gupta et al. 1986a, Griffin & Hauser 1996). In addition to 
organizational structure, there are also many other ways to arrange cross-functional 
integration. Next I will briefly introduce the other five approaches to integration 
presented by Griffin and Hauser (1996 in Fig. 23). Again I will also complement the 
discussion with other research. In particular, I will refer to Leenders and Wierenga 
(2002), since they have recently studied the effectiveness of these different mechanisms. 

Relocation and physical facilities relates to the physical distance between the two 
groups. Communication and information transfer between the groups increases 
when they are co-located and provided with tools that foster interdepartmentalized 
relationships. Shaw and Shaw (1998) suggest that physical integration should be 
high on the list of priorities when seeking to improve integration. Leenders and 
Wierenga (2002) also found that housing marketing and R&D closer to each other 
is a very effective mechanism for fostering integration between the two. Another 
recent study by Xie and co-authors (Xie et al. 2003) further reinforced this by 
showing that physical proximity is significantly associated with reduced goal 
incongruity between the two groups. 

Personnel movement relates to job rotation. People moving between functions bring 
with them the contextual knowledge of the other function (jargon, thought world, 
contacts), thus reducing cultural and language barriers at least. For example, 
transferring personnel upstream during the early phases enables them to anticipate 
downstream problems better. However, this type of transfer requires either special 
individuals with dual skill sets (e.g., in McDermott & O'Connor 2002) or training 
(e.g., Ottum & Moore 1997, Shaw & Shaw 1998, Maltz & Kohli 2000). Shaw and 
Shaw (1998) found that training engineers with marketing knowledge improves 
integration between the two functions. Moenaert and co-authors (e.g., Moenaert & 
Souder 1990, Moenaert et al. 1994) have studied the positive effects of R&D “role 
flexibility” in particular, referring to the degree of extrafunctional tasks a project 
member assumes in the course of the project. However, Leenders and Wierenga 
(2002) found that personnel movement had relatively little (i.e., statistically 
insignificant) impact on integration. According to Verganti (1997), job rotation 

                                                           
319 According to Shepherd and Ahmed (2000), these boards need to establish a clear vision, make decisions, 
cultivate the product development process, and motivate and recruit the best development staff. 
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seems not o be very suitable for supporting a learning approach, since it usually 
implies that the upstream experience (of the solutions) and downstream experience 
(of the constraints) do not typically concern the same product. 

Informal social systems relates to networks of informal, open communication 
between the two groups across formal boundaries. These networks form contacts 
across functions in the development team as well as across the boundaries of the 
team, enabling, among other things, more information to be communicated and 
utilized. However, it is usually impossible to force these networks to happen. 
Companies may only provide opportunities through cross-functional picnics, 
athletic leagues and tournaments, etc. Leenders and Wierenga (2002) found that 
these informal social systems may actually compensate for a low use of information 
and telecommunication technologies (ICT) as well as cross-functional teams; or, 
the other way around, cross-functional teams and ICT may reduce the need for 
informal social systems. 

Incentives and reward structures relates to performance evaluations. Contemporary 
functionally-based reward structures lead to differing responsibilities across 
functions (e.g., increase in market share vs. new patents and/or publications). On 
the other hand, joint reward systems support integration. Leenders and Wierenga 
(2002) found that having equal remuneration and career opportunities is positively 
associated with integration. Xie and co-authors (Xie et al. 2003) also reinforced this 
by showing that joint rewards are significantly associated with reduced goal 
incongruity. Rewards should be based on overall development outcome rather than 
on functional performance. In fact, they also conclude that job rotation will 
facilitate even more effectively the development of joint goals if accompanied by a 
joint reward system (Xie et al. 2003). 

Formal integrative management processes relates to the formal processes discussed 
earlier, in Section 3.1.2 (such as the stage-gate process). An integrated joint 
decision-making process throughout the NPD effort ensures that information for 
decision-making is moved efficiently from its origin to the ultimate users320. Cross-
functional “phase review boards” form the basis for most formal integrative NPD 
processes (e.g., in Cooper 2001; see also Shepherd & Ahmed 2000). Griffin and 
Hauser (1996; see also 1992) and others321 also consider QFD as one type of formal 
process for cross-functional integration (cf., also Section 3.2.2.3)322. By providing 
translation mechanisms (information structure) from the customers’ language to the 
engineers’ language, QFD overcomes many of the barriers mentioned earlier. QFD 
enhances cross-functional communication and provides a structure for joint 
decision-making. It also helps different functions to gain mutual understanding by 
requiring each group to quantify and articulate their inputs and assumptions. 

                                                           
320 Although problems may occur despite the presence of an integrative process if the knowledge needed to be 
shared is very complex (Hoopes 2001). 
321 (E.g., Hauser & Clausing 1988, Day 1993, Govers 1996, Ottum & Moore 1997, ReVelle et al. 1998, 
Cristiano et al. 2001, Chan & Wu 2002, Millson & Wilemon 2002, Özgener 2003). 
322 Note that the Lead User Method (cf., 3.2.2.5) also supports cross-functional integration (e.g., Herstatt & von 
Hippel 1992). 
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Recently, Özgener (2003) has studied QFD especially as a tool for multidisciplinary 
teams. The team consists of members from different disciplinary areas (e.g., 
marketing, sales, product planning, product design, prototyping, testing323) 
negotiating and building consensus over the fit between customers’ needs and 
technical features (Özgener 2003). The graphical approach of QFD in particular 
increases the ease of communication (e.g., Griffin & Hauser 1993, ReVelle et al. 
1998). However, Griffin and Hauser (1992) have also noted that the QFD team may 
become too inward-looking and therefore prevent the team from obtaining relevant 
project-related information which is available outside the team. 

In their recent study, Leenders and Wierenga (2002) add a new category of 
integration, namely information and communication technology (ICT)324. They 
suggest that technologies such as e-mail, video conferencing and intranets provide 
opportunities to contact people easily and to find, process, and send information in 
an effective way. They also argue that ICT provides an infrastructure that leads to 
better integration. One interesting finding in their survey study was that ICT was 
slightly more significant as an integration mechanism than cross-functional teams 
or job rotation325. 

As a conclusion to these different means of cross-functional integration, Leenders and 
Wierenga (2002) found that there must be yet more factors besides these integration 
mechanisms that affect the actual integration, since these mechanisms do not explain all 
the variance found in their study. Dougherty (1992) had already suggested that, in order 
to overcome the interpretive barriers of integration, at least three processes must occur 
together. The unique insights of each functional thought world must be built and utilized. 
Collective mechanisms are needed for dealing directly with interpretive as well as 
structural barriers326. And finally, an organizational context supporting collaboration must 
be developed by managers fostering ongoing processes of knowledge development, joint 
learning, and customer interactions. (Dougherty 1992.) Discussion about the context most 
evidently leads back to the discussion on the special characteristics of early phases and 
radical NPD. So far, it has been shown that different ways of handling cross-functional 
integration in general do exist. However, the details of cross-functional integration 
mechanisms, especially during the early phases of radical NPD, are still quite unclear. 
After all, the higher the uncertainties, and the newer the product, the greater the expected 
need for integration (Gupta et al. 1986a). Next I will go into more detail on this issue. 

                                                           
323 See (e.g., ReVelle et al. 1998) for a more detailed description of the different participants in the cross-
functional team (e.g., engineering, quality assurance, service, and even suppliers and customers). 
324 Note that Hauptman and Hirji (1999) consider information technology tools, together with the power of the 
project leaders (i.e., the structure of the team), as more of a “coordination mechanism” for CE teams than an 
integration mechanism. Integration mechanisms affect the team process through team-based incentives, while 
coordination mechanisms are related to information sharing. 
325 The use of IT tools was also negatively correlated with job rotation in Hauptman and Hirji’s study (1999). 
326 Interestingly, Dougherty suggested that a shared, comprehensive understanding may be better gained if there 
is interdisciplinary responsibility over tasks connected to real users and customers (Dougherty 1992, p. 196). 
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3.3.2.4 Cross-functional integration in radical NPD 

In the model by Griffin and Hauser (1996), the situational dimension was related to the 
need for cross-functional integration. The degree of integration between marketing and 
R&D in particular is dependent on the specific situation of the organization. The phase of 
the project and project uncertainty are the most important factors affecting the need for 
integration. The early phases and high uncertainty demand the highest degree of 
integration (Griffin & Hauser 1996, cf., also discussion on situational factors in Section 
3.1.2). 

The importance of cross-functional integration varies throughout the different phases 
of the NPD process (Song et al. 1998, Olson et al. 2001). Olson and co-authors (Olson et 
al. 2001) found that overall cross-functional cooperation typically increases as the project 
moves from the early phases to the late phases. Since “there are more opportunities for 
evaluation and feedback”, the need for cross-functional sharing and adapting to the new 
information increases. Different types of evaluation activities during the late phases 
increase the need for functional integration. (Olson et al. 2001.) However, cooperation, 
especially between marketing and R&D, was greater during the early phases, and that 
was also positively related to development performance. Similarly, Song and co-authors 
(Song et al. 1998) found that interaction between marketing and R&D was especially 
productive during the early phases of development327 (and again in pretesting). 
Interestingly, they also found that the center of the cooperation, i.e., the relative 
importance of a function, varies across stages (planning, development and pretesting). 
However, there was no “focal function” during the early phases (in the market 
opportunity analysis stage), but this phase was characterized by high levels of integration. 
The creation of a new product definition requires information and feedback from many 
different organizational functions (e.g., Bacon et al. 1994). 

The importance of cross-functional integration during the early phases, especially 
between R&D and marketing, has also been discussed by many others328. Khurana and 
Rosenthal (1998) found that, since the key decisions to be made during the early phases 
are cross-functional, a holistic approach to the front-end naturally crosses the boundaries 
of responsibility and expertise. Such a wide scope within the activities requires 
coordination among senior management, project managers, functional managers and core 
team members (Khurana & Rosenthal 1998). Griffin and Hauser (1996) present some 
specific tasks where previous research has shown the most need for integration: 

− establishing development goals and priorities 
− analyzing customer needs and requirements  
− generating and screening new ideas 

                                                           
327 They use a five stage process model with market opportunity analysis, planning, development, pretesting and 
launch (Song et al. 1998). Integration between marketing and R&D was not found to be significant during the 
planning phase. Hower, in my opinion, the tasks included in this stage (formulating goals, planning strategies, 
and establishing NPD procedures and timetables) are more related to the project planning of the concrete 
development than to the more conceptual planning of the product, and therefore the finding is not that important 
from the point of view of the early phases in this study.   
328 (E.g., Gupta & Wilemon 1990, Moenaert et al. 1995, Olson et al. 1995, Olson et al. 2001 Griffin & Hauser 
1996, Verganti 1997, Khurana & Rosenthal 1998, Kim & Wilemon 2002a). 
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− developing new products according to the market’s needs 
− reviewing test market results 
− designing user and service manuals 
− designing communication strategies 
− gaining customer feedback 
− sharing information about competitor strategies and reactions. 

Interestingly, these tasks are traditionally considered as separate responsibilities of either 
marketing or R&D. Verganti (1997) found that teamwork and communication was 
necessary (one of six principles329) for successful anticipation of highly uncertain 
(downstream) information upstream. Cross-functional exchange of information was 
beneficial in enlarging the knowledge base available and therefore reducing uncertainty, 
assuring alignment of product concept with company and functional strategies, allowing 
downstream phases to start earlier thus encouraging parallel development, and finally 
committing different functions to the upstream decisions (Verganti 1997). Kim and 
Wilemon (2002a) reviewed and summarized the advantages of integration during the 
front-end activities. Internal cooperation facilitates mutual understanding and 
communication, and builds relationships; it enhances idea and technology transfer 
between functional groups; it minimizes resistance; and it diminishes ambiguity through 
the early understanding of other functions’ capabilities and limitations (Kim & Wilemon 
2002a). Alongside the new product idea, the project team is the primary determinant of 
the performance during the front-end (Kim & Wilemon 2002b). 

Under high uncertainty. Members participating in radical NPD need to depend on 
different functional experts for their information, knowledge and other resources in order 
to come up with a successful solution (Olson et al. 1995). Recently, McDermott and 
O’Connor (2002) found that in radical NPD different kinds of alliances (with customers 
or other partners) were created in order to fill so-called critical “competency gaps” 
related to either technological or market uncertainty330. This is why a significant amount 
of time and effort is devoted to finding partners and negotiating appropriate relationships 
(i.e., intellectual property rights) (McDermott & O'Connor 2002). Cross-functional 
interaction has been found to be crucial for reducing uncertainty during the early phases 
(Moenaert & Souder 1990, Moenaert et al. 1995, Griffin & Hauser 1996). “Efficient 
uncertainty reduction is only possible insofar marketing and R&D share as much as 
possible their information, their critical insights and their unanswered questions with each 
other” (Moenaert et al. 1995). Therefore, all the tasks related to both technology and 
market uncertainty form the basis for the division of labor between the different 
participants (Moenaert & Souder 1990). Especially with radical NPD, these tasks become 
more difficult and challenging (Olson et al. 1995). 

As already pointed out in Section 3.1.2.3, the process of radical NPD is different from 
more traditional NPD. There is a kind of additional fuzzy front-end with a more dynamic 
and indefinable process for reducing the high uncertainties (e.g., Veryzer 1998a, 
O'Connor & Veryzer 2001). This early phase of development was characterized as an 
                                                           
329 The other principles were harmonized objectives, encouraged and supported proactive thinking, integration 
with detailed design, planned flexibility, and systematic learning (Verganti 1997). 
330 Although they do not use the term “uncertainty” here, using “risk” instead, meaning the risk related to high 
levels of uncertainty (McDermott & O'Connor 2002). 
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exploratory, iterative “probe and learning” process (Lynn et al. 1996, Takeuchi & Nonaka 
1986, Song & Montoya-Weiss 1998) with multilevel learning (Takeuchi & Nonaka 
1986). The process was also considered as less customer-driven (O'Connor & Veryzer 
2001). The importance of individuals (e.g., Veryzer 1998a, Nonaka & Takeuchi 1995, 
Reid & de Brentani 2004) and early prototyping (Veryzer 1998a, Bacon et al. 1994, Lynn 
et al. 1996, Mullins & Sutherland 1998) was highlighted. Instead of only reacting to 
market feedback, prototyping in radical NPD should be more like “stimulating proactive 
thinking”, and the whole process should be based on “planned flexibility”, i.e., 
anticipation and reaction should merge with each other in a controlled way (Verganti 
1997). Traditional integration based on thorough market analyses, like in QFD, may even 
become counterproductive (Verganti 1997). During the early phases of radical NPD, 
market uncertainty is high due to the great distance from markets. The core of this early 
learning process was uncertainty reduction in order to meet some “approval level” (Kim 
& Wilemon 2002a) concerning the link between the new technology and the emerging 
markets. This fuzzy time was considered as a vehicle for identifying target market(s) 
(Lynn et al. 1996). The product definition, or to be exact a priority order of the key 
aspects of the product definition, should reflect the consensus of the development team 
(Bacon et al. 1994). Therefore cross-functional integration (especially between marketing 
and technology personnel) is essential in linking new technologies to markets (Bond & 
Houston 2003). 

Even though there are also indications that cooperation between marketing and R&D 
is not significantly more important for radical new products than for incremental new 
products (Souder et al. 1998, Olson et al. 2001, Li & Atuahene-Gima 2001), there are 
studies which even consider cross-functional integration – especially between R&D and 
marketing – as critical for NPD under high uncertainty331. 

“A firm that ventures into totally new and unfamiliar products, markets, and 
technologies is likely to have greater need for information about the market and 
technology to reduce the risk of new product failure. Obtaining this new knowledge 
is likely to necessitate a highly integrated effort between marketing and R&D.” 
(Gupta et al. 1986a). 

In order to reduce uncertainty, each function needs to complement other functions 
(Moenaert & Souder 1990). Jin (2001) found that better integration between marketing 
and R&D was especially important when the product was new to the market. Moenaert 
and co-authors (Moenaert et al. 1995) also found that the efficiency of uncertainty 
reduction was negatively related to high uncertainty. They suggest that improving this 
process would demand a decentralized project structure332 and closer interaction between 
marketing and R&D. 

Special importance of the cross-functional team. Because of the indefinable nature of 
the radical NPD process, it is also difficult to define cross-functional integration during 

                                                           
331 (Parry & Song 1993, Griffin & Hauser 1996, Gupta et al. 1986a, Olson et al. 1995, Souder et al. 1998, Jin 
2001, Tidd & Bodley 2002). 
332 Note, however, that Parry and Song (1993) found some evidence that a higher concentration of decision-
making authority is associated with higher perceived levels of R&D-marketing integration in Japanese 
companies. 
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these fuzzy front-end activities. The role of small333 cross-functional autonomous teams, 
preferably with co-located participants, has been considered central to radical NPD334, 
and for the early phases (Khurana & Rosenthal 1997, Kim & Wilemon 2002b). They are 
used more often in radical NPD than in incremental NPD (Griffin 1997). However, as 
Veryzer (1998a) found practice does not always correspond to the ideal. During the very 
early phases of radical NPD, marketing personnel are not always involved. The 
technology evolves first without marketing expertise. However, Bacon and co-authors 
(Bacon et al. 1994) found that, without exception, projects without cross-functional 
involvement failed. Full-time participation in particular was a key to creating good 
communication and trust among the members of the team. In fact, according to Olson and 
co-authors (Olson et al. 1995; see also Hoegl et al. 2003) cross-functional teams will lead 
to better performance only with radical new products, while formal structures were more 
suitable for incremental products. High levels of uncertainty also demand a high degree 
of integration with participative, organic and loosely-coupled mechanisms for 
coordination. Authority becomes more decentralized and the units become more 
autonomous. This kind of high degree of integration is likely to yield to more frequent 
and informal information-sharing across functional boundaries with a more common 
focus. (Olson et al. 1995.) 

The advantages of such teams are well described by Olson and co-authors (Olson et al. 
1995) in their discussion concerning cross-functional (design) teams. 

“The participative decision making, consensual conflict resolution, and open 
communication processes that are common in such structures can help reduce 
barriers between individuals and functional groups. This, in turn, can create an 
atmosphere where innovative ideas are proposed, critiqued and refined with a 
minimum of financial or social risk. Similarly, by facilitating the open exchange of 
creative ideas and analytical perspectives across multiple functions, the odds of 
producing innovative products that successfully address market desires as well as 
technical and operational requirements are increased. Furthermore, reduced 
functional barriers help ensure that unanticipated problems that arise during the 
development process can be tackled directly and immediately by those on whom 
the problem has an impact. This reduces the possibility that vital information may 
be delayed, lost, or altered and the likelihood that decisions made early in the 
process will have to be changed in response to problems that remain unidentified 
until later stages.” (Olson et al. 1995)335. 

Gupta and co-authors (Gupta et al. 1986a) had already suggested that such a high degree 
of integration is best achieved through “more harmonious R&D-marketing operating 
characteristics”, i.e., both are involved from the early phases, both attempt to understand 
each other’s point of view, conflicts are resolved at the lowest level, and issues are 
discussed rather than accepted (Gupta et al. 1986a). This type of close interaction was 
needed in order to build a shared understanding among the members of the team. 

                                                           
333 According to O’Connor and McDermott (2004), the team typically contains only five to six members. 
334 (E.g., Takeuchi & Nonaka 1986, Bacon et al. 1994, Olson et al. 1995, Jassawalla & Sashittal 1998, Lynn 
1998, O'Connor & McDermott 2004). 
335 Cf., also “teamwork quality” discussed in software NPD, i.e., footnote 243. 
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Jassawalla and Sashittal (1998) highlight the importance of collaboration. In addition 
to high levels of “interdepartmental integration” (high levels of interaction, coordination 
of activities, cooperation, even development of a shared vision) collaboration refers to 
participants as achieving “high levels of at-stakeness, transparency, mindfulness and 
synergies from their interactions” (Jassawalla & Sashittal 1998). Each participant’s 
concerns are considered as equally important, decision-making is based on multiple, 
equal perspectives, and the commitment and involvement of each participant is 
considered essential for success. At-stakeness refers to “equitable” interest in jointly 
developed agendas as well as “equal” stakes in the outcomes. Transparency refers to 
intense communication and the exchange of information that “people with opposing 
orientations and viewpoints can accept as valid descriptions of situations and events”. 
This makes explicit the different motivations, agendas and constraints of the participants. 
Mindfulness refers to a “condition where new product decisions and participants’ actions 
reflect an integrated understanding of the breadth, and the often divergent motivations, 
agendas, and constraints that exist, at all times”. Synergy refers to the enhancement of an 
outcome as a result of the integration of capabilities (more than the sum of individual 
efforts). (Jassawalla & Sashittal 1998.) 

There are some special characteristics concerning these cross-functional teams 
especially in radical NPD. O’Connor and McDermott (2004) highlight the focal role of 
individuals. According to Verganti (1997), instead of generalists there is a need for 
specialists with “systemic knowledge336”. Involving these specialized people is more 
important than enlarging the number of people involved (Verganti 1997). Rather than 
being formally assigned, it is common that the members of the team will volunteer to 
participate through some (champion’s) personal networks (O'Connor & McDermott 
2004). In addition to being specialists in their own area, the participants of the team 
typically also have additional experience in other areas337 with large informal networks of 
their own (see also Rice et al. 1998), both inside and outside the company (McDermott & 
O'Connor 2002, O'Connor & McDermott 2004). Internal networks of people also provide 
good means for learning (e.g., O'Connor 1998). This kind of broad thinking is found to be 
critical for increasing the probability of successful innovation. In addition, it was not 
uncommon to have team members outside the company as well (see also Hillebrand & 
Biemans 2003). Strategic allies may be useful in reducing uncertainty (O'Connor 1998). 
As Jin (2001) put it, rather than working to maximize integration between different 
organizational functions, emphasis should be put on integrating the different knowledge 
domains needed for the development effort. 

Recently, the importance of a clear team vision has gained particular interest within 
radical NPD research. Although he was not studying radical NPD in particular, 
McDonough (2000) found that cooperation and establishing clear, unchanging goals were 
two of the most frequently cited reasons for cross-functional team success. Without a 
                                                           
336 Systemic knowledge refers to the capability to detect the impacts of specific early decisions on the 
downstream phases of the product life cycle. Without this knowledge the work in teams becomes fruitless. This 
systemic knowledge is gained by continuously being able to compare the proposed solutions with actual 
outcomes, i.e., to learn from experience in NPD (Verganti 1997).  
337 The rotation of scientists through different business units was found to be an important tool for developing 
this individual multi-disciplinarity, as well as their personal networks, critical for radical NPD success 
(O'Connor & McDermott 2004). 



 217

“shared system of objectives”, integration is unlikely to occur (Verganti 1997). Goals, as 
a “stage-setting” factor338, provide a common focal point for the effort and at the same 
time constrain the effort within reasonable boundaries (McDonough 2000; see also Xie et 
al. 2003). Lynn and Akgün (2001) also highlight the importance of clear vision in radical 
NPD. The absence of such a clear vision would create problems. Lynn (1998) found that 
having a clear vision, shared and agreed to by all team members, was necessary for 
successful NPD, enabling “within-team learning”. However, this does not say much 
about the actual practice of building such a widely-shared vision. At least processes are 
needed to enable insights gained by any team member to be shared with others (Lynn 
1998). High levels of integration are achieved through “cycling” between nominal (group 
members perform individually) and interactive settings (Griffin & Hauser 1996). 

“Facilitated interactive settings provide forums for information exchange, personal 
value modification, and team building. Cycling between periods of introspective 
individual activity and facilitated interaction balance the need to stimulate 
exchange and resolve conflict while still providing havens into which participants 
can retreat to reflect on and internalize new learnings and value changes.” (Griffin 
& Hauser 1996). 

According to Griffin and Hauser, this cycling also yields high levels of group consensus. 
For Zhang and Doll (2001), it is the front-end fuzziness that challenges knowledge 

sharing and vision building in the project team. Companies that define practices to cope 
with fuzziness will benefit directly and indirectly through better knowledge sharing and 
better team vision. Team vision mediates the relationship between front-end fuzziness 
and NPD success. “Strong team vision is needed to synthesize all the activities” during 
the front-end. The knowledge areas of different functions, related to different areas of 
fuzziness, need to be shared and incorporated in both the vision process and the decision-
making process concerning the new product. For example, “the more the knowledge 
about the needs of current customers and potential customers in the future is shared 
among product development members, the better chance it has to formulate a customer-
focused mission”. When a team focuses on a clear team vision, the fuzzy front-end 
becomes more manageable. (Zhang & Doll 2001.) However, the importance of this team 
vision as the mediating, yet most dominating factor for successful NPD may also 
undermine the importance of having a cross-functional team to create such a “common 
vision”. There are some indications which support this suspicion. 

Beyond cross-functional teams. In their exploratory study, Jassawalla and Sashittal 
(1998) studied ways to achieve collaboration in cross-functional teams. Interestingly, they 
found that the nature of the organization and participants (e.g., propensity to change and 
cooperate, level of trust among participants, and managerial initiatives towards 
collaboration) had a strong impact on the extent of collaboration. The predominant 
relationships between organizational functions were also acted out in the cross-functional 
teams. Simply having a highly integrated cross-functional team is not enough for a 

                                                           
338 McDonough (2000) suggests that certain stage-setting elements (project goals, empowerment, human 
resources, and climate) together with enablers (leadership, senior management support, and champions) operate 
on project success indirectly by affecting team behavior (cooperation, commitment, ownership, and respect). 
Enablers may also moderate the effects of the stage-setting elements. 
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collaborative team. With a team structure it is not possible to “overcome the systematic, 
deep-seated problems created by isolation, distrust, and functional groups locked in a 
struggle for power and control”, i.e., the characteristics of a larger organizational culture. 
For example, the organizational priority of the NPD, the decentralization of new product 
decisions, and the nature of leadership (e.g., appointed or selected) were factors affecting 
the collaboration achieved. (Jassawalla & Sashittal 1998.) There are also others who 
share the view of the importance of organizational culture (e.g., Song & Parry 1993, 
Mullins & Sutherland 1998, Khurana & Rosenthal 1998). Mullins and Sutherland (1998) 
found that under high uncertainty attention needs to be directed toward creating an 
organizational culture that actively strengthens the company’s commitment to NPD 
(Mullins & Sutherland 1998). Khurana and Rosenthal (1998) found that organizational 
culture based on collective, “holistic” responsibility was an alternative to a more formal 
front-end process. 

According to Rice and co-authors (Rice et al. 1998), one characteristic of the radical 
NPD team is its isolation from the mainstream organization. Recently, McDermott and 
O’Connor (2002) identified different challenges when managing radical NPD in large, 
established organizations. There is confusion both with the new business model (which 
also seems to be evolving) connected to the new product, and with the location of the 
new business within the company (e.g., current units, new business unit, spin-off) 
(McDermott & O'Connor 2002). Concerning the business model, according to 
McDermott and O’Connor, “discovering how the market structure works, figuring out 
how the firm will participate in it in terms of what it will offer and how the firm will ally 
with other partners to complete the offering is a critical part of new market creation.” 
However, it was not very clearly understood how much effort this would actually need 
(McDermott & O'Connor 2002). From the point of view of locating the new business, a 
project team for radical NPD does not usually fit with the existing business structures, 
causing problems, especially with the transition from the project to the operating units 
(see also Rice et al. 2002) 339. According to Rice and co-authors (Rice et al. 2002), in 
addition to market and technology uncertainty in radical NPD there is also this 
“organizational” uncertainty as well as “resource” uncertainty that needs to be 
highlighted340. McDermott and O’Connor found no mechanisms in place for the 
transition process. 

“Operating units typically require a focus on the development of the initial entry 
application, the development of the list of initial potential customers, the fleshing 
out of the business plan, complete with forecasts for which there is some comfort 
level, and some additional engineering development effort.” (McDermott & 
O'Connor 2002). 

Two consequences were observed, when this transition happened before the market 
development effort: either the project was allowed to wither, because further development 

                                                           
339 Note the connection to transition from the early fuzzy phases (i.e., the conceptual part of the development) to 
the late phases (i.e., the more concrete design and development). 
340 Olson and co-authors (Olson et al. 1995) also found that having multiple autonomous teams with a full 
complement of functional specialists may generate substantial redundancy. 
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was not part of conventional performance341, or an unreliable business plan was delivered 
(McDermott & O'Connor 2002). 

Rice and co-authors (Rice et al. 2002) discuss this transition process (or activities). 
According to them, prospective customers willing to pay for the new product provide the 
“impetus for the transition”. During the process, the NPD effort is no longer a separate 
project nor is it yet an up-and-running operating business. (Rice et al. 2002.) Balancing 
the relationship between the NPD project and the mainstream organization is a challenge 
(McDermott & O'Connor 2002, Rice et al. 2002). Rice and co-authors (Rice et al. 2002) 
also gave many (7) propositions to improve the transition process, but since these are 
only suggestions based on observed challenges, I will not discuss them any further, 
except one: “assessment of transition readiness” (cf., also the “approval level of 
fuzziness” by Kim & Wilemon 2002a in Section 3.1.2.4). This suggestion was based on 
the idea that both the project and the mainstream organization should share information 
and negotiate in order to gain “mutual understanding” concerning their responsibilities 
and division of work while resolving the prevailing uncertainties (Rice et al. 2002). So, 
while there is a need to “incubate” the team from the mainstream organization, there is 
also a need to cross the team boundaries in order to reduce the “competency gap” 
(McDermott & O'Connor 2002). Despite the multi-disciplinarity of the small team, there 
is a need to cross the team boundaries in order to “draw on every aspect of the 
organization’s knowledge and skill base as needed” (O'Connor & McDermott 2004). 
Communication among the members of the team as well as with “outsiders”, e.g., the 
functional groups, stimulates the performance of the team (Kim & Wilemon 2002b). 

Interestingly, as in software NPD, the cross-functional team as an organizational 
structure is not that clear in NPD either. In addition to the core team, Khurana and 
Rosenthal found that during the early phases a cross-functional executive review 
committee with a holistic perspective was strongly associated with product success 
(Khurana & Rosenthal 1997). The core team, the executive team, and the project leader 
should all complement each other (Khurana & Rosenthal 1997). While studying the 
importance of cross-functional integration during different phases of development, Song 
and co-authors (Song et al. 1998) found the cost-effectiveness of involving all the 
different disciplines all the time to be questionable. They suggest that only “pairs” of 
functions should be integrated at a time (in meetings or other interdepatrmental activities) 
(Song et al. 1998). And finally, when the fuzzy front-end becomes more manageable with 
a clear team vision, two conditions are important: “total interconnectivity among 
individuals, and permeable boundaries across all systems and work groups, even those 
external to the firm itself” (Zhang & Doll 2001). Rather than just the cross-functional 
team alone, the knowledge interactions turn out to be more important. More generally, 
Zhang and Doll (2001) consider the foundation elements to cope with front-end fuzziness 
as strategic orientation (customer, technological, competitive), concurrent engineering, 

                                                           
341 “Business unit managers have sales objectives to meet, and the trial and error required to find the right 
market entry point or to build the business through many small niche applications typically makes rational 
business unit managers and their product managers uncomfortable” (Rice et al. 2002). 
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customer involvement342, heavyweight project managers343, supplier involvement and 
platform products. 

Individuals breaking the boundaries in the vision process. Issues concerning the vision 
in particular seem to be connected to intense collaboration both inside and outside the 
company. When discussing tools and methods for market visioning, O’Connor and 
Veryzer (2001) found that companies often used different types of regular meetings with 
internal and/or external stakeholders to discuss subjects like emerging technologies and 
their application possibilities. Yet their vision process for radical NPD puts a lot of weight 
on individuals. According to them, there are five “roles” that keep the visioning process 
alive, i.e., that formulate, articulate, sustain and implement visions: stimulators, 
opportunity recognizers, ruminators, champions and implementers. A stimulator 
energizes and gives direction to the innovative activity. Opportunity recognizers are of 
special interest here because of this role’s special ability to link the new technology to a 
market opportunity (see also Reid & de Brentani 2004 on individuals as boundary 
spanners). O’Conner and Veryzer saw these individuals as “scientists with a market 
benefits orientation” (O'Connor & Veryzer 2001). A ruminator also has a special ability 
to connect disparate pieces of information. A champion is needed to lead the concrete 
action of implementors, being a strong believer in the vision344. The vision process is a 
collaborative effort with these individuals as the “driving” as well as “perpetuating” 
forces. Interestingly, these individual roles seem to belong to the group of “enablers” of 
cross-functional team success in the study by McDonough (2000). They are the 
“supporters of the vision” (Lynn & Akgün 2001). Vision support was another important 
component of vision for Lynn and Akgün, yet not as important for radical NPD as for 
incremental NPD. However, the vision process, depicted in this way, does not seem to be 
a very cross-functional, collaborative process but more like a “flow of visioning” among 
the influencing individuals, i.e., some kind of basis for radical NPD. 

Interestingly, the most powerful individuals seem to be the “champions”. Often the 
vision becomes concentrated in this one character with the necessary executive power 
(e.g., Markham 2002). According to Markham, it is this champion who actually drives 
NPD projects through the “valley of death” to the mainstream organization (in the 
commercialization process). However, according to O’Connor and Veryzer (2001), the 
vision for a radical new product is not stable but develops over time. 

“Once the insight has been grasped, ways of operationalizing it must be found. 
While this component might seem to follow the vision process, in actuality it is a 
vital part of it. The elaboration of a viable set of approaches for operationalizing a 
product is an important linking function. It is here that technical feasibility and 
market opportunity are brought together.” (O'Connor & Veryzer 2001). 

                                                           
342 Note that this customer involvement is separated from the strategic orientation element as an independent 
mechanism for uncertainty reduction related to customers. 
343 Heavyweight and lightweight team structures and managers are terms used very often in NPD research. 
These two concepts refer to the matrix type of structure used in forming an NPD project team. Heavyweight 
managers have control over the members of the team, although they are not permanently appointed to the team. 
Lightweight managers, on the other hand, only coordinate the different activities of the functions while the work 
of individual members of the team remains under the control of the functional managers. Autonomous teams 
typically have heavyweight managers. (Wheelwright & Clark 1992.) 
344 See e.g., Markham 2002 for a detailed description concerning the central role of champions. 
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This elaboration of the vision is an important component of the initial vision process. The 
evolving vision is based on knowledge sharing between the project team members, and it 
needs to go through a collective validation (of the technical solution) and acceptance 
process inside the company. Technical demonstrations and/or early prototypes, possibly 
together with strategic codevelopment partners (see e.g., Rice et al. 1998), play a critical 
role during the elaboration and building of support (or market excitement) for the vision. 
Although it evolves, the vision and the vision process seems to be a front-end process 
ending at some point in time before the actual NPD begins. 

The validation and acceptation process needed for a vision may be due to what 
Dougherty and Corse (1995) called “dislocated responsibility” of the innovation process 
from the organization to the individuals. With some special influential individuals, the 
responsibility for the innovation process becomes lodged outside the established 
organization and therefore it lacks the necessary organizational commitment, not to 
mention resources. According to Reid and de Brentani (2004) this indicates the 
distinction between ‘invention’ as an individual process and ‘innovation’ as a social 
process. Therefore, according to Dougherty and Corse, individuals need to rely on 
informal mechanisms to get support for the innovation process. In fact, this is also why it 
is typical that the success or failure of the effort is also related to individuals rather than 
normal organizational functioning. (Dougherty & Corse 1995.) This central role of a 
champion as an important facilitator is actually questioned in another paper by Dougherty 
and Heller (1994), concerning the “illegitimacy” of new product innovation activities in 
established organizations. They see that some of the difficulties with successful new 
product innovation are due to incompatibility between innovation activities and the more 
established practices. In order to become successful, companies need to find ways to 
overcome the problems caused by this illegitimacy. For example, when trying to link new 
technologies to markets, NPD efforts face problems with the mainstream organization’s 
inability to tolerate “the experimenting that innovators [need] to carry out to learn”. 
(Dougherty & Heller 1994.) 

Established routines run counter to the unpredictable and chaotic nature of radical 
NPD (O'Connor & Veryzer 2001). Again following Dougherty and Heller, the process of 
radical NPD does not fit well with the “legitimate system of thought and action” in 
established organizations. The established structure does not support “the need for 
ongoing change in response to customer feedback”. Highlighting the importance of 
champions might be just one way of trying to overcome these problems, providing a 
“legitimate way to allow for illegitimate behavior”. However, Dougherty and Heller 
found that the most common technique for legitimation used by successful innovators 
was actually “reframing”, i.e., altering people’s thinking. The aspects that are particularly 
interesting from the point of view of this study are those of altering people’s thinking 
concerning the linking process (technology to markets) and their established work roles 
and relationships in the organizational practice. Dougherty and Heller further conclude 
that change must occur in the day-to-day activation of people, among other areas. The 
process specifics of linking technology to markets and the effective working practices 
with differing thought worlds need to be institutionalized. (Dougherty & Heller 1994.) As 
Ernst (2002) suggests, the “champion” role might be necessary especially in 
organizations where the organizational culture does not support innovation.  
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3.3.2.5 Cross-functional integration in practice 

Despite the importance of collaborative cross-functional integration to radical NPD, the 
preceding discussion shows that when the process is examined in greater detail, the role 
of individuals is emphasized, perhaps at the expense of cross-functional collaboration. 
From the point of view of cross-functional integration this would mean that integration is 
needed to allow different types of individuals (as functional experts) to learn from each 
other (e.g., Bond & Houston 2003). Unfortunately, in the NPD research related to cross-
functional interaction, there were not many field studies – such as the cases of Digital and 
Microsoft in software NPD research – documented to describe sufficiently detailed 
practical solutions to the problems of interaction345. It is clear by now that a high degree 
of integration, based on intensive collaboration, is needed, but how to accomplish this in 
practice is as yet quite vague. After all, achieving success with such an intensive cross-
functional team is not always that clear (McDonough 2000). I will end my discussion on 
this cross-functional issue by presenting a paper (actually the only one I could find) 
which goes into more details about this integration. Very recently, Rein (2004) presented 
an “experience” (not highly valued scientifically in NPD research) article concerning one 
case where improvement of the relationship between marketing and R&D was found to 
be successful. In this article the detailed changes made in the NPD process of a 
manufacturing company were described in order to give specific details of successful 
integration in practice. Interestingly, this kind of research, according to Rein, is totally 
lacking from the NPD literature. The case illustrates in practice how integration can be 
achieved. Next I will describe briefly this unique article. 

According to Rein, one of the causes for the traditional problems with integration is 
the fuzzy boundary between the requirements (what) and the technical approach (how) 
connected to the new product. As soon as the new technology enters the hands of some 
customers, the line between the “hows” and the “whats” starts to blur. In order to 
overcome this problem, there were new, modified roles formalized both for the front-end 
and back-end of the NPD process. The modified process introduced overlaped with the 
process phases. Certain activities were identified as needing most integration between the 
two: clarifying the market requirements implicit in the market attack plan346 (at the front-
end), developing a technical strategy that responds to the market requirements and that 
consequently implements the market attack plan (at the front-end), and formulating the 
value messages used to market the product (at the back-end).  

The new approach relied on three persistent cross-functional teams: a marketing team 
(devoted to the “what” part of the product), a technical team (devoted to the “how” part 
of the product) and a decision team. The marketing team (marketing people with one 
member from the technical team347) was responsible for identifying and prioritizing the 
market requirements and developing value messages for marketing. In fact, the value 

                                                           
345 At least not in the literature reviewed for this study. 
346 A description of the strategic plans for each market segment in which the company competed (Rein 2004). 
347 Most often an R&D project leader or senior developer from some product development group (Rein 2004). 
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messages were the responsibility of a cross-functional subteam of the marketing team348. 
The technical team (technical people with one member from the marketing team349) was 
responsible for developing and documenting the technical strategy and product 
requirements. The decision team, with senior managers from marketing, R&D and the 
product development groups, was responsible for approving the market requirements, 
technical strategy, and value messages. 

Development of the different artifacts occurred in parallel. Marketing and technical 
teams divided their work among their members (to individuals or subteams). They had 
weekly meetings for a few hours to review, discuss and consolidate the details of the 
different tasks. In addition, members of the technical team would contact their marketing 
representative whenever they had questions concerning the market requirements. The 
marketing team also had monthly full-day meetings to make important decisions. The 
technical team leader presented the technical strategy drafts during these monthly 
meetings in order to review their fit with the market requirements. Frequent meetings 
were needed to “keep the ball rolling” in the separate team assignments. For example, 
when there were problems with the market requirements felt by the technical team, the 
marketing representative from that team took the issue to the weekly meeting of the 
marketing team. Finally, after the decision team had approved both the market 
requirements and the technical strategy, the product development group took over again, 
with their representative in the technical team as a link between the different development 
phases. 

Although this case example is of a manufacturing company without any special focus 
on radical NPD, it was the best example I could find that went into the details of the daily 
practice of possible cross-functional integration in the NPD context. The major problem 
with the approach is that it rests too much on the strict two-stage view of the typical NPD 
process, with no iterative approach like in the front-end of radical NPD or in software 
NPD in particular; the conceptual and the concrete parts of development are more clearly 
separated. Unfortunately though, it was the only article in this whole review that was 
clearly connected to our own attempts in the UCD-II project, i.e., improving the practice 
to improve cross-functional integration during the early phases of NPD. The solutions 
implemented were quite similar to our final MAPID model, yet there were problems in 
our case that cannot be resolved with this type of approach alone. Next, I will continue 
the discussion with further details of our final MAPID model as well. 

                                                           
348 Note that the technical member participating in this team was usually different than the member participating 
in the marketing team producing marketing requirements; the former participation happened in the back-end 
phase of the process while the latter participation happened in the front-end (Rein 2004). 
349 Someone who knew the context and rationale of the marketing team’s thinking behind the market 
requirements (Rein 2004). 
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3.3.3 Discussion 

This final section of the literature review attempts to find answers to the last two 
subquestions of this study: 

“What is the role of cross-functional interaction during the early phases of user-
centered software new product development?” and 

“What are the origins of the problems with cross-functional interaction during the 
early phases of user-centered software new product development?” 

Based on the previous review sections there is already some conception of the early 
phases of user-centered software NPD (see Section 3.1.4). During the early phases, i.e., 
during the conceptual part of development, uncertainty concerning the object of 
development is reduced by increasing knowledge related to both application domain and 
solution domain in order to build and specify a common understanding and a shared 
vision of the object. Only the object of development remained slightly confusing. 
Although it seems quite a natural and reasonable candidate for this object of 
development, the twofold object apparent in NPD (the product-market pair) was not 
visible in software NPD. At least during the early phases of development, the market half 
of it seemed to be missing. This was particularly important when discussing UCD in the 
context of software NPD (see Section 3.2.3). From the point of view of NPD, UCD was 
considered as part of market orientation. In UCD though, users are valued as the most 
important source of knowledge concerning the application domain, which is obviously 
related to the “market” part of the twofold object. However, during the early phases of 
software NPD, users are only representatives of some possible market, and market 
knowledge is much more diversified. Therefore, according to the review in this section, 
cross-functional interaction, as the enabling force for the market orientation, becomes 
important when searching for the link between the new technology and this emerging 
market. In fact, since cross-functional integration was found to be especially important 
for the fuzzy early phases of NPD, as well as for radical NPD, it must be important for 
the conceptual part of software NPD (although, because of the iterative approach, the link 
to the concrete part of development is also important). 

Integrating different knowledge areas. Cross-functional interaction – or multi-
disciplinary teamwork – as an important principle of UCD means that different 
knowledge and skill areas are integrated in order to gather, build and make trade-off 
decisions concerning the knowledge of the development object. It is not merely 
interaction between selected individuals. Individuals represent certain knowledge areas or 
in fact they serve as links to and from certain knowledge areas. In a cross-functional team 
several different viewpoints (grounded in some knowledge base) are considered at the 
same time. Hopefully a “good” combination is achieved in order to assure the most 
effective and efficient effort. 

From the point of view of this study, application domain knowledge is of special 
interest. Individuals serving as a “direct” link to the market, such as users, become 
interesting. According to the review, a user may also be represented by others, such as 
UCD professionals or marketing personnel. However, users’ preferences represent only 
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part of the diverse knowledge related to the market (e.g., requirements vs. market trends). 
In the NPD environment there are actually many different links to the market and many 
different viewpoints which have to be taken into consideration when making decisions 
concerning the object. This is also the reason why NPD highlights the importance of 
cross-functional interaction. Like in the RE process, especially under high market 
uncertainty the application domain knowledge is not captured as such but seems to 
emerge in the interaction between the members of a cross-functional team. Therefore, 
especially during the conceptual part of software NPD, the process of integrating 
knowledge concerning the application domain, i.e., gathering, sharing, interpreting, and 
analyzing it, becomes a complex social process, a communication and negotiation 
process of individuals with different types of knowledge bases and links to the market 
(cf., requirements process or release planning process). Furthermore, as in the RE 
process, the success of this process depends on the interaction between the members 
representing the different knowledge areas – as well as on the social networks these 
members are linked to. Typically in the NPD context the most important network 
connection of each participant member seems to be the connection to their own 
professional expertise area – their organizational function. In fact, this network 
connection seems to be the reason for their selection as a team member in the first place. 
Through these individuals the team also has connections to their special, often well-
established practices for increasing knowledge. 

From the UCD point of view cross-functional interaction becomes especially 
important when considering the relationships between users, customers and the market. 
Together with the common object of development, interaction is needed in order to 
develop a common understanding of these relationships. As was discovered in the review, 
when the number and type of possible users and customers grow, identification of a 
(target) market, representative customers of that market, and, finally, representative users 
of those customers becomes more complicated. However, when working in close 
relationships with users it is important to know their relative position (e.g., sensitiveness) 
in relation to the company. Furthermore, when evaluating user or customer feedback, 
information needs to be analyzed against the user-customer-market assumptions made 
earlier. And finally, as was also discovered in the review, instead of any single customer, 
the application domain knowledge resides in a cross-functional team. Based on the 
review, I would claim that it emerges in the cross-functional discursive practice350. 

The cross-functional team. It is quite clear that the cross-functional project team is a 
useful medium for knowledge integration. Both SE and NPD highlight its importance. As 
a small, intensive consortium it supports frequent information sharing (both formal and 
informal) between the members of the team as well as the process of building a common 
understanding. In addition it helps to coordinate the separate activities of each member 
into an integrated whole. In a successful team, members have close relationships with 
each other, they are committed, and they all feel ownership of the object of development. 
The more autonomous the team, the higher the degree of cross-functional integration and 

                                                           
350 Throughout this study, by this concept of “discursive practice” I mean the intensive dialog through which 
participants (potentially representing different disciplines) build mutual trust and learn from each other by 
sharing knowledge (representations) and discussing contextual experiences related to this knowledge, typically 
possible within a small team with close relationships. 
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the better the possibilities of building consensus. The most typical means for interaction 
are different types of meetings and shared artifacts between the members of the team. 
Building consensus as well as mutual trust among the members of the team has been 
found to be most effective in different types of informal or formal meetings with direct, 
face-to-face negotiations. Meetings serve as open discussion forums in which the 
members of the team can share insights and unanswered questions or “propose, critique 
and refine” ideas. This discursive practice improves the chances of learning and 
understanding each other’s viewpoints (including users’ points of view). Furthermore, as 
in large IS/SE development projects, the meetings provide the “social encounter” in 
which it becomes easier to build close working relationships between different members 
of the team, which will hopefully last at least until the next meeting (although of course 
the opposite is also possible). I would suggest that the meetings keep the teamwork in 
motion. Meetings support participative decision-making and conflict resolution, both of 
which were found to be important for collaboration in cross-functional NPD teams. 
Meetings also provide the necessary forum for “at-stakeness, transparency, mindfulness 
and synergies” as demanded by Jassawalla and Sashittal (1998). 

It was also found that often different types of shared artifacts as representations of the 
object knowledge (specifications, architectural design, prototypes, etc.) provide common 
ground for cross-functional meetings with more intensive collaboration. In order to be 
understandable, as reflections of some specific viewpoints, many of these artifacts needed 
to be connected to a shared context or experience of the participants (e.g., personal 
contacts). Artifacts articulate some special viewpoints based on some special knowledge 
base. Much of this knowledge remains outside the artifacts, in the heads of the 
individuals. I would suggest that meetings are perhaps the best forum to discuss artifacts 
across disciplinary boundaries. While artifacts may support information and knowledge 
sharing, meetings support collaboration. Based on the review, both are needed when 
building a common understanding and a shared vision concerning the object of 
development.  

Tools have also been developed to support meetings and collaboration, i.e., teamwork 
in general. Electronic support environments for information sharing and communication 
are actually quite commonplace today. In relation to our UCD-II project and especially to 
our final MAPID model I want to emphasize the special importance of the different 
repositories of shared information mentioned in the review as means of diffusing 
knowledge among the members of the organization. For example, in addition to sharing 
important information, a requirements database (which was found to be a potential 
replacement for a requirements specification in the release planning process, cf., Section 
3.1.3.3) may also serve as a tool for coordinating the evolution of the requirements. 
While different status information may be connected to each requirement (such as 
assigned, coded, answered, verified), in our final MAPID model this status information 
may also indicate the status of the uncertainty reduction activities carried out for the 
requirement. We created a concept of “product status” as an extension to the more 
traditional requirements register, also including the possibility for emerging requirements 
with high uncertainties (e.g., under investigation, rejected, accepted, in the roadmap, 
etc.). Based on this information it is possible to make decisions while initiating further 
“uncertainty reduction” activities. The results of preceding activities could also be linked 
to these requirements, providing more contextual and background knowledge for each 
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requirement. As well as providing a rationale for earlier decisions this type of additional 
information may support the planning of future activities. However, these coordination 
issues are perhaps even more relevant to the more complex environment of software 
NPD, where confusion was also found related to the team concept. 

The idea of this type of a small, cohesive team is particularly prevalent in the SE field. 
As was found, the smaller the team the easier it is to integrate different knowledge areas 
and to achieve consensus among the members of the team. However, at the same time 
there are also fewer knowledge areas represented. Although such a team is considered as 
a good unit for building a common understanding and shared vision, I would say it is 
nonetheless limited in terms of its ability to reduce uncertainties concerning the 
application domain. Under high uncertainty the need for different knowledge areas 
increases. Therefore the number of team members would also increase. In fact, the social 
networks of these participants become important as well, as sources of more knowledge. 
As found in the literature, the more uncertainty there is, the more multi-disciplinary 
interaction is needed. Yet it was also found that it becomes difficult to integrate the 
different perspectives or to build consensus among the members of such a large and 
diversified team. Meetings with all members present at the same time turned out to be 
difficult, if not impossible, to manage. This problem was also apparent in our UCD-II 
project. As in the Digital case it was difficult to hold such a large team together, not to 
mention the problems of unproductive team meetings. Therefore, I would conclude that 
the more members participating in the conceptual part of development, the more complex 
the communication and negotiation process becomes. Yet decisions need to be made 
before moving on to more concrete development. The success of this process depends on 
its capabilities in coordinating the different areas of expertise as well as the different 
activities needed for reducing uncertainties. As was found in the NPD literature, 
organizational structure is critical for cross-functional integration. However, the cross-
functional project team was not the same as cross-functional responsibility over the 
development effort as a whole. In addition to an autonomous cross-functional project 
team, there were also other ways found in the literature to divide the cross-functional 
work. A typical solution to this ‘team dilemma’, in both of the fields reviewed as well as 
in the case company of the UCD-II project, seemed to be a multi-disciplinary core team 
with other (also possibly multi-disciplinary) teams or individuals as sources of “extra” 
knowledge, depending on the demands of the tasks belonging to the responsibility area of 
the core team. The core team has control over the subteams. 

The pool of means to reduce uncertainty. Both the literature reviewed and our 
experiences in the UCD-II project suggest that in the software NPD context, instead of 
having only one small, intensive cross-functional team, there is actually a wide scope of 
cross-functional core teams – often quite independent of each other – responsible for 
some subtasks of the development effort as a whole. Some of them seem to be more 
continuous than others. These are tasks with shared responsibility and joint contribution 
towards some common goal. Similarly in the final MAPID model we outlined a model of 
“dynamic interaction between collective activities”. In fact, like Rein (2004) in his 
practical case example, we perceived these “collective roles” as a complement to the 
more traditional division of work between the functions. However, in retrospect, unlike 
Rein we did not consider these teams as cross-functional teams for the management of 
certain functional responsibility areas but more as cross-functional teams for the 
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conceptual part of development. As has been found during this whole review, especially 
during the fuzzy early phases of development, there is no clear process to follow. 
Therefore I believe that instead of a predefined process, different types of uncertainty 
reducing capabilities and activities become important. As found in the review, the 
division of work cannot be permanently defined; instead the tasks are chosen based on 
the prevailing uncertainty. Furthermore, the members of these cross-functional teams, as 
of any development teams, are selected based on the knowledge increasing and 
integration needs of the tasks. Therefore, during the conceptual part of development there 
will actually be many tasks and subtasks each with a different set of demands for 
knowledge area integration. It also seems that these tasks and teams tend to be divided 
into such small teams that it becomes possible to benefit from the small size of them. This 
also explains, I believe, the fact that, instead of increasing the number of members 
participating in the teams, the focal role of special individuals with multiple skills and 
capabilities, not to mention their large social networks (both inside and outside the 
company), are highlighted in the literature. The personal networks are particularly 
appreciated as important sources of extra knowledge. Yet cross-functional meetings and 
shared artifacts also play an important role as means of interaction and collaboration. 

In the NPD literature, cross-functional integration is more clearly a form of 
organizational integration (both internal and external) in general. It is important to 
understand this especially from the UCD point of view. It could be said that different 
activities chosen to reduce uncertainties form links with the user-customer-market 
interface. UCD favors close relationships with users. This implies that within certain 
cross-functional tasks or teams users could (and should) be involved as a source of 
application domain knowledge. Instead of intermediaries, direct relationships with users 
seem to help to reach a more in-depth understanding of the rationale behind the needs of 
the users. In addition to participative approaches, there were also other ways to link users 
and developers closer to each other (e.g., customer visits). Therefore, I believe, it is 
important that UCD professionals are involved when different uncertainty reduction tasks 
are planned and initiated. After all, the results of these knowledge increasing activities 
form the basis on which different trade-off decisions are made (e.g., prioritizing features 
for the new product). As in the Microsoft case, UCD tasks (cf., “activity-based planning”) 
as well as close relationships with users may provide the most valuable basis for 
decisions among many differing (perhaps even conflicting) viewpoints. This may become 
even more important especially when the uncertainties in the application domain are very 
high and therefore, as was found, the differing viewpoints are also more hypothetical 
proposals than pure facts. However, under high uncertainty, instead of absolute reliance 
on this user knowledge, there were more reservations connected to it. That is why user 
knowledge should also be tested during the forthcoming development cycles. While UCD 
was considered only as part of market orientation, application domain knowledge 
captured by different type of intermediaries should also be important –especially when 
evaluating and making assumptions concerning the user-customer-market relationship. 
During the very early phases of development this may even be the only knowledge 
available, remembering the finding that there may not be any users to turn to. 

This all suggests that in practice there seem to be many different ways to reduce 
uncertainties. Therefore I would say that the conceptual part of software NPD becomes 
an iterative, ongoing effort with different practices used to acquire object knowledge: 
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contextual design, field studies, market research, participatory design, customer visits, 
interviews, support staff, consultants, trade shows, conferences, prototyping, facilitated 
teams, user groups, alpha and beta testing, etc. Along with different types of cross-
functional meetings and shared artifacts I consider these different activities and sources 
of knowledge as a “pool of means to reduce uncertainties”. From the limited points of 
view of the early phases and the user-centered approach, it is a pool of means to increase 
knowledge concerning the application domain. Some of these means may be UCD 
practices, some of them may be individual activities, etc. (in fact some of them may also 
be intra-functional). UCD practices are an addition to this pool of other already existing 
resources and skills. Especially when there is a need to get closer to users or customers, 
these means become valuable as they create a link to a certain important knowledge area. 
In a way, individuals with their social networks may also be considered as certain types 
of “means” to increase knowledge. Their role becomes especially important when they 
reconsider their current knowledge at the user-customer-market interface. This way, all 
the different means are also equally integrated to the process and used either to increase 
knowledge or to share knowledge. This is why I also wanted to highlight the importance 
of a shared knowledge base, or repository of shared data, in which to save the diverse set 
of results. 

Managing the pool of means to reduce uncertainties. Perhaps the most challenging 
issue regarding this pool of means to reduce uncertainty is the coordination of the 
different tasks. The purpose of any NPD effort, especially under the UCD approach, is to 
build new products that will respond to the user-customer-market needs. Especially in an 
iterative approach this means that both the conceptual and the concrete parts of the 
development effort need to be managed as a whole. In a small coherent cross-functional 
project team, there was the possibility to coordinate the separate activities as an 
integrated whole. Typically, both in SE and NPD, a project manager has been responsible 
for building and maintaining a common understanding and a shared vision of the object 
among all the members of the team. However, in the software NPD context, management 
of the whole development effort becomes more complicated as the conceptual part of 
development becomes a more complex, ongoing, cross-functional and collaborative 
effort. In such a context, I would claim that the pool of means to reduce uncertainties in a 
way compensates the “one-time” cross-functional team effort by supporting both the 
information sharing and the collaboration (at least within meetings or team activities) 
needed for knowledge integration during the conceptual part of development. However, 
coordination is also needed in order to make these separate efforts into a meaningful 
whole serving some predefined shared goals. One important solution to this, used in the 
literature, was the assignment of “overlapping” roles to some key individuals. For 
example, at Microsoft, certain coordinative individuals (i.e., program managers) had 
overlapping responsibilities between small team tasks. This way they also acted as 
integrators of these different tasks. In other words, they became important nodes in the 
knowledge network of the teams. However, this is not enough as a coordination 
mechanism of the development effort as a whole. Like in the release planning process 
related to requirements, it is necessary to make decisions on the best ways to capture the 
knowledge concerning the most critical uncertainties. This means it is necessary to select 
the most appropriate means (of uncertainty reduction) for each situation. Coordination is, 
moreover, needed to build “the common understanding and a shared vision” across these 
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separate tasks, as it has been found so important for a collective effort in both the SE and 
NPD literature. With this pool of means to reduce uncertainties, the common 
understanding is needed in order both to initiate new learning activities and to manage the 
link to the more concrete part of development. 

As repositories of team knowledge were considered important for team processes, the 
results of the separate activities, i.e., the new knowledge gained, also need to be shared 
by the members involved in the development across teams and tasks. Like in the release 
planning process, these results form the basis for yet another cross-functional 
collaborative effort, namely the challenging tasks of analyzing and negotiating the value 
and mutual relationships between different results (cf., requirements). In the literature, 
this type of effort seems to be the responsibility area of some core team, a team leader, a 
project manager, a function manager, or senior management. From the point of view of 
the NPD literature on market orientation, it is a matter of using the information. All the 
results from the separate uncertainty reduction means form the knowledge base, on the 
basis of which decisions are made about the object of development. Again as in the 
release planning process, methods and tools are needed both for sharing the knowledge 
base and for the complex negotiation process. The separate pieces of data in a shared 
repository need to be integrated, and their relevance (i.e., value and meaning) needs to be 
evaluated. Common assumptions concerning the object need to be expressed in some way 
in order to be shared and used in the more concrete part of development and, in fact, in 
order to be reflected during the forthcoming learning cycles. However, the problems 
found with artifacts crossing disciplinary boundaries must be even more apparent when 
crossing these cross-functional team tasks. I suspect that, purely because of this diversity 
of these different team tasks, a discursive practice may not be enough to compensate for 
possible misunderstandings. Therefore, more effort may need to be put into the artifacts 
as representations of common understanding to be shared across both disciplinary and 
team boundaries. This was our experience in the UCD-II project, at least. The MAPID 
model was our effort to solve this problem. For example, the segment description (SD) as 
a cross-functionally shared artifact was our most important tool for coordination. It was 
supposed to be a company-wide (sufficiently-detailed) document for common 
understanding, especially concerning the user-customer-market part of the shared object. 
First by combining different knowledge items together, its aim was to document shared 
and agreed assumptions. However, later “splitting” the document was actually an 
indication of the tension between a shared knowledge base and its integration. 
Unfortunately we could not see this at the time. In order to control and coordinate the 
development effort of the SD, the results from the separate tasks needed to be saved 
separately. The SD was split into a collection (a folder) of files or subfolders. Yet this 
“split knowledge base” was no longer the cross-functionally shared SD to guide the 
forthcoming activities. Integrating this knowledge, i.e., building a common understanding 
and a shared vision of the object based on that shared knowledge, should have been again 
another cross-functional effort. To conclude, both the collection of separate results and 
the integrative agreement concerning their meaning are efforts demanding cross-
functional interaction and collaboration – even across cross-functional teams. 

A management team or a vision? According to the discussion so far, it is clear that 
during the early phases of development, software NPD is neither a clear project of a 
cross-functional team nor an ongoing business within some established organization. The 
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structure outlined above for cross-functional integration during the conceptual part of 
software NPD resembles the matrix structure of integration in the NPD literature but in a 
more iterative development context. As in the matrix structure, instead of certain 
predefined project, individuals are part-time members of either the pool tasks or some 
cross-functional team(s) coordinating these tasks. Separate tasks are conducted quite 
independently (or autonomously). Many of the tasks may actually belong to the area of 
individuals’ normal functional responsibilities. Therefore, like in a matrix organization, 
this type of structure enables the company to maintain functional structure while 
achieving better cross-functional integration. In fact, in principle I believe this structure 
may also support the evolution of the whole organization, i.e., in radical NPD iteratively 
smoothing out the difference between the evolving new business model and the 
mainstream organization. In a way the different activities during the early phases are 
considered in a more equal way, since the decision to use any of them depends on the 
situation. From the evolution point of view, in the UCD-II project it became very clear 
that NPD may start as a very small team effort, yet where there is a promising window of 
opportunity more people will start to join the effort, i.e., more tasks are used from the 
matrix. As was found in the literature, especially at the point of time when the 
development breaks the boundary to the user-customer-market interface (e.g., the pilot 
customer phase), the amount of cross-functional interaction seems to increase – or rather, 
the number of interaction tasks increases. This matrix structure is a context for software 
NPD. It may even solve some of the problems with the team concept (e.g., inefficiency, 
the “right” combination of participants, or regression of functional knowledge). However, 
especially because of this dispersion of the matrix, emphasis needs to be placed onpaid to 
the management of this structure. Even if there is no formal process found for the 
conceptual part of development, this does not exclude the possibility of integrative 
management and control over the different uncertainty reducing tasks. Like during the 
early phases of NPD, some kind of executive review committee is needed with a holistic 
perspective. Typically, and especially in the NPD literature, this is a cross-functional, 
joint decision-making senior management team which has regular meetings. 

There are many things that need to be managed and decided at a higher organizational 
level than the separate cross-functional team tasks. First of all, the management team 
needs to control the actual means for cross-functional “integration”. They need to decide 
on the core cross-functional teams and their responsibilities. Even though the 
organizational structure is the most critical to this, in addition to cross-functional teams 
the NPD literature also highlights other important issues such as the organizational 
priority of the NPD effort, physical co-location (or tools supporting closeness), personal 
movement and informal social systems. Incentives and joint rewards are considered even 
more important. However, the basis for joint rewards was not that easy to identify. 
Integration was found to be much more important for the early conceptual part of 
development than for the more concrete part of development. Yet it is not a very simple 
task to evaluate the performance of this part of development in relation to the overall 
success of the whole development effort. Despite the difficulties, it became quite clear in 
the review that if the reward system is somehow connected to the joint effort, there are 
better chances of building a common understanding and shared vision. 

Based on the shared vision, other issues such as strategic decisions, release plans and 
an appropriate business model for the emerging new product also need to be decided. 



 232

Like in radical NPD, it seems that in software NPD decisions also need to be made about 
“transition readiness” for the move from the conceptual to the concrete part of 
development (cf., transition readiness from the radical NPD team to the mainstream 
organization). In fact, decisions need to be made about many different transitions, like the 
gates in a stage-gate model of NPD. The progress of the whole development effort needs 
to be followed and decisions need to be made about the next cycles of development. As 
we outlined in our MAPID model, at each decision point (or gate) the results from the 
previous cycle need to be evaluated, prevailing uncertainties need to identified and the 
future means for uncertainty reduction needs to be decided. With this decision-making 
role the management team provides the rhythm for the whole continuous development 
effort. The shared vision of the object of development manages this rhythm. The vision, 
as a “shared system of objectives” helps to control the tasks of uncertainty reduction and 
of planning the more concrete development efforts during the next development cycle. 
“Concretizing the vision” was also one of the core principles of our MAPID model. 
However, even though the management team is also responsible for making decisions 
concerning this vision, at least in radical NPD the vision was not stable but together with 
the emerging market the vision also evolved over time (e.g., based on the user-customer-
market feedback). This is why especially the process of creating and maintaining the 
vision in he NPD literature becomes interesting. 

The preceding discussion about integrating shared knowledge, i.e., building a common 
understanding and a shared vision of the object of development, as a cross-functional 
learning effort has actually concentrated only on the “common understanding” part of 
integration. In order to manage this fuzzy conceptual part of development in particular, in 
addition to the management team, a “shared vision” is needed. In fact, as suggested in the 
SE literature related to the requirements process, a shared vision might be the most 
important outcome of the conceptual part of development. Providing a common focus for 
the effort, the vision guides the learning activities during the conceptual part of 
development. A clear vision would also help to synthesize the results of different learning 
activities (i.e., the pool of means to reduce uncertainties). Interestingly though, it was 
discovered that the vision often seems to be placed on some key individual, like a 
“champion” or a “visionary”. With their exceptional capabilities, executive power and 
large personal networks, these special individuals drive their vision through the NPD 
effort. In other words, they initiate and participate in certain development tasks. The 
importance of these key individuals and their ability to enforce a vision are highlighted in 
the literature, rather than the building of consensus between all parties. Interestingly, in 
the UCD-II project we also started to call the technology adoption model “a tool for 
business visioning and management of vision evolution”. 

However, to further complicate the issue, the creation and maintenance of the vision 
was also considered as a collective cross-functional learning process, where the 
integration of different knowledge areas was found to be necessary. As an example, the 
most important outcome of the conceptual part of development at Microsoft was the 
result of a cross-functional effort for the vision statement. In order to become the basis on 
which other decisions are made, the vision also needed to be collaboratively validated 
and accepted. Therefore, instead of an illegitimate individual effort as discussed in the 
literature, the vision process should become a “legitimate” collective activity of the 
company. I would suggest that even though individual insights are important, the 
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activities associated with these different individuals (e.g., stimulators, opportunity 
recognizers, ruminators, champions and implementors) could also be characteristics of a 
more collective vision process. A vision process needs to be energized. Intense 
communication outside the company is also important (e.g., individuals’ social networks, 
or special meetings with strategic partners). Capabilities or processes are needed in order 
to be able to link technology and market issues together and to connect “disparate pieces 
of information”. And of course, the iterative approach is needed to implement and further 
develop the vision, i.e., to “perpetuate” the vision process as mentioned especially in the 
radical NPD literature. 

Answering the questions based on the review. Based on the preceding discussion it is 
now time to give answers to the questions concerning both the role of cross-functional 
interaction during the early phases of user-centered software NPD and the origins of the 
problems with the interaction. First of all, cross-functional interaction means both cross-
functional information and knowledge sharing and collaborative responsibility over many 
of the uncertainty reduction activities during the continuous conceptual part of software 
NPD. Especially from the UCD point of view this relates to the learning activities related 
to application domain knowledge and connected to the user-customer-market interface. In 
addition, cross-functional interaction means collaborative responsibility for the 
management of these separate activities in order to (also collaboratively) create and 
maintain both a common understanding and a shared vision of the object of development. 
Cross-functional interaction is needed to allow individuals to learn from each other across 
different types of boundaries (between individuals, teams, functions, and even 
organizations). The problems with cross-functional interaction arise due to many reasons, 
ranging from the social process among different types of individuals (typically with 
different types of backgrounds) to the management of the difficulties of the complex web 
of different types of cross-functional teams and their mutual relationships. All of these 
may affect opportunities and willingness to collaborate in a discursive practice. Yet 
perhaps the most important barrier to cross-functional integration is the deep-seated 
conception of the traditional division of work between the different functional areas in a 
business company, creating the lenses through which individuals perceive their own roles 
in the development effort as a whole, and resulting in various goal differences. 

It is difficult to keep a cross-functional team together if the object of their work is not 
shared. This is even more difficult when crossing team boundaries. Therefore a more 
collaborative culture with shared responsibility for a shared object of development would 
perhaps solve many of the problems of cross-functional interaction. This takes us back to 
the confusion with the concept of the shared object. Interestingly, as another way to solve 
the complex “team dilemma”, in the reviewed literature there were these attempts to 
place more focus on the ‘shared’ object of development. Especially from the UCD point 
of view, in order to integrate the many different viewpoints together, the object has been 
conceived as an integrated whole of a “user experience”. However, again considering the 
vision process also as a continuous process with an evolving vision, the process described 
in the literature was not very different from the iterative development approach of the 
product itself. However, the connection between this widening concept of a shared object 
and the vision of the object is not very clear. In the UCD-II project we actually found 
several different conceptual levels of the shared object, each connected with a different 
type of continuous process (e.g., product vision, product concept, actual product, and 
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customized implementation). I already expressed this confusion at the end of the process 
section (3.1.4) and therefore in the next chapter I will approach this whole issue of cross-
functional interaction during the early phases of user-centered software NPD with the 
more theoretical concepts from CHAT. I will consider the early phases especially as an 
embodiment of “object construction” activity. 



4 Activity theory and object construction 

It should be quite clear by now that software NPD is a complex activity and therefore 
very difficult to outline for analytical purposes. In our UCD-II project people had many 
different perspectives. Furthermore, the literature on the two research fields, SE and 
NPD, approaches the context of development quite differently. Both of these fields 
provide different types of viewpoint on the same dynamic and complex reality of the 
early phases of user-centered software NPD, viewpoints which are not easily integrated 
as they stand. This is why the cultural-historical activity theory (CHAT) will be used here 
in order to find synergy between these different viewpoints. According to CHAT, a 
collective, object-oriented human activity system is the smallest possible context of 
different types of purposeful human activities. The activity system is the basic unit of 
analysis. CHAT also provides other conceptual tools that will be used in the following 
analysis to understand cross-functional interaction in a dynamically changing and 
evolving development activity. In the UCD-II project it became clear that neither the 
processes nor the organization were stable, but both kept on changing alongside the 
evolution of ‘the thing being developed’. This ‘thing’ was perceived in many different 
ways: as a product (or product vision or product concept), a product release, or a (pilot) 
customer implementation. Finally, it was defined by us as a product-market-user 
combination. Still, along with the construction of the MAPID principles, the focus of 
development was changing from this ‘thing’ to the image that the participants had of it. In 
the literature review it was also found that the relationship between the development 
object and the vision of it is not clear in either of the two research fields. In the UCD-II 
project we concentrated on building tools for the case company in order to support their 
cross-functional interaction while they were managing evolving knowledge concerning 
this ‘thing’. Since the success of these attempts remained questionable, the concept of the 
‘object’ in CHAT becomes especially interesting when trying to understand cross-
functional interaction during the early phases of user-centered software NPD activity. 

However, even with CHAT concepts it is not very clear which activity system or 
systems to focus on, or how to structure the roles and the relationships of different 
participants during the early phases of the still-emerging new product business. It is 
difficult to grasp something that seems to be in constant motion and is also in the current 
research literature recognized as fuzzy. Therefore it is no surprise that I have been 
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stimulated by Miettinen’s (1998) analysis of object construction in a research community 
as “a complex and continuous effort by that community to create and maintain the social 
meaning and purpose of its activity”, focusing especially on “the relationship of object 
construction with the societal use of research results outside the research community.” 
Miettinen has analyzed how a research object is constructed and changed during the 
research process. Following his findings and leaning on his analysis, I will now carry out 
an activity theoretical analysis following the same structure and answering the same 
questions as in the literature review. First (in Section 4.1) I define the object of 
development and early phases of development based on CHAT. Then (in Section 4.2) I 
focus on the meaning of ‘user-centered approach’ in this context, and finally (in Section 
4.3) I concentrate more carefully on the cross-functional interaction. Unfortunately the 
text will be quite complex and abstract – as is the subject itself. However, hopefully it 
will be of use to know that, in addition to CHAT, in each section I will also use another, 
perhaps more ‘invisible’, structuring framework, which has actually turned out to be quite 
useful already, in the literature review. In every section I will approach the issues first 
from the point of view of the simple construction of a new software artifact, then broaden 
the view to examine product development, and finally concentrate on the special issues of 
software NPD under high uncertainty. As will be seen, this analysis provides deeper 
understanding concerning the problem of cross-functional interaction and its possible 
solutions. 

4.1 Object construction in software new product development 

In this first section, I will try to understand the object of software NPD as well as the 
early phases of development with the help of some central concepts from CHAT. In other 
words I will try to give better answers to the two fundamental subquestions of this study: 

“What is the shared object of software new product development?” and 

“What are the early phases of software new product development?” 

Traditionally, the main unit of analysis of development activity has been a development 
project. In the process section (see 3.1.4), this concept was already found to be 
insufficient. Instead of a project or cross-functional project team (Section 3.3.3), the 
focus should be, more comprehensively, on the product business and on the organization 
as a whole. In order to analyze complex human activities, CHAT introduces the concept 
of object-oriented, collective, and culturally-mediated human activity as an undivided 
unit of analysis concerning human activities (Engeström 1987). Engeström (1987, 2000) 
has developed a triangular model for the basic structure of this activity system (see Fig. 
24). According to Leontjev (1978), the most constitutive characteristic of human activity 
is its objectivity. There is no activity without an object. The object is the most central 
element of any activity system. Activities are oriented towards this material or immaterial 
object, and different activities are distinguishable from each other through their objects. 
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The object provides the motive for the activity by enabling some needs to become real351. 
In the activity the object is transformed into some desirable outcome (Engeström 1990). 
The object of a collective activity is actually twofold. “First, it is something 
independently existing in the environment, selected to be the object of transformation. 
Second, it is an image of the object constructed by a subject” (Miettinen 1998). The 
transition process functions as the motive for the activity. There is no activity without this 
motive. (Leontjev 1978.) The motive is like the vision which orients the activity in order 
to fulfill some need state.  

Fig. 24. Basic model of human activity (Engeström 1987, Engeström 1990, 
Engeström 2000). 

Activities are typically analyzed from the point of view of some subject. A subject is an 
individual or some kind of sub-group of the community being analyzed. The subject 
actually transforms the object by using certain tools. Tools (e.g., equipment, methods, 
models, symbols, representations, etc.) are artifacts that mediate the relationship between 
subject and object. Actions are performed by using the tools. According to Kuutti (1994, 
p. 53), the relationship between a subject and any tool is reciprocal. “The “tool” is at the 
same time enabling and limitating: it empowers the subject in the transformation process 
with the historically collected experience and skill “crystallized” to it but it also restricts 
the interaction to be from the perspective of that particular tool or instrument only”. All 
the members of the community share the object (and the motive) of the activity. Rules 
mediate the relationship between community and subject, while division of labor 
mediates the relationship between community and object. The responsibilities of the 
members of the community are coordinated by some division of labor, yet guided by 
rules as explicit or implicit norms and standards regulating as well as constraining their 
actions and relationships in the activity system. (Engeström 1990). This structure of an 
activity system also provides an analytical tool to study software NPD activity as an 
undivided unit of analysis. Miettinen (1998) has highlighted the importance of these and 
other CHAT concepts in constructing a shared object of research activity. Next I will 
analyze the object and the early phases of software NPD as a complex and continuous 
process, and the trajectory of object construction. 
                                                           
351 According to Leontjev (1978, p. 54), in human society objects are produced according to certain needs and 
yet, owing to this, new needs may also emerge. The connection between a need state and some object is made 
by the subject involved in the activity. 

Tools

Object -> Outcome Subject 

Rules Division of labor Community 
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4.1.1 The object of software NPD 

Like the object of research work, during the early phases of software NPD the object of 
that activity seems elusive (Miettinen 1998). It emerges and evolves along with the 
iterative process. As Tuikka (2002, p. 85) has put it, describing concept designers’ work: 
“the design object does not exist at the beginning of the process. Instead it is 
collaboratively constructed during the design process.” In our MAPID principles, we 
indicated that the evolution of the software NPD object continues at least until the new 
product reaches the early majority market. A new activity system (cf., new business 
model in radical NPD) emerges around some ideas of business opportunities based on 
some new technology. It could also be said that a new activity, a new motive, grows out 
of the initial actions on the new product idea (Leontjev 1978). 

According to Leontjev, human activities become realized through a set of concrete, 
goal-oriented actions. These actions are subordinate to an activity. Unlike the complex 
motive of a collective activity, the goals of the actions are more easily perceived by 
individual actors. Furthermore, goal-oriented actions are actually realized by operations 
which depend on the conditions at hand. While one activity system has many different 
actions, one action may also belong to many different activity systems. Within such a 
hierarchical structure, activities may sometimes also lose their motive, possibly becoming 
an action of another new activity. (Leontjev 1978.) In fact, “[t]here are continuous two-
way transformations between” these different hierarchical levels. “Actions are 
internalized and become automatic operations through repeated practice. On the other 
hand, actions may also be expanded into novel collective activities”. (Engeström 1990, p. 
173.) From this point of view, I expect that the new business activity may also originate 
from the current, more established NPD practices. 

Much of the analytic power of CHAT is accredited to this hierarchical structure of 
activity-actions-operations. It is best illustrated by discussing in short the work done by 
Tuikka with concept designers (Tuikka 2002). Tuikka is one of the few researchers using 
CHAT to analyze product development (design). Tuikka has analyzed concept design 
work as collaborative and interactive construction of the design object. His findings 
concerning the collaborative construction of a shared understanding of the common 
object are certainly relevant to my work. However, from the point of view of this study, 
his analysis is again too limited to the team level (design team), or even more 
specifically, to the level of “concept design workshops” and meetings. The problems with 
this team concept have already been discussed in the previous chapters. A collective 
activity system with a shared object and motive is more easily identified among team 
members of a small team than in cross-team cross-functional collaboration. That is, the 
analysis of the “concept design work” as a collective activity system is not enough when 
taking a more comprehensive view of the whole NPD effort. I would consider concept 
design work as only one action in the whole NPD activity. As an established practice with 
a “specific work arrangement […] where several designers from different disciplines 
collaborate” (Tuikka 2002, p. 66), the design workshops and meetings Tuikka describes 
seem to me to be quite common means of reducing uncertainties in industrial new 
product design of physical products (e.g., concept generation in Ulrich & Eppinger 2000, 
and especially step 3, “Search internally”). Furthermore, Tuikka’s concept of the early 
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stage of design as “the phase where the product concept is created” (Tuikka 2002, p. 65) 
is again too limited from the point of view of the early phases of software NPD defined 
earlier in this work (i.e., product’s market maturity). Concept design is only a goal-
oriented collective action (with workshops and meetings as subactions) in any established 
NPD activity system as a whole. As said before, during the early phases of software NPD 
a new business activity is emerging, i.e., growing out of the development actions. 

The object of software NPD is complex and abstract, and therefore hard to identify 
(e.g., in Engeström & Escalante 1996). Yet it is clear that the activity is oriented towards 
something driven by some kind of motive (Engeström 1987). Like the object of research 
activity, the object of software NPD activity is constantly renewed during the early 
phases of its development (Miettinen 1998). Therefore, the transformational nature 
connected to the object-motive of the activity system is of special interest. The core 
characteristics of the object actually have two important dualities, which I will now try to 
explain more carefully. These dualities form the basis on which the rest of this analysis is 
grounded. 

1) Object properties and object hypothesis. An object is transformed into its outcome 
based on some perceived assumptions of the outcome. This hypothesis of the 
transformation connected to the object is implicitly part of the object. It is the vision of 
the new product, the image of the object, collectively constructed by the subject(s). It is a 
cognitive reflection of the object, a vision of its possibilities, and as such it is also a 
conceptual tool mediating the construction of the object. The object hypothesis is an 
expression of the motive. It is a construction of the possibilities and courses of action of 
the activity, and it becomes concrete during the transformation process as a result of 
collective activity (Miettinen et al. 1999, p. 193, Miettinen 1998). Like any object, the 
object of software NPD is both materially and conceptually constructed (e.g., Engeström 
1995). Activity systems are materialized through actions. The staged trajectory of 
different kinds of actions, carried out by subjects, will transform the object into its 
outcome. Different kinds of tools are used in this transformation. The idea of a new 
product is first conceptualized, then defined, designed and finally coded. Lehenkari and 
Miettinen (2002) have expressed this nicely in describing the design of the NMT (Nordic 
Mobile Telephone) system. The object is understood as “an open horizon of possibilities 
that evolves and materializes gradually during the design work: from early ideas and 
plans to specification documents, prototypes, and, finally, to a fully functional system”. 

The object is also conceptually constructed, even though it may appear different to 
different participants. People participating in this construction form a very heterogeneous 
cross-disciplinary group – even a network, with subcontractors and partners. (Miettinen 
1998.) Conceptually, the object gets constructed through the changes in the image of the 
object – the object hypothesis. Subjects have prior knowledge related to the 
characteristics and properties of the object. Tuikka has expressed this clearly, describing a 
designer as a subject. 

“The subjects who participate in the design sessions contribute with their 
knowledge and personal background. These are individual resources, which are 
brought into the design situation. Thus, the subject’s knowledge is composed of 
personal understanding of the domain […] The designer reflects on this knowledge 
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and transforms the vision of the design object according to their own reflection on 
the goals of the design group.” (Tuikka 2002, p. 66) 

From the point of view of the whole software NPD activity, the variety of the subjects 
and their backgrounds is often wider than in a single design session. The subject’s 
background knowledge affects the way the subject acts on the object. However, when a 
subject acts on the object, changing its properties, the subject’s knowledge of the object 
also changes. As they reflect on the knowledge of the object in relation to the outcome, 
each subject or group of subjects (e.g., organizational function) will add to the knowledge 
of the object and therefore possibly transform the object hypothesis. As with the material 
construction of the object, tools also play an important role in this conceptual 
transformation, particularly communication tools for representing the object knowledge, 
and tools for reflection. Both the motive and the object of the new activity system are 
elusive – a horizon of evolving possibilities. This is why, in the following discussion, 
instead of mere ‘object construction’, the concept introduced by Miettinen, I will use 
‘object-motive construction’ to refer more clearly to the inseparability of the material and 
conceptual construction. However, based on the preceding analysis I will also consider 
knowledge concerning the properties of the object and object hypothesis as more easily-
perceived counterparts for the object and the motive (see Fig. 25). In order to reduce the 
complexity of this analysis, and to have a better linkage to the literature review, I will 
make two conceptual simplifications. From now on, I will refer to the object hypothesis 
as the vision (expression of the motive), and to knowledge concerning the properties of 
the object as the object knowledge. However, it should be remembered that, just as the 
motive is an implicit part of the object, so the vision is actually also object knowledge. In 
this study though, the concept of ‘object knowledge’ refers to all the other object 
knowledge except the vision352. In any case, it is this inherent duality of the object-motive 
that helps to alleviate the earlier confusion discussed in the literature review concerning 
the relationship between the object of development and the vision of this object. 

Fig. 25. Object hypothesis and knowledge of the object properties as perceivable 
counterparts for elusive object-motive. 

2) Object and object activity. The object of software NPD activity also has another type 
of duality (Miettinen 1998, Tuikka 2002, Kuutti 2005). Just as Suchman and her 
colleagues suggest that “systems development is not the creation of discrete, intrinsically 
meaningful objects, but the cultural production of new forms of practice” (Suchman et al. 
1999, p. 404), Miettinen characterizes these two as two sides of the same coin, and talks 

                                                           
352 I make this distinction between the two purely conceptually, in order to later show the meaning of their 
mutual relationship for the interaction. 

Motive 

Object 

Object hypothesis (vision) 

Knowledge of the object properties 
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about the object proper and application objects353. In software NPD activity this means 
that the object proper is the actual future software product to be developed354, while the 
application object is “the industrially useful product” in some use activity – or as Tuikka 
(2002, p. 74) has put it, the “hypothetical user activity”. Application object refers to the 
activity system in which the new product is used as a tool (see also Engeström & 
Escalante 1996). This type of duality of the object is actually connected to another 
analytical concept of CHAT, namely the network of activity systems. Any activity being 
analyzed is actually also linked to so-called “neighbor” activities. In fact, each element of 
an activity system may be seen as connected to some other activity system. The object 
activity is the most important of these. The outcome of the central activity (the activity on 
which our attention is focused) becomes embedded as an element of some other activity 
system (e.g., the new product becomes a tool of the object activity). With the same logic, 
there are also activity systems that produce the elements (e.g., tools, rules, etc.) for the 
central activity being analyzed. The central activity may actually interact with many other 
activity systems. (Engeström 1987.) 

The motive for software NPD activity is to build a new, profitable business around 
some promising new software idea355. This motive is, little by little, through intermediate 
versions, objectified into a new market release of the product (or into the user experience 
of the product, i.e., CDs, manuals, training, servicing, etc.). Yet this ‘new product’ is not a 
solid entity out there; rather, in the same way that its inner dynamics are manifested in the 
development activity (central activity), they are manifested in the use activity (object 
activity), the elements of which may either contribute to or resist the construction of the 
new product (Engeström 1995, Miettinen 1998, Saari & Miettinen 2001). To be more 
specific, the use activity in software NPD is the activity of some future customer, where 
the users use the new software product in their own activity. 

“[T]he system of object-activity cannot be regarded as external to the central 
activity, to be only ‘connected’ with it. To the contrary, the object is to be analyzed 
above all as an integral component of the central activity while simultaneously 
acknowledging it as a relatively independent activity system of its own. This 
procedure, moving ‘from within’ the central activity out to the object-activity and 
back into the central activity, is essential […] to preserve […] [a] grasp of the self-
movement, the self-organization dynamics of the activity under investigation.” 
(Engeström 1987, p. 325) 

According to Kuutti, this duality between the object and object activity is the minimal 
unit for studying objects of design in general (Kuutti 2005). In this work I approach this 
duality of the object particularly in the software NPD activity (see Fig. 26). To conclude, 
in software NPD the new product and its use in the use activity are inseparable parts of 
the development object. 

                                                           
353 Bødker (1998) has also used the term ‘future instrument’ to refer to this dual nature, but I find her viewpoint 
too limited to the ‘technical entity’ instead of the whole application activity of the new product. 
354 Tuikka (2002) uses the term future artifact, which I see as equal to this ‘object proper’ as the future product. 
355 “To develop the next “killer app” and, more generally, to play a major part in shaping paradigm shifts in 
computing and communications technologies” (Rogers & Bellotti 1997, p. 60). 



 242

Fig. 26. Object of (software new product) development activity (based on Kuutti 
2005). 

From the product business point of view (as opposed to the contract business) however, 
the use activity becomes more complicated. For the sake of the business, there are 
hopefully many possible use activities for the new product. As discussed earlier in the 
literature review, the application domain is connected to the complex relationship 
between users, customers and market. While constructing the object-motive, it is actually 
this relationship that also needs to be constructed. Therefore, from the product business 
point of view I consider it necessary to make a distinction between concrete use activities 
and consolidated use activities. A concrete use activity is a use activity of some concrete 
customer356 in which the new product, as the outcome of the development activity, is 
going to be used. Users in that activity mediate their goal-oriented actions by using the 
new product as a tool (cf., the relationship between actions and activity). A market, on the 
other hand, is a group of these use activities; in particular, a ‘market segment’ is a group 
of use activities with certain perceived (and collaboratively decided) similarities. The 
features of concrete use activities are merged and pruned, and developed further, in order 
to conceive what is common to many of the concrete use activities. There is a need to 
consolidate, i.e., abstract some general features, out of the individual concrete use 
activities. In other words, a consolidated use activity represents some market (segment). 
However, a consolidated use activity is only a general use activity with no exact 
counterpart in reality (but with many potential instances). 

In the literature review on the software NPD process (Section 3.1), it was found that 
instead of merely considering the product, the object of development should be expanded 
into the product-market pair. This duality of the object, the product and the use activity, is 
actually a conceptual analog to this product-market pair. However, when connected to the 
concept of an activity system, the meaning of this duality becomes more constitutive. 
Rather than there being a mere link between the two, use activities are actually constant 

                                                           
356 In fact, one customer may actually have many use activities. 
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properties of the development object. Instead of concentrating simply on some 
representative characteristics of a market (or customers), the use activity also turns the 
focus towards the inner dynamics of the activity system in which the new artifact 
becomes embedded. Instead of becoming simply a tool to be used in some use actions, 
the new artifact becomes a tool for certain collective activity systems to transform their 
own shared objects into some meaningful outcomes. Furthermore, the vision, as an 
implicit part of the object, needs to be related to this other duality of the object (i.e., both 
to the product and to the use activity). All these different forms of the object are 
constructed collaboratively during the early phases of software NPD in order for the new 
business activity to emerge. 

Answering the research question. In order to answer the research question concerning 
the shared object of software NPD, I will now clarify these complex concepts as a whole 
(see Fig. 27). In short, the shared object of software NPD is the object of the emerging 
new product business activity system in its full richness. Three important characteristics 
need to be emphasized. 1) The vision is part of the shared object expressing the motive 
for the new activity system. 2) The shared object is perceived as an inseparable unit of 
both the product357 and the use activity (or activities). 3) There are both concrete use 
activities and consolidated use activities. The structure for the vision (in Fig. 27) is 
actually analogous to the “object knowledge”, but again for reasons of simplicity this is 
not depicted in the figure. The dotted boxes in the figure indicate that in this study both 
the object knowledge and the vision are used as more concrete counterparts for the 
elusive object-motive of a new, emerging activity system (see Fig. 25).  

Fig. 27. The shared object of software NPD. 

In the future discussion, where there is no need to make the distinction I will use ‘use 
activity’ to refer to both the concrete and the consolidated use activities. Furthermore, 
where I use ‘development object’ I refer to the product, meaning that it is the concrete 

                                                           
357 Note that for reasons of simplicity I will use only “the product” here, even though the “object proper” could 
also be considered as any other “offering” related to the product (e.g., services, training) typical especially for 
an enterprise solution type of product business.  
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artifact being developed. In any case, this elaborated concept of the shared object needs 
also to be related to the construction process of the object-motive. 

4.1.2 Constructing the object-motive of software new product business 

Miettinen has found that construction of the object-motive starts in some kind of 
experimental setting (Miettinen 1998, p. 431). This ‘craft experimental work’ is seen as 
an essential basis for the construction of both the product and the use activities. Even 
though Miettinen points out that his research does not yet provide any evidence to make 
any universal claims about this, this kind of “primary construction” seems to hold at least 
in our case company. According to the historical review made during our UCD-II project, 
the development of the company’s new software product started small. Like design 
actions (Tuikka 2002, p. 59), it started from some kind of “tentative idea”, a vision of the 
new product. The first implementations of this idea (i.e., mock-ups, prototypes, etc.) were 
built by only a few people (small projects/assignments from the management, even 
enthusiastic tinkering behind the scenes) who “shared”358 the idea. They were built in 
order to learn more about the object and the conditions needed to build this new object 
(i.e., the new activity system emerging). These implementations were based on more or 
less explicit forms of prior knowledge of the object. New tools and artifacts were also 
acquired and developed. However, from the very beginning, the work was also anchored 
in use activities (Miettinen 1998, p. 437, Tuikka 2002, p. 85), at least conceptually, 
meaning that there was a hypothetical idea of what they might be. Along with the very 
first implementations, there was also a search for a possible first, concrete pilot customer. 
After an interested partner for piloting had been found, the concrete use activity was 
constructed in conjunction with the expected users359. 

Construction of the object-motive in software NPD is iterative (see Fig. 28). Based on 
the initial understanding of the possibilities of the object, i.e., prior knowledge of the 
object as a tool (see #1a), the first implementations of the object are built (see #1b). The 
vision needs to be expressed somehow for the collective activity. This may happen in the 
form of a conversation, a plan, etc (see # 2). The final vision is usually “a tentative idea, 
with enough potential to survive peer critique” (Tuikka 2002, p. 71). As the outcome of 
this implementation effort, the new product adds to the knowledge of the object and in a 
way forms a new basis on which to continue the development (see # 3). The creation of a 
‘new artifact’ is therefore only one phase in the trajectory of the whole iterative software 
NPD activity360 (Miettinen 1998, p. 424). As an outcome of that activity, it is also an 
important element for the (re)construction of the object-motive. 

                                                           
358 Tuikka (2002, p. 59) points out that in order to become a tentative idea, it must be shared among participants 
(e.g., people at a meeting); first expressed somehow and then accepted for further elaboration. 
359 Although perhaps the case company’s interest towards UCD might have affected this. 
360 It is one concrete solution of the abstract object within the horizon of possibilities. 
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Fig. 28. Iterative construction of the object-motive both materially and conceptually. 

In the transformation process as well as in the use activity, the object knowledge is 
reflected on (see # 3 in Fig. 28) and new knowledge becomes the basis on which a new 
stimulating vision is constructed. It could also be said that the means for conceptualizing 
the object have developed. The new software artifact as an outcome of the development 
activity is a kind of representation of the new product idea (tool of cognition) and at the 
same time facilitates the development further (see also Bødker 1998). In activity 
theoretical terms, this new artifact, like any other artifact, may be perceived as either a 
tool or an object in some activity system (Leontjev 1978). Hence the new software 
artifact can actually be seen in at least three different ways: (1) as discussed already, the 
new artifact may become a tool for some use activity, (2) with the same logic the new 
artifact may actually become a tool for material construction in the development activity 
itself as well (e.g., as a prototype), and finally (3) the new artifact may become the ‘new’ 
object of continuing development activity; it becomes again the “object of both cognition 
and transformation” in the development activity. Therefore, the early phases of software 
NPD, as iterative construction of the object-motive, should be understood both as a 
collective, material transformation process of the object (cf., the concrete parts of 
development), and as a collective learning process about the object-motive (cf., the 
conceptual part of development) – actually as an iterative learning process for the 
emerging new product business activity as a whole (as will be explained in more detail in 
the following discussion). I believe that this is a theoretically more valid explanation for 
the link between the conceptual and concrete parts of development discussed in the 
literature review, especially during the early phases of software NPD. 

The elusive motive. A vision is an expression of the elusive motive of the collective 
activity. In activity theory, the motive is conceptualized as the relationship between some 
kind of need state and the object of the collective activity system. 

“A need of some sort is a prerequisite of any activity. In itself a need cannot, 
however, determine the concrete direction of activity. A need gets its definiteness 
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only in the object of the activity; it has as it were to find itself in it. In so far as a 
need finds its definiteness in an object (becomes ‘objectified’ in it), the object 
becomes the motive of the activity, and that which stimulates it.” (Leontjev 1981, p. 
239). 

In order for a new product business to exist as an activity, there should be some kind of 
need state that could be satisfied with the new product. This gives the reason for the 
whole NPD effort. The motive reveals answers to questions such as why does the activity 
exist, what is the activity trying to accomplish, and to whom is the activity oriented. This 
formulation could be seen as supporting only the traditional market-pull strategy of NPD, 
where the market needs drive the development. These needs, to be satisfied with the new 
product, are derived from the identified customers in the market. However, in order to 
better understand the technology-push type of fuzzy development effort under high 
uncertainties, a more thorough analysis of this concept of motive in CHAT is necessary. 

The motive for an activity is not simply the satisfaction of some predefined need state. 
As stated earlier, it is the relationship between the need state and some object. The need 
becomes satisfied by means of some artifact(s). Artifacts, like new technology, are also 
possible grounds for the identification of new need states. “Psychologically that means 
that the objects – the means of satisfying needs – must be recognized as motives, i.e., 
must enter consciousness as an inner image, as a need, as stimulation, and as objective” 
(Leontjev 1981, p. 240). The need state may be identified through encounters with new 
technology and its possibilities. The term ‘motive’ is not used to signify the experiencing 
of a need state. Instead, it is used to signify the objective thing in which this need is 
concretized. (Leontjev 1981, p. 229.) Therefore, in CHAT terms the technology-push type 
of NPD also becomes understandable. The inherent role of the need state remains, 
although it may not be perceived at the beginning of the effort. However, the motivating 
force of any activity should be seen as the satisfaction of some kind of need state 
(perceived by the community of that activity), even though this need state must be 
identified – or even invented – during the process itself. 

Previously, in the process section (3.1), the early phases of software NPD were 
connected to the uncertainty concerning the object and the degree of this uncertainty was 
related to the knowledge concerning the object (both application domain and solution 
domain knowledge). Based on the preceding discussion concerning the object, I would 
say that despite the uncertainty with the object knowledge as well, the early phases of 
software NPD are even more connected to the uncertainty concerning the motive of the 
emerging new activity system (see Fig. 29). It is important to understand this difference. 
Growing out of the software NPD actions, both the elusive motive and the vision as an 
expression of it (directing the iterative actions) are based on the increasing understanding 
concerning the object. However, the duality of the object (product-use activity) makes 
this a little confusing. As a relationship between a need state and some concrete artifact 
enabling that need state to become fulfilled, the motive of the development activity seems 
to relate to the connection between a need state and the product alone. It would be easy to 
draw the simple conclusion that the needs for a new tool in the use activity must then 
become the need state of the development activity. However, this would be a mistake (cf., 
the problems with ‘customer-led’ development in Section 3.2.2.6). This is exactly where 
the meaning of the motive as the relationship between the need state and the product 
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becomes important. The need state of the development activity as a product business 
activity is related to many use activities, as well as to other business issues (other 
application domain knowledge as found also in the literature review), affecting the 
company’s need state for building new products. However, the need for new tools in the 
use activities is obviously also important for the development activity producing these 
new tools. 

 

Fig. 29. Early phases of software NPD as object-motive construction of a new 
product business activity. The object-motive for the new product business activity 
becomes stabilized through the evolving development activity. 

In new product business, the window of opportunity with the new technology should 
provide the motive for the whole collective activity system. As already discussed in the 
process section, the goal of any NPD effort is to build a new artifact (product) based on 
some ideas and needs concerning this artifact. This means that the new product business 
activity is motivated by some new technology concretizing a certain need state. Typically 
in product business, the need state is related to market needs. The overall motive for 
NPD, then, should be to produce new artifacts with market potential. However, although 
the need state is in this way also related to the use activities (as user-customer-market 
needs), in the literature review (Section 3.2.2.2) it was found that market knowledge is 
actually more than customer-related knowledge alone. Market knowledge is also other 
knowledge related to – or ‘affecting’ – the user-customer-market needs (e.g., 
competition). Based on the preceding analysis, during the early phases, the software NPD 
activity should grow into new product business activity and therefore it should become 
capable of defining a combination (or even several combinations) of a need state and a 
product in such a way that hypothetical future use activities would provide a sufficiently 
profitable business for that activity to exist. It is not just the new product that needs to be 
constructed. In addition, use activities also need to be constructed. Together with these 
‘twins’, the vision also needs to be defined. To summarize, it is the object-motive of the 
whole new activity system that is constructed. Therefore, the early phases of software 
NPD are actually the construction process of the object-motive for a new software 
product business activity (see again Fig. 29). It is not yet a complete activity system, but 
an emerging new activity system. In order for it to grow into a more stable new activity 
system, during the early phases of software NPD the company needs to learn the answer 
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to the core question: what is the future artifact(s) (product) that would actually encounter 
some (yet to be discovered) future need state(s) related to some user-customer-market(s) 
needs (use activities). ‘Related’ means that even though the need state(s) for the 
development activity may emerge from the needs of some concrete use activities, these 
concrete needs must first be abstracted into consolidated needs, and furthermore, in order 
to become the motivating need state for the development activity, the consolidated needs 
must be evaluated against other business considerations. The purpose of the whole object-
motive construction process, i.e., the early phases of software NPD361, is therefore to 
learn the motive for the new software product business activity. 

Learning the motive. A learning process is inherent in any collective activity system 
since a ‘conscious process’ is an integral part of collective activity (Leontjev 1978; see 
also Cole & Engestöm 1993). The origins of CHAT are in developmental psychology. 
The triangle of Vygotsky’s original work (Vygotsky 1978), depicting the structure of the 
mediated act, was actually meant to represent the structure of tool- (e.g., language-) 
mediated human cognition (see the upper sub-triangle in Engeström’s triangle of an 
activity system). External, practical activity actually incorporates inner thought actions 
(Leontjev 1981). Therefore, the concept of motive has an extremely subjective 
connotation. Here the vision, as an expression of the motive, is considered as ‘the inner 
image’ of the subject. It is the subject who actually constitutes the connection between the 
object and some need(s); by transforming the object, a certain need may be satisfied. 
However, motive is also seen as a counterpart for collective activity, when considered 
from the point of view of the hierarchical structure of the activity system. The subjective 
level, the one with actions and goals, is considered as a subordinate to this. In order for a 
subject to become conscious of the overall motive of collective activity, reflection on the 
object independently of his or her actual relationship to it must be possible (Leontjev 
1981, 215). I believe that the problems with seeing the motive of a collective activity and 
the relationship between motive and “inner image” also partly explain why individuals 
are typically so important in radical NPD. Individuals are certainly central when they are 
increasing knowledge and sharing it with others, yet the motive of a collective activity 
system cannot be owned only by these special individuals as visionaries. As a “vision 
statement” directs a collective activity, it is also the expression of a collective motive of 
that activity, despite the possible disagreements among the participants. 

The subject relates the goals and results of his or her actions to the motive and 
outcome of a collective activity. The object-motive of an activity system reflects the 
intentions of the whole community. The connection between the object-motive of the 
collective activity and the object of the individual action reflects the social relationships 
in the community (Leontjev 1981, p. 212). In fact, the relationship between object and 
motive is also reflected in the collective activity system. These reflections become 
possible by means of mediating artifacts, language362 being the most important bearer of 
socially developed meanings (Leontjev 1981, p. 220-221). According to CHAT there are 
actually three mediators: tools, rules and division of labor. Human cognition in collective 
activity systems is distributed among individuals and these cultural historical mediators 

                                                           
361 Note that in this analysis I will use ‘early phases of software NPD’ (sometimes abbreviated as ‘development 
activity’) and ‘construction of the object-motive’ as synonyms. 
362 Human consciousness is inseparable from language (Leontjev 1981, p. 218). 
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(Cole & Engestöm 1993). “Cognitive action incorporates the manipulation of artifacts 
and representational media in the communicative construction of socially intelligible 
meanings” (Engeström & Middleton 1996, p.4). This means that with the help of these 
mediating artifacts collaborative construction of the object-motive becomes possible. 

During the object-motive construction process the vision is “constantly enriched and 
redefined as a result of actions and their results” in an activity system (Miettinen 1998). 
The vision of a collective activity, as an expression of the motive, is actually a reflection 
of the collective knowledge about a need state and a product that would satisfy that need 
as the outcome of the collective development activity. In order for the need state to 
become identified, there is a need for preliminary, material implementation(s) of the 
product363. When this ‘proto-product’ comes into contact with some concrete use activity, 
the needs for new tools in that use activity might be identified. This also means that the 
current knowledge concerning the object of emerging new activity may also be 
reconsidered. Therefore, this reflection process at the user-customer-market interface 
becomes a link between material and conceptual construction of the object-motive (see 
Fig. 30). New object knowledge, together with other knowledge related to the need state 
of the development activity, is further reflected in the motive of the emerging new 
activity system. Earlier, in the literature review, there was a discussion concerning the 
widening gap between the conceptual part and concrete part of software NPD in 
particular. The preceding analysis gives this a new perspective. It becomes possible that 
these two parts are actually linked through the reflection at the user-custom-market 
interface. Instead of being a release independent process separated from the more 
concrete part of development, the conceptual part of development (conceptual 
construction of the object-motive), is more than dependent on the concrete part of 
development (material construction of the object). Both conceptual and concrete parts of 
development are inherent elements of the whole object-motive construction process. 
Concrete development is a prequisite for the conceptual reflection of the object 
knowledge and vision, which again is a prequisite for concrete development. Hence both 
the object and the motive for the new product business activity unfold in the object-
motive construction process, i.e., during the early phases of software NPD. 

 

                                                           
363 “We are concerned with the production of objects that serve as means to satisfy a need. And for that it is 
necessary for consumption – whatever the form it takes – to lead to reflection of the means of consumption as 
what must be produced” (Leontjev 1981, p. 239-240). 
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Fig. 30. Reflection of object knowledge as a link between the material and 
conceptual construction of the object-motive. 

This construction of the object-motive resembles the “probe and learn” process connected 
to product-market fit in the NPD literature. According to the review, during the early 
phases of software NPD a considerable stable body of knowledge is built concerning both 
the application domain and solution domain knowledge of the object. In the preceding 
analysis these two knowledge areas are more specifically related to the use activity and to 
the product. Therefore, in order to build a ‘common understanding’ of the object, 
knowledge concerning both the application domain (use activities) and solution domain 
(product) are certainly central. However, in order to build ‘a shared vision’ of the object, 
the motive – i.e., the need state of the development activity in relation to the new product 
– is central. While the vision, as an expression of the motive, directs the construction 
process of the dual object (i.e., connected both to the product and to the use activities), 
construction of this vision is based on object knowledge also complemented with other 
knowledge related to the need state (i.e., to the evolving motive). Therefore, construction 
of the vision based on this diverse knowledge in fact becomes an important part of the 
early phases of software NPD. I believe that this partly explains the recent interest 
towards the vision process found in the reviewed literature. However, the focus on motive 
provides a theoretically more solid basis for the relationship between the object and this 
vision, and helps us to understand the construction process of both (and the ‘elaboration’ 
related to the visioning process as was found in the review related to radical NPD; see 
section 3.1.2.4). 

Answering the research question. I will now try to summarize the preceding discussion 
and provide a theoretically more valid answer to the research question concerning the 
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early phases of software NPD. The early phases of software NPD are characterized as an 
iterative, collective learning process concerning the motive for a whole new activity 
system, i.e., the relationship(s) between some need state(s) and a product to satisfy that 
need. This happens by constructing the object-motive of that new activity system both 
materially and conceptually. Material construction happens by making representations of 
the new product. Based on the object knowledge at the time, and other knowledge related 
to the need state, a vision is constructed to express the motive, which further stimulates 
material construction of both the product and the use activities. As an outcome of this 
material construction process the new artifact adds to the object knowledge by both 
individual and collective reflections and hence also enables the conceptual construction 
of the object-motive. The evolutionary phases of the vision may actually provide the 
manageable phases for this whole object-motive construction activity. This learning 
process continues until a relatively stable motive for a new product business activity has 
been found. 

This answer is not in conflict with earlier discussion related to the early phases. On the 
contrary, it serves to deepen this understanding. Previously, the early phases were related 
more to the conceptual part of development although concrete development was also 
found to be important. Yet the connection between the two was not very clear. As much 
as the early phases were seen as an iterative, collective construction process of new 
product versions to be used by certain use activities in the market, they were even more 
related to a collective learning process increasing the object knowledge. It was found that 
during the early phases of software NPD, uncertainty concerning the object knowledge is 
reduced in order to build a common understanding and a shared vision of the object. 
Based on the preceding theoretical analysis, this uncertainty reduction process is seen as 
an iterative learning process concerning the emerging object-motive, yet also as a 
continual material construction of the elusive object. “Development can only take place 
as a ‘result’ of learning” (Engeström 1987, p. 155). Evolution of the object-motive, i.e., 
the emergence of a new business activity, continues until the collective is able to define a 
profitable relationship between some need state(s) and a product that will satisfy that 
need or needs. Alongside the material evolution of the product, knowledge of the same 
product and its market needs (use activities) increases. This dual attachment between the 
development activity and the use activity is constitutive of the evolving object-motive 
(Miettinen 1998, p. 437). Next I will concentrate more on this special relationship while 
deepening understanding concerning UCD. 

4.2 User-centered approach in object construction 

In this section, I will try to develop understanding concerning the meaning of UCD in the 
context of object-motive construction of software NPD. In other words I will try to give a 
better answer to the research question: 

“What is the role of the user-centered approach during the early phases of software 
new product development?” 
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Seeing object-motive construction as an effort “to create and maintain the social meaning 
and purpose of its activity” and focusing on “the societal use” of the results outside this 
activity (Miettinen 1998) are most certainly related to market orientation and UCD. 
Based on the preceding theoretical analysis of software NPD as object-motive 
construction, the current interest in the literature towards application domain knowledge, 
i.e., UCD and market orientation, also becomes more understandable. Besides the 
product, research on SE and NPD has come to realize the importance of the use activities. 
However, while market orientation and UCD highlight the importance of customers and 
users, I believe that the concepts related to object-motive construction provide a 
theoretically more valid understanding of customers’ and users’ meaning to the whole 
development effort. In UCD the motive for user orientation comes from usability 
problems with new products. Despite the extra attention given to the use activities, the 
focus of development, at least in current software NPD, still seems to be only the product 
(instead of a product-market pair as discussed in Section 3.1.4). Furthermore, even 
though UCD especially highlights the importance of the context of use as well, this is a 
much weaker concept than that of the use activity presented in the previous section. 
According to ISO 13407 (ISO 1999), the context of use consists of “the characteristics of 
the users, tasks and the organizational and physical environment […] in which the system 
is used”. Rather than a historically-evolving use activity, this provides some 
characteristics – quite stable ones, even – of the physical and social environment for the 
use actions. The more abstracted view of the market orientation – or customer orientation 
as part of market orientation – is even worse in this respect. Although market orientation 
perhaps more clearly takes into account the historical development of the market as well, 
the focus on abstracted customer characteristics and preferences pays no attention to the 
inner dynamics of the activity systems in which the new product will be used, not to 
mention the users and their use actions. Yet the most important concern here is that 
neither market orientation nor UCD understands the use activity as an integral part of the 
object of development, or its central meaning in the whole process of object-motive 
construction. Next I will try to explain this in more detail, progressing again from a single 
software development project to software product development and finally to software 
NPD under high uncertainty. 

Constructing the shared object. As should be clear by now, from the object-motive 
construction point of view, the evolution of the object knowledge, including the vision, 
has a very central role. Evolution of this object knowledge means collaborative learning 
alongside the iterative, material construction of the object. Interestingly, the literature on 
both market orientation and UCD also highlights this importance of better integration 
between the conceptual part and the concrete part of development. In the more traditional 
market orientation literature in NPD this typically means better integration between 
marketing and development functions. However, both in radical NPD and (especially) in 
UCD the importance of a direct relationship between users and/or customers and 
developers is emphasized. The involvement of users is considered to be an effective way 
to provide knowledge about an uncertain application domain as well as to evaluate 
iteratively the product in question. When focusing on single software artifact 
development with only one customer (like in contract business) the role of UCD in the 
object-motive construction process is quite easily explained (see Fig. 31). 
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Fig. 31. Object knowledge evolution during iterative object-motive construction of a 
new software artifact with one customer (UA = use activity, DA = development 
activity)364. 

The motive for the development activity was found to be the dynamic relationship 
between a need state and a product, expressed as the vision. A perceived need state was 
the actual prerequisite for any activity system to exist. The knowledge concerning the 
need state was conceptually related to the use activities, i.e., in this case to the concrete 
use activity of that one customer. Therefore, this use activity is essential for the motive to 
emerge. This one customer’s need for a new tool also becomes highly important for the 
need state motivating the collective development activity. During the UCD effort with 
this one customer, the understanding of the need state is collaboratively developed to 
reflect the knowledge provided by the users involved. Other knowledge (e.g., price 
considerations) may also affect the final need state of the development activity. Based on 
this knowledge, implementations of the product are built. The vision, as an expression of 
the motive, orients this material construction of the object. Then, after each iterative 
‘transformation’ cycle, the new outcome of the development activity is a new 
representation of the product. During the transformation process, as well as in the 
outcome, the knowledge concerning the product may be reconsidered. However, the 
outcome also represents the actual tool intended for use in the concrete use activity. When 
this tool comes into contact with the concrete use activity, e.g., during evaluation, the 

                                                           
364 The dotted lines are used to refer to the concepts as opposed to their counterparts in reality. 
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knowledge concerning the needs for the new tool may also be reconsidered and hence the 
need state of the development activity may be reconsidered as well. In short, with the 
help of this one concrete use activity, it is possible to reflect on the whole motive of the 
development activity. Therefore, the concrete use activity becomes an important 
reflection point for both the object knowledge and the vision (see also Saari & Miettinen 
2001). During each iteration of UCD the object-motive evolves based on direct contact 
with this one concrete use activity365. 

In the product business context the situation changes. Instead of only one customer 
there are many customers and therefore instead of only one use activity, more attention 
needs to be paid to the consolidated use activity. This also means that the evolution of the 
object knowledge becomes more complicated (see Fig. 32). The knowledge concerning 
the needs for a new tool has to be considered from the point of view of the user-customer-
market relationship as discussed earlier. Following UCD would mean that there would be 
several different customer cases through which the understanding concerning the needs 
would be potentially reconsidered. First, suitable concrete use activities need to be 
selected based on a collaboratively built initial understanding concerning the user-
customer-market relationship. Then, the knowledge related to the needs in each concrete 
use activity needs to be collaboratively abstracted to create knowledge concerning the 
needs of the consolidated use activity. In order to become the motive for the development 
activity this knowledge needs to be reflected against other important market issues as 
well. These reflections typically include the considerations of a profitable business and 
therefore happen without any involvement of the real users. This also means that the two 
types of use activities (concrete and consolidated) have different roles in learning the 
object-motive for the new activity. Rather than all the separate concrete use activities, the 
consolidated use activity becomes more important when collaboratively building the 
vision for the development activity. However, the consolidated use activity has no 
counterpart in reality for the outcome of the development activity to encounter and hence 
for the new insights to be reflected in the “needs for the new tool” and further in the 
“need state of the development activity”. Therefore, in order to reflect on the whole 
motive, learning concerning the consolidated use activity must happen through the 
concrete use activities. This means that the object-motive evolves through many concrete 
use activities, in which the product comes into direct contact with the user-customer-
market interface. When new potential customers emerge, the relevance of these concrete 
use activities again needs to be collectively evaluated against the current consolidated use 
activity, in order to decide both how to proceed with the new customers and how to 
emphasize them while further developing the understanding concerning the consolidated 
use activity. 
 

                                                           
365 The company learns more about the use activity: the users and their work practice, their organization, and 
also about the useful properties of the product. 
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Fig. 32. Object knowledge evolution during iterative object-motive construction of a 
new software product for the market (UA = use activity, DA = development 
activity). 

However, all of this is still based on the assumption that the market is known, or at least 
that there is some initial understanding concerning the user-customer-market relationship. 
The iterative process sharpens this initial knowledge based on the different types of 
reflections mentioned. The object-motive is constructed to respond to the market needs 
perceived and captured. I would say that the role of other knowledge for the motive is not 
as important in this as the consolidated market needs. However, the situation becomes 
more complicated when, rather than being able to ‘pull’ the initial motive for the 
development activity based on current user-customer-market considerations, the new 
technology has to ‘push’ the initial motive. Instead of the need state being out there to be 
captured, it needs to be found. 

Learning the motive. The initial motive in a technology-push type situation is driven 
by the perceived possibilities of the new technology. It is started with only some abstract 
ideas of business opportunities, i.e., of possible need states, usually put forward by a 
member (or members) of the development activity alone (visionaries). Hardly any 
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knowledge concerning the market needs exists. Possible candidates for a closer 
relationship with users or customers are hard to find. From the UCD point of view there 
are only few (if any) concrete use activities to turn to. Yet both market orientation and 
UCD emphasize as early attention to real users and customers as possible. Earlier, it was 
suggested (Section 3.2.3) that UCD should support the learning process under high 
market uncertainty. According to the literature on market orientation in radical NPD in 
particular, this is needed in order to link the new technology to the markets, i.e., to learn 
the market for the new technology. Based on the theoretical analysis so far, it is quite 
clear already that this means learning the object-motive for the new software product 
business activity. 

Taking this learning point of view, the activity theoretical concepts introduced give an 
interesting perspective on the possible solutions for the problems with high uncertainty. 
While in the market-pull type situation the needs have already emerged in the use 
activities, and the development activity learns to understand these needs better, in a 
technology-push type situation the needs of the use activities may have not yet been 
identified. However, according to activity theory, new needs may emerge when 
confronting the new technology and its possibilities (Leontjev 1978). In the light of this, 
the flexible processes in the software NPD literature and the recent interest towards a 
“probe and learn” approach in the radical NPD literature are understandable. With object-
motive construction concepts, the initial implementations of the product, i.e., the 
outcomes, provide a possible basis for the identification of new needs in use activities, 
and hence also for a new need state to emerge for the development activity. This is why 
the basis for this whole learning process relies on the initial material construction of ‘a 
proto-product’ coming into contact with some concrete human activity. In this process, 
the concept of action as ‘tool-mediated human cognition’ comes into focus. This means 
the enabling possibilities of the new artifact may become evident through the use of the 
tool in some (even hypothetical) transformation process concerning the object of the use 
activity366. In fact, a whole new use activity may emerge from these initial use actions 
(see Fig. 33). In the same way, possible problems encountered with these early customers 
might require the redefinition of the whole object of the development activity. Hence the 
practices of UCD in particular may also become important means of object-motive 
construction. However, in order to be able to discover the need state for the development 
activity, based on these insights gained by individual, separate, yet concrete use activities, 
the complex relationship between them and other market issues needs to be examined. 

 

                                                           
366 “The ability of actors […] to discriminate between tool and object and to play with their relationship is a 
vital feature of an activity capable of self-reflection and change.” (Engeström & Escalante 1996) 
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Fig. 33. Emerging new use activity (based on Kuutti 2005). 

Even in a technology-push type situation, while gaining knowledge concerning needs 
within certain concrete use activities, these needs should be considered from the point of 
view of the user-customer-market relationship. Understanding this relationship is a 
collaborative learning process as well. Following the object-motive construction process 
(see Fig. 34), the insights gained from any initial concrete use activity need to be 
collaboratively discussed and abstracted while reflecting them against other important 
information concerning the user-customer-market relationship. Customers’ (and users’) 
ability to ‘see into the future’ need to be evaluated. Each concrete use activity is a 
possible representative of some future market. Instead of simply consolidating several 
concrete use activities together, special attention needs be paid to these market 
considerations since the initial use activities may actually represent several different 
markets. Therefore, special caution should be taken when evaluating the relevance of any 
early customer (see also Saari & Miettinen 2001). Care should also be taken not to 
become too customer-led, as has been discussed earlier (Section 3.2.2.6). In the NPD 
literature it was found that customer orientation is situated halfway between technology 
orientation and market orientation. From the point of view of this theoretical analysis I 
would say that technology (the product) and market (the use activities) are of equal 
importance, while real customers are the way of linking the need state of the development 
activity and the product, i.e., of moving towards the motive for a new product business 
activity. Therefore, possible similarities between concrete use activities may provide 
support in learning this motive, i.e., when learning the characteristics of an emerging 
market. While concrete use activities were an important reflection point for the current 
motive in market-pull situation, in a technology-push situation they are also important for 
initial identification of the motive. In both cases though, the object-motive evolves 
through many iterations and reflections at the user-customer-market interface. 
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Fig. 34. Object knowledge evolution during object-motive construction of a new 
emerging software product (UA = use activity, DA = development activity). 

The pervasive impact of the early customers is well described in the following quote 
concerning object construction in research work. 

“This [collaboration with an industrial partner to construct the use activity] had a 
decisive impact on the orientation and identity of the researchers and the 
development of research instruments and methods. The problems and resistance 
encountered in the experimental work influenced significantly the subsequent 
development of the research on the production of ultrafine particles. The obstacles 
necessitated the researchers to develop new research instruments and methods. 
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They led to new research contacts and, ultimately, to the redefinition of the research 
object. […] The selection of the phenomena is also a means of competition and of 
finding one’s own niche in the field of aerosol material research.” (Saari & 
Miettinen 2001). 

The very early customers selected may also turn out, at a later point, to be inappropriate. 
Yet the whole object-motive construction process needs to rely on these special 
opportunities to evaluate their new business ideas. Furthermore, as became obvious in our 
UCD-II project, early income from paying customers is often critical to the continuation 
of the process. Just as initial users and customers are the means of gaining insights 
concerning possible needs for the new artifact, the initial contacts with the whole market 
(e.g., trade shows, focus groups, etc.) are means of gaining insights concerning the 
profitability of the new business, i.e., evaluating the relationship between one customer 
and many customers. Only against some ‘market interface’ is it possible to evaluate the 
relevance of individual customers, i.e., to see if ‘the dog is wagging the tail’, or the other 
way around. Only positive feedback from the market (not only from the early paying 
customers) gives support to continue with the current conceptions of the need state, i.e., 
the motive. Failure, on the other hand, must lead to reconstruction of the object-motive. 
Concrete use activities are as important for the conceptual construction of the object-
motive as the vision is for the material construction of the object. Knowledge concerning 
the object-motive, i.e., also concerning the user-customer-market relationship, evolves 
together with the material construction of the object until the markets mature. That is 
when the construction process of the new emerging object-motive alters into more stable 
business activity, built around the new technology (with a quite stable understanding of 
the need state). 

Answering the research question. Based on the preceding analysis it is now time to 
give an answer to the research question concerning the role of UCD in the context of the 
early phases of software NPD, i.e., in the context of object-motive construction of 
software new product business activity. In short, UCD means that users are valued as a 
source of knowledge, in particular concerning the needs of some use activity. Use 
activities provide the important reflective interface for the object knowledge and the 
vision, i.e., for the product to encounter the potential needs or even for these needs to 
become identified in the first place. By a process of consolidating several concrete use 
activities, the knowledge concerning the real needs becomes important in constructing the 
object-motive, i.e., learning the need state for the development activity. During this 
construction process a whole new activity system is in fact emerging, as a response to the 
evolution of the object-motive. Object-motive construction involves simultaneous 
transformation of all the elements of the emerging activity system. The effectiveness of 
this learning process is undoubtedly dependent on the interaction between members of 
the participating community. In order to manage this collaborative learning process with 
so many different invidual and collective reflection points367 (see also Saari & Miettinen 
2001), there is a need for a collective responsibility over the whole evolution of the 
development activity. 

                                                           
367 By “collective reflection” I refer to the cross-functional collaboration needed for the evolution of the object 
knowledge. 
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4.3 Cross-functional interaction in object construction 

In this section, I will answer the two last subquestions of this study: 

“What is the role of cross-functional interaction during the early phases of user-
centered software new product development?” and 

“What are the origins of the problems with cross-functional interaction during the 
early phases of user-centered software new product development?” 

Again I will use concepts from CHAT, especially related to object-motive construction, 
to better understand the meaning of collaboration in constructing the object-motive of a 
new collective activity system – as well as possible problems with it. This section is 
structured in two parts. First I will discuss the role of different types of knowledge 
representations in mediating the relationship between the object-motive and the 
participants during conceptual construction of the object-motive. I will especially 
concentrate on the difficulties of sharing a wide set of representations as shared artifacts. 
In the second part I will highlight the importance of the continuous evolution of these 
shared artifacts during the object-motive construction within quite a diverse context. This 
will have interesting consequences, especially from the cross-functional interaction point 
of view. 

4.3.1 Cross-functional interaction through knowledge representations 

The complex relationship between the emerging object-motive and the members 
participating in its construction has also been highlighted by Miettinen and his colleagues 
(Miettinen 1998, Saari & Miettinen 2001, Lehenkari & Miettinen 2002). According to the 
preceding discussion, iterative collective construction of the object-motive during the 
early phases of software NPD is actually a learning process of a new product business 
activity. The object-motive becomes sharper through two collaborative processes that are 
in a mutual relationship: material construction of the object (cf., the concrete part of 
development) and conceptual construction of the object-motive by increasing the object 
knowledge and learning the need state of the new activity (cf., the conceptual part of 
development). The driving force behind the concrete, material construction of the object 
is the vision as an expression of the initial motive. However, the vision is an implicit part 
of the object which reflects the initial knowledge concerning the object. Therefore the 
object knowledge (including the vision) becomes the essential connector between the 
present and the future. If this knowledge is stable, there will be no evolution of the 
object-motive either. This is why I consider the changes in this knowledge as an essential 
basis for the understanding of the emerging new business activity as well, i.e., of the 
iterative object-motive construction process. It is obvious that the different types of 
reflections are essential for the evolution of this object knowledge as a whole. Because of 
the special interest in UCD in this study, the focus is still especially on the evolution of 
the application domain knowledge of the object. 
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Importance of knowledge reflections. Based on CHAT, the most important aspect of 
the learning process is the reflection that forms the link between material and conceptual 
construction of the object-motive (see also Leontjev 1978, p. 61 or Leontjev 1977, p. 90-
91). The origins of new knowledge lie in material practice. Although the knowledge 
concerning the object as a whole, i.e., both the product and the use activities, is reflected 
in the material construction, it is the object knowledge reflections at the user-customer-
market interface, i.e., at the use activity interface, that are of interest here. Earlier it was 
suggested that when the 'proto-product' is connected with some concrete use activities, it 
is possible to reflect on the object knowledge and, in fact, on the whole vision of the 
development activity. In the literature review (Section 3.3.3) the special visioning role of 
multiskilled individuals and their (large) social networks both inside and outside the 
company was emphasized. Based on the theoretical analysis, I believe that individuals 
have such a special role because they are the ‘learners’ of this new knowledge. Different 
types of connections between (representations of) the product and possible use activities 
(users, customers, market) provide the basis for the learning process. They increase 
understanding of both the usefulness of the new product and the potential interest in it at 
the user-customer-market interface. However, in order to learn from this connection, the 
development activity needs to have someone to ‘witness’ it, i.e., a representative of the 
development activity is needed for the actual reflection to happen. In short, the reflection 
of the whole vision becomes possible through the co-existence of three parties: 
representation of the new product (idea), a representative368 from a concrete use activity 
and a representative from the development activity. This co-existence is the actual 
culmination point at which the experience of the representative from the development 
activity is potentially reflected in the current object knowledge. Therefore the evolution 
of the whole vision is highly dependent on these individuals and their reflective 
capabilities at the user-customer-market interface. However, in order to become a 
collective learning process of a collective activity, the new insights gained by different 
individuals need to be shared, communicated, and reflected with others against the 
current object knowledge shared in the company369. The shared knowledge is a conflation 
of individual knowledge (e.g., in Star & Griesemer 1989). 

The participants in the collective object-motive construction process each have their 
personal as well as professional (e.g., functional) knowledge and background. In order to 
find a common object-motive of their collective activity, participants need to share both 
their current knowledge about the object and their different views of the vision. As 
Tuikka has commented, the behavior of an individual participant (in a design situation), 
in particular their vision of the common object, is very much affected by that person’s 
background (Tuikka 2002, p. 70). As discussed in the literature review (Section 3.3.3), a 
discursive practice is needed in order to build a common understanding of the object, and 

                                                           
368 Note that the representative from some concrete use activity provides at least some kind of connection to the 
use activity. Although a direct contact to the whole use activity and to the use situations in their context might 
provide more in-depth understanding concerning the use activity, also mere contact with people representing 
these use activities (i.e., during trade shows) may provide useful new information related to their needs – or in 
fact may even provide the possibility for a “use situation” where the needs may be identified.  
369 Tuikka (2002, p. 59) uses the term “tentative idea” to highlight this importance of shared knowledge; an 
individual vision of the object becomes a tentative idea for the community only if it is accepted as a common 
idea among other designers. 
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a shared vision. “Each object of activity needs an arena, where meaning and importance 
of different issues related to it are discussed and the common conception of the object is 
constructed” (Kuutti 1998, p. 10). For a new vision to survive, it must face the suspicions 
and comments of every participant and it must be collectively selected and agreed as the 
basis for further development (e.g., in Tuikka 2002). All the complementary, or even 
conflicting, voices of the different participants are involved and utilized (Engeström 
1987, p. 316). Different perspectives and conceptualizations are debated, negotiated and 
hybridized (Engeström 2000). As also discussed in the review, the participants serve as 
links to important multi-disciplinary knowledge areas. 

According to Virkkunen, this kind of discursive practice is not about transmitting 
complete knowledge, but about creatively perceiving reality, building collaboration, and 
specifying and solving problems (Virkkunen 1995, p. 79). In order to become collectively 
treated, knowledge concerning the object and the vision must be abstracted and 
externalized into some concrete form. Making knowledge visible, with the help of 
representations, is a prerequisite for communication (e.g., in Star & Griesemer 1989, 
Tuunainen 2002, p.78, Bødker 1998). Tuikka (2002) in particular has pointed out the 
importance of different types of representations in collaborative object construction – 
representations of the object in particular. The new object of future business is an 
unformed, abstract and moving target – different visions of which exists in the minds of 
the participants – to be discovered and defined in collaboration. Different types of 
representations370 mediate the interaction between participants. Visible artifacts, such as 
UML-models371, are more restrictive than verbal communication. However, visible 
representations are also more advanced expressions of the object, and as such they orient 
the future construction process more effectively. (Tuikka 2002, p. 71-73.) 

“When an idea emerges the designer uses every available means to convey this idea to 
the others” (Tuikka 2002, p. 66). Knowledge is continuously internalized and 
externalized with the help of knowledge representations (Virkkunen 1995, p. 79, 
Engeström & Miettinen 1999). When interacting with others, individuals use different 
types of representations to express their knowledge to others (e.g., in Tuikka 2002). 
Representations of the knowledge highlight the dominant notions of the individuals 
(subjects) and eliminate deviant and ambiguous notions (Engeström 1990, p. 112). 
However, there is a difference between monological and dialogical tools (Virkkunen 
1995, p. 92; see also Star & Griesemer 1989, p. 393). Monological tools support only the 
representation of a single view, and hinder the development of other views and the 
interaction between different views. Dialogical tools, on the other hand, help to bring out 
other views, and support comparative analysis between these views in order to come up 
with some kind of synthesis. (Virkkunen 1995, p. 92-93) Knowledge representations are 
like visible boundary objects between different social worlds. 

“Boundary objects are objects which are both plastic enough to adapt to local needs 
and the constraints of the several parties employing them, yet robust enough to 
maintain a common identity across sites. […] They have different meanings in 

                                                           
370 Verbal communication, sketches, gestures, situational artifacts (e.g., pens, combs, cups, eyeglasses), pictures, 
graphical models, three-dimensional (3D) models, specifications, etc. 
371 The Unified Modeling Language is a standard modeling language for software artifacts (Jacobson et al. 
1999). 
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different social worlds but their structure is common enough to more than one 
world to make them recognizable, a means of translation. The creation and 
management of boundary objects is a key process in developing and maintaining 
coherence across intersecting social worlds.” (Star & Griesemer 1989, p. 393). 

Knowledge representations in the object-motive construction process are mediating 
artifacts for negotiating shared understandings among all the members participating in the 
process (see also Tuunainen 2002, p. 78). In integrating the different interests of the 
participants, these artifacts need to be shared across disciplinary (functional or other 
kinds of) boundaries (Star & Griesemer 1989). 

The importance of knowledge representations as shared artifacts is also highlighted in 
the literature reviewed (see Section 3.3.3), in building a common understanding and a 
shared vision of the object of development372. I also suggested that different types of 
collective forums (e.g., meetings) might actually be the best way to communicate about 
artifacts across disciplinary boundaries. Discursive practice concerning representations, 
in terms of questioning and examining them, is important for the learning process of a 
whole new activity system (e.g., in Engeström 2000). However, it was also found, both in 
our UCD-II project and in the literature, that during the early phases of software NPD, 
instead of one coherent multi-disciplinary team, there is actually a web of different cross-
functional teams and tasks increasing the object knowledge. I started to call the 
combination of these team tasks and the shared artifacts a “pool of means to reduce 
uncertainties”. Based on this activity theoretical analysis so far, I would call these, more 
specifically, the tools and individual or collective actions of an emerging new activity 
system to increase knowledge related to the evolving object-motive. 

Integrating the knowledge. The different types of knowledge reflections needed during 
the object-motive construction process may actually help to better structure the mutual 
relationships between the different tools and actions to increase or to share knowledge. 
First of all the co-existence of the three parties (the product and the representatives both 
from the use activity and the development activity) was considered as the key reflection 
point for the whole object-motive construction process. This was considered important – 
even highly important – for reflecting on the need state for the emerging new product 
business activity. In the literature, too, especially from the UCD point of view, the actions 
forming a direct link to the user-customer-market interface are of particular importance. 
However, it is not just some prespecified individual or group of individuals (i.e., 
organizational function) who take care of this reflection; instead this is actually the 
responsibility area of any member representing the development activity (organization) 
and dealing with such an co-existence. This means, however, that in the product 
development activity this type of direct relationship in fact turns into an indirect 
relationship mediated by any member of the organization. New individual knowledge 
needs to be considered in further collective reflections on the company’s shared 
knowledge. In order to build a common understanding and a shared vision of the 
evolving object-motive, new knowledge gained as a result of these (hopefully numerous) 

                                                           
372 Interestingly, it seems as though many different historical and cultural artifacts have been developed for 
software NPD to represent the product (e.g., Bødker 1998), but fewer have been developed for the use activities 
(see e.g., Tuikka’s comment about their ephemeral nature Tuikka 2002, p. 78). 
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“co-existencies of three parties” needs to be integrated and evaluated against other 
important knowledge. 

Based on the literature review (Section 3.3.3) it was suggested that the selection of the 
many different knowledge increasing tools and actions (“pool of means”), is actually 
based on their abilities to reduce uncertainties concerning the object knowledge. The 
success of the early phases was found to be dependent on the abilities to coordinate and 
integrate the different knowledge areas related to the object knowledge. Even though, in 
the literature on software NPD, overlapping roles of individuals “as nodes in the 
knowledge network” were considered important for knowledge integration (see e.g., 
Section 3.3.1.4), shared artifacts seem to be an even more common solution. In the 
object-motive construction process these shared artifacts are like means for conceptual 
construction. The more abstract the knowledge, the more difficult it is to express this 
knowledge in an external artifact used for collaboration. However, externally these shared 
artifacts become the concrete means of interaction (Tuikka 2002, p. 84). Based on the 
literature review it was also suggested that more effort needs to be put into these 
boundary-crossing shared artifacts as representations of object knowledge. Shared 
artifacts hopefully make it easier to evaluate whether the knowledge gained is sufficient 
for important decisions to make or whether there is a continuing need for new actions to 
increase the knowledge. At least in theory, shared artifacts representing object knowledge 
could also help to analyze the missing parts of the knowledge concerning the object.  

It was also stated in the review (Section 3.3.3) that results from all the different actions 
need to be integrated into some meaningful whole in order both to initiate new learning 
activities (i.e., further conceptual construction of the object-motive) and to manage the 
link to the more concrete part of development (i.e., material construction of the object). It 
was found that in product development organizations repositories of artifacts and other 
information have become the means of diffusing this shared knowledge. While serving as 
a shared database for the different results from the uncertainty reduction actions, 
repositories also serve as a tool for coordinating these different actions. However, 
integrating knowledge into such a shared repository, with all the important inputs from 
the knowledge increasing actions, is only the basis for further collaborative reflections on 
it. Different types of value analyses and priority negotiations are needed concerning this 
‘raw data’. For example, in order to build a common understanding concerning the object 
knowledge, integration and synthesis of the shared knowledge is needed. Based on this 
theoretical analysis, reflection concerning the consolidated use activities becomes 
particularly important. 

Furthermore, it was found that a ‘shared vision’ actually initiates concrete 
development. The creation and maintenance of this evolving vision is also considered as 
a collective effort. However, there were indications that instead of being treated as a 
collective effort the ‘vision process’ is often a kind of “illegitimate” individual effort. In 
order to make it a more legitimate collective activity, I suggested that the vision process 
should be considered more as an iterative collective learning process for linking 
technology to the markets by integrating the shared information concerning the object. 
Based on this activity theoretical analysis I should clarify that the (already collectively 
reflected) object knowledge needs to be included in collective reflections on the vision. 
The vision is iteratively redefined as a result of actions and their results (Miettinen 1998, 
p. 426). As discussed earlier, conceptual construction of the object-motive actually occurs 
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through changes in this vision. Yet, in addition to object knowledge, other knowledge 
also needs to be taken into account in looking for the proper need state for the new 
emerging product business activity. 

All this complexity in the different knowledge reflections and shared artifacts as 
knowledge representations means that the repository of object knowledge becomes more 
and more complicated. In fact, the results of the different integrative efforts also need to 
be shared and, at least from the vision point of view, “accepted” as a shared vision for 
further actions. In order for a knowledge repository to support all these different 
integrative knowledge reflections, the structure of the different knowledge 
representations in such a repository becomes important. According to Wartofsky, the 
main features of any representation are (1) a systematic structure (well connected and 
plausible in its parts), (2) reference (it represents something), and (3) abstraction (it only 
includes significant aspects) (Wartofsky 1979, p.70). However, in the repository there are 
many different representations. This means the mutual relationships between the shared 
artifacts and the object become important. Based on the general statement made by 
Wartofsky, I believe that the way I have been depicting the object-motive construction 
process so far may actually also serve as an initial structure for the evolving object 
knowledge and for the set of different artifacts representing this knowledge (see Fig. 
35)373. I believe that the knowledge elements suggested in Fig. 35 quite accurately 
describe “those parts of the work essential to maintaining coherent information” (Star & 
Griesemer 1989, p. 404). For example, Tuikka (2002, p. 75) has shown that the designers 
(of high technology product concepts) also use “representations of the hypothetical user 
and his/her activity and actions”374 in collaboratively constructing a shared understanding 
about their design object (i.e., the product in my analysis). 

 

                                                           
373 It should, however, be noted that the knowledge element of the vision should actually repeat the structure of 
object knowledge, but with more future-oriented intentions. The vision is a step further along from the current 
object knowledge. 
374 Interestingly, Tuikka (2002, p. 75) points out that hypothetical user activity is just a collection of 
contextualized user actions that belong to an as-yet incomplete future activity system. It could be argued that 
from the activity theoretical point of view, these actions have not yet turned into independent, motivating forces 
of the future activity system (Leontjev 1978, Leontjev 1977). In other words, the new use activity system is still 
emerging (cf., Fig. 33). 
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Fig. 35. Suggested initial structure of the evolving knowledge concerning the object 
and vision (DA = development activity)375. 

The boxes in Fig. 35 refer to the different types of knowledge that need to be represented 
(perhaps with many different representations). ‘Vision’ and ‘object knowledge’ are 
highlighted with bold text in order to emphasize them as important, perceivable 
counterparts for the elusive object-motive under construction. Arrows refer to the 
collective reflections needed while the straight lines refer only to the dual composition of 
the object knowledge (consisting of knowledge concerning the product and the use 
activities) and of knowledge concerning the use activities (consisting of knowledge 
concerning concrete and consolidated use activities). The arrows clearly indicate that 
representations concerning one element of object knowledge need to be included in 
collective reflections on other types of representations. The representations concerning 
concrete use activities need to be included in reflections on the representations of 
consolidated use activities376. Similarly, the representations concerning both the object 
knowledge and other knowledge affecting the need state of the development activity in 
particular. need to be included in further collective reflections on the representations of 
the vision. All the knowledge concerning the object-motive is, in fact, always a kind of 
combination of knowledge concerning the product and the need state. For representations 
concerning the object knowledge this is clearly the relationship between the product and 
the needs related to the use activities. However, for the vision, these needs of the use 
activities are considered in the light of other knowledge in order to reflect the need state 
for the development activity. The collective considerations and decisions made, based on 
representations concerning the ‘product-need state’ combination, become expressed in the 

                                                           
375 Note that the vision is also object knowledge, but the two have been conceptually separated in order to 
deepen understanding, particularly concerning the conceptual construction of the emerging new object-motive 
of a new activity system. 
376 Note that because of the interest in UCD, I have largely limited my attention concerning object knowledge to 
use activities. From the product point of view the same types of considerations would be needed, such as the 
relationships between individual customer solutions and consolidated segmented solutions. In fact, the 
knowledge related to the product and use activities should be linked. 
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orienting representations for the vision. In order to be able to orient the practice, however, 
the considerations related to the ‘product-need state’ combination need to be concretized 
into hypotheses concerning the ‘product-use activity’ combinations, i.e., the 
representations for the vision need to repeat the structure of the object knowledge. 

Mutual relationships. In order to further deepen the understanding of the mutual 
relationships between these knowledge representations, or a set of knowledge 
representations, it is necessary to look more carefully into the mediating artifacts as tools 
in the activity system. According to CHAT they are based on knowledge of the properties 
of the object and the processes of both material and conceptual manipulation of it. 
Making and using tools is an important characteristic of human activities and their 
evolution (e.g., Leontjev 1978). Subjects use tools when they act on the object and 
transform it. Similarly, conceptual construction of the object-motive, i.e., the use of the 
different reflection processes (object knowledge-vision), needs tools, both at the 
individual level, e.g., “reflection-in-action” (Schön 1983), and at the collective level 
(Tuikka 2002, p. 83). Therefore, the mediating artifacts used in any developmental phase 
of object-motive construction are tools appropriate and helpful for either material 
construction of the object or conceptual development of it. The object-motive is 
constructed “with the help and under the influence of historically accumulated collective 
experience, fixated and embodied in mediating artifacts” (Engeström 1990, p. 108). 
Based on earlier work by Wartofsky and Vygotsky (Wartofsky 1979 and Vygotsky 1978 
in Engeström 1987; see also Engeström 1990), Engeström has highlighted the difference 
between primary artifacts and higher-level artifacts. Primary artifacts are the means used 
for actions and operations. Secondary artifacts “serve the purpose of preserving and 
transmitting skills in the production and use of primary artifacts”, while tertiary artifacts 
“give identity and overarching perspective” to the activity (Engeström 1990). Miettinen 
(1998) has highlighted the importance of these higher-level artifacts in the object-motive 
construction process in particular. Secondary and tertiary artifacts are important when 
trying to understand the dynamics of an activity system. They are “essential for analyzing 
the subjective and intentional, as well as the collective and communicative, dimensions of 
activity” (p. 427). According to Miettinen, higher-level artifacts synthesize and generalize 
the modes and results of prior actions, carry and transmit purposes and ways of action, 
and future-orient and motivate activities. Miettinen considers each of these three 
“functions” as inherent for any type of representation. (Miettinen 1998.) 

In analyzing the evolution of a new activity system, artifacts representing the object 
(representations of the object knowledge) and artifacts supporting orientation 
(representations of the vision) are of particular interest (see also Virkkunen 1995, p. 91). 
“[A] future artifact [i.e., product] emerges as a design object from tentative ideas and 
representations” (Tuikka 2002, p. 86). However, the functions for the secondary- and 
tertiary-level artifacts given by Miettinen are still too broad for use in analyzing the 
mutual relationships between the evolving knowledge representations presented above, 
which are obviously of different levels. Engeström has concentrated more specifically on 
the hierarchical structure of these artifacts at different levels. According to Engeström 
(1987, p. 155) learning at the level of actions is connected to secondary artifacts, while 
learning at the level of the whole activity system is connected to the tertiary artifacts. 
However, activity-level learning is not possible without action-level learning. Secondary 
artifacts are more general type descriptions of an object’s behavior as well as specific 
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descriptions for using primary artifacts. Tertiary artifacts on the other hand represent 
“long term projection into the future”. (Engeström 1990.)377 

Based on these two slightly overlapping approaches – Engeström’s hierarchical 
structure and Miettinen’s inherent functions of any representation – I have further 
developed the initial structure suggested earlier for the knowledge representations related 
especially to object-motive construction during the early phases of software NPD (see 
Fig. 36). Like Miettinen, I also consider all the different representations of object 
knowledge as a whole as mediating artifacts at different levels, used to express, carry and 
transmit knowledge related to both object and vision. However, although according to 
Miettinen, the same representation may synthesize and generalize the results of previous 
actions, and orient further actions, I have separated these two functions of the 
representations in order to highlight the difference between synthesizing and orienting 
representations, i.e., between object knowledge and the vision. At the same time I want to 
emphasize the difference between activity-level and action-level representations. I use a 
dotted line (----) to highlight the equal structure of both types of secondary 
representations.  

Fig. 36. Hierarchical relationships between the different types of representations of 
knowledge concerning the object-motive under construction (DA = development 
activity). 

Miettinen (1998) has placed particular emphasis on the role of tertiary artifacts in object-
motive construction. While orienting the future activity these artifacts are related to the 

                                                           
377 In fact, Engeström (1990) has further distinguished between ‘where-to’ artifacts as tertiary-level artifacts, 
two types of secondary artifacts – ‘why’ and ‘how’ artifacts – and ‘what’ artifacts as primary artifacts, in order 
to describe their more specific functions and mutual relationships. Miettinen (1998) has also used these 
concepts for the secondary- and tertiary-level representations in his analysis of the research work. However, the 
software NPD activity seems to be so ‘conceptual’ by nature that the dynamics between these specific types of 
artifacts become quite complex. Depending on the situation/subject, the same representation of the software 
product may be conceived of in at least four different ways: as a ‘why’, ‘how’ or ‘what’ artifact, or as the object 
of actions. Therefore, this type of more specific categorization has not been useful for my analysis. 
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vision (see #1 in Fig. 36). They are important for expressing the motive for the emerging 
new activity. They are representations of the technically and economically feasible 
possibilities that go beyond present actualities. Furthermore, Miettinen has shown that 
changes to these tertiary artifacts mean “qualitative transformation” of the product and, in 
fact, of the whole activity system. (Miettinen 1998.) Considering expansive learning378 
concerning activity systems, Engeström has pointed out that such a learning process “can 
only be mastered with the help of a tertiary instrument” (Engeström 1987, p. 297). 
Changes in these artifacts reflect the advances in the whole new product business area. 
During the object-motive construction process, tertiary artifacts orient the object’s 
transition, but at the same time they evolve based on this transition towards a more 
stabilized form. Within a more established activity, the tertiary artifacts are relatively 
persistent, paradigmatic viewpoints of the activity (Miettinen 1998, p. 436). 
Representations of the vision (or the mission) are usually very abstract since they are not 
fixed facts. However, when expressing the motive these artifacts should reflect the 
current understanding concerning the relationship between a need state and the future 
product. During the early phases of software NPD, the focus is on the continuous 
construction of this relationship. 

In the literature review (Section 3.3.3) it was also mentioned that the shared vision 
actually provides the rhythm for the whole development effort. The vision directs the 
“transition” from the conceptual part to the concrete part of development. In order to do 
so, the abstract vision needs to lead to more concrete action-level strategies and plans for 
orienting the future development iterations. As stimulating artifacts for further material 
construction of the object (see #2 in Fig. 36), representations of this secondary level 
vision should be more clearly related to the duality of the object, i.e., should orient the 
next versions of the product and corresponding use activities. In representing ideas for the 
new product and its use, these secondary-level representations of the vision orient the 
actions while transforming the object into its outcome. To conclude, all these tertiary and 
secondary artifacts at the left side of Fig. 36 have orienting power to actually direct the 
material construction of the object. The experiences gained during and after any cycle of 
this material construction are further reflected in the object knowledge (the right side of 
the figure).  

Representations concerning knowledge about object properties belong to the 
secondary level (see #3 in Fig. 36). They are the results of the actions of the emerging 
new activity system, i.e., of the software NPD actions (Engeström 1990). Artifacts used 
in making sense of the object, i.e., representing object knowledge, are typical examples of 
artifacts serving “explanatory or diagnostic purposes” (Engeström 1990). They describe 
selected important features about the properties of the object (Engeström 1990, p. 109). 
Different types of statistics, models and diagrams are typical examples of object 
knowledge representations (Virkkunen 1995, p. 91). From this point of view, all the 
                                                           
378 The tradition of “developmental work research” (DWR) has been developed for improving and changing 
work practices based on this expansive learning theory developed by Engeström (1987). DWR is actually also 
one type of object construction process based on activity theory, yet “expansive” learning refers more to 
qualitative changes in the history of the work organizations and their objects than to the unstable nature of the 
object of a new emerging activity system (Engeström 1995). After an understanding has been reached 
concerning the new object of the new work activity, it is not so much the object that is the focus of (iterative) 
development but the other elements of an activity system related to this new object. 
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synthesized and generalized knowledge about the object (e.g., artifacts representing 
consolidated use activities) as well as many of the results from the collective knowledge-
increasing actions are in fact this type of secondary-level artifacts. In the same way, 
representations concerning the ‘other knowledge’ are also typical secondary artifacts. 
Finally, the activity-level representations concerning the relationship between the need 
state and the product (see #4 in Fig. 36) are actually derivatives (collectively reflected) of 
these more action-level representations of the object and other knowledge. To conclude, 
in the following discussion I will distinguish between four different types of artifacts: 
tertiary-vision, secondary-vision, tertiary-knowledge, and secondary-knowledge. 

As abstract artifacts reflecting something, all the representations are always only 
partial descriptions of the thing they refer to. The reason for making these analogies 
between the vision and object knowledge to the tertiary and secondary artifacts actually 
lies in their mutual relationships. According to Engeström (1990), the hierarchical 
relations of the artifacts at different levels are essential. New artifacts are more likely to 
become communal artifacts if they are simultaneously constructed at all the levels. 
Secondary artifacts need to be connected to some primary data (e.g., raw data on 
customers and market); otherwise they might remain as a “curiosity”. On the other hand, 
new data alone is not likely to achieve much change in the practice unless connected to 
secondary and tertiary artifacts. (Engeström 1990.) These relationships become essential 
especially when considering the changes in the knowledge representations concerning the 
object-motive. Since the evolution of the new emerging object-motive is very much 
dependent on the evolution of this knowledge, the mediating artifacts used for 
representing this knowledge are essential. As is obvious by now, mediating artifacts are 
needed especially for collective reflection on the knowledge. 

Goodwin and Goodwin (1996, p. 88) have shown that there is an interdependence of 
cognitive processes, tool use, and social organization. Tools embody representations of 
things (e.g., objects). Reflection on the object of a collective activity system happens 
through a social process, during which representation tools play an important role. 
Changes in the objects happen due to new representations of them. (Goodwin & Goodwin 
1996.) Every artifact has embedded intentions of its use in an activity (Leontjev 1978). 
However, there might be some difficulties using them for their anticipated purpose. The 
reason for such failures lies in the mismatch between the mediating artifact and the 
object. In an established form of an activity, there are hardly any mismatches of this kind. 
The mediating artifacts have been developed over time into forms that fit smoothly with 
the object. However, with an emerging new activity, with a still-evolving object-motive 
and with such a short ‘history’, this kind of mismatch is more likely. With such an object-
motive in transition, it is only natural that the mediating artifacts need to be revised 
accordingly379. Artifacts are dynamic representations in the current phase of the activity 
trajectory. They are cultural-historical mediators of their purpose. They are the results of 
a learning process and contain the expectations for the future activity. They need to 
evolve in order to keep the object-motive construction in motion. 

                                                           
379 “The subject situationally interprets, elaborates and transforms these norms and intentions objectified in 
mediating artifacts. The source of resistance, the difficulty of realizing working hypotheses and ideas, lies in the 
whole mediated structure of activity. A reason for failure and resistance is that the norms objectified in the 
mediational artifacts are not adequate when transferred to a new context.” (Miettinen 1998, p. 425). 
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4.3.2 Cross-functional interaction for knowledge evolution 

Change of the mediating artifacts is also a social process. Artifacts become the objects of 
collaboration and change by becoming objects of criticism (Wartofsky 1979, p. 75). 
However, a new artifact alone does not provide any major changes in the collaborative 
practices. In tems of the hierarchical structure of the tools, Engeström has discovered that 
the most benefit from the use of mediating artifacts is achieved only when the tools meet 
each other (Engeström 1990). The order in which the different artifacts develop is not that 
clear. An initial tertiary artifact seems to be considered a prequisite for secondary artifacts 
(Engeström 1987). Hierarchical progression from tertiary artifacts to secondary artifacts 
is quite characteristic for the qualitative change of an established activity system (in 
Virkkunen 1995, postscript; also in Molin-Juustila 1998, p. 109-119). However, even 
though the artifacts used for actions must be guided by some initial tertiary artifacts, it is 
always possible that initial secondary artifacts may also be acquired as ready-made 
artifacts outside the central activity (Engeström 1987, p. 326). In fact, since new activities 
may arise from actions, the artifacts used in these actions would then be the basis on 
which the new tertiary artifacts would arise. Secondary artifacts would provide the basis 
for the changes of the tertiary artifacts. In conclusion, it is the whole hierarchical system 
of artifacts at different levels that actually ‘moves the wheels’ of both knowledge and 
object-motive evolution. 

However, these considerations related to the hierarchical structure between tertiary and 
secondary artifacts do not take into account the distinction between orientation and 
synthesization as made in the previous section. Therefore, based on the previous 
discussion it is necessary also to explain the ‘order’ in which the tertiary-vision, 
secondary-vision, tertiary-knowledge and secondary-knowledge develop (see the black 
arrows between numbers 1-4 in Fig. 37). Just as a tertiary artifact is a prequisite for 
secondary artifact, I consider tertiary-vision as a prequisite first for secondary-vision and 
later, by orienting the material construction of the object, also for the evolution of the 
secondary-knowledge. Furthermore, just as secondary artifacts might provide the basis 
for new tertiary artifacts, I consider secondary-knowledge as the basis for tertiary-
knowledge, which then again is collectively considered and reflected in the tertiary-
vision. For example, as discussed earlier, the consolidated use activities become 
important as a basis for the vision. This also means that the secondary-knowledge 
artifacts representing the consolidated use activities need to have quite a heavy weighting 
in relation to changes in the tertiary-knowledge artifacts representing the need state. 
Based on the above discussion the rest of this chapter is based on the assumption that the 
evolution of the mediating artifacts is essential in order to keep the object-motive 
construction process alive – in particular the evolution of the tertiary artifacts 
representing the vision. The object construction process continues until the vision 
becomes more stable. Irrespective of the exact order in which this evolution takes place, I 
also assume that the mutual relationships between the different types of artifacts are 
important; again, the evolution of the vision in particular depends on the evolution of the 
tertiary-knowledge. The following discussion will again progress from a simple situation 
to more complex one; however, this time the complexity is considered from the point of 
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view of interaction during the evolution of the object-motive as well as that of the shared 
artifacts. 

Fig. 37. Evolution of the different types of representations of knowledge during 
object-motive construction (DA = development activity). 

Initial collaboration. Miettinen has highlighted the importance of the different artifacts 
for the interaction between participants during the object construction process. “The 
interrelationship of the systems of tools and knowledge to the object to be constructed is 
essential” (Miettinen 1998, p. 453). Mediating artifacts are constructed (or acquired) 
alongside the object-motive (Engeström 1990, Miettinen 1998), and at the same time 
construction of the object-motive occurs partly through the construction of these artifacts. 
During the construction of the object-motive for a new product business activity, the 
whole activity system is in constant transition. The initial primary construction phase in 
the form of an experimental setting (see Section 4.1.2) seems to be important as an initial 
construction process of this emerging new activity system as a whole (Miettinen 1998). 
During this time, based on some initial vision, the initial infrastructure is also created for 
the actual construction process. This is also a ‘tool setting’ phase of the new product 
business activity. It was characterized as a small assignment or a project during which 
only a few members of the organization work together in a close relationship with each 
other (such as the initial development of the new product in the case company of the 
UCD-II project). Initial knowledge of the object is shared among the members of this 
joint effort. Initial tools are also acquired or developed so that they may be used for the 
initial material construction of the object, i.e., to create initial representations of the 
product. In short, all the elements of a new activity system are initially constructed. This 
primary construction phase was considered essential for further evolution. Without the 
initial tools for transforming the object, the concrete changes in the object, projected in 
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the vision, would not be realized. Due to the discursive nature of the practice the 
representations of the object knowledge do not always need to be visible. From the point 
of view of ‘shared artifacts’, the focus seems to be more on the orienting artifacts 
(especially secondary-vision artifacts like the product concept or architecture 
specifications) in order to direct the further material construction of the object.  

The indirect cognitive role of the action-level secondary artifacts in particular seems to 
have a special meaning for the evolution of the object knowledge of the whole activity 
system (Miettinen 1998; see also Virkkunen 1995, p. 355), and therefore, due to the 
mutual relationships between the higher-level artifacts, also for the whole construction 
process of a new emerging object-motive. At least in research work, the secondary 
artifacts seem to emerge from the primary construction of the object-motive. While 
collaboratively constructing the object-motive, the needs and use of these mediating 
artifacts are also negotiated in the same discursive practice. (Miettinen 1998.) However, 
the situation in the context of expanding new software NPD, without such an intensive 
project setting, is not as straightforward. According to Miettinen (1998), boundary-
crossing cooperation (i.e., cooperation across organizational boundaries, in his case) is a 
natural result of a collaborative object-motive construction process during which the 
different interests of participants are collectively reflected on and aligned with each other 
(see also Saari & Miettinen 2001). The motive for this alignment comes from the 
historical background of each participant and the current problems within their activity 
systems. 

“The motive for participating in the construction of an object can be understood in 
reference to the participating activity system’s attempts to expand, redirect or 
transform its historically formed basic activity. The emerging new motive can be 
characterized as an attempt to solve dilemmas and problems in its basic activity.” 
(Miettinen 1998, p. 445-446). 

However, the type of work Miettinen describes – research work evolving through 
cooperative projects – has more similarities with contract business than with product 
business (cf., Section 3.1.3.1). Miettinen and his colleagues talk about an innovation 
network of activity systems (Miettinen 1998, Saari & Miettinen 2001, Lehenkari & 
Miettinen 2002), in which the construction of a shared object is characterized as “a 
transformation or an extension” of the participating object activities (Miettinen 1998, p. 
447). In the product business context, such a relationship would be similar to the UCD 
type of direct relationships between development activity and some concrete use activity. 
As discussed earlier (Section 4.2), within this type of setting it seems only natural that the 
needs of the use activity have such a decisive impact on the whole collaborative 
construction process (as in Saari & Miettinen 2001). The shared object of construction is 
managed through the project organization. 

“In joint preparation of project plans, the interests of the participants are negotiated, 
and the goals, resources, and time span of the collaboration are articulated. The 
joint projects are an important link and a mediating unit in the analysis of the 
dynamics of collaboration between different activities […]” (Saari & Miettinen 
2001, p. 316). 
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Interaction between the participants in the object-motive construction process is 
understood as a relationship to be negotiated each time a new participant comes along. 
Every time a new participant joins the effort, their relationship to the shared object as 
well as to other elements of the activity becomes clear through this discursive practice. 
“The interaction between the actors and their contribution becomes understandable in 
relation to the object that is to be constructed together” (Saari & Miettinen 2001). The 
fewer members involved, the more transparent this type of discursive practice is (e.g., in 
Tuikka 2002). However, I will argue that the situation is very different when considered 
from the point of view of established software product organizations. As already 
discussed in the literature review, the motivation for cross-functional construction of a 
shared object inside a software product organization is not as straightforward as the 
collaborative negotiation at the beginning of a new project – or should I say that it is even 
more straightforward, because it has a ‘motivating’ cultural historical background of its 
own. Next I will attempt to clarify what I mean. 

Established activity. In an established business activity, the collaboration related to the 
shared object is based on the historically-developed division of work related to the whole 
NPD effort, the motive of which is to make profitable new products for the market. This 
division of work has its own cultural and historical background. Individual actions of 
some past activity, in the form of goal-oriented specialized processes, were subordinated 
to the motive of that activity. However, over time this division of labor isolated these 
actions by dividing them into different organizational units. Each of them started to 
contribute with partial achievements from the point of view of the original activity as a 
whole. (Leontjev 1977, p. 92 or Leontjev 1978, p. 63.) Each of them were following their 
own role and responsibilities in some intentionally constructed whole. According to the 
review (Section 3.1.2.2), in contemporary NPD activity this typically means that the 
conceptual part of development has been differentiated from the concrete part of 
development (e.g., in an R&D unit, marketing and/or management).  

However, the conventional organizational units today are quite independent from each 
other. They have become institutionalized. 

“[…Activities] are rather robust and enduring. [... They] appear to reproduce 
similar actions and outcomes over and over again in a seemingly monotonous and 
repetitive manner that gives cultural constraints on action a seemingly 
overpowering quality.” (Cole & Engestöm 1993, p. 8). 

The actual work practices of these organizational ‘functions’ have been repeated many 
times and standard procedures have even been developed in order to improve their 
efficiency. However, at the same time these independent actions have developed into 
activity systems of their own (Engeström 1987, p. 67). The motive of the ‘parent’ activity 
system has been lost and substituted with the functional goals. While originally, these 
functional goals were only directing actions of the ‘parent activity’, over time these goals 
have strengthened their orienting power, to become the motive for a “new” functional, 
collective activity380. (Leontjev 1978). 

                                                           
380 Cf., also Tuikka (2002) for his analysis of the ‘concept design work’ as an activity system of its own. 
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“This implies that the tasks or actions (including their objects) themselves are not 
objectively transformed. They are attributed an overwhelming illusionary 
importance and often a repetitively increased volume.” (Engeström 1987, p. 68). 

This means that while the object and the motive of the NPD activity as a whole are 
replaced with some intermediate, partial objects and goals, the mediating artifacts – 
culturally and historically developed tools – are also replaced (or rather limited), which 
thus affects the way subject(s) relate to their objects. The original object of the whole 
NPD activity (as well as the motive related to it) becomes obscure. 

“In large imbricated381 systems, the object [of activity] may become so deeply 
embedded into the folds of the agency chains that most of the actors are not 
consciously aware of its existence. It only becomes apparent during a trauma or 
crisis situation when the links break down […]” (Engeström 2002, p. 42). 

“Functional departmentalization also tends to deemphasize the objectives of the 
entire firm. Employees may focus on departmental objectives, such as meeting their 
own budgets and schedules, and miss the big picture. Since functional managers 
worry about their own areas of expertise, they may have difficulty seeing other 
managers’ points of view. Employees develop a loyalty to their own department, 
which may, in turn, put up walls between departments instead of encouraging 
employees to identify and coordinate with their counterparts in other functional 
areas.” (Hellriegel & Slocum 1991, p. 325-326). 

Different organizational functions form a kind of network of separate activity systems (as 
in Miettinen 1998, Saari & Miettinen 2001), yet without the discursive practice. 
Established organizational structures in a way force the participants to cooperate, even 
without a discursive practice concerning a shared object and motive. Each function also 
has some typical tools of its own. In particular, the mediating artifacts for the vision and 
object knowledge are perceived and constructed in connection to this ‘functional’ object. 
Orienting artifacts (tertiary-vision and secondary-vision) of the functions express the 
deep-seated assumptions and beliefs (Engeström 1990, p. 113) concerning the object of 
both the function and the ‘parent’ activity as they see it, thus orienting the future activity 
of that function. When trying to understand the interaction between these functions 
during the object-motive construction process, the higher level artifacts were of particular 
importance (Miettinen 1998; see also Engeström & Escalante 1996). 

As discussed earlier in this chapter, tools as elements of an activity system have a 
special role in object-motive construction. “Tools are laden with ‘intentions’, which 
cannot be attributed only to the subject” (Miettinen 1998). As elements of an activity 
system, the tools are always connected to the object, and the use of established tools in a 
sense also orients individuals’ perception of the object. 

“Artifacts are not only evoked and employed according to the nature of the object 
and the action to be performed on it. Their selection and formation is 
simultaneously molded by the rules and the division of labor […]” (Engeström 
1990, p. 189). 

                                                           
381 Imbrication is Taylor’s concept for the interlocking of human agency. 
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The prevailing functional higher-level artifacts in particular might become like walls 
preventing organizational functions from seeing the object of the parent activity. 
Virkkunen (1995) talks about “voices”, “scripts” and “frames” of the participants as 
institutionalized forms of their interaction with others. Engeström characterizes this well: 
“The various voices represent ‘social languages’ rooted in different societal positions, 
ideologies and traditions of practice. This multivoicedness is both a resource for 
collective achievement and a potential source of fragmentation and conflict.” (Engeström 
1992, p. 9). 

 Current industrial standards and textbooks reflect and further reinforce this 
contemporary industrial practice of NPD. Individuals internalize the prevailing practices 
and tools of the functions through education and training. Internalization is also a social 
process. The meaning of internalization is nicely put in Tolman’s description of the social 
meaning of a child’s learning as an appropriation process. 

“Consider a child learning to drive nails with a hammer. Is it merely learning 
process? Is it merely learning to adapt to the demands of the wood, the nails, or the 
hammer? The child is learning responses and is learning to adapt to demands, but 
not merely. The hammer, like all objects made by human beings, from the simplest 
implements to the computer, embodies meaning, the accumulated historical 
experience of the society into which the child is born, and it is this above all that 
the child is acquiring. […] The child is appropriating societal experience.” (Tolman 
1999, pp. 74-75). 

In this way the individuals become deeply involved with the functional legacy, including 
the distinction between conceptual and concrete development. In the literature review it 
was found that the division of labor between the conceptual part and the concrete part of 
development has turned out to be quite effective – at least in a stable market-pull situation 
(Section 3.3.2.4). Other historical and cultural mediators, tools (including the higher-level 
tools) and rules have been developed to further support this distinction. However, as was 
also found in the literature review (3.1.4), the dependence between the conceptual and 
concrete parts of development becomes important during the early phases of 
development, especially during radical NPD (and also in UCD). For an emerging new 
product business activity this was even found to be fundamental. The typical solution, to 
establish an NPD project or an R&D unit to take responsibility over the whole intensive 
learning process, is understandable, even though the problems with the “transition” to the 
mainstream organization were found to be apparent in the reviewed literature. However, 
as discussed earlier (Section 3.3.3), the situation in software NPD is a little different. 

Spreading over. In the discussion concerning cross-functional interaction in the 
literature review (Section 3.3.3) it was found that during the early phases, i.e., during the 
object-motive construction process, software NPD is “neither a clear project of a cross-
functional team nor an ongoing business within some established organization”. Instead, I 
suggested that cross-functional interaction has a closer resemblance to a matrix 
organization where the tools and actions of object construction and knowledge integration 
(i.e., the pool of means to reduce uncertainties) in a way compensate for the more 
traditional forms of division of work (supporting information sharing and collaboration 
needed for knowledge integration). In this structure the transitions between the 
conceptual and concrete parts of development, as well as between teams and mainstream 
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organization, became more flexible. The division of work cannot be permanently defined 
for such a dynamic situation. Instead of a project team, individuals are seen as part-time 
members of the individual or collective actions of the software NPD activity. Some of 
these actions could also be typical actions of an established product company (e.g., 
market research). Interestingly though, instead of having mere cross-functional 
collaboration for some functional responsibility areas (as in the practical case of NPD in 
Section 3.3.2.5), especially in our UCD-II project these cross-functional collective 
actions were more task-focused on the different parts of the conceptual development as a 
whole, i.e., on the conceptual construction of the object-motive. In the review (Section 
3.3.2.3) it was also found that the benefits of the matrix structure come from its 
capabilities in maintaining in-depth expertise of some specific function. Therefore, as 
also indicated in the review, I presumed that this special type of matrix structure in 
software NPD enables the organization to benefit from the personal networks of the 
participants, while at the same time “achieving better cross-functional integration” within 
the different team tasks. I also suggested that the matrix organization may actually 
support the evolution of the whole organization. However, going back to the beginning of 
this analysis based on CHAT, especially to Section 4.1.2 and to Fig. 29 concerning the 
early phases of software NPD as object-motive construction of an emerging new product 
business activity, understanding concerning this “matrix” gets a totally new basis. 

Instead of having an NPD project at the front of development or having an established 
division of work supporting iterative development and interaction within an established 
organization, object-motive construction for the new emerging activity system actually 
overlays the more established software product business activity (see Fig. 38). The 
established activity possesses a sophisticated facility for development. Appropriate parts 
of this facility are also used in the more technology-push type of situation. Depending on 
the situation during the object-motive construction and evolving new product business 
activity, i.e., during the early phases of software NPD, resources are used from the 
established activity – people as well as tools and actions (see the dotted lines between the 
two activities in Fig. 38). Therefore, instead of merely improving cross-functional or 
cross-team interaction during the early phases of development, the focus should be on the 
management of the emerging new business activity as a whole. First of all, this means 
management of the iterative object-motive construction among the growing number of 
participants and actions pulled from the established activity. In addition, it means 
management of the emergence of other elements of the new activity system mediating the 
relationships between the participants and the evolving object-motive (i.e., tools, rules 
and division of labor). 
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Fig. 38. Construction of the object-motive for a new emerging product business 
activity overlays the established product business activity. The figure illustrates the 
increasing overlap between the two activity systems. 

At the beginning of the development, during the primary construction phase, the process 
resembles the intensive, discursive practice described earlier and found also by Miettinen 
in his studies on collaborative research work (or projects). With a small number of 
members participating in this “assignment”, it is quite easy to build and maintain a 
common understanding concerning the object knowledge and a shared vision. Each 
participant also represents some organizational function with its own cultural and 
historical resources and knowledge base that has accumulated over decades. 

“According to activity theory, any local activity resorts to some historically formed 
mediating artifacts, cultural resources that are common to the society at large. 
Networks between activity systems provide for movement of artifacts. These 
resources can be combined, used, and transformed in novel ways in local joint 
activity. Local, concrete activities, therefore, are simultaneously unique and 
general, momentary and durable. In their unique ways, they solve problems by 
using general cultural means created by previous generations.” (Engeström & 
Miettinen 1999, p. 8). 

Even with a new emerging activity, the new participants bring along their background 
artifacts and their modes of thinking. The new activity creates a possibility for applying 
the existing mediators in a novel context. “General” and “durable” historical artifacts are 
used while constructing the new ones. Therefore, the initial tools chosen or developed for 
the new emerging activity (and their meanings) are also results of the discursive practice 
typical of the small-scale and intensive teamwork. 

Established activity 
- web of independent 
functions 
- functional division of 
work 
- repositories 
- software NPD actions 
- object-motive is stable 

Primary construction 
- discursive practice 
- collaborative team 
- shared artifacts 
- software NPD actions 
- object-motive is evolving 
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However, as already discussed, after showing positive signs of future potential, and 
especially when coming to the point at which it is time to start working with concrete use 
activities, the actions start to spread out, the construction process starts to overlay the 
established activity more. More people join the effort and other resources (tools and 
actions) from the established activity are also used. This spreading is actually important 
in order to access all the possible expertise for the learning process regardless of the 
formal organizational boundaries. 

“The resources and know-how of participants are usually complementary in regard 
to the object being jointly developed. During the design work, a dynamic co-
evolution takes place. When the design object evolves, it requires new 
competencies, learning, and acquisition of new knowledge and resources through 
network collaboration. On the other hand, increased competence or new 
participants with specific know-how affect the development of the design object. 
Thus, co-evolution means simultaneous progress of the object under development, 
the learning of participating activities, and the expansion of the collaborative 
network.” (Lehenkari & Miettinen 2002, p. 112-113). 

If we take the UCD point of view in particular, in addition to cross-functional 
collaboration there are actually many possible sources of new knowledge: new use 
activities (see also Saari & Miettinen 2001), sub- and sidecontractors related to a ‘total 
solution’ for customers, and partners for sales and support or for tailoring and 
customization382. In fact, every possible participant involved either in the material or 
conceptual construction (cf., also the culmination point for individual reflection) needs to 
be considered383. The concept of an activity system actually also helps to structure this 
web of diversified participants. All the members involved belong conceptually to the 
same “object-motive construction activity” regardless of their organizational boundaries. 
However, because of the objectives of this study, I will concentrate only on the 
complexity of cross-functional collaboration inside a software product company. 

In addition to the obvious difficulties with collaboration among diversified viewpoints 
in the small team effort, the complexity of the object-motive construction process grows 
after increasing numbers of new people start to join the effort. From the point of view of 
the evolving knowledge, the central role of knowledge representations as mediating 
artifacts, and their mutual, hierarchical relationships also play a central role in this 
widening context for object-motive construction. However, other mediators, the division 
of labor (including knowledge acquisition) and the rules of the emerging new activity 
system also become an issue. Again, the historically-established mediators affect the way 
new participants perceive both the object and the motive of the new activity, as well as 
their own role in the construction process. While the first incomers may still become 
familiar with the new object (along with other elements of the activity systems) through 
the original discursive practice, the more the new activity spreads over the old, the more 
the established functional activities start to influence the way the new participants reflect 
on their role in the process. Their relationship to the object becomes both facilitated and 

                                                           
382 This was very noticeable in our UCD-II project. 
383 Of course, one must also take into account the confidentiality issues of the new business, but this is beyond 
the scope of this research. 
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constrained by a historically-accumulated conception of the object, which is also 
embedded in the mediating artifacts used for perceiving the new object (Foot 2002). This 
creates tensions within the development effort. 

A good example would be the SD (segment description) in our UCD-II project. The 
initial idea for the SD came from the company CEO. It was perceived as a new shared 
artifact to support cross-functional interaction concerning the segment knowledge related 
to their new emerging product. Since the purpose of the SD was to represent the company 
solution for some market, to provide all the possible information about that market in 
order to orient further actions, I consider it as a secondary-vision type of artifact. This 
segment knowledge was supposed to be made up of information integrated from the 
different functions. Cross-functional SD teams for each main market segment, as 
identified at that time, were created to produce these new artifacts. However, the teams 
felt confused about the SD. Instead of developing this type of new shared artifact further 
and integrating knowledge into it, each function kept on producing material for it by 
using their own, more familiar (secondary-knowledge) artifacts (cf., our pressures to split 
the document as discussed in Sections 2.6 and 3.3.3). Integration of this material would 
have needed new collaborative practices. However, at some point the management 
created the new two-functional virtual teams to support SD teams while producing sales 
material for the segment (i.e., more familiar secondary-vision artifacts for the established 
activity). After a while though, the original SD teams seemed to vanish. They had merged 
with these (now cross-functional) virtual teams with “sales concepts” now their highest 
priority. The sales concepts in a way replaced the vaguer SD, at least at that time. Even 
though these sales concepts were supposed to be only an intermediate task on the “SD 
agenda”, it is very likely that subsequent tasks have repeated the same course of events 
causing the death of the whole idea of this unfinished SD (it would be interesting to 
verify this now, several years after our project). To conclude, I believe that as the new 
emerging activity keeps on spreading out over the established activity, the established 
activity starts to influence the way the newcomers start to reflect on their relationship 
with the new object. The discursive practice, characteristic of the primary construction 
phase, is substituted with ready-made structures and practices, and the seeds of problems 
in cross-functional interaction are planted. 

Problems of interaction. When trying to understand the problems of cross-functional 
interaction, “the mediated structure of activity calls for studying the source of resistance 
between the historically-formed mediating artifacts and the new kinds of objects” 
(Miettinen 1998, note 13). During the early phases of software NPD the object-motive is 
under continuous construction. It is abstract and elusive, and manifests itself differently 
for different participants and functions of the activity (Engeström & Escalante 1996, Foot 
2002). During the primary construction phase, there are only a few members participating 
in the construction process. As with the concept design meetings (Tuikka 2002), both of 
the ‘twins’ of the dual object, the product and the use activity, are simultaneously 
constructed with the close cooperation of the participants. Furthermore, the knowledge 
representations concerning the object and the vision become shared and are reflected on 
as a consequence of this intense discursive practice. The mastery of the whole activity is 
in the hands of the few people involved (Engeström 1987, p. 114). However, when this 
emerging new activity system starts to spread further over the old and more established 
activity system, problems emerge when these two activity systems encounter each other. 
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An established activity system is based on a fairly stable motive, although the 
participants may not be aware of it because of their historically-created, more dominant 
substitutes for this motive. Other elements of the activity system have also become 
established, like the elements mediating participants’ relationships to the object: tools and 
division of labor. For example, the way participants see their role in increasing 
knowledge concerning the object is affected by the established division of labor between 
organizational functions and the mediating artifacts they have learnt to use in 
representing the object. In a product business organization this typically means that the 
knowledge concerning the need state is mediated through prespecified practices of 
management and marketing only while the knowledge concerning the product belongs to 
the responsibility area of the development function (see e.g., Ulrich & Eppinger 2000, p. 
60). Interestingly, it seems as though the interaction between these units is based on the 
orienting artifacts (vision statement, product concept, product architecture, requirements 
specification, etc.) while the representations of the ‘substituted’ object knowledge, if 
visible, seem to be shared only internally within the units. 

When the number of people involved in the construction process of the new object-
motive increases, the new members start to relate to the object to varying degrees (Foot 
2002). The discursive practice for constructing a common understanding of the object 
knowledge and a shared vision becomes replaced by the more established processes. 
Since the newcomers have no personal experimental background related to the new 
emerging object, nor do they share the short history of the discursive practice, the way 
they start to relate to the object happens through their established mediators. I believe 
that, because of these established mediators, the newcomers see the emerging new object 
as an instance of their more established object, i.e., as an instance of their isolated object-
substitute, and they start to relate to the object accordingly. However, very soon the lack 
of a stable motive, especially the uncertainty concerning the need state in particular and 
the object knowledge in general, starts to manifest itself as problems in the traditional 
division of labor between the participants (i.e., organizational functions). Despite the 
reasons for the new activity to spread over, i.e., increasing uncertainty reduction tools and 
actions, the established activity actually starts to obstruct the collaborative learning 
process for the new object-motive. 

Although activity has extended, the object-motive construction activity is not over yet. 
The new product is not yet ready to be “transferred” from “NPD project” to the 
mainstream organization. The new product is not mature enough to be treated only 
through the mechanisms of the more established product business organization. Instead, 
the learning process related to the emerging relationship between a need state and the 
new product needs to continue, and it needs to be visible across functional boundaries. 
Extension is needed exactly in order to improve this learning process. This also means 
that the collaborative reflections on the knowledge concerning the object and the vision 
need to continue despite the difficulties due to this extension. This is where the higher-
level tools mediating the conceptual construction of the object-motive, and their 
hierarchical relationships, become important. The established artifacts, mediating the 
relationship between participants and the object-substitute, are not enough when 
representing knowledge related to the emerging new object-motive. For example, in 
addition to the distinction between the conceptual and concrete parts of development, in 
the established activity the “twins” of the object, i.e., the product and the use activities, 



 282

are also usually separated from each other (e.g., development of the core product vs. 
customer implementations by partners). Yet the movement “from within the central 
activity out to the object activity and back” is essential, especially from the point of view 
of the emerging need state during the early phases of development, not to mention its 
importance when following a user-centered approach. As discussed earlier, knowledge 
concerning the use activities should be absorbed from every possible source. Cross-
functional (even cross-organizational) interaction is needed for collaborative reflection 
concerning the knowledge related to both concrete and consolidated use activities. 

In the preceding analysis the importance of mediating artifacts for object-motive 
construction has been discussed. Evolution of the object-motive happens through the 
changes in the corresponding representations, i.e., through the changes in artifacts 
representing the object knowledge and the vision. Four different types of mediating 
artifacts were identified, all of which are needed in order to keep the construction process 
alive. Because of the hierarchical relationships between action-level secondary and 
activity-level tertiary artifacts, action-level secondary-knowledge artifacts were 
considered especially important for the development of the activity-level tertiary artifacts. 
Different types of collective reflections on the object knowledge as a whole were 
considered important: secondary-knowledge from the real experiences, different types of 
consolidated knowledge as part of secondary-knowledge, and tertiary-knowledge from 
the secondary-knowledge. However, in the more established organization, the knowledge 
related to the object-motive (tertiary- and secondary-knowledge) is more invisible. 
Furthermore, the vision (tertiary-vision), as a responsibility area of the business 
management, is more stable. This means that there is also less need for these collective 
reflections, which further means a lack of practices to support the evolution of the 
tertiary-knowledge. In fact, explanatory secondary artifacts might even be considered 
peripheral, without any direct effect on the profitability of the business (e.g., in Miettinen 
1998). 

Again the work related to the SD artifact in our UCD-II project is a good example to 
illustrate this (see Fig. 39). As it turned out in our short history review, in spite of the 
collaboration with the early concrete customers (use activities), the visions of the new 
product had not changed during these early phases of development. The initial idea of the 
SD artifact was expanded in order to respond to this shortcoming. The new SD artifact 
was seen as ‘something above’ the product concept description. From the point of view of 
the previous analysis, it could be said that we were trying to build a shared tertiary-vision 
artifact. However, perhaps due to the burden of two different limiting “lenses” – the 
established nature of the organization and our cultural-historical background in SE – we 
did not notice that the SD artifact we created was actually more a secondary-vision type 
of artifact than a tertiary-vision type of artifact. We were focusing too closely on the 
immediate needs of the customers and market instead of on other issues affecting the 
need state for the emerging new product business activity. In addition, in retrospect, in the 
light of the established practice with the ‘tradition of substituted objects’, it is perhaps 
justified to conclude that we also perceived the SD artifact more as a result of an 
‘invisible’ discursive practice inside the SD team. The data from the customer interface 
(e.g., customer descriptions) was seen as the only valid knowledge base for these 
discussions inside the SD teams (see the black arrow in Fig. 39), rather than as being 
collectively reflected in shared, intermediary, secondary-knowledge type artifacts, which 
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again would serve as an additional knowledge base for the SD teams. Although we 
emphasized the importance of a company-wide commenting process connected to the SD, 
we considered the real customer data as the only valid basis for these comments. In the 
final MAPID model we did also outline some of the intermediate collaborative tasks 
(e.g., integrative discussions within functional teams as an antecedent to the cross-
functional SD team), yet we did not outline any new artifacts for representing the results 
from these discussions. All these deficiencies related to our work with the SD artifact 
show that there was a lack of visible secondary-knowledge artifacts, not to mention 
tertiary-knowledge artifacts, to support the evolution of the vision. Therefore, I suggest 
that the solutions for improving cross-functional interaction during the early phases of 
software NPD should be based on new knowledge representations concerning the 
emerging new object and vision, shared across functional boundaries, as well as on new 
tools and collaborative practices supporting their evolution. 

Fig. 39. The insufficiency of the SD artifact and related practices in the UCD-II 
research project. The dotted boxes indicate how much was ‘left out’ (DA = 
development activity). 

Answering the questions. At the end of the literature review, it was suggested that the 
problems with cross-functional interaction could be solved with a more collaborative 
responsibility for a shared object of development, yet this shared object and its 
relationship to the vision remained at least partly indefinable. In this chapter, a theoretical 
analysis has been carried out for cross-functional interaction based on object-oriented 
CHAT. Based on the analysis and relying on CHAT concepts I will now try to answer the 
two research questions concerning cross-functional interaction. First, the role of cross-
functional interaction during the early phases of user-centered software NPD is related to 
the evolving object knowledge during the object-motive construction process of emerging 
new product business activity. Cross-functional interaction is needed in order to take 
collaborative responsibility over the iterative evolution of knowledge concerning both the 
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object and the vision of this new activity system. Especially from the UCD point of view 
this is related to the collective reflection on the knowledge concerning the need state 
based on both individual and collective reflections at the interface to the use activities 
(i.e., at the user-customer-market interface). Second, the problems with cross-functional 
interaction are due to previously not clearly recognized tension caused by the emerging 
new product business activity system overlaying the more established product business 
activity in order to use all the possible resources (people, tools and actions) for this 
complex learning process. Over this more established activity, in order to continue the 
learning process needed for object-motive evolution, software NPD needs to 
continuously construct visible mediating artifacts both to represent and to enable 
reflection on the evolving object knowledge and vision. Currently, these artifacts, as well 
as the tools and collaborative practices for their evolution, seem to be inadequate. 



5 Results and discussion 

This chapter summarizes the results of the three parts of this study (Section 5.1). The 
limitations of the study are also discussed, and suggestions for further research are given 
(Section 5.2). 

5.1 Results 

The purpose of this study has been to find an answer to one important question 
concerning the evolution of the user-centered development approach (UCD) in the 
software product business context: 

“How can cross-functional interaction during the early phases of user-centered 
software new product development be improved?” 

The actual search was organized in three parts, each taking a different perspective on the 
problem: the UCD-II project as an empirical case of real improvement efforts (Chapter 
2), the literature review on related research as an analytical context for the case as it was 
found in the empirical part (Chapter 3), and an analytical reflection of both the case and 
the literature based on cultural-historical activity theory (CHAT) (Chapter 4). In the 
UCD-II project, the main research question was guiding our work and therefore the 
project was also an attempt to answer the main research question itself.  

However, in order to reflect our experiences more theoretically, the main question was 
further broken down into five subquestions: 

“What is the shared object of software new product development?” 

“What are the early phases of software new product development?” 

“What is the role of the user-centered approach during the early phases of software 
new product development?” 
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“What is the role of cross-functional interaction during the early phases of user-
centered software new product development?” and 

“What are the origins of the problems with cross-functional interaction during the 
early phases of user-centered software new product development?” 

These subquestions have guided both the literature analysis and the CHAT analysis of the 
main problem. Next I will try to summarize the results of this study. First (in Section 
5.1.1) I will discuss the lessons learned concerning the main research question by 
reflecting the experiences of the UCD-II project against the theoretical insights of this 
study. Then (Section 5.1.2) I will summarize answers to each of the research questions 
based on the three different perspectives. One by one I will go through the questions, 
starting from the subquestions and then finally crystallizing the answer for the main 
question. 

5.1.1 Lessons learned 

The UCD-II project was our empirical attempt to answer the main research question and 
hence to solve what was evidently a relevant practical problem. The differing 
backgrounds of the organizational functions were causing problems in collaboration. 
Indefinable processes and dynamic changes in the organization during the early phases of 
the NPD effort were causing problems in managing such collaboration. Disciplinary 
boundaries also made it difficult to share documents representing different perspectives. 
The research project started out as a standard process improvement undertaking with 
UCD development processes (ISO 13407 and ISO 18529) as capability reference models. 
These models provided the lenses through which we initially approached the issue. 
Capability assessment was used to better understand cross-functional interaction during 
the early phases of user-centered software NPD, and to specify its improvement needs. It 
turned out that the UCD processes were actually cross-functionally distributed to many 
different NPD practices and our main initial effort was to integrate these dispersed 
practices into some meaningful whole. However, very soon we faced the impossibility of 
this type of “process definition”. There were no standard or even stable processes; both 
the processes and the organization were constantly changing. We faced the inadequacy of 
the capability assessment to provide any better understanding concerning this evidently 
challenging new area of cross-functional interaction – not to mention its improvement. 
We faced problems with the undefined shared object of development and differing views 
of the early phases. 

After these attempts at process improvement we needed to build a better basis for our 
collaborative research effort. This is why we were forced to build some kind of a 
common understanding of the characteristics of the early phases and the shared object of 
development. Interestingly, we started out by trying to build some kind of information 
model for the future product, integrating information from different organizational 
processes (in our case, visioning, concepting, development, and implementation) and 
functions (marketing, sales, development) during the early phases. However, we were not 
able to understand the mutual relationships of this obviously extremely multidimensional 
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knowledge web, and therefore we started to concentrate on the context in which such 
knowledge is produced. We came up with our MAPID principles: iterative development 
with continuous processes, the early phases defined based on the maturity of the business, 
and the early phases as concretizing the vision. In the light of the theoretical analysis 
presented in this study, it is easy to see that within these principles we were able to grasp 
a lot of the important contingencies related to software NPD. 

First of all, we extended the object of development from the mere product. The 
evolution of the product was integrated with the evolution of the market also. We saw the 
shared object of development as the product-market-user combination. This also 
indicated another finding of ours, namely the difficult relationship between one and many 
customers, which most clearly needed cross-functional interaction to be resolved (to 
avoid it becomeing too customer-led). We also learned to understand the limits of the 
current SE and UCD standards in understanding the process from the more 
comprehensive NPD point of view. This was especially important when trying to 
understand more about the cross-functional interaction. From the point of view of the 
early phases we saw that instead of being related to the mere evolution of the object, the 
early phases were a learning process related to the new emerging product business in 
general (the whole activity system changing). We also understood that the evolution of 
this new activity was dependent on the vision concerning the object. Therefore, we found 
that the focus of cross-functional interaction during the early phases needs to be on this 
evolution of the vision (like the iterative testing of a hypothesis). As part of this 
concretizing process we also understood the importance of the reflection at the user-
customer-market interface. However, in the light of the CHAT analysis, it was the user-
customer-market needs that were reflected in the vision, not the need state of the 
development activity system. In other words, our understanding of the vision remained 
insufficient. 

Apart from the MAPID principles, we also learned that the evolution of both the 
object and the vision was actually related to the uncertainty concerning the object 
knowledge. Therefore, we saw that, during the early phases of software NPD, knowledge 
concerning the object must be increased. In retrospect it is interesting to note that we did 
not define this as a principle in the MAPID model, even though the multidimensional 
information model was actually our starting point for these principles. Related to this, one 
of the most important findings from the UCD-II project was that the problems with cross-
functional interaction were actually related to this evolution of the vision. The vision 
should evolve based on the knowledge reflections at the user-customer-market interface. 
This was the reason that, during the rest of our project, we concentrated on iterative 
development of the cross-functionally shared artifacts to make a connection between the 
evolving product vision and its users-customers-market. We understood that such a 
company-wide collaboration is not possible without these visible artifacts. Instead of a 
discursive practice, interaction must rely more heavily on these shared artifacts. The new 
tools were supposed to support the iterative concretizing of the vision based on the 
reflections at the user-customer-market interface. We created a model with these shared 
artifacts (segment descriptions and customer descriptions) and their mutual relationships. 

In the light of the CHAT analysis, the segment description (SD) was a new 
representation meant to orient the material construction of the object. It documented the 
company’s assumptions related to user-customer-market needs, and the company’s 
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solution related to those needs. It was supposed to provide support when building and 
maintaining both the common understanding and the shared vision of the object – in one 
document. It was the object hypothesis. The customer description (CD), on the other 
hand, was a new representation related to the concrete use activities. The knowledge in 
the segment description was supposed to evolve by reflections from the customer 
descriptions or other types of ‘raw data’, or direct experience at the user-customer-market 
interface (cf., the commenting process). Based on the CHAT analysis, it is easy to see that 
with these two representations we failed to make visible the other intermediate artifacts 
related more to the intermediate (integrative) reflections of the object knowledge. 

Furthermore, even though we did not see it then, in the structure of the SD we were 
actually structuring the object knowledge. The SD was supposed to represent integrated 
knowledge from many different viewpoints. In orienting daily practices, it was supposed 
to provide the necessary information of “everything to everyone”. However, our limited 
understanding of the object at that time was also reflected in the structure of the SD. 
Interestingly, we also defined the structure of the concrete CD as something similar to SD 
in order for these two to be more comparable. This structure, however, was one of the 
main issues causing confusion during our implementation efforts. For example, the 
experiences with the “sales concepts” are interesting. We knew that the concrete customer 
cases needed to be consolidated. Yet we saw this type of representation as part of the SD. 
In fact, we perceived two different types of consolidated “stories” in our SD: a “before” 
story related to the assumptions concerning the needs for the new tool in the use 
activities, and an “after” story related to the assumptions concerning the solution for 
those needs. In the light of this, we interpreted the sales concepts as representing this 
“after” story. Even when ‘forced’ to split the SD, we could not see the difference between 
the SD as an orienting artifact and the SD-folder as a collection of object knowledge and 
as such as the basis on which the SD should have been built – after cross-functional, 
collaborative reflections. 

In addition to the knowledge structure our MAPID approach also included cross-
functional collaborative processes to work with the new artifacts. During our project we 
also learned that the work in the company is actually done by many different individual 
and collective tasks. Therefore, the SD was also considered as the outcome of a cross-
functional teamtask. Furthermore, we found that the knowledge needed for the SD was 
also collected through varying individual and collective subtasks. The SD was supposed 
to document the results from these different subtasks. We also saw that this was somehow 
connected to cross-functional decision-making, yet we perhaps oversimplified the 
solution to this by merely empowering the SD teams. SD was considered as a result of 
the discursive practice. Different types of meetings were found to be important. Rather 
than through visible shared artifacts, interaction between the different teamtasks was 
perceived to happen through individuals. In retrospect it is also easy to see that while we 
were not only missing the intermediate artifacts we were also missing the cross-
functional collaborative multidimensional reflection processes needed for knowledge 
integration and decision-making. 

The MAPID approach was our attempt to improve cross-functional interaction during 
the early phases of user-centered software NPD. It did improve our understanding 
concerning the interaction during these fuzzy early phases. We learned that there is a need 
for better integration of the object knowledge, and for the new collective practices to 
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evolve this knowledge. Yet the theoretical analysis has further deepened this 
understanding. At the end of the empirical part (Section 2.9) I suggested that the 
implementation problems may be due either to an insufficient model or to other reasons. 
Based on this analysis I would conclude that they were due to both. There were 
insufficiencies in the model and yet – due to the simultaneous existence of the two 
different activity systems – we could not see these insufficiencies in the one while trying 
to implement the new tools and practices in the other. In the light of the theoretical 
analysis though, the MAPID approach was still resting on insufficient understanding in 
terms of the shared object and the early phases. From the point of view of the CHAT 
analysis, there were at least two basic weaknesses in our new approach. 

First, our insufficient understanding of the object was causing some serious problems 
with the tools aiming at integration of the object knowledge. We did not understand the 
mutual relationship between the object knowledge and the vision. We understood that the 
vision (i.e., the SD) was orienting development and therefore we concentrated on 
concretizing this vision. However, we did not understand the role of the need state 
connected to the vision. In addition we did not understand the differences between action-
level and activity-level artifacts. Therefore we also missed many of the visible mediating 
artifacts needed to support the object-motive construction process. The SD oriented the 
knowledge increasing actions in the company and as such it was a step forward. 
However, it was also perceived as too extensive, and this is perhaps due to our 
oversimplification of the SD as representing both the vision and the object knowledge in 
a single artifact. We did not elaborate on the relationship between the SD and the new 
information gained for it, and therefore we could not see the multidimensional reflections 
needed for the SD. To conclude, although MAPID was a step in the right direction, it was 
only an initial step towards structuring and producing shared object knowledge. 

The second weakness of the MAPID approach is obviously related to the many 
problems caused by the tension between the two different activity systems. Unfortunately 
we could not see this and therefore we could not overcome the implementation problems 
either. In retrospect it could be said that MAPID was an initial and incomplete approach 
to support the object-motive construction process for the new emerging product business 
activity, rather than a process extension to some established product business activity. We 
perceived that “fundamental” changes would be needed in order to follow the MAPID 
principles. However, change was not actually necessary in the established activity system. 
Instead, there was another parallel, dynamically-changing new activity system needing 
support for its emergence. ‘Changing’ such an emerging new activity system would in 
fact also be absurd. Instead, it is more reasonable to develop tools to support the 
evolution, i.e., visible mediating artifacts to support the object-motive evolution. The 
established activity could also be seen in a new perspective as providing support for the 
emerging new activity system. However, during the UCD-II project, we were trying to 
change the established product business activity with the tools actually meant for the 
(object-motive construction process of the) new emerging activity system. 

We oversimplified the confusions with roles and their responsibilities by assuming 
they were due to continous changes in the organization. People were busy all the time and 
none of us could see their overlapping responsibilities while actually participating in two 
different activity systems. Even more confusingly, the results of the daily work practices 
could actually belong to both of these activities, but with differences concerning the 
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further processing of their results. The owner of the results of these daily practices was no 
longer always clear, not to mention the owner of the SD. It was not clear what the 
purpose of the new activities and artifacts was. After all, the established activity did not 
need them. Despite the attempts to standardize the new teams (SD teams and virtual 
teams), perhaps due to resources problems, they were merged. We could not implement 
the commenting process for the SD since there was no need for such evolution in the 
established activity based on a quite stabilized motive. The mutual relationships between 
the secondary- and tertiary-level tools were also obviously causing problems. When 
trying to implement the SD, people were trying to connect the SD with their established 
artifacts and facing problems because the SD was actually meant for another activity 
system. The SD was considered to be too abstract since it was difficult to connect it with 
the practices and artifacts belonging to the established activity. 

Finally I want to emphasize our ‘outlining’ effort also as part of this confusing 
phenomenon of an emerging new activity system growing out of the established 
organization. In the light of the CHAT analysis, I would say that with the continuous 
outlining and process modeling efforts we were actually constructing the new emerging 
business activity without knowing it. While trying to outline the company processes as a 
whole, we could not understand the meaning of this effort in relation to the more 
established organization. Even though we knew that the processes were constantly 
changing, we were trying to stabilize current or some ideal processes instead of 
supporting an ongoing evolution of the processes. It could be said that process modeling 
and standardization was the historically developed “tool” for us, enabling our efforts yet 
also limiting our ability to see the object of this modeling effort. It was the only tool we 
had to get hold of the dynamics of the early phases, not to mention their management. We 
thought that by extending the established processes with the new MAPID process we 
could better manage the work of different participants when they were learning about 
potential, profitable business for their new product innovation. Next I will show the 
results of the “other” tools used in this study that have enabled me to learn these lessons 
concerning the UCD-II project, i.e., concerning the improvements of cross-functional 
interaction during the early phases of user-centered software NPD. I will do this by 
summarizing the answers to each of the research questions of this study. 

5.1.2 Answering the research questions 

In this section I will answer this study’s research questions one by one. First I will 
summarize the results from the three different parts of this study. At this point I still want 
to be faithful to the complex and abstract concepts used throughout this study in order to 
present my results as precisely as possible. However, at the end of each answer, I will 
also try to concretize the meaning of these results in terms of actual software NPD 
practice. 
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5.1.2.1 What is the shared object of software NPD? 

The object of development determines most of the processes needed for its development. 
Based on the literature review (Section 3.1.4), in SE the object of development has 
traditionally been only the new software artifact under development. However, when the 
context is broadened to the more comprehensive NPD effort in general, market 
considerations also become important. Unfortunately, one of the first findings of this 
study was that this twofold nature of the object is not that visible in the current iterative 
approaches to software NPD. Especially under high market uncertainty, when both the 
product and the market are still evolving, the uncertainty concerning market issues also 
needs to be reduced. Therefore the cross-functionally shared object of software NPD 
needs to be extended. Based on the literature review, it was defined as the product-market 
pair under development. Further findings from the literature, as well as our experiences in 
the UCD-II project, show that, especially during the early phases of development, the 
vision, which clarifies the insights and assumptions concerning the object, is also 
changing. However, it was not so clear whether this vision should also be considered as 
the object of development. 

Finally, in the theoretical analysis based on CHAT (Section 4.1.1), the concept of the 
object-oriented activity system has been used as a unit of analysis in order to understand 
the object of software NPD better. New insights were gained by seeing this shared object 
as an elusive object of an emerging new software product business activity. Three 
important characteristics of the object were found, based on two types of dualities. First, 
the vision of the object as a cognitive reflection of the object knowledge is part of the 
shared object expressing the motive for the new activity system. Both the object and the 
motive evolve while the new activity system is emerging. Second, the shared object is 
also an inseparable unit of both the product and the use activity as an “object activity” of 
that product. Instead of having a mere connection between the two, this duality brings 
natural dynamics to the development effort. The new product as an object of development 
is, at the same time, also an element embedded in some future use activity. Although 
there are analogies with the product-market pair, this insight shows the more constitutive 
role of the use activities as an integral part of the object. Knowledge concerning the 
object properties includes the properties of the use activities as well. The third 
characteristic of the object is related to this second type of duality. Especially in product 
business, there are both concrete use activities and consolidated use activities. 
Consolidated use activities represent some abstracted features common to many of the 
concrete use activities. In other words, for the consolidated use activities the relationships 
between users, customers and markets need to be considered. 

Based on this, I would say that from the practical point of view the shared object of 
software NPD is more than simply the new software product being developed. Instead, it 
is the emerging new motive (or vision) for the whole new business area related to this 
software. This means that, together with the concrete software, understanding concerning 
the concrete and consolidated needs of its potential users and customers, not to mention 
market and other issues (e.g., competencies), is only emerging and needs to be iteratively 
developed together with the software. 
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5.1.2.2 What are the early phases of software NPD? 

The early phases are related to the fuzzy time at the beginning of development. Both the 
literature and our experience in the UCD-II project shows that, rather than a manageable 
project effort, the processes of software NPD are more continuous by nature. The early 
phases of software NPD are related to the uncertainty concerning the object of 
development. Therefore, based on the literature review (Section 3.1.4), the early phases 
were related to the release-independent, conceptual part of software NPD iterations (e.g., 
product planning, concept development, release planning). During the early phases, 
uncertainty is reduced by increasing knowledge related to both the application domain 
and the solutions domain in order to build and specify a common understanding and a 
shared vision of the object among those involved in the development. It was also found in 
the literature that the application domain knowledge is more than just knowledge related 
to user-customer-market needs. It is also other knowledge concerning issues that might 
affect those needs. Especially under high market uncertainty, the development process 
resembles an iterative learning process of linking new technology to emerging markets. 
However, although clearly of importance to the iterative development, the connection 
between the conceptual part and the concrete part of development was found to be 
unclear. Therefore, based on the literature, it was found to be difficult to define any exact 
point in time when the uncertainty has been sufficiently reduced, i.e., whether there is 
some kind of an end to these continuing ‘early phases’. In the UCD-II project this was 
related to the maturity of the product markets (“crossing the chasm”). 

In the CHAT analysis (Section 4.1.2), it was found that, in addition to the object, the 
motive of the emerging new software product business activity is also elusive. This 
means that instead of there being uncertainty concerning the object alone, there is 
uncertainty concerning the motive, which is even more central. The motive of the 
development activity was found to be the special relationship between some kind of need 
state and a product to satisfy that need state. The early phases of software NPD were 
defined as the construction process of the object-motive for the new software product 
business activity system. Alongside this iterative learning process, other elements of the 
activity system also actually grow out from the early software NPD actions. In the CHAT 
analysis the properties of the object (object knowledge) and the vision were considered as 
more perceivable counterparts for the elusive concepts of the object and the motive. The 
vision is a cognitive reflection of the object knowledge. However, while in the literature 
review the early phases were related only to the conceptual part of development, i.e., 
building a common understanding of the object knowledge and a shared vision of the 
object, based on CHAT the early phases were related to the complex interplay between 
the material and the conceptual construction of the object-motive. 

The initial vision stimulates the material construction of the object, i.e., both the 
product and the use activities. As a result of this material construction, the object 
knowledge becomes reflected both individually and, in particular, collectively in order to 
produce a common understanding of the object. As also experienced in the UCD-II 
project, this reflection of the object knowledge at the user-customer-market interface is a 
prerequisite for further conceptual construction. However, it is not enough. In order to be 
able to redefine a shared vision of the object, the need state related to the product 
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becomes important. This means that the object knowledge needs to be collectively 
reflected against other knowledge related to this need state. Evolution of the vision is 
therefore also dependent on the evolution of this other knowledge. In the literature, this 
other knowledge is related to the knowledge concerning issues that may affect user-
customer-market needs. However, in CHAT the concept of a need state is something 
different. Both development activity and use activity have some kind of need state of 
their own related to their own objects. They have different motives for their actions. The 
needs for new tools in the use activities certainly motivate the development activity. 
Therefore user-customer-market needs, as well as other issues affecting those needs, are 
connected to the need state of the development activity, yet the two are not the same. The 
need state perceived by the community of the development activity is also connected to 
other issues (e.g., the profitability of the business, the competencies of the company). 

To conclude, during the early phases of software NPD the object-motive for the new 
emerging software product business activity is iteratively constructed by increasing 
knowledge concerning the object of development and the need state of the development 
activity, and by considering this knowledge both individually and collectively in order to 
iteratively refine the vision of the object. Based on the CHAT analysis, the understanding 
of the end of these early phases also became clearer. This learning process concerning the 
object-motive continues until a relatively stable motive for the new product business 
activity is found, i.e., until such a need state is collectively defined that can be satisfied 
with a new product which can be developed. From the practical point of view, this means 
that the early phases of software NPD refers to the iterative development and learning 
process concerning the emerging new business. During the early phases the company 
builds representations of the new software and increases the complex and 
multidimensional knowledge related to the shared object of development (see previous 
answer). Especially in a technology-push type situation, the high uncertainty concerning 
this knowledge is emphasized. Different types of individual and collective learning 
processes, with special attention to the concrete learning experiences at the user-
customer-market interface, are seen as a way to reduce these uncertainties. The early 
phases continue until a viable, stable motive for the new business is found. On the way to 
this more mature new business area, resources, tools, methods and practices from the 
more established organization are used and possibly transformed into new forms for the 
new business.  

5.1.2.3 What is the role of the user-centered approach in the context of the 
early phases of software NPD? 

Based on the literature review (Section 3.2.3), UCD was considered to be part of market 
orientation. Both turn their focus outwards from the company and emphasize the 
importance of increasing application domain knowledge concerning the object. Both of 
them are also typically connected to the market-pull type of business orientation, where 
the application domain knowledge is initially known, or at least conceivable, at the 
beginning of the development effort. In UCD, real users are particularly valued as the 
most important source of this knowledge. During the conceptual part of development, the 
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methods and tools of UCD were considered as additions to the already existing pool of 
methods and tools for reducing uncertainties and increasing knowledge concerning the 
object. Customer feedback is also important for UCD in every possible phase of the 
development. Therefore, UCD also strives for better integration of the conceptual and 
concrete parts of development. However, under high market uncertainty, rather than 
merely consisting of users, the sources for application domain knowledge were found to 
be more diversified. Users are only representatives of some possible, yet unknown 
market. In that context the role of UCD was considered as an important support, 
especially when involving users and customers more intensively and learning to 
understand their needs and requirements. However, as experienced in the UCD-II project 
as well as found in the literature, there is a risk of becoming too “customer-led” (Section 
3.2.2.6). Based on the literature, customer orientation should be seen as only an 
intermediate phase when moving from the more technology-push type of situation 
towards market orientation. 

In terms of the iterative object-motive construction process in the CHAT analysis, 
users are also valued as a source of knowledge concerning the needs for new tools in the 
use activities. Especially for the conceptual construction of the object-motive, use 
activities were considered as the most important reflective interface for the object 
knowledge and especially for the vision (Section 4.2). The co-existence of a ‘proto-
product’, a company representative, and a representative from a potential use activity 
(whatever its form), was considered as a bridge between the material and the conceptual 
constructions of the object-motive. Instead of being merely in the middle when moving 
towards more market orientation, different types of these co-existences at the user-
customer-market interface were considered as the way to discover and refine the 
relationship between the new product and the need state, i.e., the motive for the whole 
development activity. Furthermore, under high market uncertainty, the needs for new 
tools in the use activities may be identified only by potential users getting contact with 
some proto-product. Methods and tools from UCD have an important role in this too. 
However, one of the key findings from the CHAT analysis was that the new knowledge 
gained at the user-customer-market interface is only the basis for further collective 
reflection, e.g., on the consolidated use activities and the need state. Knowledge 
concerning these consolidated use activities was considered even more important for the 
vision than individual concrete use activities. However, the concrete use activities are the 
only way to reflect this consolidated knowledge. All these different types of collective, 
derivative knowledge reflections were therefore considered as a prerequisite for the 
overall evolution of the object-motive as a whole. 

From the practical point of view this means that the role of the user-centered approach 
is part of a user-customer-market oriented culture where users are valued as the most 
important source of knowledge concerning their concrete needs for new tools. However, 
this is not the same as knowledge about the whole shared object of development. 
Nonetheless, UCD tools and practices for intensively involving users are especially 
important learning mechanisms in a technology-push type of situation. Any time some 
representation of the current product is confronted with some concrete user-customer-
market, two possible learning effects are enabled: for the user to see some possible future 
related to the new product, and for the development organization to further consolidate 
and refine the knowledge concerning their shared object of development.  
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5.1.2.4 What is the role of cross-functional interaction during the early 
phases of user-centered software NPD? 

Our experience, as well as the literature, shows (Section 3.3) that the early phases of 
software NPD are a complex communication and negotiation process requiring multi-
disciplinary interaction. According to the literature, the core of the interaction is the 
integration of different knowledge and skill areas concerning the object of development. 
Especially in this study, the connections to the application domain knowledge have been 
emphasized. Based on the literature (Section 3.3.3), cross-functional interaction was 
considered as the enabling force for market orientation and therefore also for UCD 
approach. Cross-functional interaction is essential for learning the link between the new 
technology and the emerging markets. In the literature, the importance of a cross-
functional team has been particularly highlighted. Discursive practice among the 
members of the team representing, or having a link to, the different areas of (functional) 
skills and the knowledge base is found useful while building a common understanding 
and a shared vision of the object of development. Discursive practice is also important for 
learning to understand the relationships between users, customers and markets. Meetings 
and shared artifacts as representations of the object knowledge are the most typical means 
of interaction. Based on the review, it was suggested that meetings are perhaps the best 
way to share knowledge and discuss shared artifacts (which are always only the partial 
expression of something) across disciplinary boundaries. 

However, under high uncertainty, such a small team is limited in its ability to reduce 
uncertainties. As found both in the literature and in our UCD-II project, in the software 
NPD context there is actually a wide scope of different types of cross-functional teams 
responsible for some subtasks of the development effort as a whole. The conceptual part 
of software NPD is neither a clear project with one cross-functional project team nor an 
ongoing operation of some established organization. Based on the review (Section 3.3.3), 
it was suggested that during the early phases of software NPD in particular, the traditional 
functional division of work is complemented with a flexible matrix type of structure, 
where individuals are part-time members of some task-oriented collaborative teams. 
Rather than a predefined process, the conceptual part of software NPD is an iterative 
ongoing effort with activities and sources of knowledge as the “pool of means to reduce 
uncertainty” (both individual and collective tasks). Therefore, based on the review, cross-
functional interaction was conceived as both cross-functional information and knowledge 
sharing and collaborative responsibility over many of the uncertainty reduction activities 
during the conceptual part of software NPD. From the UCD point of view, the attention is 
focused especially on those activities which increase knowledge related to the application 
domain knowledge and are connected to the user-customer-market interface. 

Furthermore, cross-functional interaction and responsibility are also needed while 
managing these separate knowledge-increasing activities in order to build and maintain a 
common understanding and a shared vision of the object of development. Within 
individual teamtasks, responsibilities are shared and the discursive practice is made 
possible. However, the results of all these separate tasks form the basis on which 
decisions are made concerning the object of development as well as the future of the 
development effort. It was found in the literature that different types of repositories 
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become important as shared collections of the results of the separate tasks. Cross-
functional interaction is needed in order to analyze and negotiate the values and mutual 
relationships between these different knowledge items. Pieces of data (e.g., shared 
artifacts as representations of the object knowledge) need to be integrated and 
synthesized across the different individual and collective teamtasks in order to build a 
common understanding and a shared vision concerning the object of development. 
Therefore it was suggested that more effort needs to be put into these artifacts crossing 
both disciplinary and team boundaries. It was also found in the literature that the same 
repositories may actually also support the coordination of different areas of expertise as 
well as of the separate tasks – also a cross-functional collaborative effort. The matrix 
structure calls for integrative cross-functional management responsibility and control 
over the different tasks with a holistic perspective. Decisions also need to be made about 
the “transition readiness” from the conceptual part of development to the concrete part of 
development. Supporting our experiences in the UCD-II project, the literature shows that 
it is the shared vision that actually provides the rhythm for the whole development effort. 
The shared vision helps to initiate the separate uncertainty-reducing activities. Although 
often owned by some special individual, there were indications in the literature that the 
creation and maintenance of this vision should also be an iterative collective effort. 

In the CHAT analysis (Section 4.3), it became clearer how different types of 
knowledge representations function as tools mediating the relationship between the 
evolving object-motive and the members of the community while conceptually 
constructing the object-motive for the new emerging software product business activity. 
The tools of an activity system are always connected to the object, and the use of tools 
also affects participants’ perception of the object. The construction of the object-motive is 
supported by the mediating artifacts, yet at the same time the artifacts are further 
developed alongside the whole object-motive construction process. The conceptual 
construction in particular means the iterative evolution of the mediating artifacts as 
representations of the object knowledge. This evolution of the mediating artifacts is 
essential in order to keep the object-motive construction process alive. Therefore, based 
on the CHAT analysis, the meaning of cross-functional interaction is related to this 
evolving knowledge during the construction process. Interaction is needed to take 
collaborative responsibility over the iterative evolution of knowledge concerning both the 
object and the vision. 

Changes in the object knowledge happen due to different types of both individual and 
collective reflections on it. According to the CHAT analysis, the basis for these changes is 
the material construction of the object. Of course, the whole “pool of tools” together with 
the individual and collective actions may be used just to increase or to share knowledge 
related to the evolving object-motive. However, the insights gained from the material 
construction and especially at the user-customer-market interface were found to be most 
important for the reflection of the whole vision (i.e., the reconsideration of the real user-
customer-market needs may be further reflected in other object knowledge; see Section 
4.2). The new insights gained form the basis of potential collaborative reflections on the 
consolidated use activities. Furthermore, the new understanding concerning the object 
and other need-state-related knowledge may be collectively reflected in the vision. 
Together with all the other elements of the new emerging activity system, the 
representations of the object knowledge and the vision are initially constructed within the 
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discursive practice during the primary construction phase. Therefore the CHAT analysis 
also emphasizes the benefits of the small team, discursive practice, and shared artifacts, 
as knowledge representations of the abstract and elusive object-motive. Knowledge 
representations are considered as a prerequisite for interaction. Mediating artifacts are 
needed especially for the collective knowledge reflections. They were seen as visible 
“dialogical tools” crossing disciplinary boundaries. 

Based on the CHAT analysis (Section 4.3.2) a suggestion of the initial structure for a 
knowledge repository has been developed. The concept of the mediating artifact from 
CHAT provided a good foundation for studying the mutual relationships between 
different knowledge representations. Mediating artifacts as tools of an activity system 
support either the material construction of the object or the conceptual construction of the 
object-motive. The concepts (and mutual relationships) of secondary artifacts as action-
level artifacts and tertiary artifacts as activity-level artifacts were used to understand both 
the dynamics of the emerging new software product business activity and the 
collaborative and communicative dimensions of this activity. Representations concerning 
the object knowledge and the vision were analyzed more carefully. Learning related to 
actions was connected to the changes in the object knowledge, while learning related to 
the whole activity system was connected to the changes in the vision. However, changes 
in the vision were not possible without changes in the object knowledge. Changes in the 
object knowledge, on the other hand, become possible by material construction of the 
object, which again, is actually initiated by the vision. Only the changes in the vision lead 
to evolution of the object-motive, and the construction of the object-motive continues 
until a relatively stable vision is found. 

Interestingly, in the CHAT analysis (Section 4.3.2) it was also found that the currently 
visible artifacts as results of a discursive practice seem to be more like future-orienting 
type visions (e.g., product concepts, specifications) than of synthesis type object 
knowledge. This actually leads to perhaps the most important finding of the CHAT 
analysis. The analysis suggests a totally new basis for the matrix structure. The object-
motive construction process is actually seen as overlaying and spreading over the more 
established software product business activity. Instead of having one activity system with 
different actions for different phases of development, there are two activity systems living 
together and using the same resources (people, tools, actions). The knowledge 
representations and their mutual relationships were given a central role, especially when 
the context of the object-motive construction process started to expand from the 
discursive practice. When the discursive practice is lost, the collaborative construction of 
these mediators is also typically lost, and is replaced by ready-made artifacts from the 
established organization. Since the mediating artifacts in the established organization 
seem to be typically more of a future-orienting type, the object knowledge related to 
these artifacts remains invisible and is typically held inside the units producing the 
artifacts. In addition, along with the increasing number of participants, other mediators 
(e.g., rules and division of labor) with a historical legacy of their own also become 
barriers to the continuation of the iterative learning process. 

From the practical point of view this all means that the role of cross-functional 
interaction is to iteratively increase multidisciplinary knowledge concerning the evolving 
shared object of development. This happens through many different individual and 
collective learning processes, as well as through communication and negotiation for the 
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evaluation of the meaning of the new results (not to mention the collective management 
of these processes). Especially during the early phases of user-centered software NPD, 
cross-functional interaction supports the user-customer-market-oriented culture in a 
technology-push type of situation, and hence helps to find the best possible product-
market fit for the emerging new business area. Cross-functional interaction is also needed 
to iteratively prepare different types of organization-wide mediating artifacts (e.g., 
prototypes, models, videos, documents, databases, e-mails, discussion groups) to 
represent the current knowledge and assumptions made concerning the evolving shared 
object of development. During the collective learning processes this knowledge becomes 
validated, especially at the user-customer-market interface. However, care must be taken, 
especially with these mediating artifacts, not to confuse this unestablished emerging new 
business with the more established businesses of the company. 

5.1.2.5 What are the origins of the problems with cross-functional 
interaction during the early phases of user-centered software NPD? 

According to the literature (Section 3.3.2.2), there are actually many different types of 
problems possibly impeding cross-functional interaction. Some of them are due to the 
general difficulties which arise among different types of individuals, diminishing their 
opportunities and willingness to collaborate in a discursive practice. Yet from the point of 
view of our experiences in the UCD-II project, the most important finding from the 
review concerned the difficulties of managing the complex web of different types of 
cross-functional teams and their mutual relationships (Section 3.3.3). There were also 
indications in the literature that the deep-seated conceptions of the division of work 
between different functions may actually create barriers to interaction, not to mention 
collaboration. In a small team the interaction is more natural, and a common 
understanding and shared vision of the object of development are the results of a 
discursive practice. However, interaction becomes more difficult when crossing the 
boundaries of these intensive work teams. Therefore, based on the review, it has been 
suggested that a more collaborative culture, with shared responsibility for the object of 
development, would solve some of the problems with interaction. However, since the 
object of development turned out be insufficiently defined, the mutual relationships 
between the different types of cross-functional interaction were not that clear either. 

The CHAT analysis shows (Section 4.3.2) that the problems with cross-functional 
interaction are more clearly related to the tension caused by the emerging new software 
product business activity overlaying and spreading over the more established product 
business activity. The evolution of the object-motive is more easily managed within the 
discursive practice typical of a small team effort at the primary construction phase. 
However, in the established organization the object-motive of ‘the product business’ is 
actually replaced with the historically developed intermediate, partial object-motives of 
the functional units. In the same way, the historical and cultural mediators (tools, rules 
and division of labor) are also replaced, affecting the way subject(s) relate to their objects 
and to other members of the organization. In the established organization, the well-
established object-motive also tends to obscure and overpower the new emerging one, 
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thus causing the loss of the discursive practice as irrelevant for the practice. In fact, the 
functional tools may even prevent the subjects from seeing the object-motive of the 
established business activity, not to mention the new emerging business activity. Simply, 
there may be no tools to represent this shared object. Despite these barriers, the 
“spreading over” is needed in order to use all the possible resources (people, tools and 
actions) for the complex learning process. Cross-functional interaction is needed for more 
extensive collaborative reflection of the object knowledge and the vision. 

However, when the development effort starts to spread over the established 
organization, there is a lack of tools and practices to support the continuing evolution of 
the object-motive. The newcomers see the emerging new object as an instance of their 
isolated object-substitutes, and they start to relate to the object accordingly. Based on the 
CHAT analysis, the problems of cross-functional interaction were connected to this loss 
of the discursive practice, replaced by the ready-made structures and practices which are 
insufficient for continuing the unfinished learning process of the emerging object-motive. 
Very soon the lack of a stable object-motive starts to lead to problems. It was found that 
such an expanding learning process is especially dependent on visible mediating artifacts 
to represent the evolving object knowledge and vision. In order for the knowledge to 
evolve, representations of the knowledge need to be changed. In order for the 
representations to change, they need to be visible across functional and other boundaries 
in the organization. However, the distributed knowledge concerning the substituted 
objects of the different functional participants is not so visible. Currently these types of 
artifacts, as well as the tools and practices for their evolution, were found to be 
insufficient. The established artifacts mediating the relationships between functions and 
object-substitutes are not sufficient for the learning process of the object-motive of a 
whole new product business activity. There is a particular lack of tools and practices to 
make visible the evolution of the knowledge representations related to the object 
knowledge as a whole and to the need state of the emerging new product business 
activity. 

Again, from the practical point of view this means that the problems with cross-
functional interaction during the early phases of user-centered software NPD comes from 
the fact that instead of one core cross-functional team effort, the development extends 
and becomes dependent on many different types of cross-functional teams and their 
mutual relationships. Most of the tasks of these teams are the typical, routine tasks of any 
established business, the quite stable object of which is not always very visible (e.g., the 
product-market combination for the development of a bookkeeping system). However, 
during the early phases of the emerging new business, the emerging new object of 
development also needs to be collaboratively built. This means that the otherwise quite 
well-distributed tasks and independent responsibilities, typically carried out as routine, 
should now be supporting the more dynamic, collaborative learning process for the new 
business. It is not easy to see this difference while carrying out one’s everyday practice. 
Typical tools used for representing the object of development may also hinder rather than 
support this difference in becoming visible. New boundary-crossing tools and practices 
(crossing both functional and team boundaries) are needed to represent and share the 
evolving object. 
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5.1.2.6 How can cross-functional interaction during the early phases of 
user-centered software NPD be improved? 

As a result of this study I would conclude that in order to support cross-functional 
interaction during the early phases of user-centered software NPD we should first 
understand the complexity of the object of development. Then we should understand that 
the early phases are actually the process of constructing the object-motive for a new 
emerging software product business activity. Until the motive becomes stabilized, little 
by little the new activity starts to overlay the more established activity. It is this iterative 
evolution of the new activity with a growing number of participants and actions pulled 
from the established activity that needs to be managed, and it is based on the evolution of 
the object knowledge. The user-customer-market interface is an essential reflection point 
for this knowledge. Finally, cross-functional interaction is needed when increasing the 
knowledge, as well as for collective reflection of the new knowledge in order to learn the 
need state for the new product business activity. 

During this analysis it has become obvious that the role of visible representations of 
the object-motive knowledge and the dynamics related to their mutual relationships are 
vital to cross-functional interaction. In this study I have also developed an initial 
hypothesis concerning these representations and of the dynamics related to their mutual 
relationships and evolution during the early phases of development. According to my 
analysis, cross-functional interaction is improved first by developing visible, shared 
mediating artifacts for the representation of the object-motive of the new software 
product business activity, and second by developing tools and practices that will support 
the evolution of these artifacts. In order to continue the intensive object-motive learning 
process while expanding over the established organization, continuous construction of 
these visible mediating artifacts is also necessary. Currently, these artifacts, and the tools 
and collaborative practices for their evolution, seem to be inadequate. 

From the practical point of view this means that in order to improve cross-functional 
interaction during the early phases of user-centered software NPD the company needs to 
manage and support the iterative, cross-functional, cross-team, and collaborative learning 
process of the new emerging object of development for the new business, while 
extensively using resources (expertise, tools, practices, etc.) from the more established 
organization. This also means that new tools and practice needs to be developed in order 
to make visible and shared the multidimensionality of an emerging object and its 
evolution. Unfortunately there is no easy way to resolve these natural complexities of 
these fuzzy front-end activities. 

5.2 Discussion 

The results of this study are based on theoretical analysis of the experiences gained from 
empirical action research oriented process improvement efforts in one case company. The 
unique features of the company – its medium size, the business-to-business market in 
which it operates, and the enterprise solutions type of its products – clearly limit the 
generalization of the results. The problems of the single-case study are especially related 
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to the ‘rigor’ of the study (Yin 2003). The interpretations in this study have naturally been 
biased by my own history and background. Certainly my initial understanding of the case 
has guided my search for related literature and, in particular, my analysis of the 
phenomenon using CHAT concepts. However, I have tried to overcome these problems as 
much as possible. First of all, during the UCD-II project multiple sources were used to 
collect the empirical material. Many people have participated in the project, from the 
company CEO to usability testers, and therefore a variety of experiences and 
complementary viewpoints on the subject matter have been available. Second, in the 
empirical part of this work (Chapter 2) I base my argument on my earlier project report 
(Molin-Juustila 2003), which has been carefully reviewed and approved by the whole 
collaborative team of our UCD-II project. Therefore I believe that the presentation of the 
case is as ‘true’ as it can be in these circumstances. In addition, my supervisor, Kari 
Kuutti, has been greatly involved in the project and thus also able to evaluate my 
description from his own perspective. Third, I have not taken the case itself as the only 
basis on which to make my interpretations of the case with CHAT concepts. Instead I try 
to lean on the more generalized view of the phenomenon, based also on the related 
literature reviewed. Finally, I do not claim any universal truth based on my analysis but 
only suggestions for initial solutions as hypotheses for further research. Despite these 
possible limitations I believe that I have been able to gain some in-depth understanding of 
the complexities of cross-functional interaction during the early phases of software NPD. 
Entering the scene – although mistakes were inevitably made and we did not always 
succeed as expected – together with the theoretical tools used to reflect on the 
experiences from the scene has been a good way to gain a deeper understanding of the 
phenomenon. I consider it a matter for further empirical research to either confirm or to 
falsify my findings. Therefore, I suggest that the value of this type of study relies in its 
usefulness to further research as well as for possible applications in practice. 

One important outcome of this study is the in-depth understanding gained concering 
the early phases of software NPD. This is partly due to the extensive literature review 
combining the separate SE and NPD fields of research. As such, I consider this review to 
be valuable. Although the literature reviewed has naturally been limited, the study has 
shown that especially for the software product business it would be useful to combine 
these areas of research in order to understand the full context of successful software 
NPD. The perspective of SE alone is too narrow for use in understanding the 
complexities of product development. Without the NPD perspective, in addition to cross-
functional interaction many fundamental processes are also left out of the process map 
(e.g., product planning and concept design). Yet the perspective of NPD is, on the other 
hand, too broad to be used in understanding the special complexities of software NPD. 
For example, this study has shown the limits of the NPD project concept. Release-based 
development, as a form of combination of incremental and radical NPD, must certainly 
be of interest to the NPD community. To conclude, this study has shown that without this 
more comprehensive perspective, the understanding of successful software NPD 
development remains insufficient. In this study, the integration of these two research 
fields has especially concentrated on cross-functional interaction and customer 
orientation issues. Although further research could also expose other interesting areas 
with possible overlap, there is still more to study from the cross-functional and UCD 
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point of views as well. For example, from the UCD point of view relationship marketing 
seems like an especially interesting area for more careful exploration. 

Another important value of this research is the CHAT analysis of software NPD. 
Currently, there are not many studies analyzing software development practices with 
concepts applied from CHAT. One of the main findings of this analysis was the overlay 
between the emerging new and the more established software product business activities. 
This is certainly an interesting area for further research. First of all it is necessary to 
confirm this type of phenomenon in other contexts. If it turns out to be valid, the 
implications for further development and research are numerous. Managing the interplay 
between the two activity systems is a topic which is probably in need of theoretical 
analysis and more thorough practical suggestions for management. For example, it will 
be a challenge to make the members of the organization aware of their double roles while 
the results of their daily practices may actually support both, with different implications. 
The situation will become even more challenging when there might actually be several 
new product innovations evolving at the same time in the same company. Furthermore, 
this study has not discussed the important issue of global software development (e.g., 
Herbsleb & Moitre 2001). Although this was also relevant in our case company, the 
empirical material was not enough to take this perspective further. For further research, 
however, this would be an interesting challenge, from the point of view of managing the 
overlaying of these two activity systems globally as well. 

However, the recognition of the overlay is not the only valuable result of the CHAT 
analysis. Understanding the mutual relationship between conceptual and concrete 
development should be useful both for research and, especially, for practice. Instead of 
having release-independent knowledge-increasing tasks separated from the more concrete 
development, the two are actually equal but different types of “learning activities” during 
the early phases of an emerging new product business. In general, understanding the early 
phases as an iterative object-motive construction process is also a new and interesting 
perspective on NPD, and on software NPD in particular. Yet perhaps one of the most 
interesting finding is the vital role of visible representations of the variety of object-
motive knowledge and the dynamics related to their mutual relationships. Understanding 
the complexity of this evolving knowledge might be particularly useful when managing 
the many knowledge-increasing tasks typical of the early phases of development. This 
opens up a whole new line of research: developing tools to support cross-functional 
sharing of these evolving representations, not to mention their mutual relationships, 
would certainly require further research and empirical experiments. The suggestions 
presented in this study (see Section 4.3.2 and Fig. 37) are only initial hypotheses for such 
further research. For example, I have purposefully focused my analysis on the knowledge 
related to the use activities and not on the knowledge related to the product (concrete or 
consolidated). The integration of these two knowledge areas is certainly an important 
area, especially for further empirical research. However, I feel that even the concepts 
from CHAT used here, particularly those related to artifacts, may become inadequate for 
further analysis because of the special complexity of artifacts in such an inherently 
abstract activity as software development, indicating a need to develop the conceptual 
tools further as well. 

As stated in the introduction to this study, the overall motivation for this whole work 
has been to improve the status of UCD in the software industry. After successfully 
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implementing basic practices, at least this one company faced problems with cross-
functional interaction, partly reflecting the unclear position of the UCD professional. I 
believe that this study has taken a step forward towards clarifying the situation. In this 
study I have shown the role of UCD in the comprehensive context of software NPD. In 
practice, UCD processes are distributed among different organizational functions as part 
of the complex web of individual as well as cross-functional team efforts. As part of a 
market-oriented culture, UCD provides methods and tools to get close to the customers 
and users. I have also emphasized its particular importance when learning the future 
needs of the possible future users-customers-markets. However, I also see new challenges 
for UCD. For example, in order to learn to benefit from all the possible direct contacts at 
the user-customer-market interface there is a possible need for new methods and tools. 
Studying specific characteristics of use activities instead of user and contextual 
characteristics is also a challenge, especially for the purposes of collaborative 
consolidation of user-customer-market knowledge. 

Finally, this study has been an in-depth investigation of the complexities of user-
centered software NPD, especially from the point of view of cross-functional interaction. 
Unfortunately there is no simple, clear solution for the improvement of cross-functional 
interaction in this ‘jungle’. We know now that the cross-functionally shared object of 
development has to be conceptually extended from the mere ‘product’. User-centered 
software NPD means iterative development of product, use, business vision, development 
processes and development organization. The limitations of ‘project-based’ or 
‘standardized process-based’ thinking need to be exceeded. Especially under high market 
uncertainty, software NPD is a continuously evolving process in which cross-functional 
learning is needed to reduce the prevailing uncertainties. Traditional, market-pull type 
strategies are not sufficient to increase knowledge concerning the emerging new object of 
development. For example, in order to understand the confusing relationship between 
unique user/customer solutions and the evolving generalized product, different types of 
collaborative learning practices linked to the user-customer-market interface become 
especially important. 

Although much has been learned by answering the subquestions of this study, it is 
always reasonable to start questioning these questions themselves. As was correctly 
pointed out by the reviewers of this study, the questions chosen for the study are quite 
broad. In fact, the empirical findings and experiences in the case company would have 
opened up many other interesting and more detailed questions concerning, for example, 
the parallel development of many different factors, the development as a cross-functional 
learning process, the link between the vision and the user-customer-market interface, the 
role of shared mediating artifacts in the cross-functional interaction, or even a process 
model for identifying a ‘killer application’. 

My interest, however, has been elsewhere than in these details. Studying further these 
evidently core “findings” of this study would not have resolved my uneasy feeling related 
to our intial foundation of the UCD-II project. Throughout the project I felt that there 
were different viewpoints concerning the nature of user-centered software NPD, in 
conflict with each other. I could not help but think that the tensions between the differing 
viewpoints were also causing the problems with our improvement efforts. I felt that 
without understanding these “different functional backgrounds” it would not be possible 
to solve the problems. Then I realized that my empirical material could not support my 
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search for the origins of these differences. This is why I decided to turn to the literature to 
find out what is currently known about these quite taken-for-granted characteristics of the 
phenomenon. Much of the research concerning the more detailed issues (like e.g., 
development processes, requirement engineering, cross-functional teams) does not 
usually make any distinction between such things as custom product vs. general product 
or project team vs. organization of a business company as a whole. Yet applying their 
findings in these different contexts may not be that straightforward. Without an in-depth 
understanding of the complex context for cross-functional interaction, the improvement 
efforts could only be seen as the cutting down of a few dead and rotten trees, or the 
building of a few bridges over some creeks, rather than seeing the whole forest. All in all, 
I hope that this work will be of some value for further research and perhaps even for 
software NPD business management when struggling during the fuzzy front-end yet 
striving to apply a more user-centered approach. 
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 Appendix A 

Main Events384 

Date Event(s) Participants 
Current state analysis & usability capability assessment 
17 March 2000385 In the company: Planning session / UCD-II project 1 UCD-II, 3 company (UCD 

group, marketing)  
31 March 2000 Planning session / capability assessment 7 UCD-II, 2 company (UCD 

group) 
26 April 2000 In the company: Planning session / UCD-II project: 

starting point 
5 UCD-II, 2 company (UCD 
group) 

28 April 2000 Planning session / capability assessment 9 UCD-II, 1 company (UCD 
group) 

18 May 2000 In the company: Preparing assessment / current state 
analysis 

1 UCD-II, 1 company (UCD 
group) 

22-26 May 2000 Training for assessment  
12-16 June 2000386 In the company: Usability capability assessment 7 UCD-II, 9 company (8 

interviews based on assessment 
plan) 

11 August 2000 In the company: Assessment report (first session) 2 UCD-II, 2 company (UCD 
group) 

22 September 2000 Assessment report (approval) and improvement plan 7 UCD-II, 2 company (UCD 
group) 

Outlining the company as a whole 
29 September 2000 Improvement plan 5 UCD-II, 1 company (UCD 

group) 
12 October 2000 In the company: Outlining efforts 2 UCD-II, 3 company (UCD 

group) 
17 October 2000 In the company: Improvement plan (deadlock) 5 UCD-II, 4 company (UCD 

group, architect, business 
development) 

Building a common understanding 
3 November 2000 In the company: Outlining efforts 2 UCD-II, 3 company (UCD 

group, business manager) 
17 November 2000 Building common understanding (information 

model) 
6 UCD-II, 2 company (UCD 
group) 

19 January 2001 In the company: Building common understanding 5 UCD-II, 2 company (UCD 
group) 

15 February 2001387 In the company: Building common understanding 5 UCD-II, 2 company (UCD 
group) 

                                                           
384 The subheadings refer to the chronological outline of the project in Fig. 2. 
385 This first workshop was the only event at which I was not present, yet the same issues were discussed again 
in our project meeting, as well as in the workshop of 31 March 2000. 
386 Assessment interviews and evaluation sessions have all been recorded (minidisk or other). 
387 Since 15 January 2001 all the events have been recorded (minidisk or other). 
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Date Event(s) Participants 
Principles of a new approach and a short historical review 
22 February 2001 In the company: Planning session 4 UCD-II, 2 company (UCD 

group) 
14 March 2001 In the company: Development plan 5 UCD-II, 3 company (UCD 

group, CEO) 
4 April 2001 In the company: Historical review 1 UCD-II, 2 interviews 
18-19 April 2001 In the company: Historical review 1 UCD-II, 3 interviews 
2 May 2001 In the company: Historical review (first results) 6 UCD-II, 2 company (UCD 

group) 
18 June 2001 In the company: Historical review (results), and 

plans for the new tools 
5 UCD-II, 2 company (UCD 
group, product manager388) 

Tools and routines for concretizing the vision in cross-functional collaboration 
28 August 2001 In the company: Introducing MAPID, and plans for 

development 
6 UCD-II, 6 company (UCD 
group, product manager, CEO, 
marketing manager, marketing 
communications) 

MAPID model & implementation efforts 
21 September 2001 In the company: MAPID evaluation and 

development 
4 UCD-II, 4 company (UCD 
group, product manager, 
corporate marketing) 

26 September 2001 In the company: MAPID evaluation and 
development, planning implementation efforts 

2 UCD-II, 6 company (UCD 
group, product manager, 
corporate marketing, marketing 
communications, customization, 
business development) 

7 November 2001 MAPID evaluation (based on implementation 
efforts) and development 

6 UCD-II, 3 company (UCD 
group, product, manager, 
marketing manager) 

15 November 2001 In the company: MAPID evaluation and 
development 

2 UCD-II, 4 company (UCD 
group, marketing, business 
development) 

4 December 2001 In the company: MAPID evaluation and 
development, and introducing MAPID to marketing 

5 UCD-II, 11 company (UCD 
group, product manager, 9 
marketing) 

25 January 2002 In the company: MAPID evaluation and 
development 

5 UCD-II, 7 company (UCD 
group, product manager, 3 
marketing, 1 consulting, 1 sales) 

12-14 February 
2002 

In the company: MAPID evaluation and 
development 

2 UCD-II, 3 + many others from 
the company (product manager, 
marketing manager, marketing, 2 
SD teams) 

                                                           
388 Note that our main contact person representing the UCD group was nominated as the product manager for 
the new product. 
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Date Event(s) Participants 
13 March 2002 In the company: MAPID evaluation and 

development, introduction, and implementation 
efforts (SD commenting) 

6 UCD-II, many participants from 
the company 

16 April 2002 In the company: Interviews 4 interviews (consulting, 
marketing, sales, 
architect/visionary) 

17 April 2002 In the company: UCD-II status 6 UCD-II, 1 company (UCD 
group) 

15-16 May 2002 In the company: MAPID evaluation and 
development, UCD-II status 

5 UCD-II, 7 company (UCD 
group, product manager, 
marketing, customization, 
consulting) 

29 May 2002 In the company: Virtual team meeting (1st) 1 UCD-II, 5 company (UCD 
group, consulting, sales, 
marketing, management) 

11 June 2002 In the company: Interview 1 UCD-II, 2 company (UCD 
group, CEO) 

12 June 2002 In the company: UCD-II status 5 UCD-II, 3 company (UCD 
group, virtual team) 

26–27 June 2002 In the company: Process integration 2 UCD-II, 5 company (UCD 
group, marketing, product 
manager, management) 

27 August 2002 In the company: Sales Concepts 2 UCD-II, 8 company (UCD 
group, product manager, 
consulting, sales) 

Change to the model (folder of integrated knowledge items) & handing over responsibility 
28 August 2002 In the company: UCD-II status, and plans for the 

autumn (handing over) 
6 UCD-II, 3 company (UCD 
group, product manager) 

16 September 2002 UCD-II status 4 UCD-II, 1 company (UCD 
group) 

20 September 2002 In the company: Virtual team meeting (unofficial) 2 UCD-II, members of the virtual 
team 

1 October 2002 In the company: Virtual team meeting (official) 2 UCD-II, members of the virtual 
team 

7 October 2002 In the company: Customer descriptions 2 UCD-II, 4 company (UCD 
group, consulting, sales) 

15 October 2002 In the company: MAPID evaluation and 
development 

2 UCD-II, 5 company (UCD 
group, consulting, management) 

16 October 2002 In the company: Process modeling (new sales 
process) 

2 UCD-II, members of the virtual 
team 

29 October 2002 In the company: UCD-II status 2 UCD-II, 3 company (UCD 
group, project manager) 

30 October 2002 In the company: Interviews 2 UCD-II, 2 interviews (sales, 
process modeling) 

22 November 2002 In the company: Virtual team meeting (official) 2 UCD-II, members of the virtual 
team 

Documenting the insights gained in the final version of the MAPID model 
14 January 2003 In the company: UCD-II status 2 UCD-II, 3 company (UCD 

group, product manager) 
25 February 2003 The final MAPID approach  



 Appendix B 

Characteristics of the main interviews389 and material collected 

Historical review 

Interviews: 
- 4 April 2000: usability expert  

o since the first ideas -> prestudy -> producing first concepts for version 
1.0 (no version numbers before this) -> 

- 4 April 2000: developer 
o since version 2.0 

- 19 April 2000: customization 
o since version 1.5 

- 19 April 2000: visionary, architect 
o visionary for the new product ideas (this new product further developed 

from this) 
o architect since “3rd generation390” versions 

- 19 April 2000: customer implementations 
o first customer implementations, support for sales 
o later became product manager 

 
Characterization of the collected material (just a few examples from the huge amount of 
documentation): 

- First ideas and concepts before project plan for version 1.0 
- Project documentation for version 1.0 (project plan, functional specification, 

layout, test plan, etc.) 
- Documents related to the future business planning 
- Project documentation for version 2 (plans, specifications, fact sheets, 

roadmaps, meeting minutes, progress reviews, etc.) 
- Project documentation for version 3 (plans, specifications, presentations, fact 

sheets, roadmaps, progress reviews, customization, etc.) 
- Documents related to the “from the vision to the product” project 
- Project documentation for the 3rd generation product 
- Meeting minutes from executive meetings (both strategic and operational) for 

versions 2 and 3 
- Documents related to the first customers (1.5 version ->) 

 

                                                           
389 In addition to the usability capability assessment. 
390 1st generation until version 1.5, 2nd generation until 3.x, 3rd generation since then. 
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Other interviews 

16 April 2002 
- consultant (45 min) 

o customer description template 
- marketing representative (20 min) 

o segment description template, virtual team 
- consultant, sales person (40 min) 

o segment description template, virtual team 
o customer description 

- architect/visionary (45 min) 
o commenting first SD (the only one) 

 
16 May 2002 

- consultant (60 min) 
o virtual teams, sales concepts 

- customization (100 min) 
- marketing representative (45 min) 

o supporting virtual teams 
- development representative (85 min) 

 
11 June 2002 

- company CEO (120 min) 
o virtual teams, segment description 
o implementation problems 

 
30 October 2002 

- sales person (80 min) 
o sales process (modeling) 

- quality systems (100 min) 
o process integration and modeling 
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